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Preface

Advances in Shoulder Surgery is a book aimed at providing readers the perspective of some of the
shoulder disorders. In day-to-day practice, we face dilemma in treating some really difficult
shoulder patients. In this book, we tried to answer some of these issues. We have included
some of the least-discussed topics like surgical management in rheumatoid arthritis (RA) pa‐
tients, superior capsular reconstruction (SCR), detailed physiotherapy and rehab. The main
motive of this book is to answer some of the management problems in some shoulder disor‐
ders.

For the convenience of the readers, we have divided the book into four sections to highlight
each and every aspect in detail.

The section ‘Repair’ deals with massive rotator cuff injuries, subscapularis repairs, etc.; the
section ‘Replacement’ highlights the finer aspects of total shoulder replacement and reverse
shoulder replacement in different settings; the section ‘Reconstruction’ provides perspec‐
tives on the indications and techniques of SCR; and lastly the section ‘Rehab and Miscellane‐
ous’ deals with rheumatoid arthritis of the shoulder and also rehab. Each chapter is written
by a recognized expert in the field whose experience will help readers understand the nuan‐
ces of diagnosing and treating the said shoulder disorder in a proper way.

Each chapter includes:

• Specific tests to diagnose the disorder
• Description of treatment options
• Step-by-step surgical techniques
• Procedure-wise physiotherapy and rehabilitation

Advances in Shoulder Surgery has gone through a thorough scrutiny, and every chapter pro‐
vides even its most experienced reader with new knowledge and technical pearls, which
will benefit both the surgeon and the patient.

Finally, we hope this book will be of great help and benefit to the readers and in the devel‐
opment of shoulder surgeries.

Dr. Satish B. Sonar,
Dr. PDM Medical College

Amravati, Maharashtra, India
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Introductory Chapter: Shoulder Joint

Satish B. Sonar and Omkar P. Kulkarni

Additional information is available at the end of the chapter

1. Basic shoulder anatomy

The shoulder is a ball and socket type of synovial joint. It is one of the largest and most
complex joints in the body. Its dynamic and hypermobility make it susceptible to many
injuries.

The shoulder girdle comprises of glenohumeral joint, acromioclavicular joint, scapulothoracic 
articulation, and coracoclavicular articulation.

Deltoid, one of the strongest muscles in the body, encircles the shoulder joint all around. It 
provides the shape and bulk to the shoulder joint. It works in almost all the functions of the 
joint from forward flexion, abduction, and adduction to rotations. It is supplied by the axil-
lary nerve. The pectoralis major and minor, rhomboids, latissimus dorsi, teres major, and 
trapezius are other major muscles that play an important part in the function and stability of 
shoulder girdle (Figure 1).

Rotator cuff provides concentric compression, dynamic stability, and smooth arc of motion to 
the glenohumeral joint. The subscapularis along with the anterior part of the supraspinatus 
provides excellent anterior stability. The posterior part of the supraspinatus, infraspinatus, 
and teres minor provides posterosuperior stability and resists superior pull of deltoid. In 
addition to the glenoid labrum, rotator cuff muscles are the dynamic stabilizers of the shoul-
der joint. Injury, dysfunction, or degenerative tears of these muscles hampers the shoulder 
function to a great extent.

The subdeltoid bursa cushions and protects the tendons of the rotator cuff. It also provides 
nutrition and lubrication to the rotator cuff tendons. The subacromial bursa can get inflamed 
in impingement syndrome, RA, calcific tendinitis, and other subacromial painful pathologies 
causing severe pain and movement restrictions [1].

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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On the inner most aspect of the joint is an intracapsular structure called glenoid labrum which 
not only deepens the glenosphere but also provides strong all-round stability to the shoulder 
joint through the tension and compression it creates through capsular ligaments like superior, 
middle, and inferior glenohumeral ligaments in association with rotator cuff. The anterior 
part of inferior glenohumeral ligament is the most important anteroinferior stabilizer. Long 
head of biceps originating from the superior labrum helps in shoulder stability.

The shoulder joint is surrounded by many neurovascular structures like the brachial plexus, 
axillary nerve, suprascapular nerve, musculocutaneous nerve, brachial artery, and lungs. 
These structures are always vulnerable to injury in shoulder trauma.

2. Pathoanatomy

Being a major synovial joint of the body and also because of its inherent unstable nature, the 
shoulder joint is affected by many pathologies.

Adhesive capsulitis which is commonly called as a frozen shoulder is an inflammatory 
response to systemic or local painful pathologies like diabetes mellitus, hypothyroidism, 
hypertension, etc. As the frozen shoulder progresses, movement in the shoulder can be 
severely limited. In the later stage as the pain decreases, range of motion improves but never 
to the original level. Medications, injections, physiotherapy, and home exercises usually help 
in most of the patients. If it is not, arthroscopic capsular release followed by rehab gives well 
to excellent results [2].

Primary osteoarthritis of the shoulder is quite rare, but secondary osteoarthritis due to trauma, 
rotator cuff insufficiency, RA, gout, etc. is quite common. As we all know, it is painful and is a 
debilitating condition affecting day-to-day activities. Total shoulder and reverse shoulder are 
the modalities of treatment when the patient does not improve by conservative ways.

Figure 1. Muscles and nerves.

Advances in Shoulder Surgery2

Rotator cuff tears can be traumatic or degenerative in older age groups from repeated over-
use. It causes pain, functional, and motion restrictions. As per the recent research publica-
tions, many patients with full-thickness rotator cuff showed fair to good functional results. 
These are called compensated rotator cuff tears. On the contrary tear goes on progressing over 
the period. Patients who do not improve with all these conservative measures are treated with 
either open or arthroscopic repair techniques. Arthroscopic techniques are far better than the 
open one, giving the patient the benefits of minimally invasive surgery, anatomic repairs, and 
rapid recovery (Figure 2).

Shoulder dislocation can be anterior, posterior, or multidirectional. It can be traumatic or due 
to generalized ligament laxity. Traumatic dislocations are usually associated with tear of the 
labrum, humeral head bony defect, capsular tears, and muscle and nerve injuries. In emer-
gency settings it is reduced under anesthesia, and sling is applied followed by physiother-
apy. Most of the patients do well with this, but if it becomes recurrent due to capsulolabral 
nonhealing, big humeral bone defect (Hill-Sachs lesion), and/or glenoid bone loss, surgery is 
indicated. Most of the patients can be managed with arthroscopic repair, but few may require 
bony procedures like Latarjet, etc. (Figure 3).

Since the biceps plays an important role in shoulder stability and function, many biceps 
pathologies may cause pain and disability. Biceps tendon problems like tendinopathy or teno-
synovitis as well as SLAP lesions compromise optimal shoulder function and may result in 
impingement. Biceps tenotomy in older population and tenodesis in younger patients are the 
treatments of choice (Figure 4) [3].

Glenohumeral internal rotation deficit, often referred to as GIRD, is a sport-specific adapta-
tion of posterior shoulder structures to chronic excessive overload of these structures during 
frequent throwing. Burkhart et al. [13] report that GIRD occurs before any other motion adap-
tation, suggesting that contracture of the posterior capsule is to blame for this change in range 

Figure 2. Arthroscopic view of Rotator cuff tear.
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of motion and is sometimes followed by associated gains in ER. Other researchers believe that 
GIRD begins in the early years of overhead throwing with a bony adaptation of the humerus. 
A third hypothesis regarding the cause of GIRD is muscle hypertony in the external rotators 
due to frequent eccentric loading.

Shoulder bursitis, impingement, and tendonitis are painful conditions due to the involve-
ment of narrow subacromial space causing pain with overhead activities or compressive 

Figure 3. Anteroinferior Glenoid labrum tear.

Figure 4. Arthroscopic View of Long head Biceps tear.
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forces on upper arm causing impingement. Internal impingement comprises encroachment 
of the rotator cuff tendons between the humeral head and the glenoid rim. Anterosuperior 
and posterosuperior glenoid impingements have been described based on its location.

The posterosuperior impingement consists of the mechanical encroachment of the rotator cuff 
tendons, particularly the tendon of the supraspinatus and infraspinatus, between the greater 
tubercle of the humerus and the posterosuperior rim of the glenoid. This friction occurs spe-
cifically during the late cocking position of throwing, which is maximal external rotation, 
horizontal abduction, and, depending on the specific-sport discipline, a certain amount of 
abduction. Besides the classification of impingement based on the site of encroachment, a 
very often impingement is classified based on the cause of the problem, dividing it into pri-
mary versus secondary impingement. In primary impingement, a structural narrowing of the 
subacromial space causes pain and dysfunction, such as acromioclavicular arthropathy, type 
II acromion, or swelling of the soft tissue in the subacromial space. In secondary impinge-
ment, there are no structural obstructions causing the encroachment but rather functional 
problems, occurring only in specific positions.

Winging of the scapula is a condition where due to insufficiency of scapular muscles, scapu-
lar stability is affected and it moves up like a wing. It can mimic as pseudo-instability of the 
shoulder. Scapular dyskinesia also has been described in relation to impingement symptoms 
[4]. This is because during arm elevation, impingement may occur if the scapula insufficiently 
follows the humeral head movements because of a lack of upward rotation, posterior tilt-
ing, and external rotation. Neuromuscular stimulation and scapular muscle strengthening 
improve the condition (Figure 5).

Tractional damage to the suprascapular nerve leads to suprascapular neuropathy caus-
ing an aching or burning pain at the back and/or side of the shoulder joint. Sometimes, 
a cyst can develop in the region causing symptoms of neural compression and severe 
shoulder pain. MRI usually diagnoses the condition. It can be treated with arthroscopic 
decompression.

Figure 5. Winging of Scapula.
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lar stability is affected and it moves up like a wing. It can mimic as pseudo-instability of the 
shoulder. Scapular dyskinesia also has been described in relation to impingement symptoms 
[4]. This is because during arm elevation, impingement may occur if the scapula insufficiently 
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Figure 5. Winging of Scapula.
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3. Clinical examination and tests

Clinical examination of the shoulder joint and surrounding area is extremely important in 
clinching the diagnosis. After preliminary inspection to check muscle wasting, any scars, 
sinuses, and doing palpation to see tender points, we move on to specific tests. There are vari-
ous special tests to diagnose the specific condition or pathology [7, 8]:

Impingement tests—The most popular tests are the Jobe, Hawkins, and Neer tests.

Jobe test is performed with the patient in supine or sitting position, and overhead abduction 
and external rotation are done. It is positive if the patient reports pain posteriorly, and it indi-
cates posterosuperior glenoid impingement.

Hawkins test—The patient is in standing position; the examiner forward flexes the shoulder 
to 90°, and then forcibly internally rotates the arm. If the test is positive, the patient will 
have pain in the area of superior GH joint or AC joint, and it is an indication for subacromial 
impingement; the test will be negative in case of internal impingement (Figure 6).

Neer test—This test is carried out in patient with seated and arm at side, palm down (pronated), 
Examiner stabilizes scapula and raises the arm (between flexion and abduction). Positive test 
indicates pain.

Pain at the front of the shoulder is an indication for subacromial impingement, whereas 
patients with internal impingement will exhibit pain at the posterior aspect of the shoulder.

Figure 6. Hawkins impingement test.
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Instability tests—The apprehension test, load and shift test, crank test, jerk test, sulcus sign 
test, and the relocation test are some of the most commonly used instability tests of the 
humeral head.

Apprehension test—The patient is in sitting or standing position and at 90° of abduction; the 
examiner applies slight anterior pressure to the humerus and externally rotates the arm. In 
positive test the patient expresses apprehension.

Relocation test—The test is performed after the positive result on anterior apprehension test. 
The patient is in supine or sitting position. The examiner applies posterior force on the proxi-
mal humerus while externally rotating the patient’s arm. The test is positive if the patient 
expresses relief.

Crank test—Shoulder is elevated to 160° in the scapular plane, a gentle axial load is applied 
through glenohumeral joint with one hand, while other hand does internal and external rota-
tion. Positive test is when patient has pain, catching, or clicking in the shoulder. This test is 
for posterior instability.

3.1. Rotator cuff tests are described in respective chapters in detail

Biceps and SLAP lesion tests—Speed’s test, the O’Brien test, and the biceps load II test are the 
three most useful tests for biceps pathologies.

Speed’s test—The patient is in sitting or standing position; the examiner asks him to forward 
flex the shoulder against resistance while maintaining the elbow in extension and the forearm 
in supination. In positive test, the patient will have pain into the biceps region and tender in 
bicipital groove (bicipital tendinitis) (Figure 7).

Figure 7. Speed test for Biceps pathologies.
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The O’Brien test—The patient is in sitting position, and the patient’s shoulder is in 90° for-
ward flexion, adduction, and internal rotation; the examiner applies downward force. Positive 
result is when patient will have pain to the anterosuperior or posterosuperior part of the 
shoulder indicating superior labral tear.

Biceps load II test—This test is considered positive if the patient complains of pain during the 
resisted elbow flexion. The patient is in standing position, and the examiner forward flexes the 
arm to 90°, abducting 15–20° with elbow straight with full internal rotation so the thumb is 
pointing down, and applies downward force on the arm which the patient resists. Then, the 
patient externally rotates the arm so that the thumb is pointing up; the examiner applies down-
ward force on the arm, and the patient resists it. The test is positive if pain or painful clicking 
will be elicited with the thumb down and decreased or eliminated with the thumb up (Figure 8).

4. Investigations

Plain X-ray of the shoulder in anteroposterior, axillary lateral, Stryker notch, and 30° caudal 
view is usually sufficient to diagnose most of the shoulder girdle pathologies like shoulder dis-
location, A–C joint injuries, clavicle fracture, Hill-Sachs lesion, acromial spur, etc. (Figure 9) [5].

CT scan—It is very useful to diagnose bony pathologies of the shoulder. It gives excellent 
three-dimensional imaging of the bony shoulder girdle. Humeral and glenoid bone loss can 
be accurately calculated. But in case of musculoskeletal injuries, MRI is the investigation of 
choice (Figures 10 and 11).

Figure 8. Yergason’s test for Biceps.
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MRI and ultrasound are other valuable diagnostic tools because they provide images of the 
soft tissues without using radiation.

Ultrasonography—It is one of the cheapest and most easily done tests for shoulder patholo-
gies like rotator cuff tear, calcific tendinitis, and biceps tear. But it is very less frequently used 
(Figure 12) [6, 9, 10].

MRI—It is the investigation of choice in shoulder joint injuries. It excellently depicts the labral 
tear, rotator cuff tear, biceps tear/displacement, and other soft tissue pathologies. The MRI has 
a picture that both the clinician and the patient can understand (Figure 13).

Figure 9. X-ray AP view and GT avulsion.

Figure 10. Glenoid bone loss measurement.
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Figure 13. MRI Showing Anterior labral tear.

Figure 11. 3D CT Scan showing Bony Bankart lesion.

Figure 12. USG Shoulder showing spinoglenoid cyst.

Advances in Shoulder Surgery10

Arthroscopy—Though it is mainly a therapeutic and invasive key hole surgery, it can help 
in accurate diagnosis of many pathologies which are not shown even in MRI. Subscapularis 
tears, capsular rents, avulsions from the humerus, SLAP tears, etc. can be well diagnosed and 
treated by shoulder arthroscopy (Figures 14 and 15) [11, 12].
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Figure 14. Arthroscopy biceps tendon.

Figure 15. Arthroscopy labral repair.
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Abstract

Rotator cuff disease accounts for 10% of all shoulder pain and major shoulder disability, 
with limited information concerning the natural history and treatment approaches for 
the disorder. Our objective is to assess the available evidence for the efficacy and mor-
bidity of commonly used systemic medications, physiotherapy, and injections alongside 
evaluating any negative long-term effects. Although there is conflicting literature, there 
appears to be some consensus on the best indicators for choosing to treat a full-thickness 
tears (FTT) non-operatively to reduce pain and improve function. The risks associated 
with these tears include the potential of the progression of the tear, a diminished healing 
potential due to age or longer symptom duration, muscle atrophy, and fatty infiltration. 
The indications for surgery following conservative treatment are becoming more defined, 
and an outline regarding what scenarios warrant a transition from an initial conservative 
treatment plan has been developed. The developing benefits of using mesenchymal stem 
cells (MSCs) and other biologics have the potential to be disruptive to current treatment 
protocols in the approaches to healing rotator cuff tears (RCTs). With improved imaging 
modalities, diagnostic accuracy, and sensitivity, practitioners of the future will hopefully 
be able to intervene earlier in the disease pathogenesis cycle.

Keywords: natural history, physiotherapy, risk, rotator cuff, biologics

1. Introduction

Rotator cuff disease is prevalent in the general population, accounting for 10% of all shoulder 
pain and resulting in major shoulder disability. Despite the large prevalence of rotator cuff 
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tears (RCTs), there is still limited information concerning the natural history and treatment 
approaches for the disorder. An RCT may initially present as a partial-thickness tear (PTT) 
that progresses to a full-thickness tear (FTT) in the seventh decade of life [1]. Currently, there 
are no comprehensive British National Institute of Clinical Excellence (NICE) guidelines and 
European guidelines on the management of RCTs in general, and conclusions made by the 
American Academy of Orthopaedic Surgeons (AAOS) show weak evidence. Through under-
standing the natural history of RCTs, the progression from PTT to FTTs, and the different 
factors that influence progression such as age and comorbidities that influence progression, 
we can better advise our patients regarding optimum therapy. Such therapies include reha-
bilitation, physiotherapy, systemic medications and progression to surgical intervention. 
Although studies regarding physical therapy and surgical interventions show success in 
the recovery process, it has become increasingly clear that some biologics may augment the 
healing of tendon to bone when used as a primary treatment or as an adjunct to surgical 
procedures [2]. However, there are risks of conservative management, and it is important to 
identify the indications for transition from conservative to surgical management and appre-
ciate patient satisfaction indices. To do so, the authors performed a critical review of the 
most recent evidence, providing an overview of the best evidence-based management for 
complete RCTs.

2. Natural history

For appropriate management of RCTs, it is imperative to appreciate the stages of progres-
sion of PTTs to FTTs and the contributing factors that lead to symptoms. A thorough patient 
history includes age, occupation, activities, hand dominance, history of trauma, time since 
onset of symptoms, history of smoking, diabetes mellitus and patient’s expectations. A clini-
cal examination is then supplemented with imaging studies, in particular ultrasound and 
magnetic resonance imaging (MRI), to further identify the location, size, thickness, retraction 
of RCTs and any other shoulder pathology such as long head of biceps tendonitis, labral tears, 
glenohumeral chondrosis, and muscle atrophy.

It is thought that older patients, patients with diabetes mellitus and osteoporosis and smokers 
will have a less successful repair of a complete tear [3]; however, there is no strong evidence 
for this. Chronic tears may have poor healing due to associated surrounding fatty infiltration 
and muscle atrophy [4]. An elderly patient with limited activities may be able to manage 
activities of daily living with a full-thickness RCT. In contrast, an active young patient may 
require surgery, even with a small complete RCT.

2.1. Traumatic vs. atraumatic tears

From the patient history, we can establish whether the RCT is a traumatic or degenerative 
one. Studies by Hantes et al. [5] and Petersen et al. [6] advocate early surgical treatment of 
complete traumatic RCTs, regardless of size and patient age, to avoid further RCT progres-
sion, with subsequent degenerative changes, fatty infiltration of surrounding muscle and cuff 
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retraction. Early surgery should be performed to obtain the best functional results. Atraumatic 
(degenerative) tears usually occur in elderly patients with larger tears, retracted rotator cuff 
tendons, poor surrounding tissue and fatty infiltration. In addition, they are likely to have 
fewer demands from their shoulder. Therefore, surgery may provide a less favourable out-
come, and treatment may be best managed conservatively.

2.2. Partial to full-thickness tears

PTTs can be bursal-sided or articular-sided tears. Over the course of time, PTTs enlarge 
and propagate into FTTs, developing distinct chronic pathological changes due to muscle 
retraction, fatty infiltration and muscle atrophy. These changes lead to a reduction in ten-
don elasticity and viability. Although PTT to FTTs are described as a continuum in the 
literature, these tears can occur without following this natural history path. In its end-state, 
the glenohumeral joint experiences a series of degenerative alterations known as cuff tear 
arthropathy.

Maman et al. [7] reported that, based on MRI imaging over an 18-month period for 59 
patients, 52% of FTTs will increase in size and were substantially less stable than PTTs. Each 
shoulder underwent a baseline MRI, and a repeat imaging performed at a minimum interval 
of 6 months. Progression of tear size was found in 48% of the tears that were followed for at 
least 18 months compared with just 19% of those followed for less than 18 months. This con-
trasts with a study by Fucentese et al. [8], who reported seemingly contradictory findings in 
their report of 24 patients refusing operative treatment for full-thickness supraspinatus tears. 
They used magnetic resonance arthrography (MRA) as their initial imaging modality and MR 
without arthrography for their follow-up imaging and reported no increase in the mean size 
of the RCTs 3.5 years after the initial MRA.

2.3. Small vs. large full-thickness tears

The risk of tear enlargement is greater for shoulders with more advanced tears and is associ-
ated with a greater risk of cuff muscle degenerative changes. This group reported that tear 
enlargement is also associated with greater risk of pain development across all tear types 
(50% for FTTs) [9].

The same study by Fucentese et al. [8] concludes that small isolated FTTs of the supraspinatus 
in patients under the age of 65 do not necessarily progress over time. Yamaguchi et al. [10] 
reported no increase in tear size over 5 years in 23 patients evaluated by ultrasound. This con-
trasts with a larger case series of 51 patients by Safran et al. [11] which reports that FTTs tend 
to increase in size in approximately half of patients aged 60 years or younger.

2.4. Demographics

2.4.1. Age

Advancing age has been considered the most important prognostic factor for surgical out-
come. Gumina et al. [12] reported that patients older than 60 years of age were twice as 
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complete traumatic RCTs, regardless of size and patient age, to avoid further RCT progres-
sion, with subsequent degenerative changes, fatty infiltration of surrounding muscle and cuff 
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retraction. Early surgery should be performed to obtain the best functional results. Atraumatic 
(degenerative) tears usually occur in elderly patients with larger tears, retracted rotator cuff 
tendons, poor surrounding tissue and fatty infiltration. In addition, they are likely to have 
fewer demands from their shoulder. Therefore, surgery may provide a less favourable out-
come, and treatment may be best managed conservatively.

2.2. Partial to full-thickness tears

PTTs can be bursal-sided or articular-sided tears. Over the course of time, PTTs enlarge 
and propagate into FTTs, developing distinct chronic pathological changes due to muscle 
retraction, fatty infiltration and muscle atrophy. These changes lead to a reduction in ten-
don elasticity and viability. Although PTT to FTTs are described as a continuum in the 
literature, these tears can occur without following this natural history path. In its end-state, 
the glenohumeral joint experiences a series of degenerative alterations known as cuff tear 
arthropathy.

Maman et al. [7] reported that, based on MRI imaging over an 18-month period for 59 
patients, 52% of FTTs will increase in size and were substantially less stable than PTTs. Each 
shoulder underwent a baseline MRI, and a repeat imaging performed at a minimum interval 
of 6 months. Progression of tear size was found in 48% of the tears that were followed for at 
least 18 months compared with just 19% of those followed for less than 18 months. This con-
trasts with a study by Fucentese et al. [8], who reported seemingly contradictory findings in 
their report of 24 patients refusing operative treatment for full-thickness supraspinatus tears. 
They used magnetic resonance arthrography (MRA) as their initial imaging modality and MR 
without arthrography for their follow-up imaging and reported no increase in the mean size 
of the RCTs 3.5 years after the initial MRA.

2.3. Small vs. large full-thickness tears

The risk of tear enlargement is greater for shoulders with more advanced tears and is associ-
ated with a greater risk of cuff muscle degenerative changes. This group reported that tear 
enlargement is also associated with greater risk of pain development across all tear types 
(50% for FTTs) [9].

The same study by Fucentese et al. [8] concludes that small isolated FTTs of the supraspinatus 
in patients under the age of 65 do not necessarily progress over time. Yamaguchi et al. [10] 
reported no increase in tear size over 5 years in 23 patients evaluated by ultrasound. This con-
trasts with a larger case series of 51 patients by Safran et al. [11] which reports that FTTs tend 
to increase in size in approximately half of patients aged 60 years or younger.

2.4. Demographics

2.4.1. Age

Advancing age has been considered the most important prognostic factor for surgical out-
come. Gumina et al. [12] reported that patients older than 60 years of age were twice as 
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likely to develop a tear that was likely to progress to full-thickness and larger tears (54% 
of tears in patients older than 60 years showed such progression compared to only 17% of 
tears in those younger than 60 years). A cohort of patients younger than 60 years who were 
treated non-operatively for FTTs was found to have a higher rate of tear progression than 
older patients. Of the 61 tears, 49% increased in size according to the findings of ultrasound 
imaging [11].

2.4.2. Sex

It has generally been reported that there are comparable incidence and characteristics of RCTs 
in both males and females [12], although only one study by Abate et al. [13] that specifically 
assessed menopausal women suggested that these women had an increased prevalence of 
asymptomatic FTT in the postmenopausal period.

2.4.3. Comorbidities

Patient factors such as diabetes mellitus, cigarette smoking and osteoporosis have been sug-
gested to negatively affect the clinical outcomes and healing of RCTs [3, 14].

2.4.4. Hand dominance

There is no clear evidence to associate hand dominance with the development of RCTs [15]; 
however, one study demonstrated that in the dominant shoulders of 150 veteran competi-
tive tennis players, there were more frequent RCTs, suggesting an association of high-energy 
activity [16].

2.4.5. Contralateral shoulder

Multiple authors have reported that those who have an established RCT, regardless whether 
partial or full-thickness and size, are at an increased risk of developing a contralateral RCT 
[17, 18]. Yamaguchi et al. [10] estimated the prevalence of full-thickness bilateral RCTs at 35%, 
increasing to as high as 50% in those over the age of 60 years.

2.4.6. Smoking

It is well recognised that smoking reduces microvascular perfusion, possibly reducing rota-
tor cuff tendon vascular perfusion and healing [19]. Baumgarten et al. [20] conducted a study 
of 375 patients with RCTs confirmed by ultrasound (of all patients presenting with shoulder 
pain in general, of all demographics and characteristics). Of these 375 patients, 232 (62%) 
were smokers with a mean 23.4 years of smoking 1.25 packs per day and 30.1 mean pack-
years. This is confirmed by the systematic review by Bishop et al. [21] in which increased 
rates and sizes of rotator cuff degeneration and symptomatic RCTs were seen in smokers, 
which could consequently increased the number of surgical procedures in these patients. 
However, there is no case control in these studies, and therefore no strong dose- and time-
dependent association between smoking and the development of RCTs could be established.
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2.4.7. Family history

There is limited evidence regarding the genetic predisposition and hereditary component 
for RCTs; however, a study examining the genealogical database in Utah, USA by Tashjian 
et al. [22] a population-based controlled study of 3091 patients, with a subgroup analysis 
of 652 patients diagnosed before 40 years of age, showed a significant association between 
individuals with rotator cuff disease in close and distant relations (reportedly up to third 
cousin relations). This study was included in the systematic review conducted by Dabija et al. 
[23], which includes the study by Harvie et al. [24], concluding that siblings of patients diag-
nosed with RCTs were twice as likely to develop complete RCTs. In addition, they identified 
single-nucleotide polymorphisms (SNPs) associated with RCTs, indicating the future risk for 
development of RCTs to enable prophylactic rehabilitation techniques and to avoid the devel-
opment of symptomatic RCTs [23].

2.4.8. Posture

The relationship between posture and shoulder pathology is still under investigation. For 
example, Gumina et al. [25] found a reduced subacromial space in 47 patients over the age of 
60 years with hyperkyphosis, as compared to a control group. Yamamoto et al. [26] observed 
RCTs in 65.8% of patients with kyphotic-lordotic postures, 54.3% of patients with flat-back 
postures, and 48.9% with sway-back postures, whereas only 2.9% of patients with ideal align-
ment had symptomatic or asymptomatic RCTs. It is hypothesised that the reduced subacro-
mial space is due to less posterior tilting and dyskinesis of the scapula, resulting in extrinsic 
impingement.

2.4.9. Mental health

Cho et al. [27] demonstrated that as many as 82% of patients with chronic shoulder pain had 
sleep disturbance and that rates of depression were significantly increased in patients with 
more than 3 months of shoulder pain. Educational level, employment status, pain levels and 
patient perception of percentage of shoulder normalcy were most predictive of emotional 
health in patients with complete RCTs [28].

2.4.10. Symptoms and pain

There is disagreement in the literature regarding the correlation between tear size and pain. 
These studies tend to be cross-sectional as opposed to prospective observational studies [11]. For 
example, in a prospective study of 50 patients, Moosmayer et al. [29] reported that 40% of asymp-
tomatic RCTs became symptomatic and anatomically deteriorated, and that an increase in tear 
size and a decrease in muscle quality correlated with the development of symptoms. Mall et al. 
[30] who compared asymptomatic and symptomatic RCTs, determined that many with asymp-
tomatic FTTs will develop symptoms with time and that pain development is associated with an 
increase in tear size and deterioration of shoulder function and active range of motion (ROM). In 
the study, this was primarily seen with larger tears and required significant time for progression 
to occur and for glenohumeral and scapular mechanical dysfunction to become apparent. There 
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likely to develop a tear that was likely to progress to full-thickness and larger tears (54% 
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pain in general, of all demographics and characteristics). Of these 375 patients, 232 (62%) 
were smokers with a mean 23.4 years of smoking 1.25 packs per day and 30.1 mean pack-
years. This is confirmed by the systematic review by Bishop et al. [21] in which increased 
rates and sizes of rotator cuff degeneration and symptomatic RCTs were seen in smokers, 
which could consequently increased the number of surgical procedures in these patients. 
However, there is no case control in these studies, and therefore no strong dose- and time-
dependent association between smoking and the development of RCTs could be established.
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is therefore the concern that through conservative management of tears, these tears may prog-
ress to become more painful. This is supported by the study by Yamaguchi et al. [10] a report of 
45 patients, in which 23 (51%) patients became symptomatic at a mean of 2.8 years; however, just 
9 of the 23 (39%) demonstrated tear progression; hence, this could mean that over time symp-
toms can be progressive and not necessarily due to tear size or progression.

Through multiple observational and cross-sectional studies on more than 400 patients with 
atraumatic, FTTs, the multicenter orthopaedic outcomes network (MOON) Shoulder Group have 
found that pain and duration of symptoms are not strongly associated with the severity of RCTs 
[31, 32]. This is supported by a recent cross-sectional study by Curry et al. [33], which found that 
in patients with RCTs undergoing operative and non-operative treatment, pain and functional 
status were not associated with tear size and thickness, fatty infiltration, and muscle atrophy.

2.4.11. Radiographic changes

There are studies following the progression of both asymptomatic and symptomatic tears, 
and most these studies conclude that there is a risk of tear progression according to ultra-
sound or MRI findings, regardless of whether they are partial or complete RCTs. However, 
the progression of these tears may not necessarily contribute to increase in symptoms [10]. 
One ultrasound investigation of 411 patients found the overall prevalence of asymptomatic 
FTTs to be 13% in patients over age 50 years, and 51% in subjects over 80 years of age [15]. 
Safran et al. [11] reported that 5 of 61 (8%) FTTs evaluated with ultrasound decreased in size 
over a 2-year follow-up period.

A recent study by Yang-Soo et al. [34] found that 28 of 34 patients (82.4%) with symptomatic 
FTTs and 23 of 88 patients (26.1%) with symptomatic PTTs had tears that increased in size over a 
follow-up period of 6 months to 8 years. The clinical relevance of these observations is that FTTs 
treated conservatively should be monitored more carefully than PTTs for progression. However, 
some study limitations should be noted: patients included were those who had refused surgery 
(allocation bias). In addition, assessor bias due to the reporting of outcomes was a factor; how-
ever, the musculoskeletal radiologist reporting the MR images was blind to the clinical data.

This study was supported by another previously described comparison study of 59 shoulders 
in 54 patients with 33 FTTs, 26 PTTs and 4 combined tears on MRI [7]. Seventeen of 33 (52%) 
FTTs and 2 of 26 PTTs progressed in size. Factors that were associated with the progression of 
RCTs were age greater than 60 years, FFTs and fatty infiltration of muscle.

Therefore, RCTs do not always progress, with FTTs demonstrating a higher rate of enlarge-
ment in time than PTTs.

3. Effectiveness of physiotherapy rehabilitation

The role of physiotherapy as a form conservative treatment for complete RCTs to improve 
pain, function, and reduce disability has long been debated. Recently, there have been some 
studies that have compared the effectiveness of physiotherapy vs. surgical intervention for 
RCTs.
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One systematic review assessed the effectiveness of surgery vs. conservative management 
of RCTs [35]. It concluded that the three randomised controlled trials that were included in 
this review showed no statistical or clinically significant difference in the patients’ clinical 
outcomes. One of the limiting factors identified were that two of the studies had a 1-year 
follow-up in comparison to Moosmayer et al.’s [36] 5-year follow-up. It is therefore dif-
ficult to conclude whether the conservative management of the RCTs in the studies was 
more progressive, or if the surgical repairs failed and the shoulders become symptomatic 
again. In addition, the systematic review concluded that there were only three trials with 
adequately varied methods and appropriate inclusion criteria for the review, making it dif-
ficult to make a comparison on the overall outcome. This is also supported by a systematic 
review by Seida [37], who concluded that there was insufficient evidence to support conser-
vative over surgical treatment and vice versa for the management of RCTs and suggested 
that further studies were required and standardised methods and inclusion criteria were 
warranted.

The first randomised controlled trial by Moosmayer et al. [36] after 5 years showed no signifi-
cance between surgery and physiotherapy, as the mean difference in the Constant-Murley 
Score (CMS) was only 5, which is deemed less than that considered a clinically relevant 
score of 10.4 [38]. This study also had traumatic tears in the conservative group, which may 
have influenced the results as previous research has suggested that early surgical interven-
tion is recommended for younger patients with traumatic tears and severe functional deficit 
to avoid delays in tendon healing or prevent healing beyond repair [39]. The sample size 
was small in this study; therefore, it is difficult to make a conclusion on the effect of having 
the two subgroups over the results in this study. In this study, nine patients failed phys-
iotherapy and switched to tendon repair in small and medium tears. Rotator cuff repairs 
may be recommended to prevent delay in progression of muscle atrophy and tendon retrac-
tion beyond the point of tendon healing if physiotherapy failed, which is more likely in the 
younger patient population with acute tears than in the older population who are more 
likely to present with degenerative FTTs [40, 41]. This is further supported by an algorithm 
on the management of RCTs by Tashijan [42] according to size, nature of the tear, and age 
of the patient; however, there is not enough high-quality evidence to support this. Further 
studies comparing interventions for traumatic and atraumatic complete tears as well as age 
groups would be required to decide initial treatment. In addition, further research on how 
long conservative management should be continued before resorting to surgical intervention 
would be required. This finding has also been discussed by Abdulwahab et al. [43], who con-
cluded that timing to the end of conservative treatment is unknown, but likely is indicated 
when a patient demonstrates increased weakness and loss of function not recoverable by 
physiotherapy.

Another randomised controlled trial by Heerspink et al. [44] was a small study of only 56 
patients that showed no statistical or clinically significant difference. The CMS was 10.1 
between surgery and physiotherapy. The patients in this study were atraumatic, which may 
have made the study more generalised compared to Moosmayer’s randomised controlled trial 
[36]. There were more patients with a larger tear in the conservative treatment group, which 
could have created bias in the results of this study despite the random allocation. Further 
research on surgical intervention compared to physiotherapy for complete tears as a separate 
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is therefore the concern that through conservative management of tears, these tears may prog-
ress to become more painful. This is supported by the study by Yamaguchi et al. [10] a report of 
45 patients, in which 23 (51%) patients became symptomatic at a mean of 2.8 years; however, just 
9 of the 23 (39%) demonstrated tear progression; hence, this could mean that over time symp-
toms can be progressive and not necessarily due to tear size or progression.

Through multiple observational and cross-sectional studies on more than 400 patients with 
atraumatic, FTTs, the multicenter orthopaedic outcomes network (MOON) Shoulder Group have 
found that pain and duration of symptoms are not strongly associated with the severity of RCTs 
[31, 32]. This is supported by a recent cross-sectional study by Curry et al. [33], which found that 
in patients with RCTs undergoing operative and non-operative treatment, pain and functional 
status were not associated with tear size and thickness, fatty infiltration, and muscle atrophy.

2.4.11. Radiographic changes

There are studies following the progression of both asymptomatic and symptomatic tears, 
and most these studies conclude that there is a risk of tear progression according to ultra-
sound or MRI findings, regardless of whether they are partial or complete RCTs. However, 
the progression of these tears may not necessarily contribute to increase in symptoms [10]. 
One ultrasound investigation of 411 patients found the overall prevalence of asymptomatic 
FTTs to be 13% in patients over age 50 years, and 51% in subjects over 80 years of age [15]. 
Safran et al. [11] reported that 5 of 61 (8%) FTTs evaluated with ultrasound decreased in size 
over a 2-year follow-up period.

A recent study by Yang-Soo et al. [34] found that 28 of 34 patients (82.4%) with symptomatic 
FTTs and 23 of 88 patients (26.1%) with symptomatic PTTs had tears that increased in size over a 
follow-up period of 6 months to 8 years. The clinical relevance of these observations is that FTTs 
treated conservatively should be monitored more carefully than PTTs for progression. However, 
some study limitations should be noted: patients included were those who had refused surgery 
(allocation bias). In addition, assessor bias due to the reporting of outcomes was a factor; how-
ever, the musculoskeletal radiologist reporting the MR images was blind to the clinical data.

This study was supported by another previously described comparison study of 59 shoulders 
in 54 patients with 33 FTTs, 26 PTTs and 4 combined tears on MRI [7]. Seventeen of 33 (52%) 
FTTs and 2 of 26 PTTs progressed in size. Factors that were associated with the progression of 
RCTs were age greater than 60 years, FFTs and fatty infiltration of muscle.

Therefore, RCTs do not always progress, with FTTs demonstrating a higher rate of enlarge-
ment in time than PTTs.

3. Effectiveness of physiotherapy rehabilitation

The role of physiotherapy as a form conservative treatment for complete RCTs to improve 
pain, function, and reduce disability has long been debated. Recently, there have been some 
studies that have compared the effectiveness of physiotherapy vs. surgical intervention for 
RCTs.

Advances in Shoulder Surgery20

One systematic review assessed the effectiveness of surgery vs. conservative management 
of RCTs [35]. It concluded that the three randomised controlled trials that were included in 
this review showed no statistical or clinically significant difference in the patients’ clinical 
outcomes. One of the limiting factors identified were that two of the studies had a 1-year 
follow-up in comparison to Moosmayer et al.’s [36] 5-year follow-up. It is therefore dif-
ficult to conclude whether the conservative management of the RCTs in the studies was 
more progressive, or if the surgical repairs failed and the shoulders become symptomatic 
again. In addition, the systematic review concluded that there were only three trials with 
adequately varied methods and appropriate inclusion criteria for the review, making it dif-
ficult to make a comparison on the overall outcome. This is also supported by a systematic 
review by Seida [37], who concluded that there was insufficient evidence to support conser-
vative over surgical treatment and vice versa for the management of RCTs and suggested 
that further studies were required and standardised methods and inclusion criteria were 
warranted.

The first randomised controlled trial by Moosmayer et al. [36] after 5 years showed no signifi-
cance between surgery and physiotherapy, as the mean difference in the Constant-Murley 
Score (CMS) was only 5, which is deemed less than that considered a clinically relevant 
score of 10.4 [38]. This study also had traumatic tears in the conservative group, which may 
have influenced the results as previous research has suggested that early surgical interven-
tion is recommended for younger patients with traumatic tears and severe functional deficit 
to avoid delays in tendon healing or prevent healing beyond repair [39]. The sample size 
was small in this study; therefore, it is difficult to make a conclusion on the effect of having 
the two subgroups over the results in this study. In this study, nine patients failed phys-
iotherapy and switched to tendon repair in small and medium tears. Rotator cuff repairs 
may be recommended to prevent delay in progression of muscle atrophy and tendon retrac-
tion beyond the point of tendon healing if physiotherapy failed, which is more likely in the 
younger patient population with acute tears than in the older population who are more 
likely to present with degenerative FTTs [40, 41]. This is further supported by an algorithm 
on the management of RCTs by Tashijan [42] according to size, nature of the tear, and age 
of the patient; however, there is not enough high-quality evidence to support this. Further 
studies comparing interventions for traumatic and atraumatic complete tears as well as age 
groups would be required to decide initial treatment. In addition, further research on how 
long conservative management should be continued before resorting to surgical intervention 
would be required. This finding has also been discussed by Abdulwahab et al. [43], who con-
cluded that timing to the end of conservative treatment is unknown, but likely is indicated 
when a patient demonstrates increased weakness and loss of function not recoverable by 
physiotherapy.

Another randomised controlled trial by Heerspink et al. [44] was a small study of only 56 
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entity from partial tears are needed. In addition, high-quality studies in which comparisons 
between different conservative interventions and surgical treatment are made to determine 
the optimal conservative management for RCTs are necessary.

The present study also had a high incidence (73%) of re-tears in the surgical repair group at 
1-year follow-up. However, tear progression or failed rotator cuff repair may not be indicative 
of why the patients have more pain and less function, as studies have shown that large tears 
can be asymptomatic [45, 46]. This uncertainty in the extent of RCTs in relation to the patient's 
clinical presentation may not be an accurate representation of the outcome of the patient's 
pain and function post intervention in this study. The best pain and functional outcomes in 
this study were observed in surgical patients with an intact rotator cuff repair at the final 
follow-up, but the numbers to treat for successful rotator cuff repair would be high in this 
case considering the 73% of failed repairs that reported slightly less favourable outcome than 
the conservative approach. The insignificant difference in the outcome of this study demon-
strates that physiotherapy may possibly be considered as an intervention due to it being less 
expensive than surgery as reported in this article. However, longer duration of follow-ups in 
this study would be beneficial to determine the outcome of both interventions in relation to 
MRI findings, pain, function and economic impact.

Kukkonen et al. [47] concluded in their 1-year follow-up study that there was no statistical 
significance between rotator cuff repair with acromioplasty and physiotherapy, or physio-
therapy alone. There was only a difference in patient satisfaction scores in the first 3 and 
6 months, where the two groups without repair reported higher patient satisfaction than 
the repair group. This may be due to the postoperative restrictions for the surgery group, 
leading to more dissatisfaction in this group. However, the overall outcome was the same 
by the 1-year follow-up

Overall, the three studies showed low risk of bias that cannot completely be avoided because 
of the nature of interventions. Despite the conservative and surgical interventions in all three 
trials being standardised with the same treatment aims, the patients’ irritability and sever-
ity of their symptoms and the effect on their daily function varied the intensity, dosage, and 
duration of treatment. This variation made it difficult to compare conservative and surgical 
approaches for the management of RCTs. The treatment strategies and aims among all three 
trials for physiotherapy were similar in that all three randomised controlled trials focused 
on initiating static and dynamic glenohumeral movement, scapulohumeral movement, and 
stabilisation, and increasing the level of progression from 6 to 12 weeks.

3.1. Physiotherapy treatment techniques

There is some debate on the optimal conservative treatment and rehabilitation approach for 
RCTs and its role in improving the symptoms associated with an RCT.

Ainsworth et al. [48] conducted a systematic review of exercise therapy for the conserva-
tive management of RCTs. This review could not find any high-quality trials and found only 
10 observational studies and 2 case studies. The primary conclusion of this review was that 
physiotherapy may have some benefit; however, the method of distinguishing the extent of 
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the patient's pain in relation to the tear as well as the level of exercise in terms of intensity and 
dosage are still unclear due to the poor quality of the trials.

The review also concluded that the size of the tear is not as important as the presence of 
pain in the patient. This is supported by the findings discussed previously with the current 
research and MRI scans in relation to the patient's clinical symptoms. It also highlighted that 
RCT repairs appear to be less successful in the elderly, and the review lean more towards con-
servative management as a first line of treatment. This idea is also supported by the Tashjian 
algorithm [42] and Levy [49], who further explain that due to older patients being more likely 
to have multiple comorbidities, RCTs should be managed conservatively.

The present study acknowledged that until there is more understanding of how some patients 
with FTTs can have a spectrum of symptoms from minimum to severe, it will be difficult to 
establish an optimal treatment and rehabilitation program for RCTs.

There are differences in opinion on the focus of rehabilitation between anterior deltoid retrain-
ing or working on the humeral head depressors to rehabilitate shoulder elevation in abduc-
tion only [50]. The anterior deltoid training is supported by Levy et al. [49] and by Ainsworth 
[51] on the basis of the biomechanics of how the anterior deltoid works. The anterior deltoid 
was believed to act as a humeral head elevator, but a study by Gagey and Hue [52] concluded 
that the deltoid functions to prevent upward migration of the humeral head. This theory is 
supported in present clinical practice of using the Torbay exercise program, which is pro-
posed in the aforementioned studies. In the Levy et al. study [49] instructions were to exercise 
3–5 times per day for the first 6 weeks, with the patient supine for the exercises, and progress-
ing to an incline, and then standing. This study found that this technique would be beneficial 
for older patients with atraumatic, massive tears. However, this study was not compared with 
another intervention; therefore, there was no randomised allocation, and the lack of quality 
and a small study group of 17 patients made it difficult to form a significant conclusion.

Ainsworth et al.’s [48] prospective randomised controlled study had 60 patients over the 
course of 1 year. The intervention group consisted of anterior deltoid training as well as other 
treatment modalities such as functional exercises, proprioception and stretching. It is therefore 
difficult to establish which specific treatment modality had an impact on improving patient 
pain and function compared to the control group, whose treatment consisted of ultrasound, 
advice, and steroid injections, if required. The SF-36 score showed statistical significance in 
the intervention group over the control group at 3 and 6 months, but there were no differences 
by 12 months. Despite these improvements in functional and pain scores, further studies with 
standardised treatment interventions and larger numbers of patients over a longer period are 
needed to support the use of anterior deltoid training.

This study also highlighted the role of education in altering the patient's perception of 
pain and therefore reduce pain and disability, which is also supported in previous stud-
ies [53, 54]. It is believed that advice and education alone allow the patient to use the 
shoulder, by reducing their fears of causing more harm. This may have contributed to why 
the control group had no statistical difference from the intervention group. Despite these 
findings, physiotherapy with this specific anterior deltoid exercise program is deemed to 
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entity from partial tears are needed. In addition, high-quality studies in which comparisons 
between different conservative interventions and surgical treatment are made to determine 
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stabilisation, and increasing the level of progression from 6 to 12 weeks.

3.1. Physiotherapy treatment techniques

There is some debate on the optimal conservative treatment and rehabilitation approach for 
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The present study acknowledged that until there is more understanding of how some patients 
with FTTs can have a spectrum of symptoms from minimum to severe, it will be difficult to 
establish an optimal treatment and rehabilitation program for RCTs.

There are differences in opinion on the focus of rehabilitation between anterior deltoid retrain-
ing or working on the humeral head depressors to rehabilitate shoulder elevation in abduc-
tion only [50]. The anterior deltoid training is supported by Levy et al. [49] and by Ainsworth 
[51] on the basis of the biomechanics of how the anterior deltoid works. The anterior deltoid 
was believed to act as a humeral head elevator, but a study by Gagey and Hue [52] concluded 
that the deltoid functions to prevent upward migration of the humeral head. This theory is 
supported in present clinical practice of using the Torbay exercise program, which is pro-
posed in the aforementioned studies. In the Levy et al. study [49] instructions were to exercise 
3–5 times per day for the first 6 weeks, with the patient supine for the exercises, and progress-
ing to an incline, and then standing. This study found that this technique would be beneficial 
for older patients with atraumatic, massive tears. However, this study was not compared with 
another intervention; therefore, there was no randomised allocation, and the lack of quality 
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course of 1 year. The intervention group consisted of anterior deltoid training as well as other 
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advice, and steroid injections, if required. The SF-36 score showed statistical significance in 
the intervention group over the control group at 3 and 6 months, but there were no differences 
by 12 months. Despite these improvements in functional and pain scores, further studies with 
standardised treatment interventions and larger numbers of patients over a longer period are 
needed to support the use of anterior deltoid training.

This study also highlighted the role of education in altering the patient's perception of 
pain and therefore reduce pain and disability, which is also supported in previous stud-
ies [53, 54]. It is believed that advice and education alone allow the patient to use the 
shoulder, by reducing their fears of causing more harm. This may have contributed to why 
the control group had no statistical difference from the intervention group. Despite these 
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be beneficial because it allows patients to return to their activities of daily living (ADLs) 
earlier, which could impact aspects such as reducing time away from work and the risk 
of depression, and improving quality of life (which are associated with poor outcome). 
Future studies should further investigate this exercise program. Kuhn et al. [55] conducted 
a multi-centre prospective cohort study of 381 patients who underwent physiotherapy over 
a 12-week period with a 2-year follow-up. The patients’ compliance diaries showed a varia-
tion in programs from no therapy to supervision and home, home only, and supervision 
only. If after 6 weeks the patients were no longer in pain and/or the pain was not affect-
ing their ADLs, then conservative management was successful. Only 9% of patients had 
surgery after 6 weeks, and a total of 15% of patients had surgery in the first 12 months. 
After this time, it is deemed that the patient is unlikely to have surgery for RCT. This study 
was performed only on atraumatic patients only; thus, it is not a reflection of acute trau-
matic tears. The treatment strategies for these patients were primarily focused on exercise 
therapy, manual therapy, and heat and cold therapy. However, there were no comparison 
intervention groups to establish which treatment modality was superior to another, and 
the therapist could tailor the therapy to the patient's individual presentation, making it 
difficult to form a conclusion on the most effective aspect of the therapy program. Edwards 
et al. [56] conducted a review of the current treatment strategies during rehabilitation and 
concluded the use of anterior deltoid training allows adequate shoulder elevation without 
upward migration of the humeral head. In this review, the authors also noted the role of 
the teres minor during external rotation with infraspinatus tears as part of allowing the 
greater tuberosity of the humerus to clear the acromion during shoulder elevation. Studies 
that have been researched currently show a general trend of 10–15 repetitions twice a day; 
however, further research to justify using the prescription recommended for this specific 
type of training is warranted.

It appears that the nature of the studies that have been reviewed do not always focus on com-
plete RCTs, which is due to the lack of available evidence on the management of complete 
RCTs. Therefore, the conclusions in this review are limited. More studies focusing on the sur-
gical and conservative management of complete RCTs need to be completed to delve further 
into the optimal management of this pathology.

4. Systemic medications

It is unclear if there is a true inflammatory element to rotator cuff tendinopathy and whether 
non-steroidal anti-inflammatory drugs (NSAIDs) will address this pathophysiology [57]. 
Currently, no trial or study has been conducted for evaluating NSAIDs as an oral prepara-
tion or topically, or other analgesics specifically, for efficacy in the treatment of complete 
RCTs. Only investigations for shoulder pain in general have been conducted [43]. One meta-
analysis of 12 studies concludes that oral NSAIDs can lead to a reduction in pain in individu-
als with rotator cuff tendinopathy, but there are gastrointestinal or cardiovascular-associated 
risks [58].
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5. Injections

The concept of using injections for the treatment of RCTs is not new to the field of orthopae-
dic surgery, as the practice of using injections such as corticosteroids (CS) and sodium hyal-
uronate (HA) is common in many practices. CS and HA are both injectable pharmaceutical 
agents that can be used to decrease pain and stiffness, and they have demonstrated significant 
impact on improving quality of life for patients with RCTs.

A 2015 in vitro study found that CS injections decreased cell proliferation in rotator cuff ten-
dons, and the resulting strength of these tendons decreased as compared to the strength after 
HA injections [59]. The same study also conducted an experiment on the effects of CS and HA 
injections in rats. Like the in vitro study, the animal study found apoptosis in rotator cuff ten-
dons, inhibition of cell proliferation, a delay in tendon healing, and decreased biomechanical 
strength in CS subjects [59].

Clinical application of these agents is highlighted by a study conducted in 2001, in which 
40% of a group with RCTs that received HA injections were satisfied with the durable effects 
produced at 24-weeks follow-up [60]. In addition, 35% of the group that received CS injections 
expressed satisfaction over a 5-week period with the injections [60]. Moreover, another study 
found statistically significant pain relief in groups with HA injections as compared to the con-
trol group [61]. In another study, a combination of HA injections and rehabilitation programs 
led to an improvement of mobility in elderly patients [62]. When using CS injections, no dif-
ference was found in groups with different frequencies of injections [63].

6. Biologics

6.1. Basic science

Biologics are similar to the aforementioned injections, as they are injected into the RCT zone to 
assist in regeneration of the tendons. Biologics are specific proteins and cells that are obtained 
from the patient; therefore, they are personalised for the individual [64].

Biological injections can include platelet-rich plasma (PRP), which is prepared from a patient’s 
blood by concentrating thrombocytes, usually a multiple of the normal circulating concentra-
tion. This injection is produced through standardised preparations: blood is drawn from the 
patient and spun in a centrifuge to separate the parts of the blood, and the highly concentrated 
plasma is re-administered to the patient in the affected area [65]. The idea of PRP follows sim-
ple scientific logic as the platelets are the body’s primary way of reaching structural defects 
and injuries through proteins, cytokines, and growth factors that stimulate healing. Once 
platelets reach the specific site, they release different growth hormones that trigger natural 
and regenerative healing processes [66]. PRP has been known to stimulate both the response 
of mesenchymal stem cells (MSCs) to the local area through growth factors such as platelet-
derived growth factor (PDGF), fibroblast growth factor and vascular endothelial growth factor 
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(VEGF) and stimulate tendon stem cells to differentiate into tenocytes when certain growth 
factors are released, which promotes healing of the rotator cuff [67, 68]. Furthermore, PRP can 
also assist in the proliferation of muscle cells [69], promoting inflammation [70], and the use 
of adhesion molecules to repair the torn tendon [71]. The proliferation of muscle cells allows 
for an increased number of fibroblasts and myotubes, thereby decreasing the overall time of 
recovery and increasing the strength of the rotator cuff [69]. Non-growth factors released from 
platelets such as serotonin, histamine, dopamine, calcium and adenosine aid in inflammation 
proliferation [70]. Finally, adhesion molecules such as fibronectin, fibrin and vitronectin can 
be delivered in a clot [71].

MSCs can be found in a variety of locations throughout the human body, but are most com-
monly found around vascular tissue, bone marrow, and fat [72]. MSCs are derived from peri-
cytes that detach from the blood vessels and become activated MSCs [72]. These stem cells, 
like many other stem cells, can proliferate and eventually differentiate into fully functional 
osteocytes, adipocytes, and fibroblasts or remain as activated MSCs [73]. MSCs can be both 
immunomodulatory and trophic, which aid in regeneration. The cells can act as an auto-
immune response to combat pathogens that infect the ruptured tissue [74]. Further, MSCs 
inhibit both apoptosis (cell death) and scar formation while stimulating angiogenesis and 
mitosis (through the secretion of mitogens) [64]. Because of the many functions of MSCs, the 
activation of MSCs is critical in the healing process. These activated MSC cells provide the 
damaged part with necessary chemicals to heal itself more quickly.

6.2. Laboratory investigation

An in vitro study found that PRP stimulated cell proliferation and the synthesis of tenocytes 
in RCTs [75]. In an experiment in which rats were treated for RCT, the group given the PRP 
treatment demonstrated better collagen linear alignment. Furthermore, the research team 
found positive effects when administering the PRP injections 3 weeks after the initial surgery 
[76].

6.3. Clinical investigation

A clinical trial in 2012 found reduced pain and positive effects in the healing process of RCTs 
[77]. These clinical trials demonstrate the effect PRP has in stimulating the already present 
natural healing process.

A commonly used source for regenerative injection therapy (RIT) is bone marrow aspirate 
that is centrifuged to form a concentrate. Bone marrow aspirate concentrate (BMAC) can pos-
sess a number of different stem or progenitor cells that can aid in the body’s natural self-
regenerative processes [78]. BMAC can be used as a regenerative injection therapy for various 
injuries and primary conditions, as well as be used during surgery. One study compared 
BMAC augmented surgery vs. arthroscopic repair alone. Of the 45 patients augmented with 
BMAC, 100% of patients were healed 6 months after surgery compared to 67% of the 45 con-
trol patients. At 10-year follow-up found that 87% of patients in the BMAC group compared 
with 44% of control patients were healed [79].
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7. Risks of conservative treatment in managing a rotator cuff tear

Non-operative treatment has been recommended as an initial treatment for patients with 
rotator cuff pathology ranging from tendinopathy to partial and even complete RCTs [80]. 
Although several reviews and studies have demonstrated the effectiveness of non-opera-
tive treatment in RCTs, as previously described, there are concerns regarding the risks of 
conservative treatment as well. The overall goal of conservative management is to diminish 
pain, increase ROM and strength, and to ultimately decrease the functional limitations of the 
patient [81]. There appears to be some consensus that a conservative treatment program is a 
reasonable approach within the first 6–12 weeks in patients with non-traumatic tears under 
the age of 60 years. If the patient does not respond within the initial 4–6 weeks, then it can be 
an indicator for transition to surgical treatment. Edwards et al. [56] has demonstrated that if 
the patient does respond well, the conservative treatment will be effective for up to 2 years. 
Tanaka et al. [81] reviewed the literature and noted that conservative treatment is an effective 
method for the treatment of RCTs, with success rates ranging from 33 to 88%. The large vari-
ability appears to be dependent on the method of treatment chosen, as well as the observations 
and monitoring that occurs in between the pre-established patient follow-up dates. Although 
effective, the benefits of non-operative treatment have also been accompanied by progression 
of the tear, muscle atrophy, fatty infiltration, worse surgical outcomes and increased pain and 
symptoms.

Tempelhof et al. [15] studied asymptomatic RCTs longitudinally to improve the understand-
ing of the risks of tear progression and pain development over time. The study followed 
patients for a median of 5.1 years, following the identification of the asymptomatic degenera-
tive tear. They observed that tear enlargement occurred in a time-dependent manner with 
greater risks of enlargement relative to larger and more severe tears. This was observed in 110 
of 224 patients (~49%) over an average span of 2.8 years. FTTs were 1.5–4 times more likely to 
enlarge than PTTs. In addition to the risk of tear progression, the transition from an asymp-
tomatic tear to a symptomatic tear was observed due to the development of new pain, and 
the median time until pain developed was roughly 2.6 years. The development of new pain 
occurred in 46% of the patients, and the occurrence of symptoms correlated with an average 
enlargement rate of 63%, whereas those who remained asymptomatic had a 38% increase in 
the size of their tears.

These results demonstrate the long-term potential for an FTT to increase in size over several 
years, which is in agreement with Hsu and Keener [82], who thought that the risks of tear 
progression and muscle atrophy are present early on, but the rate of progression is slow 
enough to allow adequate time to attempt conservative treatment [82]. They developed a 
stratification of the several treatment options in which the patients were categorised and 
recommended a treatment option based on their natural history and pathology. The system 
established by Hsu and Keener [82] contained three groups in which the risks of non-oper-
ative treatment varied and the potential benefits of surgery were optimised. The groups 
were assigned according to the symptoms presented at the time of the patient interview. 
In group I, early operative repair was recommended for acute tears, while those in group 
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(VEGF) and stimulate tendon stem cells to differentiate into tenocytes when certain growth 
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in RCTs [75]. In an experiment in which rats were treated for RCT, the group given the PRP 
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[76].
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method for the treatment of RCTs, with success rates ranging from 33 to 88%. The large vari-
ability appears to be dependent on the method of treatment chosen, as well as the observations 
and monitoring that occurs in between the pre-established patient follow-up dates. Although 
effective, the benefits of non-operative treatment have also been accompanied by progression 
of the tear, muscle atrophy, fatty infiltration, worse surgical outcomes and increased pain and 
symptoms.

Tempelhof et al. [15] studied asymptomatic RCTs longitudinally to improve the understand-
ing of the risks of tear progression and pain development over time. The study followed 
patients for a median of 5.1 years, following the identification of the asymptomatic degenera-
tive tear. They observed that tear enlargement occurred in a time-dependent manner with 
greater risks of enlargement relative to larger and more severe tears. This was observed in 110 
of 224 patients (~49%) over an average span of 2.8 years. FTTs were 1.5–4 times more likely to 
enlarge than PTTs. In addition to the risk of tear progression, the transition from an asymp-
tomatic tear to a symptomatic tear was observed due to the development of new pain, and 
the median time until pain developed was roughly 2.6 years. The development of new pain 
occurred in 46% of the patients, and the occurrence of symptoms correlated with an average 
enlargement rate of 63%, whereas those who remained asymptomatic had a 38% increase in 
the size of their tears.

These results demonstrate the long-term potential for an FTT to increase in size over several 
years, which is in agreement with Hsu and Keener [82], who thought that the risks of tear 
progression and muscle atrophy are present early on, but the rate of progression is slow 
enough to allow adequate time to attempt conservative treatment [82]. They developed a 
stratification of the several treatment options in which the patients were categorised and 
recommended a treatment option based on their natural history and pathology. The system 
established by Hsu and Keener [82] contained three groups in which the risks of non-oper-
ative treatment varied and the potential benefits of surgery were optimised. The groups 
were assigned according to the symptoms presented at the time of the patient interview. 
In group I, early operative repair was recommended for acute tears, while those in group 
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II were initially treated conservatively and, if they did not respond, they were transitioned 
to surgical treatment. Furthermore, group III was concerned with maximising conserva-
tive treatment, where the healing of the patient’s RCT was unlikely. This group typically 
included patients over the age of 65, with chronic tears and FTT. Patients in the group were 
shown to have retracted tendons and advanced muscle degeneration. The goal of conser-
vative treatment was to improve the overall functioning level of the patient. This study 
demonstrated that although these variables improved, there was also a 50% chance of tear 
progression within 5 years, especially in the FTT [82].

Several other studies of asymptomatic tears followed by either an ultrasound or a MRI have 
been reported in the literature [2, 15, 83, 84]. Maman et al. [7] described age as a large determi-
nant of progression, with 54% of the tears in the patients over 60 years of age demonstrating 
progression, in comparison to 17% of tears in subjects under the age of 60 years. Safran et al. 
[11] found that FTTs had a higher rate of progression in younger patients, with 49% of the 
tears increasing in size under ultrasound.

Tear progression as well as muscle atrophy and fatty infiltration have been directly associ-
ated with pain. In a study conducted by Moosmayer et al. [85], these three variables were 
found to correlate with the presence of symptoms in comparison to an asymptomatic group. 
The authors compared non-operative to operative treatment for smaller tears of 3 cm in size, 
and found a progression in tear size and structural deterioration over time, which resulted in 
the recurrence of symptoms and functional depreciation over time. In the cases in which the 
patients were asymptomatic, they found that progression of the tear was directly related with 
the development of pain [30].

In contrast to these studies, Fucentese et al. [8] found that after a follow-up period of 3.5 years 
following non-operative treatment, there was no increase in the average tear size and only 
25% of the initial tears demonstrated progression. An issue with this study is that the average 
initial tear size was small, averaging 1.6 cm. This further supports the notion that the likeli-
hood of progression is dependent on the initial size of the tear, with larger tears more likely 
to develop progression.

8. Surgical indications for a transition from non-operative treatment

Throughout the literature, it has been observed that the presence of certain independent “risk 
factors” may also serve as indicators for the physician to transfer the patient from non-oper-
ative management to operative treatment. Beyond the risks and concerns involved with the 
non-operative treatment option, there are also independent factors that serve as direct indi-
cators to opt for operative treatment. These factors include the patient’s demographics, the 
mechanism of injury, the degree of severity and depth of the tear, the duration of symptoms 
and the patient’s expectations about whether operative or non-operative treatments are effec-
tive. Several studies [2, 82, 86] have shown that patient expectations are potentially one of the 
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strongest indicators when deciding how to treat a patient. Dunn et al. [87] and Fucentese et al. 
[8] demonstrated a direct correlation between the expectations of the patient and the results 
of conservative treatment.

The demographics of a patient have also been shown to directly correspond with a transition 
in treatment. The strongest of these include the patient’s age, body mass index (BMI) score, 
and socioeconomic status. Interestingly, patients with a higher BMI score were shown to be 
more likely to adopt a nonsurgical option, where those with a lower BMI opted for surgical 
treatment [88].

Regarding age, patients under the age of 60 years are thought to have better outcomes with 
operative treatment, because of significant risks of irreversible changes with non-operative 
treatment and a high likelihood of healing if a repair was performed. It has been generally 
recommended that surgical repair be performed instead of an initial conservative treatment 
in active patients with acute tears following trauma [4]. Early operative treatment appears 
to be warranted in this case and in the case of poor function for the achievement of maximal 
return of shoulder function. The importance of the timing following the initial patient inter-
view is critical and dependent on the factors associated with the tear as well as how long 
the tear has been present. In a systematic review, Lazarides et al. [40] reported that the RCTs 
present in patients younger than age 40 years are more commonly FTTs and of traumatic 
origin. These patients typically respond well to surgery in terms of pain relief due to the 
good tendon and muscle quality at the time of the repair. The definition of “early” repair is 
often unclear.

Bjornsson et al. [89] determined that there was no difference in tendon healing, pain, shoulder 
elevation, or functional outcomes when an acute tear was fixed within the first 3 months of 
injury compared to within the first 3 weeks. However, if symptoms have persisted for longer 
than a year, and functional impairment was observed, the expectation for a successful surgical 
approach is worse in patients with FTTs [56]. Patients over the age of 60 years were twice as 
likely to develop a tear that was larger than those under 60 years. With each decade after 60, 
the odds of tear enlargement increased 2.69-fold [90].

Importantly, the mechanism of injury plays a significant role in decision-making for opera-
tive treatment. Schmidt and Morrey [91] described a measurement of the “appropriateness” 
of the various treatment options available to assist in RCT treatment, which are dependent on 
the associated benefits and risks of each method. The scale is referred to as the appropriate 
use criteria (AUC), and it was developed by a voting panel composed of mostly orthopae-
dic surgeons. This panel determined the ‘appropriateness’ level of a treatment based on the 
current literature. The AUC determined that a treatment was deemed ‘appropriate’ if the 
benefits outweighed the risks, ‘may be appropriate’ if the difference was null, and ‘rarely 
Appropriate’ when the risks outweighed the benefits. A large indicator favouring non-
operative treatment included the initial response a patient exhibited during their initial trial 
of conservative treatment. If there was a positive response noted by the patient, then they 
would continue with non-operative treatment. Conversely, if the initial trial of conservative 
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II were initially treated conservatively and, if they did not respond, they were transitioned 
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included patients over the age of 65, with chronic tears and FTT. Patients in the group were 
shown to have retracted tendons and advanced muscle degeneration. The goal of conser-
vative treatment was to improve the overall functioning level of the patient. This study 
demonstrated that although these variables improved, there was also a 50% chance of tear 
progression within 5 years, especially in the FTT [82].
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nant of progression, with 54% of the tears in the patients over 60 years of age demonstrating 
progression, in comparison to 17% of tears in subjects under the age of 60 years. Safran et al. 
[11] found that FTTs had a higher rate of progression in younger patients, with 49% of the 
tears increasing in size under ultrasound.

Tear progression as well as muscle atrophy and fatty infiltration have been directly associ-
ated with pain. In a study conducted by Moosmayer et al. [85], these three variables were 
found to correlate with the presence of symptoms in comparison to an asymptomatic group. 
The authors compared non-operative to operative treatment for smaller tears of 3 cm in size, 
and found a progression in tear size and structural deterioration over time, which resulted in 
the recurrence of symptoms and functional depreciation over time. In the cases in which the 
patients were asymptomatic, they found that progression of the tear was directly related with 
the development of pain [30].

In contrast to these studies, Fucentese et al. [8] found that after a follow-up period of 3.5 years 
following non-operative treatment, there was no increase in the average tear size and only 
25% of the initial tears demonstrated progression. An issue with this study is that the average 
initial tear size was small, averaging 1.6 cm. This further supports the notion that the likeli-
hood of progression is dependent on the initial size of the tear, with larger tears more likely 
to develop progression.

8. Surgical indications for a transition from non-operative treatment

Throughout the literature, it has been observed that the presence of certain independent “risk 
factors” may also serve as indicators for the physician to transfer the patient from non-oper-
ative management to operative treatment. Beyond the risks and concerns involved with the 
non-operative treatment option, there are also independent factors that serve as direct indi-
cators to opt for operative treatment. These factors include the patient’s demographics, the 
mechanism of injury, the degree of severity and depth of the tear, the duration of symptoms 
and the patient’s expectations about whether operative or non-operative treatments are effec-
tive. Several studies [2, 82, 86] have shown that patient expectations are potentially one of the 
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strongest indicators when deciding how to treat a patient. Dunn et al. [87] and Fucentese et al. 
[8] demonstrated a direct correlation between the expectations of the patient and the results 
of conservative treatment.

The demographics of a patient have also been shown to directly correspond with a transition 
in treatment. The strongest of these include the patient’s age, body mass index (BMI) score, 
and socioeconomic status. Interestingly, patients with a higher BMI score were shown to be 
more likely to adopt a nonsurgical option, where those with a lower BMI opted for surgical 
treatment [88].

Regarding age, patients under the age of 60 years are thought to have better outcomes with 
operative treatment, because of significant risks of irreversible changes with non-operative 
treatment and a high likelihood of healing if a repair was performed. It has been generally 
recommended that surgical repair be performed instead of an initial conservative treatment 
in active patients with acute tears following trauma [4]. Early operative treatment appears 
to be warranted in this case and in the case of poor function for the achievement of maximal 
return of shoulder function. The importance of the timing following the initial patient inter-
view is critical and dependent on the factors associated with the tear as well as how long 
the tear has been present. In a systematic review, Lazarides et al. [40] reported that the RCTs 
present in patients younger than age 40 years are more commonly FTTs and of traumatic 
origin. These patients typically respond well to surgery in terms of pain relief due to the 
good tendon and muscle quality at the time of the repair. The definition of “early” repair is 
often unclear.

Bjornsson et al. [89] determined that there was no difference in tendon healing, pain, shoulder 
elevation, or functional outcomes when an acute tear was fixed within the first 3 months of 
injury compared to within the first 3 weeks. However, if symptoms have persisted for longer 
than a year, and functional impairment was observed, the expectation for a successful surgical 
approach is worse in patients with FTTs [56]. Patients over the age of 60 years were twice as 
likely to develop a tear that was larger than those under 60 years. With each decade after 60, 
the odds of tear enlargement increased 2.69-fold [90].

Importantly, the mechanism of injury plays a significant role in decision-making for opera-
tive treatment. Schmidt and Morrey [91] described a measurement of the “appropriateness” 
of the various treatment options available to assist in RCT treatment, which are dependent on 
the associated benefits and risks of each method. The scale is referred to as the appropriate 
use criteria (AUC), and it was developed by a voting panel composed of mostly orthopae-
dic surgeons. This panel determined the ‘appropriateness’ level of a treatment based on the 
current literature. The AUC determined that a treatment was deemed ‘appropriate’ if the 
benefits outweighed the risks, ‘may be appropriate’ if the difference was null, and ‘rarely 
Appropriate’ when the risks outweighed the benefits. A large indicator favouring non-
operative treatment included the initial response a patient exhibited during their initial trial 
of conservative treatment. If there was a positive response noted by the patient, then they 
would continue with non-operative treatment. Conversely, if the initial trial of conservative 
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treatment was ineffective, then operative treatment would be recommended. The indications 
for surgery were ‘may be appropriate’ in the instances in which the patient responded posi-
tively to the conservative management, were healthy before the injury, were experiencing 
moderate-to-severe pain, as well as in those who were not responsive to non-operative care 
methods. The duration of time given to determine whether a conservative treatment option 
is successful is typically 12 weeks. Beyond this time, there was a concern regarding the risk of 
tear progression. In addition, the authors showed that in patients with a higher level of pain, 
they were more likely to recommend surgery.

If surgery is needed in case of failed conservative treatment, chances for tendon healing are 
much lower after the age of 60 years [92]. In selected cases, surgery may be limited to a simple 
arthroscopic biceps tenotomy while leaving the cuff unrepaired with good pain relief and 
shoulder function in the elderly [93]. In other cases, despite older age, repairing the cuff may 
still be an option with high subjective patient satisfaction rates [94].

9. Patient satisfaction indices

In a study of 20 patients conducted by Baydar et al. [86], 6 months following conservative 
treatment 55% of the patients reported that they were ‘much better’ and 45% said they were 
‘better’. At their 1-year follow-up, 50% rated themselves as ‘much better’ and 40% rated them-
selves as ‘better’. This trend was also observed at the 3-year follow-up.

Kuhn et al. [55] conducted a study over a 3-month period and found that physiotherapy 
significantly improved pain, function and ROM. Wirth et al. [95] conducted a similar study 
of 60 patients, with a 2-year follow-up. On the basis of the American Shoulder and Elbow 
Surgeons evaluation (ASES) and the UCLA score, they found that the patients showed signifi-
cant improvements. They noted improved pain ratings, strength, and ROM.

Boorman et al. [96] found 75% of the patients were successfully treated conservatively. They 
noted that the baseline rotator cuff quality-of-life index (RC-QOL) score was a significant pre-
dictor of the outcome. Eighty-nine percent of the patients maintained their 3-month outcome 
at the 2-year follow-up. Even subjects with increased pain and tear progression were shown 
to have a significant increase in their functional scores.

10. Discussion

RCTs in general are prevalent within the population of all age groups. FTTs can present 
acutely following trauma or as a degenerative process. We have examined the associations 
with genetic influences, comorbidities, and the complex relationship between tear size, 
symptoms, and pain. Although there is conflicting literature, there appears to be some con-
sensus on the best indicators for choosing to treat a FTT non-operatively. The established 
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physiotherapy techniques include anterior deltoid training to allow adequate shoulder ele-
vation without upward migration of the humeral head, as well as teres minor training to 
allow the greater tuberosity of the humerus to clear the acromion during shoulder elevation. 
Patients who will benefit the most from conservative treatment include those over the age 
of 60 years with a chronic degenerative tear that is unlikely to heal and with low functional 
demand. In this scenario, the goal is to improve the function and ROM. The risks associated 
with these tears include the potential of the progression of the tear, a diminished healing 
potential due to age or longer symptom duration, muscle atrophy, and fatty infiltration. In 
addition, poor outcomes have been noted in this group with surgical treatment. Moreover, 
the indications for surgery following conservative treatment are becoming more defined, 
and an outline regarding what scenarios warrant a transition from an initial conservative 
treatment plan has been developed. If the patient does not respond well within the first 
6–12 weeks of the conservative treatment and is younger than 60 years, has a higher activity 
level, and has a healthy tendon and muscle environment, then early operative treatment is 
likely. Overall, the patient satisfaction indices, and in particular functional scores such as the 
RC-QOL score, have shown a consistent level of satisfaction regarding conservative manage-
ment in patients followed from 2 years.

Although experiments using injections and biologics to specifically treat RCTs are limited, 
the literature available is promising in primary treatment, adjunctive care, and to augment 
surgical procedures. Both CS and HA injections offer modest benefits to the patient in terms 
of reduced pain and improved function. From an administrative perspective, the injections 
are practical as they are easily available pharmaceuticals, and are relatively low in prices 
compared to surgical intervention. These injections have demonstrated effectiveness in ame-
liorating symptoms following RCT.

The developing benefits of using MSCs, PRP, and other biologics have the potential to 
be disruptive to current treatment protocols, both conservative as well as surgical, in the 
approaches to healing RCTs. With improved imaging modalities, diagnostic accuracy, and 
sensitivity, practitioners of the future will hopefully be able to intervene earlier in the dis-
ease pathogenesis cycle. PRP can possibly be an effective method and strategy in the healing 
process of tendinopathy or PTTs. With standardised preparations and treatment protocols, 
only a short window of time is required to assess, prepare, and treat patients with this 
method (less than 30 minutes). The real benefit, although not fully realised at this time, is 
that PRP follows fundamental biological principles as it releases several growth hormones 
to stimulate the healing process. PRP also prompts MSC activation, creating a unique 
regenerative environment that modulates the immune system response and promotes tro-
phic, anti-scarring, and cellular proliferation that in theory further aid the healing process. 
Regenerative injection therapy provides patients with specific cells and proteins that their 
body has produced, thus creating a healing environment at the site of injury and/or degen-
eration. Further studies in the basic science, translation, as well as with high-quality clinical 
trials are needed to shed further light on this very exciting and potentially game-changing 
technology.
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treatment 55% of the patients reported that they were ‘much better’ and 45% said they were 
‘better’. At their 1-year follow-up, 50% rated themselves as ‘much better’ and 40% rated them-
selves as ‘better’. This trend was also observed at the 3-year follow-up.

Kuhn et al. [55] conducted a study over a 3-month period and found that physiotherapy 
significantly improved pain, function and ROM. Wirth et al. [95] conducted a similar study 
of 60 patients, with a 2-year follow-up. On the basis of the American Shoulder and Elbow 
Surgeons evaluation (ASES) and the UCLA score, they found that the patients showed signifi-
cant improvements. They noted improved pain ratings, strength, and ROM.

Boorman et al. [96] found 75% of the patients were successfully treated conservatively. They 
noted that the baseline rotator cuff quality-of-life index (RC-QOL) score was a significant pre-
dictor of the outcome. Eighty-nine percent of the patients maintained their 3-month outcome 
at the 2-year follow-up. Even subjects with increased pain and tear progression were shown 
to have a significant increase in their functional scores.

10. Discussion

RCTs in general are prevalent within the population of all age groups. FTTs can present 
acutely following trauma or as a degenerative process. We have examined the associations 
with genetic influences, comorbidities, and the complex relationship between tear size, 
symptoms, and pain. Although there is conflicting literature, there appears to be some con-
sensus on the best indicators for choosing to treat a FTT non-operatively. The established 
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physiotherapy techniques include anterior deltoid training to allow adequate shoulder ele-
vation without upward migration of the humeral head, as well as teres minor training to 
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of 60 years with a chronic degenerative tear that is unlikely to heal and with low functional 
demand. In this scenario, the goal is to improve the function and ROM. The risks associated 
with these tears include the potential of the progression of the tear, a diminished healing 
potential due to age or longer symptom duration, muscle atrophy, and fatty infiltration. In 
addition, poor outcomes have been noted in this group with surgical treatment. Moreover, 
the indications for surgery following conservative treatment are becoming more defined, 
and an outline regarding what scenarios warrant a transition from an initial conservative 
treatment plan has been developed. If the patient does not respond well within the first 
6–12 weeks of the conservative treatment and is younger than 60 years, has a higher activity 
level, and has a healthy tendon and muscle environment, then early operative treatment is 
likely. Overall, the patient satisfaction indices, and in particular functional scores such as the 
RC-QOL score, have shown a consistent level of satisfaction regarding conservative manage-
ment in patients followed from 2 years.

Although experiments using injections and biologics to specifically treat RCTs are limited, 
the literature available is promising in primary treatment, adjunctive care, and to augment 
surgical procedures. Both CS and HA injections offer modest benefits to the patient in terms 
of reduced pain and improved function. From an administrative perspective, the injections 
are practical as they are easily available pharmaceuticals, and are relatively low in prices 
compared to surgical intervention. These injections have demonstrated effectiveness in ame-
liorating symptoms following RCT.

The developing benefits of using MSCs, PRP, and other biologics have the potential to 
be disruptive to current treatment protocols, both conservative as well as surgical, in the 
approaches to healing RCTs. With improved imaging modalities, diagnostic accuracy, and 
sensitivity, practitioners of the future will hopefully be able to intervene earlier in the dis-
ease pathogenesis cycle. PRP can possibly be an effective method and strategy in the healing 
process of tendinopathy or PTTs. With standardised preparations and treatment protocols, 
only a short window of time is required to assess, prepare, and treat patients with this 
method (less than 30 minutes). The real benefit, although not fully realised at this time, is 
that PRP follows fundamental biological principles as it releases several growth hormones 
to stimulate the healing process. PRP also prompts MSC activation, creating a unique 
regenerative environment that modulates the immune system response and promotes tro-
phic, anti-scarring, and cellular proliferation that in theory further aid the healing process. 
Regenerative injection therapy provides patients with specific cells and proteins that their 
body has produced, thus creating a healing environment at the site of injury and/or degen-
eration. Further studies in the basic science, translation, as well as with high-quality clinical 
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Abstract

Subscapularis is largest muscle of the rotator cuff. It is important component of shoulder 
joint for necessary of unimpaired shoulder movements. Since past decade subscapularis 
tears are recognized as source of pain and dysfunction of shoulder joint. New diagnostic 
techniques and arthroscopic repair surgeries help to treat subscapularis tears. This article 
provides an overview of types of tear, diagnostic methods and treatment options.

Keywords: rotator cuff, subscapularis tendon tear, subscapularis repair

1. Introduction

Rotator cuff consists of four muscles supraspinatus, infraspinatus, teres minor and subscapu-
laris. Subscapularis is largest of the four and is attached to the Lesser Tubercle. It constitutes 
50–60% of the rotator cuff. It is one of the main anterior stabilizers of the shoulder.

The subscapularis muscle is the primary internal rotator of the shoulder joint. It also gives 
strong anterior stability along with capsulolabral tissues to prevent anterior dislocation. 
Recent studies have shown how the subscapularis works together with the infraspinatus 
muscle to create smooth balancing force couple and provides concentric compression 
effect.

Subscapularis tears are not as common as tears of the supraspinatus tendon. Subscapularis 
tendon tears may be isolated or in conjunction with supraspinatus and infraspinatus tendon 
tears or biceps tear/ subluxation (Figure 1).
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2. Overview

Subscapularis tendon tears have been firstly described by Smith [1] and Codman [2] Hauser 
reported in 1954 the first case of surgical repair of the subscapularis tendon [3].

Subscapularis tendon tears may be partial or full thickness. Chronic overload or acute trauma 
may cause tears. Traumatic tears are usually secondary to a forced external rotation or exten-
sion of the shoulder with the arm abducted. These tears are more prevalent in young patients 
as a consequence of a shoulder dislocation [4, 5]. In chronic tears due to repeated micro trauma 
degeneration, there is always an associated supraspinatus tear and biceps tendinosis or sub-
luxation along with subscapularis tear. In tears of long duration, there can be severe retraction 
of the tendon underneath coracoids process. Sometimes it get tucked to superior capsule or 
glenohumeral ligaments forming a “Coma sign/tissue” as described by Burkhart [6].

Figure 2. Coracoid impingement.

Figure 1. Subscapularis anatomy.
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The main causes for subscapularis tear with or without other lesions is Sub coracoid impinge-
ment with reduced coracohumeral distance. Due to repeated friction in narrow canal beneath 
the coracoids process, attritional tear of subscapularis happens. When this distance, which 
normally ranges from 8.7 to 11 mm, is lower than 5 mm, the risk that the subscapularis tendon 
is torn is high [7, 8].

The coracoid impingement may be primary or acquired. Primary causes of sub coracoid 
impingement are lateralized coracoid process, calcifications or ossifications of the subscapu-
laris tendon, subscapularis muscle hypertrophy, and ganglion cysts. Secondary causes are 
usually traumatic or degenerative like displaced humeral or scapular fractures, non-unions, 
posterior dislocation of the sternoclavicular joint, spur formation, etc., (Figure 2).

The subscapularis tendon is torn in 63% of patients in whom the biceps tendon is sub-luxated 
or dislocated as there is continuity between medial margin of pulley and the subscapularis 
tendon.

3. Symptoms

The shoulder pain related to a subscapularis tendon tear is more anterior compared to the 
typical pain observed in patients with rotator cuff tears. There is weakness in internal rotation 
and abduction like buttoning the shirt, adjusting the tie, tucking the shirt in the back etc. as 
these functions requires active internal rotation. Since in most of the cases anterior supraspi-
natus and biceps tendon is also involved, forward flexion, supination and abduction- external 
rotation can also be painful.

4. Clinical examination

On examination there will be increased passive external rotation, Loss of active internal rota-
tion strength.

Lift-off, belly-press, Napoleon and bear-hug are specific tests to assess the subscapularis 
tendon.

The lift-off test: This test has 15–20% sensitivity and almost 100% specificity (Barth et al.) [9]. 
This test is carried out in sitting or in standing position. The patient’s arm is kept in internal 
rotation with the hand is placed at the back at lumbar spine level. In this position patient tries 
to move the hand away from back by further extending arm and in internal rotation. Now if 
this movement is possible, examiner can check by providing resistance. The test is positive 
when the patient is unable to lift the hand away from back indicative of tear of subscapularis. 
The degree of weakness and pain are indicative of the degree of the lesion (Figure 3).

The belly-press test: It is one of the most commonly performed and accurate clinical test for 
subscapularis tear with sensitivity of 40% and specificity of 97.3%.It is also called as abdomi-
nal compression test, In this test patient attempts to press the hand against the belly with 
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the arm rotated internally [10].The examiner places hand on the abdomen so he can feel the 
how much pressure patient is applying. The test is considered positive if the pressing force 
is weaker or if the pressing movement of the hand against the belly is possible only with the 
elbow extension and shoulder extended. This indicates a deficiency of the subscapularis ten-
don tear or dysfunction (Figure 4).

The Napoleon test: It is similar to belly press test also called as modified belly press test. The 
patient hand is placed on abdomen with hand wrist and elbow in straight line. Now patient 
has to press down on the abdomen negative test indicates wrist at 0° suggestive of normal 
subscapularis. Positive test indicates patient can press on the belly by flexing wrist at 90° and 
intermediate result when wrist flexed 30–60° suggestive of partial function of subscapularis. 
It has sensitivity of 25% and specificity of 97.3%.

The bear-hug test: This test is most sensitive (60%) and with specificity >90%, can be consid-
ered single most accurate test for subscapularis injuries [11]. In this test patient has to place 
his hand on the opposite shoulder with the elbow anterior to the body. The examiner then 
applies an external rotation force while the patient attempts to maintain the hand on the 
shoulder. Positive test indicates patient cannot maintain the hand against the shoulder as 
examiner applies external rotation force (Figure 5).

Figure 3. Lift off test.
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Figure 4. Belly press test.

Figure 5. Bear hug test.
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Figure 3. Lift off test.
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Figure 4. Belly press test.

Figure 5. Bear hug test.
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Figure 6. X-ray rockwood view.

All these tests allow diagnosing a partial tear in 30% of cases. More than 50% of tendon 
thickness is torn when the Napoleon test is positive; more than 75% when the lift-off test is 
positive.

5. Imaging

X-Rays will demonstrate any coracoid pathology, associated acromial spur degenerative 
changes (Figures 6 and 7).

Ultrasonography (USG) is less reliable than MRI in diagnosing the Subscapularis tears.

USG is more preferred to assess the tendon repaired after shoulder arthroscopy (Figure 8).

MRI is the noninvasive procedure of choice to diagnose subscapularis rears. It provides 
higher diagnostic reliability. Arthro-MRI is even more perfect and accurate as compared to 
conventional MRI in patients with subscapularis tendon tears.

An indirect sign, often associated with partial subscapularis tears, is a medial dislocation of 
the long head of the biceps.

There are high chances of partial tears being missed on conventional MRI as compared to 
Contrast MRI. Fatty degeneration (fatty infiltration) is negative prognostic factor for full 
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functional recovery of the shoulder. The percentage of fatty infiltration predictive of success 
after cuff repair is lower than 75%.

MR arthrography is accurate in the detection and grading of lesions in the subscapularis ten-
don. The specificity of findings on transverse images for this diagnosis can be improved by 
including ancillary signs and findings from parasagittal images (Figures 9–11).

Figure 7. Coracoid impingement x-ray.

Figure 8. Ultrasonography of subscapularis tear.
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Figure 11. MRI showing rotator cuff muscles.

Figure 9. MRI axial view.

Figure 10. MRI coronal view.
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6. Types of subscapularis tears

In comparison with other rotator cuff tears, subscapularis tear is less common, it seems to 
have been underestimated. Because of recent attentions to subscapularis tendon, new types 
of such tendon’s lesions have been identified and described. The subscapularis tendon tears 
may be classified as partial and complete, retracted and not retracted, superior involving 
the upper third and inferior (extended to the lower third. Lafosse described a five-type 
classification of subscapularis tendon lesions according to anatomic data and arthroscopic 
lesion-related findings.

The classification system by Lafosse:

II Complete lesion superior one third

III Complete lesion superior two-thirds

IV Complete lesion with head centered and fatty degeneration<stage3

V Complete lesion with eccentric head and fatty degeneration>stage3

A type I tear is a simple erosion of the upper third of the tendon without any disconnection 
to the bone (Figure 12).

In a type II is a frank detachment of the upper portion of the tendon (Figure 13).

A type III lesion is characterized by involvement of all the insertion of the tendon without 
detachment of the lower third of the muscular portion (Figure 14).

In type IV tears, the subscapularis tendon is completely detached from the lesser tuberosity 
and the humeral head is centered within the joint (Figure 15).

Figure 12. Type I tear.
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Figure 15. Type IV tear.

Figure 13. Type II tear.

Figure 14. Type III tear.
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In a type V lesion, the lesion is complete, the humeral head is translated anteriorly and superi-
orly, with coracoid impingement and fatty degeneration of the muscle fibers of the subscapu-
laris (Figures 16 and 17).

7. Treatment

There are multiple treatment options in the management of subscapularis tears, with non-opera-
tive care indicated in some. In older, inactive patients with smaller a traumatic tears a conservative 
treatment comprised of physical therapy, anti-inflammatories, and activity modification must be 
tried. Patients unresponsive to conservative treatment can be considered for surgical repair.

Figure 16. Type V tear.

Figure 17. Type V tear Intra-articular view.
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Figure 18. Open subscap tear.

Figure 19. Open repair.

7.1. Open repair

Open repair surgery is performed by deltopectoral approach or anterior deltoid splitting 
approach in beach chair position. The anterior deltoid splitting approach is mainly used in 
subscapularis tear associated with supraspinatus or infraspinatus. The deltopectoral approach 
is used in isolated subscapularis tear. In deltopectoral approach advantage is deltoid is still 
intact and we can visualize retracted subscapularis tendon. Careful blunt dissection should 
be done to protect axillary nerve as it lies inferior border of subscapularis. In both approaches 
we have to open rotator interval from bicipital groove to glenoid. We should be careful for any 
bicep tendon or supraspinatus pathologies. “Bare bone” will be present between the lesser 
tuberosity and articular humeral head when there will be complete tear of subscapularis. To 
visualize the superior subscapular tendon margin, the humeral head must be pushed poste-
riorly and the tendon seen inside the glenohumeral joint. Tendon should be isolated and then 
released from its insertion site. In the bare area on the lesser tuberosity with the help of suture 
anchors or intraosseous sutures the detached tendon is fixed. To fully mobilize the torn tendon 
if the tendon is too much retracted then release of glenohumeral ligament on the articular side 
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becomes very important step. Once the surgery is complete, the surgeon must assess the range 
of motion of the shoulder as well as the stability of the repair (Figures 18 and 19).

8. Arthroscopic repair

Arthroscopic subscapularis repair surgery can be done with the patient in lateral or beach-
chair position. Arthroscopy allows a complete visualization of intraarticular aspects of the 
joint. In proper position the subscapularis footprint can be visualized that is arm in abduction 
and internal rotation. For improved visualization of the footprint, a new technique described 
by Burkhart that is “Posterior lever push.” In this technique, the elbow is grasped while a pos-
terior force is applied on the humerus. This results into better visualization of subscapularis 
insertion site as the intact fibers are pulled away from footprint. This technique may increase 
the field of view by 5–10 mm. Another method is use of a 70° scope for better visualization of 
the footprint. The assessment of the tear depends upon the size, direction of the tear and the 
amount of retraction. It becomes highly impossible to distinguish from conjoint tendon when 
the tendon is totally retracted. In this situation, finding of “the comma sign,” an arc-shaped 
area of tissue at the superior-most aspect of the subscapularis becomes important. Fibers from 
the superior glenohumeral ligament as well as the medial head of the coracohumeral ligament 
comprise the “comma” which serves as a useful lighthouse for the tendon edge.

Biceps tendon pathology like medial subluxation, tears and even SLAP lesions are common 
with Subscapularis tears, it should be evaluated. The biceps tenotomy or tenodesis is required 
in order to enhance visualization and protect the repair in case of these pathologies. After a 
tear of the subscapularis has been identified, subsequent repair should be performed before 
other shoulder areas are addressed.

Mainly three portals are made to repair the subscapularis.

The posterior portal (P) is the primary viewing portal as commonly used in glenohumeral 
arthroscopy.

An anterosuperolateral portal (AL) is used to prepare the subscapularis footprint as well as 
for repair. It lies just anterior to the biceps tendon and anterolateral edge of the acromion.

An anterior portal (AI), is made on just lateral to the coracoid process and it is used for anchor 
placement.

It becomes very difficult to treat retracted subscapularis tears due to inadequate immobilization. 
Lo and Burkhart describe the “interval slide in continuity” in which part of the rotator interval and 
coracohumeral ligament are resected and released in order to increase mobility of the subscapu-
laris tendon. The coracohumeral ligament is “peeled away” from the lateral coracoid, which pro-
vides the subscapularis with greater excursion. Preservation of the coracohumeral ligament also 
allows stable tissue for any associated posterior tears to be approximated via margin convergence.

In this procedure foot print is made by using the same principles that are used for rotator cuff 
surgery. When the lesions are retracted the bone surface is carefully decorticated, the foot 
print and subchondral bone exposure is medialised up to 7 mm. Healing process and biologi-
cal response at the bone tendon interface is improved by micro fractures [12].
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Figure 18. Open subscap tear.

Figure 19. Open repair.

7.1. Open repair

Open repair surgery is performed by deltopectoral approach or anterior deltoid splitting 
approach in beach chair position. The anterior deltoid splitting approach is mainly used in 
subscapularis tear associated with supraspinatus or infraspinatus. The deltopectoral approach 
is used in isolated subscapularis tear. In deltopectoral approach advantage is deltoid is still 
intact and we can visualize retracted subscapularis tendon. Careful blunt dissection should 
be done to protect axillary nerve as it lies inferior border of subscapularis. In both approaches 
we have to open rotator interval from bicipital groove to glenoid. We should be careful for any 
bicep tendon or supraspinatus pathologies. “Bare bone” will be present between the lesser 
tuberosity and articular humeral head when there will be complete tear of subscapularis. To 
visualize the superior subscapular tendon margin, the humeral head must be pushed poste-
riorly and the tendon seen inside the glenohumeral joint. Tendon should be isolated and then 
released from its insertion site. In the bare area on the lesser tuberosity with the help of suture 
anchors or intraosseous sutures the detached tendon is fixed. To fully mobilize the torn tendon 
if the tendon is too much retracted then release of glenohumeral ligament on the articular side 

Advances in Shoulder Surgery52

becomes very important step. Once the surgery is complete, the surgeon must assess the range 
of motion of the shoulder as well as the stability of the repair (Figures 18 and 19).

8. Arthroscopic repair

Arthroscopic subscapularis repair surgery can be done with the patient in lateral or beach-
chair position. Arthroscopy allows a complete visualization of intraarticular aspects of the 
joint. In proper position the subscapularis footprint can be visualized that is arm in abduction 
and internal rotation. For improved visualization of the footprint, a new technique described 
by Burkhart that is “Posterior lever push.” In this technique, the elbow is grasped while a pos-
terior force is applied on the humerus. This results into better visualization of subscapularis 
insertion site as the intact fibers are pulled away from footprint. This technique may increase 
the field of view by 5–10 mm. Another method is use of a 70° scope for better visualization of 
the footprint. The assessment of the tear depends upon the size, direction of the tear and the 
amount of retraction. It becomes highly impossible to distinguish from conjoint tendon when 
the tendon is totally retracted. In this situation, finding of “the comma sign,” an arc-shaped 
area of tissue at the superior-most aspect of the subscapularis becomes important. Fibers from 
the superior glenohumeral ligament as well as the medial head of the coracohumeral ligament 
comprise the “comma” which serves as a useful lighthouse for the tendon edge.

Biceps tendon pathology like medial subluxation, tears and even SLAP lesions are common 
with Subscapularis tears, it should be evaluated. The biceps tenotomy or tenodesis is required 
in order to enhance visualization and protect the repair in case of these pathologies. After a 
tear of the subscapularis has been identified, subsequent repair should be performed before 
other shoulder areas are addressed.

Mainly three portals are made to repair the subscapularis.

The posterior portal (P) is the primary viewing portal as commonly used in glenohumeral 
arthroscopy.

An anterosuperolateral portal (AL) is used to prepare the subscapularis footprint as well as 
for repair. It lies just anterior to the biceps tendon and anterolateral edge of the acromion.

An anterior portal (AI), is made on just lateral to the coracoid process and it is used for anchor 
placement.

It becomes very difficult to treat retracted subscapularis tears due to inadequate immobilization. 
Lo and Burkhart describe the “interval slide in continuity” in which part of the rotator interval and 
coracohumeral ligament are resected and released in order to increase mobility of the subscapu-
laris tendon. The coracohumeral ligament is “peeled away” from the lateral coracoid, which pro-
vides the subscapularis with greater excursion. Preservation of the coracohumeral ligament also 
allows stable tissue for any associated posterior tears to be approximated via margin convergence.

In this procedure foot print is made by using the same principles that are used for rotator cuff 
surgery. When the lesions are retracted the bone surface is carefully decorticated, the foot 
print and subchondral bone exposure is medialised up to 7 mm. Healing process and biologi-
cal response at the bone tendon interface is improved by micro fractures [12].

Subscapularis Repair
http://dx.doi.org/10.5772/intechopen.74734

53



Figure 20. Arthroscopy positions and portals.

Depending upon choices absorbable or non-absorbable anchor sutures can be used in same 
manner like rotator cuff repair surgery. In almost all cases single anchor suture can be suf-
ficiently used. It is advised that biomechanically one anchor for each square cm. of bare foot 
print area. It is advised that double row repair has advantages like in rotator cuff surgery in 
terms of strength and least failure rates. You can use bridging sutures or knotless anchors 
alternatively. To pass the sutures we can use same techniques that we are using in rotator cuff 
surgery, paying attention that the sub-coracoid space is far narrower than the sub-acromial 
space. By using small instruments which pass within the tendon without damaging lesion 
further, double layer and splitting tears need to be noted. Diagnostic arthroscopy can be 
used in partial tears thus allowing to undertake transtendineous repair similarly to repair of 
“PASTA” lesions of the rotator cuff [13] (Figures 20–31).

Figure 21. Arthroscopy glenohumeral view.
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Figure 22. Anchor inserted.

Figure 23. Sutures management.

Figure 24. Sutures passing through tendon.
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Figure 22. Anchor inserted.

Figure 23. Sutures management.

Figure 24. Sutures passing through tendon.

Subscapularis Repair
http://dx.doi.org/10.5772/intechopen.74734

55



Figure 25. Completed repair.

Figure 26. Tout tendon after repair.

Figure 27. Full thickness tear sub acromial view.
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Figure 28. Suture passing through tendon.

Figure 29. Special instrument for suture passing.

Figure 30. Suture management.
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Figure 28. Suture passing through tendon.

Figure 29. Special instrument for suture passing.

Figure 30. Suture management.
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9. Rehabilitation

Physiotherapy protocol is usually individualized as per the Type of tear, Bone and tissue 
quality, Patients age and physical status and involvement of other Cuff muscles.

Day 0–Day 21:

• Arm pouch.

• Passive ROM as tolerated except external rotation and extension.

• Scapular retraction and rear deltoid exercises.

4th–6 week:

• Gradual full ROM.

• Start active assisted exercises.

• Arm pouch during travel and sleep.

7th–12 weeks:

• No sling.

• Start normal activities.

• Active Thera band exercises for rotator cuff and Scapular muscles.

4th–6 months:

• Weight training for deltopectoral and Biceps-Triceps muscles.

• Sports specific training (Figures 32 and 33).

Figure 31. Final repair.
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Figure 32. Function post physiotherapy.

Figure 33. Excellent strength and functions.
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Abstract

Shoulder arthroplasty is a complex procedure that is becoming increasingly more utilized 
throughout the world. Due to the numerous static and dynamic stabilizers of the gleno-
humeral joint, along with the relative proximity to vital neurovascular structures, great 
care must be taken to access the joint in a safe and effective manner. To date, there are two 
well-described approaches utilized in shoulder arthroplasty: the deltopectoral approach 
and the anterosuperior approach. Both of these approaches are effective in accessing 
the glenohumeral joint; however, due to their anatomic location, they both have distinct 
advantages and disadvantages. The aim of this book chapter is to describe the methodol-
ogy for approaching the glenohumeral joint through each of these approaches, as well 
as to discuss the advantages and disadvantages of utilizing each. In addition, we aim to 
discuss the various methodologies for closing these wounds and, briefly, to discuss the 
other approaches described in the orthopedic literature.
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1. Introduction

Shoulder arthroplasty is becoming an increasingly popular procedure performed for a variety 
of problems. It has been utilized with great success for advanced degenerative and traumatic 
conditions of the shoulder [1–5]. Because the shoulder joint is surrounded by vital structures 
including muscles, nerves, and blood vessels, great care must be taken to ensure safe but ade-
quate exposure to the glenohumeral joint when performing shoulder arthroplasty. To date, 
the deltopectoral approach [6] and the anterosuperior lateral approach [7] are the two main 
approaches that have been well described in the literature for access to the glenohumeral joint 
for shoulder arthroplasty. Each approach offers distinct advantages and disadvantages with 
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regard to glenoid exposure as well as technical challenges for component implantation. The 
aim of this chapter is to describe these two different approaches to the glenohumeral joint, the 
indications for use, and the advantages of each.

2. Positioning and draping

The semirecumbent, or beach-chair position, is the optimum position for open approaches to 
glenohumeral joint. It allows improved orientation for the surgeon, optimal rotational control 
of the arm, and allows for gravity traction on both the glenohumeral joint and the subacromial 
space [8]. It is critical that patient positioning allows for stabilization of the scapula to assure 
proper glenoid orientation. Additionally, equally important is that the patient is placed in a 
position on the operating table that allows for extension of the shoulder. Failure to recognize 
this is one of the most commonly made mistakes that can result in difficulty in exposure for 
both delivery of the proximal humerus out of the surgical wound and adequate exposure of 
the glenoid (Figure 1).

To begin, the patient should be transferred to the operating table and placed into the supine 
position for intubation. After successful induction of general anesthesia, the patient should be 
appropriately positioned on the table while supine in order to allow for the safest and easiest 
transition to the beach-chair position. While the patient is being elevated into position, the anes-
thesiologist should maintain cervical support while monitoring the airway. The head support 
should then be elevated to fit the patient’s occiput and secured in place. Care must be taken 
to ensure that the patient’s cervical spine remains in a neutral position as anesthesia literature 
has shown evidence of cerebrovascular and airway incidents that are felt to be caused by inap-
propriate cervical positioning and subsequent kinking of the carotid artery or trachea [9, 10]. 
The head should then be secured to the head support in a secure fashion and the endotracheal 

Figure 1. Appropriate positioning and preparation of the shoulder. Please note that the operative shoulder is placed off 
the edge of the table to allow for extension of the shoulder during the procedure.
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tube should be positioned toward the nonoperative side. A pre-scrub with chlorhexidine, alco-
hol, and/or hydrogen peroxide may then be performed. Finally, a sterile skin preparation with 
chlorhexidine may be applied prior to final draping. The final draping should consist of down 
sheets to cover the head and lower extremities with split drapes or a specialized shoulder drape 
may be used to isolate the operative shoulder. The distal extremity can be placed in a stockinette 
and covered with a coban wrap, if preferred. An iodine-impregnated plastic drape or any other 
sterile adhesive dressing may be used to ensure that the edges of the drape adhere to the skin, 
ensuring a sterile field through the duration of the case. Prior to skin incision, it is important 
to administer appropriate antibiotics. Typically, this involves a second-generation cephalospo-
rin such as cefazolin or, if the patient has an allergy to penicillin, clindamycin may be substi-
tuted. If preoperative testing indicates that the patient is colonized with methicillin-resistant 
Staphylococcus aureus (MRSA), studies show an increased risk of surgical-site infection [11]. In 
these situations, it is recommended either to decolonize the patient before the surgery or to give 
a one-time dose of vancomycin [12]. In addition to antibiotics, pre-incision intravenous admin-
istration of tranexamic acid has been shown in multiple studies to decrease intraoperative blood 
loss [13, 14]. At this point, skin incision is ready to be made.

3. Deltopectoral approach

The deltopectoral approach is an anterior approach to the shoulder that utilizes the plane 
between the deltoid and the pectoralis major muscles. It utilizes an internervous plane between 
the axillary nerve and the medial and lateral pectoral nerves. It is a robust approach to the 
shoulder as it has been used for fixation of proximal humerus fractures, reconstruction for 
shoulder instability, access to the glenohumeral joint in the setting of a septic shoulder, and oth-
ers [15, 16]. When accessing the glenohumeral joint from the deltopectoral approach, the sub-
scapularis tendon lies directly anterior to the joint capsule. It must be released to access the joint 
and there are a variety of methods for doing so which will be described in this chapter [17–19].

3.1. Superficial dissection

The surgeon should begin by palpating the bony landmarks around the shoulder, including 
the acromion, the clavicle, and the coracoid process. An 8–10-cm incision should be marked 
out, extending from the lateral margin of the coracoid process and extending down the del-
topectoral groove toward the deltoid tuberosity. A scalpel should be used to carry the inci-
sion through the skin and the dermal layer. Electrocautery can then be used to address any 
bleeding in the subcutaneous layer. Dissection can continue through the subcutaneous tissue 
until the fascia overlying the deltoid and the pectoralis muscles is reached. At this point, care-
ful dissection should be used to identify the interval between these muscles. The cephalic 
vein may be visualized running in the deltopectoral groove. If it is not evident, often times, 
a stripe of fat overlying the cephalic vein may be identified and used as a helpful marker for 
identifying the interval (Figure 2). The vein should be freed from the surrounding structures 
and retracted either medially or laterally, depending on surgeon preference. An anatomic 
study was performed on 40 cadaveric specimens with latex injection of the cephalic vein. 
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The authors found more branches from the cephalic vein on the deltoid side, allowing them 
to conclude that lateral retraction may be more efficacious in preventing bleeding [20]. Once 
the vein has been retracted, blunt dissection can be used to identify the undersurface of both 
muscle bellies. A kobel retractor can then be used with one blade under each muscle belly, 
allowing exposure of the clavipectoral fascia and conjoined tendons of the short head of the 
biceps and the coracobrachialis (Figure 3). Once the fascia is divided in line with the incision, 
it is pivotal to identify the axillary nerve as it courses near the inferior border of the sub-
scapularis tendon. The surgeon should gently palpate medially over the musculotendinous 
junction and feel for the axillary nerve. Once found, the nerve should be protected with retrac-
tors through the duration of the case. The nerve will then travel posteriorly as it passes infe-
rior to the glenoid where it exits the quadrangular space along with the posterior circumflex 
humeral vessels. A kobel retractor should be utilized to retract the conjoined tendon medially, 
exposing the subscapularis tendon over the anterior aspect of the glenohumeral joint. Care 
must be taken to avoid excessive retraction of the conjoined tendon to avoid a neuropraxia of 
the musculocutaneous nerve [21].

3.2. Handling of the subscapularis

In order to access the glenohumeral joint capsule, the subscapularis tendon must be mobi-
lized and retracted from the operative field. In the literature, three methods for releasing the 

Figure 2. Deltopectoral interval as demarcated by the stripe of fat overlying the cephalic vein. The pectoralis major is 
identified by the *, while the deltoid is marked by the +.
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subscapularis have been described: a tenotomy [19], peeling the tendon off the lesser tuberos-
ity [18], or an osteotomy of the lesser tuberosity [22]. Each of the methods will be described 
and compared in this chapter. The methods for repair for each of these procedures will be 
described in the closure section.

3.2.1. Subscapularis tenotomy

When preparing to tenotomize the subscapularis tendon, it is important to identify the supe-
rior and inferior borders of the tendon. The arm should be held in adduction and external 
rotation as it tensions the subscapularis tendon and moves the tenotomy site further away 
from the axillary nerve. The tenotomy should be made approximately 1 cm medial to the 
subscapularis insertion on the lesser tuberosity of the humerus. This is typically the location 
of the anatomic neck of the humerus. It is important to leave a small cuff of subscapularis 
tendon on the lesser tuberosity to which to repair the tendon during closure. In addition, 
when releasing the inferior portion of the subscapularis, it is necessary to identify and cau-
terize the anterior humeral circumflex artery and the two accompanying veins in order to 
prevent retraction and subsequent bleeding. When performing the tenotomy, it can be help-
ful to place two large-caliber, braided sutures in the medial aspect of the tendon in order to 
hold tension during the tenotomy and to help during repair of the tenotomy. When perform-
ing a tenotomy for shoulder arthroplasty, the tenotomy and subsequent capsulotomy may 
be performed simultaneously by releasing the deeper tissues and continuing the dissection 
along the neck of the humerus. If this method is chosen, it is very important to place a blunt 
retractor between your dissection and the axillary nerve, coursing inferior to the glenoid, in 
order to prevent iatrogenic injury (Figure 4). Alternatively, the subscapularis may be released 

Figure 3. After splitting the deltopectoral interval, the conjoint tendon of the coracobrachialis and the short head of the 
biceps can be visualized, marked by the *. The pectoralis major tendon is marked with an X.
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from the anterior capsule prior to arthrotomy, but this method provides less robust tissue 
for later repair and may lead to subscapularis failure. This approach is the easiest and quick-
est to perform and repair of all the listed methods. It has been associated with good long-
term outcomes [23]. While tendon-to-tendon healing is a reliable means of healing, data in 
the literature are mixed in regard to maintenance of subscapularis repair with some studies 
showing excellent healing rates [24] and others showing attenuation or ruptures being com-
mon [25]. One disadvantage to this method is the inability to medialize the insertion of the 
subscapularis tendon or the potential for shortening the tendon during repair causing limits 
in postoperative external rotation.

3.2.2. Subscapularis peel

Another method of releasing the subscapularis tendon is the subscapularis peel. Rather than 
releasing the tendon through a division within the substance of the tendon, the subscapu-
laris is elevated in its entirety off of its insertion on the lesser tuberosity. After the subscapu-
laris has been released from the lesser tuberosity, dissection should proceed as described 
earlier. The major advantage of the subscapularis peel is that it allows for medialization of 

Figure 4. Subscapularis tendon after tenotomy. Note the stay sutures placed in the medial limb of the subscapularis 
tendon. Also, please note the placement of the Darrach retractor at the inferomedial border of the subscapularis 
protecting the axillary nerve.
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the  insertion of the subscapularis tendon [26]. In addition, peeling the subscapularis off the 
humerus will allow for maximal surface area for bony healing to occur. The biggest drawback 
of this procedure is the need for tendon-to-bone healing to occur in order to maintain sub-
scapularis function, which is, generally, felt to be less reliable than tendon-to-tendon or bone-
to-bone. However, the literature does vary as there are studies showing excellent healing rates 
in patients undergoing a subscapularis peel [27]. In addition, the repair requires violating the 
cortex, thus weakening the proximal humerus.

3.2.3. Lesser tuberosity osteotomy

Lastly, the insertion of the subscapularis tendon, the lesser tuberosity, may be osteotomized 
and retracted without disrupting the tendon itself. Initially, the long head of the biceps ten-
don can be released and subsequently tenodesed to the upper margin of the pectoralis major 
tendon. Once the biceps tendon is out of the way, the lesser tuberosity may be visualized in 
its entirety. The arm should be held in adduction and internal rotation and an osteotome or 
oscillating saw should be used to perform the osteotomy from the medial aspect of the bicipi-
tal groove to the bone-cartilage interface at the anatomic neck. After the lesser tuberosity has 
been osteomized, freeing the remainder of the subscapularis should proceed as described in 
the tenotomy section. The lesser tuberosity osteotomy was originally introduced to provide a 
method of repairing the subscapularis which relied on bone-to-bone healing and did not vio-
late the tendon itself. Healing rates have been shown to be excellent for this method [17, 22]. 
In addition, medialization of the tendon remains possible with this procedure. The disadvan-
tages of this procedure include difficulty and timeliness of procedure, as well as the potential 
for iatrogenic fracture or nonunion due to violation of the cortical bone.

3.2.4. Comparisons

There have been several studies in the literature comparing the outcomes, biomechanics, and 
healing potential of the subscapularis tendon after the above procedures [25, 27–30]. Two 
cadaver biomechanical studies evaluated the failure rates of the above three methods of 
repair. One showed improved failure rates for both the subscapularis tenotomy and lesser 
tuberosity osteotomy [29]. Another showed no significant difference between the three meth-
ods [30]. Similarly, a biomechanical study comparing lesser tuberosity osteotomy to tenotomy 
showed no significant difference in load to failure; however, it did show that the tenotomy 
group had less displacement during repetitive loading [28]. Clinical comparisons between the 
groups also have mixed outcomes. A randomized controlled trial comparing subscapularis 
strength and functional outcomes between lesser tuberosity osteotomy versus subscapularis 
peel showed no significant difference at 2 years [27]. On the contrary, a retrospective study 
comparing lesser tuberosity osteotomy versus subscapularis tenotomy at an average of 33 
months showed improved clinical outcomes and lower rates of subscapularis tears in the 
osteotomy group [25]. Because of the large amount of conflicting literature, it is likely that 
the most important factor regarding handling of the subscapularis is surgeon preference and 
experience. Great care should be taken to ensure an adequate repair while maintaining appro-
priate tendon length.
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There have been several studies in the literature comparing the outcomes, biomechanics, and 
healing potential of the subscapularis tendon after the above procedures [25, 27–30]. Two 
cadaver biomechanical studies evaluated the failure rates of the above three methods of 
repair. One showed improved failure rates for both the subscapularis tenotomy and lesser 
tuberosity osteotomy [29]. Another showed no significant difference between the three meth-
ods [30]. Similarly, a biomechanical study comparing lesser tuberosity osteotomy to tenotomy 
showed no significant difference in load to failure; however, it did show that the tenotomy 
group had less displacement during repetitive loading [28]. Clinical comparisons between the 
groups also have mixed outcomes. A randomized controlled trial comparing subscapularis 
strength and functional outcomes between lesser tuberosity osteotomy versus subscapularis 
peel showed no significant difference at 2 years [27]. On the contrary, a retrospective study 
comparing lesser tuberosity osteotomy versus subscapularis tenotomy at an average of 33 
months showed improved clinical outcomes and lower rates of subscapularis tears in the 
osteotomy group [25]. Because of the large amount of conflicting literature, it is likely that 
the most important factor regarding handling of the subscapularis is surgeon preference and 
experience. Great care should be taken to ensure an adequate repair while maintaining appro-
priate tendon length.

Surgical Approaches in Shoulder Arthroplasty
http://dx.doi.org/10.5772/intechopen.70363

69



3.3. Humeral exposure

As stated earlier, when exposing the humerus after a subscapularis tenotomy, the subscapu-
laris tendon and anterior shoulder capsule may be released as a single unit. However, when 
performing a subscapularis peel or a lesser tuberosity osteotomy, the subscapularis must be 
separated from the anterior capsule. This may be done by placing a blunt elevator between the 
two structures and then using a 15 blade to complete the dissection. Once the capsule has been 
isolated from the subscapularis, a retractor should be placed at the inferior margin of the gle-
noid to protect the axillary nerve. A capsulotomy may then be performed with sharp dissec-
tion or electrocautery extending along the anatomic neck of the humerus, continuing inferior 
down the humerus. It is important to dissect along the humerus to avoid damaging the nearby 
neurovascular structures. It is critical to release the capsule off of the neck of the humerus until 
the latissimus dorsi tendon is visualized as it wraps around the humerus. This provides not 
only assurance that complete visualization of the anatomic neck of the humerus and accompa-
nying osteophytes is attained but also aids in glenoid visualization. The exposed osteophytes 
around the humerus should then be removed using a rongeur. Once the humerus has been 
exposed, a deltoid retractor can be placed posterior to the head to facilitate exposure of the 
head. The arm should be adducted, extended, and externally rotated in order to dislocate the 
head and deliver it into the surgical site (Figure 5). A Hohmann retractor may be placed on 
the calcar and a Darrach should be placed medially to protect the soft tissues, specifically the 
rotator cuff, during the humeral head cut. Depending on the implant system being utilized, 
an intramedullary or extramedullary cutting guide may be used to help guide your humeral 
head cut. If performing the cut freehand, the cut should be made along the anatomic neck 
of the humerus with care taken to avoid violating the supraspinatus insertion on the greater 
tuberosity. The angle of the cut should match the neck-shaft angle of the implant if the implant 
is a fixed angle device. Most implants will have a head-neck angle of around 130–140° [31]. 
After resection, the head should not be removed from the field as it may be useful in deciding 
implant size and can be used as a source of bone graft if needed. The timing of humeral head 
resection is typically dictated by surgeon preference and implant system constraints.

3.4. Glenoid exposure

After the humeral head has been cut, a Fukuda, or a Bankart, retractor should be placed on the 
posterior glenoid neck and used to retract the humeral shaft posteriorly and inferiorly, out of 
the operative field. A double-pronged retractor can be placed on the anterior glenoid neck, and 
most importantly a Hohmann or a Darrach retractor can be placed along the inferior glenoid 
neck to protect the axillary nerve at all times during the glenoid preparation. Anatomic studies 
have shown that the axillary nerve can range from 3 to 7 mm inferior to the musculotendinous 
junction of the subscapularis muscle [32, 33]. After appropriate retractors have been placed, 
electrocautery or a sharp 15 blade may be used to circumferentially remove the subscapularis, 
capsule, and labrum to expose the entire periphery of the glenoid. A 360 release of the sub-
scapularis must be performed in order to adequately expose the glenoid. The inferior capsule 
must be released, carefully protecting the axillary nerve. The dissection should continue down 
the humeral shaft to the level of the latissimus dorsi. Afterwards, a pair of curved Mayo scis-
sors may be used to release the rotator interval superiorly. This should extend to the level of 
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the coracoid base. The anterior capsule should then be dissected from the anterior glenoid 
with great care taken not to violate the subscapularis tendon (Figure 6). Care should be taken 
to avoid releasing the glenoid capsule beyond the 6 o’clock position due to concerns of poste-
rior instability. If the posterior capsule must be released, it should occur on the humeral side.

3.5. Preparation for implantation

At this point, the humerus and glenoid are exposed and ready to be prepared according to the 
specific methodology for the desired implant being utilized. As a rule, a guide pin is placed 
at approximately 11–12 mm above the inferior glenoid rim. This allows for ideal placement of 
the glenoid component and allows for minimization of scapular notching [34]. Hand reamers 
are then placed over this guide pin to concentrically ream the glenoid. A drill is then utilized 
to create a slot in the glenoid for which to place the central peg of the glenoid baseplate. 
If necessary, screws may be placed around the baseplate. Attention is then turned toward 
the humerus where the intramedullary canal is found. Sequential reamers are introduced 
into the humeral canal until adequate fit and fill is achieved. The reamer is removed and 
serial broaches are introduced until the appropriate size is reached. Trial components may 
be placed at this time to ensure appropriate range of motion with adequate stability. After 
implantation of the desired components, the shoulder should again be taken through a range 
of motion to ensure that the implant is not overstuffed, but also sufficiently stable.

Figure 5. Proximal humeral exposure. The marginal osteophytes have been removed from the subchondral surface using 
a rongeur. The neck cut should be made along the anatomic neck.
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of the humerus with care taken to avoid violating the supraspinatus insertion on the greater 
tuberosity. The angle of the cut should match the neck-shaft angle of the implant if the implant 
is a fixed angle device. Most implants will have a head-neck angle of around 130–140° [31]. 
After resection, the head should not be removed from the field as it may be useful in deciding 
implant size and can be used as a source of bone graft if needed. The timing of humeral head 
resection is typically dictated by surgeon preference and implant system constraints.

3.4. Glenoid exposure

After the humeral head has been cut, a Fukuda, or a Bankart, retractor should be placed on the 
posterior glenoid neck and used to retract the humeral shaft posteriorly and inferiorly, out of 
the operative field. A double-pronged retractor can be placed on the anterior glenoid neck, and 
most importantly a Hohmann or a Darrach retractor can be placed along the inferior glenoid 
neck to protect the axillary nerve at all times during the glenoid preparation. Anatomic studies 
have shown that the axillary nerve can range from 3 to 7 mm inferior to the musculotendinous 
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electrocautery or a sharp 15 blade may be used to circumferentially remove the subscapularis, 
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scapularis must be performed in order to adequately expose the glenoid. The inferior capsule 
must be released, carefully protecting the axillary nerve. The dissection should continue down 
the humeral shaft to the level of the latissimus dorsi. Afterwards, a pair of curved Mayo scis-
sors may be used to release the rotator interval superiorly. This should extend to the level of 
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the coracoid base. The anterior capsule should then be dissected from the anterior glenoid 
with great care taken not to violate the subscapularis tendon (Figure 6). Care should be taken 
to avoid releasing the glenoid capsule beyond the 6 o’clock position due to concerns of poste-
rior instability. If the posterior capsule must be released, it should occur on the humeral side.

3.5. Preparation for implantation

At this point, the humerus and glenoid are exposed and ready to be prepared according to the 
specific methodology for the desired implant being utilized. As a rule, a guide pin is placed 
at approximately 11–12 mm above the inferior glenoid rim. This allows for ideal placement of 
the glenoid component and allows for minimization of scapular notching [34]. Hand reamers 
are then placed over this guide pin to concentrically ream the glenoid. A drill is then utilized 
to create a slot in the glenoid for which to place the central peg of the glenoid baseplate. 
If necessary, screws may be placed around the baseplate. Attention is then turned toward 
the humerus where the intramedullary canal is found. Sequential reamers are introduced 
into the humeral canal until adequate fit and fill is achieved. The reamer is removed and 
serial broaches are introduced until the appropriate size is reached. Trial components may 
be placed at this time to ensure appropriate range of motion with adequate stability. After 
implantation of the desired components, the shoulder should again be taken through a range 
of motion to ensure that the implant is not overstuffed, but also sufficiently stable.

Figure 5. Proximal humeral exposure. The marginal osteophytes have been removed from the subchondral surface using 
a rongeur. The neck cut should be made along the anatomic neck.
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3.6. Closure

After the components have been appropriately placed and trialed, the wound is ready to be 
closed. The wound should be irrigated with normal saline. If a significant amount of bleed-
ing was encountered during the surgery, a drain may be placed at this time, if desired. If 
repairable, the first structure to be repaired is the subscapularis tendon. Depending on how 
the tendon was released when approaching the shoulder will dictate the method of repair 
for the tendon. If the subscapularis tenotomy was used, at least three figure-of-eight, large-
caliber, braided sutures should be utilized to anatomically repair the tendon. In this particular 
repair, care should be taken to avoid shortening the tendon as this will result in decreased 
external rotation function when healed. If the subscapularis was peeled off the lesser tuber-
osity, the tendon must be repaired using bone tunnels extending from the anatomic neck of 
the humerus to the lesser tuberosity. Again, heavy, braided, non-absorbable suture should 
be passed through these drill holes and the subscapularis tendon and tied down in a secure 
fashion. If the glenohumeral offset was substantially medialized during the procedure, the 
repair of the insertion of the tendon may be moved more medially to facilitate this. Lastly, if 
the lesser tuberosity was osteotomized, the surgeon should drill holes in the medial aspect of 
the bicipital groove. Heavy non-absorbable suture should then be passed around the lesser 
tuberosity and into the subscapularis tendon. After the lesser tuberosity has been anatomi-
cally positioned, it may be secured in place with transosseous sutures. A plate may be placed 
to augment the repair depending on the preference of the surgeon [26].

Figure 6. Glenoid exposure. Capsular attachments removed circumferentially around the glenoid.
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After the subscapularis has been securely repaired, the deltopectoral interval may be loosely 
closed with a running interlocking non-absorbable suture to help identify the interval in 
future exposure. The subcutaneous layer may be closed in a simple interrupted fashion with 
either a braided or an unbraided suture depending on surgeon preference. Similarly, the skin 
may be closed with nylon suture, a running monofilament, staples, or any other acceptable 
method of skin closure. At this point, a dry dressing or an incisional vacuum should be placed 
over the wound and the patient should be placed into a sling with an abduction pillow to help 
keep the arm protected.

3.7. Advantages

The deltopectoral approach is the most commonly used approach to the shoulder-for-shoul-
der arthroplasty. This is in large part due to the many advantages provided by this approach. 
This approach is an internervous and intermuscular plane, that is, it utilizes the plane between 
the deltoid and the pectoralis major muscles. This is important as it preserves the origin of 
the deltoid and the pectoralis and allows for access beyond the muscles while minimizing the 
risk of denervation. Furthermore, because the approach is between muscles and not splitting 
the muscles, less bleeding is observed with this approach. Furthermore, should a fracture 
arise distal to the stem of the humeral component, it is quite easy to extend the deltopectoral 
approach into the anterolateral approach to the humerus, utilizing the interval between the 
brachialis and the brachioradialis. Lastly, approaching the glenohumeral joint from the front 
allows for easier access to the inferior structures, including the inferior humeral osteophytes 
and the inferior capsule [35]. Positioning of the glenoid component is also easier with this 
approach as the inferior portion of the glenoid is more readily available.

3.8. Disadvantages

Though the literature is inconsistent on the matter, many studies have shown that subscap-
ularis-deficient shoulder arthroplasties have higher rates of instability [36, 37]. The del-
topectoral approach to the shoulder requires the release of the subscapularis tendon with 
subsequent repair; however, it is not uncommon for these repairs to fail, leading to a risk of 
instability in these patients [24, 38]. Furthermore, approaching the glenohumeral joint from 
the anterior aspect causes difficulty reaching the more posterior structures including the gle-
noid, capsule, and greater tuberosity. This could be particularly noticeable when performing 
shoulder arthroplasty for proximal humerus fractures that include a large greater tuberosity 
fragment. Lynch et al. found that utilizing the deltopectoral approach was an independent 
risk factor for neurologic complications in total shoulder arthroplasty [39].

4. Anterosuperior approach

The anterosuperior approach to the shoulder was first described by Mackenzie in 1993 [40]. It 
does not utilize an internervous plane as it requires detachment of the anterior deltoid off the 
acromion as well as release of the coracoacromial ligament to reach the glenohumeral joint. 
Though it was initially designed to provide increased exposure of the glenoid for  shoulder 
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the lesser tuberosity was osteotomized, the surgeon should drill holes in the medial aspect of 
the bicipital groove. Heavy non-absorbable suture should then be passed around the lesser 
tuberosity and into the subscapularis tendon. After the lesser tuberosity has been anatomi-
cally positioned, it may be secured in place with transosseous sutures. A plate may be placed 
to augment the repair depending on the preference of the surgeon [26].
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over the wound and the patient should be placed into a sling with an abduction pillow to help 
keep the arm protected.
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The deltopectoral approach is the most commonly used approach to the shoulder-for-shoul-
der arthroplasty. This is in large part due to the many advantages provided by this approach. 
This approach is an internervous and intermuscular plane, that is, it utilizes the plane between 
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the deltoid and the pectoralis and allows for access beyond the muscles while minimizing the 
risk of denervation. Furthermore, because the approach is between muscles and not splitting 
the muscles, less bleeding is observed with this approach. Furthermore, should a fracture 
arise distal to the stem of the humeral component, it is quite easy to extend the deltopectoral 
approach into the anterolateral approach to the humerus, utilizing the interval between the 
brachialis and the brachioradialis. Lastly, approaching the glenohumeral joint from the front 
allows for easier access to the inferior structures, including the inferior humeral osteophytes 
and the inferior capsule [35]. Positioning of the glenoid component is also easier with this 
approach as the inferior portion of the glenoid is more readily available.
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Though the literature is inconsistent on the matter, many studies have shown that subscap-
ularis-deficient shoulder arthroplasties have higher rates of instability [36, 37]. The del-
topectoral approach to the shoulder requires the release of the subscapularis tendon with 
subsequent repair; however, it is not uncommon for these repairs to fail, leading to a risk of 
instability in these patients [24, 38]. Furthermore, approaching the glenohumeral joint from 
the anterior aspect causes difficulty reaching the more posterior structures including the gle-
noid, capsule, and greater tuberosity. This could be particularly noticeable when performing 
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fragment. Lynch et al. found that utilizing the deltopectoral approach was an independent 
risk factor for neurologic complications in total shoulder arthroplasty [39].
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does not utilize an internervous plane as it requires detachment of the anterior deltoid off the 
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arthroplasty, it is also frequently used in the open repair of difficult-to-manage rotator-cuff 
tears [41], proximal humerus fractures, and even long head of the biceps repair. The pre-
viously described protocol for anesthesia induction, positioning, and prepping should be 
 utilized for the anterosuperior approach just as it was for the deltopectoral approach.

4.1. Superficial dissection

After the operative arm has been draped, the surgery should begin with the surgeon palpat-
ing the bony landmarks of the shoulder including the anterior and posterior aspects of the 
acromion, as well as the anterior border of the clavicle and the acromioclavicular joint. An 
approximately 5–7-cm incision should be drawn on the shoulder in line with the longitudi-
nal axis of the clavicle (Figure 7). The incision should start just posterior to the anterolateral 
corner of the acromion and should be carried down through the skin and the subcutaneous 
tissue until the fascia overlying the deltoid muscle is reached. Careful hemostasis should be 
achieved with electrocautery. The surgeon should then identify the raphe between the ante-
rior and middle portions of the deltoid (Figure 8). Once identified, the raphe should be split 
in line with the deltoid fibers for approximately 5 cm from the lateral border of the acromion. 
Care should be taken not to extend the incision beyond 5 cm from the lateral margin of the 
acromion in order to minimize the risk of damage to the axillary nerve [42]. A stay suture may 
be placed in the distal aspect of the deltoid to mark the level of the axillary nerve and to help 
prevent inadvertent damage during dissection. At several instances throughout the course of 
the surgery, the stay suture should be checked to ensure the integrity of the suture. If it is ever 
found to be compromised, it should be removed and replaced.

Figure 7. Surface landmarks with incision marked out for the anterosuperior approach. Care should be taken to ensure 
that the incision is not carried out more than 5 cm below the edge of the acromion to avoid iatrogenic axillary nerve 
injury. This is a Right shoulder cadeveric specimen.
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4.2. Deltoid and coracoacromial ligament handling

At this point, the deltoid separates the surgeon from accessing the glenohumeral joint. The 
anterosuperior approach to the shoulder mandates the removal of a portion of the deltoid 
off of the acromion. There are two methods for releasing the anterior deltoid that have been 
described in the literature. These two methods, acromial osteotomy versus deltoid peel, will 
be described in this section.

4.2.1. Deltoid peel

The original article by Mackenzie advocated for the removal of approximately 1–2 cm of the 
deltoid from its origin on the anterior acromion [40]. The deltoid should be reflected in a sub-
periosteal fashion and care should be taken not to remove more than 2 cm of the deltoid off of 
the acromion as repairing the deltoid back to the acromion can be difficult. After the deltoid 
has been retracted out of the way, an acromioplasty of the anterior acromion may be per-
formed to facilitate exposure to the proximal humerus [43]. The coracoacromial ligament may 
be removed from the undersurface of the acromion using sharp dissection or electrocautery. 
The acromial branch of the thoracoacromial artery may be encountered deep to the deltoid 
and should be ligated to prevent retraction and excess bleeding. The subdeltoid bursa can be 
divided at this time and the long head of the biceps may be identified and then tenotomized 
at its origin. Peeling the tendon from the acromion requires soft tissue-to-bone healing; how-
ever, one recent study showed no changes in axillary nerve or deltoid function 3 months after 
suture repair of the deltoid back to the acromion [44].

4.2.2. Acromial osteotomy

Rather than peeling the deltoid off the acromion and relying on muscle-to-bone healing, Mole 
describes an acromial osteotomy to facilitate healing with more robust bone-to-bone healing [7]. 

Figure 8. Fat stripe identifying the raphe between the anterior and middle portions of the deltoid.
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Once the dissection has been carried down to the lateral border of the acromion and the deltoid, 
an osteotome is used to remove a fleck of acromial bone along with the attached deltoid and cor-
acoacromial ligament. This should be retracted, facilitating access now to the glenohumeral joint. 
Again, if the acromial branch of the thoracoacromial artery is encountered, it should be ligated. 
If needed, an acromioplasty should be performed in order to better visualize the humerus in 
preparation for the humeral osteotomy. The subdeltoid bursa should be incised and long head 
of the biceps tendon should be identified and released at its origin.

4.3. Humeral exposure

After releasing the deltoid and coracoacromial ligament, the humerus is ready to be osteoto-
mized and prepared for implantation. If any question regarding the competency of the sub-
scapularis, supraspinatus, or infraspinatus exists, they may be assessed at this point. In order to 
visualize the posterior rotator cuff, the arm should be extended and internally rotated to bring 
the greater tuberosity into the operative field (Figure 9). Originally, Mackenzie described a sub-
scapularis tenotomy to allow for anterior dislocation and osteotomy; however, traditionally, the 
subscapularis has been preserved in this approach. The humeral head should be delivered by 
subluxating the head anterosuperiorly and the capsular attachments should be removed along 
the humeral neck. Care should be taken when removing the capsular attachments to cut toward 
the bone to minimize the risk of damage to surrounding structures. Once the neck is able to 
be visualized, the humeral head may be cut along the anatomic neck of the humerus with the 
assistance of implant-specific cutting guides as needed. Again, the excised head should not be 
removed from the operative field as it may be useful when determining implant size. Once the 
neck cut has been made, any osteophytes that are observed may be removed using a rongeur or 
an osteotome. Posterior and inferior osteophytes may be difficult to reach utilizing this approach.

Figure 9. After the deltoid has been peeled off the acromion, the humeral head and rotator-cuff insertion are now visible.
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4.4. Glenoid exposure

After the humeral neck has been cut, a curved retractor may be placed on the inferior aspect of 
the glenoid in order to retract the remainder of the humerus posteroinferiorly out of the opera-
tive field (Figure 10). Another retractor should be placed between the anteroinferior glenoid and 
the subscapularis tendon in order to protect the axillary nerve as it courses near the undersur-
face of the glenoid neck. The capsulo-labral attachments should be circumferentially removed 
from the glenoid periphery using either sharp dissection with a 15 blade or electrocautery.

4.5. Preparation for implantation

Once the humerus and glenoid have been sufficiently exposed, they are ready for preparation. 
Traditionally, a guide pin is placed in the center aspect of the glenoid in order to establish the 
axis for the central peg of the glenoid component. Great care should be taken with this partic-
ular approach to ensure that adequate inferior tilt of the glenoid component is achieved as the 
presence of the humerus can significantly interfere with the coronal position of the implant. 
After the appropriate plane has been achieved, the glenoid is reamed and prepared accord-
ing to the implant-specific methods. The glenoid component should then be placed, and once 
it has been, the intramedullary canal of the humerus is identified and subsequently reamed 
and/or broached according to the protocols for the implant. Trial components are placed and 
stability and motion should be verified prior to placement of the final components.

4.6. Closure

Once the components have been placed, the shoulder should be reduced and taken through 
a full range of motion to ensure adequate stability and range of motion. The wound should 
be irrigated copiously with normal saline and any topical antibiotics should be placed in the 
wound. If a drain is desired, it should be placed prior to wound closure. The most important 
aspect of wound closure is the repair of the deltoid muscle back to the acromion. The method 
for repair of the deltoid back to the acromion will vary slightly based on the method that the 
deltoid was detached from the acromion.

Figure 10. After retraction of the humerus, the anterosuperior approach allows for exceptional glenoid exposure.
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Once the dissection has been carried down to the lateral border of the acromion and the deltoid, 
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preparation for the humeral osteotomy. The subdeltoid bursa should be incised and long head 
of the biceps tendon should be identified and released at its origin.
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After releasing the deltoid and coracoacromial ligament, the humerus is ready to be osteoto-
mized and prepared for implantation. If any question regarding the competency of the sub-
scapularis, supraspinatus, or infraspinatus exists, they may be assessed at this point. In order to 
visualize the posterior rotator cuff, the arm should be extended and internally rotated to bring 
the greater tuberosity into the operative field (Figure 9). Originally, Mackenzie described a sub-
scapularis tenotomy to allow for anterior dislocation and osteotomy; however, traditionally, the 
subscapularis has been preserved in this approach. The humeral head should be delivered by 
subluxating the head anterosuperiorly and the capsular attachments should be removed along 
the humeral neck. Care should be taken when removing the capsular attachments to cut toward 
the bone to minimize the risk of damage to surrounding structures. Once the neck is able to 
be visualized, the humeral head may be cut along the anatomic neck of the humerus with the 
assistance of implant-specific cutting guides as needed. Again, the excised head should not be 
removed from the operative field as it may be useful when determining implant size. Once the 
neck cut has been made, any osteophytes that are observed may be removed using a rongeur or 
an osteotome. Posterior and inferior osteophytes may be difficult to reach utilizing this approach.
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4.4. Glenoid exposure
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the glenoid in order to retract the remainder of the humerus posteroinferiorly out of the opera-
tive field (Figure 10). Another retractor should be placed between the anteroinferior glenoid and 
the subscapularis tendon in order to protect the axillary nerve as it courses near the undersur-
face of the glenoid neck. The capsulo-labral attachments should be circumferentially removed 
from the glenoid periphery using either sharp dissection with a 15 blade or electrocautery.

4.5. Preparation for implantation

Once the humerus and glenoid have been sufficiently exposed, they are ready for preparation. 
Traditionally, a guide pin is placed in the center aspect of the glenoid in order to establish the 
axis for the central peg of the glenoid component. Great care should be taken with this partic-
ular approach to ensure that adequate inferior tilt of the glenoid component is achieved as the 
presence of the humerus can significantly interfere with the coronal position of the implant. 
After the appropriate plane has been achieved, the glenoid is reamed and prepared accord-
ing to the implant-specific methods. The glenoid component should then be placed, and once 
it has been, the intramedullary canal of the humerus is identified and subsequently reamed 
and/or broached according to the protocols for the implant. Trial components are placed and 
stability and motion should be verified prior to placement of the final components.

4.6. Closure

Once the components have been placed, the shoulder should be reduced and taken through 
a full range of motion to ensure adequate stability and range of motion. The wound should 
be irrigated copiously with normal saline and any topical antibiotics should be placed in the 
wound. If a drain is desired, it should be placed prior to wound closure. The most important 
aspect of wound closure is the repair of the deltoid muscle back to the acromion. The method 
for repair of the deltoid back to the acromion will vary slightly based on the method that the 
deltoid was detached from the acromion.
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If the deltoid was peeled subperiosteally off the acromion, it must be repaired using a large-diam-
eter, non-absorbable suture in a transosseous fashion. Many large-diameter suture needles are 
strong enough to pass through the acromion without using a power drill; however, if the bone 
is hard, a drill may be used [44]. The suture should be passed through the deltoid with sufficient 
purchase to ensure that the suture does not pull through the muscle. If the acromial osteotomy 
was utilized, suture should be passed around the fleck of the acromion with sufficient purchase 
in the deltoid to again prevent pulling through the suture within the substance of the deltoid.

Once the deltoid has been adequately repaired to the acromion, the deltoid raphe should be 
sutured with a 0 vicryl or polydioxanone (PDS) suture in a running whipstitch or figure-of-eight 
interupted fashion. Care should again be taken to avoid suturing below the previously placed 
stay suture to avoid damaging the axillary nerve. With the raphe closed, the subcutaneous layer 
may be closed with an absorbable 2-0 suture and the skin with a nylon, running monocryl or 
other method of skin closure. A dry dressing or an incisional vacuum should be placed over the 
wound and the arm placed into a sling with abduction pillow prior to awakening the patient.

4.7. Advantages

The anterosuperior approach provides several advantages to the deltopectoral approach. 
Perhaps, the greatest of these is the subscapularis sparing nature of the approach. Though 
originally Mackenzie described the approach with a subscapularis tenotomy, modern-day 
surgeons have typically modified this approach to spare the subscapularis. Utilizing a sub-
scapularis tenotomy with adequate repair, Miller et al. showed, both clinically and function-
ally, that the subscapularis was deficient following shoulder arthroplasty in a majority of 
cases [45]. Jackson et al. showed high re-rupture rates following repair of a tenotomy using 
ultrasound and then showed that it was associated with decreased function [46]. Furthermore, 
early literature has shown that subscapularis-deficient shoulders have higher rates of instabil-
ity [36], though other studies have shown no significant difference [47].

The anterosuperior lateral approach is also superior in terms of exposure to the posterior struc-
tures of the shoulder, including the posterior glenoid and the rotator cuff. This exposure may 
be particularly useful for three- or four-part proximal humerus fractures where the greater 
tuberosity fragment attached to the rotator cuff is pulled posterior and superior [44]. The expo-
sure of the glenoid via the anterosuperior approach is, historically, felt to be superior to that 
of the deltopectoral approach. It allows for visualization of the entire glenoid and for better 
sagittal positioning of the glenoid component. Furthermore, it allows for easier preparation of 
the glenoid, particularly in obese patients and in cases where the glenoid may be retroverted.

4.8. Disadvantages

Despite having superior exposure of the glenoid as a whole, exposure of the inferior aspect of 
the glenoid is more difficult via the anterosuperior approach. As such, it is more difficult to 
provide sufficient inferior tilt of the glenoid component which may lead to scapular notching 
and subsequent failure of the glenoid component [35, 48, 49]. Furthermore, the presence of 
inferior osteophytes is a relative contraindication to this approach due to the extreme difficulty 
in accessing and removing these osteophytes. In addition, there is a theoretical disadvantage 
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of weakening of the deltoid through this exposure. There is no literature regarding the  status of 
the deltoid repair or deltoid function after using this approach. However, because the repair of 
the deltoid to the acromion relies on muscle-to-bone healing, the deltoid may have difficulty 
healing and subsequent dysfunction. This could be particularly problematic when placing a 
reverse shoulder prosthesis that relies on intact deltoid function to be successful. If a fleck of 
acromion is taken, there is a theoretical risk of iatrogenic fracture to the acromion when harvest-
ing the fleck. However, one study, comparing the two approaches, found a significantly higher 
rate of acromion fracture with the deltopectoral approach compared to the anterosuperior 
approach [7]. A final disadvantage of the anterosuperior approach is the inability to extend the 
incision distal if a periprosthetic humeral fracture is encountered. Because it does not utilize an 
intermuscular plane, it is not able to be extended to the midshaft of the humerus. Furthermore, 
at the distal aspect of the incision lies the axillary nerve. Webb, in his surgical technique for 
proximal humerus fractures, states that should distal exposure be needed, the axillary nerve 
can be identified, protected, and a plate may be placed underneath the axillary nerve [44].

5. Alternate approaches

The deltopectoral and anterosuperior approaches are by and large the most commonly used 
approaches for shoulder arthroplasty; however, there are other approaches to the glenohu-
meral joint which have been described in the literature. Lafosse et al. described an approach 
for anatomic total shoulder arthroplasty that spares all of the rotator-cuff tendons and is per-
formed through the rotator interval [50]. The approach mimics that of the anterosuperior 
approach in that the deltoid is split in line with its fibers in the raphe between the anterior and 
middle portions of the deltoids. Again, similar to the anterosuperior approach, the authors 
had difficulty removing the inferior osteophytes as well as performing an anatomic humeral 
neck cut and sizing of the humeral head. Two-year follow-up data from this approach do 
show promising results, though no comparison was made to the deltopectoral approach.

Bellamy et al. performed a cadaveric study analyzing more minimally invasive approaches 
to the subscapularis including a partial tenotomy and a subscapularis split [51]. In this study, 
they measured the average area of the glenoid and the humerus that they could visualize 
through each of these approaches. They found that all of these approaches had adequate 
exposure of the glenoid; however, the split provided poor exposure of the humerus for 
humeral-based procedures, while the partial tenotomy provided sufficient exposure.

Gagey et al. presented the results of 53 patients who underwent anatomic total shoulder 
arthroplasty over a 6-year span via a posterolateral approach [52]. This approach begins with 
the patient in the lateral decubitus position and a posterior incision is made and carried down 
between the raphe of the posterior and middle portions of the deltoid. The bursa is then released 
to identify the tendons of the external rotators. The tendons are then removed via an osteotomy 
of the greater tuberosity. This allows for exposure to the glenohumeral joint. The osteotomy 
is then repaired in a manner similar to the lesser tuberosity osteotomy described in the del-
topectoral section. Adequate exposure was achieved for placement of shoulder  arthroplasty 
components; however, the authors did note two cases of posterior deltoid atrophy that was 
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strong enough to pass through the acromion without using a power drill; however, if the bone 
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in the deltoid to again prevent pulling through the suture within the substance of the deltoid.

Once the deltoid has been adequately repaired to the acromion, the deltoid raphe should be 
sutured with a 0 vicryl or polydioxanone (PDS) suture in a running whipstitch or figure-of-eight 
interupted fashion. Care should again be taken to avoid suturing below the previously placed 
stay suture to avoid damaging the axillary nerve. With the raphe closed, the subcutaneous layer 
may be closed with an absorbable 2-0 suture and the skin with a nylon, running monocryl or 
other method of skin closure. A dry dressing or an incisional vacuum should be placed over the 
wound and the arm placed into a sling with abduction pillow prior to awakening the patient.

4.7. Advantages

The anterosuperior approach provides several advantages to the deltopectoral approach. 
Perhaps, the greatest of these is the subscapularis sparing nature of the approach. Though 
originally Mackenzie described the approach with a subscapularis tenotomy, modern-day 
surgeons have typically modified this approach to spare the subscapularis. Utilizing a sub-
scapularis tenotomy with adequate repair, Miller et al. showed, both clinically and function-
ally, that the subscapularis was deficient following shoulder arthroplasty in a majority of 
cases [45]. Jackson et al. showed high re-rupture rates following repair of a tenotomy using 
ultrasound and then showed that it was associated with decreased function [46]. Furthermore, 
early literature has shown that subscapularis-deficient shoulders have higher rates of instabil-
ity [36], though other studies have shown no significant difference [47].

The anterosuperior lateral approach is also superior in terms of exposure to the posterior struc-
tures of the shoulder, including the posterior glenoid and the rotator cuff. This exposure may 
be particularly useful for three- or four-part proximal humerus fractures where the greater 
tuberosity fragment attached to the rotator cuff is pulled posterior and superior [44]. The expo-
sure of the glenoid via the anterosuperior approach is, historically, felt to be superior to that 
of the deltopectoral approach. It allows for visualization of the entire glenoid and for better 
sagittal positioning of the glenoid component. Furthermore, it allows for easier preparation of 
the glenoid, particularly in obese patients and in cases where the glenoid may be retroverted.
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Despite having superior exposure of the glenoid as a whole, exposure of the inferior aspect of 
the glenoid is more difficult via the anterosuperior approach. As such, it is more difficult to 
provide sufficient inferior tilt of the glenoid component which may lead to scapular notching 
and subsequent failure of the glenoid component [35, 48, 49]. Furthermore, the presence of 
inferior osteophytes is a relative contraindication to this approach due to the extreme difficulty 
in accessing and removing these osteophytes. In addition, there is a theoretical disadvantage 
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of weakening of the deltoid through this exposure. There is no literature regarding the  status of 
the deltoid repair or deltoid function after using this approach. However, because the repair of 
the deltoid to the acromion relies on muscle-to-bone healing, the deltoid may have difficulty 
healing and subsequent dysfunction. This could be particularly problematic when placing a 
reverse shoulder prosthesis that relies on intact deltoid function to be successful. If a fleck of 
acromion is taken, there is a theoretical risk of iatrogenic fracture to the acromion when harvest-
ing the fleck. However, one study, comparing the two approaches, found a significantly higher 
rate of acromion fracture with the deltopectoral approach compared to the anterosuperior 
approach [7]. A final disadvantage of the anterosuperior approach is the inability to extend the 
incision distal if a periprosthetic humeral fracture is encountered. Because it does not utilize an 
intermuscular plane, it is not able to be extended to the midshaft of the humerus. Furthermore, 
at the distal aspect of the incision lies the axillary nerve. Webb, in his surgical technique for 
proximal humerus fractures, states that should distal exposure be needed, the axillary nerve 
can be identified, protected, and a plate may be placed underneath the axillary nerve [44].

5. Alternate approaches

The deltopectoral and anterosuperior approaches are by and large the most commonly used 
approaches for shoulder arthroplasty; however, there are other approaches to the glenohu-
meral joint which have been described in the literature. Lafosse et al. described an approach 
for anatomic total shoulder arthroplasty that spares all of the rotator-cuff tendons and is per-
formed through the rotator interval [50]. The approach mimics that of the anterosuperior 
approach in that the deltoid is split in line with its fibers in the raphe between the anterior and 
middle portions of the deltoids. Again, similar to the anterosuperior approach, the authors 
had difficulty removing the inferior osteophytes as well as performing an anatomic humeral 
neck cut and sizing of the humeral head. Two-year follow-up data from this approach do 
show promising results, though no comparison was made to the deltopectoral approach.

Bellamy et al. performed a cadaveric study analyzing more minimally invasive approaches 
to the subscapularis including a partial tenotomy and a subscapularis split [51]. In this study, 
they measured the average area of the glenoid and the humerus that they could visualize 
through each of these approaches. They found that all of these approaches had adequate 
exposure of the glenoid; however, the split provided poor exposure of the humerus for 
humeral-based procedures, while the partial tenotomy provided sufficient exposure.

Gagey et al. presented the results of 53 patients who underwent anatomic total shoulder 
arthroplasty over a 6-year span via a posterolateral approach [52]. This approach begins with 
the patient in the lateral decubitus position and a posterior incision is made and carried down 
between the raphe of the posterior and middle portions of the deltoid. The bursa is then released 
to identify the tendons of the external rotators. The tendons are then removed via an osteotomy 
of the greater tuberosity. This allows for exposure to the glenohumeral joint. The osteotomy 
is then repaired in a manner similar to the lesser tuberosity osteotomy described in the del-
topectoral section. Adequate exposure was achieved for placement of shoulder  arthroplasty 
components; however, the authors did note two cases of posterior deltoid atrophy that was 
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unexplained. Brodsky described a modified approach that utilizes the internervous interval 
between the infraspinatus and the teres minor which allows for preservation of the external 
rotators [53]. However, no literature exists, which shows that this interval would be feasible for 
use with shoulder arthroplasty.

A cadaveric study in England compared these three alternative approaches and they found 
that the posterior approach to the glenohumeral joint provided significantly improved expo-
sure compared to a subscapularis-splitting approach or an approach through the rotator inter-
val [54]. They also measured the average force of retraction on the rotator cuff utilizing these 
approaches and found that significantly more force was placed on the rotator cuff by retrac-
tors in the subscapularis-splitting approach. Before any of these approaches will supplant the 
deltopectoral or anterosuperior approaches, more research needs to be performed to ensure 
that good outcomes with minimal morbidity can be achieved through these approaches.

6. Conclusion

While the deltopectoral approach is more widely used than the anterosuperior approach, par-
ticularly in shoulder arthroplasty, copious literature exists regarding the outcomes and com-
plications for both of these approaches. Both approaches have been shown to be successful in 
their utilization for shoulder arthroplasty [1, 7, 55, 56]. The deltopectoral approach has been 
associated with an increased risk of instability, particularly when the subscapularis is defi-
cient. The anterosuperior approach has been shown to have higher rates of scapular notching. 
Each approach has its own distinct advantages and disadvantages; however, each can be used 
successfully in the setting of shoulder arthroplasty. Surgeon preference and comfort with the 
approach should be the most important deciding factor when choosing an approach.
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rotators [53]. However, no literature exists, which shows that this interval would be feasible for 
use with shoulder arthroplasty.

A cadaveric study in England compared these three alternative approaches and they found 
that the posterior approach to the glenohumeral joint provided significantly improved expo-
sure compared to a subscapularis-splitting approach or an approach through the rotator inter-
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Abstract

Reverse Total Shoulder Arthroplasty (RTSA) is a popular treatment for patients with 
rotator cuff damage, glenohumeral arthritis, complex fractures, and previously failed 
total shoulder arthroplasty given its ability to alleviate pain and increase range of motion 
and function. Although RTSA significantly improves functionality, pain, and satisfaction, 
patients need to be given realistic expectations for when to expect improvements, peak 
performance, and plateaus as well as potential risks for negative outcomes. As with any 
surgical procedure, patients are at risk for intraoperative, perioperative, short-term, and 
long-term complications. Thus, the purpose of this review is to discuss the short-term 
and long-term complications, metrics, and length of follow-up for patients who have 
undergone RTSA. In addition, we provide recommendations for a cut-off point between 
short-term and long-term outcomes for RTSA.

Keywords: reverse total shoulder arthroplasty, joint prosthesis, shoulder joint surgery, 
rotator cuff surgery, short-term outcomes, long-term outcomes

1. Introduction

In 1985, Dr. Paul Grammont introduced a new system for reverse total shoulder prosthe-
sis that revolutionized the field by focusing on four key features: (1) the prosthesis must be 
inherently stable; (2) the lever arm of the deltoid must be effective from the initiation of the 
movement; (3) the glenosphere must be large and the humeral cup small to create a semi-
constrained articulation; (4) the center of rotation must be fixed, medialized and distalized 
with respect to the glenoid surface [1, 2]. To this day, Grammont’s core features are still the 
mainstay. Of course, modern prosthetics have been modified since 1985 to avoid scapular 
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Abstract

Reverse Total Shoulder Arthroplasty (RTSA) is a popular treatment for patients with 
rotator cuff damage, glenohumeral arthritis, complex fractures, and previously failed 
total shoulder arthroplasty given its ability to alleviate pain and increase range of motion 
and function. Although RTSA significantly improves functionality, pain, and satisfaction, 
patients need to be given realistic expectations for when to expect improvements, peak 
performance, and plateaus as well as potential risks for negative outcomes. As with any 
surgical procedure, patients are at risk for intraoperative, perioperative, short-term, and 
long-term complications. Thus, the purpose of this review is to discuss the short-term 
and long-term complications, metrics, and length of follow-up for patients who have 
undergone RTSA. In addition, we provide recommendations for a cut-off point between 
short-term and long-term outcomes for RTSA.
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1. Introduction

In 1985, Dr. Paul Grammont introduced a new system for reverse total shoulder prosthe-
sis that revolutionized the field by focusing on four key features: (1) the prosthesis must be 
inherently stable; (2) the lever arm of the deltoid must be effective from the initiation of the 
movement; (3) the glenosphere must be large and the humeral cup small to create a semi-
constrained articulation; (4) the center of rotation must be fixed, medialized and distalized 
with respect to the glenoid surface [1, 2]. To this day, Grammont’s core features are still the 
mainstay. Of course, modern prosthetics have been modified since 1985 to avoid scapular 

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



notching and impingement between the greater tuberosity and the coracoacromial arch and 
to maximize compressive forces while minimizing shear forces [2, 3].

These advancements contributed directly to the increased utilization of Reverse Total Shoulder 
Arthroplasty (RTSA) [4]. In fact, in the last ten years, the number of RTSAs nearly tripled in 
the United States [5]. Reverse Total Shoulder Arthroplasty (RTSA) is a popular treatment 
for patients with rotator cuff damage, glenohumeral arthritis, complex fractures, and previ-
ously failed total shoulder arthroplasty given its ability to alleviate pain and increase range of 
motion and function. Although RTSA significantly improves functionality, pain, and satisfac-
tion, patients need to be given realistic expectations for when to expect improvements, peak 
performance, and plateaus as well as potential risks for negative outcomes. As with any surgi-
cal procedure, patients are at risk for intraoperative, perioperative, short-term, and long-term 
complications. Thus, the purpose of this review is to discuss the short-term and long-term 
complications, metrics, and length of follow-up for patients who have undergone RTSA. In 
addition, we provide recommendations for a cut-off point between short-term and long-term 
outcomes for RTSA.

Ease range of motion and function in patients with glenohumeral joint disease, displaced 
proximal humeral fractures, rotator cuff tear arthropathy, severe irreparable rotator cuff tears, 
rheumatoid arthritis, and failed shoulder arthroplasty [1–3, 6–8].

2. Surgical approach

The surgical technique for RTSA can be accomplished via two approaches: deltopectorally 
or superolaterally [3, 9]. The deltopectoral approach is the most common and requires an 
experienced surgeon [10]. This surgical technique begins with an incision overlying the del-
topectoral interval, preserving the cephalic vein, then tenotomizing the biceps tendon and 
the subscapularis if still intact [3, 11, 12]. Next, the joint capsule is circumferentially released 
and humeral head exposed to perform a humeral head osteotomy. The humeral head is then 
reamed and broached. Subsequently, the glenoid is exposed, the labrum excised, and the 
glenoid prepared. The guidewire for the glenoid reamer is placed inferiorly so that the gle-
noid baseplate will be flush with the inferior border of the native glenoid rim. This will help 
decrease the risk of scapular notching. By adding an inferior tilt to the position of the base-
plate, the risk of scapular notching can be decreased, which in turn, improves compressive 
forces and helps avoid shear forces on the glenoid component. The baseplate is impacted in 
place, and secured with screws to securely fix the baseplate to the patient’s native glenoid. 
The selected glenosphere is then secured to the baseplate with a Morse Taper fixation mecha-
nism. The selection of the appropriately sized glenosphere is multifactorial. It is based on 
the patient’s size (i.e., 42 mm for larger patients, 39 mm for average size patients, 36 mm for 
smaller patients) and individual patient pathologies. Glenosphere components are available 
in central, lateral offset, and inferior offset designs.

Next, the humeral stem is prepared by sounding the inner diameter of the humeral shaft 
and broaching it to the appropriate size. The final implant is tested with the spacer trials in 
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order to gain proper stability and range of motion. Then the real implants are seated and the 
shoulder is reduced. Lastly, the subscapularis is reattached and the biceps are tenodesed with 
heavy nonabsorbable sutures that are placed through drill holes in the humeral metaphysis 
prior to seating of the final implant. However, recent research acknowledges the controversy 
surrounding the reattachment of the subscapularis due to the potential for increasing the 
likelihood of dislocation [13]. The deltopectoral-interval is re-approximated and the incision 
closed. The patient is placed in a shoulder abduction sling for a period of immobilization 
lasting two to 6 weeks with a home physical therapy program [14]. As with all orthopedic 
procedures, the rehabilitation protocol is patient specific and additional rehabilitation may be 
deemed necessary if the patient needs to strengthen external rotation [14].

3. Outcome timeline

What constitutes a short-term versus a long-term outcome? One of the objectives of this 
review is to address the lack of clarity in the literature regarding the timeline of short-
term and long-term outcomes [15]. Bacle and colleagues [15] identified that the majority of 
mechanical loosening reports occurred outside of the first 2 years following a reverse total 
shoulder arthroplasty. In contrast, dislocation, infection, and poor seating of the glenoid com-
ponent were reported within the first 2 years postoperatively; a ratio of 3 to 1 for complica-
tions reported before and after the two-year mark [15]. Furthermore, Bacle and colleagues 
[15] defined medium-term follow-up as a mean of 39 months and long-term follow-up as a 
mean of 150 months. Similarly, Otto and colleagues [16] argued that a follow-up of period of 
24 months was a relatively short time frame to adequately capture long-term complications. 
Thus, 2 years may be a respectable partition between short-term and long-term outcomes.

4. Outcome quantification

The language of RTSA outcomes is a complex task given the wide range of outcomes met-
rics. The most common scoring methods include the following: Range of Motion (ROM), 
Constant-Murley Score (CMS), American Surgeons of Elbow and Shoulder score (ASES), 
Visual Analogue Score (VAS), and the Simple Shoulder Test (SST). Other methods include 
but are not limited to the UCLA Shoulder Score and the Shoulder Pain and Disability Index 
(SPADI) [17–19]. The CMS, first published in 1987, is comprised of four sections: two of which 
are self-reported by the patient—pain and activities of daily living, the remaining two are 
reported by the physician—range of motion and strength [20]. Concerns were raised regard-
ing the score’s ability to account for age and gender; thus, the modified version adjusts for 
both [17]. The ASES was created with the goal of developing a universal outcome measure; it 
too contains patient-reported and physician-reported parts. In addition, the ASES has demon-
strated appropriate validity and reliability in assessing operative and non-operative interven-
tions for shoulder pathology [17]. However, it’s appraisal of functionality may be somewhat 
limited among the older adult population; for example, the questions about “do usual sport” 
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notching and impingement between the greater tuberosity and the coracoacromial arch and 
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motion and function. Although RTSA significantly improves functionality, pain, and satisfac-
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proximal humeral fractures, rotator cuff tear arthropathy, severe irreparable rotator cuff tears, 
rheumatoid arthritis, and failed shoulder arthroplasty [1–3, 6–8].

2. Surgical approach

The surgical technique for RTSA can be accomplished via two approaches: deltopectorally 
or superolaterally [3, 9]. The deltopectoral approach is the most common and requires an 
experienced surgeon [10]. This surgical technique begins with an incision overlying the del-
topectoral interval, preserving the cephalic vein, then tenotomizing the biceps tendon and 
the subscapularis if still intact [3, 11, 12]. Next, the joint capsule is circumferentially released 
and humeral head exposed to perform a humeral head osteotomy. The humeral head is then 
reamed and broached. Subsequently, the glenoid is exposed, the labrum excised, and the 
glenoid prepared. The guidewire for the glenoid reamer is placed inferiorly so that the gle-
noid baseplate will be flush with the inferior border of the native glenoid rim. This will help 
decrease the risk of scapular notching. By adding an inferior tilt to the position of the base-
plate, the risk of scapular notching can be decreased, which in turn, improves compressive 
forces and helps avoid shear forces on the glenoid component. The baseplate is impacted in 
place, and secured with screws to securely fix the baseplate to the patient’s native glenoid. 
The selected glenosphere is then secured to the baseplate with a Morse Taper fixation mecha-
nism. The selection of the appropriately sized glenosphere is multifactorial. It is based on 
the patient’s size (i.e., 42 mm for larger patients, 39 mm for average size patients, 36 mm for 
smaller patients) and individual patient pathologies. Glenosphere components are available 
in central, lateral offset, and inferior offset designs.

Next, the humeral stem is prepared by sounding the inner diameter of the humeral shaft 
and broaching it to the appropriate size. The final implant is tested with the spacer trials in 
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order to gain proper stability and range of motion. Then the real implants are seated and the 
shoulder is reduced. Lastly, the subscapularis is reattached and the biceps are tenodesed with 
heavy nonabsorbable sutures that are placed through drill holes in the humeral metaphysis 
prior to seating of the final implant. However, recent research acknowledges the controversy 
surrounding the reattachment of the subscapularis due to the potential for increasing the 
likelihood of dislocation [13]. The deltopectoral-interval is re-approximated and the incision 
closed. The patient is placed in a shoulder abduction sling for a period of immobilization 
lasting two to 6 weeks with a home physical therapy program [14]. As with all orthopedic 
procedures, the rehabilitation protocol is patient specific and additional rehabilitation may be 
deemed necessary if the patient needs to strengthen external rotation [14].

3. Outcome timeline

What constitutes a short-term versus a long-term outcome? One of the objectives of this 
review is to address the lack of clarity in the literature regarding the timeline of short-
term and long-term outcomes [15]. Bacle and colleagues [15] identified that the majority of 
mechanical loosening reports occurred outside of the first 2 years following a reverse total 
shoulder arthroplasty. In contrast, dislocation, infection, and poor seating of the glenoid com-
ponent were reported within the first 2 years postoperatively; a ratio of 3 to 1 for complica-
tions reported before and after the two-year mark [15]. Furthermore, Bacle and colleagues 
[15] defined medium-term follow-up as a mean of 39 months and long-term follow-up as a 
mean of 150 months. Similarly, Otto and colleagues [16] argued that a follow-up of period of 
24 months was a relatively short time frame to adequately capture long-term complications. 
Thus, 2 years may be a respectable partition between short-term and long-term outcomes.

4. Outcome quantification

The language of RTSA outcomes is a complex task given the wide range of outcomes met-
rics. The most common scoring methods include the following: Range of Motion (ROM), 
Constant-Murley Score (CMS), American Surgeons of Elbow and Shoulder score (ASES), 
Visual Analogue Score (VAS), and the Simple Shoulder Test (SST). Other methods include 
but are not limited to the UCLA Shoulder Score and the Shoulder Pain and Disability Index 
(SPADI) [17–19]. The CMS, first published in 1987, is comprised of four sections: two of which 
are self-reported by the patient—pain and activities of daily living, the remaining two are 
reported by the physician—range of motion and strength [20]. Concerns were raised regard-
ing the score’s ability to account for age and gender; thus, the modified version adjusts for 
both [17]. The ASES was created with the goal of developing a universal outcome measure; it 
too contains patient-reported and physician-reported parts. In addition, the ASES has demon-
strated appropriate validity and reliability in assessing operative and non-operative interven-
tions for shoulder pathology [17]. However, it’s appraisal of functionality may be somewhat 
limited among the older adult population; for example, the questions about “do usual sport” 
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and “throw ball overhand” may not be relevant [19]. Patient-reported pain is an outcome that 
necessitates acknowledgement, which may be quantified by utilizing the VAS [21]. The VAS 
uses a line measuring 100 mm with pain extremes indicated on either end; no pain and worst 
pain [21]. The patient marks along the continuum where he/she believes their pain is best 
described; the score is then represented by a distance in millimeters [22]. Finally, the SST, is 
used to evaluate patient-reported functionality associated with various shoulder pathology, 
including rotator cuff arthropathy, osteoarthritis, rheumatoid arthritis, and adhesive capsuli-
tis [17, 18]. This questionnaire consists of 12 questions that ask the patient whether he/she may 
perform the given activity [18].

5. Short-term outcomes

Table 1 reviews the outcome measures and length of follow-up from numerous surgical 
studies. Based on these findings, short-term outcomes for RTSA occur postoperatively 
within the first 24 months. It also addresses the variation in components and metrics used 
in each study.

RTSA significantly improves functionality, pain, and satisfaction; but when are patients 
expected to experience peak performance with a new prosthesis? Is there a point in time 
when a patient should expect a plateau in their improvements over time? In 2015, Simovitch 
and colleagues [23] demonstrated that at the 6-month follow-up, less than 5% of patients 
reported decreases in SST, UCLA Shoulder Score, CMS, ASES, SPADI. More importantly, 
“full improvement” was achieved in the 12–24 month range [23]. Thus, they concluded that 
the majority of improvement occurred within the first 6 months, as evidenced by the scores for 
each of the five measures [23]. These findings stress the importance of patient selection, expec-
tations for RTSA, expertise in intraoperative optimization, and strict postoperative physical 
therapy management. The concept of rapid improvement during the first 6 months with pla-
teau at 12 months was also reported by Muller and colleagues in 2017 [24], in which flexion, 
abduction, and external rotation in 90 degrees of abduction demonstrated profound increases 
by 42°, 38° and 33° respectively at 6 months. Additional follow-ups at 12, 24, and 60 months 
displayed minimal additional improvement [24]. Supplementary evidence of RTSA success 
was seen by Yoon and colleagues [25] in 2017 with forward flexion increase of 64°, external 
rotation increase of 13° and pain reduction of (−3) at 12 months postoperatively.

Two factors that have been shown to increase CMS and ROM testing during the short-term 
period are deltoid volume [25] and glenosphere size [24] respectively. Preoperative deltoid 
muscle volume was an independent prognostic factor for functional outcomes with CMS 
(p = 0.011), underscoring the importance of patient selection and discussing the potential for 
negative outcomes such as atrophied deltoid muscle [25]. Likewise, Muller and colleagues 
[24] conducted a retrospective analysis in 2017, to demonstrate that patients that had received 
a 44 mm glenosphere had greater external rotation in adduction and abduction strength over 
the 36 mm glenosphere. Moreover, they found no significant differences in functional scores 
or complication rates [24].
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Study Sample 
size

Age Follow up Complications Component 
variability

Risk factors Scoring 
Mechanism

Alentorn-
Geli et al 
(2017)

38 77–83 
years

3–60 
months

Infection

Glenoid 
loosening

Revisions

Component 
Dislocation

Comprehensive 
reverse shoulder 
system (Biomet)

Encore reverse (DJO 
Global)

Delta reverse 
shoulder System

(DePuy)

Tobacco use

Diabetes

Mellitus

Hypertension

Increased age

FF

ER

Anakwenze 
et al (2016)

1147 45–84 
years

3–36 
months

Aseptic revision

Mortality

Surgical site 
infection

Readmission

- Increased 
BMI

Diabetes

Mellitus

Increased age

-

Bacle et al 
(2017)

186 23–86 
years 
(72.7 
mean)

24–150 
months

Dislocation

Scapular 
Notching

Infection

Nerve Palsy

Glenoid 
Loosening

Humeral 
Loosening

Glenoid fracture 
Revisions

164 Delta III 
(DePuy)

27 Aequalis 
(Tournier)

Increased age CMS

ROM

Ek et al. 
(2013)

41 46–64 
years

60–171 
months

Infection

Nerve Palsy

Fracture

Dislocation

Component 
Wear

Glenoid 
loosening

Glenoid component 
36mm, 40mm, or 
42 mm

Delta III (DePuy) 
(lateralized humeral 
polyethylene cup)

Anatomical 
Shoulder System

(Zimmer) (6mm 
medialized humeral 
cup)

Previous 
surgery 
on same 
shoulder

CMS

Validated 
electronic 
dynamometer

Feeley et al 
(2014)

54 53–81 
years

30 months Scapular 
notching

Zimmer Reverse 
Trabecular

Metal System

36mm glenosphere 
3mm lateralized

- VAS

ASES score

ROM
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and “throw ball overhand” may not be relevant [19]. Patient-reported pain is an outcome that 
necessitates acknowledgement, which may be quantified by utilizing the VAS [21]. The VAS 
uses a line measuring 100 mm with pain extremes indicated on either end; no pain and worst 
pain [21]. The patient marks along the continuum where he/she believes their pain is best 
described; the score is then represented by a distance in millimeters [22]. Finally, the SST, is 
used to evaluate patient-reported functionality associated with various shoulder pathology, 
including rotator cuff arthropathy, osteoarthritis, rheumatoid arthritis, and adhesive capsuli-
tis [17, 18]. This questionnaire consists of 12 questions that ask the patient whether he/she may 
perform the given activity [18].

5. Short-term outcomes

Table 1 reviews the outcome measures and length of follow-up from numerous surgical 
studies. Based on these findings, short-term outcomes for RTSA occur postoperatively 
within the first 24 months. It also addresses the variation in components and metrics used 
in each study.

RTSA significantly improves functionality, pain, and satisfaction; but when are patients 
expected to experience peak performance with a new prosthesis? Is there a point in time 
when a patient should expect a plateau in their improvements over time? In 2015, Simovitch 
and colleagues [23] demonstrated that at the 6-month follow-up, less than 5% of patients 
reported decreases in SST, UCLA Shoulder Score, CMS, ASES, SPADI. More importantly, 
“full improvement” was achieved in the 12–24 month range [23]. Thus, they concluded that 
the majority of improvement occurred within the first 6 months, as evidenced by the scores for 
each of the five measures [23]. These findings stress the importance of patient selection, expec-
tations for RTSA, expertise in intraoperative optimization, and strict postoperative physical 
therapy management. The concept of rapid improvement during the first 6 months with pla-
teau at 12 months was also reported by Muller and colleagues in 2017 [24], in which flexion, 
abduction, and external rotation in 90 degrees of abduction demonstrated profound increases 
by 42°, 38° and 33° respectively at 6 months. Additional follow-ups at 12, 24, and 60 months 
displayed minimal additional improvement [24]. Supplementary evidence of RTSA success 
was seen by Yoon and colleagues [25] in 2017 with forward flexion increase of 64°, external 
rotation increase of 13° and pain reduction of (−3) at 12 months postoperatively.

Two factors that have been shown to increase CMS and ROM testing during the short-term 
period are deltoid volume [25] and glenosphere size [24] respectively. Preoperative deltoid 
muscle volume was an independent prognostic factor for functional outcomes with CMS 
(p = 0.011), underscoring the importance of patient selection and discussing the potential for 
negative outcomes such as atrophied deltoid muscle [25]. Likewise, Muller and colleagues 
[24] conducted a retrospective analysis in 2017, to demonstrate that patients that had received 
a 44 mm glenosphere had greater external rotation in adduction and abduction strength over 
the 36 mm glenosphere. Moreover, they found no significant differences in functional scores 
or complication rates [24].
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Study Sample 
size

Age Follow up Complications Component 
variability

Risk factors Scoring 
Mechanism

Friedman 
et al (2017)

591 50–93 
years

24 month 
minimum 
(37 month 
mean)

Component 
instability

Scapular 
notching

Equinoxe rTSA 
(Exactech)

- SST

ASES score

UCLA score

CMS

SPADI

Jonusas 
et al (2017)

27 55–85 
years

45 months Heterotopic 
ossification

Tubercule 
malposition

Arrow shoulder 
system with less 
medialized CoR

- SST

CMS

Mollon et al 
(2016)

476 53–90 
years

22–93 
months

Scapular 
notching

Dislocation

Infection

Component 
Loosening

Humeral fracture

Scapular fracture

Equinoxe rTSA 
(Exactech) 36 mm, 
40mm, or 42mm 
glenosphere 
lateralized 2.3mm

Increased age

Increased 
BMI

ROM

ASES score

CMS

SST

Muller et al 
(2017)

68 68–79 
years

6–60 
months

Glenoid 
migration

Component 
loosening

SMR reverse 
shoulder system

(Lima Switzerland 
SA)

36mm or 40mm 
glenosphere

Increased age CMS SPADI

Otto et al. 
(2017)

67 21–54 
years

24–144 
months

Scapular 
notching

Humeral lucency

Glenoid screw 
lucency

Fracture 
(humeral, 
scapular)

Humeral 
dissociation

Infection

Instability

Revision

Reverse shoulder 
system (DJO 
Surgical)

Prior 
shoulder 
surgery

SST

ASES score

Randelli 
et al (2015)

226 64–72 
years

3.8 years Revision

Infection

Fracture

Delta III - Constant Score

ASES score

Advances in Shoulder Surgery90

Study Sample 
size

Age Follow up Complications Component 
variability

Risk factors Scoring 
Mechanism

Simovitch 
et al (2015)

912 60–78 
years

2 weeks–
139 
months

- Equinoxe rTSA 
system (Exactech)

- SPADI

ASES score

UCLA score

Constant score

Statz et al 
(2016)

41 53–83 
years

2–7.3 years Scapular 
notching

Revision

Nerve palsy

Heterotopic 
ossification

Encore reverse 
shoulder

Prosthesis (DJO 
Surgical)

Delta III, Delta 
Xtend (DePuy)

Comprehensive 
prosthesis (Biomet)

Aequalis Reversed 
Shoulder (Tournier)

Increased 
BMI

Previous 
shoulder 
surgery

Tobacco use

Diabetes 
mellitus

ROM

ASES score

Wierks et al 
(2007)

20 45–88 
years

3–21 
months

Fracture

Poor screw 
fixation

Nerve palsy

Infection/ 
Abscess

Dislocation

Revision

Heterotopic 
ossification

Scapular 
notching

DePuy reverse 
shoulder prosthesis

Tournier reverse 
shoulder prosthesis

- -

Williams 
et al (2017)

17 45–91 
years

10–67.7 
months

Dislocation

Component 
migration

Biomet reverse 
adapter (Bio-
Modular to 
Comprehensive 
conversion)

- VAS

ASES score

Yoon et al 
(2017)

35 66–84 
years

12–35 
months

Scapular 
notching

A/C joint 
separation

Acromial 
fracture

Aequalis reverse 
arthroplasty system 
(Tournier)

Increase BMI

Diabetes 
mellitus

Hypertension

Decreased

BMD

VAS

ASES score

Constant score

SST

ASES = American shoulder and elbow surgeons; SPADI = shoulder pain and disability index; ROM = range of motion; 
UCLA = University of California Los Angeles score; SST = simple shoulder test; VAS = visual analogue score; FF = forward 
flexion; ER = external rotation; BMD = bone mineral density.

Table 1. Comparison of outcome measures and length of follow-up for patients undergoing reverse total shoulder 
arthroplasty.
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Study Sample 
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Age Follow up Complications Component 
variability

Risk factors Scoring 
Mechanism
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Study Sample 
size

Age Follow up Complications Component 
variability

Risk factors Scoring 
Mechanism
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2–7.3 years Scapular 
notching

Revision

Nerve palsy

Heterotopic 
ossification

Encore reverse 
shoulder

Prosthesis (DJO 
Surgical)

Delta III, Delta 
Xtend (DePuy)

Comprehensive 
prosthesis (Biomet)

Aequalis Reversed 
Shoulder (Tournier)

Increased 
BMI

Previous 
shoulder 
surgery

Tobacco use

Diabetes 
mellitus

ROM

ASES score

Wierks et al 
(2007)

20 45–88 
years

3–21 
months

Fracture

Poor screw 
fixation

Nerve palsy

Infection/ 
Abscess

Dislocation

Revision

Heterotopic 
ossification

Scapular 
notching

DePuy reverse 
shoulder prosthesis

Tournier reverse 
shoulder prosthesis

- -

Williams 
et al (2017)

17 45–91 
years

10–67.7 
months

Dislocation

Component 
migration

Biomet reverse 
adapter (Bio-
Modular to 
Comprehensive 
conversion)

- VAS

ASES score

Yoon et al 
(2017)

35 66–84 
years

12–35 
months

Scapular 
notching

A/C joint 
separation

Acromial 
fracture

Aequalis reverse 
arthroplasty system 
(Tournier)

Increase BMI
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mellitus

Hypertension
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BMD

VAS
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SST

ASES = American shoulder and elbow surgeons; SPADI = shoulder pain and disability index; ROM = range of motion; 
UCLA = University of California Los Angeles score; SST = simple shoulder test; VAS = visual analogue score; FF = forward 
flexion; ER = external rotation; BMD = bone mineral density.

Table 1. Comparison of outcome measures and length of follow-up for patients undergoing reverse total shoulder 
arthroplasty.
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Complications are a critical component of RTSA. Patients need to be counseled on intraopera-
tive, perioperative, and notably, short-term complications. The most common intraoperative 
complications are glenoid or humeral fractures along with poor screw fixation [12]. The conse-
quence of poor screw fixation is its lasting impact and conversion to long-term complications 
such as glenoid screw lucency. Zhou and colleagues [13] discussed the prevention techniques, 
such as hand reaming the humerus and preserving glenoid bone stock by avoiding ream-
ing beyond subchondral bone margin. Postoperative short-term complications dominate the 
outcomes of RTSA and range from scapular notching, infection, dislocation, revision, nerve 
palsy, or even heterotopic ossification.

Scapular notching is by far the most common complication during the first 24 months postop-
erative. Scapular notching has an incidence of 38%, 57%, 55% and 73% in four recent studies 
respectively [12, 15, 24, 25]. These findings oblige additional research to review instrumen-
tation and confirm incidence levels on scapular notching in RTSA. In 2014, Feeley and col-
leagues [12] found that decreasing the neck-shaft angle or a higher inclination angle and 
3 mm lateral offset of the glenosphere prosthesis decreased the rate of scapular notching by 
16%. Furthermore, Zhou and colleagues [13] assert that continued complication management, 
by adding inferior placement of the glenosphere, is “the most important factor in the avoid-
ance of inferior impingement.” The next step is to investigate whether scapular notching 
will evolve, both de novo and from early to late stage scapular notching during short-term 
follow-up. An important question to consider is will the patient be free from scapular notch-
ing for the remainder of the prosthesis? [12] Feeley and colleagues [12] observed that of all 
the patients who did not experience scapular notching during the first 12 months (84% of 
patients), showed no new evidence of scapular notching during follow-ups up to 30 months. 
Conversely, Bacle and colleagues [15] found that after early scapular notching diagnoses were 
made, there was a 39% increase in the rate of notching beyond the 2-year follow-up period. 
Thus, superfluous research is essential to answer this question.

Another common short term complication deals with postoperative stability resulting in shoul-
der dislocations. Wierks [12] and colleagues as well as Bacle [15] and colleagues found 10% 
and 22% of dislocations occurred during the short term period. Of note, Bacle and colleagues 
[15] published that of the 15 dislocations documented in the sample size of 67, no cases were 
reported after the 2 year follow-up period. Zhou and colleagues [26] reviewed the most common 
and serious complications associated with RTSA and concluded that instability was a result of 
“lack of soft tissue tension, mechanical impingement, mismatch of the glenosphere and humeral 
socket size and improper version of the prosthesis”. Therefore, to obtain the best outcome for 
patients, extensive knowledge of the prosthesis is imperative, along with understanding how 
to achieve soft tissue tension using vertical offset of your acromion—greater tuberosity distance 
and lateral offset of the tuberosity-glenoid distance [26]. Conversely, controversy exists within 
the RTSA literature regarding the decision to repair the subscapularis. Friedman and colleagues 
showed that subscapularis repair proclaimed no statistical significance over no repair [27]. In 
the study, 340 patients with RTSA plus repair had 0% dislocation rate, versus 251 patients with 
RTSA without repair showing a 1.2% dislocation rate; stating the claim that RTSA plus subscap-
ularis repair is not indicated due to the absence of increase in overall complication rates [27].

Lastly, infections can have serious ramifications on patient satisfaction as well as the overall 
outcomes of the RTSA, resulting in one or two-stage revisions. A study conducted by Wierks 
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and colleagues [12] in 2009, had a 5% infection rate and a study by Bacle and colleagues [15] in 
2017, had an infection rate of 12%. It is important to emphasize that Bacle and colleagues [15] 
documented 8 infections within the first 24 months as compared to only 2 cases in the 12 year 
follow-up period. In the same study, with regards to revision cases in the short-term period, 
6 out of the 8 revision surgeries were caused by infections [15]. Thus, postoperative infections 
that occur in the first two years are the most common reason for revision surgery. In the review 
conducted by Zhou and colleagues [26] in 2015, they compared primary cases and revision 
cases, to find that revision cases were statistically higher than primary cases with regards 
to infections rates, 5.9% vs. 2.9% respectively. Propionibacterium acnes and Staphylococcus epi-
dermidis were the most commonly cultured organisms. Recommendations to decrease infec-
tions include continuation of preoperative antibiotics within one hour of incision and use of 
antibiotic-impregnated cement for surgeries that employ cement the humeral component [26].

6. Long-term outcomes

The patient’s age at the time of the arthroplasty plays a critical role in the survival of the 
prosthesis; younger patients (i.e., < 55 years of age) are more likely to be active in the work-
force, while older patients are less likely to participate in physically strenuous activities and 
be retired [16]. In younger patients, prosthesis survival can exceed 10 years. For example, 
Bacle and colleagues [15] observed a 93% implant survival rate at 10 years; whereas Ek and 
colleagues [28] observed an implant survival rate of 88% at 5 years and 76% at 10 years post-
operatively, regardless of any complications that may have arisen.

The RTSA has been shown to improve pain, strength, range of motion in abduction, external 
rotation, and forward flexion; in addition to showing improvement in metrics, such as ASES, 
SST, CMS, SPADI, and UCLA Should and UCLA Shoulder Score [16, 23, 24, 29]. Outcomes 
beyond the 24-month mark may be impacted by multiple variables, some of which include, 
prosthesis sizes, involvement of fracture, primary versus revision RTSA, and the lifestyle or 
activity level of the patient. In regards to repair of proximal humeral fractures, RTSA was 
found to provide superior results to a hemiarthroplasty for at least 5 years, respectively [30]. 
Muller and colleagues [24] investigated the size of the glenosphere, 36 mm and 44 mm, on 
functional outcomes following RTSA and found that both groups exhibited the most substan-
tial progress in the first 6–24 months, followed by a plateau. Patients’ progress was monitored 
by measuring flexion, abduction, external rotation at 0° and 90° of abduction, internal rotation 
at 90° of abduction, CMS, SPADI, and strength (kg) in abduction. Interestingly, Anakwenze 
and colleagues [31] found that a higher body mass index (BMI) put a patient at risk for deep 
surgical site infection (SSI) up to 3 years following RTSA. Their study looked at the effects of 
increased BMI on postoperative outcomes following a RTSA and total shoulder arthroplasty 
(TSA). Every 5 kg/m [2] increase in BMI was associated with higher risk of 3-year deep SSI 
[31]. In addition to BMI, tobacco use influences the success of the prosthesis up to 12 years 
after an RTSA [32]. Hatta and colleagues [32] found that current smokers had an increased 
risk for infection, component loosening, and fractures compared to non-smokers. Specifically, 
they found that the percentage of patients with periprosthetic fractures jumped 20% at the 
9 year mark after RTSA [32].
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and colleagues [12] in 2009, had a 5% infection rate and a study by Bacle and colleagues [15] in 
2017, had an infection rate of 12%. It is important to emphasize that Bacle and colleagues [15] 
documented 8 infections within the first 24 months as compared to only 2 cases in the 12 year 
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6 out of the 8 revision surgeries were caused by infections [15]. Thus, postoperative infections 
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cases, to find that revision cases were statistically higher than primary cases with regards 
to infections rates, 5.9% vs. 2.9% respectively. Propionibacterium acnes and Staphylococcus epi-
dermidis were the most commonly cultured organisms. Recommendations to decrease infec-
tions include continuation of preoperative antibiotics within one hour of incision and use of 
antibiotic-impregnated cement for surgeries that employ cement the humeral component [26].
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operatively, regardless of any complications that may have arisen.

The RTSA has been shown to improve pain, strength, range of motion in abduction, external 
rotation, and forward flexion; in addition to showing improvement in metrics, such as ASES, 
SST, CMS, SPADI, and UCLA Should and UCLA Shoulder Score [16, 23, 24, 29]. Outcomes 
beyond the 24-month mark may be impacted by multiple variables, some of which include, 
prosthesis sizes, involvement of fracture, primary versus revision RTSA, and the lifestyle or 
activity level of the patient. In regards to repair of proximal humeral fractures, RTSA was 
found to provide superior results to a hemiarthroplasty for at least 5 years, respectively [30]. 
Muller and colleagues [24] investigated the size of the glenosphere, 36 mm and 44 mm, on 
functional outcomes following RTSA and found that both groups exhibited the most substan-
tial progress in the first 6–24 months, followed by a plateau. Patients’ progress was monitored 
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at 90° of abduction, CMS, SPADI, and strength (kg) in abduction. Interestingly, Anakwenze 
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surgical site infection (SSI) up to 3 years following RTSA. Their study looked at the effects of 
increased BMI on postoperative outcomes following a RTSA and total shoulder arthroplasty 
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they found that the percentage of patients with periprosthetic fractures jumped 20% at the 
9 year mark after RTSA [32].
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Although, as previously stated, this study implies 24 months as the short-term interval for 
outcomes following an RTSA, short-term complications have the potential to extend into the 
long-term if not addressed or managed appropriately—eventually affecting the longevity of 
the prosthesis. More commonly, long-term complications include glenoid and/or humeral 
component loosening, polyethylene component wear, and scapular notching. Less common 
long-term complications include deep SSI, dislocation, readmission, and fracture; which 
primarily occur within the first 2 years postoperatively. As mentioned above, glenoid or 
humeral loosening is the most common complication observed 2 years after RTSA, particu-
larly with an increased risk following a previously failed shoulder arthroplasty and excess 
mechanical load related to increased BMI [15, 33]. Further, the incidence of component loos-
ening doubles between the second and fifth year follow-up as reported by Alentorn-Geli and 
colleagues [29]. Particlization of the polyethylene component may be of concern with RTSA 
in younger patients due to necessary durability and lifespan of the implant. Riley and col-
leagues [34] investigated the outcomes following RTSA using a metal-on-metal design and 
concluded that it is not an acceptable alternative to RTSA in young patients; they maintain 
that the polyethylene component is the more suitable option. Ek and colleagues [28] con-
ducted a study evaluating RTSA in patients younger than 65 years of age using two groups: 
revision RTSA and primary RTSA. This study observed an increased incidence of scapular 
notching at less than 12 months follow-up and greater than 10 years follow-up; with 56% 
of patients experiencing some degree of scapular notching overall [28]. Conversely, Mollon 
and colleagues [34] reported that only 10% of patients experienced scapular notching; not-
ing that risk factors for scapular notching included lower body weight, lower BMI, and 
RTSA on the non-dominant upper extremity. It is also worth mentioning the correlation 
between longer-term follow-up and increasing incidence of scapular notching [34]; which 
may be attributed to variation in size and placement of the glenosphere, and center of rota-
tion of the prosthesis.

7. Conclusion

Throughout this literature review, several limitations were encountered that include the fol-
lowing: unspecified “normal” postoperative physical rehabilitation protocols, risk factors per-
tinent to specific complications, and lack of research investigating the long term outcomes for 
RTSA. Additional research is needed to examine the aforementioned limitations to enhance 
future outcomes following RTSA.

Scapular notching, dislocations, and infections lead the forefront of persistent complications 
for RTSA. As evidenced in this literature review, the vast majority of improvement plateaus 
around 6 to 24 months. Thus, patient optimization may be accomplished by implementing 
a short-term course of preoperative physical therapy focused on shoulder girdle strength. 
Further, numerous inconsistencies and contradictions were observed in the literature regard-
ing the impact of BMI on RTSA outcomes. Research requires further confirmatory evidence 
before making any strong conclusions about limiting the use of RTSA in patients with 
increased BMI. On the other hand, tobacco use negatively impacts the outcomes following 
RTSA by nearly doubling the overall complication rate.
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Abstract

Management of massive tears of the rotator cuff tears is one of the most difficult problems 
an upper limb surgeon encounters. Patients with similar tears can present with mini-
mal discomfort through to a flail shoulder. There are a bewildering number of options 
available, many with published outcomes not always borne out in clinical practise. These 
range from rehabilitation, simple arthroscopic surgery, attempts at repair, complex ten-
don transfers and ultimately a reverse total shoulder replacement. More recently further 
options of patch augmentation and balloon arthroplasty have been added. This paper 
attempts to provide a critical assessment of the evidence available.

Keywords: massive rotator cuff tear, treatment options, repair, patch, augmentation, 
bridging

1. Introduction

Rotator cuff arthropathy has gained increased attention in recent years, partially because the 
ageing population has made it more prevalent. Cuff arthropathy is now one of the major 
problems a shoulder surgeon has to face nowadays in clinical practise. It is caused by a long-
standing large or massive rotator cuff tear, leading to functional upriding of the humeral head 
due to unrestrained deltoid action and elevation of the effective centre of rotation of the gleno-
humeral joint, often providing patients with a serious disability. The classic pseudoparalytic 
or flail shoulder with pain may be associated with degenerative changes in the gleno-humeral 
joint, but patients are frequently seen with minimal arthritic changes. The most definitive 
solution for treatment of rotator cuff arthropathy is the reverse Total Shoulder Arthroplasty 
(RTSA or RSA). Indications for RSA are mostly pain and to lesser extent loss of function. It 
often dramatically improves pain and function in patients with irreparable rotator cuff tears 
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associated with pseudoparalysis. Satisfactory results can even be obtained in patients who 
have undergone previous procedures, such as rotator cuff repair [1]. Current available lit-
erature documents an implant survival rate of 91% at 10 years [2]. Given these promising 
results, it is no wonder that reverse total shoulder replacement is increasingly commonly 
used, making in 2015 over 45% of shoulder replacements performed in the UK according to 
the National Joint registry [3]. For patients with irreparable cuff tears aged 70 years or greater, 
it has practically replaced the other procedures. However successful, the longevity of reverse 
TSR does not yet match those expected for replacements of the hip and knee. For that reason, 
replacement before the age of 70 is not recommended by some authors [1, 3]. What are the 
options then for patients with symptomatic large and massive tears of the rotator cuff and 
little evidence of arthropathy, particularly in the younger patients unsuitable for reverse TSR?

In this chapter we will go through the most current concepts regarding massive and irrepa-
rable cuff tears, as well as cuff tear arthropathy. We will show the reader contemporary view 
on diagnosis and treatment of these conditions, but also share technique developed by the 
senior author and used in our daily practise.

2. Massive and irreparable rotator cuff tears

Massive rotator cuff tears (MRCT) make up to about 20% of all cuff tears [4, 5]. The number gets 
higher if we look at recurrent tears: in this group MRCT constitute of up to 80% [4, 5]. Cofield 
described cuff tear as a massive if its anteroposterior dimension reached or exceeded 5 cm [6]. 
Davidson and Burkhart in an attempt to add to their definition a second dimension, defined a 
massive tear as tears in which both coronal length and sagittal width were at least 2 cm long 
[7]. Gerber et al. defined a cuff tear as a massive once it involved a complete tear of at least two 
tendons [8]. Lädermann et al. advocated that to constitute a massive tear, at least one of two 
tendons should be involved, and should retract beyond the level of humeral head apex [9].

Once identified, massive tears can then be further classified by chronicity or with regard of a 
tear pattern.

If subdivided by the chronicity, tears can be defined as acute, acute on-chronic and chronic 
[10]. Acute MRCT are very infrequent, usually occurring after traumatic events and are more 
common among younger population [1, 10]. Individuals with a truly acute, traumatic mas-
sive cuff tear often present with a completely pseudoparalytic shoulder [1]. Plain radiographs 
should be taken to exclude a fracture and/or dislocation and may also document a wide joint 
space due to interposition of an avulsed cuff. MRI is used to assess the cuff, and in the pres-
ence of a massive tendon tear without the radiological signs of chronic tendon involvement 
(such as fatty muscle infiltration), earliest possible repair should be undertaken [1].

Apart from dramatic circumstances described above, most acute massive tears are actually 
acute on chronic tears where new onset or acutely deteriorating shoulder pain is due to 
underlying long lasting cuff pathology. These tears show often some signs of degeneration of 
the cuff and bony changes on greater tuberosity and acromion on radiograph [11].
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Finally, the chronic massive tears are the most common and are found almost exclusively in 
older patients. They are associated with degenerative tendon changes such as myotendinous 
retraction, loss of musculotendinous elasticity, fatty infiltration of muscles, static (superior) 
subluxation of the humeral head, and ultimately, osteoarthritis [1].

If classified by anatomic tear pattern, MRTC usually fall into two distinct groups: posterosu-
perior and anterosuperior tears [12]. Most tears involve the supraspinatus and the infraspi-
natus, with or without the teres minor tendon, and these are considered as posterosuperior 
tears. Anterosuperior tears involve a complete tear of supraspinatus and subscapularis ten-
dons [12]. Collin et al. made the tear pattern classification more precise and detailed, dividing 
the rotator cuff into five components: lower subscapularis, upper subscapularis, supraspina-
tus, infraspinatus and teres minor [13]. Depending on which component is involved in a tear, 
5 tears patterns can be distinguished: Type A are supraspinatus and superior subscapularis 
tears; Type B are supraspinatus and entire subscapularis tears; Type C are supraspinatus, 
superior subscapularis, and infraspinatus tears; Type D, supraspinatus and infraspinatus 
tears; Type E are supraspinatus, infraspinatus, and teres minor tears [13]. This classification 
not only organizes all tears into tear pattern groups, but also aims at linking tear patterns 
with specific function loss. Therefore, Type A disruption typically causes a decrease in inter-
nal rotation strength with positive Belly press and Bear Hug tests, combined with a positive 
test for superior cuff insufficiency, e.g. empty can test. To a different extent the same is true 
for type B and C. Type D may show weakness of external rotation, while posterosuperior 
MRCT with an extension to the teres minor (Type E) may have an external rotation lag sign 
and often exhibit a positive Hornblower’s sign (the inability to maintain external rotation 
with the arm abducted to 90) [13].

Fortunately irreparable rotator cuff tears (IRCT) are just a subgroup of massive tears, as some 
of the latter are amenable for repair. Exact incidence of IRCT is unknown, with some studies 
estimating it between 6.5% and 22.4% [10]. To be considered irreparable, a defect should be 
impossible to close at the time of surgery or show traits which have been empirically deter-
mined to be associated with structural failure of the repair [1]. According to Gerber, clinical 
signs which suggest that a repair is unlikely to be successful include:

• static anterosuperior subluxation with the head under the skin in front of the anterior acro-
mion and associated pseudoparalysis of anterior elevation

• dynamic anterosuperior subluxation of the humerus upon resisted abduction

• positive lag sign and Hornblower’s sign (both associated with substantial fatty infiltration 
of infraspinatus and teres minor respectively) [14, 15].

The imaging finding most commonly associated with irreparability of the cuff tear is a fatty 
infiltration of cuff muscle which equals or exceeds 50% of muscle’s volume determined by 
CT or MRI (stages 3 and 4 of fatty infiltration according to Goutallier) [16]. Fatty degenera-
tion is irreversible even with successful complete repair and leads to reduced function of the 
rotator cuff musculature [8, 17]. Some authors reported that in higher stages (Goutallier 3 
and 4) of fatty infiltration, MRCT may fail to heal in up to 92% of cases. Another key imaging 
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finding helping to predict irreparability of a tear is a static superior subluxation of a glenohu-
meral joint with an acromiohumeral interval of 7 mm or less. Also static anterior subluxation 
observed in CT scan or MRI appears to be indicative of irreparability of the tear [1].

3. Clinical signs and symptoms

As the incidence of rotator cuff tears increases with age, especially after age 60, elderly 
patients are the most likely group to seek help due to massive rotator cuff tears [10, 18]. Some 
of them might report a traumatic event and an acute loss of function, with or without previ-
ous symptoms; however, most will deny any noticeable trauma and complain of variable 
levels of pain [10]. It is important to ascertain that the pain reported by the patient is actually 
caused by the massive cuff tear, and not from another source.

If it is accompanied by stiffness, especially with limitation of passive external rotation and 
passive glenohumeral abduction, it is very likely that the pain is due to adhesive capsulitis 
rather than MRCT.

Acromioclavicular joint pain, though different from the usual rotator cuff pain [19] is the 
second most common cause of pain that is not caused by, but is occasionally [1] attributed to 
rotator cuff tear.

Loss of function and disability are the next biggest complaint, as MRCT is always accom-
panied by some degree of shoulder weakness. This weakness is especially marked with 
the limb away from patient’s body. Anterosuperior tears usually result with painful weak-
ness of elevation. Posterosuperior tears and global tears cause weakness of elevation and 
external rotation [20]. This usually spans from hardly any perceived weakness to so-called 
pseudoparalysis of elevation and/or external rotation [1]. Pseudoparalysis of anterior eleva-
tion describes the inability to elevate the arm to 90 deg. in the presence of unrestricted pas-
sive range of glenohumeral motion and in the absence of any neurologic impairment [21]. 
Pseudoparalysis of external rotation describes complete loss of active external rotation power 
in the presence of unrestricted passive external rotation and in the absence of neurologic 
impairment [1]. Collin et al. demonstrated that dysfunction of the entire subscapularis and 
supraspinatus or three rotator cuff muscles are risk factors for pseudoparalysis [13]. There 
are studies suggesting that primary arthroscopic repair can lead to reversal of preoperative 
pseudoparalysis in 90% of patients, but this number drops to 43% in revision surgeries [22].

Examination of the patient with suspected massive or irreparable rotator cuff tear should 
be performed with patient’s torso exposed allowing proper comparison between two shoul-
ders. Any atrophy in the supraspinatus or infraspinatus fossa should be noted, indicating a 
chronic tear. If the coracoacromial arch is incompetent, the outline of humeral head might be 
more prominent due to anterosuperior subluxation. Visible deltoid atrophy is especially of 
concern in patients with previous open surgeries. The long head of the biceps tendon might 
be affected by massive cuff tears and is often torn resulting in a ‘Popeye’ deformity (a visible 
bulge just proximal to the elbow).
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Active and passive range of movement should of course be assessed and compared with the 
contralateral side. Active shoulder motion is usually decreased. Limitations of passive motion 
may be due to scar tissue formation associated with chronic tears, but these are usually mild 
and not very painful. It is important to discern this from the often much more painful adhe-
sive capsulitis.

In patients with anterosuperior tears, significant weakness of the subscapularis will be noted. 
The bear hug test will most likely be positive. The belly-press manoeuvre, which tests the 
upper portion of the subscapularis muscle, is more likely to be abnormal than the lift-off 
test, which mainly reflects the lower subscapularis muscle function [10, 23]. Increased passive 
external rotation of the shoulder may also be present [10].

Two provocative manoeuvres can determine the extent of the posterosuperior cuff involve-
ment. The external rotation lag sign. If the patient cannot actively maintain maximal exter-
nal rotation of the shoulder with the elbow by his side, the test is considered positive for 
the infraspinatus tendon tear. The Hornblower’s sign tests the integrity of teres minor [10]. 
With the elbow supported, the patient is asked to maintain maximal shoulder external 
rotation with the shoulder abducted to 90°. Inability to maintain this position is highly 
sensitive for teres minor tear [15]. The supraspinatus tendon tear is always involved and 
so patients from both these groups should show weakness of supraspinatus strength (posi-
tive empty can test).

4. Investigations

Plain radiographs are of a great value to the evaluation. They provide information on the 
glenohumeral joint, acromial morphology, and the position of the humeral head. Standard 
evaluation consists of anteroposterior, axillary, and an outlet or scapular Y views. Grashey 
view (a true anteroposterior view) is most helpful to show the status of the glenohumeral 
joint, whereas an outlet and scapular Y views can be useful to examine acromial pathology 
[10]. Plain anteroposterior views will demonstrate any upriding of the humeral head and any 
osteoarthritic changes. Decreased interval between the humeral head and undersurface of the 
acromion is often associated with massive and irreparable cuff tears. This distance, the acro-
miohumeral interval (AHI), measures 7–14 mm in healthy shoulders [24] and as previously 
mentioned if it falls below 7 mm, the probability of successful cuff repair drastically decreases 
[25]. Hamada et al. [26] demonstrated correlation between progression of rotator cuff tear 
and reduction of AHI. He developed a radiographic classification of massive rotator cuff tear 
arthritis which divides massive rotator cuff tears into 5 grades: in Hamada Grade 1 the AHI 
is maintained, and narrows in Grade 2. Acetabulization (concave deformity of the acromion 
undersurface) in addition to the Grade 2 narrowing is classified as Grade 3. In Grade 4, nar-
rowing of the glenohumeral joint is added to the Grade 3 features, and Grade 5 comprises 
instances of humeral head collapse [26]. Walch et al. recognized a group with massive tears 
that demonstrated glenohumeral narrowing without acromial acetabulization. Thus, they 
divided Grade 4 of Hamada into two subtypes: Grade 4A, glenohumeral arthritis without 
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finding helping to predict irreparability of a tear is a static superior subluxation of a glenohu-
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ness of elevation. Posterosuperior tears and global tears cause weakness of elevation and 
external rotation [20]. This usually spans from hardly any perceived weakness to so-called 
pseudoparalysis of elevation and/or external rotation [1]. Pseudoparalysis of anterior eleva-
tion describes the inability to elevate the arm to 90 deg. in the presence of unrestricted pas-
sive range of glenohumeral motion and in the absence of any neurologic impairment [21]. 
Pseudoparalysis of external rotation describes complete loss of active external rotation power 
in the presence of unrestricted passive external rotation and in the absence of neurologic 
impairment [1]. Collin et al. demonstrated that dysfunction of the entire subscapularis and 
supraspinatus or three rotator cuff muscles are risk factors for pseudoparalysis [13]. There 
are studies suggesting that primary arthroscopic repair can lead to reversal of preoperative 
pseudoparalysis in 90% of patients, but this number drops to 43% in revision surgeries [22].

Examination of the patient with suspected massive or irreparable rotator cuff tear should 
be performed with patient’s torso exposed allowing proper comparison between two shoul-
ders. Any atrophy in the supraspinatus or infraspinatus fossa should be noted, indicating a 
chronic tear. If the coracoacromial arch is incompetent, the outline of humeral head might be 
more prominent due to anterosuperior subluxation. Visible deltoid atrophy is especially of 
concern in patients with previous open surgeries. The long head of the biceps tendon might 
be affected by massive cuff tears and is often torn resulting in a ‘Popeye’ deformity (a visible 
bulge just proximal to the elbow).
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The bear hug test will most likely be positive. The belly-press manoeuvre, which tests the 
upper portion of the subscapularis muscle, is more likely to be abnormal than the lift-off 
test, which mainly reflects the lower subscapularis muscle function [10, 23]. Increased passive 
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ment. The external rotation lag sign. If the patient cannot actively maintain maximal exter-
nal rotation of the shoulder with the elbow by his side, the test is considered positive for 
the infraspinatus tendon tear. The Hornblower’s sign tests the integrity of teres minor [10]. 
With the elbow supported, the patient is asked to maintain maximal shoulder external 
rotation with the shoulder abducted to 90°. Inability to maintain this position is highly 
sensitive for teres minor tear [15]. The supraspinatus tendon tear is always involved and 
so patients from both these groups should show weakness of supraspinatus strength (posi-
tive empty can test).
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Plain radiographs are of a great value to the evaluation. They provide information on the 
glenohumeral joint, acromial morphology, and the position of the humeral head. Standard 
evaluation consists of anteroposterior, axillary, and an outlet or scapular Y views. Grashey 
view (a true anteroposterior view) is most helpful to show the status of the glenohumeral 
joint, whereas an outlet and scapular Y views can be useful to examine acromial pathology 
[10]. Plain anteroposterior views will demonstrate any upriding of the humeral head and any 
osteoarthritic changes. Decreased interval between the humeral head and undersurface of the 
acromion is often associated with massive and irreparable cuff tears. This distance, the acro-
miohumeral interval (AHI), measures 7–14 mm in healthy shoulders [24] and as previously 
mentioned if it falls below 7 mm, the probability of successful cuff repair drastically decreases 
[25]. Hamada et al. [26] demonstrated correlation between progression of rotator cuff tear 
and reduction of AHI. He developed a radiographic classification of massive rotator cuff tear 
arthritis which divides massive rotator cuff tears into 5 grades: in Hamada Grade 1 the AHI 
is maintained, and narrows in Grade 2. Acetabulization (concave deformity of the acromion 
undersurface) in addition to the Grade 2 narrowing is classified as Grade 3. In Grade 4, nar-
rowing of the glenohumeral joint is added to the Grade 3 features, and Grade 5 comprises 
instances of humeral head collapse [26]. Walch et al. recognized a group with massive tears 
that demonstrated glenohumeral narrowing without acromial acetabulization. Thus, they 
divided Grade 4 of Hamada into two subtypes: Grade 4A, glenohumeral arthritis without 
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subacromial arthritis (acetabulization); and Grade 4B, glenohumeral arthritis with subacro-
mial arthritis (Grade 4 of Hamada et al.). These subtypes allowed for more specific classifica-
tion of patients and almost all patients could be classified [26].

CT scan was the original investigation described by Goutallier in assessment of fatty atrophy, 
and can still be used for patients where any bony changes need to be more accurately deter-
mined and the state of muscle wasting and atrophy. Goutallier et al. classified muscle quality 
by the amount of fatty infiltration in the rotator cuff muscle as identified on CT in the axial 
plane, with a thorough analysis of the whole muscle belly [16]. They graded muscular fatty 
degeneration into 5 stages: Stage 0 is a normal muscle with no fatty infiltration and stage 1 is 
a muscle in which some fatty streaks can be seen on CT. Stage 2 is a muscle with substantial 
fatty atrophy but still affecting less than 50% of visible muscle. In stages 3 and 4 fatty atro-
phy affects 50% and over 50% of muscle respectively [16]. According to various authors fatty 
muscle infiltration beyond Goutallier stage 2 represents a non-functional muscle belly making 
a successful repair of its tendon virtually impossible [1, 16].

One of the most common imaging modalities for assessing the rotator cuff is magnetic reso-
nance imaging (MRI). It can reliably identify and characterize the rotator cuff tendon tears [27]. 
MRI scan is easier to read in assessing the size of any rotator cuff tear and both muscle wasting 
and fatty atrophy, but patients with sore shoulders may struggle to stay still for the duration of 
the scan which may take 45 min. With the growing popularity of magnetic resonance imaging 
Goutallier classification was adapted to MRI. Some authors correlated it with surgical outcomes 
and retear rates [10] and found that like for CT the advanced degree of fatty infiltration (over 2 
Goutallier) on preoperative MRI was a strong predictive factor of cuff repair failure [10].

It is worth remembering that for MRI, the Goutallier scoring uses a different plane compared 
to CT. It is no longer the axial plane but the most lateral parasagittal image on which the scapu-
lar spine is still in contact with the scapular body (Y view) [28]. This makes the method prone 
to false interpretation in cases of massive cuff tears, because severe muscle-tendon retraction 
can cause bunching of the muscle that may actually create an illusion of a larger muscle belly 
than in reality [10]. Some authors reported the use of so-called ‘tangent sign’ [29] as an indica-
tor of advanced fatty infiltration [30] and as a predictor of whether a rotator cuff tear will be 
reparable [31]. A tangent sign is positive when atrophied supraspinatus muscle falls below a 
tangent line drawn between superior border of coracoid process and superior margin of scapu-
lar spine. This is assessed, just like Goutallier score, on the most lateral MRI image on which 
both coracoid process and scapular spine are still in contact with scapular body [32]. However 
a recent study by Kim et al. showed that tangent sign alone was not a good predictive indicator 
of outcome of massive cuff repair. According to authors the single most predictive factor of suc-
cessful repair in MRCT remains infraspinatus fatty infiltration <3 according to Goutallier [32].

Another important diagnostic modality is a ultrasound scan, which has become a popular 
modality for evaluating rotator cuff pathology because of its low cost and reliability in identify-
ing the presence of a tear and its size even during the postoperative period [10]. Unfortunately 
ultrasound cannot penetrate through bone and may not provide accurate information about 
large rotator cuff tears where the tendon edges have retracted medial to the lateral acromial 
border [33]. Its optimal use is also notoriously dependent on the technician’s experience.

Advances in Shoulder Surgery104

5. Treatment options

5.1. Conservative treatment

Conservative treatment is often appropriate if a tear is proven to be irreparable, or the patient 
does not want operative intervention. Patients without any significant symptoms of pain may 
benefit from the anterior and middle deltoid rehabilitation programme. This has a success rate 
of about 30% and is particularly useful for those patients with loss of function without a great 
deal of pain. In this group conservative treatment may lead to a very satisfactory clinical situa-
tion with restoration of active arm elevation but to an inevitable increase in joint degeneration 
[1]. Zingg et al. [34] have documented a surprisingly good clinical outcome using non-oper-
ative treatment with a substantial structural deterioration of cartilage, tendon, and muscle.

In general, in irreparable cuff tears non-operative management is attempted for 6 months 
before considering surgery [9]. Typical treatment includes physiotherapy, anti-inflammatory 
and analgesic drugs, re-education, acupuncture and judicious use of subacromial (which in 
case of MRCT are also intraarticular) injections. Injections of either corticosteroids or hyal-
uronic acid are used. While repeated intraarticular steroid injections are discouraged by some 
authors as being largely ineffective [35, 36], others pointed out on a good and comparable 
therapeutic effect of both dexamethasone and sodium hyaluronate [37]. Hyaluronans are 
meant to act by blocking pain receptors, stimulating endogenous hyaluronan production and 
have a direct anti-inflammatory effect by inhibiting leukocyte action [38]. These injections 
have been shown to be of benefit for early and late osteoarthritis of the shoulder [39, 40]. A 
series of infiltrations with hyaluronic acid (once a week for 3 weeks) followed by rehabilitative 
treatment yielded significant pain reduction, improvement of range of motion, and autonomy 
in daily life activities [41] in a cohort of 22 patients (mean age 78y) with rotator cuff tears.

Conservative treatment does not substantially alter the course of the natural history of mas-
sive tears and as such can only be advised for patients whose cuff tears are already irreparable 
and who for various reasons would not be suitable for operative treatment [1].

Somewhere in between conservative and surgical treatment is a place for supra scapular nerve 
block and ablation. This salvage procedure can be used for pain relief where this is the major 
symptom, after initial conservative therapies have been exhausted [42] and the patient is not fit 
for major surgery, or does not want an operation. The suprascapular nerve is derived from the 
upper trunk of the brachial plexus (C5, C6) and is a mixed motor and sensory nerve. It provides 
the main sensory innervation to the posterior shoulder joint capsule, acromioclavicular joint, 
subacromial bursa, coracoclavicular and coracohumeral ligament [43] and motor branches to 
both supra and infraspinatus muscles. Blockade of the suprascapular nerve has been shown 
to improve chronic pain in numerous studies [44]. Among different techniques described 
are supra scapular nerve blocks (SSNB) [42], percutaneous SSN pulsed radiofrequency and 
arthroscopic SSN neurectomy [45]. Pulsed radiofrequency (PRF) works by delivering an elec-
trical field to neural tissue rather than thermal coagulation and affects the smaller pain fibres 
more than the larger motor fibres, thus preserving any residual motor function [45]. There is 
morphologic evidence that PRF is less neurodestructive than CRF (continuous radiofrequency)  
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subacromial arthritis (acetabulization); and Grade 4B, glenohumeral arthritis with subacro-
mial arthritis (Grade 4 of Hamada et al.). These subtypes allowed for more specific classifica-
tion of patients and almost all patients could be classified [26].

CT scan was the original investigation described by Goutallier in assessment of fatty atrophy, 
and can still be used for patients where any bony changes need to be more accurately deter-
mined and the state of muscle wasting and atrophy. Goutallier et al. classified muscle quality 
by the amount of fatty infiltration in the rotator cuff muscle as identified on CT in the axial 
plane, with a thorough analysis of the whole muscle belly [16]. They graded muscular fatty 
degeneration into 5 stages: Stage 0 is a normal muscle with no fatty infiltration and stage 1 is 
a muscle in which some fatty streaks can be seen on CT. Stage 2 is a muscle with substantial 
fatty atrophy but still affecting less than 50% of visible muscle. In stages 3 and 4 fatty atro-
phy affects 50% and over 50% of muscle respectively [16]. According to various authors fatty 
muscle infiltration beyond Goutallier stage 2 represents a non-functional muscle belly making 
a successful repair of its tendon virtually impossible [1, 16].

One of the most common imaging modalities for assessing the rotator cuff is magnetic reso-
nance imaging (MRI). It can reliably identify and characterize the rotator cuff tendon tears [27]. 
MRI scan is easier to read in assessing the size of any rotator cuff tear and both muscle wasting 
and fatty atrophy, but patients with sore shoulders may struggle to stay still for the duration of 
the scan which may take 45 min. With the growing popularity of magnetic resonance imaging 
Goutallier classification was adapted to MRI. Some authors correlated it with surgical outcomes 
and retear rates [10] and found that like for CT the advanced degree of fatty infiltration (over 2 
Goutallier) on preoperative MRI was a strong predictive factor of cuff repair failure [10].

It is worth remembering that for MRI, the Goutallier scoring uses a different plane compared 
to CT. It is no longer the axial plane but the most lateral parasagittal image on which the scapu-
lar spine is still in contact with the scapular body (Y view) [28]. This makes the method prone 
to false interpretation in cases of massive cuff tears, because severe muscle-tendon retraction 
can cause bunching of the muscle that may actually create an illusion of a larger muscle belly 
than in reality [10]. Some authors reported the use of so-called ‘tangent sign’ [29] as an indica-
tor of advanced fatty infiltration [30] and as a predictor of whether a rotator cuff tear will be 
reparable [31]. A tangent sign is positive when atrophied supraspinatus muscle falls below a 
tangent line drawn between superior border of coracoid process and superior margin of scapu-
lar spine. This is assessed, just like Goutallier score, on the most lateral MRI image on which 
both coracoid process and scapular spine are still in contact with scapular body [32]. However 
a recent study by Kim et al. showed that tangent sign alone was not a good predictive indicator 
of outcome of massive cuff repair. According to authors the single most predictive factor of suc-
cessful repair in MRCT remains infraspinatus fatty infiltration <3 according to Goutallier [32].

Another important diagnostic modality is a ultrasound scan, which has become a popular 
modality for evaluating rotator cuff pathology because of its low cost and reliability in identify-
ing the presence of a tear and its size even during the postoperative period [10]. Unfortunately 
ultrasound cannot penetrate through bone and may not provide accurate information about 
large rotator cuff tears where the tendon edges have retracted medial to the lateral acromial 
border [33]. Its optimal use is also notoriously dependent on the technician’s experience.
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of about 30% and is particularly useful for those patients with loss of function without a great 
deal of pain. In this group conservative treatment may lead to a very satisfactory clinical situa-
tion with restoration of active arm elevation but to an inevitable increase in joint degeneration 
[1]. Zingg et al. [34] have documented a surprisingly good clinical outcome using non-oper-
ative treatment with a substantial structural deterioration of cartilage, tendon, and muscle.
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uronic acid are used. While repeated intraarticular steroid injections are discouraged by some 
authors as being largely ineffective [35, 36], others pointed out on a good and comparable 
therapeutic effect of both dexamethasone and sodium hyaluronate [37]. Hyaluronans are 
meant to act by blocking pain receptors, stimulating endogenous hyaluronan production and 
have a direct anti-inflammatory effect by inhibiting leukocyte action [38]. These injections 
have been shown to be of benefit for early and late osteoarthritis of the shoulder [39, 40]. A 
series of infiltrations with hyaluronic acid (once a week for 3 weeks) followed by rehabilitative 
treatment yielded significant pain reduction, improvement of range of motion, and autonomy 
in daily life activities [41] in a cohort of 22 patients (mean age 78y) with rotator cuff tears.

Conservative treatment does not substantially alter the course of the natural history of mas-
sive tears and as such can only be advised for patients whose cuff tears are already irreparable 
and who for various reasons would not be suitable for operative treatment [1].

Somewhere in between conservative and surgical treatment is a place for supra scapular nerve 
block and ablation. This salvage procedure can be used for pain relief where this is the major 
symptom, after initial conservative therapies have been exhausted [42] and the patient is not fit 
for major surgery, or does not want an operation. The suprascapular nerve is derived from the 
upper trunk of the brachial plexus (C5, C6) and is a mixed motor and sensory nerve. It provides 
the main sensory innervation to the posterior shoulder joint capsule, acromioclavicular joint, 
subacromial bursa, coracoclavicular and coracohumeral ligament [43] and motor branches to 
both supra and infraspinatus muscles. Blockade of the suprascapular nerve has been shown 
to improve chronic pain in numerous studies [44]. Among different techniques described 
are supra scapular nerve blocks (SSNB) [42], percutaneous SSN pulsed radiofrequency and 
arthroscopic SSN neurectomy [45]. Pulsed radiofrequency (PRF) works by delivering an elec-
trical field to neural tissue rather than thermal coagulation and affects the smaller pain fibres 
more than the larger motor fibres, thus preserving any residual motor function [45]. There is 
morphologic evidence that PRF is less neurodestructive than CRF (continuous radiofrequency)  
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and it is possible that nerve fibres may regenerate after PRF treatment [42]. Kane et al. [42] 
showed that pulsed radiofrequency to the suprascapular nerve in a cohort of 12 patients with 
painful cuff tear arthropathy resulted in a significant improvement in Constant, Oxford and 
Visual Analogue scores at 3 months. In their technique suprascapular notch was identified by 
use of direct visualization with an image intensifier. The landmark to guide the initial entry 
point was a line drawn along the length of the scapular spine, bisected with a vertical line from 
the angle of the scapula. A radiofrequency needle was introduced through the skin, 2.5 cm along 
the line of the spine in the upper outer quadrant, and then guided to the edge of the suprascapu-
lar notch by use of the image intensifier. The nerve was located accurately by stimulating at 2 Hz 
(threshold <0.5 V). PRF was applied for 120 s 2 or 3 times. The total treatment time was 6–8 min.

Nizlan et al. [46] described an arthroscopic SSN neurectomy technique in patients who were 
poor surgical candidates for shoulder arthroplasty with significant chronic pain [45]. They 
performed arthroscopic examination through the standard posterior viewing portal first, con-
firming a complete and irreparable rotator cuff tear. A lateral working portal was created a 
few centimetres from the lateral edge of the acromion at the level of the posterior border of 
the acromioclavicular joint. Through this portal, a radiofrequency device and a shaver were 
used to clear the soft tissue within the spinoglenoid notch to identify the nerve at the floor of 
the notch. Once the nerve was identified on the floor of the spinoglenoid notch, it was traced 
proximally towards the transverse scapular ligament. The nerve was then divided proximally 
by use of the ablator at the suprascapular notch and distally at the floor of the spinoglenoid 
notch. They used their technique for severe shoulder pain treatment in a group of 20 patients 
17 with a rotator cuff arthropathy, two with glenohumeral arthritis and one with a rotator 
cuff-deficient shoulder following an unsuccessful arthrodesis [46]. At an average follow-up of 
29 months, 75% of their patients reported good to excellent pain relief scores.

5.2. Surgical treatment

5.2.1. Arthroscopic debridement with or without long head of the biceps tenotomy

Debridement of rotator cuff tears has been known to be associated with a satisfactory short 
term results, especially in patients with low demands [47–49]. The goal of the surgery is to 
remove the sources of pain; therefore, the torn edges of the rotator cuff tendons are debrided 
and a gentle bursectomy is completed. Complete anterior acromioplasty should be avoided in 
the setting of a massive tear as it may put coracoacromial ligament at risk and lead to postop-
erative anterosuperior subluxation of humeral head [50]. As it is reported that lateral acromion 
might be responsible for more impingement than the anterior part [51] some recommend lat-
eral acromioplasty in addition to limited anterior acromioplasty [52, 53]. Despite these con-
cerns, however, when Rockwood et al. [54] first proposed open debridement for treatment 
of massive cuff tears in 1995, he performed it with aggressive acromioplasty and complete 
release of the coracoacromial ligament. In this study, 50 patients (53 shoulders) where fol-
lowed up at an average of 6.5 years, with 83% of patients having a satisfactory outcome with 
a significant decrease in pain. The average active elevation improved from an average 105° to 
140° [54]. Gartsman et al. [55] reported positive outcomes with open debridement for patients 
with massive rotator cuff tendon tears, but noted a decrease in strength and suggested that 
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this weakness may be due to the incompetent coracoacromial ligament and the loss of supe-
rior humeral head containment. He also showed that superior head migration or incompetent 
subscapularis or teres minor were a negative prognostic factors for this treatment [55].

If sole debridement and acromioplasty do not suffice, a tuberoplasty might be an alternative or 
a good addition to treatment [56]. Described by Fenlin et al. [57] in 2002, its main goal is to con-
tour and reshape the greater tuberosity to create a smooth congruent articulation between the 
greater tuberosity of the humerus and the under surface of the acromion. An arthroscopic tuber-
oplasty technique was presented by Scheibel in 2004 and described as ‘reversed arthroscopic 
subacromial decompression’ [56]. Studies by Verhelst et al. and Lee et al. [58, 59] confirmed the 
benefits of the procedure as an option in patients with irreparable cuff tears, showing good and 
excellent results. Both authors highlighted importance of maintaining the coracoacromial arch 
as a passive stabilizer to anterior and superior subluxation of the proximal humerus.

The management of the long head of biceps (LHB) tendon at the time of debridement is still 
controversial. Tenotomy of the biceps was described as a routine pain treatment in rotator cuff 
disease by Walch et al. in 1997 [60]. Concerns about the safety of this treatment were expressed 
as according to some, the biceps tendon acts to depress the humeral head in absence of the 
rotator cuff tendons [61]. In theory, release of the long head of the biceps might lead to fur-
ther proximal migration of the humeral head. However, a number of studies found no proof 
to support these concerns [47, 62] The available evidence suggests that the proximal long 
head of biceps tendon may be a source of significant pain and that LHB tenotomy provides a 
reasonable pain relief without the additional risk of superior migration of the humeral head. 
A couple of multicentre studies identified LHB tenotomy as a valuable option giving good 
pain relief in patients with MRCT [63, 64]. It seems also the results are the same whether it is 
tenotomy alone or with tenodesis [1].

In summary, it seems that debridement of rotator cuff tendon stumps with subacromial decom-
pression leads to satisfactory clinical results with large majority of patients with MRCT. A 
tuberoplasty might also be considered in this patients group. Coraco-acromial ligament, a 
major restraint against superior migration of the humeral head, should be handled with care, 
and can be detached but should not be resected in this group of patients [65, 66]. A biceps 
tenotomy, with or without tenodesis seems to be a safe additional procedure, helping decreas-
ing the pain associated with massive cuff tears [64]. Debridement gives good pain relief but 
does not influence the progression of joint degeneration, so its role should be limited to treat-
ment of irreparable cuff tears in low-demand patients whose primary complaint is pain [1].

5.2.2. Rotator cuff repair

If a massive rotator cuff tear can successfully be repaired, short- and long-term clinical 
results are excellent and joint degeneration is halted or at least markedly decelerated [67, 68]. 
According to Burkhart the goal of a repair, even if partial, is to restore force couples acting on 
the joint [50]. During shoulder motion, the rotator cuff muscles act together to centralize the 
humeral head against the glenoid fossa and balance the force couples about the glenohumeral 
joint. A force couple is a pair of forces that act on an object and cause it to rotate. For the object 
to be in equilibrium, the forces must be balanced, so must be equal in magnitude and opposite  
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and it is possible that nerve fibres may regenerate after PRF treatment [42]. Kane et al. [42] 
showed that pulsed radiofrequency to the suprascapular nerve in a cohort of 12 patients with 
painful cuff tear arthropathy resulted in a significant improvement in Constant, Oxford and 
Visual Analogue scores at 3 months. In their technique suprascapular notch was identified by 
use of direct visualization with an image intensifier. The landmark to guide the initial entry 
point was a line drawn along the length of the scapular spine, bisected with a vertical line from 
the angle of the scapula. A radiofrequency needle was introduced through the skin, 2.5 cm along 
the line of the spine in the upper outer quadrant, and then guided to the edge of the suprascapu-
lar notch by use of the image intensifier. The nerve was located accurately by stimulating at 2 Hz 
(threshold <0.5 V). PRF was applied for 120 s 2 or 3 times. The total treatment time was 6–8 min.

Nizlan et al. [46] described an arthroscopic SSN neurectomy technique in patients who were 
poor surgical candidates for shoulder arthroplasty with significant chronic pain [45]. They 
performed arthroscopic examination through the standard posterior viewing portal first, con-
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few centimetres from the lateral edge of the acromion at the level of the posterior border of 
the acromioclavicular joint. Through this portal, a radiofrequency device and a shaver were 
used to clear the soft tissue within the spinoglenoid notch to identify the nerve at the floor of 
the notch. Once the nerve was identified on the floor of the spinoglenoid notch, it was traced 
proximally towards the transverse scapular ligament. The nerve was then divided proximally 
by use of the ablator at the suprascapular notch and distally at the floor of the spinoglenoid 
notch. They used their technique for severe shoulder pain treatment in a group of 20 patients 
17 with a rotator cuff arthropathy, two with glenohumeral arthritis and one with a rotator 
cuff-deficient shoulder following an unsuccessful arthrodesis [46]. At an average follow-up of 
29 months, 75% of their patients reported good to excellent pain relief scores.

5.2. Surgical treatment

5.2.1. Arthroscopic debridement with or without long head of the biceps tenotomy

Debridement of rotator cuff tears has been known to be associated with a satisfactory short 
term results, especially in patients with low demands [47–49]. The goal of the surgery is to 
remove the sources of pain; therefore, the torn edges of the rotator cuff tendons are debrided 
and a gentle bursectomy is completed. Complete anterior acromioplasty should be avoided in 
the setting of a massive tear as it may put coracoacromial ligament at risk and lead to postop-
erative anterosuperior subluxation of humeral head [50]. As it is reported that lateral acromion 
might be responsible for more impingement than the anterior part [51] some recommend lat-
eral acromioplasty in addition to limited anterior acromioplasty [52, 53]. Despite these con-
cerns, however, when Rockwood et al. [54] first proposed open debridement for treatment 
of massive cuff tears in 1995, he performed it with aggressive acromioplasty and complete 
release of the coracoacromial ligament. In this study, 50 patients (53 shoulders) where fol-
lowed up at an average of 6.5 years, with 83% of patients having a satisfactory outcome with 
a significant decrease in pain. The average active elevation improved from an average 105° to 
140° [54]. Gartsman et al. [55] reported positive outcomes with open debridement for patients 
with massive rotator cuff tendon tears, but noted a decrease in strength and suggested that 
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this weakness may be due to the incompetent coracoacromial ligament and the loss of supe-
rior humeral head containment. He also showed that superior head migration or incompetent 
subscapularis or teres minor were a negative prognostic factors for this treatment [55].

If sole debridement and acromioplasty do not suffice, a tuberoplasty might be an alternative or 
a good addition to treatment [56]. Described by Fenlin et al. [57] in 2002, its main goal is to con-
tour and reshape the greater tuberosity to create a smooth congruent articulation between the 
greater tuberosity of the humerus and the under surface of the acromion. An arthroscopic tuber-
oplasty technique was presented by Scheibel in 2004 and described as ‘reversed arthroscopic 
subacromial decompression’ [56]. Studies by Verhelst et al. and Lee et al. [58, 59] confirmed the 
benefits of the procedure as an option in patients with irreparable cuff tears, showing good and 
excellent results. Both authors highlighted importance of maintaining the coracoacromial arch 
as a passive stabilizer to anterior and superior subluxation of the proximal humerus.

The management of the long head of biceps (LHB) tendon at the time of debridement is still 
controversial. Tenotomy of the biceps was described as a routine pain treatment in rotator cuff 
disease by Walch et al. in 1997 [60]. Concerns about the safety of this treatment were expressed 
as according to some, the biceps tendon acts to depress the humeral head in absence of the 
rotator cuff tendons [61]. In theory, release of the long head of the biceps might lead to fur-
ther proximal migration of the humeral head. However, a number of studies found no proof 
to support these concerns [47, 62] The available evidence suggests that the proximal long 
head of biceps tendon may be a source of significant pain and that LHB tenotomy provides a 
reasonable pain relief without the additional risk of superior migration of the humeral head. 
A couple of multicentre studies identified LHB tenotomy as a valuable option giving good 
pain relief in patients with MRCT [63, 64]. It seems also the results are the same whether it is 
tenotomy alone or with tenodesis [1].

In summary, it seems that debridement of rotator cuff tendon stumps with subacromial decom-
pression leads to satisfactory clinical results with large majority of patients with MRCT. A 
tuberoplasty might also be considered in this patients group. Coraco-acromial ligament, a 
major restraint against superior migration of the humeral head, should be handled with care, 
and can be detached but should not be resected in this group of patients [65, 66]. A biceps 
tenotomy, with or without tenodesis seems to be a safe additional procedure, helping decreas-
ing the pain associated with massive cuff tears [64]. Debridement gives good pain relief but 
does not influence the progression of joint degeneration, so its role should be limited to treat-
ment of irreparable cuff tears in low-demand patients whose primary complaint is pain [1].

5.2.2. Rotator cuff repair

If a massive rotator cuff tear can successfully be repaired, short- and long-term clinical 
results are excellent and joint degeneration is halted or at least markedly decelerated [67, 68]. 
According to Burkhart the goal of a repair, even if partial, is to restore force couples acting on 
the joint [50]. During shoulder motion, the rotator cuff muscles act together to centralize the 
humeral head against the glenoid fossa and balance the force couples about the glenohumeral 
joint. A force couple is a pair of forces that act on an object and cause it to rotate. For the object 
to be in equilibrium, the forces must be balanced, so must be equal in magnitude and opposite  
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in direction [50]. In the shoulder, Inmann et al. [50] described coronal plane force couple as a 
result of the balance of moments created by the deltoid versus those created by inferior cuff 
(infraspinatus, trees minor and subscapularis). In order to oppose the superior pull of del-
toid exerted during abduction, the inferior cuff must be intact. The second important force 
couple is the transverse force couple where action of subscapularis anteriorly is balanced 
against the posterior cuff (infraspinatus and trees minor). In massive cuff tears extending 
far posteriorly, the weak posterior cuff is unable to balance the anterior moment created by 
subscapularis and the equilibrium in transverse plain is not maintained. If large enough and 
affecting the inferior part of the cuff, the massive tear can disrupt the equilibrium in coronal 
plane. Lack in balance in two planes will lead to anterior and superior translation of the 
humeral head and inability to maintain a stable fulcrum of motion [50]. So during the repair 
it is more important to balance these force couples in coronal and transverse planes, than just 
to cover cuff defect [50].

In the context of the irreparable rotator cuff tear, it was felt by Burkhart that even partial 
repair of these tears could lead to good outcomes provided that the balance in both planes 
was restored [69]. Another important concept introduced by this author, helping to under-
stand cuff anatomy, mechanics and principles for repair was ‘suspension bridge analogy’. 
When viewed arthroscopically the undersurface of the intact cuff shows a ‘cable-like’ thick-
ening of the capsule, surrounding a thinner crescent of tissue that inserts into the greater 
tuberosity of the humerus [50]. This ‘cable-like’ structure is a thickening of the coracohumeral 
ligament and extends from its anterior attachment to the greater tuberosity just posterior to 
the long head of the biceps, to its posterior attachment near the inferior border of the infraspi-
natus. This cable potentially serves a protective role, transferring the stress along the rotator 
cable, thereby stress-shielding much thinner, avascular crescent tissue, thus the analogy to 
the suspension bridge. The cuff can still successfully serve its function as long as the cable is 
intact. This is how authors explained good results of even partial repair, without watertight 
closure, but with reconstruction of cable attachments [50].

Although very difficult, complete repair of the massive cuff tears is not impossible, but 
requires very gentle soft tissue handling. One of the most significant issues in repairing a 
massive rotator cuff tears is the ability to mobilize the retracted tendon back to its inser-
tion [10]. All adhesions around the cuff tendons must be removed. Common locations for 
these adhesions include the undersurface of the acromion, the posterior deltoid, the bursa 
and the interval between the undersurface of the tendon and labrum or glenoid [10]. If 
these release do not give relatively tension-free repair, additional techniques must be used. 
Tauro popularized the arthroscopic technique of the interval slide, which Burkhart [10, 50] 
later redefining it as an anterior interval slide, adding that a posterior slide as an option. 
Anterior interval slide is performed by releasing the rotator interval between subscapularis 
and supraspinatus, exposing the coracoid process. In its later version, named ‘anterior inter-
val slide with continuity’, the rotator interval is released medially to the so-called ‘comma 
tissue’. This comma tissue, a remnant of the bicep pulley, connects the superior border of 
subscapularis tendon with the anterior edge of supraspinatus and helps to repair one of the 
tendons after the other has been repaired. The posterior interval slide is performed between 
the supraspinatus and infraspinatus tendons up to scapula spine [10, 50].
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Another useful technique, helping to decrease the tension from the cuff tissue and thus mak-
ing massive cuff tears repairable, is a margin convergence [50]. This technique converts irrep-
arable U-shaped and L shaped defects into more a manageable crescent-shaped tears that 
can be repaired completely [50]. The tears are initially repaired with side-to-side suturing of 
anterior and posterior leaves of the tear, from medial to lateral. This causes the free margin of 
the cuff to converge laterally towards the bony bed of the greater tuberosity, and then the free 
margin can be securely anchored to the bone with relatively little strain [50].

To account for poor quality tissue (osteopenic tuberosities, weak and non-elastic tendons)in 
chronic tears, and to minimize the likelihood of a retear after the repair, various other techniques 
have been described. These include the use of stronger sutures, various suturing configurations 
(e.g. Mason-Allen technique), larger and more rigid suture anchors, and bone tunnels, with or 
without a metallic plates and buttons [70, 71].

If the complete repair is impossible, the previously mentioned partial repair seems to represent 
a reasonable option in this challenging subset of patients [45]. The main goal of partial repair 
is to achieve sufficient tendon healing to regain relatively pain-free overhead activity [50]. To 
accomplish this, the rotator cuff repair must satisfy 5 biomechanical criteria:

• force couples must be balanced in coronal and transverse planes;

• a stable fulcrum kinematic pattern must be re-established;

• the residual defect should occupy a minimal surface area; and

• the residual defeat must possess edge stability.

These five criteria can be achieved by balancing the force couples between the anterior and 
posterior portions of the shoulder, which requires an intact subscapularis muscle anteriorly, 
an intact inferior half of infraspinatus posteriorly and preferably intact attachments of the 
rotator cable [50]. Although shoulder strength may not improve after this intervention, func-
tion is usually enhanced because of relief from pain caused by mechanical impingement [9].

There is a lack of strong evidence showing that either arthroscopic or open rotator cuff repair 
is superior. If the repair heals by either approach, the results are comparable. Despite high 
structural failure rates of the tendon in massive rotator cuff repair (retear rates of 34–94% have 
been reported [1], clinical outcome scores remain consistently good when compared with 
preoperative values [1, 72].

5.2.3. Tendon transfers

For those patients whose rotator cuff tendon cannot be repaired completely or even partially 
to provide symptomatic relief, a salvage reconstruction with muscle-tendon transfer may 
be considered [73]. The ideal candidate for this type of procedure is a young, active patient 
with an irreparable rotator cuff tendon tear and minimal glenohumeral arthritis whose pri-
mary complaint is weakness [10]. Various tendons transfer techniques has been described for 
patients with massive irreparable tears, with the most common being latissimus dorsi with or 
without the teres major, pectoralis major, and trapezius [10, 41].
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in direction [50]. In the shoulder, Inmann et al. [50] described coronal plane force couple as a 
result of the balance of moments created by the deltoid versus those created by inferior cuff 
(infraspinatus, trees minor and subscapularis). In order to oppose the superior pull of del-
toid exerted during abduction, the inferior cuff must be intact. The second important force 
couple is the transverse force couple where action of subscapularis anteriorly is balanced 
against the posterior cuff (infraspinatus and trees minor). In massive cuff tears extending 
far posteriorly, the weak posterior cuff is unable to balance the anterior moment created by 
subscapularis and the equilibrium in transverse plain is not maintained. If large enough and 
affecting the inferior part of the cuff, the massive tear can disrupt the equilibrium in coronal 
plane. Lack in balance in two planes will lead to anterior and superior translation of the 
humeral head and inability to maintain a stable fulcrum of motion [50]. So during the repair 
it is more important to balance these force couples in coronal and transverse planes, than just 
to cover cuff defect [50].

In the context of the irreparable rotator cuff tear, it was felt by Burkhart that even partial 
repair of these tears could lead to good outcomes provided that the balance in both planes 
was restored [69]. Another important concept introduced by this author, helping to under-
stand cuff anatomy, mechanics and principles for repair was ‘suspension bridge analogy’. 
When viewed arthroscopically the undersurface of the intact cuff shows a ‘cable-like’ thick-
ening of the capsule, surrounding a thinner crescent of tissue that inserts into the greater 
tuberosity of the humerus [50]. This ‘cable-like’ structure is a thickening of the coracohumeral 
ligament and extends from its anterior attachment to the greater tuberosity just posterior to 
the long head of the biceps, to its posterior attachment near the inferior border of the infraspi-
natus. This cable potentially serves a protective role, transferring the stress along the rotator 
cable, thereby stress-shielding much thinner, avascular crescent tissue, thus the analogy to 
the suspension bridge. The cuff can still successfully serve its function as long as the cable is 
intact. This is how authors explained good results of even partial repair, without watertight 
closure, but with reconstruction of cable attachments [50].

Although very difficult, complete repair of the massive cuff tears is not impossible, but 
requires very gentle soft tissue handling. One of the most significant issues in repairing a 
massive rotator cuff tears is the ability to mobilize the retracted tendon back to its inser-
tion [10]. All adhesions around the cuff tendons must be removed. Common locations for 
these adhesions include the undersurface of the acromion, the posterior deltoid, the bursa 
and the interval between the undersurface of the tendon and labrum or glenoid [10]. If 
these release do not give relatively tension-free repair, additional techniques must be used. 
Tauro popularized the arthroscopic technique of the interval slide, which Burkhart [10, 50] 
later redefining it as an anterior interval slide, adding that a posterior slide as an option. 
Anterior interval slide is performed by releasing the rotator interval between subscapularis 
and supraspinatus, exposing the coracoid process. In its later version, named ‘anterior inter-
val slide with continuity’, the rotator interval is released medially to the so-called ‘comma 
tissue’. This comma tissue, a remnant of the bicep pulley, connects the superior border of 
subscapularis tendon with the anterior edge of supraspinatus and helps to repair one of the 
tendons after the other has been repaired. The posterior interval slide is performed between 
the supraspinatus and infraspinatus tendons up to scapula spine [10, 50].
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Another useful technique, helping to decrease the tension from the cuff tissue and thus mak-
ing massive cuff tears repairable, is a margin convergence [50]. This technique converts irrep-
arable U-shaped and L shaped defects into more a manageable crescent-shaped tears that 
can be repaired completely [50]. The tears are initially repaired with side-to-side suturing of 
anterior and posterior leaves of the tear, from medial to lateral. This causes the free margin of 
the cuff to converge laterally towards the bony bed of the greater tuberosity, and then the free 
margin can be securely anchored to the bone with relatively little strain [50].

To account for poor quality tissue (osteopenic tuberosities, weak and non-elastic tendons)in 
chronic tears, and to minimize the likelihood of a retear after the repair, various other techniques 
have been described. These include the use of stronger sutures, various suturing configurations 
(e.g. Mason-Allen technique), larger and more rigid suture anchors, and bone tunnels, with or 
without a metallic plates and buttons [70, 71].

If the complete repair is impossible, the previously mentioned partial repair seems to represent 
a reasonable option in this challenging subset of patients [45]. The main goal of partial repair 
is to achieve sufficient tendon healing to regain relatively pain-free overhead activity [50]. To 
accomplish this, the rotator cuff repair must satisfy 5 biomechanical criteria:

• force couples must be balanced in coronal and transverse planes;

• a stable fulcrum kinematic pattern must be re-established;

• the residual defect should occupy a minimal surface area; and

• the residual defeat must possess edge stability.

These five criteria can be achieved by balancing the force couples between the anterior and 
posterior portions of the shoulder, which requires an intact subscapularis muscle anteriorly, 
an intact inferior half of infraspinatus posteriorly and preferably intact attachments of the 
rotator cable [50]. Although shoulder strength may not improve after this intervention, func-
tion is usually enhanced because of relief from pain caused by mechanical impingement [9].

There is a lack of strong evidence showing that either arthroscopic or open rotator cuff repair 
is superior. If the repair heals by either approach, the results are comparable. Despite high 
structural failure rates of the tendon in massive rotator cuff repair (retear rates of 34–94% have 
been reported [1], clinical outcome scores remain consistently good when compared with 
preoperative values [1, 72].

5.2.3. Tendon transfers

For those patients whose rotator cuff tendon cannot be repaired completely or even partially 
to provide symptomatic relief, a salvage reconstruction with muscle-tendon transfer may 
be considered [73]. The ideal candidate for this type of procedure is a young, active patient 
with an irreparable rotator cuff tendon tear and minimal glenohumeral arthritis whose pri-
mary complaint is weakness [10]. Various tendons transfer techniques has been described for 
patients with massive irreparable tears, with the most common being latissimus dorsi with or 
without the teres major, pectoralis major, and trapezius [10, 41].
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Pectoralis major transfer is used where there is a deficiency of anterosuperior rotator cuff, 
particularly in patients with recurrent anterior instability resulting from subscapularis 
insufficiency [74]. In the original description of the technique of pectoralis major tendon 
transfer from 1997 by Wirth et al., the upper portion of the pectoralis major tendon was 
transferred [75]. Resch described a technique in which the upper portion of the pectoralis 
major is rerouted underneath the conjoint tendon. In his opinion, this would give a more 
favourable line of action for the transfer compared with the traditional pectoralis major 
transfer [76]. To improve the line of action of the transferred pectoralis major without jeop-
ardizing the musculoskeletal nerve, Warner modified the original pectoralis tendon transfer 
by rerouting its sternal head underneath the clavicular head before fixation to the lesser 
tuberosity (split pectoralis major transfer, SPM transfer) [77].

A slight modification of Warner technique was proposed by Gerber et al. Their tendon trans-
fer combines the split pectoralis major tendon and the teres major tendon (SPM–TM transfer). 
The rationale of this combined tendon transfer is to replace the upper and lower portion of the 
subscapularis muscle with the split pectoralis major and teres major, respectively [78].

Recent literature confirms that pectorals major transfer is a safe and quite reliable procedure. 
In their systematic review of pectoralis major transfer in irreparable cuff tears, Shin et al. 
included eight studies with a total 195 shoulders. The mean follow-up was 33.4 months (range 
6–80 months). Constant scores improved from a mean pre-operative score of 37.8 ± 6.8, to a 
mean postoperative score of 61.3 ± 6.5 (p < 0.0001). Although improvement in pain scores was 
impossible to assess due to different scores used, a trend in pain reduction was noted in all 
articles [79]. The Constant scores were significantly higher in patients following subcoracoid 
transfer of the pectoralis major tendon compared to patients who received supracoracoid trans-
fer (p < 0.001). The overall reported incidence of postoperative nerve palsy is low (one transient 
musculocutaneous nerve palsy and one axillary nerve dysfunction out of 195 cases) [79].

It seems that pectoralis major transfers are a reasonable surgical option for the management 
of irreparable anterosuperior rotator cuff tears, particularly when the patient is experiencing 
anterior instability as a result of subscapularis insufficiency [41].

Latissimus dorsi transfer for a deficient superolateral and posterosuperior rotator cuff can pro-
duce a dramatic restoration of elevation of the shoulder. Transfer of the latissimus dorsi with 
or without the teres major has been known as a salvage procedure for irreparable superolateral 
rotator cuff tears since 1992, when it was first published by Gerber et al. [80]. It has been proved 
by many authors to be a valuable treatment option for painful or pain-free pseudoparalysis 
of external rotation provided that the subscapularis is intact. Results are better if there is no 
chronic pseudo paralysis of anterior elevation and if the teres minor does not show advanced 
fatty infiltration [1]. The ideal candidate is a patient who has maintained active anterior eleva-
tion, but lacks control of the arm in space in external rotation (simple weakness in external 
rotation is not a sufficient indication for surgery), and who also has an intact subscapularis 
and no glenohumeral arthritis [9]. Several surgical techniques have been used for latissimus 
dorsi transfer, including single-incision, double-incision, and more recently arthroscopically 
assisted transfer [41]. When it is transferred, the muscle no longer serves as an internal rotator 
but rather is an external rotator and humeral head depressor. A more posterior placement of 
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the transfer on the greater tuberosity results in more external rotation, whereas more superior 
placement results in more humeral head depression [41]. Iannotti et al. [81] in there technique 
put patient in lateral decubitus position. A superior approach to the rotator cuff is achieved 
with detachment of the deltoid origin from the anterior aspect of the acromion and with a 4 cm 
split of the middle deltoid fibres. The coracoacromial ligament is taken off with the deltoid and 
is reattached at the conclusion of the operation. The bursa is excised, and the rotator cuff is 
inspected. All attempts are made to mobilize and repair the cuff. Acromioplasty is performed 
if needed. The subscapularis tear should be repaired if presents. A second incision is made 
along the lateral border of the latissimus dorsi to the posterior axillary crease. The latissimus 
dorsi insertion is identified with the arm abducted and internally rotated, and it is detached 
sharply from the humerus. The neurovascular pedicle is identified and protected, and the 
muscle is freed from its deep fascia attachments. A 1-mm Dacron suture is passed with use of 
a Krakow suture technique along each side of the tendon from the musculotendinous junction 
to the end of the tendon. Blunt dissection is performed to create a wide tunnel deep to the del-
toid and superficial to the posterior cuff musculature. The latissimus dorsi muscle and tendon 
are brought over the top of the humeral head and are repaired anteriorly to the subscapu-
laris, laterally to the greater tuberosity, and, if possible, medially to the torn retracted edges 
of the rotator cuff [81]. More recently arthroscopically assisted transfers have been reported. 
Arthroscopic assisted procedures can have a couple of advantages over open counterparts, one 
being easier identification and treatment of concomitant intraarticular pathologies [82].

In a systematic review of the literature performed by Namdari et al. results from 10 studies 
(258 patients, 262 shoulders) were compared. Patients were followed for a frequency-weighted 
mean of 45.5 months (range, 24–126 months). Frequency-weighted mean adjusted Constant 
score improved from 45.9 preoperatively to 73.2 postoperatively (p < 0.001). The frequency-
weighted mean active forward elevation improved from 101.9° preoperatively to 137.4° postop-
eratively (p < 0.001), and the frequency-weighted mean active external rotation improved from 
16.8° to 26.7° (p < 0.001). Authors found that subscapularis muscle insufficiency, advanced teres 
minor muscle atrophy, and the need for revision surgery were correlated with poor functional 
outcomes. The overall reported complication rate was 9.5% (25 of 262), which included among 
other seven cases of neuropraxia (2.7%) and nine tears of the transferred tendon(3.4%) [87].

In their long-term follow-up of minimum 10 years of 46 shoulders in 44 patients, Gerber et al. 
observed the mean subjective shoulder value (SSV) increase from 29% preoperatively to 70% 
at the time of final follow-up. The relative Constant score improved from 56 to 80, and the 
pain score improved from 7 to 13 points (p < 0.0001 for all). Mean flexion increased from 
118° to 132°, abduction increased from 112° to 123°, and external rotation increased from 18° 
to 33°. Mean abduction strength increased from 1.2 to 2.0 kg (p = 0.001). There was a slight 
but significant increase in osteoarthritic changes. Inferior results occurred in shoulders with 
insufficiency of the subscapularis muscle and fatty infiltration of the teres minor muscle [84].

Latissmus dorsi transfer (with or without terms major) demonstrated to be a valuable option 
for improvement in shoulder function, range of motion, strength, and pain relief in patients 
with irreparable posterosuperior rotator cuff tears, however patients and physicians should 
not expect an outcome of ‘normal’ function or complete pain relief [83].
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Pectoralis major transfer is used where there is a deficiency of anterosuperior rotator cuff, 
particularly in patients with recurrent anterior instability resulting from subscapularis 
insufficiency [74]. In the original description of the technique of pectoralis major tendon 
transfer from 1997 by Wirth et al., the upper portion of the pectoralis major tendon was 
transferred [75]. Resch described a technique in which the upper portion of the pectoralis 
major is rerouted underneath the conjoint tendon. In his opinion, this would give a more 
favourable line of action for the transfer compared with the traditional pectoralis major 
transfer [76]. To improve the line of action of the transferred pectoralis major without jeop-
ardizing the musculoskeletal nerve, Warner modified the original pectoralis tendon transfer 
by rerouting its sternal head underneath the clavicular head before fixation to the lesser 
tuberosity (split pectoralis major transfer, SPM transfer) [77].

A slight modification of Warner technique was proposed by Gerber et al. Their tendon trans-
fer combines the split pectoralis major tendon and the teres major tendon (SPM–TM transfer). 
The rationale of this combined tendon transfer is to replace the upper and lower portion of the 
subscapularis muscle with the split pectoralis major and teres major, respectively [78].

Recent literature confirms that pectorals major transfer is a safe and quite reliable procedure. 
In their systematic review of pectoralis major transfer in irreparable cuff tears, Shin et al. 
included eight studies with a total 195 shoulders. The mean follow-up was 33.4 months (range 
6–80 months). Constant scores improved from a mean pre-operative score of 37.8 ± 6.8, to a 
mean postoperative score of 61.3 ± 6.5 (p < 0.0001). Although improvement in pain scores was 
impossible to assess due to different scores used, a trend in pain reduction was noted in all 
articles [79]. The Constant scores were significantly higher in patients following subcoracoid 
transfer of the pectoralis major tendon compared to patients who received supracoracoid trans-
fer (p < 0.001). The overall reported incidence of postoperative nerve palsy is low (one transient 
musculocutaneous nerve palsy and one axillary nerve dysfunction out of 195 cases) [79].

It seems that pectoralis major transfers are a reasonable surgical option for the management 
of irreparable anterosuperior rotator cuff tears, particularly when the patient is experiencing 
anterior instability as a result of subscapularis insufficiency [41].

Latissimus dorsi transfer for a deficient superolateral and posterosuperior rotator cuff can pro-
duce a dramatic restoration of elevation of the shoulder. Transfer of the latissimus dorsi with 
or without the teres major has been known as a salvage procedure for irreparable superolateral 
rotator cuff tears since 1992, when it was first published by Gerber et al. [80]. It has been proved 
by many authors to be a valuable treatment option for painful or pain-free pseudoparalysis 
of external rotation provided that the subscapularis is intact. Results are better if there is no 
chronic pseudo paralysis of anterior elevation and if the teres minor does not show advanced 
fatty infiltration [1]. The ideal candidate is a patient who has maintained active anterior eleva-
tion, but lacks control of the arm in space in external rotation (simple weakness in external 
rotation is not a sufficient indication for surgery), and who also has an intact subscapularis 
and no glenohumeral arthritis [9]. Several surgical techniques have been used for latissimus 
dorsi transfer, including single-incision, double-incision, and more recently arthroscopically 
assisted transfer [41]. When it is transferred, the muscle no longer serves as an internal rotator 
but rather is an external rotator and humeral head depressor. A more posterior placement of 
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the transfer on the greater tuberosity results in more external rotation, whereas more superior 
placement results in more humeral head depression [41]. Iannotti et al. [81] in there technique 
put patient in lateral decubitus position. A superior approach to the rotator cuff is achieved 
with detachment of the deltoid origin from the anterior aspect of the acromion and with a 4 cm 
split of the middle deltoid fibres. The coracoacromial ligament is taken off with the deltoid and 
is reattached at the conclusion of the operation. The bursa is excised, and the rotator cuff is 
inspected. All attempts are made to mobilize and repair the cuff. Acromioplasty is performed 
if needed. The subscapularis tear should be repaired if presents. A second incision is made 
along the lateral border of the latissimus dorsi to the posterior axillary crease. The latissimus 
dorsi insertion is identified with the arm abducted and internally rotated, and it is detached 
sharply from the humerus. The neurovascular pedicle is identified and protected, and the 
muscle is freed from its deep fascia attachments. A 1-mm Dacron suture is passed with use of 
a Krakow suture technique along each side of the tendon from the musculotendinous junction 
to the end of the tendon. Blunt dissection is performed to create a wide tunnel deep to the del-
toid and superficial to the posterior cuff musculature. The latissimus dorsi muscle and tendon 
are brought over the top of the humeral head and are repaired anteriorly to the subscapu-
laris, laterally to the greater tuberosity, and, if possible, medially to the torn retracted edges 
of the rotator cuff [81]. More recently arthroscopically assisted transfers have been reported. 
Arthroscopic assisted procedures can have a couple of advantages over open counterparts, one 
being easier identification and treatment of concomitant intraarticular pathologies [82].

In a systematic review of the literature performed by Namdari et al. results from 10 studies 
(258 patients, 262 shoulders) were compared. Patients were followed for a frequency-weighted 
mean of 45.5 months (range, 24–126 months). Frequency-weighted mean adjusted Constant 
score improved from 45.9 preoperatively to 73.2 postoperatively (p < 0.001). The frequency-
weighted mean active forward elevation improved from 101.9° preoperatively to 137.4° postop-
eratively (p < 0.001), and the frequency-weighted mean active external rotation improved from 
16.8° to 26.7° (p < 0.001). Authors found that subscapularis muscle insufficiency, advanced teres 
minor muscle atrophy, and the need for revision surgery were correlated with poor functional 
outcomes. The overall reported complication rate was 9.5% (25 of 262), which included among 
other seven cases of neuropraxia (2.7%) and nine tears of the transferred tendon(3.4%) [87].

In their long-term follow-up of minimum 10 years of 46 shoulders in 44 patients, Gerber et al. 
observed the mean subjective shoulder value (SSV) increase from 29% preoperatively to 70% 
at the time of final follow-up. The relative Constant score improved from 56 to 80, and the 
pain score improved from 7 to 13 points (p < 0.0001 for all). Mean flexion increased from 
118° to 132°, abduction increased from 112° to 123°, and external rotation increased from 18° 
to 33°. Mean abduction strength increased from 1.2 to 2.0 kg (p = 0.001). There was a slight 
but significant increase in osteoarthritic changes. Inferior results occurred in shoulders with 
insufficiency of the subscapularis muscle and fatty infiltration of the teres minor muscle [84].

Latissmus dorsi transfer (with or without terms major) demonstrated to be a valuable option 
for improvement in shoulder function, range of motion, strength, and pain relief in patients 
with irreparable posterosuperior rotator cuff tears, however patients and physicians should 
not expect an outcome of ‘normal’ function or complete pain relief [83].
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There is increased interest in using lower trapezius transfers for treatment of massive irrepa-
rable posterosuperior rotator cuff tears. Its use was first described by Elhassan et al. to improve 
external rotation in patients with brachial plexopathy [85]. A biomechanical investigation 
found that a lower trapezius transfer is more effective in restoring external rotation than the 
latissimus dorsi transfer [86]. In 2016 Elhassan et al. published their results of lower trapezius 
transfer with Achilles tendon augmentation at an average follow-up of 47 months [87]. All 32 
patients had significant improvement in pain, subjective shoulder value, and shoulder range 
of motion [87]. Another relatively recent concept is the use of latissimus dorsi and teres major 
transfer in subscapularis insufficiency. The anatomic feasibility study of the latissimus dorsi 
(LD) with teres major (TM) muscle-tendon transfer to reconstruct an irreparable SS tendon 
tear by Elhassan et al. showed encouraging results [88].

5.2.4. Subacromial spacer

One of the most recent treatment modalities proposed for an irreparable rotator cuff tears 
is the use of a subacromial balloon or spacer [89]. The most commonly used balloon system 
which contains an introducer and a presbaped spacer (available in 3 different sizes) made of 
poly(l-lactide-co-caprolactone), which is a copolymer of poly-lactide and -caprolactone. This 
is a biodegradable and widely used material that dissolves over a period of 12 months [45]. 
It is unclear, however, how long the spacer remains inflated. The spacer works by reducing 
subacromial friction through lowering the humeral head during abduction [89]. To enable 
insertion, the balloon is folded into a cylinder-shaped insertion tube, which is removed once 
the spacer is inserted into the subacromial space [89]. After a standard arthroscopy includ-
ing debridement and bursectomy, the rotator cuff is assessed for reparability. Once deemed 
irreparable, the correct size of the spacer must be chosen. The biodegradable spacer is intro-
duced through the lateral port and is inflated with saline to its maximal volume depending on 
the spacer size. As a final step, the delivery system is removed, and the shoulder is passively 
moved through a full range of movement to verify that the spacer is accurately placed, is sta-
ble in position, and does not interfere with shoulder mobility [89]. This balloon can be used in 
patients with irreparable tears of SST and IST. It is recommended to repair the subscapularis 
to create anterior-posterior coupling. Contraindications include glenohumeral arthropathy, 
active infection and allergy to device material.

Senekovic et al. published their 5 year follow-up of 24 patients who were treated with a bal-
loon device. Of the participating subjects who reached the 5-year follow-up, 84.6% of the 
patients showed a clinically significant improvement of at least 15 points in Constant score, 
while 61.54% showed at least 25 points of improvement. Only 10% of the treated patients 
showed no improvement or worsening in the shoulder score comparing to their baseline. 
Further randomized controlled trials in larger cohorts are needed [90].

5.2.5. Superior capsule reconstruction

The shoulder capsule is an important static stabilizer of the glenohumeral joint [91]. The ante-
rior capsule serves to maintain glenohumeral stability anteriorly, whereas posterior capsule 
plays an important role with posterior stability [8, 91]. The superior capsule attaches to a  
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significant portion of the greater tuberosity, with an anatomic study indicating a range 
between 30% and 61% of total surface area [92]. As a result, it is often disrupted when com-
plete tears of the supraspinatus or infraspinatus occur [41]. A recent biomechanical study 
determined that superior capsular defects led to increased glenohumeral translation in all 
directions, particularly with superior translation at 5 and 30° of abduction [91]. Mihata et al. 
developed arthroscopic superior capsule reconstruction (ASCR) [93] to restore superior sta-
bility of the shoulder joint of patient with irreparable cuff tears [93, 94].

Arthroscopic subacromial decompression and debridement of both the superior glenoid and 
rotator cuff footprint of the greater tuberosity is performed. If torn, the subscapularis tendon 
should be repaired and a partial repair of a torn infraspinatus and teres minor tendons is 
advised. The size of the superior capsular defect is evaluated. Then a graft 6–8 mm thick is 
prepared and inserted into the subacromial space through the lateral portal. It is then attached 
to the superior glenoid by using 2 suture anchors inserted into the superior glenoid. The lat-
eral side of the graft is attached to the rotator cuff footprint on the greater tuberosity by using 
a compression double-row technique [93]. Finally, side-to-side sutures between the graft 
and the infraspinatus tendon and between the graft and the residual anterior supraspinatus 
tendon or subscapularis tendon are added to improve force coupling in the shoulder joint. 
Careful attention should be paid to overtightening of the side-to-side suture on the anterior 
side to avoid shoulder contracture after surgery [93].

In their group of 23 patients (24 shoulder), Mihata et al. [93] reported improvement of mean 
active elevation from 84 to 148 (p < 0.001) and of external rotation from 26 to 40 (p < 0.01). 
Acromiohumeral distance (AHD) increased from 4.6 ± 2.2 mm preoperatively to 8.7 ± 2.6 mm 
postoperatively (p < 0.0001). There were no cases of progression of osteoarthritis or rotator 
cuff muscle atrophy. Twenty patients (83.3%) had no graft tear or tendon retear during fol-
low-up (24–51 months). The American Shoulder and Elbow Surgeons (ASES) score improved 
from 23.5 to 92.9 points (p < 0.0001). These encouraging results suggest that this reconstruc-
tion technique useful alternative treatment for irreparable rotator cuff tears. Human dermal 
allograft has been also successfully used in this procedure [72].

5.2.6. Rotator cuff repair with patch

As previously mentioned, cuff repair in massive tears is a complicated task. Retear rates 
are high, and depending on the source may reach 34–94% [10]. What is interesting is that 
patients who undergo repair which subsequently fail, still show improved functional out-
comes postoperatively [95–97]. However, their results are worse than in those where healing 
was achieved [98, 99]. In an attempt to decrease the failure rate and improve the outcomes 
of massive cuff tears repair, the use of patch grafts was introduced and popularized by var-
ious authors. Many varieties of patch materials have been developed and used clinically, 
including synthetic materials Polyester ligament (Dacron) [100], Gore-Tex soft tissue patch 
[101], Mersilene mesh [102], Teflon felt [103] and Carbon fibrebre patches [104], allografts 
freeze*dried rotator cuff [105, 106], quadriceps tendon [107], patellar tendon, achilles tendon 
[107], dermal matrix (Graftjacket) [107], tensor fascia late [108] and xenografts porcine dermal 
collagen [109, 110], porcine small intestinal submucosa [111]. Autografts such as the biceps 
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There is increased interest in using lower trapezius transfers for treatment of massive irrepa-
rable posterosuperior rotator cuff tears. Its use was first described by Elhassan et al. to improve 
external rotation in patients with brachial plexopathy [85]. A biomechanical investigation 
found that a lower trapezius transfer is more effective in restoring external rotation than the 
latissimus dorsi transfer [86]. In 2016 Elhassan et al. published their results of lower trapezius 
transfer with Achilles tendon augmentation at an average follow-up of 47 months [87]. All 32 
patients had significant improvement in pain, subjective shoulder value, and shoulder range 
of motion [87]. Another relatively recent concept is the use of latissimus dorsi and teres major 
transfer in subscapularis insufficiency. The anatomic feasibility study of the latissimus dorsi 
(LD) with teres major (TM) muscle-tendon transfer to reconstruct an irreparable SS tendon 
tear by Elhassan et al. showed encouraging results [88].

5.2.4. Subacromial spacer

One of the most recent treatment modalities proposed for an irreparable rotator cuff tears 
is the use of a subacromial balloon or spacer [89]. The most commonly used balloon system 
which contains an introducer and a presbaped spacer (available in 3 different sizes) made of 
poly(l-lactide-co-caprolactone), which is a copolymer of poly-lactide and -caprolactone. This 
is a biodegradable and widely used material that dissolves over a period of 12 months [45]. 
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subacromial friction through lowering the humeral head during abduction [89]. To enable 
insertion, the balloon is folded into a cylinder-shaped insertion tube, which is removed once 
the spacer is inserted into the subacromial space [89]. After a standard arthroscopy includ-
ing debridement and bursectomy, the rotator cuff is assessed for reparability. Once deemed 
irreparable, the correct size of the spacer must be chosen. The biodegradable spacer is intro-
duced through the lateral port and is inflated with saline to its maximal volume depending on 
the spacer size. As a final step, the delivery system is removed, and the shoulder is passively 
moved through a full range of movement to verify that the spacer is accurately placed, is sta-
ble in position, and does not interfere with shoulder mobility [89]. This balloon can be used in 
patients with irreparable tears of SST and IST. It is recommended to repair the subscapularis 
to create anterior-posterior coupling. Contraindications include glenohumeral arthropathy, 
active infection and allergy to device material.

Senekovic et al. published their 5 year follow-up of 24 patients who were treated with a bal-
loon device. Of the participating subjects who reached the 5-year follow-up, 84.6% of the 
patients showed a clinically significant improvement of at least 15 points in Constant score, 
while 61.54% showed at least 25 points of improvement. Only 10% of the treated patients 
showed no improvement or worsening in the shoulder score comparing to their baseline. 
Further randomized controlled trials in larger cohorts are needed [90].

5.2.5. Superior capsule reconstruction

The shoulder capsule is an important static stabilizer of the glenohumeral joint [91]. The ante-
rior capsule serves to maintain glenohumeral stability anteriorly, whereas posterior capsule 
plays an important role with posterior stability [8, 91]. The superior capsule attaches to a  
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significant portion of the greater tuberosity, with an anatomic study indicating a range 
between 30% and 61% of total surface area [92]. As a result, it is often disrupted when com-
plete tears of the supraspinatus or infraspinatus occur [41]. A recent biomechanical study 
determined that superior capsular defects led to increased glenohumeral translation in all 
directions, particularly with superior translation at 5 and 30° of abduction [91]. Mihata et al. 
developed arthroscopic superior capsule reconstruction (ASCR) [93] to restore superior sta-
bility of the shoulder joint of patient with irreparable cuff tears [93, 94].

Arthroscopic subacromial decompression and debridement of both the superior glenoid and 
rotator cuff footprint of the greater tuberosity is performed. If torn, the subscapularis tendon 
should be repaired and a partial repair of a torn infraspinatus and teres minor tendons is 
advised. The size of the superior capsular defect is evaluated. Then a graft 6–8 mm thick is 
prepared and inserted into the subacromial space through the lateral portal. It is then attached 
to the superior glenoid by using 2 suture anchors inserted into the superior glenoid. The lat-
eral side of the graft is attached to the rotator cuff footprint on the greater tuberosity by using 
a compression double-row technique [93]. Finally, side-to-side sutures between the graft 
and the infraspinatus tendon and between the graft and the residual anterior supraspinatus 
tendon or subscapularis tendon are added to improve force coupling in the shoulder joint. 
Careful attention should be paid to overtightening of the side-to-side suture on the anterior 
side to avoid shoulder contracture after surgery [93].

In their group of 23 patients (24 shoulder), Mihata et al. [93] reported improvement of mean 
active elevation from 84 to 148 (p < 0.001) and of external rotation from 26 to 40 (p < 0.01). 
Acromiohumeral distance (AHD) increased from 4.6 ± 2.2 mm preoperatively to 8.7 ± 2.6 mm 
postoperatively (p < 0.0001). There were no cases of progression of osteoarthritis or rotator 
cuff muscle atrophy. Twenty patients (83.3%) had no graft tear or tendon retear during fol-
low-up (24–51 months). The American Shoulder and Elbow Surgeons (ASES) score improved 
from 23.5 to 92.9 points (p < 0.0001). These encouraging results suggest that this reconstruc-
tion technique useful alternative treatment for irreparable rotator cuff tears. Human dermal 
allograft has been also successfully used in this procedure [72].

5.2.6. Rotator cuff repair with patch

As previously mentioned, cuff repair in massive tears is a complicated task. Retear rates 
are high, and depending on the source may reach 34–94% [10]. What is interesting is that 
patients who undergo repair which subsequently fail, still show improved functional out-
comes postoperatively [95–97]. However, their results are worse than in those where healing 
was achieved [98, 99]. In an attempt to decrease the failure rate and improve the outcomes 
of massive cuff tears repair, the use of patch grafts was introduced and popularized by var-
ious authors. Many varieties of patch materials have been developed and used clinically, 
including synthetic materials Polyester ligament (Dacron) [100], Gore-Tex soft tissue patch 
[101], Mersilene mesh [102], Teflon felt [103] and Carbon fibrebre patches [104], allografts 
freeze*dried rotator cuff [105, 106], quadriceps tendon [107], patellar tendon, achilles tendon 
[107], dermal matrix (Graftjacket) [107], tensor fascia late [108] and xenografts porcine dermal 
collagen [109, 110], porcine small intestinal submucosa [111]. Autografts such as the biceps 
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tendon [112, 113] and tensor fascia late [114] have also been used. Patch reinforcement can 
be performed as augmentation (onlay) of a cuff repair, in which the rotator cuff is repaired 
to nearly normal status and patch is then either implemented into the repair construct or 
sutured over the top of the repaired tendon [99]. The other method is interposition (interca-
lary), wherein the graft bridges the gap between the irreparable cuff edge and cuff footprint 
on the humerus [99]. As the use of patches for massive cuff tears repair is a subject of a great 
deal of interest, much has been published throughout last 20 years. Unfortunately most of 
the reports are case reports or short term case series on a relatively small groups of patients. 
Each of these studies typically represents the experience of one surgeon or one institution and 
therefore, when taken alone, may not be an accurate reflection of patch use more broadly. 
Comprehensive reviews can provide valuable summarized data, giving clinicians a broader 
picture on this interesting topic. A recent review was performed by Steinhaus et al. in 2016 
[99]. They reviewed results of 24 studies, published between 1986 and 2014. The frequency-
weighted mean age of patients was 61.9 years with 35.4 months’ follow-up. There were a total 
of 566 patients included. The most common surgical technique used across the 24 studies 
was open patch repair, representing 54.6% of cases (309 of 566), followed by mini-open in 170 
cases and arthroscopic in 87 cases. The most common graft source was synthetic, represent-
ing 44.3% of grafts (251 of 566), followed by allograft in 188 cases and xenograft in 127 cases. 
The graft was used to bridge the gap between the retracted cuff and humerus (interposition) 
in 56.3% of patients (319 of 566), whereas it was used to augment the repair in 43.6% (247 of 
566). Augmentation and interposition techniques showed similar improvements in range of 
motion, strength, and patient-reported outcomes (PROs), pain and activities of daily living 
(ADLs) whereas xenografts showed less improvement in PROs and ADLs compared with 
other graft types. The overall retear rate was 25%, with rates of 34% and 12% for augmenta-
tion and interposition, respectively, and rates of 44%, 23%, and 15% for xenografts, allografts, 
and synthetic grafts, respectively.

In summary, all studies showed improvements in clinical and functional outcomes, without 
much difference between augmentation and interposition techniques. Xenografts seem to do 
worse than allografts and synthetic materials. What is interesting and might be counterintui-
tive for many, is the fact that retear rate was lower with the interposition technique. Of course 
systemic reviews are only as good as the studies they are based on, so as promising as the 
results seem to be, there is no doubt that patch grafting needs well designed prospective com-
parison studies to truly assess its value in massive cuff tears treatment.

6. Leeds Cuff Patch

Our technique of choice in surgical treatment of irreparable rotator cuff tear was developed by 
the senior author. We utilize a non-absorbable polyester patch which is sutured over the torn 
rotator cuff. It thus provides reinforcement of incompletely repaired rotator cuff tears and 
those at high risk of re-tear due to poor quality soft tissue. It can be used both as a bridging 
graft and augmentation. Leeds Cuff Patch a synthetic patch that is indicated for reconstruc-
tion of chronic massive, full thickness rotator cuff tears where the retracted tear cannot be 
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mobilized back to the bony attachment site or where the cuff tissue has undergone degen-
eration. The patch implant is produced from polyethylene terephthalate (PET), commonly 
known as polyester. This is a non-absorbable biocompatible material that has been in use 
for the reconstruction of ligaments and tendons for over 25 years. The design of the patch 
comprises a base component with an integral reinforcement component. The base component 
has a ‘open structure’ that acts as a scaffold allowing tissue ingrowth. The reinforcement 
provides enhanced strength to the patch. The patch can be implanted with typical techniques 
and sutures as used for other tendon augmentation xenograft and allograft patches. The weak 
point of a repair with such products is between the suture and tendon. However, the integral 
reinforcement of the patch provides resistance to suture pull-through and thus addresses this 
common failure mode for such devices.

Conducting our own research, we compared outcomes of the Leeds Cuff Patch with other treat-
ment interventions available (e.g. anterior deltoid rehabilitation exercises, arthroscopic rotator 
cuff repair, arthroscopic rotator cuff debridement) for patients with large or massive cuff tears.

We recruited 68 patients with large and massive rotator cuff tears: 29 in the Patch group and 
39 as controls. The treatment decision was made based on patient choice and intra-opera-
tive findings: those patients who wished to avoid operative intervention underwent anterior 
deltoid rehabilitation; those with arthroscopically reparable tears received that treatment; 
those with arthroscopically irreparable tears but mobile cuff underwent open patch repair; 
those with substantial retraction of poor quality immobile tendon underwent debridement. 
All patients completed Oxford Shoulder Score (OSS), Shoulder Pain and Disability Index 
(SPADI), and Constant score at baseline, 6 weeks and 6 months following treatment.

The Patch group demonstrated improvement in all outcomes from baseline to 6 months 
(paired mean difference OSS 12.3, SPADI 18.8, Constant 13.9), as did the Control group 
(paired mean difference OSS 8.7, SPADI 18.8, Constant 11.1). When the patients with very 
poor quality rotator cuff were removed, the results were OSS 14.3 SPADI Constant 18.0. The 
arthroscopically repaired group showed very similar results to the remainder of the controls. 
Those with better quality tendon but still non-repairable had a clinically significant improve-
ment in OSS compared with the non-patch group.

We are extending the follow-up period for this study to 2 years, and will also analyse MRI scans 
performed at baseline, 6 months and 2 years following surgery. This will provide both clinical 
and radiological outcomes of patch repair of large and massive rotator cuff tears, and be one 
of the first studies comparing patches with other treatment options for this group of patients.

7. Summary

There are a wide variety of options available to surgeon for the patient with a large to massive 
tear of the rotator cuff causing pain and loss of function. Most of these have been reported 
as having quite reasonable outcomes in the published literature. In the UK, less than 30% 
of upper limb surgeons, would consider a patch, and further research is required. Newer 
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tendon [112, 113] and tensor fascia late [114] have also been used. Patch reinforcement can 
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Each of these studies typically represents the experience of one surgeon or one institution and 
therefore, when taken alone, may not be an accurate reflection of patch use more broadly. 
Comprehensive reviews can provide valuable summarized data, giving clinicians a broader 
picture on this interesting topic. A recent review was performed by Steinhaus et al. in 2016 
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weighted mean age of patients was 61.9 years with 35.4 months’ follow-up. There were a total 
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cases and arthroscopic in 87 cases. The most common graft source was synthetic, represent-
ing 44.3% of grafts (251 of 566), followed by allograft in 188 cases and xenograft in 127 cases. 
The graft was used to bridge the gap between the retracted cuff and humerus (interposition) 
in 56.3% of patients (319 of 566), whereas it was used to augment the repair in 43.6% (247 of 
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motion, strength, and patient-reported outcomes (PROs), pain and activities of daily living 
(ADLs) whereas xenografts showed less improvement in PROs and ADLs compared with 
other graft types. The overall retear rate was 25%, with rates of 34% and 12% for augmenta-
tion and interposition, respectively, and rates of 44%, 23%, and 15% for xenografts, allografts, 
and synthetic grafts, respectively.

In summary, all studies showed improvements in clinical and functional outcomes, without 
much difference between augmentation and interposition techniques. Xenografts seem to do 
worse than allografts and synthetic materials. What is interesting and might be counterintui-
tive for many, is the fact that retear rate was lower with the interposition technique. Of course 
systemic reviews are only as good as the studies they are based on, so as promising as the 
results seem to be, there is no doubt that patch grafting needs well designed prospective com-
parison studies to truly assess its value in massive cuff tears treatment.

6. Leeds Cuff Patch

Our technique of choice in surgical treatment of irreparable rotator cuff tear was developed by 
the senior author. We utilize a non-absorbable polyester patch which is sutured over the torn 
rotator cuff. It thus provides reinforcement of incompletely repaired rotator cuff tears and 
those at high risk of re-tear due to poor quality soft tissue. It can be used both as a bridging 
graft and augmentation. Leeds Cuff Patch a synthetic patch that is indicated for reconstruc-
tion of chronic massive, full thickness rotator cuff tears where the retracted tear cannot be 
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mobilized back to the bony attachment site or where the cuff tissue has undergone degen-
eration. The patch implant is produced from polyethylene terephthalate (PET), commonly 
known as polyester. This is a non-absorbable biocompatible material that has been in use 
for the reconstruction of ligaments and tendons for over 25 years. The design of the patch 
comprises a base component with an integral reinforcement component. The base component 
has a ‘open structure’ that acts as a scaffold allowing tissue ingrowth. The reinforcement 
provides enhanced strength to the patch. The patch can be implanted with typical techniques 
and sutures as used for other tendon augmentation xenograft and allograft patches. The weak 
point of a repair with such products is between the suture and tendon. However, the integral 
reinforcement of the patch provides resistance to suture pull-through and thus addresses this 
common failure mode for such devices.

Conducting our own research, we compared outcomes of the Leeds Cuff Patch with other treat-
ment interventions available (e.g. anterior deltoid rehabilitation exercises, arthroscopic rotator 
cuff repair, arthroscopic rotator cuff debridement) for patients with large or massive cuff tears.

We recruited 68 patients with large and massive rotator cuff tears: 29 in the Patch group and 
39 as controls. The treatment decision was made based on patient choice and intra-opera-
tive findings: those patients who wished to avoid operative intervention underwent anterior 
deltoid rehabilitation; those with arthroscopically reparable tears received that treatment; 
those with arthroscopically irreparable tears but mobile cuff underwent open patch repair; 
those with substantial retraction of poor quality immobile tendon underwent debridement. 
All patients completed Oxford Shoulder Score (OSS), Shoulder Pain and Disability Index 
(SPADI), and Constant score at baseline, 6 weeks and 6 months following treatment.

The Patch group demonstrated improvement in all outcomes from baseline to 6 months 
(paired mean difference OSS 12.3, SPADI 18.8, Constant 13.9), as did the Control group 
(paired mean difference OSS 8.7, SPADI 18.8, Constant 11.1). When the patients with very 
poor quality rotator cuff were removed, the results were OSS 14.3 SPADI Constant 18.0. The 
arthroscopically repaired group showed very similar results to the remainder of the controls. 
Those with better quality tendon but still non-repairable had a clinically significant improve-
ment in OSS compared with the non-patch group.

We are extending the follow-up period for this study to 2 years, and will also analyse MRI scans 
performed at baseline, 6 months and 2 years following surgery. This will provide both clinical 
and radiological outcomes of patch repair of large and massive rotator cuff tears, and be one 
of the first studies comparing patches with other treatment options for this group of patients.

7. Summary

There are a wide variety of options available to surgeon for the patient with a large to massive 
tear of the rotator cuff causing pain and loss of function. Most of these have been reported 
as having quite reasonable outcomes in the published literature. In the UK, less than 30% 
of upper limb surgeons, would consider a patch, and further research is required. Newer 
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procedures such as superior capsular reconstruction and balloon arthroplasty warrant fur-
ther investigation. Reverse TSR gives excellent outcomes in the older patient, but for younger 
patients with large or massive rotator cuff tears, though there are a number of surgical options 
available, the evidence to support each needs strengthening with further research into this 
exciting area of shoulder surgery.
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ther investigation. Reverse TSR gives excellent outcomes in the older patient, but for younger 
patients with large or massive rotator cuff tears, though there are a number of surgical options 
available, the evidence to support each needs strengthening with further research into this 
exciting area of shoulder surgery.
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Abstract

Rotator cuff tear is a common yet functionally debilitating shoulder condition. Risk fac-
tors for failure of repair or inability to repair include advancing age of the patient, chro-
nicity of the tear, and larger tear size. Current operative management options for tears 
that are considered irreparable include debridement, partial repair, biceps tenotomy, 
interpositional grafting, tendon transfers, and reverse shoulder arthroplasty. Recently, 
superior capsular reconstruction has been introduced as an alternative surgical option 
for these tears and has demonstrated favorable short-term outcomes. However, the litera-
ture lacks studies with large numbers of patients, consistency of results, and long-term 
outcomes. This article reviews the anatomy and function of the rotator cuff and shoulder 
capsule; patho-etiology of rotator cuff tears, particularly the irreparable ones; and ratio-
nale, techniques, outcomes, and future direction of superior capsular reconstruction in 
the context of this clinical indication.
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for treatment of these tears have not demonstrated consistently good outcomes [2–4]. These 
include attempts at relieving pain by way of debridement with or without biceps tenotomy; 
balancing the anterior/posterior force couples by way of partial repair; restoring cuff integrity 
by way of interpositional grafting; and tendon transfers. Reverse shoulder arthroplasty has 
been gaining popularity and demonstrates good outcomes as a treatment option for patients 
with rotator cuff arthropathy, but is typically reserved for the elderly patients. Massive and 
irreparable rotator cuff tears in younger and more active individuals, especially without sig-
nificant arthritic changes of the glenohumeral joint, remain a clinical conundrum.

Recently, a new surgical procedure called superior capsular reconstruction (SCR) was 
described by Mihata et al., who reported promising short-term clinical outcomes in 24 shoul-
ders (23 consecutive patients) with symptomatic irreparable rotator cuff tears [2]. Although 
the procedure has a strong appeal for physicians treating patients with this difficult problem 
and has been quickly gaining popularity, caution regarding widespread use is warranted, as 
large-scale and long-term data is still lacking. This chapter reviews the anatomy and function 
of the rotator cuff and shoulder capsule; patho-etiology of rotator cuff tears; and rationale, 
techniques, outcomes, and future direction of superior capsule reconstruction for irreparable 
tears.

2. Anatomy, biomechanics, and functions of the rotator cuff

2.1. Structural anatomy

2.1.1. Rotator cuff, interval, crescent, and cable

The rotator cuff is composed of the musculotendinous units that bound the glenohumeral 
joint. Its components are supraspinatus (SS), infraspinatus (IS), teres minor (TM), and sub-
scapularis (SSC) muscles [5, 6] (Figure 1). The supraspinatus, which is most commonly 
involved in rotator cuff tears, originates on the superior aspect of the scapular body, in the 
supraspinous fossa, and inserts onto the anterior-superior aspect of the greater tuberosity of 
the humerus. The infraspinatus originates on the posterior scapular body, from the infraspi-
nous fossa, and inserts on the posterior-superior aspect of the greater tuberosity. The teres 
minor, which is rarely involved in rotator cuff tears, originates from the lateral lower-half of 
the scapular body, inferior to the infraspinatus, and inserts on the posterior – inferior aspect 
of the great tuberosity and humeral head. The subscapularis, which is the largest muscle of 
the rotator cuff group, originates from the anterior scapular body (the subscapular fossa), 
runs deep to the coracoid process, and inserts onto the lesser tuberosity of the humerus. 
Innervation to the rotator cuff comes from the C5-6 nerve roots, with the suprascapular nerve 
supplying the supraspinatus and infraspinatus, axillary nerve supplying teres minor, and the 
upper and lower subscapular nerves supplying the subscapularis. The close interplay and 
confluence of the different parts of the rotator cuff creates several structures important for 
glenohumeral joint stability and function. These include the rotator interval, crescent, and 
cable.
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The rotator interval (Figure 1A) is the anterior triangular space between the anterior border of 
the supraspinatus and superior border of the subscapularis, and contains the anterior gleno-
humeral joint capsule, the coracohumeral ligament (CHL), and the superior glenohumeral lig-
ament (SGHL). The interval helps maintain the biceps tendon within the bicipital groove, and 
also contributes to stability of the glenohumeral joint [7, 8]. The rotator interval is also often 
implicated in the adhesions and contractures that occur in adhesive capsulitis of the shoulder.

The rotator crescent is a thin sheet of rotator cuff tendon, comprising the distal portions of the 
SS and IS insertions. The crescent is proximally bound by a thick bundle of fibers—the rotator 
cable—that runs perpendicular to the SS and IS fibers. Burkhart et al. described a biomechanical 

Figure 1. Arthroscopic views of the rotator cuff tendons (left shoulder). (A) Intraarticular view from the posterior portal, 
showing the humeral head (HH), supraspinatus (SS), subscapularis (SSC), the long-head of the biceps tendon (LHBT), the 
middle glenohumeral ligament (MGHL), and rotator interval (RI). (B) Bursal view of the superior rotator cuff (SS and IS)..
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model of rotator cuff tears using 20 cadaver shoulders, where the rotator cable acts as a stress 
shield for the crescent, and the two structures form a “suspension bridge.” According to this 
model, tears in the crescent have minimal effects on shoulder function, while those that involve 
the cable impair its ability to distribute the load and tension between the anterior and posterior 
rotator cuff and therefore its role as a dynamic stabilizer of the humeral head [9]. This concept 
has clinical implications as it helps guide decision making in identifying tears that can be man-
aged non-operatively, versus those that require surgical fixation.

2.1.2. Shoulder capsule

While the rotator cuff is the main dynamic stabilizer of the glenohumeral joint, the glenohu-
meral joint capsule acts as a static stabilizer. It is a thin membranous structure located deep 
to the rotator cuff; it originates medially from the glenoid neck and inserts laterally to the 
anatomical neck of humerus.

The capsule is thicker anteriorly than posteriorly. The anterior capsule contains focal thick-
ened bundles, which are called superior, middle, and anterior-inferior glenohumeral liga-
ments (GHL). The posterior capsule has an inferior thickening called the posterior-inferior 
GHL, but does not have separate ligaments further superiorly. Directly inferiorly, between 
the anterior-inferior and posterior-inferior glenohumeral ligaments, the capsule forms the 
axillary pouch, which tightens in abduction, and relaxes in adduction [3–5, 10]. Contracture 
and loss of normal axillary pouch volume is frequently seen in adhesive capsulitis, whereas a 
patulous capsule with an enlarged pouch is often seen in multi-directional shoulder instability.

The superior capsule is thin and was previously less well-studied. It originates from the gle-
noid neck along with its anterior-posterior counterparts, courses directly underneath the SS 
and anterior part of the IS, and attaches to 30–61% of surface area of the greater tuberosity 
(GT) [5, 10]. Nimura et al. measured superior capsule attachments in cadaveric shoulders. 
They reported thicker footprint at the anterior edge of SS and posterior edge of IS (5.6 ± 1.6 
mm and 9.1 ± 1.7 mm, respectively), whereas the attachment was thinner at the middle area of 
the rotator cuff, near the posterior margin of SS (4.4 ± 1.2 mm). The authors concluded that the 
thinnest point of the capsule could contribute to the etiology of the initiation of degenerative 
rotator cuff tears [5]. The superior capsule is closely associated with the SS and IS, and typi-
cally tears together with complete tears of these tendons [1–4].

2.2. Function

The muscles of the rotator cuff help initiate movement of the shoulder joint, and also serve 
as the main dynamic stabilizer of this joint. Supraspinatus aids in abduction of the humerus, 
particularly in the scapular plane; external rotation is provided by infraspinatus (more active 
in adduction), and teres minor (more active in abduction); and internal rotation is the func-
tion of subscapularis. Furthermore, SS prevents abnormal inferior-superior translation of the 
humeral head, particularly during active arm elevation, by compressing the head into the gle-
noid fossa. The balancing forces between SSC anteriorly and IS and TM posteriorly provide 
stability in the sagittal plane, and the upward force of the deltoid is balanced by that of IS, TM, 
and SSC in the coronal plane [11, 12].
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The shoulder capsule provides static stability, serving to prevent excessive translation of the 
humeral head relative to the glenoid [5, 10]. The anterior capsule prevents anterior translation, 
while the posterior prevents posterior translation. The function of the superior capsule was 
previously poorly understood and continues to be studied. Ishihara et al. demonstrated in a 
biomechanical study that the superior capsule plays an important role in passive stability in 
all directions, and cutting it significantly increases abnormal translation, especially superiorly 
[10]. This can lead to a decrease in the acromiohumeral distance—a finding commonly seen in 
patients with chronic massive superior cuff tears as well as cuff-tear arthropathy [2] (Figure 2).

3. Etiology of rotator cuff tears

While a significant number of rotator cuff tear cases present to the physician after a traumatic 
episode, most tears do not occur in a setting of a normal tendon. Preexisting degenerative 
changes are usually found in the torn tendons, and the injury that leads to clinical presenta-
tion is likely the “straw that breaks the camel’s back.” A number of both intrinsic and extrinsic 
pathways and risk factors are thought to contribute to chronic degeneration and weakening of 
the cuff tendons, as described below (Table 1).

The main intrinsic mechanism pathway is thought to be tenocyte apoptosis and inflammation 
resulting from chronic microtrauma to the rotator cuff tendons. Advancing age is the most 
common reason for this mechanism, and age has been found to be the strongest risk factor for 
rotator cuff disease. This is thought to be due to the combination of age-related  degenerative 
changes and accumulation of microtrauma and macrotrauma over the course of an individ-
ual’s lifetime [3, 4]. Older patients are also more likely to develop larger tears; Gumina et al. 

Figure 2. Anterior-posterior plain radiograph of a left shoulder with rotator cuff arthropathy. Note the “high-riding” 
humeral head, with a decreased acromiohumeral distance, and interrupted Shenton’s line at the inferior aspect of the 
glenohumeral joint.
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reported a mean age of 59 years in a group of 586 patients undergoing arthroscopic tear repair, 
with those older than 60 being twice as likely to develop large and massive tears [13].

Tendon degeneration and poor healing potential are exacerbated by hypovascularity, which 
is worsened not only with advancing age, but also with smoking, and certain other conditions 
[4]. Smoking has a strong dose and time-dependent association with both the prevalence and 
size of tears; it negatively affects the vascularity of tendons, thereby predisposing them to 
tears and preventing healing [3, 4]. Similarly, hypercholesterolemia has been implicated in 
rotator cuff disease. The mechanism here is thought to be deposition of cholesterol by-prod-
ucts within the rotator cuff tendons, leading to worsening of biomechanical properties of the 
tendon and increasing the risk of tearing [14].

Genetic predisposition may also play a role. Patients diagnosed relatively early in life (before 
age 40) often have a family history of rotator cuff disease [3]. Particularly in irreparable tears, 
studies have shown expression of genes that favor fatty atrophy and fibrosis and inhibit myo-
genesis [15].

The most commonly accepted extrinsic mechanism for rotator cuff disease was originally 
described by Neer in his classic article from 1972, Anterior Acromioplasty for the Chronic 
Impingement Syndrome in the Shoulder: a Preliminary Report, and has guided clinical approach 
to management of impingement and rotator cuff tears ever since, although validity of some of 
these concepts has been challenged in the recent years. Neer suggested that repetitive contact 
between the rotator cuff tendons and the underside of the coracoacromial arch (which includes 
the anterolateral acromion, coracoacromial ligament, and the coracoid) results in trauma to 
the tendon, which produces the clinical entities of subacromial or subcoracoid impingement, 
and, in its more advanced stages, tendon tears [16]. Acromial morphology (hooked versus 
flat) and presence of subacromial enthesophytes have also been proposed to be contributing 
factors to symptomatic cuff disease, and surgical approach directed at increasing the space 
under coracoacromial arch by way of acromioplasty and coracoacromial ligament release has 
been advocated [17]. However, recent studies have questioned the benefit of these procedures 
[18], and attention has been directed to position and dynamic function of the scapula, as a 
contributor to rotator cuff impingement and tears [19]. Therefore, postural abnormalities and 
peri-scapular muscle strength have received greater recent attention as potentially contribut-
ing risk factor that can and should be addressed in management of rotator cuff disease.

Strong association Controversial or weak association

Age (particularly >60)

Smoking (dose and time-dependent)

Family history

Previous history of tear

Trauma

Hypercholesterolemia

Heavy labor and overhead athletes (chronic wear-and-tear)

Peripartum Hormonal changes

Dominant side

Postural abnormalities

Table 1. Risk factors for rotator cuff pathology.
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4. Outcomes of rotator cuff repair

Rotator cuff repair was originally performed with open, and subsequently mini-open, tech-
niques, which have produces good results, including restoration of shoulder strength and 
function. Advent and popularization of arthroscopy have allowed for a less invasive method 
of rotator cuff repair, contributing to decreased postoperative pain and more rapid return of 
motion. Other modern advancements, such as improved instrumentation, as well as stronger 
and more biocompatible suture and anchor materials, have led to new surgical techniques, 
such as a double-row rotator repair, which may contribute to better healing and possibly 
improved outcomes, especially for larger tears. Multiple clinical studies of arthroscopic repair 
have shown good to excellent results in as many as 90% of patients postoperatively, even 
including those with large and massive tears [20–23]. A recent systemic review and meta-
analysis by McElvany et al. [24] included 108 clinical studies and showed postoperative clini-
cal outcomes scores improved by an average of 103% of the preoperative scores. However, 
despite the overall good results, this same study found that 26.6% of the repairs failed to heal. 
Failure to heal may not (and often does not) affect short-term results, but may lead to dete-
rioration of shoulder function after 2 years post-repair. Risk factors for failure of the rotator 
cuff tear to heal after surgery include preoperative fatty infiltration of the muscle, older age, 
and increased tear size. As many as 50% of larger (≥3 cm) tears may fail to heal after repair.

One of the most important predictors for failure of rotator cuff repair, along with tear size, is mus-
cle atrophy and fatty infiltration (Figure 3). Most common system used to classify fatty degenera-
tion of rotator cuff muscles was described by Goutallier et al. [25]. Even small and medium tears 
are at risk for failure after repair with as little as grade 2 muscle degeneration [26]. Shoulders with 
more severe (grade 3 or 4) degeneration, where more than 50% of muscle volume is replaced by 
fat, are at a very high risk of poor outcomes, since, even if tendon repair and healing to bone is 
achieved, dynamic function of the rotator cuff muscle-tendon unit remains compromised.

Figure 3. Fatty atrophy of the superior rotator cuff. (A) Sagittal MRI view of a right shoulder showing severe fatty 
degeneration (more than 50% of muscle volume replaced by fat) of the supraspinatus (SS), infraspinatus (IS), and 
subscapularis (SSC) muscles. (B) Arthroscopic view of the supraspinatus (SS), demonstrating severe muscle atrophy 
(view from a posterolateral subacromial portal in the right shoulder). 
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reported a mean age of 59 years in a group of 586 patients undergoing arthroscopic tear repair, 
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under coracoacromial arch by way of acromioplasty and coracoacromial ligament release has 
been advocated [17]. However, recent studies have questioned the benefit of these procedures 
[18], and attention has been directed to position and dynamic function of the scapula, as a 
contributor to rotator cuff impingement and tears [19]. Therefore, postural abnormalities and 
peri-scapular muscle strength have received greater recent attention as potentially contribut-
ing risk factor that can and should be addressed in management of rotator cuff disease.

Strong association Controversial or weak association

Age (particularly >60)

Smoking (dose and time-dependent)

Family history

Previous history of tear

Trauma

Hypercholesterolemia

Heavy labor and overhead athletes (chronic wear-and-tear)

Peripartum Hormonal changes

Dominant side

Postural abnormalities

Table 1. Risk factors for rotator cuff pathology.
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4. Outcomes of rotator cuff repair

Rotator cuff repair was originally performed with open, and subsequently mini-open, tech-
niques, which have produces good results, including restoration of shoulder strength and 
function. Advent and popularization of arthroscopy have allowed for a less invasive method 
of rotator cuff repair, contributing to decreased postoperative pain and more rapid return of 
motion. Other modern advancements, such as improved instrumentation, as well as stronger 
and more biocompatible suture and anchor materials, have led to new surgical techniques, 
such as a double-row rotator repair, which may contribute to better healing and possibly 
improved outcomes, especially for larger tears. Multiple clinical studies of arthroscopic repair 
have shown good to excellent results in as many as 90% of patients postoperatively, even 
including those with large and massive tears [20–23]. A recent systemic review and meta-
analysis by McElvany et al. [24] included 108 clinical studies and showed postoperative clini-
cal outcomes scores improved by an average of 103% of the preoperative scores. However, 
despite the overall good results, this same study found that 26.6% of the repairs failed to heal. 
Failure to heal may not (and often does not) affect short-term results, but may lead to dete-
rioration of shoulder function after 2 years post-repair. Risk factors for failure of the rotator 
cuff tear to heal after surgery include preoperative fatty infiltration of the muscle, older age, 
and increased tear size. As many as 50% of larger (≥3 cm) tears may fail to heal after repair.

One of the most important predictors for failure of rotator cuff repair, along with tear size, is mus-
cle atrophy and fatty infiltration (Figure 3). Most common system used to classify fatty degenera-
tion of rotator cuff muscles was described by Goutallier et al. [25]. Even small and medium tears 
are at risk for failure after repair with as little as grade 2 muscle degeneration [26]. Shoulders with 
more severe (grade 3 or 4) degeneration, where more than 50% of muscle volume is replaced by 
fat, are at a very high risk of poor outcomes, since, even if tendon repair and healing to bone is 
achieved, dynamic function of the rotator cuff muscle-tendon unit remains compromised.

Figure 3. Fatty atrophy of the superior rotator cuff. (A) Sagittal MRI view of a right shoulder showing severe fatty 
degeneration (more than 50% of muscle volume replaced by fat) of the supraspinatus (SS), infraspinatus (IS), and 
subscapularis (SSC) muscles. (B) Arthroscopic view of the supraspinatus (SS), demonstrating severe muscle atrophy 
(view from a posterolateral subacromial portal in the right shoulder). 
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Therefore, due to poor healing potential and low likelihood of restoration of good cuff function, 
chronic large (3–5 cm) and massive (>5 cm) tears, especially those with Goutallier 2 or greater 
atrophy, may be considered irreparable. Other types of tears that are considered irreparable 
include tears with significant retraction of the tendon (medial to the glenoid), poor tendon 
quality for repair, and poor bone quality at the greater tuberosity attachment site (Figure 4). 
Attempts at repair of tears with these features should be approached with guarded expectations.

Those rotator cuff tears that fail to heal or are irreparable frequently go on to a clinical condi-
tion called cuff tear arthropathy (CTA) (Figure 2). This is a specific form of shoulder arthritis 
resulting from rotator cuff deficiency. Due to the failure and absence of superior restraint, the 
humeral head typically migrates superiorly, and eventually articulates with the acromion. Over 
time this leads to wear of the acromion, destruction of the humeral head cartilage, and eventu-
ally the glenoid cartilage as well. Patients typically present with significant pain, weakness, 
and crepitus with range of motion, and sometimes even pseudoparalysis—severe inability to 
elevate the shoulder. Once advanced CTA develops, the only surgical solution available to treat 
it (other than fusion of the shoulder joint) is a reverse total shoulder replacement (Figure 5).

Figure 5. Reverse shoulder replacement in a 60 year-old man, performed for symptomatic advanced cuff-tear arthropathy. 

Figure 4. Massive tear of the superior rotator cuff, not amenable to repair. (A) Note poor tissue quality of the tendon 
stump, and retraction medial to the glenoid rim. (B) Despite extensive releases, this tendon stump could not be mobilized 
even to the medial margin of the greater tuberosity. 
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5. Treatment options for irreparable rotator cuff tears

The treatment of massive and irreparable rotator cuff tears is challenging. Surgical options 
include partial repair with marginal convergence, debridement with biceps tenotomy, graft 
interposition, tendon transfer, reverse total shoulder, and now superior capsular reconstruc-
tion. Partial repair of the inferior half of the infraspinatus was originally described by Burkhart 
et al. in 1994, with the goal restoring a balanced anterior-posterior force couple in the shoulder 
[27]. Multiple studies which analyzed surgery for massive cuff tears with combinations of 
partial repair, marginal convergence, debridement, and biceps tenotomy have shown mixed 
results, typically with good outcomes early on, but persistent strength deficit in elevation, and 
deterioration of clinical results over time. For example, Shon et al. performed partial repair 
and marginal convergence techniques in 31 patients and found initial improvement in clinical 
outcome scores, whereas 2-year follow-up showed a dissatisfaction rate of 50% [28]. Fatty infil-
tration of the infraspinatus was found to be a negative predictor of outcome in these patients.

Graft interposition techniques to bridge irreparable rotator cuff defects have been described 
using autograft, allograft, xenograft, and synthetic materials. A systematic review of these tech-
niques found a lack of high quality comparative studies. The limited studies available show 
improvement in clinical outcomes in all graft types [29], with allograft, xenograft, and synthetic 
grafts having the appeal of no harvest site morbidity, compared to autograft. On the other hand, 
significant inflammatory reactions have been reported with the use of xenografts as well as 
allografts [30], and therefore caution must be used. Just as with other surgeries for massive cuff 
tear, significant fatty atrophy leads to significantly lower healing rates after graft interposition 
repairs. Finally, interpositional grafts may need to be placed through an open approach, which 
runs the increased disk of damage to the deltoid muscle, potentially making subsequent revision 
surgery more difficult and less successful. In summary, due to lack of high quality comparative 
studies on the use of graft interposition for cuff repair, the potential benefits of this procedure 
must be weighed against the cost, risks, and potential future complications of this approach.

Several tendon transfer procedures have been described for the treatment of massive irrepa-
rable rotator cuff tears. Tendon transfers are typically performed in younger patients without 
glenohumeral arthritis and good range of motion. The most common transfers used for pos-
terosuperior tears are latissimus dorsi and lower trapezius transfers. Clinical studies show 
latissimus dorsi transfer provides significant pain relief after tendon transfer, whereas func-
tional results are more unpredictable [31]. Lower trapezius transfer anatomically provides 
a more direct line of pull compared to latissimus dorsi transfer; however, limited clinical 
evidence is available to show improvement in pain and function.

Reverse total shoulder arthroplasty (RTSA) is a semiconstrained reverse ball and socket pros-
thesis which helps improve the biomechanical efficiency of the deltoid muscle by lengthening 
its lever arm. The design provides inherent glenohumeral stability and lowers the humeral 
head to increase deltoid tension, which allows this muscle to elevate the arm without a func-
tional rotator cuff. While elevation is typically restored after RTSA, active rotation of the shoul-
der is not as easily recovered as it relies on presence of the anterior-posterior components of 
the cuff. Overall, clinical studies have shown significant improvements in pain, motion, and 
functional scores in patients treated for cuff-tear arthropathy. However, implant longevity 
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quality for repair, and poor bone quality at the greater tuberosity attachment site (Figure 4). 
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5. Treatment options for irreparable rotator cuff tears

The treatment of massive and irreparable rotator cuff tears is challenging. Surgical options 
include partial repair with marginal convergence, debridement with biceps tenotomy, graft 
interposition, tendon transfer, reverse total shoulder, and now superior capsular reconstruc-
tion. Partial repair of the inferior half of the infraspinatus was originally described by Burkhart 
et al. in 1994, with the goal restoring a balanced anterior-posterior force couple in the shoulder 
[27]. Multiple studies which analyzed surgery for massive cuff tears with combinations of 
partial repair, marginal convergence, debridement, and biceps tenotomy have shown mixed 
results, typically with good outcomes early on, but persistent strength deficit in elevation, and 
deterioration of clinical results over time. For example, Shon et al. performed partial repair 
and marginal convergence techniques in 31 patients and found initial improvement in clinical 
outcome scores, whereas 2-year follow-up showed a dissatisfaction rate of 50% [28]. Fatty infil-
tration of the infraspinatus was found to be a negative predictor of outcome in these patients.

Graft interposition techniques to bridge irreparable rotator cuff defects have been described 
using autograft, allograft, xenograft, and synthetic materials. A systematic review of these tech-
niques found a lack of high quality comparative studies. The limited studies available show 
improvement in clinical outcomes in all graft types [29], with allograft, xenograft, and synthetic 
grafts having the appeal of no harvest site morbidity, compared to autograft. On the other hand, 
significant inflammatory reactions have been reported with the use of xenografts as well as 
allografts [30], and therefore caution must be used. Just as with other surgeries for massive cuff 
tear, significant fatty atrophy leads to significantly lower healing rates after graft interposition 
repairs. Finally, interpositional grafts may need to be placed through an open approach, which 
runs the increased disk of damage to the deltoid muscle, potentially making subsequent revision 
surgery more difficult and less successful. In summary, due to lack of high quality comparative 
studies on the use of graft interposition for cuff repair, the potential benefits of this procedure 
must be weighed against the cost, risks, and potential future complications of this approach.

Several tendon transfer procedures have been described for the treatment of massive irrepa-
rable rotator cuff tears. Tendon transfers are typically performed in younger patients without 
glenohumeral arthritis and good range of motion. The most common transfers used for pos-
terosuperior tears are latissimus dorsi and lower trapezius transfers. Clinical studies show 
latissimus dorsi transfer provides significant pain relief after tendon transfer, whereas func-
tional results are more unpredictable [31]. Lower trapezius transfer anatomically provides 
a more direct line of pull compared to latissimus dorsi transfer; however, limited clinical 
evidence is available to show improvement in pain and function.

Reverse total shoulder arthroplasty (RTSA) is a semiconstrained reverse ball and socket pros-
thesis which helps improve the biomechanical efficiency of the deltoid muscle by lengthening 
its lever arm. The design provides inherent glenohumeral stability and lowers the humeral 
head to increase deltoid tension, which allows this muscle to elevate the arm without a func-
tional rotator cuff. While elevation is typically restored after RTSA, active rotation of the shoul-
der is not as easily recovered as it relies on presence of the anterior-posterior components of 
the cuff. Overall, clinical studies have shown significant improvements in pain, motion, and 
functional scores in patients treated for cuff-tear arthropathy. However, implant longevity 

Superior Capsule Reconstruction: Review of a Novel Operative Technique for Management...
http://dx.doi.org/10.5772/intechopen.70049

135



is a concern, as are functional limitations imposed by this surgery. Due to these limitations, 
reverse shoulder arthroplasty is typically reserved for patients in their 60s, 70s, and older [32].

6. Rationale, indications, and contraindications for superior capsule 
reconstruction (SCR)

The main reason to consider superior capsule reconstruction (SCR) is as an alternative to 
reverse shoulder arthroplasty or tendon transfers in patients with irreparable superior rota-
tor cuff tears, with or without early cuff tear arthropathy. In this procedure a graft tissue is 
attached to the superior glenoid and the greater tuberosity, thereby spanning the superior 
aspect of the glenohumeral joint (Figure 6). The biomechanical rationale behind this surgery 
is debated. One proposed rationale is a tenodesis effect between the glenoid and the humeral 
head, which helps regain the stabilizing effect to the glenohumeral articulation normally con-
ferred by the superior capsule and the rotator cuff [2]. This has been called the “reverse trampo-
line” effect. The other proposed mechanism is that the inserted graft acts a spacer between the 
humeral head and the underside of the acromion, essentially keeping the head depressed by 

 Figure 6. Schematic drawing, showing a shoulder with a normal superior rotator cuff (A), a large and irreparable defect 
of the superior cuff (B), and after a SCR (C and D). 
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way occupying the space above it. Biomechanical cadaveric studies by Mihata and colleagues 
have shown that SCR does restore superior translation to physiologic conditions [33]; and also 
that increased thickness of the graft improves stability [34]. These studies lend credence to both 
theories regarding biomechanical function of SCR; indeed both factors may be at play.

Indications for this surgery currently include physiologically young (absolute age has not 
been determined) and relatively active patients with symptomatic irreparable superior rota-
tor cuff, with intact anterior-posterior force couples, and no or minimal glenohumeral arthritic 
wear. Young patients with moderate cartilage wear and symptoms primarily related to cuff 
function may be considered for SCR, in lieu of RTSA, but guarded expectation are warranted 
with more severe arthritic wear. SCR may also be an attractive option for previous failed cuff 
repair, in a setting of poor tissue quality, fatty infiltration, and other factors that may result in 
tear irreparability.

Absolute contraindications include infection, neuropathic disease of the shoulder, and neu-
rologic disorders significantly affecting function of the deltoid muscle. Relative contrain-
dications include advanced arthritis, tears of the anterior/posterior rotator cuff, as well as 
unwillingness or inability to comply with postoperative immobilization and rehabilitation 
protocol.

7. Technique

Arthroscopic reconstruction using tensor fascia lata was initially proposed by Mihata et 
al. [2]. Several other authors have reported SCR using acellular dermal allograft [35–39]. 
An arthroscopic technique is typically used for this procedure, but an open technique 
may be used in cases of difficult arthroscopic exposure or for surgeons less familiar with 
arthroscopic techniques. We describe our preferred technique for arthroscopic superior cap-
sular reconstruction.

7.1. Surgical positioning

Surgery is typically performed in an ambulatory setting, under combination general and 
regional anesthesia. After induction of anesthesia, and prior to positioning (with the patient 
supine on the operating table), the shoulder should be examined for passive motion and sta-
bility. Manipulation of the shoulder to regain motion should be performed as needed. We 
prefer a beach-chair position with the arm supported by a hydraulic arm positioner device, 
but a lateral decubitus with balanced suspension-traction may also be used.

7.2. Diagnostic arthroscopy and associated procedures

Standard posterior portal is used to enter the glenohumeral joint, and an anterior portal is 
established in the rotator interval. A thorough diagnostic arthroscopy of the glenohumeral 
joint is performed, and pathologic lesions are addressed as needed. Particular attention must 
be paid to the integrity of the subscapularis tendon, which needs to be repaired if significantly 
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is a concern, as are functional limitations imposed by this surgery. Due to these limitations, 
reverse shoulder arthroplasty is typically reserved for patients in their 60s, 70s, and older [32].

6. Rationale, indications, and contraindications for superior capsule 
reconstruction (SCR)

The main reason to consider superior capsule reconstruction (SCR) is as an alternative to 
reverse shoulder arthroplasty or tendon transfers in patients with irreparable superior rota-
tor cuff tears, with or without early cuff tear arthropathy. In this procedure a graft tissue is 
attached to the superior glenoid and the greater tuberosity, thereby spanning the superior 
aspect of the glenohumeral joint (Figure 6). The biomechanical rationale behind this surgery 
is debated. One proposed rationale is a tenodesis effect between the glenoid and the humeral 
head, which helps regain the stabilizing effect to the glenohumeral articulation normally con-
ferred by the superior capsule and the rotator cuff [2]. This has been called the “reverse trampo-
line” effect. The other proposed mechanism is that the inserted graft acts a spacer between the 
humeral head and the underside of the acromion, essentially keeping the head depressed by 

 Figure 6. Schematic drawing, showing a shoulder with a normal superior rotator cuff (A), a large and irreparable defect 
of the superior cuff (B), and after a SCR (C and D). 
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way occupying the space above it. Biomechanical cadaveric studies by Mihata and colleagues 
have shown that SCR does restore superior translation to physiologic conditions [33]; and also 
that increased thickness of the graft improves stability [34]. These studies lend credence to both 
theories regarding biomechanical function of SCR; indeed both factors may be at play.

Indications for this surgery currently include physiologically young (absolute age has not 
been determined) and relatively active patients with symptomatic irreparable superior rota-
tor cuff, with intact anterior-posterior force couples, and no or minimal glenohumeral arthritic 
wear. Young patients with moderate cartilage wear and symptoms primarily related to cuff 
function may be considered for SCR, in lieu of RTSA, but guarded expectation are warranted 
with more severe arthritic wear. SCR may also be an attractive option for previous failed cuff 
repair, in a setting of poor tissue quality, fatty infiltration, and other factors that may result in 
tear irreparability.

Absolute contraindications include infection, neuropathic disease of the shoulder, and neu-
rologic disorders significantly affecting function of the deltoid muscle. Relative contrain-
dications include advanced arthritis, tears of the anterior/posterior rotator cuff, as well as 
unwillingness or inability to comply with postoperative immobilization and rehabilitation 
protocol.

7. Technique

Arthroscopic reconstruction using tensor fascia lata was initially proposed by Mihata et 
al. [2]. Several other authors have reported SCR using acellular dermal allograft [35–39]. 
An arthroscopic technique is typically used for this procedure, but an open technique 
may be used in cases of difficult arthroscopic exposure or for surgeons less familiar with 
arthroscopic techniques. We describe our preferred technique for arthroscopic superior cap-
sular reconstruction.

7.1. Surgical positioning

Surgery is typically performed in an ambulatory setting, under combination general and 
regional anesthesia. After induction of anesthesia, and prior to positioning (with the patient 
supine on the operating table), the shoulder should be examined for passive motion and sta-
bility. Manipulation of the shoulder to regain motion should be performed as needed. We 
prefer a beach-chair position with the arm supported by a hydraulic arm positioner device, 
but a lateral decubitus with balanced suspension-traction may also be used.

7.2. Diagnostic arthroscopy and associated procedures

Standard posterior portal is used to enter the glenohumeral joint, and an anterior portal is 
established in the rotator interval. A thorough diagnostic arthroscopy of the glenohumeral 
joint is performed, and pathologic lesions are addressed as needed. Particular attention must 
be paid to the integrity of the subscapularis tendon, which needs to be repaired if significantly 
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torn. If the biceps tendon is still present in the joint (more often than not there is a chronic 
tear and absence of the long head), it needs to be removed from the superior glenoid, so that 
it does not block graft placement; a tenotomy or tenodesis is performed. Any loose bodies 
should be removed, and synovectomy is performed as needed. Chondroplasty may be per-
formed for frayed and unstable cartilage flaps on the humeral head and glenoid.

The camera is then repositioned into the subacromial space. Subacromial portals are created, 
typically one anterolaterally and one posterolaterally. A bursectomy is performed, and the 
rotator cuff tear is then carefully evaluated, characterized and mobilized, ensuring that a 
repair is not possible or not advisable. A superior capsular reconstruction is considered if 
there is a massive full-thickness tear of the supraspinatus, without or without infraspinatus 
tear, that cannot be repaired, and the glenohumeral joint does not show severe degenerative 
changes (Figure 7).

Once a decision is made to perform a SCR, an acromioplasty should be performed, to increase 
working space for graft placement and fixation, and also to decrease the risk of graft tissue 
abrasion postoperatively [40]. Any osteophytes off the inferior aspect of the AC joint need to 
be resected as well (Figure 8). We always attempt to preserve the CA ligament, if possible, so 
as not to disrupt the coracoacromial arch. 

We also prefer at this time to place #2 braided sutures into the upper borders of the intact 
cuff posteriorly (teres minor or infraspinatus) and anteriorly (subscapularis or intact anterior 
fibers of the supraspinatus); these are used, after graft fixation, to repair the native cuff to the 
patch, side to side. Additionally, if there is any significant cuff tissue remaining medially, 
overlying the glenoid rim, it can be tagged with a #2 suture through a Neviaser portal, and 
pulled up for better visualization of the superior glenoid (Figure 9).

Figure 7. Massive and irreparable rotator cuff tear in the left shoulder of a 70 year old active male (view from 
posterolateral portal). (A) Note severely retracted massive tear of the superior cuff (SS and IS), with relatively normal 
articular cartilage both on the glenoid and the humeral head. (B) Even after extensive releases, the tendon stump is not 
adequately mobile for primary repair (HH—humeral head; G—glenoid).  
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7.3. Bony preparation, anchor placements

Any residual soft tissue on the superior glenoid neck and greater tuberosity is removed using 
a motorized shaver and/or electrocautery wand. To maximize healing potential, the superior 
glenoid neck and greater tuberosity are burred down to bleeding bone.

Medial anchors are placed on the superior glenoid, approximately 2–4 mm medial to the rim, 
taking care to ensure good bone purchase and avoid intraarticular penetration. Anchors are 
placed as far anterior and posterior as possible to provide adequate spread and coverage for 

Figure 8. An inferior osteophyte (OP) is being resected off the distal clavicle (DC), to avoid impingement and abrasion 
of the graft postoperatively. 

Figure 9. (A) A penetrating suture passer is inserted through the Neviaser portal and is used to pass a tagging suture 
through the rotator cuff tendon stump. (B) The rotator cuff can then be pulled up, to allow better visualization of and 
instrumentation on the glenoid neck.
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should be removed, and synovectomy is performed as needed. Chondroplasty may be per-
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there is a massive full-thickness tear of the supraspinatus, without or without infraspinatus 
tear, that cannot be repaired, and the glenohumeral joint does not show severe degenerative 
changes (Figure 7).
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working space for graft placement and fixation, and also to decrease the risk of graft tissue 
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fibers of the supraspinatus); these are used, after graft fixation, to repair the native cuff to the 
patch, side to side. Additionally, if there is any significant cuff tissue remaining medially, 
overlying the glenoid rim, it can be tagged with a #2 suture through a Neviaser portal, and 
pulled up for better visualization of the superior glenoid (Figure 9).
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articular cartilage both on the glenoid and the humeral head. (B) Even after extensive releases, the tendon stump is not 
adequately mobile for primary repair (HH—humeral head; G—glenoid).  
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7.3. Bony preparation, anchor placements

Any residual soft tissue on the superior glenoid neck and greater tuberosity is removed using 
a motorized shaver and/or electrocautery wand. To maximize healing potential, the superior 
glenoid neck and greater tuberosity are burred down to bleeding bone.

Medial anchors are placed on the superior glenoid, approximately 2–4 mm medial to the rim, 
taking care to ensure good bone purchase and avoid intraarticular penetration. Anchors are 
placed as far anterior and posterior as possible to provide adequate spread and coverage for 

Figure 8. An inferior osteophyte (OP) is being resected off the distal clavicle (DC), to avoid impingement and abrasion 
of the graft postoperatively. 
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instrumentation on the glenoid neck.

Superior Capsule Reconstruction: Review of a Novel Operative Technique for Management...
http://dx.doi.org/10.5772/intechopen.70049

139



the medial graft fixation on the glenoid. Typically two anchors, each double loaded with a #2 
braided suture, are placed, in the region between the 10 and 2 o’clock positions (Figure 10A 
and B), but a third anchor may need to be added for very large defects (Figure 10C). 
Appropriate trajectory for anchor placement should be confirmed prior to drilling, and can 
typically be achieved from the anterior, posterior and Neviaser portals.

On the humeral head, graft fixation is accomplished using a double row transosseous equiv-
alent technique. Prior to graft passage, medial row greater tuberosity anchors placed, just 
lateral to the articular margin (Figure 11). We prefer to use anchors preloaded with #2 suture-
tape, non-sliding. As on the glenoid, two anchors are typically used, but a third one may be 
needed in large shoulders with large defects.

Figure 10. Glenoid anchors. Each one is double-loaded with a #2 braided suture. Note the anchor position approximately 
2–4 mm medial to the rim, and the trajectory of insertion (away from the articular cartilage). The spread between the 
anchors can be narrow (A) for smaller defects, or wide (B) for larger ones. Sometimes three anchors may need to be 
placed (C), for massive tears involving both the SS and IS. In this case, a Neviaser portal helps with proper trajectory for 
the middle anchor, as shown by the spinal needle. 
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7.4. Graft sizing and preparation

Once all the anchors are placed, distances between them are measured. First the anterior-
posterior distance is measured for the glenoid anchors and tuberosity anchors. Then the 
medial-lateral distance is measured between the glenoid and tuberosity anchors, obtaining 
one measurement anteriorly, and one posteriorly. A calibrated probe is used to make these 
measurements (Figure 12). In our opinion, in order to obtain the graft size that will pro-
vide appropriate stabilizing affect without overtightening the glenohumeral articulation, the 
shoulder should be positioned in neutral rotation and approximately 20–30° of abduction for 
the measurement, and during subsequent graft fixation.

Figure 11. Medial row greater tuberosity (GT) anchors are inserted. The anterior anchor is placed just posterior to the 
bicipital groove, and the posterior anchor is at the posterior-most extent of the exposed tuberosity. Both are pre-loaded 
with a suture-tape, and placed adjacent to the articular margin of the humeral head. Note how the surface of the GT has 
been decorticated down to bleeding bone.  

Figure 12. Measuring distances between the anchors using a calibrated probe. (A) Distance between the glenoid anchors. 
(B) Distance between the medial GT anchors. (C) Distance between the glenoid and GT anchors (posterior, viewing from 
the anterolateral portal).
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the medial graft fixation on the glenoid. Typically two anchors, each double loaded with a #2 
braided suture, are placed, in the region between the 10 and 2 o’clock positions (Figure 10A 
and B), but a third anchor may need to be added for very large defects (Figure 10C). 
Appropriate trajectory for anchor placement should be confirmed prior to drilling, and can 
typically be achieved from the anterior, posterior and Neviaser portals.
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alent technique. Prior to graft passage, medial row greater tuberosity anchors placed, just 
lateral to the articular margin (Figure 11). We prefer to use anchors preloaded with #2 suture-
tape, non-sliding. As on the glenoid, two anchors are typically used, but a third one may be 
needed in large shoulders with large defects.

Figure 10. Glenoid anchors. Each one is double-loaded with a #2 braided suture. Note the anchor position approximately 
2–4 mm medial to the rim, and the trajectory of insertion (away from the articular cartilage). The spread between the 
anchors can be narrow (A) for smaller defects, or wide (B) for larger ones. Sometimes three anchors may need to be 
placed (C), for massive tears involving both the SS and IS. In this case, a Neviaser portal helps with proper trajectory for 
the middle anchor, as shown by the spinal needle. 
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7.4. Graft sizing and preparation
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the measurement, and during subsequent graft fixation.
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with a suture-tape, and placed adjacent to the articular margin of the humeral head. Note how the surface of the GT has 
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Next the graft if prepared. We use an acellular human dermal graft (Arthroflex by Arthex, 
Inc., Naples, FL), but an autograft, such as tensior fascia lata, may also be harvested and used. 
Whichever graft is used, it is now sized and prepared on the back table. The graft is cut to 
allow a 5 mm margin medially, anteriorly and posteriorly and a 10 mm margin laterally. The 
dimensions of the anchor configuration are then carefully marked on the graft using a mark-
ing pen (Figure 13).

At this point, all the sutures must be brought out through one of the subacromial portals in 
preparation for graft passage. We prefer to view from the posterior or posterolateral por-
tal, and use the anterolateral portal for graft passage. Sometimes this portal must be slightly 
increased in size, and a flexible cannula, which can be cut along one of its sides (such as the 
Arthex Passport) can be helpful.

The graft is brought close to the shoulder, carefully supported on a sterile Mayo stand. The 
sutures from the glenoid anchors are passed through the medial edge of the graft. Simple con-
figuration can be used, but we prefer to place each sets of sutures in a criss-crossing mattress 
configuration (one vertically and one horizontally), creating a Mason-Allen type configura-
tion. One limb from each suture set is tied to a limb from another suture set (off a different 
color), and the knot tails are cut. This leaves two suture limbs (one of each color) on the 
anterior-medial and posterior-medial edges of the graft, which, when tensioned, create a pul-
ley effect on the graft, allowing it to be drawn into the joint (Figures 14 and 15).

At this time it is possible to either place the tuberosity medial row sutures through the graft, 
or instead place a suture loop (such as Arthrex Fiberlink) which would aide with the passage 
of those sutures later. The advantage of the latter approach is minimizing suture traffic in 
the lateral subacromial portal, and avoiding suture entanglement. We prefer this technique 
(Figure 14), and temporarily park the medial row tuberosity sutures in the anterior and pos-
terior portals, while the graft is being passed.

7.5. Graft passage

The suture pulley system previously created on the medial side of the graft with the glenoid 
sutures is now tensioned. The graft may need to be partially folded to allow it to pass through 
the cannula, or the cannula may be removed (if it was pre-cut). Also, a blunt tissue grasper 
can be used to pinch the graft medially to ease the delivery and transport of the graft through 
the cannula. The graft is visualized entering the joint, and moving medially until it sits flush 
on the superior glenoid neck, covering the rim (Figure 16A and B). It may be necessary to 
help unfold the anterior and posterior edges of the graft once its fully inside, in case they get 
folded in.

7.6. Graft fixation

The sutures from the glenoid anchors are then tied arthroscopically to secure the graft to the 
glenoid neck. The tails of those sutures may be passed up through the remnant of the native 
cuff, to bring it down to the medial edge of the graft, helping create a biologic seal over this 
area (Figure 16C).
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Figure 13. Graft measurement. It is important not to cut the graft too short. 5 mm extra is left on the medial, anterior, and 
posterior edges, whereas laterally 10 mm extra distance is left to allow coverage over the GT footprint.
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Figure 13. Graft measurement. It is important not to cut the graft too short. 5 mm extra is left on the medial, anterior, and 
posterior edges, whereas laterally 10 mm extra distance is left to allow coverage over the GT footprint.
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Figure 14. Suture placement into the graft prior to shuttling. Glenoid sutures are placed in a horizontal and vertical 
mattress configurations, perpendicular to each other. Laterally, we prefer to place a suture-loop (Arthrex Fiberlink), for 
subsequent shuttling of suture-tapes from the GT medial row anchors.

Figure 15. Model demonstration of the step-by-step process of glenoid suture placement and tying. (A) All suture limbs 
from each anchor are placed in a mattress configuration, perpendicular to each other. (B) One limb from each suture is 
tied to a limb from the other suture (different color), and this creates a double-pulley system, which helps shuttle the 
graft to its attachment points on the glenoid. (C) Final construct, with all glenoid sutures tied.
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Then the tuberosity medial row sutures are passed through the graft using the previously pre-
loaded suture-loop, if they haven’t been already placed outside the shoulder. Both limbs of the 
sutures from the medial GT anchors are passed through the graft, from inferior to superior, 
one at the anterior and one at the posterior pre-determined spots (Figure 17A). Finally, these 
suture-tapes are brought over the lateral-most extent of the graft in a criss-cross fashion, and 
secured just past the lateral margin of the tuberosity with knotless anchors (Figure 17B–D). 
Prior to setting final tension and fixating the graft laterally, proper shoulder position of neutral 
rotation and slight abduction (20–30°) needs to be ensured.

Figure 16. Arthroscopic view of graft fixation to the glenoid. (A) The graft is pulled in using the double-pulley system, 
which is created by tying one limb of each suture to the other one from the same anchor (white arrows); the remaining 
limbs act as pulley sutures (black arrows), to cinch the graft onto the superior glenoid rim. (B) Note the ability to pull up 
the remnant of the superior cuff, with a previously placed free suture, via the Neviaser portal, for improved visualization. 
(C) After the sutures from the glenoid anchors are tied, securing the graft to the glenoid, the remnant cuff tissue can be 
tied down to the graft, using those suture tails. This creates a nice biologic seal over the medial part of the SCR construct.
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one at the anterior and one at the posterior pre-determined spots (Figure 17A). Finally, these 
suture-tapes are brought over the lateral-most extent of the graft in a criss-cross fashion, and 
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Prior to setting final tension and fixating the graft laterally, proper shoulder position of neutral 
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7.7. Anterior and posterior convergence

Once the graft is secured medially and laterally, side-to-side margin convergence sutures 
are placed to secure the graft to the intact cuff (Figure 18A and B ). Pre-placed sutures are 
helpful for this, as discussed above. Typically two side-to-side sutures are used posteriorly, 
to connect the graft to the intact part of the infraspinatus or to the teres minor. Anteriorly, 
if the fixation is to the intact remaining supraspinatus, two sutures may be used as well 
(Figure 18C); however, if there is no supraspinatus left, and fixation is to the upper border of 
the subscapularis, no more than one suture should be used, as laterally as possible, to avoid 
over-constricting the rotator interval. If the distance between the anterior edge of the graft 
and the upper border of the subscapularis is too great, no margin convergence sutures are 
placed here.

Figure 17. Graft fixation to the humeral head. (A) Suture-tapes from the medial row greater tuberosity anchors are 
passed up through the graft, using the previously placed suture-loop (left shoulder, view from the anterolateral portal; 
AA—anterior anchor, PA—posterior anchor, GT—greater tuberosity); (B) Suture tapes are criss-crossed and secured just 
past the lateral margin of the tuberosity with knotless anchors, providing excellent compression of the graft over the 
tuberosity footprint. (C) If a small “dog-ear” is noted after lateral graft fixation, a suture preloaded into the lateral-row 
anchor can be used to tie it down. (D) Model demonstration of graft fixation to the humeral head.
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The shoulder is then taken through a full range of motion to ensure no signs of impingement. 
And residual spurs on the acromion, or osteophytes off the inferior distal clavicle should be 
resected (Figure 8).

7.8. Postoperative protocol

We follow the same protocol for our SCR cases as for our large rotator cuff repair cases. A 
shoulder immobilizer sling is worn for 6 weeks, with or without an abduction pillow. Passive 
range of motion exercises are started at 4–6 weeks postoperatively, active-assisted motion 
is allowed at 6–8 weeks, and full active motion is allowed after 8 weeks. Strengthening pro-
gresses after 12 weeks, and return to activities which require overhead lifting is allowed no 
earlier than 16 weeks. Typical full return to activities is allowed 6 months postoperatively.

8. Outcomes

Published reports of clinical outcomes following superior capsular reconstruction thus far 
have been limited to one study, but more such studies are currently either in data collection 
or already in preparations to report outcomes. In 2013, Mihata et al. reported a case series 
of 24 shoulders (23 consecutive patients), treated with SCR using fascia lata autograft, with 
minimum 2-year follow-up [2]. At an average follow-up of 34 months (24–51 months), mean 
active elevation increased from 84 to 148° and mean external rotation increased from 26 to 
40°. All clinical outcomes scores improved significantly, with American Shoulder and Elbow 
Surgeons score (ASES) score going up from an average of 23.5 to 92.9. Furthermore, imaging 
showed acromiohumeral distance increased from 4.6 to 8.7 mm, on average. No procedure-
related complications were reported [2].

In the United States, most surgeons prefer to use a dermal allograft (Arthrex Arthroflex), which 
is a thick (3 mm) and durable patch, which requires minimal preparation time and is relatively 
easy to handle. Several technical reports using this graft have been published, including those 

Figure 18. Side-to-side repair to the intact cuff and completion of the SCR. (A) Sutures are passed through the graft and 
adjacent intact cuff. (B) Sutures are then tied, providing close approximation between the graft and native tissue. (C) 
Superior view from the Neviaser portal, showing a completed SCR, with excellent coverage of the joint by the graft and 
native cuff, repaired to the graft.
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And residual spurs on the acromion, or osteophytes off the inferior distal clavicle should be 
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shoulder immobilizer sling is worn for 6 weeks, with or without an abduction pillow. Passive 
range of motion exercises are started at 4–6 weeks postoperatively, active-assisted motion 
is allowed at 6–8 weeks, and full active motion is allowed after 8 weeks. Strengthening pro-
gresses after 12 weeks, and return to activities which require overhead lifting is allowed no 
earlier than 16 weeks. Typical full return to activities is allowed 6 months postoperatively.

8. Outcomes

Published reports of clinical outcomes following superior capsular reconstruction thus far 
have been limited to one study, but more such studies are currently either in data collection 
or already in preparations to report outcomes. In 2013, Mihata et al. reported a case series 
of 24 shoulders (23 consecutive patients), treated with SCR using fascia lata autograft, with 
minimum 2-year follow-up [2]. At an average follow-up of 34 months (24–51 months), mean 
active elevation increased from 84 to 148° and mean external rotation increased from 26 to 
40°. All clinical outcomes scores improved significantly, with American Shoulder and Elbow 
Surgeons score (ASES) score going up from an average of 23.5 to 92.9. Furthermore, imaging 
showed acromiohumeral distance increased from 4.6 to 8.7 mm, on average. No procedure-
related complications were reported [2].

In the United States, most surgeons prefer to use a dermal allograft (Arthrex Arthroflex), which 
is a thick (3 mm) and durable patch, which requires minimal preparation time and is relatively 
easy to handle. Several technical reports using this graft have been published, including those 
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Superior view from the Neviaser portal, showing a completed SCR, with excellent coverage of the joint by the graft and 
native cuff, repaired to the graft.

Superior Capsule Reconstruction: Review of a Novel Operative Technique for Management...
http://dx.doi.org/10.5772/intechopen.70049

147



by Hirahara and Adams, Petri et al., Tokish and Beicker, and Burkhart et al. [36–39], but clinical 
data on the outcomes of this approach is lacking in the published literature. However, per-
sonal communication with a number of surgeons currently performing SCR using the dermal 
allograft patch produced reports of high patient satisfaction rates, excellent improvement in 
function and pain levels in the short term, and low risk of complications. One of our personal 
communications has been with a surgeon who now has data on 20 SCR procedures, with a 
minimum follow-up of 3 months and up to 1.5 years, and reports that  Visual Analogue Scale 
(VAS) scores decreased on average from 6–9 to 0–3 range, while ASES scores went up from the 
20–30 range to the 70–90 range. No complications were reported in this patient group (personal 
communication with Dr. Kevin Kaplan, Jacksonville Orthopedic Institute, Jacksonville, FL).

9. Future direction and conclusion

Large irreparable rotator cuff tears in younger and active patients continue to pose a signifi-
cant clinical challenge to orthopedic surgeons. Arthroplasty treatment option with a reverse 
shoulder replacement is not ideal in this patient population. Mihata et al. [33] have shown 
in biomechanical cadaveric studies that a graft reconstruction can restore superior glenohu-
meral translation when the graft is attached to the glenoid medially and humeral head later-
ally. However, many technical aspects of this procedure have not been well studied, such as 
ideal suture and anchor configuration medially or laterally, ideal graft tissue (allograft versus 
autograft), ideal graft thickness, or ideal tensioning technique.

In the immediate future, we will need larger clinical studies with short, medium, and long-
term outcome data demonstrating the effectiveness of superior capsular reconstruction. 
Radiographic follow-up studies are needed to document graft incorporation or deterioration 
after this surgery, as well as to monitor the acromiohumeral distance in this patient popula-
tion. Clinical indications and contraindications, as well as the ideal patient population, for this 
procedure need be better defined.

Superior capsular reconstruction is a novel technique that may provide a potentially promis-
ing solution to a tough problem in the shoulder region. The procedure should be considered 
for active and physiologically young patients with high functional demand on their upper 
extremity, and an irreparable rotator cuff tear, and should be performed by surgeons experi-
enced in treating shoulder pathology. More clinical studies are needed before we can advo-
cate widespread use of this procedure in general orthopedic practice.
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communication with Dr. Kevin Kaplan, Jacksonville Orthopedic Institute, Jacksonville, FL).

9. Future direction and conclusion

Large irreparable rotator cuff tears in younger and active patients continue to pose a signifi-
cant clinical challenge to orthopedic surgeons. Arthroplasty treatment option with a reverse 
shoulder replacement is not ideal in this patient population. Mihata et al. [33] have shown 
in biomechanical cadaveric studies that a graft reconstruction can restore superior glenohu-
meral translation when the graft is attached to the glenoid medially and humeral head later-
ally. However, many technical aspects of this procedure have not been well studied, such as 
ideal suture and anchor configuration medially or laterally, ideal graft tissue (allograft versus 
autograft), ideal graft thickness, or ideal tensioning technique.

In the immediate future, we will need larger clinical studies with short, medium, and long-
term outcome data demonstrating the effectiveness of superior capsular reconstruction. 
Radiographic follow-up studies are needed to document graft incorporation or deterioration 
after this surgery, as well as to monitor the acromiohumeral distance in this patient popula-
tion. Clinical indications and contraindications, as well as the ideal patient population, for this 
procedure need be better defined.

Superior capsular reconstruction is a novel technique that may provide a potentially promis-
ing solution to a tough problem in the shoulder region. The procedure should be considered 
for active and physiologically young patients with high functional demand on their upper 
extremity, and an irreparable rotator cuff tear, and should be performed by surgeons experi-
enced in treating shoulder pathology. More clinical studies are needed before we can advo-
cate widespread use of this procedure in general orthopedic practice.
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Abstract

Shoulder pain is a common complaint in clinical practice. The usual form of treatment is 
based on nonsteroidal anti-inflammatory drugs (NSAIDs), rest, rehabilitation and, as an 
alternative, a local injection into the joint. Due to the lack of oral medication and the lack 
of evidence, it is necessary to use different nonsurgical therapeutic alternatives. Pulsed 
radiofrequency produces a temporary nondestructive blockage being the most common 
technique in the management of shoulder pain. The application of pulsed radiofrequency 
on the suprascapular nerve has proven to be an effective method in the treatment of 
shoulder pain, with a decrease in pain that allows the rehabilitation of patients. The axil-
lary or circumflex nerve provides motor innervation mainly to deltoids with branches to 
the teres minor, provides sensitive innervation to the lower, lateral, and anterior articular 
capsule, and innervates the humeral head and upper humeral neck. It has a cutaneous 
branch, which contributes sensitivity of the skin on the deltoids. Combined pulsed radio-
frequency on the suprascapular nerve and on the circumflex nerve has been scarcely 
studied with very few references in the literature. The joint treatment by pulsed radiofre-
quency technique on suprascapular nerve and circumflex nerve can provide a complete 
and lasting relief of this pathology.

Keywords: shoulder, suprascapular nerve, circumflex nerve, radiofrequency, chronic pain

1. Introduction

Shoulder pain is a common problem with an estimated prevalence of 4–26%. It has been esti-
mated that 20% of the general population will suffer shoulder pain throughout their life with 
a prevalence that can reach up to 50% [1]. This entity is responsible for approximately 16% of 
all musculoskeletal conditions only behind patients with low back pain.
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The painful shoulder is the third most frequent reason for consultation of osteoarticular 
pathology, after low back pain and neck pain. Between 70 and 85% of the consultations are 
due to pathology of the rotator cuff [2]. In recent years, these conditions are increasing being 
a reason for increasing consultation in specialized services in the locomotor system. Although 
the rotator cuff and subacromial structures make up the majority of the presentations of pain-
ful pathology of the shoulder, we cannot forget other less frequent but not less important pain 
locations [3].

“Painful shoulder syndrome” is a frequent and debilitating disease of diverse etiologies and 
complex diagnosis, being more common in the female population, and especially after the 5th 
decade of life [4], in an age range between 45 and 65 years, although it can manifest itself in 
other age groups [5]. The prevalence increases with age, some professions, and certain sports 
activities.

Although most chronic shoulder problems can be treated conservatively with activity modifi-
cation, oral medications, physical therapy, and possible injections of corticosteroids, there are 
cases where surgical intervention is required. Patients with continuous instability or disabling 
pain not responding to initial conservative measures may require prior surgical referral. 
Surgical or specialty referral should also be considered when the diagnosis is unknown [6].

Post-operative pain after shoulder surgery is severe in many patients. For many years, inter-
scalene brachial plexus block has been the gold standard for controlling this pain. However, 
this is a blockage of the proximal brachial plexus, and therefore, is associated with extensive 
nerve block, resulting in significant side effects and possible complications.

2. Anatomy and biomechanics of the shoulder

The shoulder or shoulder girdle is the anatomical structure with greater mobility of the body, 
in turn is the most complex structure. The shoulder complex allows an arch of maximum 
mobility due to the multitude of structures involved in its stabilization: joints, ligaments, and 
muscles.

The articular complex of the shoulder is an enarthrosis, which confers an ample capacity of 
movement in the three axes and planes of the space, and this is due to the simultaneous and syn-
chronous functioning of three joints: glenohumeral, acromioclavicular, and sternum-clavicular, 
in two sliding planes: scapulothoracic and subacromial deltoid. These joints intervene differ-
ently in the shoulder movements: in the first 90° of the abduction, the glenohumeral participates, 
between the 30 and the 135° the scalpulator is added, and from the 90° the acromioclavicular and 
the sternoclavicular are mobilized.

The glenohumeral joint consists of the head of the humerus and the glenoid cavity, has a 
large lax capsule, and is lined with a synovium, in which two muscles–tendinous systems of 
stabilization and fixation are joined. The humeral articular surface closes an ellipse, while the 
glenoid cavity offers a practically flat articular surface. The consequence of such mobility is 
the great instability of this joint, the joint being more frequently dislocated.
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To compensate this instability, there are passive and active stabilizers. Within the passives 
is the joint capsule with anterior and posterior reinforcements that become independent in 
the upper and lower ligaments and the labrum. The labrum is a structure that surrounds the 
margin of the glenoid cavity conferring a greater congruence with respect to the humeral 
head. Among the active stabilizers, the most important elements are the components of the 
so-called rotator cuff.

The rotator cuff consists of the subscapularis muscle anteriorly, the supraspinatus and the 
long portion of the biceps above, and the infraespinatus and teres minor behind. Each of these 
muscles has its own rotating function (Table 1), but its joint action is the one that coapts the 
head of the humerus against the glenoid cavity and allows the elevation of the limb by the 
action of the deltoid [7].

3. Innervation of the joint

Sensory innervation of the shoulder joint is complex and involves contributions of the axil-
lary, suprascapular, subscapular, musculocutaneous, and lateral pectoral nerves. Of these, the 
axillary and suprascapular nerves are considered the most important. However, variations 
and communications between the nerves are common.

It is important to have an exhaustive knowledge of the brachial plexus (Figure 1), since 
before considering a regional technique it is necessary to know well the innervation of the 
shoulder. The brachial plexus is formed by the anterior or ventral branches of the last four 
cervical spinal nerves: C5–C8 and the first thoracic: T1. These spinal nerves join together to 
form the primary trunks: upper (C5–C6), middle (C7), and lower (C8–T1). Just below the 
clavicle, the six divisions of the trunks will be formed, since each trunk is divided into ante-
rior and posterior branches. From this moment, they are called secondary trunks or cords, 
which descend to the armpit. The axilla are denominated according to their relation with 
the axillary artery: anteroexternal (formed by the union of the upper and middle trunks), 
anterointernal (formed by the anterior branch of the inferior trunk), and posterior, formed by 
the posterior divisions of the primary trunks. Finally, each secondary trunk will give origin 
to the different terminal nerves: the posterior cord originates the axillary and radial nerves, 
the medial cord the ulnar nerve, and the lateral cord will give rise to the musculocutaneous 
nerve.

Muscle tendon Movements

Upper region Supraspinatus Abduction

Posterior region Infraspinatus, teres minor External rotation

Anterior region Subescapularis Internal rotation

Bicipital Elbow flexion-supinatium

Table 1. Muscles and function.
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which descend to the armpit. The axilla are denominated according to their relation with 
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anterointernal (formed by the anterior branch of the inferior trunk), and posterior, formed by 
the posterior divisions of the primary trunks. Finally, each secondary trunk will give origin 
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The axillary plexus is responsible for both internal and cutaneous innervation of the shoul-
der, except for the upper part of the shoulder, which is innervated by the supraclavicular 
nerve originated in the lower part of the superficial cervical plexus (C3–C4). The articular 
innervation and the structures that surround it are mainly in charge of the axillary nerve or 
circumflex and the suprascapular nerve. To a lesser extent, they can be innervated by the 
musculocutaneous and subscapular nerve.

The suprascapular nerve is a mixed, motor and sensory nerve, formed by the direct union 
of the upper primary trunk of C5 and C6, with occasional contributions of C4 in some vari-
ants. It occurs laterally below the trapezius and omohyoid, and enters the supraspinatus 
fossa. The transverse scapular ligament closes the fossa on the nerve. In the suprascapular 
fossa, the nerve sends motor branches to the supraspinatus and infraspinatus muscles and 
some to the teres minor. It provides sensitive branches to the posterior glenohumeral capsule, 
 acromioclavicular joint, and the coracohumeral ligament. In 15% of patients, the suprascapu-
lar nerve receives cutaneous sensory fibers from the upper side of the arm (deltoid) [8].

Figure 1. Division of the brachial plexus into its terminal branches.
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The axillary or circumflex nerve is a branch of the posterior secondary trunk (C5–C6). It forms 
on the lateral border of the subscapularis muscle, and is directed toward the posterior part of 
the surgical neck of the humerus. It runs below the shoulder joint about 2–3 mm below the 
lower capsule. Along with the posterior humeral circumflex artery, the nerve passes through 
a quadrilateral space forming a small aperture delimited by teres minor, teres major below, 
long head of medial biceps, and proximal humerus laterally. It provides motor innervation 
mainly to deltoids with branches to the teres minor, provides sensitive innervation to the 
lower, lateral, and anterior joint capsule, and innervates the humeral head and upper humeral 
neck. It has a cutaneous branch, which contributes sensitivity of the skin on the deltoids.

4. Intraoperative analgesic techniques

Multiple advantages present loco-regional anesthesia:

1. They allow a better control of the pain, decreasing the need for opiates, both intra- and 
post-operatively.

2. Decreases the incidence of nausea and vomiting, which increases patient satisfaction and 
decreases the average stay.

3. It provides an adequate muscular relaxation for the correct position of the patient.

4. Reduces intraoperative bleeding and promotes hemodynamic stability.

The reference technique for intraoperative analgesia is brachial plexus block at interscalene 
level [9]. Multiple approaches have been described: Winnie, Pippa, and Meier are the best 
known. Until not many years ago, the use of the neurostimulator for the accomplishment of 
the blockade was the gold standard technique. It was recommended to obtain a good response 
of the triceps (C5–C6) rather than a response of the biceps (C4–C5), ensuring a better distribu-
tion of the anesthetic.

With the development of ultrasound techniques and their progressive introduction into anes-
thesiology services, the use of neurostimulation for nerve localization in analgesic or anes-
thetic blocks has become obsolete. At the moment, the realization of a blockade that is not 
guided by ultrasound is not conceived.

The use of this technology brings a number of advantages. One of the most important is to 
be able to confirm the distribution of the local anesthetic around the nerve by direct vision. 
The use of ultrasound also improves safety, since we observe at all times the trajectory of 
the needle and its relation with neighboring structures (vascular, pleura, and solid organs). 
Another notable advantage is that the volume of local anesthetic is considerably lower. The 
correct extension of the anesthetic around the nerve allows a shortening of the latency of the 
blockade and a longer duration of the effect.

Brachial plexus block at interscalene level has been well described and widely used (Figure 2). 
The lack of impact of suprascapular nerve block on respiratory function makes it a good 
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mainly to deltoids with branches to the teres minor, provides sensitive innervation to the 
lower, lateral, and anterior joint capsule, and innervates the humeral head and upper humeral 
neck. It has a cutaneous branch, which contributes sensitivity of the skin on the deltoids.

4. Intraoperative analgesic techniques

Multiple advantages present loco-regional anesthesia:

1. They allow a better control of the pain, decreasing the need for opiates, both intra- and 
post-operatively.

2. Decreases the incidence of nausea and vomiting, which increases patient satisfaction and 
decreases the average stay.

3. It provides an adequate muscular relaxation for the correct position of the patient.

4. Reduces intraoperative bleeding and promotes hemodynamic stability.

The reference technique for intraoperative analgesia is brachial plexus block at interscalene 
level [9]. Multiple approaches have been described: Winnie, Pippa, and Meier are the best 
known. Until not many years ago, the use of the neurostimulator for the accomplishment of 
the blockade was the gold standard technique. It was recommended to obtain a good response 
of the triceps (C5–C6) rather than a response of the biceps (C4–C5), ensuring a better distribu-
tion of the anesthetic.

With the development of ultrasound techniques and their progressive introduction into anes-
thesiology services, the use of neurostimulation for nerve localization in analgesic or anes-
thetic blocks has become obsolete. At the moment, the realization of a blockade that is not 
guided by ultrasound is not conceived.

The use of this technology brings a number of advantages. One of the most important is to 
be able to confirm the distribution of the local anesthetic around the nerve by direct vision. 
The use of ultrasound also improves safety, since we observe at all times the trajectory of 
the needle and its relation with neighboring structures (vascular, pleura, and solid organs). 
Another notable advantage is that the volume of local anesthetic is considerably lower. The 
correct extension of the anesthetic around the nerve allows a shortening of the latency of the 
blockade and a longer duration of the effect.

Brachial plexus block at interscalene level has been well described and widely used (Figure 2). 
The lack of impact of suprascapular nerve block on respiratory function makes it a good 
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 alternative in certain groups. To date, there have been no extensive trials comparing the effi-
cacy and safety of the two, which could cause some reluctance to adopt suprascapular block-
ade as the regional technique of choice for shoulder surgery [10].

Good studies have recently appeared in this line. Dhir et al. [11] carried out a study with 60 
patients in which they analyzed the combined blockade of the suprascapular and axillary 
nerves, comparing it with the interscalene brachial plexus block. They observed that the com-
bined block provides nonequivalent analgesia compared to interscalene block in arthroscopic 
shoulder surgery. They conclude that while combined blockade provides better quality pain 
relief at rest and fewer adverse effects at 24 hours, interscalene block provides better postop-
erative analgesia. Therefore, for arthroscopic shoulder surgery, combined blockade may be a 
clinically acceptable analgesic option with a different analgesic profile compared to intersca-
lene blockade.

However, Wiegel et al. [12] in a very recent study with 329 patients comparing the combined 
blockade of the suprascapular and axillary nerve with the interscalene blockade as analge-
sic techniques in arthroscopic shoulder surgery concluded that for outpatients subjected to 
arthroscopic surgery under general anesthesia, combined blockade seems preferable to inter-
scalene. It provides excellent postoperative analgesia without exposing patients to alterations 
in mobility and the risks of interscalene blockade.

5. Postoperative analgesic techniques

In the immediate postoperative period, the patients present a very intense pain during the 
first hours. It is necessary to apply analgesic guidelines to control it, such as the combination 
of nonsteroidal anti-inflammatory drugs and intravenous opioids.

Figure 2. Ultrasound view of brachial plexus block at interscalene level. ASM, anterior scalene muscle; MSM, medium 
scalene muscle; BP, brachial plexus.
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The use of catheters with continuous perfusion of local anesthetics accompanied by the pos-
sibility of self-administered boluses in shoulder surgery reduces the total dose of local anes-
thetic and the risk of side effects, and improves overall patient satisfaction. The use of an 
interscalene catheter is indicated mainly in patients who are going to undergo aggressive 
surgery with painful postoperative in the first 6 hours and in those patients who present the 
need for early and energetic rehabilitation. According to the type of surgery and patient char-
acteristics, the catheter will be used between 3 and 5 days.

6. Analgesic techniques in treatment of chronic pain

The term “painful shoulder” encompasses all processes that determine pain in the anatomical 
region of the shoulder. “Painful shoulder syndrome” is a frequent and incapacitating pathol-
ogy of diverse etiology and complex diagnosis. The causes of painful shoulder are multiple 
(Table 2). We should always ask if we are facing a disease of the shoulder or if it is a pain 
referred from another location.

Periarticular

 Rotator cuff tendinitis

 Rupture of the rotator cuff tendon

 Bicipital tendinitis

 Long biceps tendon rupture

Articular

 Frozen shoulder (adhesive capsulitis)

 Inflammatory arthritis

 Microcrystalline arthritis

 Dislocation, subluxation

Extrinsic causes

 Vascular or somatic origin

  Pancoast tumor, pneumothorax

  Aortic dissection, ischemic heart disease

  Atherosclerosis, vasculitis, aneurysms

 Neurological origin

  Spinal cord injury, peripheral nerve entrapment

  Fibromyalgia

  Complex regional pain syndrome

Table 2. Etiology of painful shoulder.
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The most common symptom in the shoulder is pain. The patient’s age, nature, and evolu-
tion of pain often lead to diagnosis. It is important to observe its onset, periodicity, location, 
character, irradiation, concomitant symptoms, and factors that aggravate or alleviate it. The 
radicular pain that radiates from the cervical region of the shoulder is almost always lacerat-
ing; on the other hand, the pain of tendinitis is diffuse, deaf, and continuous.

Subacromial syndrome (SAS), associated or not with rotator cuff tears, is a common cause 
of shoulder pain, especially in manual workers and athletes involving throwing. The most 
frequent clinical manifestation of this pathology is through a painful arch pattern between 90 
and 120° of abduction. However, SAS can also be presented by a capsular pattern, appearing 
as a rigid shoulder, or with a pseudoparalytic pattern, in which the main manifestation is 
impotence for shoulder elevation. This pattern indicates a massive lesion of the rotator cuff 
with alteration of the kinematic pattern of the shoulder. Finally, a mixed pattern may appear 
in which several forms of presentation are manifested associated with each other [13].

There is a wide range of painful shoulder treatments beginning with conservative treat-
ment, physical therapies with rest, thermal, physiotherapeutic exercises, drug treatment 
with nonsteroidal anti-inflammatory drugs (NSAIDs) or analgesics, and joint blockages. 
Radiofrequency techniques are proposed as a therapeutic alternative in cases refractory to the 
treatments described.

We have several therapeutic options. Conservative treatment is the first step among the dif-
ferent nonpharmacological alternatives. Modifying daily activity is a simple treatment to 
decrease shoulder pain. Specific recommendations based on avoiding or decreasing painful 
activity are the basis of treatment in rotator cuff pathology, glenohumeral joint arthritis, and 
adhesive capsulitis. Avoiding movement above the head eludes the painful arch between 60 
and 120° [6]. There are therapeutic modalities designed to relieve pain directly: cold and heat, 
ultrasound, iontophoresis, as well as stretching and strengthening [14] exercises that aim to 
improve overall shoulder function.

In a systematic review, Camarinos et al. concluded that the benefit of nonpharmacological 
interventions is based on improving mobility, although improvement in function and qual-
ity of life is questionable. Fortunately, we also have a broad pharmacological array, although 
few medications are specifically approved for the treatment of chronic shoulder pain. Most 
of these are indicated only for bursitis [15]. Nonsteroidal anti-inflammatory drugs (NSAIDs) 
may be effective in 50–67% of patients, but have only been evaluated in short periods of time. 
There are no randomized studies comparing the effectiveness of NSAIDs with other analge-
sics or with a more conservative approach.

Due to the lack of oral medication and the lack of existing evidence, it is necessary to use different 
nonsurgical therapeutic alternatives [16]. Among the invasive techniques, intra-articular infil-
tration is a relatively simple technique that can provide adequate pain control. Intra-articular 
injection of corticosteroids provides better pain relief than oral NSAIDs in the short term.

A recent Cochrane [15] review comparing intra-articular injection with other nonphysiothera-
peutic treatment interventions and including a multiple outcome study evaluated at many 
time points shows that intra-articular corticosteroid injection is significantly more beneficial 
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than a combined physiotherapeutic approach (mobilization, exercise, and electrotherapy) in 
improving the main complaint at 3, 7, and 13 weeks, but not later. This benefit was maintained 
when combined with a second study that evaluated short-term pain and did not demonstrate 
significant differences between groups.

Several studies have evaluated the use of hyaluronic acid in the treatment of shoulder pain. 
The study by Abellán et al. [13] compared the treatment with subacromial infiltrations with 
hyaluronic acid and those of corticosteroids, considered as the gold standard, in the treat-
ment of conservative treatment resistant shoulder pain. The results show that subacromial 
infiltration of hyaluronic acid decreases pain and improves joint function in the same way as 
corticosteroids. Corticosteroids improve the patients faster, while with hyaluronic acid the 
improvement is progressive, presenting the same results at 6 months.

Infiltrations would be indicated in the case of poor recovery 4–8 weeks after conservative 
treatment and in patients with severe pain limiting rehabilitation treatment. The following are 
the most frequent infiltration techniques:

6.1. Intra-articular infiltration

With corticosteroids, local anesthetic, NSAIDs or combined, it is not recommended to make 
more than three infiltrations.

1. Infiltration of the acromioclavicular joint: with the patient seated and the upper limbs rest-
ing on their thighs, the physician should be placed in front, in an anterior position and 
lateral to the shoulder to infiltrate. To identify the joint, it is useful to palpate the lateral 
epiphysis of the clavicle in the medial-lateral direction to locate a small depression usually 
painful under pressure. Injection can be done by superior or anterior approach.

2. Infiltration of the glenohumeral joint: it can be approached by posterior or anterior route, in 
the latter the anatomical relations are more important. With the patient seated and the upper 
limbs resting on their thighs we will position laterally to the shoulder to infiltrate, and placed 
in a plane anterior or posterior to the shoulder according to the way of approach. The poste-
rior route is the safest route and the least technical complication.

3. Infiltration of the subacromial space: it is an efficient and economic technique, which has 
a double function, on the one hand, clinical confirmation of the diagnosis in the pathology 
of the rotator cuff and the subacromial syndrome and, on the other hand, its symptomatic 
treatment in both processes. There are several introduction windows in the subacromial 
space, but the most recommended and used in the clinic are the following two (Figure 3):

a. Lateral path: The puncture window is located in the space between the acromion and the 
humeral head, on the lateral side of the shoulder. The patient is placed with the shoulder in 
neutral position, with the elbow in 90° flexion and the hand on the thigh of the same side.

b. Posterior path: The puncture window is located just below the acromion on the posterior side 
of the shoulder. With the patient in the same anterior position, we placed behind this and 
located the posterolateral edge of the acromion, marking the point of infiltration just below it.
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of these are indicated only for bursitis [15]. Nonsteroidal anti-inflammatory drugs (NSAIDs) 
may be effective in 50–67% of patients, but have only been evaluated in short periods of time. 
There are no randomized studies comparing the effectiveness of NSAIDs with other analge-
sics or with a more conservative approach.

Due to the lack of oral medication and the lack of existing evidence, it is necessary to use different 
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tration is a relatively simple technique that can provide adequate pain control. Intra-articular 
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A recent Cochrane [15] review comparing intra-articular injection with other nonphysiothera-
peutic treatment interventions and including a multiple outcome study evaluated at many 
time points shows that intra-articular corticosteroid injection is significantly more beneficial 
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than a combined physiotherapeutic approach (mobilization, exercise, and electrotherapy) in 
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corticosteroids. Corticosteroids improve the patients faster, while with hyaluronic acid the 
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2. Infiltration of the glenohumeral joint: it can be approached by posterior or anterior route, in 
the latter the anatomical relations are more important. With the patient seated and the upper 
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in a plane anterior or posterior to the shoulder according to the way of approach. The poste-
rior route is the safest route and the least technical complication.
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a double function, on the one hand, clinical confirmation of the diagnosis in the pathology 
of the rotator cuff and the subacromial syndrome and, on the other hand, its symptomatic 
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space, but the most recommended and used in the clinic are the following two (Figure 3):

a. Lateral path: The puncture window is located in the space between the acromion and the 
humeral head, on the lateral side of the shoulder. The patient is placed with the shoulder in 
neutral position, with the elbow in 90° flexion and the hand on the thigh of the same side.

b. Posterior path: The puncture window is located just below the acromion on the posterior side 
of the shoulder. With the patient in the same anterior position, we placed behind this and 
located the posterolateral edge of the acromion, marking the point of infiltration just below it.
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6.2. Suprascapular nerve block

Suprascapular nerve block appears to be effective in the treatment of chronic shoulder pain 
secondary to degenerative diseases and inflammatory diseases using injections of local anes-
thetic and corticosteroids. It also allows an early rehabilitation with adequate range of move-
ments after reconstruction of shoulder or joint prosthesis. The development of ultrasound and 
the availability of echographs in the pain units have made it possible to use this technology to 
perform the blockade in a quick, simple, and practically free of complications.

In order to perform this ultrasound-guided block, we place the patient in a sitting or lateral 
position with the affected shoulder above. We will use a linear high frequency transducer 
(6–13 MHz). We performed an initial scan in sagittal orientation at the medial border of 
the scapula to identify the pleura. Later, we scan laterally with this orientation and move 
the transducer to visualize the spine of the scapula. If we move it cephalically, we will 
find the suprascapular fossa. If we move the transducer laterally, maintaining a transverse 
orientation, to identify the supraspinatus muscle and the suprascapular fossa, we will find 
the nerve as a round, hyperechoic image below the transverse scapular ligament in the 
scapular notch (Figure 4).

6.3. Axillary nerve block

As we have discussed at the beginning of the chapter, this nerve provides motor innervation 
mainly to deltoids and teres minor, provides sensitive innervation to the lower, lateral, and 

Figure 3. Infiltration of the subacromial space.
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anterior joint capsule, and innervates the humeral head and upper humeral neck. It has a cuta-
neous branch, which contributes sensitivity of the skin on the deltoids. To achieve more com-
plete analgesic control of the shoulder joint, including the anterior region, we can perform a 
combined treatment of the suprascapular nerve and the axillary nerve. Therefore, axillary nerve 
block is performed as a complement to suprascapular nerve block to improve analgesic quality.

In order to perform this ultrasound-guided block, we place the patient in a sitting or lateral 
position with the affected shoulder above. We will use a linear high frequency transducer 
(6–13 MHz). We performed an initial scan at the posterior border of the arm at the deltoid 
level and identified the humeral head and the deltoid muscle. Between both the axillary 
nerves appear as a rounded and hyperechoic image (Figure 5).

6.4. Radiofrequency techniques

Radiofrequency was first used in the early 1950s. Cosman and Cosman [17, 18] described the 
use of high frequency currents (in the radiofrequency range) to produce lesions. A few years 
later, Sweet and Wepsic [19] made a second breakthrough in this field when he developed the 
first temperature-controlled radiofrequency system to produce lesions for the treatment of 
trigeminal neuralgia.

Currently, the use of electric currents by radiofrequency is a widely used clinical technique in 
the field of chronic pain treatment. It is a minimally invasive, percutaneous access technique 
in most cases, consisting of the application of a radiofrequency electric field (around 500 kHz) 

Figure 4. Ultrasound view suprascapular nerve.
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around a tissue, through an applicator, that produces a modification in the treated target tis-
sue, and consequently an alteration in the transmission of the painful stimulus.

The pulsed radiofrequency method (RFp) was initially used by Sluijter et al. [20]. To date, it 
has been used for the treatment of peripheral nerves and the dorsal root ganglion. It has been 
commonly applied for the treatment of low back pain, neck pain, and neuropathies with very 
good results. An advantage of RFp over conventional radiofrequency (RF) is that it generates 
very little discomfort and can be performed with very little or no pain on the patient while the 
technique is being performed.

The application of pulsed radiofrequency on the suprascapular nerve has proven to be an 
effective method in the treatment of shoulder pain, with a decrease in pain that allows the 
rehabilitation of patients [21]. On the other hand, it prevents repetitive infiltrations with local 
anesthetics and corticosteroids, which are not without undesirable effects [8, 22]. In order to 
achieve more complete analgesic control of the shoulder joint, including the anterior region, 
we can perform a combined treatment of the suprascapular nerve and the circumflex nerve.

In an observational study involving 16 patients with painful shoulder (13 patients with rheu-
matoid arthritis and 3 with osteoarthritis) and limited active movement of the joint, a com-
bined block of the suprascapular nerve and the articular branches of the circumflex were 
performed. A mean reduction in pain intensity of 69% was observed with an improvement 
in ranges of motion (abduction, adduction, and flexion) that increased from 36 to 67% over a 
13-week follow-up period [23].

The combined pulsed radiofrequency on the suprascapular nerve and on the axillary or circum-
flex nerve has been scarcely studied with very few references in the literature. Since the inner-
vation of the shoulder joint is largely collected by these two nerves, the treatment by pulsed 
radiofrequency technique on suprascapular nerve and axillary or circumflex nerve can provide 
a complete and lasting relief of this pathology. In any case, more well-designed studies are 
needed to define the role of the combined technique in the treatment of the painful shoulder.

Figure 5. Ultrasound view axillary nerve.
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Abstract

Background: Rheumatoid arthritis (RA) is an inflammatory disease resulting in pain and
decreased functional outcome. Even though most of large joints are widely discussed in
literature, shoulder’s surgical treatment options, indications and superiorities to each
other were not compared entirely.

Materials and methods: Treatment options, such as synovectomy and bursectomy, resec-
tion interposition arthroplasty (RIAP), hemiarthroplasty, humeral resurfacing arthroplasty,
anatomical total shoulder arthroplasty (TSA) and reverse shoulder arthroplasty (RSA) are
examined and compared according to timing, advantages and disadvantages.

Results: Age is the primary criteria for decision making. Young-aged patients demand
high functionality, alas need for revision in the future must be planned. First step is
preservation of bone stock as much as possible. For young patient, disabling pain can be
candidate for synovectomy and bursectomy or RIAP and also for hemiarthroplasty. As
age progresses, priorities change towards rotator cuff status and glenoid bone stock.

Conclusions: Age, functional demand, rotator cuff status, adequacy of glenoid bone stock
and future planning for possible complications are defined as major criteria for optimal
treatment. RA patients will require systemic evaluations with help of rheumatologists.
Patient, rheumatologist and orthopaedist should discuss the possible surgical intervention
together to achieve high quality of life.

Keywords: rheumatoid arthritis, rheumatoid shoulder, surgical techniques, arthroplasty,
synovectomy
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and future planning for possible complications are defined as major criteria for optimal
treatment. RA patients will require systemic evaluations with help of rheumatologists.
Patient, rheumatologist and orthopaedist should discuss the possible surgical intervention
together to achieve high quality of life.
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1. Introduction

1.1. Epidemiology

Rheumatoid arthritis (RA) is an inflammatory process that may lead to disability as a result of
joint destruction. The prevalence of RA is less than 1% in the general population and women
are affected three times more as men but this sex difference weakens in the elderly. The onset of
the disease is mostly during the fourth and fifth decades. Family studies have indicated a
genetic predisposition with an increased frequency of the disease among the first-degree
relatives and twins [1]. An association with human leukocyte antigen (HLA)-DR4 was shown
in 70% of the Caucasian and Japanese patients compared to 28% of the controls [2, 3]. The
discovery of rheumatoid factor (RF) in 1940s, led to hopes that blood tests could provide gold
standard biomarkers in the recognition of the disease [4]. Approximately 70% of RA patients
have a positive RF or anti-cyclic citrullinated peptide antibodies (ACPA) along with elevated
erythrocyte sedimentation rate (ESR) or C-reactive protein (CRP) [5–7].

New Genome-Wide Association Studies (GWAS) showed a total of 101 single nucleotide poly-
morphisms (SNPs) associated with immune dysregulation and inflammation. T-reg cells seem
to be defective in RA patients [8]. Also, GWAS studies identified potential therapeutic targets.
One study showed RA risk in a special pathway, which is called kappa B signaling pathway
(NF-kB). Engagement of CD40 is one of the ways this pathway can be triggered and can be
targeted for treatment [9]. Another new treatment method focuses on the Janus kinase (JAK)
pathway [10]. This pathway is the main signaling mechanism in response to many cytokines
involved in RA, including IL-6 [11]. Human leukocyte antigen (HLA) class II locus is associated
less with the risk of developing ACPA andmore ACPA-positivity to have RA [12]. In the recent
years, environmental factors like smoking and pulmonary inflammation was shown to be
associated with the emergence of the disease [13]. By using new methods that integrate genetic
data with biochemical pathways and cell types involved in the disease, real progress has been
made about RA pathophysiology like where and when immune tolerance is broken, which
results in synovial inflammation and bone destruction [14]. Environmental factors needs to be
recognized and their role in breaking RA tolerance should be investigated further [15].

1.2. Diagnosis

Autoimmunity and the overall systemic and articular inflammatory load drive the destructive
phase of the disease, which can be detected by conventional radiography or other imaging
techniques. But the joint destruction is rarely visible in the early stages of the disease [16]. In the
last decade, the use of disease-modifying antirheumatic drugs (DMARDs), particularly metho-
trexate (MTX) and the availability of new biologic agents have dramatically enhanced the success
of RA management [17, 18]. It was shown that early therapeutic intervention improves clinical
and radiological outcomes [19]. Up to now it was not possible to effectively investigate the
efficacy of early interventions in terms of their ability to prevent later stage RA, since there are
not enough data or accepted criteria to group such patients with early disease. In 1987, American
College of Rheumatology (ACR) published the criteria for diagnosis [20]. The criteria required
four or more of the following: (a) morning stiffness for at least 1 hour for at least 6 weeks,
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(b) soft-tissue swelling of three or more joints at least 6 weeks, (c) swelling of the proximal
interphalangeal, metacarpophalangeal or wrist joints for at least 6 weeks, (d) symmetric joint
swelling for at least 6 weeks, (e) rheumatoid nodules, (f) RF positive blood test and (g) radio-
graphic changes like erosions or osteopenia in hand and wrist joints. These criteria are
widely accepted for the diagnosis, but have a limitation in that they were derived for trying to
discriminate patients with RA from those with a combination of other rheumatologic diagnosis.
Early identification in the patients was not possible with the use of these criteria. In 2010, a joint
working group of the ACR and the European League Against Rheumatism (EULAR) was
formed to develop a new classification for RA. The newly developed criteria’s were designed
also as a referral tool for primary care physicians. The number of joints involved, small or large
joints, serology (RF, negative or positive ACPA, CRP, ESR) and the duration of symptoms are
noted. Every possibility has different points. If the patient has more than six points, the patient
has a definitive RA [17] (Table 1).

Who should be tested?
Target population

1. Have at least one joint with definite clinical synovitis (swelling)
2. With the synovitis not better explained by another disease

Classification criteria for Rheumatoid Arthritis*, **

A. Joint Involvement Score

1 Large Joint 0

2–10. Large joints 1

1–3 Small Joints (with/without involvement of large joints) 2

4–10 Small joints (with/without involvement of large joints) 3

>10 Joints (at least one small joint) 5

B. Serology† Score

Negative rheumatoid factor and negative anti-citrullinated protein antibody 0

Low-positive rheumatoid factor or low-positive anti-citrullinated protein antibody 2

High-positive rheumatoid factor or high-positive anti-citrullinated protein antibody 3

C. Acute-phase reactants† Score

Normal C-reactive protein and normal sedimentation rate 0

Abnormal C-reactive protein or abnormal sedimentation rate 1

D. Duration of symptoms Score

<6 weeks 0

≥6 weeks 1

*Score-based algorithm: add score of categories A–D.
**A score of ≥6/10 is needed for classification of a patient as having definite rheumatoid arthritis.
†At least one test is needed for classification.

Table 1. The 2010 American College of Rheumatology/European League Against Rheumatism classification criteria for
rheumatoid arthritis [17].
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Joint status of the RA patients was needed to be evaluated after biological agent administration
for remission of the disease. Joint destruction pattern under biologic agents were widely
discussed. Fukae et al. [21] had shown under X-ray imaging of fingers, Yoshimi et al. [22] by
ultrasound and Suzuki et al. [23] evaluated the synovitis of the hand by the help of MRI.
Yonemoto et al. had chosen the 18F-fluorodeoxyglucose positron emission tomography for
the evaluation of the destruction. They shared the results of the previous studies of the authors
mentioned that even though clinical status of the patient may improve, the synovitis thus
destruction was only slowed [24].

In multiple-joint involvement type of the disease, shoulder joint is commonly involved. But it is
rarely affected in monoarticular fashion. The clinical presentation may be different in every
patient. It can be symmetrical, episodic and silent between periods of remission. The clinical
presentation may start with musculoskeletal pain, fever, fatigue or malaise. At the same time,
other joints may present with erythema, pain and stiffness after inactivity. In the early stages of
this disease, inflammatory changes of the subacromial soft tissue like bursitis, tenosynovitis of
the long head of the biceps tendon resulting in defects of the rotator cuff. Rotator cuff is affected
both by the synovial proliferations of the glenohumeral joint and the synovitis of the subacromial
bursa. The starting point of the destruction of the rotator cuff is often a partial defect of the
supraspinatus tendon at the attachment side to the humeral head. The intraoperative rate of this
pathology lies between 30 and 90% of the cases, intratendinous defects between 20 and 40%,
partial defects and simply thinning-out is found 80% of the cases [25]. Glenohumeral joint, at the
beginning, is not really painful because of the large intracapsular space. The first cartilage bone
change starts from humeral head that leads to deformation of the head [26]. Pain originates from
the capsule, that is sensitive to stretch and distension. The increase in the synovial fluid and
hypertrophy of the synovium leads to increase in intra-articular pressure. To overcome this
condition, the shoulder is positioned in slight flexion and internal rotation. By this way, the
capsular volume is increased [1].

The initial presentation around the shoulder is pain and loss of motion. With the progression of
the disease, loss of elevation and external rotation are noted. The initial presentation of the
disease can be subacromial bursitis with giant rice bodies in some patients, which may mimic
impingement syndrome [27]. Villous synovial hypertrophic tissues (pannus) may result in
crepitation and pain during motion. At the inflammatory phase, the patient experiences a
constant aching even at rest and being worst at night. In rare cases, scapulothoracic bursa can
become inflamed and painful [28]. It should be kept in mind that, in rheumatoid shoulder, the
affected joint is not only the GH joint, also acromioclavicular joint (AC) is affected. It was found
that in RA patients, AC joint is affected more frequently than the GH joint, but in half of the
patients both joints are involved. This should be remembered when treating painful rheuma-
toid shoulder [29].

The shoulder joint is affected in approximately 60% of hospitalized patients with RA [30, 31]. The
pain around the shoulder area was reported in 50% of newly diagnosed RA patients [32]. The
degree of dysfunction of the shoulder is related to the severity of the rheumatoid disease [33]. It
was reported that 48% of RA patients developed glenohumeral erosive changes and 13% devel-
oped pathologic joint space narrowing. Plain radiographs of the rheumatoid shoulder are the
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primary diagnostic tools for evaluating the glenohumeral joint (GH). According to prospective
study of Kojima et al., RA patients were evaluated for their range of motion of large joints and
the effect on the daily activities. Disability of daily activities like dressing, arising, eating, walking
and personal hygiene was strongly correlated with shoulder abduction limitations [34].

Medial migration and remodeling of the humeral head with medialization of the GH joint due
to bony erosion are common radiographic findings in RA [35]. The rotator cuff insufficiency
provokes superior migration of the humeral head with medialization.

Larsen defined the widely used radiographic classification of rheumatoid shoulder in 1977.
According to this classification, in stage 0: there is no sign on plain X-ray; stage I: arthritic
changes with osteopenia and periarticular tissue swelling; stage II: narrowing of the joint
space and erosions; stage III: cysts, increased loss of joint space, superior migration of the
humeral head because of rotator cuff insufficiency; stage IV: loss of contours of the articular
surface, flattening of the humeral head, medialization of the glenoid; and stage V: severe
bony deformation with loss of joint contours and superior migration of the humeral head
[36]. Ultrasonography (USG) is also a helpful tool in the shoulder joint. Thus radiography
gives limited information about the soft tissue changes, USG could show possible patholo-
gies of the periarticular tissues, especially at the beginning of the disease. It is easy to detect
inflammatory changes in the subacromial space like bursitis, tendinitis of the long head of
the biceps tendon and rotator cuff tears [37]. Magnetic resonance imaging (MRI) and
computerized tomography (CT) are not needed for classification of the disease. But they
are useful to answer some special questions like tumoral infiltration, fatty infiltration of
the muscles and preoperative planning of shoulder arthroplasty [38, 39]. Evaluation of
the degree of periarticular soft tissues is important when deciding on the best treatment
strategy [33].

Amundsen et al. investigated the arthroplasty mortality rates for various aetiologies. A total of
214 RA patients were included and on the postoperative 90th day and first year, significantly
higher mortality rate was encountered. Even though the highest mortality rate was encoun-
tered for fracture patients, RA patients’ increased mortality rate must be kept in mind for
surgical intervention [40].

Best treatment strategy takes into account the overall condition of the patient and the involve-
ment of other joints. There might be need for lower limb surgery and the use of walking aids.
Sometimes the involvement of other, distal joints in the upper arm affects the timing of shoulder
surgery/reconstruction.

2. Current surgical treatments

2.1. Synovectomy and bursectomy

In RA, synovium produces chemokines and cytokines, which are responsible for pain and
swelling of the joint and later for the articular destruction [41]. Synovectomy is a treatment
method aimed for pain relief and treatment of joint swelling before bony erosions occur [42].
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Indication of synovectomy may be considered when appropriate medical treatment fails after
a period of 6–12 months [41]. Open synovectomy and bursectomy was first described by Pahle
in 1973 [43]. Schmidt et al. accomplished arthroscopic approach for synovectomy in 1994 [44].
Although the clinical results are not significantly different between open and arthroscopic
synovectomy, due to the immunosuppression resulted by medical treatments and disease
itself, arthroscopic approach is mostly preferred. Also short hospital stay and lower risk of
shoulder motion restriction are the additional advantages of arthroscopic approach [42].
The results of this treatment method for rheumatoid shoulder are widely discussed in the
literature [42–46].

Ossyssek et al. reported two-staged synovectomy in rheumatoid knee. In the first stage,
synovectomy was performed and the prominent area of synovitis was marked. In the second
look, previously marked synovium area was collected and investigated by immunofluores-
cence. After the first stage, 94% of the patients’ pain was relieved and was linked to the results
of immunofluorescence which has shown reduced sensory innervations [47].

In Petersson’s open synovectomy series, 21 patients who had gradually increased pain and
restriction of motion despite medical management and hydrocortisone injections, were
included. Three of 21 patients had advanced arthritic changes at the time of surgery and was
not excluded. A mean follow-up of 4 years revealed that if joint cartilage is well preserved, the
efficacy of synovectomy and bursectomy increases, thus the functional outcome [45]. Also
Petersson stated that in spite of Pahle et al.’s report for synovectomy’s favorable outcomes in
advanced arthritis, synovectomized 2 out of 3 advanced arthritic patients were dissatisfied and
required arthroplasty [45, 48].

On contrary, Kanbe et al. performed arthroscopic synovectomy and capsular release to
54 patients and reported that excellent outcomes can be achieved even if the radiological changes
have been occurred. These patients’ had shorter disease duration, younger age and lower
prednisolone usage. Based on these prognostic factors, a patient even with bone and cartilage
destruction might have a good clinical outcome after synovectomy. They also suggested
that medical treatment alone will not suffice to stop the progression of inflammation and
synovectomy should be performed to obtain improved quality of life before rotator cuff tear
occurs [42].

As for late stage rheumatoid shoulders, Wakitani et al. accepted success of synovectomy for
pain relief, but pointed out shoulder arthroplasty had better functional outcomes in addition
to pain relief, which limited the indications of synovectomy for early stage rheumatoid shoul-
ders [49].

In conclusion, arthroscopic synovectomy and bursectomy is the first line of surgical treatment
not a decisive solution in early staged rheumatoid shoulder. But this treatment is mostly
symptomatic because of the inability to stop the progression of erosions in the joint. This
procedure can delay the need for arthroplasty for the patients approximately 4 years, but as
the disease progresses, the need for arthroplasty will be evident. In Table 2, the literature is
summarized according to functional status and complications. When considering the surgical
outcomes, the limitations of this surgery should be widely discussed with the patients [50].
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Indication of synovectomy may be considered when appropriate medical treatment fails after
a period of 6–12 months [41]. Open synovectomy and bursectomy was first described by Pahle
in 1973 [43]. Schmidt et al. accomplished arthroscopic approach for synovectomy in 1994 [44].
Although the clinical results are not significantly different between open and arthroscopic
synovectomy, due to the immunosuppression resulted by medical treatments and disease
itself, arthroscopic approach is mostly preferred. Also short hospital stay and lower risk of
shoulder motion restriction are the additional advantages of arthroscopic approach [42].
The results of this treatment method for rheumatoid shoulder are widely discussed in the
literature [42–46].

Ossyssek et al. reported two-staged synovectomy in rheumatoid knee. In the first stage,
synovectomy was performed and the prominent area of synovitis was marked. In the second
look, previously marked synovium area was collected and investigated by immunofluores-
cence. After the first stage, 94% of the patients’ pain was relieved and was linked to the results
of immunofluorescence which has shown reduced sensory innervations [47].

In Petersson’s open synovectomy series, 21 patients who had gradually increased pain and
restriction of motion despite medical management and hydrocortisone injections, were
included. Three of 21 patients had advanced arthritic changes at the time of surgery and was
not excluded. A mean follow-up of 4 years revealed that if joint cartilage is well preserved, the
efficacy of synovectomy and bursectomy increases, thus the functional outcome [45]. Also
Petersson stated that in spite of Pahle et al.’s report for synovectomy’s favorable outcomes in
advanced arthritis, synovectomized 2 out of 3 advanced arthritic patients were dissatisfied and
required arthroplasty [45, 48].

On contrary, Kanbe et al. performed arthroscopic synovectomy and capsular release to
54 patients and reported that excellent outcomes can be achieved even if the radiological changes
have been occurred. These patients’ had shorter disease duration, younger age and lower
prednisolone usage. Based on these prognostic factors, a patient even with bone and cartilage
destruction might have a good clinical outcome after synovectomy. They also suggested
that medical treatment alone will not suffice to stop the progression of inflammation and
synovectomy should be performed to obtain improved quality of life before rotator cuff tear
occurs [42].

As for late stage rheumatoid shoulders, Wakitani et al. accepted success of synovectomy for
pain relief, but pointed out shoulder arthroplasty had better functional outcomes in addition
to pain relief, which limited the indications of synovectomy for early stage rheumatoid shoul-
ders [49].

In conclusion, arthroscopic synovectomy and bursectomy is the first line of surgical treatment
not a decisive solution in early staged rheumatoid shoulder. But this treatment is mostly
symptomatic because of the inability to stop the progression of erosions in the joint. This
procedure can delay the need for arthroplasty for the patients approximately 4 years, but as
the disease progresses, the need for arthroplasty will be evident. In Table 2, the literature is
summarized according to functional status and complications. When considering the surgical
outcomes, the limitations of this surgery should be widely discussed with the patients [50].
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2.2. Resection and interposition arthroplasty

When the glenohumeral joint destruction occurs and patient suffers from severe pain, at this
point arthroplasty becomes the treatment of choice. But first generation of shoulder
arthroplasties had resulted with high rate of loosening, thus patients’ morbidity increased
[51]. Till the advancement of shoulder prosthesis, resection and interposition arthroplasty was
preferred by several authors because of the preservation of glenoid and humeral head bone
stock and enabling further revisions [52]. This procedure is mostly selected for high life
expectant patients with advanced glenohumeral arthritis suffering from severe pain [51].

Principle of this procedure, damaged cartilages of glenoid and humeral head are resected, radical
open synovectomy is performed and soft tissues are interpositioned between articulations,
ultimately a new joint is formed [52]. Historically, porcine bladder was used as the soft tissue
[53] and in time skin, fascia, tendon, muscle [54] and eventually dura mater [52] were used as
membranes for interposition. Porcine bladder was mostly used in temporomandibular joint
interposition surgeries and dura mater was used in elbow, temporomandibular joint interposi-
tion surgeries [55–57].

Milbrink et al. advocated functional outcome of resection interposition arthroplasty was even
better than prosthetic arthroplasty. Although the operation fails in time, as the remaining bone
stock was well preserved, conversion to arthroplasty or arthrodesis was still possible [52]. But
the advancements in shoulder arthroplasty had nullified this statement [51].

Fink et al. observed 53 shoulders for a mean follow-up of 8.2 years. They stated that after
10 years, the functional outcome of resection interposition arthroplasty decreases dramatically.
This phenomenon is explained by the medialization of joint’s center of rotation because of
progressive resorption of humeral head [51]. As Strauss et al. stated, the medialization of joint
center by resection interposition surgery deltoid abduction lever arm decreases by 35%
resulting in poor functional outcomes [58]. They supported indication for resection interposi-
tion arthroplasty for the group of very young-aged patients because of preservation of bone
stock and delay the need for prosthesis [51]. But the pain relief is controversial, maximum
active abduction is mostly limited to 60–80� and moderate weakness can persist even though
the rotator cuff was sutured [59].

In conclusion; with the advancement of shoulder prosthesis, the indication for resection inter-
position arthroplasty is declined in time, but theoretically for the young-aged patients with
advanced glenohumeral arthritis may be the candidates for resection and interposition arthro-
plasty due to the preservation of glenohumeral joint and thus delaying the need of prosthetic
reconstruction, but practically we saw that newest shoulder resection and interposition sur-
gery literature is from year of 2001, that is because surgeons began to prefer arthroplasty for
arthritic patients [50]. The postoperative functional status, complications and revision to
arthroplasty are summarized in Table 3.

2.3. Resurfacing arthoplasty

The idea for resurfacing arthroplasty was to correct deformed humeral head with minimal bone
loss. The need for this idea was because of reported high incidence of glenoid loosening with
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2.2. Resection and interposition arthroplasty

When the glenohumeral joint destruction occurs and patient suffers from severe pain, at this
point arthroplasty becomes the treatment of choice. But first generation of shoulder
arthroplasties had resulted with high rate of loosening, thus patients’ morbidity increased
[51]. Till the advancement of shoulder prosthesis, resection and interposition arthroplasty was
preferred by several authors because of the preservation of glenoid and humeral head bone
stock and enabling further revisions [52]. This procedure is mostly selected for high life
expectant patients with advanced glenohumeral arthritis suffering from severe pain [51].

Principle of this procedure, damaged cartilages of glenoid and humeral head are resected, radical
open synovectomy is performed and soft tissues are interpositioned between articulations,
ultimately a new joint is formed [52]. Historically, porcine bladder was used as the soft tissue
[53] and in time skin, fascia, tendon, muscle [54] and eventually dura mater [52] were used as
membranes for interposition. Porcine bladder was mostly used in temporomandibular joint
interposition surgeries and dura mater was used in elbow, temporomandibular joint interposi-
tion surgeries [55–57].

Milbrink et al. advocated functional outcome of resection interposition arthroplasty was even
better than prosthetic arthroplasty. Although the operation fails in time, as the remaining bone
stock was well preserved, conversion to arthroplasty or arthrodesis was still possible [52]. But
the advancements in shoulder arthroplasty had nullified this statement [51].

Fink et al. observed 53 shoulders for a mean follow-up of 8.2 years. They stated that after
10 years, the functional outcome of resection interposition arthroplasty decreases dramatically.
This phenomenon is explained by the medialization of joint’s center of rotation because of
progressive resorption of humeral head [51]. As Strauss et al. stated, the medialization of joint
center by resection interposition surgery deltoid abduction lever arm decreases by 35%
resulting in poor functional outcomes [58]. They supported indication for resection interposi-
tion arthroplasty for the group of very young-aged patients because of preservation of bone
stock and delay the need for prosthesis [51]. But the pain relief is controversial, maximum
active abduction is mostly limited to 60–80� and moderate weakness can persist even though
the rotator cuff was sutured [59].

In conclusion; with the advancement of shoulder prosthesis, the indication for resection inter-
position arthroplasty is declined in time, but theoretically for the young-aged patients with
advanced glenohumeral arthritis may be the candidates for resection and interposition arthro-
plasty due to the preservation of glenohumeral joint and thus delaying the need of prosthetic
reconstruction, but practically we saw that newest shoulder resection and interposition sur-
gery literature is from year of 2001, that is because surgeons began to prefer arthroplasty for
arthritic patients [50]. The postoperative functional status, complications and revision to
arthroplasty are summarized in Table 3.

2.3. Resurfacing arthoplasty

The idea for resurfacing arthroplasty was to correct deformed humeral head with minimal bone
loss. The need for this idea was because of reported high incidence of glenoid loosening with
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unpredicted bony erosion during revision surgery after stemmed arthroplasty. Also the applica-
tion of stems with cement intraoperatively might result in cracking osteopenic humerus shaft of
rheumatoid patients. Postoperatively as intramedullary stem leads to stress rise at the tip of the
prosthesis, RA patients are prone to fractures around the stem of prosthesis and are hard to
manage [60, 61].

The advantages of resurfacing arthroplasty are short operative time, low risk of intraoperative or
postoperative periprosthetic fractures andminimal bone resection. Thedisadvantages aredifficulty
in correction of the anatomical fitting in caseswith extremely deformed humeral head [62, 63].

Rydholm and Sjögren published their mid-term clinical results in 72 rheumatoid shoulders
with 94% pain relief and 82% improved mobility. Patients were followed-up for 4.2 years and
were evaluated radiographically and functionally. About 25% of patients had shown loosening
of the cup. But interestingly, no relationship was found between the position of the cup and the
clinical outcomes of the patients. Neither superior migration of the humeral head in 38% nor
central attrition of the glenoid in 22% showed any relation to gain of mobility, pain nor
functional scores [64]. A counter-argument against resurfacing arthroplasty is that progressive
erosion of the glenoid will make future arthroplasty more difficult and the need for total
shoulder arthroplasty (TSA) will be earlier and harder as would be advocated for
hemiarthroplasty. But in this series of patients they found no relation between the central
glenoid erosion and the patient clinical outcomes [64].

Ålund et al. published their 2–6 year results in 33 RA patients. Their findings also showed no
correlation between clinical results and radiographic superior migration of the humeral head
with or without glenoid erosion. About 25% of the patients showed radiographic signs of cup
loosening. They found good pain relief in 27 of the shoulders. The remaining six shoulders
were still painful at follow-up [65].

Levy and Copeland published their results with the Copeland Mark-2 Prosthesis with 5–10
year results. In this series, 41 patients out of 94 were RA. There was no difference between the
RA and primary osteoarthritis patients in terms of functional clinical scores. Only one RA
patient revised to TSA due to loosening. About 93.9% of the patients were satisfied by this
procedure [61, 66]. RA patients had better functional results when compared to groups of
rotator cuff tear and instability arthropathy.

Fink et al. published the results of 45 RA patients. The patients were divided into three groups
according to the cuff pathology: intact, partial tear and total tear. In all three groups, there was
significant increase of the functional scores. But the least increase was observed in total rotator
cuff tear group. They experienced no complications like component loosening or change in the
cup position. Therefore, cup arthroplasty was stated as a good alternative to other arthroplasty
solutions in rheumatic patients [67].

Thomas et al. reported their outcome of 56 patients followed-up for at least 2 years. A total of
26 out of 56 patients were RA patients. They reported good clinical outcomes in RA patients
when compared to the other indications. The survival analysis showed no variance from
acceptable standards for shoulder arthroplasty during the study period. The preservation of
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the bone stock for a possible revision surgery and enabling to restore the individual height,
version and offset are important advantages for surface arthroplasty [68].

Fuerst et al. published their results of 35 shoulders for a follow-up of at least 5 years in patients
with RA. Three revisions were mentioned. These were due to need of conversion to a larger
implant, glenoid erosion and loosening. Over the 5-year follow-up, superior migration of the
humeral head encountered in 63% and the glenoid depth increased in 31%. Clinically, no
difference between the patients with massive rotator cuff tear and smaller tear or no tear was
found. Also they suggested magnetic resonance imaging prior to surgery, not only to evaluate
soft tissues like rotator cuff, but also to detect the quality of bone, cysts, necrotic areas and
other defects of the humeral head [69].

Although most of the results of RA patients with resurfacing arthroplasty are good in the
literature given above, Mansat et al. reported worst results in RA patients. In his group of
mixed patients, four rheumatoid shoulders gave worst results among them. And concluded
that, the resurfacing arthroplasty does not resolve the problem of long-term results of
hemiarthroplasty, even it mimics the normal anatomy [70].

Available data on the long-term survival of shoulder arthroplasty is limited. Because of high
functional demands of the younger patients; prosthesis may result in a limited life span and
the need for a revision surgery during their lifetime is probable [50]. Recently, Levy et al.
published their minimum 10 year results of surface replacement arthroplasty in patients
younger than 50 years. This is the longest follow-up result of young-aged RA patients’ series.
Twenty of 49 patients have RA and 4 of 10 revisions were performed in RA patients. The
superior migration of the humeral head was more prevalent in these patients. The revisions
were done due to rotator cuff failure and loosening at 8–14 years after surgery [71]. They found
decreased pain, high satisfaction, good percentage of back to work and sporting activities. As
of our own clinical experience and literature review had shown, resurfacing arthroplasty is
more demanding for the surgeon, with its advantages of minimal resection and functional
outcomes in rotator cuff intact patients, making it a favorable choice.

2.4. Hemiarthroplasty

The first hemiarthroplasty series were published by Neer. They reconstructed three and four
part humerus proximal fractures and took the attention to good functional outcomes [72]. In
the following years, hemiarthroplasty was begun to be preferred for osteoarthritis, RA, cuff
tear arthropathies and fracture sequelae (Figure 1). But superior migration (Figure 2) due to
cuff tear arthropathies led to diminished functions which had shown that hemiarthroplasty
was not the optimal solution for cuff tear arthropathies, thus reverse shoulder arthroplasty
(RSA) was designed [73].

Still there is no consensus on preference of hemiarthroplasty or TSA especially in the cases of
young-aged rheumatoid patients. The main complication of hemiarthroplasty is glenoid ero-
sion which results in medialization of the joint which was seen in 98% of the patients in a study
by Sperling et al. with a mean follow-up of 11.3 years [74], but the risk of glenoidal component
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unpredicted bony erosion during revision surgery after stemmed arthroplasty. Also the applica-
tion of stems with cement intraoperatively might result in cracking osteopenic humerus shaft of
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manage [60, 61].
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of the cup. But interestingly, no relationship was found between the position of the cup and the
clinical outcomes of the patients. Neither superior migration of the humeral head in 38% nor
central attrition of the glenoid in 22% showed any relation to gain of mobility, pain nor
functional scores [64]. A counter-argument against resurfacing arthroplasty is that progressive
erosion of the glenoid will make future arthroplasty more difficult and the need for total
shoulder arthroplasty (TSA) will be earlier and harder as would be advocated for
hemiarthroplasty. But in this series of patients they found no relation between the central
glenoid erosion and the patient clinical outcomes [64].

Ålund et al. published their 2–6 year results in 33 RA patients. Their findings also showed no
correlation between clinical results and radiographic superior migration of the humeral head
with or without glenoid erosion. About 25% of the patients showed radiographic signs of cup
loosening. They found good pain relief in 27 of the shoulders. The remaining six shoulders
were still painful at follow-up [65].

Levy and Copeland published their results with the Copeland Mark-2 Prosthesis with 5–10
year results. In this series, 41 patients out of 94 were RA. There was no difference between the
RA and primary osteoarthritis patients in terms of functional clinical scores. Only one RA
patient revised to TSA due to loosening. About 93.9% of the patients were satisfied by this
procedure [61, 66]. RA patients had better functional results when compared to groups of
rotator cuff tear and instability arthropathy.

Fink et al. published the results of 45 RA patients. The patients were divided into three groups
according to the cuff pathology: intact, partial tear and total tear. In all three groups, there was
significant increase of the functional scores. But the least increase was observed in total rotator
cuff tear group. They experienced no complications like component loosening or change in the
cup position. Therefore, cup arthroplasty was stated as a good alternative to other arthroplasty
solutions in rheumatic patients [67].

Thomas et al. reported their outcome of 56 patients followed-up for at least 2 years. A total of
26 out of 56 patients were RA patients. They reported good clinical outcomes in RA patients
when compared to the other indications. The survival analysis showed no variance from
acceptable standards for shoulder arthroplasty during the study period. The preservation of
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the bone stock for a possible revision surgery and enabling to restore the individual height,
version and offset are important advantages for surface arthroplasty [68].

Fuerst et al. published their results of 35 shoulders for a follow-up of at least 5 years in patients
with RA. Three revisions were mentioned. These were due to need of conversion to a larger
implant, glenoid erosion and loosening. Over the 5-year follow-up, superior migration of the
humeral head encountered in 63% and the glenoid depth increased in 31%. Clinically, no
difference between the patients with massive rotator cuff tear and smaller tear or no tear was
found. Also they suggested magnetic resonance imaging prior to surgery, not only to evaluate
soft tissues like rotator cuff, but also to detect the quality of bone, cysts, necrotic areas and
other defects of the humeral head [69].

Although most of the results of RA patients with resurfacing arthroplasty are good in the
literature given above, Mansat et al. reported worst results in RA patients. In his group of
mixed patients, four rheumatoid shoulders gave worst results among them. And concluded
that, the resurfacing arthroplasty does not resolve the problem of long-term results of
hemiarthroplasty, even it mimics the normal anatomy [70].

Available data on the long-term survival of shoulder arthroplasty is limited. Because of high
functional demands of the younger patients; prosthesis may result in a limited life span and
the need for a revision surgery during their lifetime is probable [50]. Recently, Levy et al.
published their minimum 10 year results of surface replacement arthroplasty in patients
younger than 50 years. This is the longest follow-up result of young-aged RA patients’ series.
Twenty of 49 patients have RA and 4 of 10 revisions were performed in RA patients. The
superior migration of the humeral head was more prevalent in these patients. The revisions
were done due to rotator cuff failure and loosening at 8–14 years after surgery [71]. They found
decreased pain, high satisfaction, good percentage of back to work and sporting activities. As
of our own clinical experience and literature review had shown, resurfacing arthroplasty is
more demanding for the surgeon, with its advantages of minimal resection and functional
outcomes in rotator cuff intact patients, making it a favorable choice.

2.4. Hemiarthroplasty

The first hemiarthroplasty series were published by Neer. They reconstructed three and four
part humerus proximal fractures and took the attention to good functional outcomes [72]. In
the following years, hemiarthroplasty was begun to be preferred for osteoarthritis, RA, cuff
tear arthropathies and fracture sequelae (Figure 1). But superior migration (Figure 2) due to
cuff tear arthropathies led to diminished functions which had shown that hemiarthroplasty
was not the optimal solution for cuff tear arthropathies, thus reverse shoulder arthroplasty
(RSA) was designed [73].

Still there is no consensus on preference of hemiarthroplasty or TSA especially in the cases of
young-aged rheumatoid patients. The main complication of hemiarthroplasty is glenoid ero-
sion which results in medialization of the joint which was seen in 98% of the patients in a study
by Sperling et al. with a mean follow-up of 11.3 years [74], but the risk of glenoidal component
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loosening in TSA and decreased glenoidal bone stock is another concern for the indication for
young-aged patients. Thus, hemiarthroplasty is widely accepted for patients with intact rota-
tor cuff and minimal glenoid erosion [73].

As for RA, indications of arthroplasty are glenohumeral joint destruction with severe pain and
restriction of movements [75]. But this must be kept in mind that, the RA in shoulder differs
from osteoarthritic patients in many ways, such as glenoid is osteopenic, rotator cuff is torn or
thinned and internal rotation is increased due to medial side of glenoid is eroded rather than
posterior as seen in osteoarthritis [75]. Smith et al. described the changes and effect on func-
tional outcomes of arthroplasty performed on rheumatoid shoulders. They mentioned that TSA
was mostly preferred in their practice, because of the prevention of medial erosion of glenoid by
resurfacing and better comfort. Although the advantages of TSA seemed to be better, due to
mentioned changes in glenoid might cause an obstacle for insertion of glenoid component,
thus hemiarthroplasty might be performed which had a similar functional outcome and
pain relief. Also they supported the cementation of humeral component in Sneppen et al.’s

Figure 1. Hemiarthroplasty surgery to a defective glenoid. (A) Preoperative AP plain radiography. (B) Preoperative axial
CT scan. (C) Preoperative coronal CT scan. (D) Early postoperative AP plain radiography.
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TSA series performed on rheumatoid arthritic shoulders. Because the press-fit technique had
shown 40% (5 in 12 patients) loosening, in comparison to cemented humeral components had
shown none (0 in 50 patients) [76, 77].

Because of rotator cuff insufficiency to overwhelm superior migration of the prosthesis, Rozing
et al. conducted a study of rotator cuff repair for shoulder arthroplasty in 1998 including
40 patients (11 were hemiarthroplasty). The follow-up was ranging from 2 to 13 years. They
stated that rotator cuff repair was effective because proximal migration was seen in only 6 of 40
patients. For the surgical technique, if rotator cuff repair is planned, posterosuperior incision
should be preferred because the osteotomization of the posterior acromion was not restricting
the postoperative rehabilitation in contrast to superior approach which requires an osteotomy
including large portion of acromion [75].

Cofield et al.’s study of hemiarthroplasty included 32 rheumatoid shoulders and 35 osteoarthritis
shoulders and followed up for 9.3 years. They stated that pain relief was achieved in 78% of the
patients, external rotation and forward flexion range increased by 26� and 24�, respectively.
Although the functional results seemed to be satisfying, the patients’ self-evaluation had shown
that 49% of the patients were satisfied. About 12% of the patients required a revision to TSA
because of intractable pain of glenoid arthritis and postoperative pain relief evaluations were
satisfying. They supported the indication of hemiarthroplasty in inadequate glenoid bone stock
which cannot bear an implant and young aged or active life expectant patients [78, 79].

Sperling et al. compared the hemiarthroplasty and TSA patients below 50 years of age between
the years of 1976 and 1985. Hemiarthroplasty was performed in 74 shoulders, TSA was
performed in 34 shoulders. The radiolucent line adjacent to TSA was 53% for humeral, 59% for

Figure 2. Plain radiography of hemiarthroplasty superior migration.
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loosening in TSA and decreased glenoidal bone stock is another concern for the indication for
young-aged patients. Thus, hemiarthroplasty is widely accepted for patients with intact rota-
tor cuff and minimal glenoid erosion [73].

As for RA, indications of arthroplasty are glenohumeral joint destruction with severe pain and
restriction of movements [75]. But this must be kept in mind that, the RA in shoulder differs
from osteoarthritic patients in many ways, such as glenoid is osteopenic, rotator cuff is torn or
thinned and internal rotation is increased due to medial side of glenoid is eroded rather than
posterior as seen in osteoarthritis [75]. Smith et al. described the changes and effect on func-
tional outcomes of arthroplasty performed on rheumatoid shoulders. They mentioned that TSA
was mostly preferred in their practice, because of the prevention of medial erosion of glenoid by
resurfacing and better comfort. Although the advantages of TSA seemed to be better, due to
mentioned changes in glenoid might cause an obstacle for insertion of glenoid component,
thus hemiarthroplasty might be performed which had a similar functional outcome and
pain relief. Also they supported the cementation of humeral component in Sneppen et al.’s

Figure 1. Hemiarthroplasty surgery to a defective glenoid. (A) Preoperative AP plain radiography. (B) Preoperative axial
CT scan. (C) Preoperative coronal CT scan. (D) Early postoperative AP plain radiography.
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TSA series performed on rheumatoid arthritic shoulders. Because the press-fit technique had
shown 40% (5 in 12 patients) loosening, in comparison to cemented humeral components had
shown none (0 in 50 patients) [76, 77].

Because of rotator cuff insufficiency to overwhelm superior migration of the prosthesis, Rozing
et al. conducted a study of rotator cuff repair for shoulder arthroplasty in 1998 including
40 patients (11 were hemiarthroplasty). The follow-up was ranging from 2 to 13 years. They
stated that rotator cuff repair was effective because proximal migration was seen in only 6 of 40
patients. For the surgical technique, if rotator cuff repair is planned, posterosuperior incision
should be preferred because the osteotomization of the posterior acromion was not restricting
the postoperative rehabilitation in contrast to superior approach which requires an osteotomy
including large portion of acromion [75].

Cofield et al.’s study of hemiarthroplasty included 32 rheumatoid shoulders and 35 osteoarthritis
shoulders and followed up for 9.3 years. They stated that pain relief was achieved in 78% of the
patients, external rotation and forward flexion range increased by 26� and 24�, respectively.
Although the functional results seemed to be satisfying, the patients’ self-evaluation had shown
that 49% of the patients were satisfied. About 12% of the patients required a revision to TSA
because of intractable pain of glenoid arthritis and postoperative pain relief evaluations were
satisfying. They supported the indication of hemiarthroplasty in inadequate glenoid bone stock
which cannot bear an implant and young aged or active life expectant patients [78, 79].

Sperling et al. compared the hemiarthroplasty and TSA patients below 50 years of age between
the years of 1976 and 1985. Hemiarthroplasty was performed in 74 shoulders, TSA was
performed in 34 shoulders. The radiolucent line adjacent to TSA was 53% for humeral, 59% for

Figure 2. Plain radiography of hemiarthroplasty superior migration.
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glenoid component in spite of 24% which was seen in humeral component of hemiarthroplasty.
In contrary, prosthesis survival analysis revealed at 10 year of follow-up, revision rates of
hemiarthroplasties were increased significantly (17% for hemiarthroplasties, 3% for TSA). Pain
and functional outcome comparison revealed no significant results [80].

In contrary, Collins et al. published a prospective multi-centered study for the comparison of
arthroplasties in RA patients. They stated the hemiarthroplasty indication as young aged, high
activity level anticipated, osteopenic, rotator cuff tear already present, extensive poorly con-
trolled systemic disease. A total of 61 shoulder arthroplasties were included (36 hemiar-
throplasty, 25 TSA) and followed up for 38 months for hemiarthroplasty, 39 months for TSA.
The results of functional scores and pain assessments had shown a slight advantage for TSA,
but patient selection criteria were worse for hemiarthroplasty. The choice for TSA was advised
for the patients with intact or reparable rotator cuff and adequate glenoid bone stock. Because
even the patients’ condition was worse for selection of hemiarthroplasty, functional outcome
and pain relief were increased when compared to preoperative status. Also another concern
for better functional outcome and pain relief criteria was stated as the glenohumeral alignment
which could be achieved better in TSA [81].

Sperling et al.’s 195 TSA and 108 hemiarthroplasty included with 11.3 year follow-up is the
largest patient population. Their comparison of hemiarthroplasty and TSA revealed important
factors for decision. For hemiarthroplasty and TSA, the results for pain relief and functional
outcome were significantly improved. But if the results were evaluated for rotator cuff intact or
reparable and rotator cuff torn patients separately, the rotator cuff intact patients’ survival of
prosthesis, pain relief, functional outcome results were superior to hemiarthroplasty. But for
the rotator cuff deficient shoulders, the results remained the same. As for the main complica-
tion of the prosthesis choice, TSA’s glenoid loosening rates were lower than hemiarthroplasty’s
painful glenoid arthritis [73].

Rees et al. investigated theprimary shoulder hemiarthroplasties forosteoarthritis andRA,but they
subgrouped RA so that the results were clear. Thirty-one patients were evaluated with Oxford
Shoulder Score and transition and satisfaction questions. As for Oxford Shoulder Scores, a statis-
tically significant improvementwas seen, but for the patient satisfaction test the results had shown
that 33.3% of the RApatients wereworse or the same and 29.6%were not pleased [82].

Rozing et al. conducted a study to describe the prognostic factors in arthroplasty for rheumatoid
shoulders. They included 66 TSA and 75 hemiarthroplasty. They stated that hemiarthroplasty
was affected by the preoperative acromioclavicular joint arthrosis and medial migration. But as
for the rotator cuff repair status, proximal migration progression hemiarthroplasty’s Hospital for
Special Surgery clinical score were not affected as much as TSA. Also they stated that 11 patients
who had both hemiarthroplasty and TSA, in their 2nd year follow-up score functional results
had shown no significant difference. They concluded that in the patients with poor glenoid bone
stock and moderate or lower quality rotator cuff repair, hemiarthroplasty was a good treatment
choice [83].

Etiology-based evaluation study by Gadea et al. for hemiarthroplasty resulted with improved
Constant-Murley score and 100% survival of prosthesis [73]. Although this study had a minimum
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glenoid component in spite of 24% which was seen in humeral component of hemiarthroplasty.
In contrary, prosthesis survival analysis revealed at 10 year of follow-up, revision rates of
hemiarthroplasties were increased significantly (17% for hemiarthroplasties, 3% for TSA). Pain
and functional outcome comparison revealed no significant results [80].

In contrary, Collins et al. published a prospective multi-centered study for the comparison of
arthroplasties in RA patients. They stated the hemiarthroplasty indication as young aged, high
activity level anticipated, osteopenic, rotator cuff tear already present, extensive poorly con-
trolled systemic disease. A total of 61 shoulder arthroplasties were included (36 hemiar-
throplasty, 25 TSA) and followed up for 38 months for hemiarthroplasty, 39 months for TSA.
The results of functional scores and pain assessments had shown a slight advantage for TSA,
but patient selection criteria were worse for hemiarthroplasty. The choice for TSA was advised
for the patients with intact or reparable rotator cuff and adequate glenoid bone stock. Because
even the patients’ condition was worse for selection of hemiarthroplasty, functional outcome
and pain relief were increased when compared to preoperative status. Also another concern
for better functional outcome and pain relief criteria was stated as the glenohumeral alignment
which could be achieved better in TSA [81].

Sperling et al.’s 195 TSA and 108 hemiarthroplasty included with 11.3 year follow-up is the
largest patient population. Their comparison of hemiarthroplasty and TSA revealed important
factors for decision. For hemiarthroplasty and TSA, the results for pain relief and functional
outcome were significantly improved. But if the results were evaluated for rotator cuff intact or
reparable and rotator cuff torn patients separately, the rotator cuff intact patients’ survival of
prosthesis, pain relief, functional outcome results were superior to hemiarthroplasty. But for
the rotator cuff deficient shoulders, the results remained the same. As for the main complica-
tion of the prosthesis choice, TSA’s glenoid loosening rates were lower than hemiarthroplasty’s
painful glenoid arthritis [73].

Rees et al. investigated theprimary shoulder hemiarthroplasties forosteoarthritis andRA,but they
subgrouped RA so that the results were clear. Thirty-one patients were evaluated with Oxford
Shoulder Score and transition and satisfaction questions. As for Oxford Shoulder Scores, a statis-
tically significant improvementwas seen, but for the patient satisfaction test the results had shown
that 33.3% of the RApatients wereworse or the same and 29.6%were not pleased [82].

Rozing et al. conducted a study to describe the prognostic factors in arthroplasty for rheumatoid
shoulders. They included 66 TSA and 75 hemiarthroplasty. They stated that hemiarthroplasty
was affected by the preoperative acromioclavicular joint arthrosis and medial migration. But as
for the rotator cuff repair status, proximal migration progression hemiarthroplasty’s Hospital for
Special Surgery clinical score were not affected as much as TSA. Also they stated that 11 patients
who had both hemiarthroplasty and TSA, in their 2nd year follow-up score functional results
had shown no significant difference. They concluded that in the patients with poor glenoid bone
stock and moderate or lower quality rotator cuff repair, hemiarthroplasty was a good treatment
choice [83].

Etiology-based evaluation study by Gadea et al. for hemiarthroplasty resulted with improved
Constant-Murley score and 100% survival of prosthesis [73]. Although this study had a minimum

Advances in Shoulder Surgery182

P
u
b
li
ca
ti
on

N
A
ge

(m
ea
n
)

Fo
ll
ow

-
u
p

S
at
is
fa
ct
io
n

P
re
-

op sc
or
e

P
os
t-

op sc
or
e

Im
p
ro
ve

m
en

t
in

E
R

Im
p
ro
ve

m
en

t
in

FF
C
om

p
li
ca
ti
on

C
on

cl
u
si
on

C
of
ie
ld

et
al
.[
78
]

32
N
/A

9.
3

%
49

N
/A

N
/A

26
24

N
/A

P
at
ie
nt
s
w
it
h
in
ad

eq
u
at
e
gl
en

oi
d
bo

ne
st
oc
k
or

hi
gh

-l
ev

el
ac
ti
vi
ty

ex
p
ec
ta
nc

y
m
ig
ht

be
p
ro
p
er

ca
nd

id
at
es

fo
r
he

m
ia
rt
hr
op

la
st
y

W
at
so
n

et
al
.[
79
]

4
71

(r
an

ge
70
–7
3)

5.
9

(r
an

ge
2.
5–
10
)

%
10
0

H
SS

:
13

H
SS

:
41
.7
5

25
30

N
on

e
B
ip
ol
ar

sp
ac
er

p
ro
st
he

si
s
m
ig
ht

be
a
go

od
su

rg
ic
al

op
ti
on

fo
r
th
e
tr
ea
tm

en
to

fa
d
va

nc
ed

gl
en

oh
u
m
er
al

ar
th
ri
ti
s,
bu

tt
he

ev
en

tu
al
ly

en
co
u
nt
er
ed

lo
ss

of
lo
w
-f
ri
ct
io
n
p
ro
p
er
ti
es

of
th
e

sl
ee
ve

m
ig
ht

re
st
ri
ct

jo
in
tm

ov
em

en
ts
.

Sp
er
lin

g
et

al
.[
80
]

28
39

(r
an

ge
19
–5
0

11
.7

%
66

V
A
S:

4.
6

V
A
S:

2.
4

24
44

N
/A

Sh
ou

ld
er

ar
th
ro
p
la
st
y
p
ro
vi
d
es

lo
ng

-t
er
m

p
ai
n

re
lie

fa
nd

m
ot
io
n
im

p
ro
ve

m
en

t,
bu

ti
n
yo

u
ng

-
ag

ed
p
at
ie
nt
s
(<
50
)c

ar
e
sh
ou

ld
be

ta
ke

n
to

as
se
ss

th
e
ap

p
ro
p
ri
at
e
ch

oi
ce

d
u
e
to

lo
w

su
rv
iv
al

of
p
ro
st
he

si
s.

C
ol
lin

s
et

al
.[
81
]

36
58

(r
an

ge
30
–8
4)

3.
1

(r
an

ge
2–
6)

N
/A

N
/A

N
/A

15
N
/A

N
/A

B
y
he

m
ia
rt
hr
op

la
st
y,
p
ai
n
re
lie

fa
nd

im
p
ro
ve

d
ra
ng

e
of

m
ot
io
n
ar
e
ex
p
ec
te
d
w
he

n
su

ff
ic
ie
nt

gl
en

oi
d
al

an
d
hu

m
er
al

bo
ne

st
oc
k
ar
e
p
re
se
nt

Sp
er
lin

g
et

al
.[
74
]

95
54

(r
an

ge
21
–7
7)

12
.1

N
/A

P
ai
n

sc
or
e:

4.
8

P
ai
n

sc
or
e:

2.
4

18
32

10
(8

gl
en

oi
d

er
os
io
n,

2
lo
os
en

in
g)

Sh
ou

ld
er

ar
th
ro
p
la
st
y
in

rh
eu

m
at
oi
d
ar
th
ri
ti
s

re
lie

ve
s
p
ai
n
an

d
im

p
ro
ve

s
sh
ou

ld
er

jo
in
tr
an

ge
of

m
ot
io
n,

bu
tw

it
h
th
e
p
re
se
nc

e
of

in
ta
ct

ro
ta
to
r

cu
ff
,t
ot
al

sh
ou

ld
er

ar
th
ro
p
la
st
y’
s
re
su

lt
s
ha

d
sh
ow

n
su

p
er
io
ri
ty

R
ee
s
et

al
.

[8
2]

31
63
.5

�
11
.9

4.
37

(r
an

ge
3–
8)

%
70
.4

O
SS

:
13
.7

O
SS

:
28

N
/A

N
/A

N
/A

R
he

u
m
at
oi
d
ar
th
ri
ti
s
p
at
ie
nt
s
le
ss

lik
el
y
sa
ti
sf
ie
d

w
it
h
th
ei
r
he

m
ia
rt
hr
op

la
st
y
op

er
at
io
n.

T
hi
s
fa
ct

m
ay

be
re
ct
if
ie
d
by

th
ei
r
sy
st
em

ic
p
at
ho

lo
gy

w
he

re
th
e
jo
in
tp

ai
n
im

p
ro
ve

d
bu

tb
od

ily
an

d
lim

b
fu
nc

ti
on

d
id

no
t.

A
bb
re
vi
at
io
ns
:
E
R
,
ex
te
rn
al

ro
ta
ti
on

;
FF

,
fo
rw

ar
d

fl
ex
io
n;

O
SS

,
O
xf
or
d

Sh
ou

ld
er

Sc
or
e;

H
SS

,
H
os
p
it
al

fo
r
Sp

ec
ia
l
Su

rg
er
y
Sc
or
e;

V
A
S,

V
is
u
al

A
na

lo
gu

e
Sc
al
e;

N
/A

,
no

t
av

ai
la
bl
e.

Ta
b
le

4.
Su

m
m
ar
y
of

p
re
vi
ou

s
p
u
bl
ic
at
io
ns

co
m
p
ar
in
g
he

m
ia
rt
hr
op

la
st
y
an

d
to
ta
l
sh
ou

ld
er

ar
th
ro
p
la
st
y
in

R
A

p
at
ie
nt
s.

The Rheumatoid Shoulder: Current Surgical Treatments
http://dx.doi.org/10.5772/intechopen.71452

183



8 year follow-up, Sperling et al.’s study for survival of prosthesis wasmore dependable because of
its large numbers but as the survival of hemiarthroplasty decreased, after 20th year, it seized to
deteriorate and the lines of hemiarthroplasty and TSA intersected [80]. Thus, they concluded that
hemiarthroplastywas a better treatment option for the young patients (<50 years of age) [73].

In conclusion, hemiarthroplasty provides a painless shoulder with good functional outcomes.
But the literature about comparison of TSA and hemiarthroplasty confirmed that its survival
rate is inferior to TSA. Glenoid bone stock preservation which is enabling future revision
surgeries, good functional outcomes and survival of prosthesis according to Gadea et al. [73]
minimum 8 year and even same survival rate as TSA in long-term as supported by Sperling
et al. [74] are in favor for young RA patients, but the conflict of optimal treatment between the
use of TSA and hemiarthroplasty in recent literature, mostly limit the indication to elderly
patients with insufficient glenoid bone stock and rotator cuff deficient patients [50]. The
literature comparing hemiarthroplasty and TSA are summarized in Table 4.

2.5. The ream and run technique

The glenoid component complications of the TSA created concerns about the indications for
young-aged active patients [80, 84]. The Ream and Run technique, first described by Clinton
et al., is a form of hemiarthroplasty with the reaming of the glenoid. This technique is also
called non-prosthetic reconstruction of the glenoid [85, 86]. Reamed glenoidal surface was
examined on canine model and demonstrated that the reamed glenoid articular surface heals
with smooth and concentric fibrocartilage [86].

One of the advantages of this technique is the preservation of the labrum during the
periglenoid capsular release that results with improved glenohumeral stability and concentri-
cally loading of the joint. If there is a need for a correction of glenoid version, this may also be
done by ream and run procedure. But if there is severe posterior wear, this condition may not
be appropriate for Ream and Run technique [87, 88].

Ream and run technique is suitable for primary glenohumeral arthritis patients who agree on
slow recovery to avoid glenoid loosening and medial erosion in the long-term. Even though,
the results were satisfying, due to the requirement of healing process in the glenoid for 12–18
months in non-RA patients, rheumatoid shoulders with destructive pattern are not seemed to
be suitable candidates, but this assumption was not proven according to our best of our
knowledge because the Ream and Run technique’s functional outcome has not been evaluated
on rheumatoid shoulders yet [87–91].

2.6. Anatomical total shoulder arthroplasty

Indications for TSA in rheumatoid shoulders are for the patients with intractable pain, end-
stage disease with extensive glenohumeral joint destruction, intact rotator cuff and yet with
sufficient bone stock and soft tissue balance to stabilize the prosthetic articulations (Figure 3)
[92]. The presence of mentioned factors makes the TSA superior treatment choice rather than
hemiarthroplasty. Because medial erosion of the glenoid which affects glenoid bone stock may
complicate the revision surgeries of hemiarthroplasty. Also the glenohumeral alignment can be

Advances in Shoulder Surgery184

achieved superiorly in TSA, especially in the patient group whose age is older than 50 which
was accepted as a predictor of pain relief and better functional outcome [92–94].

The assessment of rotator cuff status preoperatively is essential to avoid proximal migration
and consequently the rocking horse phenomenon. The survival of the glenoidal component
has a strong negative correlation with the fatty degeneration of the rotator cuff that can be seen
by ultrasonography and magnetic resonance imaging or decreased subacromial space seen in
the plain x-ray [33].

Neer’s nonconstrained TSA had achieved pain relief and low complication rates in rheumatoid
shoulders. But the poor bone stock, irreparable rotator cuff tears, soft tissue constraints dem-
onstrated an underestimated potential risk for arthroplasty [95–97]. Due to these factors of
rheumatoid shoulder, high rate of radiographic lucent lines, ranging from 30 to 93%which was
correlated with physical loosening of the components, created concerns about the long-term
survival of the TSA [95, 98]. Hambright’s study of perioperative status comparison between
rheumatoid and non-rheumatoid shoulders that had undergone TSA revealed no significant
difference among mortality and complications. Also, interestingly, even the hospital costs per
day were higher in rheumatoid shoulder patients; due to low hospital stay, overall in-hospital
costs were lower in comparison to non-rheumatoid patients. This fact was tried to be explained
by the RA patients’ experience of managing chronic disease and the pain [31, 99, 100].

Boileau et al. [101] and Martin et al. [102] studied the results of metal backed hydroxyapatite
covered uncemented glenoidal components for osteoarthritic patients with a follow-up of
3 and 7.5 years, respectively. Glenoidal component loosening was encountered in 20% of
Boileau et al.’s and 11% of Martin et al.’s patients, so considered as unfavorable and
uncemented glenoidal component was abandoned. Against these statements, Clement et al.
investigated the results of hydroxyapatite covered metal backed glenoid components in rheu-
matoid patients. A total of 36 shoulders were evaluated for 132 months and 1 out of 5
complication was seen as glenoidal loosening and survival of prosthesis in 10 years was found

Figure 3. Total shoulder arthroplasty surgery. (A) Preoperative AP plain radiography. (B) Preoperative axial CT scan. (C)
Postoperative 6th month AP plain radiography.
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8 year follow-up, Sperling et al.’s study for survival of prosthesis wasmore dependable because of
its large numbers but as the survival of hemiarthroplasty decreased, after 20th year, it seized to
deteriorate and the lines of hemiarthroplasty and TSA intersected [80]. Thus, they concluded that
hemiarthroplastywas a better treatment option for the young patients (<50 years of age) [73].

In conclusion, hemiarthroplasty provides a painless shoulder with good functional outcomes.
But the literature about comparison of TSA and hemiarthroplasty confirmed that its survival
rate is inferior to TSA. Glenoid bone stock preservation which is enabling future revision
surgeries, good functional outcomes and survival of prosthesis according to Gadea et al. [73]
minimum 8 year and even same survival rate as TSA in long-term as supported by Sperling
et al. [74] are in favor for young RA patients, but the conflict of optimal treatment between the
use of TSA and hemiarthroplasty in recent literature, mostly limit the indication to elderly
patients with insufficient glenoid bone stock and rotator cuff deficient patients [50]. The
literature comparing hemiarthroplasty and TSA are summarized in Table 4.

2.5. The ream and run technique

The glenoid component complications of the TSA created concerns about the indications for
young-aged active patients [80, 84]. The Ream and Run technique, first described by Clinton
et al., is a form of hemiarthroplasty with the reaming of the glenoid. This technique is also
called non-prosthetic reconstruction of the glenoid [85, 86]. Reamed glenoidal surface was
examined on canine model and demonstrated that the reamed glenoid articular surface heals
with smooth and concentric fibrocartilage [86].

One of the advantages of this technique is the preservation of the labrum during the
periglenoid capsular release that results with improved glenohumeral stability and concentri-
cally loading of the joint. If there is a need for a correction of glenoid version, this may also be
done by ream and run procedure. But if there is severe posterior wear, this condition may not
be appropriate for Ream and Run technique [87, 88].

Ream and run technique is suitable for primary glenohumeral arthritis patients who agree on
slow recovery to avoid glenoid loosening and medial erosion in the long-term. Even though,
the results were satisfying, due to the requirement of healing process in the glenoid for 12–18
months in non-RA patients, rheumatoid shoulders with destructive pattern are not seemed to
be suitable candidates, but this assumption was not proven according to our best of our
knowledge because the Ream and Run technique’s functional outcome has not been evaluated
on rheumatoid shoulders yet [87–91].

2.6. Anatomical total shoulder arthroplasty

Indications for TSA in rheumatoid shoulders are for the patients with intractable pain, end-
stage disease with extensive glenohumeral joint destruction, intact rotator cuff and yet with
sufficient bone stock and soft tissue balance to stabilize the prosthetic articulations (Figure 3)
[92]. The presence of mentioned factors makes the TSA superior treatment choice rather than
hemiarthroplasty. Because medial erosion of the glenoid which affects glenoid bone stock may
complicate the revision surgeries of hemiarthroplasty. Also the glenohumeral alignment can be
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achieved superiorly in TSA, especially in the patient group whose age is older than 50 which
was accepted as a predictor of pain relief and better functional outcome [92–94].

The assessment of rotator cuff status preoperatively is essential to avoid proximal migration
and consequently the rocking horse phenomenon. The survival of the glenoidal component
has a strong negative correlation with the fatty degeneration of the rotator cuff that can be seen
by ultrasonography and magnetic resonance imaging or decreased subacromial space seen in
the plain x-ray [33].

Neer’s nonconstrained TSA had achieved pain relief and low complication rates in rheumatoid
shoulders. But the poor bone stock, irreparable rotator cuff tears, soft tissue constraints dem-
onstrated an underestimated potential risk for arthroplasty [95–97]. Due to these factors of
rheumatoid shoulder, high rate of radiographic lucent lines, ranging from 30 to 93%which was
correlated with physical loosening of the components, created concerns about the long-term
survival of the TSA [95, 98]. Hambright’s study of perioperative status comparison between
rheumatoid and non-rheumatoid shoulders that had undergone TSA revealed no significant
difference among mortality and complications. Also, interestingly, even the hospital costs per
day were higher in rheumatoid shoulder patients; due to low hospital stay, overall in-hospital
costs were lower in comparison to non-rheumatoid patients. This fact was tried to be explained
by the RA patients’ experience of managing chronic disease and the pain [31, 99, 100].

Boileau et al. [101] and Martin et al. [102] studied the results of metal backed hydroxyapatite
covered uncemented glenoidal components for osteoarthritic patients with a follow-up of
3 and 7.5 years, respectively. Glenoidal component loosening was encountered in 20% of
Boileau et al.’s and 11% of Martin et al.’s patients, so considered as unfavorable and
uncemented glenoidal component was abandoned. Against these statements, Clement et al.
investigated the results of hydroxyapatite covered metal backed glenoid components in rheu-
matoid patients. A total of 36 shoulders were evaluated for 132 months and 1 out of 5
complication was seen as glenoidal loosening and survival of prosthesis in 10 years was found

Figure 3. Total shoulder arthroplasty surgery. (A) Preoperative AP plain radiography. (B) Preoperative axial CT scan. (C)
Postoperative 6th month AP plain radiography.
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for 89%. Their findings showed that the use of pegged which is more stable than keeled
component, thin metal back with thicker polyethylene because the polyethylene wear was
stated as the major factor for revision surgeries [103].

Also, Betts et al.’s study included 14 rheumatoid shoulders with a follow-up of 19.8 years. They
reported their functional outcomes, pain relief and complication rates. With the increase in
follow-up duration, radiolucencies around glenoidal and humeral component and rotator cuff
deficiency were progressed. But even with the presence of these radiological findings, functional
outcomes and satisfactory pain relief were especially achieved in elderly, non-demanding
patients. They managed their personal care and their sleep was undisturbed. Additionally, they
stated that proximal humeral migration was strongly relevant to glenoidal component loosening.
This phenomenon was explained by the rocking horse movements of the humeral component on
the glenoidal component which causes the eccentric loading on the glenoid component. The
exacerbating factors of the proximal migration were described as instability and rotator cuff
deficiency. Even the rotator cuff repair was performed; in the long-term, rotator cuff deficiency
was stated as inevitable [104].

In 1987, Kelly et al. reported their experience in Neer’s TSA in rheumatoid shoulders. After a
follow-up of 36 months; even the patients’ forward flexion (75�) and abduction (68�) were
moderate; because of the improvement in external (40�) and internal rotation, patients managed
their daily living, thus the functional scores were satisfactory. But the main concern was the
glenoidal radiolucent lines that started to happen after 2 weeks of operation [105], but their
second updated publication in 1997 with a 9.5 year follow-up, revealed that even 23 of 37
glenoidal components had shown radiolucencies, only 24% were progressed and required fur-
ther evaluation for revision. The range of motion in the long-term was not significantly different
from their previous study [106].

Sneppen et al. published the long-term results of TSA in terms of complications in a rheuma-
toid patient group. Sixty-two shoulders were included and followed up for about 7 years. In
the total group, 54% of the patients showed proximal migration. Especially the patients with
preoperative Larsen grade V lesions had shown 69% proximal migration. But interestingly, the
occurrence of proximal migration did not influence the functional outcome of the patients.
About 89% of the patients achieved acceptable pain relief. Forward flexion and abduction were
significantly increased according to the preoperative state. They also stated that because of the
glenoid’s poor bone stock, the glenoidal component’s keel might be trimmed to achieve a
proper fitting. Thus, the use of metal back components might not be the suitable choice for
these patients. The authors also advised the use of cemented humeral component because even
the perioperative state of humerus was seemed to be in good shape, 5 out of 12 patients had
shown humeral component loosening in contrary of 50 patients with cemented humeral
component which had shown no sign of radiolucency [107]. In contrary, Trail et al. supported
the uncemented humeral component in their study (n = 144) because 13% of the patients had
shown the radiolucent lines around the humeral component but it was neither progressive nor
symptomatic [108]. Barlow et al.’s updated study about arthroplasty series in rheumatoid
shoulder included largest patient population in literature. A total of 195 anatomical total
shoulders and 108 hemiarthroplasty was included in study and followed up for 13.8 years.
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The radiographic evaluation of TSA revealed that 72% of the patients had radiolucent lines
around glenoid component, in contrast to hemiarthroplasty’s glenoid erosion which occurred
in 98% of the patients. Even the presence of radiolucency rates was higher for TSA, in the 10th
year of follow- up; TSA’s survival was 92.9% and with an intact rotator cuff survival was
increased to 96.7%. In contrary, hemiarthroplasty’s 10 year survival was 87.9% but with an
intact cuff survival was decreased to 75.8%. They stated that even the glenoidal component
loosening is a catastrophic complication; with the presence of an intact rotator cuff, the sur-
vival of the prosthesis is superior to hemiarthroplasty [109].

Glenoid loosening also depends on the morphology of the glenoid. Walch et al. identified five
types glenoid morphology (A1, A2, B1, B2, C) in 113 patients’ computed tomography scans.
A1, A2 and B1 represents a lesser risk for glenoid component insertion and long-term loosen-
ing in contrast to B2 and C type glenoids. Key feature of the morphology of B2, C glenoids is
the excessive retroversion [110]. Surgical techniques vary depending on the morphology but
all technique has its disadvantage. Anatomical glenoid correction by reaming may be
performed but as a result, the joint will be medialized, thus the lever arm of the surrounding
muscle will decrease [111]. Also due to excessive reaming, glenoid bone stock will be lost and
while inserting the component, the pegs may perforate the cortex which will result as loosen-
ing, fracture and in the long-term the revision surgery will be complicated. To protect the bone
stock, glenoid may be reamed retrovertly without correcting version, but this technique repre-
sents a threat for perforation of anterior cortex by the inserted pegs and also more than 10� of
retroversion increases the subluxation and instability of the prosthesis. To fill the defect of
eroded area by bone graft in the posterior glenoid is another choice, but cemented glenoid
components carry the risk of graft osteolysis. Metal backed hydroxyapatite covered compo-
nents may be chosen. The advancement of prosthesis technology created posterior augmented
glenoid designs. This component’s augment fits on the defected glenoid, thus the reaming of
anterior glenoid will be prevented [111, 112]. Kersten et al. compared the standard glenoid
component with wedge and stepped posterior augmented glenoid component. Posterior aug-
mented glenoid components confirmed that bone loss in glenoid is decreased significantly
according to standard type glenoid components. Also comparison of the subgroups of poste-
rior augmented components, the wedge-shaped required lesser reaming, thus bone stock
removal was lesser than the stepped glenoid component and as a result lower risk for glenoid
loosening might be achieved with wedged-shaped posterior augmented glenoid component
[111]. Also Greiner et al. investigated the radiolucent line occurrences according to morphol-
ogy. B2 and C glenoid types showed significantly higher radiolucent lines around glenoidal
component after a follow-up of approximately 5 years [112]. Although these studies were
performed on mostly primary osteoarthritis, surgical technique choices may give clues about
patient specific approach.

In conclusion, as the advancement in prosthesis and improvement in surgical techniques,
recent literature supports TSA for young- and old-aged patients with an intact or reparable
rotator cuff. Rotator cuff deficiency and poor glenoid bone stock are the main perioperative
challenges of TSA, but with the repair of rotator cuff and adjusting the glenoidal component by
trimming had shown statistically significant pain relief and also improved functional out-
comes. The identification of the glenoid morphology carries great importance to assess the
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for 89%. Their findings showed that the use of pegged which is more stable than keeled
component, thin metal back with thicker polyethylene because the polyethylene wear was
stated as the major factor for revision surgeries [103].

Also, Betts et al.’s study included 14 rheumatoid shoulders with a follow-up of 19.8 years. They
reported their functional outcomes, pain relief and complication rates. With the increase in
follow-up duration, radiolucencies around glenoidal and humeral component and rotator cuff
deficiency were progressed. But even with the presence of these radiological findings, functional
outcomes and satisfactory pain relief were especially achieved in elderly, non-demanding
patients. They managed their personal care and their sleep was undisturbed. Additionally, they
stated that proximal humeral migration was strongly relevant to glenoidal component loosening.
This phenomenon was explained by the rocking horse movements of the humeral component on
the glenoidal component which causes the eccentric loading on the glenoid component. The
exacerbating factors of the proximal migration were described as instability and rotator cuff
deficiency. Even the rotator cuff repair was performed; in the long-term, rotator cuff deficiency
was stated as inevitable [104].

In 1987, Kelly et al. reported their experience in Neer’s TSA in rheumatoid shoulders. After a
follow-up of 36 months; even the patients’ forward flexion (75�) and abduction (68�) were
moderate; because of the improvement in external (40�) and internal rotation, patients managed
their daily living, thus the functional scores were satisfactory. But the main concern was the
glenoidal radiolucent lines that started to happen after 2 weeks of operation [105], but their
second updated publication in 1997 with a 9.5 year follow-up, revealed that even 23 of 37
glenoidal components had shown radiolucencies, only 24% were progressed and required fur-
ther evaluation for revision. The range of motion in the long-term was not significantly different
from their previous study [106].

Sneppen et al. published the long-term results of TSA in terms of complications in a rheuma-
toid patient group. Sixty-two shoulders were included and followed up for about 7 years. In
the total group, 54% of the patients showed proximal migration. Especially the patients with
preoperative Larsen grade V lesions had shown 69% proximal migration. But interestingly, the
occurrence of proximal migration did not influence the functional outcome of the patients.
About 89% of the patients achieved acceptable pain relief. Forward flexion and abduction were
significantly increased according to the preoperative state. They also stated that because of the
glenoid’s poor bone stock, the glenoidal component’s keel might be trimmed to achieve a
proper fitting. Thus, the use of metal back components might not be the suitable choice for
these patients. The authors also advised the use of cemented humeral component because even
the perioperative state of humerus was seemed to be in good shape, 5 out of 12 patients had
shown humeral component loosening in contrary of 50 patients with cemented humeral
component which had shown no sign of radiolucency [107]. In contrary, Trail et al. supported
the uncemented humeral component in their study (n = 144) because 13% of the patients had
shown the radiolucent lines around the humeral component but it was neither progressive nor
symptomatic [108]. Barlow et al.’s updated study about arthroplasty series in rheumatoid
shoulder included largest patient population in literature. A total of 195 anatomical total
shoulders and 108 hemiarthroplasty was included in study and followed up for 13.8 years.
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The radiographic evaluation of TSA revealed that 72% of the patients had radiolucent lines
around glenoid component, in contrast to hemiarthroplasty’s glenoid erosion which occurred
in 98% of the patients. Even the presence of radiolucency rates was higher for TSA, in the 10th
year of follow- up; TSA’s survival was 92.9% and with an intact rotator cuff survival was
increased to 96.7%. In contrary, hemiarthroplasty’s 10 year survival was 87.9% but with an
intact cuff survival was decreased to 75.8%. They stated that even the glenoidal component
loosening is a catastrophic complication; with the presence of an intact rotator cuff, the sur-
vival of the prosthesis is superior to hemiarthroplasty [109].

Glenoid loosening also depends on the morphology of the glenoid. Walch et al. identified five
types glenoid morphology (A1, A2, B1, B2, C) in 113 patients’ computed tomography scans.
A1, A2 and B1 represents a lesser risk for glenoid component insertion and long-term loosen-
ing in contrast to B2 and C type glenoids. Key feature of the morphology of B2, C glenoids is
the excessive retroversion [110]. Surgical techniques vary depending on the morphology but
all technique has its disadvantage. Anatomical glenoid correction by reaming may be
performed but as a result, the joint will be medialized, thus the lever arm of the surrounding
muscle will decrease [111]. Also due to excessive reaming, glenoid bone stock will be lost and
while inserting the component, the pegs may perforate the cortex which will result as loosen-
ing, fracture and in the long-term the revision surgery will be complicated. To protect the bone
stock, glenoid may be reamed retrovertly without correcting version, but this technique repre-
sents a threat for perforation of anterior cortex by the inserted pegs and also more than 10� of
retroversion increases the subluxation and instability of the prosthesis. To fill the defect of
eroded area by bone graft in the posterior glenoid is another choice, but cemented glenoid
components carry the risk of graft osteolysis. Metal backed hydroxyapatite covered compo-
nents may be chosen. The advancement of prosthesis technology created posterior augmented
glenoid designs. This component’s augment fits on the defected glenoid, thus the reaming of
anterior glenoid will be prevented [111, 112]. Kersten et al. compared the standard glenoid
component with wedge and stepped posterior augmented glenoid component. Posterior aug-
mented glenoid components confirmed that bone loss in glenoid is decreased significantly
according to standard type glenoid components. Also comparison of the subgroups of poste-
rior augmented components, the wedge-shaped required lesser reaming, thus bone stock
removal was lesser than the stepped glenoid component and as a result lower risk for glenoid
loosening might be achieved with wedged-shaped posterior augmented glenoid component
[111]. Also Greiner et al. investigated the radiolucent line occurrences according to morphol-
ogy. B2 and C glenoid types showed significantly higher radiolucent lines around glenoidal
component after a follow-up of approximately 5 years [112]. Although these studies were
performed on mostly primary osteoarthritis, surgical technique choices may give clues about
patient specific approach.

In conclusion, as the advancement in prosthesis and improvement in surgical techniques,
recent literature supports TSA for young- and old-aged patients with an intact or reparable
rotator cuff. Rotator cuff deficiency and poor glenoid bone stock are the main perioperative
challenges of TSA, but with the repair of rotator cuff and adjusting the glenoidal component by
trimming had shown statistically significant pain relief and also improved functional out-
comes. The identification of the glenoid morphology carries great importance to assess the
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surgical technique for overwhelming the most common complication of the TSA. In the long-
term follow-up, the radiolucencies around components had created concerns about loosening,
but the progression of radiolucencies is more trustworthy for this diagnosis [50]. Summary of
the literature for TSA can be found in Table 5.

2.7. Reverse shoulder arthroplasty

Although hemiarthroplasty and TSA had shown superiorities to each other in the absence of
rotator cuff, instability, superior migration, weakness of the arm and limited range of motion
created concerns [113–116]. Van de Salde et al. correlated the joint space obliteration with
rotator cuff fatty infiltration [117]. Grammont et al. in 1993 designed an anatomically inverse
implant. Humeral cup became concave and glenoid became convex. Thus, the rotator cuff’s
altering muscle vectors against the deltoid could be neglected and the implant would become
deltoid dependent. Also for its design joint movement center was medialized and located
inferiorly, thus increased the moment arm of the deltoid and eliminated the forces applying to
glenoidal component [118]. Because of the deltoid dependency, perioperative assessment of
deltoid tension after insertion of the implant carries great importance (Figure 4) [116].

Rittmeister et al. published their experience with RSA in 2001. Seven patients (eight shoulders)
were included and inclusion criteria was determined as joint pain, restricted joint movements
which deteriorates daily living, evaluation of irreparable rotator cuff and advanced destructive
pattern in radiological examination. Their mean follow-up duration was 54.3 months. Their
main concerns were the glenoidal component and cuff pathology. Because of the inclusion
criteria, advanced staged patients’ glenoidal bone stock was not ideal for the insertion of the
screws, thus loosening of the glenoidal component and perioperative glenoid fractures were
encountered. Additional concern in rheumatoid shoulder, teres minor, infraspinatus were
damaged in addition to supraspinatus, which created stability issues for the implant [116].
Another study by John et al. included 20 patients with 22 advanced staged rheumatoid
shoulders. The evaluation of the patients was made by patient orientated and a clinical
assessment with a mean follow-up of 24.3 months. They concluded that in patients with torn
rotator cuff and advanced radiological changes, RSA improved the quality of life. Only com-
plication mentioned was scapular notching which did not progress after 1 year of follow-up
and also did not significantly change the functional outcome of the patients [119].

In contrast, Tiusanen et al. included 76 RSA patients who needed to be revised after hemiarth-
roplasty failure. In their retrospective natured study, evaluations were made preoperatively and
1, 3, 6, 12, 36 months after surgery. They stated that even though the results were from a revised
patient group, their range of motions increased gradually till their postoperative first year, after
that a steady state was encountered. Patient satisfaction was achieved for 90% of the patients and
no major complications were seen [120].

Holcomb et al. presented a larger case series (21 patients) with a mean 36 months follow-up.
Included patients demonstrated heterogeneity for Larsen classification. For the Larsen Grade
IV and V patients, glenoid structural autografts were used which were acquired from humeral
head. The results revealed good functional outcomes and pain relief. Eight patient stated good
or excellent outcome. Against the statement of Rittmeister, they found fewer complications
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surgical technique for overwhelming the most common complication of the TSA. In the long-
term follow-up, the radiolucencies around components had created concerns about loosening,
but the progression of radiolucencies is more trustworthy for this diagnosis [50]. Summary of
the literature for TSA can be found in Table 5.

2.7. Reverse shoulder arthroplasty

Although hemiarthroplasty and TSA had shown superiorities to each other in the absence of
rotator cuff, instability, superior migration, weakness of the arm and limited range of motion
created concerns [113–116]. Van de Salde et al. correlated the joint space obliteration with
rotator cuff fatty infiltration [117]. Grammont et al. in 1993 designed an anatomically inverse
implant. Humeral cup became concave and glenoid became convex. Thus, the rotator cuff’s
altering muscle vectors against the deltoid could be neglected and the implant would become
deltoid dependent. Also for its design joint movement center was medialized and located
inferiorly, thus increased the moment arm of the deltoid and eliminated the forces applying to
glenoidal component [118]. Because of the deltoid dependency, perioperative assessment of
deltoid tension after insertion of the implant carries great importance (Figure 4) [116].

Rittmeister et al. published their experience with RSA in 2001. Seven patients (eight shoulders)
were included and inclusion criteria was determined as joint pain, restricted joint movements
which deteriorates daily living, evaluation of irreparable rotator cuff and advanced destructive
pattern in radiological examination. Their mean follow-up duration was 54.3 months. Their
main concerns were the glenoidal component and cuff pathology. Because of the inclusion
criteria, advanced staged patients’ glenoidal bone stock was not ideal for the insertion of the
screws, thus loosening of the glenoidal component and perioperative glenoid fractures were
encountered. Additional concern in rheumatoid shoulder, teres minor, infraspinatus were
damaged in addition to supraspinatus, which created stability issues for the implant [116].
Another study by John et al. included 20 patients with 22 advanced staged rheumatoid
shoulders. The evaluation of the patients was made by patient orientated and a clinical
assessment with a mean follow-up of 24.3 months. They concluded that in patients with torn
rotator cuff and advanced radiological changes, RSA improved the quality of life. Only com-
plication mentioned was scapular notching which did not progress after 1 year of follow-up
and also did not significantly change the functional outcome of the patients [119].

In contrast, Tiusanen et al. included 76 RSA patients who needed to be revised after hemiarth-
roplasty failure. In their retrospective natured study, evaluations were made preoperatively and
1, 3, 6, 12, 36 months after surgery. They stated that even though the results were from a revised
patient group, their range of motions increased gradually till their postoperative first year, after
that a steady state was encountered. Patient satisfaction was achieved for 90% of the patients and
no major complications were seen [120].

Holcomb et al. presented a larger case series (21 patients) with a mean 36 months follow-up.
Included patients demonstrated heterogeneity for Larsen classification. For the Larsen Grade
IV and V patients, glenoid structural autografts were used which were acquired from humeral
head. The results revealed good functional outcomes and pain relief. Eight patient stated good
or excellent outcome. Against the statement of Rittmeister, they found fewer complications
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and only three required revision surgery. Two of these three were evaluated as periprosthetic
infection which occurred after 7 weeks and 6 years after surgery. They explained their low
infection rates to routinely used tobramycin added methylmethacrylate. They supported that
even though all rotator cuff muscles are affected by fatty infiltration, the choice of RSA is
reasonable with improved functional outcomes, pain relief and low complication rates [121].

Guery et al. in 2006 published a survival analysis for RSA. They advocated that because of high
infection rate and low quality of glenoid bone stock in RA, the use of RSA was contraindicated
[122]. But after 5 years, Young et al. in the same institute published their experience of RSA in
RA with an intermediate follow-up (3.8 years). No complications were seen that needs to be
intervened by surgery. The structural bone graft acquired from resected humeral head is
enough for restoring glenoidal bone stock and healing of the graft was satisfactory. As for the

Figure 4. Reverse shoulder arthroplasty surgery. (A) Preoperative AP plain radiography. (B) Preoperative coronal CT
scan. (C) Early postoperative plain radiography. (D) Postoperative 6th month plain radiography.
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and only three required revision surgery. Two of these three were evaluated as periprosthetic
infection which occurred after 7 weeks and 6 years after surgery. They explained their low
infection rates to routinely used tobramycin added methylmethacrylate. They supported that
even though all rotator cuff muscles are affected by fatty infiltration, the choice of RSA is
reasonable with improved functional outcomes, pain relief and low complication rates [121].

Guery et al. in 2006 published a survival analysis for RSA. They advocated that because of high
infection rate and low quality of glenoid bone stock in RA, the use of RSA was contraindicated
[122]. But after 5 years, Young et al. in the same institute published their experience of RSA in
RA with an intermediate follow-up (3.8 years). No complications were seen that needs to be
intervened by surgery. The structural bone graft acquired from resected humeral head is
enough for restoring glenoidal bone stock and healing of the graft was satisfactory. As for the

Figure 4. Reverse shoulder arthroplasty surgery. (A) Preoperative AP plain radiography. (B) Preoperative coronal CT
scan. (C) Early postoperative plain radiography. (D) Postoperative 6th month plain radiography.
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functional outcome, the forward flexion was increased to 138.6� which was a good functional
outcome according to the total shoulder and hemiarthroplasty patients with the same radio-
graphic properties. Eleven patients were stated as good or excellent result. But for the external
rotation, the increase was not statistically significant. With an intact teres minor, external
rotation was improved significantly when the arm was abducted 90� [123].

Even Holcomb et al. [121] stated their infection rate for 9.5% in 21 patients, Young et al. [123]
stated 0% infection rate after RSA in rheumatoid shoulder. But a larger case series was
published by Morris et al. with 42 rheumatoid shoulders contributing in 301 RSA. Only 5% of
patients with RA were infected and required revision. They concluded that RA was not a bad
prognostic factor for periprosthetic infection after RSA application [124].

In 2016, Liu et al. evaluated the osteoarthritic patients’ return to sports after RSA or hemiarth-
roplasty surgeries. Even though minor population represents the RA patients, it may give some
clue for the functionality of RSA. Inclusion criteria were the patients who had a contraindication
for TSA and RSA or hemiarthroplasty was decided. A total of 102 RSA and 71 hemiarthroplasty
patients were evaluated for 31.7 and 62.9 months, respectively. They concluded that RSA had a
better return to sports activities than hemiarthroplasty, especially when the patient was female,
younger than 70 of age and had a rotator cuff deficiency [125].

In conclusion, the choice for RSA is reserved for old aged, irreparable rotator cuff deficient
patients. According to larger case series, the patients with morning stiffness, advanced radiolog-
ical destruction of glenohumeral joint is considered to be the indication for RSA. The challenges
for low glenoidal bone stock can be overwhelmed with the use of autografts acquired from
humeral head to reinforce the glenoidal bone stock [50]. In the light of recent literature, we can
assume that RSAwill play role in young-aged patients due to return to sports rate and improved
functional status. The functional status and complications of previous literature about RSA are
summarized in Table 6.

3. Conclusion

We tried to simplify the indications, advantages and disadvantages above-mentioned treat-
ment options in Table 7 and Figure 5. Main critical factors for decision making for optimal
surgical treatment are patients’ age, functional demand, rotator cuff status and remaining
glenoid bone stock. Treatment for young-aged patients will require a long-term survival rated
surgical treatments or a short-term treatment with preservation of bone stock to revise to
prosthesis. If the patients’ radiological evaluation is below Larsen class II, synovectomy or
bursectomy may be preferred, but if it is moderately or severely deformed, rotator cuff status
becomes the main identifier. If rotator cuff is intact, surgeon can prefer hemiarthroplasty or
resurfacing arthroplasty which preserves glenoidal bone stock and with good survival rate.
With torn rotator cuff, the situation becomes more dire, even though good functional outcomes
can be achieved with anatomic TSA and rotator cuff repair, in long-term follow-up rotator cuff
degeneration is inevitable which results in pain because of superior migration of prosthesis
and loss of glenoidal bone stock, also tragically glenoidal component loosening due to rocking
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functional outcome, the forward flexion was increased to 138.6� which was a good functional
outcome according to the total shoulder and hemiarthroplasty patients with the same radio-
graphic properties. Eleven patients were stated as good or excellent result. But for the external
rotation, the increase was not statistically significant. With an intact teres minor, external
rotation was improved significantly when the arm was abducted 90� [123].

Even Holcomb et al. [121] stated their infection rate for 9.5% in 21 patients, Young et al. [123]
stated 0% infection rate after RSA in rheumatoid shoulder. But a larger case series was
published by Morris et al. with 42 rheumatoid shoulders contributing in 301 RSA. Only 5% of
patients with RA were infected and required revision. They concluded that RA was not a bad
prognostic factor for periprosthetic infection after RSA application [124].

In 2016, Liu et al. evaluated the osteoarthritic patients’ return to sports after RSA or hemiarth-
roplasty surgeries. Even though minor population represents the RA patients, it may give some
clue for the functionality of RSA. Inclusion criteria were the patients who had a contraindication
for TSA and RSA or hemiarthroplasty was decided. A total of 102 RSA and 71 hemiarthroplasty
patients were evaluated for 31.7 and 62.9 months, respectively. They concluded that RSA had a
better return to sports activities than hemiarthroplasty, especially when the patient was female,
younger than 70 of age and had a rotator cuff deficiency [125].

In conclusion, the choice for RSA is reserved for old aged, irreparable rotator cuff deficient
patients. According to larger case series, the patients with morning stiffness, advanced radiolog-
ical destruction of glenohumeral joint is considered to be the indication for RSA. The challenges
for low glenoidal bone stock can be overwhelmed with the use of autografts acquired from
humeral head to reinforce the glenoidal bone stock [50]. In the light of recent literature, we can
assume that RSAwill play role in young-aged patients due to return to sports rate and improved
functional status. The functional status and complications of previous literature about RSA are
summarized in Table 6.

3. Conclusion

We tried to simplify the indications, advantages and disadvantages above-mentioned treat-
ment options in Table 7 and Figure 5. Main critical factors for decision making for optimal
surgical treatment are patients’ age, functional demand, rotator cuff status and remaining
glenoid bone stock. Treatment for young-aged patients will require a long-term survival rated
surgical treatments or a short-term treatment with preservation of bone stock to revise to
prosthesis. If the patients’ radiological evaluation is below Larsen class II, synovectomy or
bursectomy may be preferred, but if it is moderately or severely deformed, rotator cuff status
becomes the main identifier. If rotator cuff is intact, surgeon can prefer hemiarthroplasty or
resurfacing arthroplasty which preserves glenoidal bone stock and with good survival rate.
With torn rotator cuff, the situation becomes more dire, even though good functional outcomes
can be achieved with anatomic TSA and rotator cuff repair, in long-term follow-up rotator cuff
degeneration is inevitable which results in pain because of superior migration of prosthesis
and loss of glenoidal bone stock, also tragically glenoidal component loosening due to rocking
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horse phenomenon. RSA can be an option but literature lacks young-aged patients’ outcomes.
Recently, researches about RSA are focused on the daily functioning of patients and the results
are promising. It can be foreseen that RSA age limit will be lowered in the future. In old-aged
(>50 years) patients’ radiological evaluation is mostly advanced to Larson class III. Main
indicators are still rotator cuff and glenoidal bone stock for decision making. If the rotator cuff
is intact and adequate glenoidal bone stock is present, TSA will be the optimal choice with
long-term survival and good functional outcome. But if the glenoid bone stock is inadequate,
hemiarthroplasty may be the optimal choice, also TSA with autograft use from humeral head
would promise a better functional demand in these groups of patients. With the degeneration
of the rotator cuff, surgical options narrow down to hemiarthroplasty and RSA. If glenoidal
bone stock is adequate RSA would be optimal, but with inadequate glenoid bone stock, hemi-
arthroplasty still provides good functional demand but not better than autograft supported
RSA. Even though these treatment indications are disputed, they will provide useful informa-
tion for the surgeon dealing with RA.

The decision making of a RA patient with shoulder pain is still a challenging concept. Not
because of the mentioned criteria but also for the disease nature, lower extremity concerns
which might have led the patient to use upper extremity for mobilization by an apparatus.

Figure 5. A treatment strategy for the surgical treatment of rheumatoid shoulder [50].
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horse phenomenon. RSA can be an option but literature lacks young-aged patients’ outcomes.
Recently, researches about RSA are focused on the daily functioning of patients and the results
are promising. It can be foreseen that RSA age limit will be lowered in the future. In old-aged
(>50 years) patients’ radiological evaluation is mostly advanced to Larson class III. Main
indicators are still rotator cuff and glenoidal bone stock for decision making. If the rotator cuff
is intact and adequate glenoidal bone stock is present, TSA will be the optimal choice with
long-term survival and good functional outcome. But if the glenoid bone stock is inadequate,
hemiarthroplasty may be the optimal choice, also TSA with autograft use from humeral head
would promise a better functional demand in these groups of patients. With the degeneration
of the rotator cuff, surgical options narrow down to hemiarthroplasty and RSA. If glenoidal
bone stock is adequate RSA would be optimal, but with inadequate glenoid bone stock, hemi-
arthroplasty still provides good functional demand but not better than autograft supported
RSA. Even though these treatment indications are disputed, they will provide useful informa-
tion for the surgeon dealing with RA.

The decision making of a RA patient with shoulder pain is still a challenging concept. Not
because of the mentioned criteria but also for the disease nature, lower extremity concerns
which might have led the patient to use upper extremity for mobilization by an apparatus.

Figure 5. A treatment strategy for the surgical treatment of rheumatoid shoulder [50].
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Thus the shoulder surgery might cause an immobilization and further decrease the quality of
life for the patient. Consultation and working together with a rheumatologist for following-up
is essential for the patient’s health status because of cessation of RA drugs preoperatively and
following-up postoperatively. Decision making process must be made according to other
concerns and needs of the patient and discussed thoroughly with the patient and also his/her
rheumatologist.
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Thus the shoulder surgery might cause an immobilization and further decrease the quality of
life for the patient. Consultation and working together with a rheumatologist for following-up
is essential for the patient’s health status because of cessation of RA drugs preoperatively and
following-up postoperatively. Decision making process must be made according to other
concerns and needs of the patient and discussed thoroughly with the patient and also his/her
rheumatologist.
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Shoulder pain is a common problem and it is responsible for a high proportion of patients 
presenting to general practice, causing work absenteeism and claims for sickness. A lot 
of factors and conditions can contribute to shoulder pain. The most prevalent cause is 
rotator cuff tendinitis; its relevance is correlated not only to its high prevalence rate but 
also to the fact that is disabling, causing high direct and indirect cost in industrialized 
country. Other causes of shoulder pain are shoulder impingement syndrome, calcific ten-
donitis, frozen shoulder, etc. In this context, physical medicine and rehabilitation plays a 
fundamental role. The conservative approach consists of several interventions. The aim 
is to decrease shoulder pain and to regain shoulder function, with the goal to reduce the 
degree of impingement, decreasing swelling and inflammation, and to minimize the risk 
of further injuries. The purpose of this chapter is to give an overview about shoulder 
disorders and their conservative treatment by means of physical therapy.
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1. Introduction

Shoulder pain is a widespread problem and is responsible for a high percentage of patients 
presenting to general practice, causing absenteeism and labor complaints for sickness [1].
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A lot of factors and conditions may contribute to shoulder pain. The most common cause is 
rotator cuff tendinopathy; its importance is linked not only to its high prevalence rate, but also 
because it is a disabling condition, causing high costs for health service [2].

As mentioned, rotator cuff injury is one of the most common shoulder disorders. Among 
these, the most common are tendinosis, partial thickness tear, and complete rupture. The 
incidence of the cuff injuries varies from 5 to 39%; it increases in the elderly population, being 
approximately 6 and 30%, respectively in patients aged below and above 60 years [3].

In this context, physical medicine and rehabilitation plays a fundamental role. The conserva-
tive approach consists of several interventions. The aim of these is to decrease shoulder pain 
and to regain shoulder function, with the goal to reduce the degree of impingement, decreas-
ing swelling and inflammation, and minimizing the risk of further injuries. Many studies have 
shown that conservative therapy is the first-line treatment for shoulder disorders, in fact reha-
bilitative approach allows a reduction in pain feeling and symptoms within few weeks [4].

In literature, several studies have proposed conservative treatment for shoulder diseases, 
such as non-steroidal anti-inflammatory drugs (NSAIDs), cortisone injections, stretching and 
strengthening exercises, manual therapy, and physical energies (cryotherapy, extracorpo-
real shock wave therapy (ESWT), laser therapy, ultrasounds, etc.) to reduce pain feeling and 
restore shoulder range of motion (ROM) and function.

The purpose of this chapter is to give an overview about shoulder disorders and their conser-
vative treatment by means of physical therapy, reviewing scientific researches, and merging 
it with our experience in this field. Rehabilitation of shoulder disorders is not easy, because 
its complex function, which involves not only local structures integrity, but also biomechan-
ics contribution, form other body subsystems. For this reason, it is important to highlight the 
need of establish a global rehabilitative approach.

2. Biomechanics

Understanding rotator cuff functions and shoulder biomechanics, it is crucial to understand 
shoulder disorders and their pathogenesis. The rotator cuff allows the stabilization of the 
glenohumeral joint, compressing the humeral head on the glenoid of the scapula [5, 6]. This 
mechanism is due to the equal and opposite action of the subscapularis anteriorly and infra-
spinatus and teres minor muscles posteriorly [7–10].

Scientific studies about shoulder biomechanics have explained precisely the contribution 
of every ligaments, tendons and muscles to shoulder stability. The action of rotator cuff is 
to compress the humeral head against scapular glenoid giving stabilization to the joint and 
allowing concentric rotation [6, 11–13]. Rotator cuff muscles play an important role in stabi-
lizing glenohumeral joint through this compressive mechanism, in particular during mid-
ranges motion in which ligaments are lax [14]. Concavity compression mechanism is also 
important at end-ranges of motion, during which rotator cuff muscles protects ligaments by 
limiting the range of motion [15, 16] and decreasing strain, usually increased when shoulder 
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reaches maximum abduction and extrarotation [14, 17, 18]. When shoulder joint is in neutral 
position, rotator cuff muscles contribute equally in providing anterior stability [19]. However, 
with glenohumeral joint in end-range abduction, subscapularis is a less effective stabilizer 
than other muscles, while the biceps brachii starts to play a role in joint stability [20].

The “concavity compression” is an important stability mechanism. The compression of the 
humeral head (convex), exercised by muscles of the rotator cuff, on the glenoid cavity (con-
cave), maintains stable humeral epiphysis, in relation to translational forces. Resistance to 
joint subluxation is directly proportional to the depth of the articular concavity and to the 
compression force exerted by the muscles of the rotator cuff [15]. Concavity compression, 
providing stability of glenohumeral joint, also depends on the extension of glenoid’s articular 
surface (glenoid arc) available to accommodate humeral head [21].

Stabilization function is made evident when the disease is established; in fact, a rotator cuff 
tear results in the inefficiency of this mechanism with the consequent sliding of the humeral 
head upward. This is due to the action of the upper fibers of the deltoid muscle, resulting in a 
subacromial impingement [22].

The action of the rotator cuff muscles must be highly coordinated to be able to perform a spe-
cific movement. The muscles must work in coordination, as the rotation of the glen humeral 
joint does not have a fixed axis [23].

Tension loads acting on rotator cuff tendons can be divided into two types: concentric and 
eccentric. Concentric ones are generated when humerus has the same direction of cuff muscle, 
as it happens during abduction against resistance. These loads are better tolerated by the cuff 
insertion, which clears the acromion at low angles of elevation, protecting it from impinge-
ment by the coracoacromial arch. Eccentric tension loads are produced when the arm move-
ment is opposed to the direction of cuff muscles direction. This occurs in example during 
active resistance to a downward force applied on the humerus. In fact, when the humeral 
head rotates with respect of the scapula, bending loads stress cuff tendons; cuff elasticity 
permits to resist these loads. Rotator cuff tendons are also subjected to compressive loads; 
an upwardly load presses the cuff between the humeral head and the coracoacromial arch 
[24]. Furthermore, it has demonstrated a morphologic adaptation of the supraspinatus tendon 
with fibrocartilaginous areas in regions of compression, due to mechanical forces [25].

Every rotator cuff muscle origins on the scapula, which therefore influences the activity of 
these muscles. Therefore, rotator cuff performance is strictly related to the functional state 
of the scapula. When this bone is well stabilized, thus presenting the proper position in both 
static and dynamic tasks, it permits rotator cuff to work at an optimal level. However, altera-
tions in scapular kinematics produce an unstable support to rotator cuff and consequently it 
affects the biomechanics of the shoulder. Scapular dysfunctions may be causative in rotator 
cuff disorders or may be the result of rotator cuff injuries, increasing the alteration [26].

Many authors have studied scapula kinematics in patients with rotator cuff diseases; altera-
tions in scapular function have been found in most studies. In subjects with clinical symptoms 
or imaging demonstrating rotator cuff disorders, studies have demonstrated biomechanics 
alterations, especially scapular dyskinesia [27]. Possible alterations are not consistent, with 
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mechanism is due to the equal and opposite action of the subscapularis anteriorly and infra-
spinatus and teres minor muscles posteriorly [7–10].

Scientific studies about shoulder biomechanics have explained precisely the contribution 
of every ligaments, tendons and muscles to shoulder stability. The action of rotator cuff is 
to compress the humeral head against scapular glenoid giving stabilization to the joint and 
allowing concentric rotation [6, 11–13]. Rotator cuff muscles play an important role in stabi-
lizing glenohumeral joint through this compressive mechanism, in particular during mid-
ranges motion in which ligaments are lax [14]. Concavity compression mechanism is also 
important at end-ranges of motion, during which rotator cuff muscles protects ligaments by 
limiting the range of motion [15, 16] and decreasing strain, usually increased when shoulder 
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tear results in the inefficiency of this mechanism with the consequent sliding of the humeral 
head upward. This is due to the action of the upper fibers of the deltoid muscle, resulting in a 
subacromial impingement [22].

The action of the rotator cuff muscles must be highly coordinated to be able to perform a spe-
cific movement. The muscles must work in coordination, as the rotation of the glen humeral 
joint does not have a fixed axis [23].

Tension loads acting on rotator cuff tendons can be divided into two types: concentric and 
eccentric. Concentric ones are generated when humerus has the same direction of cuff muscle, 
as it happens during abduction against resistance. These loads are better tolerated by the cuff 
insertion, which clears the acromion at low angles of elevation, protecting it from impinge-
ment by the coracoacromial arch. Eccentric tension loads are produced when the arm move-
ment is opposed to the direction of cuff muscles direction. This occurs in example during 
active resistance to a downward force applied on the humerus. In fact, when the humeral 
head rotates with respect of the scapula, bending loads stress cuff tendons; cuff elasticity 
permits to resist these loads. Rotator cuff tendons are also subjected to compressive loads; 
an upwardly load presses the cuff between the humeral head and the coracoacromial arch 
[24]. Furthermore, it has demonstrated a morphologic adaptation of the supraspinatus tendon 
with fibrocartilaginous areas in regions of compression, due to mechanical forces [25].

Every rotator cuff muscle origins on the scapula, which therefore influences the activity of 
these muscles. Therefore, rotator cuff performance is strictly related to the functional state 
of the scapula. When this bone is well stabilized, thus presenting the proper position in both 
static and dynamic tasks, it permits rotator cuff to work at an optimal level. However, altera-
tions in scapular kinematics produce an unstable support to rotator cuff and consequently it 
affects the biomechanics of the shoulder. Scapular dysfunctions may be causative in rotator 
cuff disorders or may be the result of rotator cuff injuries, increasing the alteration [26].

Many authors have studied scapula kinematics in patients with rotator cuff diseases; altera-
tions in scapular function have been found in most studies. In subjects with clinical symptoms 
or imaging demonstrating rotator cuff disorders, studies have demonstrated biomechanics 
alterations, especially scapular dyskinesia [27]. Possible alterations are not consistent, with 
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various combinations of changes like increase in upward rotation, decrease in posterior tilt 
and increase in internal rotation. However, the exact relationship between scapular dyski-
nesia and rotator cuff disorder is not completely clear; is dyskinesis a cause, an effect or a 
compensation? [26]

3. Shoulder disorders

Pathogenesis of rotator cuff injuries is not completely clear, but it may arise from extrinsic fac-
tors, impingement by structures surrounding the cuff, and intrinsic alterations of the tendon 
itself [28].

On the tendinous portion of the rotator cuff impingement by the coracoacromial ligament and 
the acromion itself is responsible for the characteristic “impingement syndrome”. A peculiar 
proliferative spur and ridge on the anterior lip and undersurface of the acromial anterior pro-
cess has been found; furthermore, in many studies this area has shown erosions [4].

Anatomical changes may excessively narrow the subacromial space, in which rotator cuff ten-
dons pass through, and include acromial shape variations (i.e. hooked acromion), orientation 
of the acromial angle or prominent osseous changes of the inferior portion of the acromion-
clavicular joint [29]. In 1986, Bigliani [30] described the important role of acromion shape, as 
an extrinsic mechanism, in rotator cuff tendinopathy; acromion classified into three types 
based on different shapes (Figure 1): Flat (Type I), Curved (Type II) and Hooked (Type III).

Association between acromion shape and severity of rotator cuff disorder has been well 
documented, with a greater prevalence of hooked acromion in subjects with subacromial 
impingement syndrome and full thickness tears. Alterations of shoulder kinematics, postural 
abnormalities, rotator cuff muscles deficits and decreased extensibility of pectoralis minor are 
biomechanical factors which can lead to rotator cuff tendons compression [4]. In addition, 

Figure 1. Bigliani classification for acromial in different shapes.
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shoulder kinematic alterations can cause a dynamic reduction of the subacromial space (com-
pressing rotator cuff tendons) due to a superior shift of the humeral head [31] or an altered 
scapula biomechanics that leads acromion sliding downwards [32].

Recent studies suggested that subacromial bursa is a pro-inflammatory membrane responsi-
ble for shoulder pain and other subacromial disorders. Blaine [33] demonstrated that inflam-
matory cytokines, such as Tumor necrosis factor (TNF), Interleukin 1 (IL-1), Interleukin 6 
(IL-6), cyclooxygenase-1 (COX-1) and cyclooxygenase-2 (COX-2), increase in subacromial 
bursal in subjects suffering from bursitis and rotator cuff syndrome. It should also be pointed 
out that IL-1 and IL-6 play an important role as mediators of collagen catabolism [34].

Peritendinous alterations in rotator cuff disorders are thought to be a secondary phenom-
enon. Chandler [35] showed that the increased tension in the coracoacromial ligament, due to 
tendinopathy, stimulates the neoformation of bone on the underside of the acromion, which 
may result in an impingement syndrome leading to enthesopathy.

Acromial lateral sloping or glenoid version is structural features which play an important 
role in rotator cuff pathology as extrinsic factors. As mentioned in the previous paragraph, 
acromion shape influences supraspinatus tendon as it passes under the coracoacromial arch. 
Even a forward scapula posture, caused by forward head posture and increased kyphosis in 
combination, can reduce the subacromial space [36].

Intrinsic factors, causing rotator cuff tendinopathy, affect tendon morphology and perfor-
mance. There is growing evidence in literature supporting the fundamental role of these 
mechanisms in shoulder disorders.

Intrinsic mechanisms, such as aging processes, poor vascularity and altered biology, lead to 
tendon degradation also influencing tensile forces and altering loads [37–40].

A reduction in vascular supply of tendons is implicated in rotator cuff tears pathogenesis. In 
1934, Codman described for the first time the “critical zone” (1 cm2 area between the insertion 
of supraspinatus tendon at greater tubercle and myotendinous junction) which represents the 
most common site for tendon injury due to its reduced vascularity [4].

Tendon degeneration is the expression of an increased production by tenocytes of metalloprotein-
ase enzymes (MMP); this means that tendon tears are an active and cell-mediated process. The 
hypothesis is that rotator cuff tears are the results of an imbalance between tendon synthesis and 
degradation, maybe due to the failed regulation of MMP activity in response of repeated mechani-
cal strains. Tendon degeneration is further evident as it has demonstrated an increase in sulfated 
glycosaminoglycans (GAG) in supraspinatus tendinosis [41]. Sulfated GAG are associated with 
acute inflammation and new matrix formation, as well as amyloid production. A study conducted 
by Cole [42] demonstrated that supraspinatus chronic tears were characterized by 70% amyloid 
deposition on tendon context, unlike only 25% in patients suffering from acute traumatic injuries.

Another feature that may lead to shoulder disorders is genetics; it seems to be related to the 
polymorphism of genes which regulates collagen synthesis, like the one found in Achilles 
tendinopathy. However, this is just a hypothesis since no genes were identified till now as risk 
factors for rotator cuff diseases [43–45].
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shoulder kinematic alterations can cause a dynamic reduction of the subacromial space (com-
pressing rotator cuff tendons) due to a superior shift of the humeral head [31] or an altered 
scapula biomechanics that leads acromion sliding downwards [32].

Recent studies suggested that subacromial bursa is a pro-inflammatory membrane responsi-
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matory cytokines, such as Tumor necrosis factor (TNF), Interleukin 1 (IL-1), Interleukin 6 
(IL-6), cyclooxygenase-1 (COX-1) and cyclooxygenase-2 (COX-2), increase in subacromial 
bursal in subjects suffering from bursitis and rotator cuff syndrome. It should also be pointed 
out that IL-1 and IL-6 play an important role as mediators of collagen catabolism [34].

Peritendinous alterations in rotator cuff disorders are thought to be a secondary phenom-
enon. Chandler [35] showed that the increased tension in the coracoacromial ligament, due to 
tendinopathy, stimulates the neoformation of bone on the underside of the acromion, which 
may result in an impingement syndrome leading to enthesopathy.
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acromion shape influences supraspinatus tendon as it passes under the coracoacromial arch. 
Even a forward scapula posture, caused by forward head posture and increased kyphosis in 
combination, can reduce the subacromial space [36].

Intrinsic factors, causing rotator cuff tendinopathy, affect tendon morphology and perfor-
mance. There is growing evidence in literature supporting the fundamental role of these 
mechanisms in shoulder disorders.

Intrinsic mechanisms, such as aging processes, poor vascularity and altered biology, lead to 
tendon degradation also influencing tensile forces and altering loads [37–40].

A reduction in vascular supply of tendons is implicated in rotator cuff tears pathogenesis. In 
1934, Codman described for the first time the “critical zone” (1 cm2 area between the insertion 
of supraspinatus tendon at greater tubercle and myotendinous junction) which represents the 
most common site for tendon injury due to its reduced vascularity [4].

Tendon degeneration is the expression of an increased production by tenocytes of metalloprotein-
ase enzymes (MMP); this means that tendon tears are an active and cell-mediated process. The 
hypothesis is that rotator cuff tears are the results of an imbalance between tendon synthesis and 
degradation, maybe due to the failed regulation of MMP activity in response of repeated mechani-
cal strains. Tendon degeneration is further evident as it has demonstrated an increase in sulfated 
glycosaminoglycans (GAG) in supraspinatus tendinosis [41]. Sulfated GAG are associated with 
acute inflammation and new matrix formation, as well as amyloid production. A study conducted 
by Cole [42] demonstrated that supraspinatus chronic tears were characterized by 70% amyloid 
deposition on tendon context, unlike only 25% in patients suffering from acute traumatic injuries.
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Other factors can influence mechanical properties and tensile loads response including ten-
don geometry, due to collagen fiber alignment. Among tendon alterations, it is important to 
highlight tendon irregularity and thinning, observed in subjects suffering from degenerative 
rotator cuff tendinopathy; these conditions influence mechanical properties. Even aging has 
been observed to be a negative factor for tendon degeneration. Biomechanical studies showed 
a reduced elasticity and a decreased tensile strength in tendons with aging [4]. Histological 
studies about rotator cuff tendons showed degenerative changes (calcifications and fibrovas-
cular proliferation) in elderly in comparison to young people, both groups without history of 
shoulder disorders. Furthermore, aging causes a reduction in total sulfated GAG and proteo-
glycans in supraspinatus tendon [46].

Other scientific researches demonstrated in elderly people a reduction of type I collagen and 
an increase in type III, weaker and more irregularly; however there is no consensus in lit-
erature whether these changes are related with aging or a secondary consequence of healing 
processes to repeated microtrauma (or overuse) [47].

An interesting classification is the one developed by Celli [48] that divides the old denomina-
tion “shoulder periarthritis” in four clinical presentations, depending on the type, localization 
and pain:

1. Acute anterior shoulder: where inflammation is limited to the supraspinatus tendon and/
or to the long head of the biceps tendon.

2. Global acute shoulder: pain is acute and inflammation compromised subdeltoid bursa.

3. Chronic anterior shoulder: pain is chronic and localized on the anterior region.

4. Global chronic shoulder: even in this case the pain is chronic, but it affects the whole 
shoulder.

This classification has the advantage of easy application, but there is no immediate correlation 
with the cause of degeneration. The most common cause of shoulder pain is an inflammation 
of the bursae around the glenohumeral joint. The most affected is the subacromial bursa, 
located between the acromion and the tendons of rotator cuff, but also subdeltoid, subscapu-
laris and subcoracoid bursae may be affected.

Pain is localized on the side of the proximal part of the arm, but it may also extend distally if 
the inflammatory process involves subdeltoid bursa, which often communicates with the sub-
acromial one. Movements accentuate symptoms, particularly active abduction, that is mark-
edly limited by pain.

3.1. Rotator cuff tendinosis

The incidence of rotator cuff tendinopathy and degenerative tears increases in aging and it is 
40% in subjects over 70 years of age [49].

Rotator cuff tendinosis is due to disorganization in collagen fibers morphology and to altera-
tions in tendon ultrastructure. Earlier studies showed histopathological changes associated 
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with rotator cuff tendinosis: tendon fibers thinning and consequently ultrastructural altera-
tions, cellular apoptosis, granulation tissue production and fibro-cartilaginous changes [50, 
51]. The risk of progression, which can lead to full tendon rupture, is related to these histo-
pathological changes.

Hyaline and myxoid degeneration, which can affect collagen fibers, already occur in the 
degenerated tendon. The consequence of this is a reduction in tensile resistance that predis-
poses the tendon to rupture [4].

In degenerated tendon, healing processes are altered. In fact, the standard composition and 
structure of the osteotendinous insertion site, with the transition from non-mineralized to 
mineralized fibrocartilage, is not achieved. The causes of this poor healing process are mul-
tifactorial, but correlated to an inadequate and disorganized expression of the cytokines 
responsible for the formation of the complex structure and composition of the enthesis [52].

Other factors that may influence healing processes are the presence of inflammatory cells in 
the osteotendinous insertion site and a small number of stem cells in the tendon-bone inter-
face, which hamper physiological scar formation [53].

Healing process occurs in three steps:

Step 1. Inflammatory phase

Step 2. Repairing phase

Step 3. Remodeling phase

An alteration during one of these phases leads to a bad regenerative process. Recent studies 
demonstrated the importance of the inflammatory phase, during which there is an increase 
of neutrophils, macrophages and mast cells in rotator cuff lesions in animal and human mod-
els. Millar et al. [54] evaluated rotator cuff tendon samples taken by biopsy during repairing 
phase. They observed significant infiltration of mast cells and macrophages in earlier phase of 
tendinopathy. Subsequently macrophages produce transforming growth factor-β1 (TGF-β1), 
which stimulates collagen formation and proteinase activity.

Fibrovascular scar is probably produced during this phase thanks to the action of macro-
phages. During the repairing phase of healing process, fibroblasts activation determines 
the expression of various cytokines, such as basic fibroblast growth factor (bFGF), insulin-
like growth factor (IGF-1), platelet-derived growth factor-b (PDGF-b), vascular endothelial 
growth factor (VEGF), bone morphogenic protein-12 (BMP-12), BMP-13 and BMP-14 [4].

3.2. Calcific tendonitis

Calcific tendonitis can be potentially included in the sum of rotator cuff diseases. Its preva-
lence is estimated between 2.7 and 20% according to radiographies of asymptomatic adults. 
Usually occurs between the age of 40 and 50, with a higher prevalence in female sex and in 
sedentary workers. The probability of becoming symptomatic, both acute and chronic, has 
been estimated to be higher than 50% [52].
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4. Global chronic shoulder: even in this case the pain is chronic, but it affects the whole 
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This classification has the advantage of easy application, but there is no immediate correlation 
with the cause of degeneration. The most common cause of shoulder pain is an inflammation 
of the bursae around the glenohumeral joint. The most affected is the subacromial bursa, 
located between the acromion and the tendons of rotator cuff, but also subdeltoid, subscapu-
laris and subcoracoid bursae may be affected.

Pain is localized on the side of the proximal part of the arm, but it may also extend distally if 
the inflammatory process involves subdeltoid bursa, which often communicates with the sub-
acromial one. Movements accentuate symptoms, particularly active abduction, that is mark-
edly limited by pain.

3.1. Rotator cuff tendinosis

The incidence of rotator cuff tendinopathy and degenerative tears increases in aging and it is 
40% in subjects over 70 years of age [49].

Rotator cuff tendinosis is due to disorganization in collagen fibers morphology and to altera-
tions in tendon ultrastructure. Earlier studies showed histopathological changes associated 
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with rotator cuff tendinosis: tendon fibers thinning and consequently ultrastructural altera-
tions, cellular apoptosis, granulation tissue production and fibro-cartilaginous changes [50, 
51]. The risk of progression, which can lead to full tendon rupture, is related to these histo-
pathological changes.

Hyaline and myxoid degeneration, which can affect collagen fibers, already occur in the 
degenerated tendon. The consequence of this is a reduction in tensile resistance that predis-
poses the tendon to rupture [4].

In degenerated tendon, healing processes are altered. In fact, the standard composition and 
structure of the osteotendinous insertion site, with the transition from non-mineralized to 
mineralized fibrocartilage, is not achieved. The causes of this poor healing process are mul-
tifactorial, but correlated to an inadequate and disorganized expression of the cytokines 
responsible for the formation of the complex structure and composition of the enthesis [52].

Other factors that may influence healing processes are the presence of inflammatory cells in 
the osteotendinous insertion site and a small number of stem cells in the tendon-bone inter-
face, which hamper physiological scar formation [53].

Healing process occurs in three steps:

Step 1. Inflammatory phase

Step 2. Repairing phase

Step 3. Remodeling phase

An alteration during one of these phases leads to a bad regenerative process. Recent studies 
demonstrated the importance of the inflammatory phase, during which there is an increase 
of neutrophils, macrophages and mast cells in rotator cuff lesions in animal and human mod-
els. Millar et al. [54] evaluated rotator cuff tendon samples taken by biopsy during repairing 
phase. They observed significant infiltration of mast cells and macrophages in earlier phase of 
tendinopathy. Subsequently macrophages produce transforming growth factor-β1 (TGF-β1), 
which stimulates collagen formation and proteinase activity.
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A 2009 study conducted by Maugars et al. [53] pointed out that between 7 and 17% of patients 
suffering from chronic shoulder pain was due to tendon calcification.

Calcific tendonitis is not simply a degenerative disorder, since calcification is not histologi-
cally associated with necrosis or tissue damage, but it is a cell-mediated process similar to an 
incomplete endochondral ossification.

One of the first authors to describe the calcium deposits cycle was Uhthoff [55] who divided it 
into two phases: a formative and resorptive one. Other authors subdivided the cycle into three 
phases: pre-calcification (asymptomatic), calcification (impingement) and post-calcification 
(acute) [56].

A more complete classification divided this cycle into four phases: pre-calcific phase, dur-
ing which the fibrocartilaginous transformation occurs in the tendon context in a completely 
asymptomatic manner; formation phase that consists of the deposition of hydroxyapatite 
crystals within the tendon; re-absorbing phase, characterized by the release of these crystals 
and finally post calcific recovering phase.

It is therefore evident that there is currently no standardized histological classification for 
tendon calcifications in literature.

In concern to the radiographic aspects of calcification, many studies converge on Gartner’s 
classification (1993), whereby three kinds of deposits can be identified. Type I refers to a 
well-defined and dense deposit, type II identifies a well-distinguished but radiotransparent 
deposit and finally, type III has a radiotransparent structure but with marginal margins [57].

In fact, the classification of the French Arthroscopic Society [58] also identifies three types of 
calcifications, indicating them with letters A, B and C (Figure 2), which reproduce the descrip-
tion of Gartner.

The authors discussed for a long time about the use of radiographic classification both to 
choose the most appropriate treatment and as an outcome to evaluate its beneficial effect. The 
fundamental concept is that radiographic classification is not sufficient on its own, but cor-
relation with the clinical data is always necessary [59, 60].

Figure 2. Classification of calcifications by French Arthroscopic Society. A: Dense deposit and well-defined margins, C: 
nubecular deposit, margins not defined. B: intermediate between the two previous types.
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3.3. Subacromial bursitis and impingement

The subacromial bursa is the largest and most complicated bursa in human body. In a 1934 
book [61], Codman affirmed that it behaves as a secondary scapula-humeral joint, although it is 
not composed of cartilage tissue. Therefore, he highlighted the functional issue of subacromial 
bursa. In 1972, Neer [62] further emphasized this point of view in his studies on impingement 
syndrome. Moreover, in other studies, he suggested that subacromial bursa is an inflamma-
tory membrane that can lead to pain through nociceptors endings stimulation. Santavirta et al. 
[63] found a majority of CD-2 and CD-11b mononuclear cells in the bursa of patients suffer-
ing from subacromial bursitis. Yanagisawa [64] also demonstrated an increased expression 
of VEGF in patients with impingement syndrome, thus pointing out chronic inflammation 
and increased vascularity. Other studies [65] demonstrated the increased expression of pain 
mediators (substance P) in the subacromial space in subjects with impingement syndrome.

Despite these evidences about subacromial bursa, the changes in biochemical mediators 
expression, implicated in subacromial impingement syndrome pathogenesis, have not yet 
completely identified. These investigations were carried on to determine the role of subacro-
mial bursa in impingement syndrome; the question is if the bursa behaves as a pathological 
or a reparative tissue.

During “bursitis” (Figure 3), there is a reduction of the overall subacromial space, which 
may lead to an increased compression of tissues inside. During subacromial impingement 
syndrome, it has been demonstrated tendons degeneration, due to inflammatory processes or 
tension overload in shoulder mobilization (e.g. during work activities) [4].

Impingement syndrome classification was first developed by Neer in 1983 [66] and it is based 
on histopatological damage of tissues. He defined this syndrome as a mechanical-compressive 
lesion of tissues of the subacromial space and he identified three progressive stages: first stage 
(“edema and hemorrhage stage”) is typical in patients aged 25 or less with a history of over-
head use of the upper limb during sport or work; second stage is defined by further deterio-
ration of rotator cuff tendons and subacromial bursa, and it usually affects 25–40 years old 
patients; last stage, the third one, is characterized by bone spurs and partial or full-thickness 
tendon rupture affecting subjects aged 40 or more.

Figure 3. Subacromial bursitis: ultrasound imaging.
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3.4. Rotator cuff tears

Rotator cuff tears represent approximately one-third of medical visits for shoulder pain, 
but sometimes it is a problem difficult to diagnose. Among patients suffering from shoul-
der pain, rotator cuff tears are the most common cause, especially in subjects aged 60 or 
more [67]. The incidence of this pathology increases with age; moreover, studies on cadav-
ers have noticed 30% of cases with rotator cuff tears [68]. As mentioned, literature agrees 
that the incidence increases with age. In particular, a study [69] noted that the incidence 
of asymptomatic tears in patients aged 50–59 years was 13%, between 60 and 69 years the 
incidence was 20%, among 70–79 years was 31% and over 80 years was 51%. Yamamoto 
et al. [67] observed a prevalence of full-thickness tears of 20.7% in a sample population, 
mean age 57.9 years, with or without symptoms. In a 2006 review of autopsy studies, 
evaluating 2553 shoulders (mean age 70.1 years), it observed a prevalence of 18.5% for 
partial-thickness tears and 11.8% for full lesions [68]. Rotator cuff tears are very common, 
so the pathological history and the clinical examination play a critical role, especially in 
subclinical cases.

Pathogenesis of rotator cuff tears is complex and multifactorial. For this reason, there are two 
different schools of thought, according to which tendon injuries can be due to intrinsic or 
extrinsic factors. Codman [61] had already described the intrinsic theory according to which 
tendon degenerates in the critical area of hypovascularity; this area is 1 cm from the insertion 
of supraspinatus to the humeral head. Besides this, due to its low vascularization, it is also 
an area with low healing capacity. According to extrinsic theory, the cuff tendons, flowing 
into the subacromial space (i.e. between the acromion, the coracoacromial ligament and the 
humeral head) can be compressed and then injured.

The majority of rotator cuff tears affected supraspinatus and infraspinatus tendons; these 
are described as postero-superior cuff tears. On the contrary, antero-superior tears are less 
common and typically extend anteriorly involving rotator interval or subscapularis tendon. 
Partial tears consist of a partial disruption of tendon fibers without communication among 
bursal and articular spaces.

The average normal thickness of rotator cuff tendons is between 8 and 12 mm. The depth of 
tear defines the degree of lesion. Codman classified tendon tears in three types [61]:

1. bursal-side tear (BT) confined to the bursal surface of the tendon;

2. intratendinous tear (IT), which is localized within tendon thickness and

3. joint-side tear (JT) located on the joint side of the tendon.

Another classification proposed by Neer [62] divided the condition of pain, inflammation, 
oedema and hemorrhage as stage I, tendinous fibrosis as stage II and fibers rupture as 
stage III.

Taking into account the average thickness of supraspinatus tendon, Ellman [70] classified 
rotator cuff tears (Figure 4): grade I consists of a tear depth lower than 3 mm (or involving 
less than 25% of tendon thickness); grade II characterized by a depth between 3 and 6 mm 
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or 50% of thickness; grade III involves more than 6 mm or more than 50% of thickness. In 
full-thickness tears a complete fibers disruption brungs to a direct communication between 
subacromial and glenohumeral spaces.

Further classifications of rotator cuff tears [4] are shown in Tables 1–3.

The greater the size of the lesion, the extent of retraction and the quantity of fatty muscle 
atrophy, the less the chance of healing from rotator cuff tear. The natural history of the lesion 
is the further increase in size over time. Therefore, for example, partial thickness tears become 
total lesions and, referring to Cofield’s classification (Table 1), small-sized tears tend to evolve 
toward massive lesions.

3.5. Frozen shoulder

Frozen shoulder, or adhesive capsulitis, is a painful and disabling condition of unknown eti-
ology caused by a spontaneous contracture of the glenohumeral joint in absence of an evident 
previous event, resulting in reduction of joint motion [71]. This debilitating condition affects 
from 2 to 5% of the general population [72] and its prevalence increases to 10–38% in patients 
with comorbidities, such as hypothyroidism [73], diabetes, increased body mass index and 
cervical spondylosis [74]. This condition is more common in women and in non-dominant 
shoulders. The mean age of onset is 50–55 years [75].

The currently recognized classification (Table 4) identifies as a primary frozen shoulder a 
condition with any clearly identifiable etiopathogenetic cause, and as secondary a condition 
triggered by a well-defined cause. The last one, is further subdivided into intrinsic, extrinsic 
and systemic [76].

Neviaser describe this state as adhesive capsulitis to emphasize the inflammatory compo-
nent affecting the capsule, multiregional areas of synovitis and synovial angiogenesis [77]. 

Figure 4. Ellman classification of rotator cuff tears. A: grade I; B: grade II; C: grade III.

Small <1 cm

Medium 1–3 cm

Large 3–5 cm

Massive >5 cm

Table 1. Cofield classification (by tear size).
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Histological findings attribute to neoangiogenesis the growth of new nerves in the capsuloliga-
mentous complex of these patients and this may be the explanation of the pain associated with 
capsulitis.

Immunocytochemical analysis on arthroscope biopsy material revealed the presence of 
chronic inflammatory cells predominantly made up of mast cells, T cells, B cells and macro-
phages, as well as the presence of fibrosis that results from mast cell infiltrate, which typically 
regulate the proliferation of fibroblasts [78].

Frozen shoulder seems to be the result of failure of the healing process after an initial inflam-
matory phase, characterized by an excess of cytokines and growth factors with fibroblasts 

Primary adhesive 
capsulitis

Secondary adhesive capsulitis

Idiopathic (of 
unknown etiology 
or condition)

Systematic

• Thyroid disease

• Hyperlipidemia

• Hypoadrenalism

• Chronic obstructive pulmonary 
disease (COPD)

• Osteopenia/reduced bone min-
eral density

• Duputreyn’s disease

• Ischemic heart conditions

• Diabetes mellitus

Extrinsic

• Cardiac or breast surgery

• Cerebrovascular accident

• Cervical radiculopathy

Intrinsic

• Impingement

• Tendinopathy

• Osteoarthritis

• Dislocation or 
shoulder trauma

Table 4. Frozen shoulder classification.

Stage Muscle description

0 Completely normal muscle

I Some fatty streaks

II Amount of muscle is greater than fatty infiltration

III Amount of muscle is equal to fatty infiltration

IV Amount of fatty infiltration is greater than muscle

Table 3. Goutallier classification: by extent of fatty muscle degeneration.

Stage 1 Proximal stump lies close to its bony insertion

Stage 2 Proximal stump retracted at level of humeral head

Stage 3 Proximal stump retracted at glenoid level

Table 2. Patte classification (by cuff tears retraction).
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accumulation that in part differentiate into myofibroblasts. They exert tractions on new col-
lagen deposits with stiffening of the capsule [79].

The diagnosis is essentially clinical, based on the evidence of the reduction of the ROM (range 
of motion) in particular in extrarotation, elevation and intrarotation of the glenohumeral joint, 
in the absence of X-ray lesions. This is accompanied by pain at the insertion of the deltoid and 
muscular weakness [80]. Radiographic images are not helpful, unless in the case of associ-
ated pathologies, such as fractures, arthritis and metallic implants. In selected cases, with 
suspected association with rotator cuff tendinopathy or impingement syndrome, we can refer 
to magnetic resonance imaging (Figure 5) [81].

According to Neviaser et al. [80], the clinical presentation is indicative of the stage of the 
adhesive capsulitis:

Stage 1, preadventive stage: patients have mild pain at the end of the range of motion and this 
condition is often mistakenly diagnosed as impingement syndrome.

Stage 2, “freezing” stage: is often characterized by a high level of discomfort and a high level 
of pain and a progressive loss of ROM.

Stage 3, “frozen” stage: is characterized by significant stiffness, but less pain.

Stage 4, “thawing” stage: in this phase we have painless stiffness and motion that typically 
improves by remodeling.

4. Clinical presentation

The diagnosis is based essentially on clinical examination, exclusion of other pathologies and 
normal glenohumeral radiographs. Initial evaluation of global postural assessment should be 
perform before focusing on the shoulder, because shoulder pain is often associated with thoracic 

Figure 5. Frozen shoulder at MRI. Coronal PD (A): thickening of the axillary recess of the glenohumeral joint; sagittal PD 
(B): inflammation in the rotator cuff interval.
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and cervical spine alignment that alters the scapula’s rest position [82]. Postural abnormalities 
related to shoulder pain, include extension of the atlanto-occipital joints, reduction of physi-
ological cervical lordosis, increase of dorsal kyphosis, protrusion (abduction) of the scapula 
with rotation downward and internal rotation of the humerus. All these results in neuro-
musculoskeletal changes.

A thorough collection of the patient’s medical history is used to detect if pain origins really 
from shoulder whether it is a referred pain from other anatomical structures. It is frequently 
reported that the pain in the shoulder is actually coming from the cervical spine, in which 
case the irradiation along the upper limb pain, radicular pathology reaches generally until 
the hand and the fingers, while the pain that starts from the shoulder radiates up and not past 
the elbow.

The shoulder physical examination can be expressed in the following steps: inspection, palpa-
tion, mobility and specific functional tests. The inspection is usually negative, while palpation 
may aid in the diagnosis. Palpation should include all the articulation of the scapular girdle 
and all the rotator cuff muscles trying to overcome with appropriate maneuvres the deltoid 
that covers a large part of the rotator cuff. During the palpation, must be taken simultaneously 
consider several aspects. They are: the tenderness, the swelling, changes in temperature, the 
deformity, both obvious and hidden, the muscle characteristics and the relations between the 
various structures. The motion of both shoulders should be assessed actively and passively. 
Forward elevation and elevation in the scapular plane as well as internal and external rotation 
with the arm at the side and in 90° of abduction should be performed.

Tests of affected muscles against resistance are imperative to formulate a correct diagnosis.

Neer test: the doctor is placed behind the patient, with one hand passively he raises his arm 
in internal rotation and abduction, while with the other stabilizes the scapula. If the patient 
refers pain in an arc of movement between 70° and 120°, the test shows a conflict between the 
greater tuberosity and the humeral the acromion.

Hawkins test: it is performed with arm at 90° of flexion front and elbow flexed to 90°; in this 
position the physician, in front of the patient and imprints an internal rotational movement 
of the glenohumeral joint. Pain located below the acromioclavicular joint with internal rota-
tion is considered a positive test result and it is indicative of inflammation of the subacromial 
bursa or of an impingement of all structures that are located between the greater tubercle of 
the humerus and the coracohumeral ligament.

Palm-up test: the examiner contrasts the movement of the patient to elevate the arm with the 
elbow in extension and palm of the hand facing up. If the test shows pain is positive to a lesion 
of the long head of the humeral biceps.

Jobe test: the examiner stands in front of the patient keeps his arms positioned at 90° of abduc-
tion, 30° of anterior flexion and maximum intra-rotation (thumbs pointing to the ground). The 
examiner lowers arms against the patient’s resistance against exerting a downward thrust. 
The test is positive for the supraspinatus muscle if the affected limb is lowered, regardless of 
whether or not the presence of pain.
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Other tests can be used, such as Yocum test, the horizontal adduction test, the painful arc sign, 
the empty can test, the drop arm test, the Speed test, the Yergason test and the Pattes test.

Clinical evaluation can completed with assessment scales like Constant-Murley scale [83, 84] 
or simple shoulder test (SST).

The Constant-Murley score is an ordinal scale used in all pathologies of shoulder (not only for 
the instability), with a score ranging from 0 to 100 (100 = normal shoulder). The scale investigates 
four areas through the pain (15 points), activities of daily living (20 points), strength (25 points) 
and the range of motion (40 points). In this way it achieved a full assessment of the level of pain 
and disability related to the activities of daily living.

The “simple shoulder test” (SST) is a binary scale used for all shoulder pathologies that 
involves the administration of 12 questions to the patient (normal score = 12). The questions 
are used to assess the perceived pain and the ability to perform certain activities of daily liv-
ing. The DASH is halfway between a generic test (as the Short Form) and a specific test for the 
shoulder, it can use to complete the assessment.

Imaging studies are commonly used to identify and differentiate the source of the injury.

5. Conservative approach

The conservative approach avails of different kind of treatments, whose main purpose is to 
reduce pain and other signs of inflammation, recover function and prevent further joint dam-
age [85].

A great number of studies support the conservative approach as the main treatment for the 
mildest forms of shoulder pain due to adhesive capsulitis [86]. The natural course of the fro-
zen shoulder leads to healing in more or less long times. To reduce pain faster and recover 
the articular functionality, we can intervene with several alone or combinated therapies, such 
as physical therapy (ultrasound, lasers, hyperthermia, electro-analgesia and shock waves), 
intra-articular corticosteroid injection, intra-articular saline hydrodilation with distention 
and eventual rupture of the glenohumeral joint capsule, intra-articular sodium hyaluronate 
injection into the glenohumeral joint, suprascapular nerve block, shoulder manipulation 
under anesthesia, oral corticosteroid or NSAIDs (non-steroidal anti-inflammatory drugs) and 
analgesics. In case of failure of these therapies, the alternative is to proceed with open or 
arthroscopic synovectomy and glenohumeral capsular releases [87–89].

5.1. Extracorporeal shock wave therapy

Since 1980, the extracorporeal impact waves have been used in different conditions, initially 
to destroy kidney stones. Investigating the side effects on the surrounding tissues, it was 
understood that they could also find use in the treatment of musculoskeletal disorders [90]. 
The effect on these tissues is dose-dependent: high doses tend to have destructive effects, low 
doses have regenerative effects [91].
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All the principles that led the application of the ESWT since 1995 have been revised in a recent 
review, that has established new ones. The recommended energy limit should be beneath 0.28 
mJ/mmq, above which necrotic effects prevail; ESWT is performed without anesthesia, even 
on larger areas; their application also on open growth plates seems to be safe [92].

The regenerative effect of ESWT is the consequence of the activation of gene expression for growth 
factors or cytokines and fibroblast proliferation. Mechanical stimulation is converted by tendon 
tissue in enhancement of TGF-β1 gene expression and increase of collagen I and collagen III [93].

The phenomenon of mechanosensing is particularly clear in bone tissue, due to its structure 
and physiology: it acts like a piezoelectric. After ESWT exposure, bone shows: osteogenic 
differentiation of mesenchymal stem cells [94]; expression of nitric oxide synthase (eNOS), 
vascular endothelial growth factor (VEGF) that lead to neoangiogenesis and accelerate tissue 
regeneration and healing [95]; bone regeneration, starting from periosteum stimulation [96]; 
direct stimulation of osteoblasts and indirect reduction of osteoclasts activity [97].

In addition, the increase in NOS appears to be involved in another signaling pathway leading 
to the reduction of pro-inflammatory factors. It has been seen that NOS exerts an inhibitory 
action on nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB), hence the 
role in production of proinflammatory cytokine and leukocytes recruitment, generating pain 
and phlogosis, are blocked [98].

Other mechanism is the production of NO and VEGF resulting in neoangiogenesis (Figure 6) 
that improves blood supply promoting tissue repairing and wash-out of algogenic and nox-
ious substances [99].

ESWT intervene in pain modulation also by release of endogenous analgesic sustances P and 
calcitonine gene-related peptide (CGRP) and according to the gate control [100]. About the 
gate control, Saggini et al. [101], claim that a hyperstimulation-like shock waves, activate the 
descending inhibitory system, blocking following nociceptive stimuli in the posterior col-
umn of the spinal cord. In addition, ESWT modify substances P and CGRP levels, damaging 
peripheral small unmyelinated fibers, responsible of immediate release of the algogenic pep-
tide. All these mechanisms make ESWT suitable to treat various musculoskeletal disorders, 
such as calcific tendonitis, epicondylitis, osteoarthritis and long bone fracture [102].

ESWT has proved to be a valid option in the treatment of calcifying tendinitis of the shoulder. 
A study based on a meta-analysis showed the power of ESWT to intervene in case of calcific 

Figure 6. Coronary neovascularization after 4 weeks of shock wave therapy.
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tendinitis, promoting resorption of the calcifications using high energy density (conventional 
limit set at 0.20 mJ/mmq, less than this intensity was labeled low-energy). Functional outcome 
(Constant-Murley score) and radiographic resorption (chance of complete resorption) of the 
deposits after 3 months, showed that high-energy ESWT is more effective than low-energy 
ESWT [103]. The effect on calcifications is not merely mechanical as in the case of kidney 
stones, but rather biochemical induces interstitial and extracellular changes, enhancing tissue 
regeneration [104].

Few studies specifically address the application of ESWT in frozen shoulder. One of the study 
[105], recruited 36 patients divided into 2 groups: one received shock waves (1200 shocks with 
energy between 0.1 and 0.3 mJ/mmq) and one sham. Pain and disability score were assessed 
with the Shoulder Pain and Disability Index (SPADI) questionnaire before and after the ther-
apy, and 2 and 5 months after the treatment. The results show a positive effect on recovery of 
frozen shoulder that was faster than sham group.

Another research [106] compare ESWT (1000 shock waves, with energy between 0.01 and 
0.16 mJ/mmq) with conservative physical therapy, both group treated twice a week for six 
weeks. Pain and function were assessed, respectively, with visual analogue scale (VAS) and 
patient-specific functional scales (PSFS). Both group showed significant decreases in VAS 
and PSFS, the ESWT group reported lower score then the control group.

ESWT is therefore a possible way to treat the frozen shoulder, especially if we consider the 
fact that it is a safe, non-invasive and low cost procedure.

5.2. Intra-articular injections

Intra-articular drug administration offers several advantages: increased bioavailability, 
reduced systemic effects and fewer side effects. Moreover, most joints can be accessed accu-
rately, especially under ultrasound guidance [107].

Intra-articular injections into the glenohumeral joint are commonly performed to treat differ-
ent conditions affecting this articulation, such as osteoarthritis, adhesive capsulitis and rheu-
matoid arthritis. Despite the widespread use of this treatment, there are no standard criteria 
for their performance [26].

With regard to this type of therapy applied to the treatment of shoulder pain, two substances 
are used: corticosteroids and hyaluronic acid [108]. The pharmacological properties of corti-
costeroids are well known, in accordance with them, this procedure is recommended in the 
acute phase. The risks associated with corticosteroid injection are limited if performed by 
experienced hands and in patients eligible for such procedure. Injection should be avoided in 
patients with septic arthritis, bacteremia and in immunocompromised patients [109].

The main purpose in treating the frozen shoulder is to reduce the loss of function and to 
give relief to pain that significantly limits movement. In the case of adhesive capsulitis, intra-
articular administration of corticosteroids is generally associated with conventional physical 
therapy. A systematic review of 25 studies from 1947 to present, compares infiltrations with 
manipulation under anesthesia, physical therapy and distension of the joint capsule. In all 
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and PSFS, the ESWT group reported lower score then the control group.

ESWT is therefore a possible way to treat the frozen shoulder, especially if we consider the 
fact that it is a safe, non-invasive and low cost procedure.
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rately, especially under ultrasound guidance [107].
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for their performance [26].

With regard to this type of therapy applied to the treatment of shoulder pain, two substances 
are used: corticosteroids and hyaluronic acid [108]. The pharmacological properties of corti-
costeroids are well known, in accordance with them, this procedure is recommended in the 
acute phase. The risks associated with corticosteroid injection are limited if performed by 
experienced hands and in patients eligible for such procedure. Injection should be avoided in 
patients with septic arthritis, bacteremia and in immunocompromised patients [109].

The main purpose in treating the frozen shoulder is to reduce the loss of function and to 
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articular administration of corticosteroids is generally associated with conventional physical 
therapy. A systematic review of 25 studies from 1947 to present, compares infiltrations with 
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cases it is clear that intra-articular administration of corticosteroids improves and acceler-
ate patients’ healing. Long-term results about conventional therapies versus corticosteroids 
are comparable; due to understandable considering that adhesive capsulitis is a self-limiting 
pathology [110].

Another possible application of corticosteroids involves infiltration within the subacromial 
bursa; this method (Figure 7) is particularly useful in those cases of acute painful bursitis, in 
combination with other therapies aimed at treating the underlying cause.

Besides the corticosteroids, whose action and effectiveness are widely dealt in literature, the 
use of the viscosupplementation with hyaluronic acid is becoming increasingly widespread 
[111]. Hyaluronic acid acts through different mechanisms when injected into the joint. It is an 
anionic, nonsulfated glycosaminoglycan distributed widely throughout connective, epithelial 
and neural tissues, is capable of retaining water and this contributes to cell adhesion, prolif-
eration and migration. High local concentrations cause the release of growth factors, acceler-
ating the tissue repair process [112]. The viscosupplementation is a way to restore rheological 
properties of the synovial fluid, enhancing viscoelastic properties of synovial fluid protecting 
cartilage from mechanical stress and reducing pain [113, 114].

In the tendinitis involving the rotator cuff, viscosupplementation, not only protects the joint 
surface, but also restores the homeostasis of the chondrocytes [115]. The hypothesis that 
hyaluronic acid also acts on pain modulation has been investigated and Mitsui et al. [116] 
demonstrate that hyaluronic acid inhibits not only expression of mRNA for proinflammatory 
cytokines, such as IL-1b, IL-6 and TNF-a, but also COX-2/PGE2 (Prostaglandin E2) produc-
tion via CD44 in IL-1-stimulated subacromial-synovium fibroblasts. CD44 is also present on 
synoviocytes, so it is a target for pain reduction. The restoration of the viscoelastic barrier 
around the nociceptive afferent fibers, reduces pain, hindering interaction with nociceptive 
stimuli [117].

5.3. Rehabilitation

The rehabilitation program should always start from clinical evaluation, focusing on the status of 
functional deficiency, the range of motion and the pain elicited during evaluation [118]. The aim 
is to ensure long-term results in joint mobility, to reduce stiffness and improve function [119].

Maintaining the range of movements is essential to prevent adhesion and decrease impinge-
ment. To intervene on the strength of the rotator cuff muscles and on the scapula stabiliz-
ing muscles (anterior serratus, rhomboids, latissimus dorsi and trapezium) and the deltoid, 

Figure 7. Sequence of subacromial bursa infiltration.
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avoids the superior migration of the humeral head and the scapular instability, two condi-
tions that occur in the impingement syndrome.

A deficit in neuromuscular control may cause abnormalities in the rotator cuff and scapula-
thoracic muscles. It has been postulated that proprioception can modulate the sensitivity of 
muscle spindles and help subjects to pay more attention to joint position [120].

Exercises that specifically generate higher level of activation of the rotator cuff, lower trape-
zius or serratus anterior, are open-chain exercises included full can, side lying external rota-
tion, diagonal exercise and prone full can at 100° of abduction [121]. While the closed-chain 
exercises facilitate the co-contraction of shoulder muscles as well as strengthen the serratus 
anterior [122].

The brain guides motion tasks by interacting with external signals and proprioceptive stimuli. 
Therefore, stimuli integration takes place here and the center that generates an answer to 
them can be re-edited.

A possible way to reach this aim is the Multi-Joint System® (MJS), a system consisting of a 
multi-articulated arm run by the patient on the three planes of space (Figure 8). The patient 
receives feedback from a computer system connected to the robot arm and adjusts his move-
ments, following predefined trajectories. In this way, the patient learns to perform all the 

Figure 8. Multi-Joint System®.
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peculiar movements of the glenohumeral joint, maintaining a proper position of the scapula 
and increasing the strength of the anterior serratus, rhomboid, latissimus dorsi, trapezius and 
deltoid. MJS grant a better control of shoulder movements with increased proprioception, 
sensitivity and shoulder joint motion in a multi-dimensional axial-type range [123, 124].
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peculiar movements of the glenohumeral joint, maintaining a proper position of the scapula 
and increasing the strength of the anterior serratus, rhomboid, latissimus dorsi, trapezius and 
deltoid. MJS grant a better control of shoulder movements with increased proprioception, 
sensitivity and shoulder joint motion in a multi-dimensional axial-type range [123, 124].
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