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1Physical Therapy and Exercise 
to Increase ROM and Decrease 
Pain

Hiroaki Ishikawa, Takayuki Muraki, 
Ronaldo Alves Cunha, Benno Ejnisman, 
and Eiji Itoi

1.1  Clinical Presentation

1.1.1  Pain

Patients with glenohumeral osteoarthritis (OA) 
typically present shoulder pain characterized by 
gradual onset. The pain is often localized posteri-
orly and deep within the glenohumeral joint [1–3]. 
The patients often complain of difficulty in falling 
asleep due to night pain [2]. This pain progres-
sively aggravates over time and leads to decreased 
quality of life and mental health problems [4, 5].

The etiology of pain in patients with glenohu-
meral OA is complex because various factors 
affect the pain. Although articular cartilage dam-
age is a key feature of glenohumeral OA, the 
articular cartilage is insensitive and may not be 
the source of pain. By contrast, the subchondral 

bone, synovia, ligaments, joint capsule, and mus-
cles are richly innervated and can be the causes of 
rest pain due to inflammation [6, 7]. Motion pain 
in the midrange of motion may be associated 
with subacromial impingement or compressive 
stress on chondral lesions [8, 9]. At the end range 
of motion, tensile stress on the glenohumeral 
ligament and capsule and muscles surrounding 
the shoulder may cause the pain.

1.1.2  Shoulder ROM

In patients with glenohumeral OA, shoulder 
range of motion (ROM) is frequently limited in 
various directions rather than in specific direc-
tions. Jia et  al. [10] reviewed the preoperative 
data of patients who underwent shoulder surgery 
for 13 years (n = 1913). In this study, mean active 
shoulder ROM in patients with glenohumeral OA 
was 86° of abduction, 49° of external rotation 
(ER) with the arm abducted 90°, and 14° of inter-
nal rotation (IR) with the arm abducted 90°. In 
addition, patients with glenohumeral OA had 
more severe ROM loss than other shoulder dis-
eases (i.e., rotator cuff disease, shoulder instabil-
ity, and SLAP lesions).

The loss of shoulder ROM in patients with 
glenohumeral OA can be caused by pain, 
decreased flexibility of soft tissues, and glenoid 
deformity related to the OA. To increase shoulder 
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ROM, physical therapy focuses mainly on 
improving the decreased flexibility of soft tis-
sues, whereas surgical treatment focuses mainly 
on correcting the glenoid deformity.

1.1.3  Shoulder Muscle Function

Muscle weakness can occur by disuse due to pain 
in patients with glenohumeral OA. Previous stud-
ies evaluated muscle atrophy in patients with gle-
nohumeral OA by comparing muscle area with 
healthy subjects [11, 12]. These studies showed 
that patients with glenohumeral OA had 
decreased muscle area of the supraspinatus [12], 
whereas no difference in the deltoid muscle area 
was found compared with the healthy subjects 
[11]. Based on these findings, glenohumeral OA 
is associated with supraspinatus atrophy, but the 
causation remains unknown. In addition, other 
previous studies compared the muscle area 
among different subgroups of glenohumeral OA 
[13, 14]. Aleem et al. [14] showed that patients 
with Walch type B had increased ratio of the pos-
terior rotator cuff (i.e., the infraspinatus and teres 
minor) area to the anterior rotator cuff (i.e., the 
subscapularis) area compared with Walch type 
A.  Moverman et  al. [13] demonstrated that 
increased area of the posterior rotator cuff is 
independently associated with Walch type B (rel-
ative to Walch type A). The rotator cuff muscle 
imbalance in the transverse plane is one of the 
characteristic findings in patients with Walch 
type B.

1.1.4  Shoulder Kinematics

Alterations in shoulder kinematics are frequently 
observed in patients with glenohumeral OA [15–
18]. Fayad et al. [18] examined the differences in 
scapulothoracic and glenohumeral motions dur-
ing arm elevation between affected and unaf-
fected shoulders in patients with glenohumeral 
OA. They found increased scapular external rota-
tion and decreased glenohumeral elevation on the 
affected side. Lädermann et al. [15] demonstrated 
that scapular anterior tilt during internal rotation 

at 90° on the affected side was greater than that 
on the unaffected side in patients with Walch type 
B OA. Bruttel et al. [16] compared glenohumeral 
motion during activities of daily living (ADL), 
such as perineal care, washing the axilla, comb-
ing hair, and taking a book from a shelf, between 
patients with glenohumeral OA and healthy sub-
jects. This study showed less glenohumeral ele-
vation in patients with glenohumeral OA during 
all ADL.  Roren et  al. [17] demonstrated that 
scapular external rotation during hair combing on 
the affected side was greater than that on the 
unaffected side in patients with glenohumeral 
OA. These reports tell us that the abnormal scap-
ular motions are most likely adaptive changes to 
the restricted glenohumeral motion.

1.2  Management Principles

There remains inconclusive evidence to support 
physical therapy for the initial treatment of gle-
nohumeral OA [19, 20]. However, physical ther-
apy may clinically benefit select patients with 
glenohumeral OA. Physical therapy for patients 
with glenohumeral OA is performed in order to 
(1) decrease pain, (2) increase shoulder ROM, 
and (3) protect the glenohumeral joint.

First, we should assess whether pain appears 
at rest or during shoulder motion. For the rest 
pain, medications and intra-articular injections 
rather than physical therapy can be effective 
because the cause of pain may be inflamma-
tion  within the glenohumeral joint. If pain 
appears in the midrange of shoulder motion (par-
ticularly shoulder elevation), the cause of pain 
may be subacromial impingement or compres-
sive stress on chondral lesions. These causes can 
be identified by physical examinations. Pain at 
the end range of shoulder motion may be attrib-
uted to tightness of the soft tissues surrounding 
the shoulder.

To improve shoulder ROM loss, we need to 
identify the soft tissues affecting the ROM loss. 
For instance, the tightness of the posterior cap-
sule, infraspinatus, and teres minor causes loss of 
shoulder IR [21, 22]. However, the primary tis-
sues responsible for decreased shoulder IR are 

H. Ishikawa et al.
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different by arm position; the tightness of the 
posterior capsule (middle and inferior portions) 
restrains IR at 30° of shoulder elevation, whereas 
the infraspinatus and teres minor restrain IR at 
90° of shoulder elevation. If improvement of IR 
at 90° of shoulder elevation is needed, we should 
perform stretching or relaxation of the infraspi-
natus and teres minor.

Muscle weakness and/or imbalance of the 
rotator cuff may contribute to increased glenoid 
deformity. Some previous studies demonstrated 
increased muscle area of the infraspinatus/teres 
minor relative to the subscapularis was associ-
ated with posterior glenohumeral subluxation 
and increased glenoid retroversion in patients 
with Walch type B [12, 14]. Based on these find-
ings, it is speculated that an imbalanced force in 
the transverse plane changes the direction of the 
resultant force posteriorly, resulting in eccentric 
posterior wear. If the muscle weakness and/or 
imbalance of the rotator cuff are found, inter-
ventions to the muscles are recommended. 
However, excessive strengthening exercise 
should be avoided as it may cause exacerbation 
of symptoms.

1.3  Assessment

1.3.1  Physical Examination

Physical examinations such as palpation and spe-
cial tests are useful for the identification of pain 
associated with glenohumeral OA.  In patients 
with glenohumeral OA, palpation of the regions 
that correspond to the swollen synovium and the 
protruding bony osteophytes of the GH joint may 
provoke pain [3].

The compression-rotation test is conducted to 
identify the pain resulting from chondral lesions 
(Fig.  1.1) [23]. If there is pain during shoulder 
motion (particularly the midrange of motion) and 
the compression-rotation test is positive, the pain 
resulting from chondral lesions should be sus-
pected. The Neer, Hawkins-Kennedy, painful arc, 
empty can, and external rotation resistance tests 
are used to identify subacromial impingement 

[24]. The less than 3 positive of 5 rules out sub-
acromial impingement [24].

1.3.2  Self-reported Functional 
Outcome

Generally, shoulder pain and function are evalu-
ated using self-reported outcome measures such 
as disability of the shoulder and hand (DASH) 
and shoulder pain and disability index (SPADI). 
The Western Ontario Osteoarthritis of the 
Shoulder (WOOS) index is a disease-specific 
questionnaire for measurement of the quality of 
life (QOL) among patients with glenohumeral 
OA [25]. It provides scores on four domains (19 
questions): (1) physical symptoms, (2) sport/rec-
reation/work, (3) lifestyle, and (4) emotions. 
Each question is tested on a visual analog scale 
from 0 to 100, and the total score ranges from 0 
to 1900.

1.3.3  ROM Measurement

Active and passive range of motion (ROM) for 
shoulder flexion, abduction, ER and IR, and hori-
zontal abduction and adduction are measured 

Fig. 1.1 Compression-rotation test. The patient is in a 
side-lying position on the unaffected side, with the 
affected arm at the side and the elbow flexed. The exam-
iner compresses the arm into the glenoid. The patient is 
asked to rotate the arm internally and externally. The 
compression- rotation test is considered positive if pain 
occurs

1 Physical Therapy and Exercise to Increase ROM and Decrease Pain
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with a goniometer or an inclinometer. Shoulder 
IR is also measured as the vertebral level reached 
by the fully extended thumb [26]. In the assess-
ment of passive ROM, manual scapular stabiliza-
tion in an appropriate manner is important to 
better isolate glenohumeral motion [27, 28].

1.3.4  Muscle Strength Testing

Muscle strengths of the shoulder girdle muscles 
are evaluated with manual muscle testing [29]. 
However, manual muscle testing is prone to 
interobserver variability [30]. Handheld dyna-
mometer is a useful tool for clinicians to quanti-
tatively evaluate muscle strength and verify 
intervention effect. The measurement technique 
using a dynamometer is shown to be reliable for 
detecting weakness in the shoulder [31, 32].

1.3.5  Assessment of Shoulder 
Kinematics

Several previous studies proposed reliable clini-
cal assessment methods for scapular position/
motion. The clinical methods are divided into 
visual observation and objective assessment.
 1. Visual observation
Visible alterations in scapular position and 

motion patterns have been termed “scapular 
dyskinesis.” The current recommendation for 
clinical assessment of scapular dyskinesis is 
the use of dynamic scapular dyskinesis test 
[33, 34]. Scapular dyskinesis is categorized 
into three types (Type I, increased scapular 
anterior tilt; Type II, increased scapular inter-
nal rotation; Type III, increased scapular ele-
vation and upward rotation) [35]. For the 
scapular dyskinesis test, scapular motion dur-
ing arm elevation is determined as “yes” 
(presence of scapular dyskinesis) or “no” (no 
presence).

 2. Objective assessment
Objective assessment of scapular position and 

motion is conducted with a digital inclinome-
ter. For the assessment of scapular upward 

rotation, the inclination angle of the digital 
inclinometer aligned along the scapular spine 
is measured [36]. This method using a digital 
inclinometer is also useful for the assessment 
of scapulohumeral rhythm. The scapulo-
humeral rhythm is represented as the ratio of 
glenohumeral elevation to scapular upward 
rotation and calculated by measuring scapular 
upward rotation over the entire arc of arm 
elevation.

1.4  Management

1.4.1  ROM and Stretching Exercises

Active and passive shoulder ROM exercises aim 
at improving movement of the glenohumeral 
joint. The intensity of the exercises is based on 
the severity of shoulder pain. We start from per-
forming active shoulder ROM exercise within no 
pain. If the pain becomes mild, we perform pas-
sive shoulder ROM exercise. Additionally, selec-
tive stretching exercises for the soft tissues 
affecting the shoulder ROM loss are performed.
 1. Shoulder flexion/abduction
The pectoralis major and latissimus dorsi mus-

cles are the primary tissues responsible for 
decreased shoulder flexion/abduction. For 
the pectoralis major muscle, the clavicular 
and sternal regions are stretched by passive 
shoulder horizontal extension at 90° of 
abduction, and the abdominal region is 
stretched by passive shoulder horizontal 
extension at 135° of abduction [37]. The 
latissimus dorsi muscle is stretched by pas-
sive contralateral rotation and bending of the 
trunk, with shoulder maximally elevated 
[38].

 2. Shoulder extension/adduction
The anterior deltoid and supraspinatus muscles 

are the primary tissues responsible for 
decreased shoulder extension/adduction. The 
anterior deltoid muscle is considered to be 
stretched by passive shoulder extension. The 
supraspinatus muscle is stretched by passive 
shoulder adduction at shoulder extension [22].

H. Ishikawa et al.
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 3. Shoulder ER
The coracohumeral ligament and anterior infe-

rior glenohumeral ligament (AIGHL) and 
subscapularis muscle are the primary tissues 
responsible for decreased shoulder ER.  The 
coracohumeral ligament is stretched by pas-
sive shoulder ER at shoulder adduction [39]. 
The AIGHL is stretched by passive shoulder 
ER at 90° of shoulder abduction [40]. The 
subscapularis muscle (the inferior portion) is 
stretched by passive shoulder ER at 90° of 
shoulder flexion or abduction, or passive hori-
zontal extension [41].

 4. Shoulder IR
The posterior capsule and infraspinatus and 

teres minor muscles are the primary tissues 
responsible for decreased shoulder IR.  For 

the posterior capsule, the superior portion of 
the posterior capsule is stretched by passive 
shoulder IR at 30° of shoulder extension, 
whereas the middle and inferior portions of 
the posterior capsule are stretched by passive 
shoulder IR at 30° of shoulder elevation [21]. 
For the infraspinatus and teres minor mus-
cles, both muscles are stretched by passive 
shoulder IR at 90° of shoulder elevation [22].

The modified cross-body stretch and modified 
sleeper stretch are effective self-stretching 
techniques and widely used for improving 
flexibility of the infraspinatus and teres minor 
muscles (Fig.  1.2) [42, 43]. Particularly, the 
modified cross-body stretch is effective for 
the teres minor  and the  modified sleeper 
stretch for the infraspinatus muscles [43].

a b

Fig. 1.2 Modified cross-body stretch and modified 
sleeper stretch. The patient is in the side-lying position on 
the affected side. For the modified cross-body stretch (a), 
external rotation is restricted via counterpressure of the 
opposite forearm, and then the humerus of the affected 

side is moved into horizontal flexion using the opposite 
arm. For the modified sleeper stretch (b), the humerus of 
the affected side is moved into shoulder internal rotation 
using the opposite arm

1 Physical Therapy and Exercise to Increase ROM and Decrease Pain
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1.4.2  Joint Mobilization

Joint mobilization is a therapeutic approach to 
improve joint play and accessory motion, result-
ing in pain relief and increased ROM. A struc-
tured exercise program combined with joint 
mobilization has been shown to decrease pain 
and improve function in patients with various 
shoulder disorders [44].

Crowell et al. [45] reported a single-case study 
investigating therapeutic effect of exercise pro-
gram (i.e., ROM and muscle strengthening exer-
cises) combined with joint mobilization in 
patients with glenohumeral OA (a 38-year-old 
male military officer). The patient was treated for 
a total of five sessions over a period of 4 weeks. 
The two most common joint mobilization tech-
niques (inferior and anterior-to-posterior glides) 
were used in this study (Fig.  1.3). After the 

4-week intervention, SPADI scores decreased 
from 43 to 17%. The exercise and joint mobiliza-
tion program for patients with glenohumeral OA 
can provide clinically meaningful short-term 
improvements in pain and function.

1.4.3  Muscle Strengthening 
Exercise

Strengthening exercises for the rotator cuff are 
important to stabilize the humeral head in the gle-
noid fossa and protect the glenohumeral joint.
 1. Supraspinatus muscle
To strengthen the supraspinatus muscle, exer-

cises to maximize supraspinatus activity while 
particularly minimizing deltoid activity are 
recommended in clinical practice. Full-can 
exercise and prone external rotation exercise 

a b

Fig. 1.3 Joint mobilization techniques (inferior and 
anterior- to-posterior glides). The patient is in a supine 
position. For the inferior glide (a), distal hand grasps the 
patient’s elbow; proximal hand grasps the patient’s 
humeral head; and then gentle inferior glide force is 

applied. For the anterior-to-posterior glide (b), distal hand 
grasps the patient’s forearm; proximal hand grasps the 
patient’s humeral head; and then gentle anterior-to- 
posterior glide force is applied with the arm in abduction 
and external rotation

H. Ishikawa et al.
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are optimal to strengthen supraspinatus as 
these exercises produce high activity of the 
supraspinatus with less activity of the deltoid 
muscle [46, 47]. These exercises should be 
chosen depending on the patient’s situation; 
for instance, prone external rotation exercise 
should be chosen if patients have pain during 
shoulder elevation.

 2. Infraspinatus and teres minor muscles
Side-lying ER exercise has been used for 

strengthening the infraspinatus and teres 
minor muscles (Fig.  1.4a) [48]. In the side- 
lying ER exercise, the use of a towel roll 
between the elbow and side is recommended 
as deltoid activity during the exercise is more 
inhibited with a towel roll than without a 

towel roll [49]. In addition, low-load ER exer-
cise (10% of maximum voluntary contraction) 
produced higher activity of the infraspinatus 
with less activity of the deltoid muscle com-
pared with high-load exercise [50].

 3. Subscapularis muscle
IR exercise in the belly-press test position is 

effective for strengthening the subscapularis 
muscle (Fig.  1.4b). Some previous studies 
demonstrated that the belly-press test pro-
duced high activity of the subscapularis 
while minimizing activities of other shoul-
der internal rotators (i.e., the pectoralis 
major, latissimus dorsi, and teres major 
muscles) [51].

a b

Fig. 1.4 Strengthening exercise for the infraspinatus, 
teres minor, and subscapularis. For the infraspinatus and 
teres minor strengthening exercise (a), the patient is in the 
side-lying position on the unaffected side and externally 
rotates the shoulder with the elbow at the side against 

resistance. For the subscapularis strengthening exercise 
(b), the patient is in a supine position and internally 
rotates the shoulder at 30° of shoulder abduction against 
resistance

1 Physical Therapy and Exercise to Increase ROM and Decrease Pain
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2Corticosteroids, Nonsteroidal 
Anti- inflammatory Drugs, Oral 
Vitamins and Naturopathic 
Remedies That Can Help 
in Shoulder Arthritis

Dominik Szymski and Andreas Voss

2.1  Introduction

Arthritis of the glenohumeral joint is a common 
reason for pain and functional limitations of the 
shoulder caused by characteristic pathological 
changes. Thereby in patients older than 60 years, 
a prevalence rate of up to 20% is reported [1, 2]. 
Next to hip and knee joint degeneration, the gle-
nohumeral osteoarthritis is one of the most rel-
evant degenerative joint diseases. In the 
population of patients aged over 80 years, this 
issue becomes more notable with a mean preva-
lence rate of over 85%. Demographic change 
will make this problem even more serious and 
relevant in the future. Depending on patients’ 
symptoms and severity of the degeneration, 
nonsurgical treatment options remain the first 
choice for the initial therapy of shoulder osteo-
arthritis. Next to physical therapy, which was 
highlighted in the previous chapter, pharmaco-
logical therapy is an integral component in the 

joint preservation process in patients with gle-
nohumeral osteoarthritis.

The pathogenesis of glenohumeral osteoar-
thritis is complex and affected by various factors. 
Either abnormal load on normal cartilage or nor-
mal stress on abnormal cartilage leads to 
increased joint degeneration. In parallel with 
increasing age, the anabolic activity of the carti-
lage seems to decrease and catabolic processes 
predominate [3]. While degeneration of cartilage 
takes place, periarticular tissues of the synovia 
and subchondral bone, which are richly inner-
vated, react on increased intraarticular pressure 
and cartilage damage with massive pain [1, 4]. 
Cartilage damage and subsequent subchondral 
sclerosis were mainly found in the cranial 2/3 of 
the humeral head. This zone is at between 60- 
and 100-degree abduction in contact with the gle-
noid and explains the immobilizing pain and 
functional limitations [1, 5].

Nonsurgical treatment of shoulder arthritis 
focusses on these processes and tries to break 
this circulus vitiosus. While the aim of physio-
therapy is to restore and maintain the functional-
ity of the joint (see Chap. 1), pharmacological 
therapy aims to reduce pain and diminish the 
process of joint degeneration. This chapter sum-
marizes pharmacological treatment options with 
corticosteroids, nonsteroidal anti-inflammatory 
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drugs, oral vitamins and naturopathic remedies 
for patients with glenohumeral osteoarthritis. 
Biologics as further nonsurgical option are dis-
cussed in Chap. 3.

2.2  Corticosteroids

The most common use of corticosteroids in 
shoulder arthrosis is intraarticular injections. 
However, these injections are often applied for 
patients with shoulder pain of all etiologies to 
treat an acute state of inflammation in the joint. 
The effects of corticosteroid injection only last 
for 4 weeks and can therefore be used for acute 
inflammatory and painful states, but corticoste-
roid injections do not show any positive effect on 
the development of cartilage or joint degenera-
tion [6]. Nevertheless, an injection of corticoste-
roids can affect the cartilage negatively and even 
hasten the progression of glenohumeral osteoar-
thritis [7]. Local anesthetics are usually injected 
simultaneously with corticosteroids. In a recent 
meta-analysis of randomized controlled trials, 
Shanthanna et al. (2020) demonstrated that injec-
tions with corticosteroids provide no additional 
benefit compared to injections consisting of only 
local anesthetic agents [8]. Also, when using 
intraarticular corticosteroid injections, different 
adverse effects must be taken into account. In 
particular for patients suffering diabetes, 
increased episodes of hyperglycaemia and grow-
ing intraocular pressure are described [9]. At the 
same time, the number of injections performed 
should be limited to a maximum of three to pre-
vent an increased risk of infection and further 
side effects [10].

Besides intraarticular injections, the oral pre-
scription of corticosteroids for the treatment of 
shoulder arthritis is also possible. While some 
positive effects on the reduction of symptoms in 
osteoarthritis were mentioned, there is no effect 
on the progress of joint degeneration [11]. The 
adverse effects of systemically taken corticoste-
roids are very diverse and extensive; therefore 

an oral prescription cannot be recommended 
[12]. Also, the American Academy of 
Orthopaedic Surgeons (AAOS) discourages in 
their guidelines published in 2020 the use of 
corticosteroids, both for intraarticular and oral 
administration [13].

2.3  Nonsteroidal Anti- 
inflammatory Drugs 
(NSAIDs)

The most commonly used pharmacological ther-
apy is based on nonsteroidal anti-inflammatory 
drugs (NSAIDs). By inhibition of cyclooxygen-
ase (COX)-1 and COX-2 enzymes, the synthesis 
of prostaglandins is reduced and leads to reduc-
tion of inflammatory processes with concomitant 
analgesic effects. An improvement of symptoms 
was reported by up to 67% of patients with shoul-
der pain [12]. Compared to acetaminophen 
(paracetamol), NSAIDs demonstrated an 
increased pain reduction in osteoarthritis [14]. 
Due to a poorer side effect profile of unselective 
COX inhibitors, selective COX-2 inhibitors (e.g. 
celecoxib) are used especially for elderly patients 
and patients with comorbidities. Besides the oral 
application, the usage of topical NSAIDs is also 
a common part of therapy. Although topical 
administration does not achieve identical blood 
levels as oral administration, patients with shoul-
der osteoarthritis show sufficient pain reduction 
after several weeks of application [15]. On 
account of their good pain reduction and anti- 
inflammatory effect, NSAIDs are recommended 
as first-line therapy in the conservative treatment 
of shoulder osteoarthritis [16].

Although acetaminophens’ (paracetamol) 
adverse effect profile is quite safe, the missing 
anti-inflammatory effect and low impact on 
peripheral COX enzymes are a possible reason 
for the advantages of NSAIDs [14]. Due to a 
better safety profile in particular in elderly 
patients, acetaminophen should be preferred to 
paracetamol.
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2.4  Oral Vitamins

The National Institute for Health and Care 
Excellence (NICE) UK guidelines report the 
administration of oral vitamins as optional part for 
the treatment of shoulder arthrosis [12]. In particu-
lar vitamin C (ascorbic acid) and vitamin D 
showed positive effects on the development of car-
tilage. The chondroprotective mechanism of vita-
min C is based on the antioxidant impact and the 
reduction of apoptosis. Simultaneously the stimu-
lation of aggrecan and collagen synthesis increases 
the regenerative potential of the cartilage [17, 18]. 
Wang et  al. (2004) demonstrated a threefold 
decrease in osteoarthritis by administering 120–
200 mg of vitamin C [19]. Also, a sufficient pain 
reduction in patients with knee or hip osteoarthritis 
after oral supplementation of vitamin C was shown 
[19]. To our knowledge there is no clear evidence 
for the effects of vitamin C on shoulder arthrosis; 
nevertheless recent results in hip and knee arthro-
sis can be adopted to the glenohumeral joint.

Another oral supplement with benefits on 
degenerative joints is vitamin D preparations. 
Clinical studies demonstrated a controversial pat-
tern with some trials showing a benefit in func-
tion and pain release of osteoarthritis joints, 
while some others could not find any positive 
impact after the administration of vitamin 
D. Though there are in clinical trials controver-
sial results, in vivo studies demonstrated a reduc-
tion of cartilage degeneration in animals with 
increased vitamin D intake [20]. Taking these 
results into account, it can be assumed that the 
application of vitamin D with adverse effects 
(headache, nausea, obstipation) under consider-
ation offers a potential as additional part of phar-
macological treatment and is generally 
recommended by surgical societies [17, 21–23].

2.5  Naturopathic Remedies

Naturopathic drugs are often requested by patients 
with scepticism towards conventional oral medi-
cation and can be used as additional therapeutic 
part in the treatment of glenohumeral osteoarthri-
tis. Various remedies act via identical receptors as 

conventional drugs (e.g. NSAIDs), but do not 
reach identical potency. Two of the most common 
used remedies are Boswellia serrata preparations 
and avocado-soya bean unsaponifiables (ASU). 
Boswellia serrata remedies act via direct inhibi-
tion of 5-lipoxygenase, which is a key enzyme in 
the production of leukotrienes and thus has a 
direct influence on inflammatory mediators [24]. 
Compared to placebo a light improvement of pain 
and function in patients with osteoarthritis was 
reported [25]. Due to a low rate of adverse side 
effects and a slightly positive effect on symptoms 
and function in patients with glenohumeral osteo-
arthritis, the administration of Boswellia serrata 
seems a suitable additional part of conservative 
treatment. In particular for the short-term use, 
avocado-soya bean unsaponifiables showed as 
well sufficient results with reduction of pain by 
over 30 points on the VAS scale (range 0–100). 
However long- term results show weaker effects of 
ASU.  Measurement of the joint space showed 
also no significant improvement compared to pla-
cebo [25]. Liu et al. (2018) showed in their sys-
tematic review a sufficient pain reduction with 
clinical importance by administration of collagen 
hydrolysate, passion fruit peel extract, Curcuma 
longa extract, Boswellia serrata extract, cur-
cumin, Pycnogenol and L-carnitine. For other 
supplements, as the above-mentioned avocado- 
soya bean unsaponifiables, statistically relevant 
relief of pain was also demonstrated, but clinical 
impact was unclear. Although a short-term reduc-
tion in pain and, in some cases, an improvement 
in function have been noted for phototherapeutic 
remedies, long-term results have not yet been able 
to fully confirm the positive effect. Likewise, the 
quality of the available studies to date is often 
weak; therefore the quality of evidence here is 
also quite low [26].

In recent years, the use of cannabis in medi-
cine has grown and is also used in the pain ther-
apy of osteoarthritis. Although there is to our 
knowledge no publication concerning the use in 
shoulder osteoarthritis, the topical application 
of cannabis (cannabidiol (CBD)) in knee and 
hip osteoarthritis showed already good results 
and could be adopted for the degenerative shoul-
der [27].

2 Corticosteroids, Nonsteroidal Anti-inflammatory Drugs, Oral Vitamins and Naturopathic Remedies…
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2.6  Conclusion

In the conservative treatment of glenohumeral 
osteoarthritis, administration of pharmacological 
agents is one of the major parts next to 
 physiotherapeutical applications. The main aim 
of medical treatment is the reduction of pain and 
diminution of inflammation in the joint. To 
achieve this aim, NSAIDs are the one if the rec-
ommended medications and showed in oral and 
topical application sufficient results. Additionally, 
the supplementation of oral vitamins as vitamins 
C and D can help to slow down cartilage degen-
eration, while in the group of naturopathic reme-
dies, Boswellia serrata and avocado-soya bean 
unsaponifiables can help in the reduction of pain 
and inflammation (Table 2.1). Depending on the 

individual comorbidities and contraindications, 
sufficient medication with good pain reduction is 
thus possible for each patient. This should inter-
rupt the chronic inflammatory state in the joint 
and enable pain-free physical therapy exercise.
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3Biologics in the Treatment 
of Glenohumeral Arthritis

Nobuyuki Yamamoto and Eiji Itoi

3.1  Introduction

Rotator cuff tears and glenohumeral osteoarthri-
tis (OA) are two of the most common etiologies 
in clinical practice. Population-based studies 
suggest that 16.1–20.1% of adults older than 
65 years have radiographic evidence of glenohu-
meral OA [1]. The gold standard of surgical 
treatment for glenohumeral OA has been the 
anatomic total shoulder arthroplasty (TSA). 
However, OA in young patients is still problem-
atic and there is no consensus on treatment. 
Although TSA have been recommended for OA 
in young patients by some surgeons, long-term 
revision risk casts doubt on indications in a 
highly active and functionally demanding popu-
lation. Complication rates are reported to be 
12–15% at 5  years [2–4]. Glenoid component 
loosening is a major concern, with revision rates 
up to 70% at 15 years [5, 6].

Standard conservative treatments include 
medication such as anti-inflammatories, physi-
cal therapy, and corticosteroid injections. 
Corticosteroid injections are reported to be 

effective in many cases, but there are concerns 
regarding tendon and chondral toxicity [7]. 
Until recently, the next step in treatment was 
believed to be surgical treatment such as arthro-
plasty. Biologic injections such as platelet-rich 
plasma (PRP) and medicinal signaling cells 
(MSCs) have gathered increased attention over 
the past two decades. In fact, newer therapeutic 
options are now being increasingly used. There 
are some early successes in the use of biologic 
therapies for knee joint. For example, different 
formulations obtained through centrifugation of 
blood (PRP) and bone marrow aspirate appear 
as promising alternatives. Furthermore, cells 
obtained from adipose tissue have been pro-
posed [8]. In this chapter, we review the bio-
logic treatments in the glenohumeral OA.  The 
effectiveness of the biologic injections and their 
mechanisms are also described.

3.2  Platelet-Rich Plasma 
Injections: Basic Science

PRP consists of a sample of autologous blood 
with platelet concentrations, which has been pro-
duced through the separation of whole blood by 
centrifugation. The term “platelet-rich plasma” 
includes a wide spectrum of PRP preparation 
protocols and formulations. Although some 
authors have attempted to characterize the vari-
ous techniques in terms of preparation, content, 
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and applications, no consensus has been reached 
thus far among experts in the field. The proposed 
mechanism is that PRP initiates the body’s own 
repair processes, modulates inflammation, deliv-
ers growth factors, and attracts and activates 
MSCs, which promote a healing environment 
and reduce shoulder pain [9]. Especially, plate-
lets possess biologically active growth factors, 
which have the potential to reduce joint inflam-
mation, decrease cartilage breakdown, and 
 promote tissue repair. It is believed that such 
elevated concentrations of growth factors may 
induce tissue healing. These factors include TGF-
β, insulin- like growth factor, platelet-derived 
growth factor, basic fibroblast growth factor, and 
vascular endothelial growth factor.

3.3  Platelet-Rich Plasma 
Injections: Clinical Outcomes

There have been not many clinical studies evalu-
ating the use of PRP injections to treat glenohu-
meral OA. A systematic review was undertaken 
by Robinson et al. [10] to evaluate the available 
evidence for biologic use in rotator cuff and gle-
nohumeral OA.  They concluded that biologics 
offer a relatively safe management option with 
inconclusive evidence for or against its use for 
rotator cuff pathology. No studies on glenohu-
meral OA met the inclusion criteria. There is one 
paper by Eliasberg et al. [11] reporting complica-
tions following biologic injections. In their study, 
the most common injections were intra-articular 
knee injections (50%), followed by intra-articular 
shoulder injections (21.4%). The most common 
underlying diagnosis was OA (78.5%). Types of 
injections included umbilical cord blood, PRP, 
bone marrow aspirate, placental tissue, and 
unspecified “stem cell” injections. Complications 
included infection (50%), suspected sterile 
inflammatory response (42.9%), and a combina-
tion of both (7.1%). They demonstrated that seri-
ous complications can occur following biologic 
injections, including infections requiring multiple 
surgical procedures and inflammatory reactions.

3.4  Bone Marrow Aspirate 
Injections: Basic Science

Bone marrow aspirate injections are becoming 
increasingly popular as a treatment for glenohu-
meral OA since it is included among the limited 
number of approaches. Bone marrow aspirate 
contains cells with the perceived capability to 
differentiate into cells that regenerate tissue 
functionality following injury [12]. In the litera-
ture, lots of mechanisms have been proposed to 
explain how bone marrow aspirate may work for 
cartilage lesions. Secretion of cytokines and 
growth factors through a paracrine mechanism 
play a role in anti-inflammation [13]. This para-
crine activity is thought to stimulate angiogen-
esis and have anti-inflammatory properties [14]. 
MSCs are harvested from bone marrow, adi-
pose, umbilical, or placental tissue sources. In 
vitro studies have shown these cells to express 
growth factors such as transforming growth fac-
tor beta (TGFβ) and vascular endothelial growth 
factor (VEGF), which are known to stimulate 
soft tissue repair [13].

3.5  Bone Marrow Aspirate 
Injections: Clinical Outcomes

The number of studies on the use of cell-based 
therapies, especially autologous bone marrow 
aspirate injections, to treat symptomatic knee 
osteoarthritis recently has grown. On the other 
hand, clinical evidence regarding the use of the 
bone marrow aspirate injection to treat glenohu-
meral OA is not enough. In a study by Centeno 
et al., 102 patients were treated with autologous 
bone marrow concentrate injections for symp-
tomatic OA [15]. They observed preliminarily 
encouraging results following bone marrow con-
centrate injections for shoulder OA.  A signifi-
cant improvement was observed in the three 
outcome scores. Further large randomized trials 
remain necessary to determine the effectiveness 
of bone marrow aspirate injections on glenohu-
meral OA.
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3.6  Adipose-Drived Stem Cell 
Injections: Basic Science

Adipose tissue is another major source of cells, 
considering that it can be easily accessed and har-
vested and that few complications have been 
reported with the procedure. Multiple mecha-
nisms have been proposed for how adipose-drived 
stem cells (ASCs) may improve shoulder pain and 
function. Immunomodulatory and anti-inflamma-
tory properties secondary to a paracrine secretion 
of growth factors and  cytokines likely contribute 
to pain relief [13]. In micro- fragmented adipose 
tissue, these trophic properties can be attributed to 
the undifferentiated cells which are isolated from 
adult harvested adipose tissue [16]. Additionally, 
tendon needling when treating rotator cuff tears 
can have pain-relieving properties [17].

3.7  Adipose-Drived Stem Cell 
Injections: Clinical Outcomes

In 2004, Lendeckel et al. [18] reported a case of a 
7-year-old girl suffering from widespread cal-
varial defects after severe head injury. Due to the 
limited amount of autologous cancellous bone 
available from the iliac crest, autologous ASCs 
were processed simultaneously and applied to the 
calvarial defects in a single operative procedure. 
CT scans showed new bone formation and near 
complete calvarial continuity 3 months after the 
reconstruction. There are two studies reporting 
stromal vascular fraction (SVF) outcomes on 
shoulder pain via arthroscopy. Jo et  al. [19] 
treated 19 patients with rotator cuff tears with 
varying doses of culture expanded SVF at the 
time of an arthroscopic examination. Significant 
improvement was found at 6 months for the mid- 
and high-dose groups. Kim et al. [20] compared 
outcomes of surgical repair alone for rotator cuff 
tears against repair coupled with injection of 
adipose- derived MSCs loaded in fibrin glue. 
They found decreased re-tear rates in the surgery 
plus adipose-derived MSC group, but no signifi-
cant differences in pain outcomes. There are few 
reports investigating the effect of ASC injections 

on patients with glenohumeral OA.  Robinson 
et al. [21] evaluated the safety and clinical out-
comes of patients treated with micro-fragmented 
adipose tissue for shoulder pain secondary to gle-
nohumeral OA and rotator cuff tears. They con-
cluded that micro-fragmented adipose tissue may 
be helpful to improve pain and function in 
patients with glenohumeral OA and rotator cuff 
tears. No major complications were identified in 
their case series. Striano et al. [22] conducted a 
study to evaluate 18 patients with OA and refrac-
tory shoulder pain who were treated with micro- 
fragmented adipose tissue. Significant 
improvement was observed at the 1-year follow-
 up in the clinical scores. There were no reports 
indicating any postprocedural complications or 
serious adverse events.

3.8  Amniotic Membrane 
and Umbilical Cord

The amnion is a natural, biodegradable tissue that 
exhibits low immunogenicity and stimulates new 
vascularization. Amniotic membrane (AM) and 
umbilical cord (UC) are well known to have anti- 
inflammatory properties and have been shown to 
promote healing in various orthopedic indica-
tions. In Ackley’s [23] case series, ten patients 
received injection of 50  mg AM/UC for partial 
rotator cuff tears. The subjects range of motion 
was 77.9% at baseline and increased to 99.9% at 
6 months. Follow-up MRI scans did not demon-
strate any significant change in rotator cuff tear 
size. No adverse events were noted. This small 
case series provides preliminary data for the use 
of cryopreserved AM/UC particulate matrix in 
patients with partial rotator cuff tears. Nash et al. 
[24] investigated the process of TSA using a 
stemless system and how to incorporate the use 
of amnion matrix and platelet-rich plasma into 
the surgical technique. The rotator cuff interval is 
closed and the subscapularis is repaired in a side- 
to- side fashion with sutures. An amnion matrix is 
then applied over the subscapularis repair and 
fixed using sutures with the epithelial layer fac-
ing up. They concluded that the use of the stem-
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less system along with biological agents likely 
produces an optimal outcome for patients with 
adequate humeral bone stock.

3.9  Conclusion

Although a potential benefit has been observed 
for knee osteoarthritis in the literature, this find-
ing is not demonstrated to be reproducible in 
shoulder joint yet.

There are still questions regarding the use, 
indication, safety, and efficacy of biologics. 
Further large-scale randomized clinical trials 
need to be undertaken to determine the effective-
ness of biologic injections.
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4Glenohumeral Arthritis: 
Nonoperative Management

Joseph Noack, Eric McCarty, 
and Mary K. Mulcahey

4.1  Patient Education/Activity 
Modification

When managing an athlete with glenohumeral 
OA, one of the most important initial steps is to 
make sure that the patient is educated on the 
diagnosis. For many athletes, understanding OA 
can be challenging, and it is important to provide 
an explanation of both the arthritic process and 
the potential long-term outlook on their condi-
tion. This includes a discussion of how this diag-
nosis may impact their athletic career [1]. 
Educating patients can help them make decisions 
regarding their treatment options and set expecta-
tions for their symptoms and function.

Activity modification may alleviate some of 
the symptoms related to glenohumeral joint 
OA. It is important for the athlete to understand 
which shoulder positions and actions cause pain 
and attempt to modify how they use their arms to 
limit these positions. This may be a particular 
challenge for the overhead throwing athlete, as 
well as for athletes who use their upper extremi-

ties heavily for their sport. Complete immobiliza-
tion of the shoulder can lead to adhesive capsulitis 
and should be avoided [2]; however, limiting 
positions that cause extremes of range of motion, 
as well as avoiding activities that cause weight- 
bearing in the upper extremity, can help prevent 
exacerbations of pain.

4.2  Physical Therapy

Physical therapy (PT) can be useful in the man-
agement of symptoms related to glenohumeral 
OA.  In particular, patients with minor radio-
graphic changes and limitations in range of 
motion and strength are the most likely to benefit 
[1]. These characteristics are likely to be found in 
many of the younger athletes with early glenohu-
meral OA.

Physical therapy programs should incorporate 
joint mobilization techniques (active, active- 
assisted, and passive), with assessment of patient 
tolerance, and progress slowly as the patient 
gains increased mobility [3]. The physical thera-
pist should also initiate a stretching program 
involving the rotator cuff, surrounding muscula-
ture, as well as the joint capsule. Using aids such 
as canes or sticks to assist with movement and 
stretching can be helpful.

After improvements in mobility and stretch-
ing have been obtained, strength training can be 
added to a physical therapy regimen with a 
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focus on deltoid, the scapular girdle, and scapu-
lar balance [3]. Utilizing both isotonic and iso-
metrics and advancing to concentric strength 
exercises are important when developing a 
strength training regimen [4]. Incorporating an 
aerobic exercise program in addition to the 
shoulder-focused strengthening has been shown 
to be beneficial. Additionally, once an athlete 
completes the dedicated course of physical ther-
apy, it is important that they continue the exer-
cise program at home, the gym, or their training 
facility to help maintain the improved range of 
motion and strength they gained from physical 
therapy.

While the data regarding the benefits of physi-
cal therapy in patients with glenohumeral osteo-
arthritis is limited, one case series found that the 
majority of patients who had a combined multi-
modal treatment regimen, including PT, found 
the therapy to be overall helpful in the manage-
ment of their symptoms [5]. The general consen-
sus is that in young patients who elect to proceed 
with nonoperative options, as well as in older 
patients who are not surgical candidates, PT can 
be particularly helpful in optimizing function and 
managing symptoms [6].

4.3  Oral Analgesics

Oral analgesics can be a helpful adjunct in the 
management of symptoms of glenohumeral 
OA. Acetaminophen (maximum dose 3–4 g/day) 
and nonsteroidal anti-inflammatory drugs 
(NSAIDs) can both be effective at alleviating 
symptoms. Through inhibition of cyclooxygen-
ase, NSAIDs can prevent the production of pro- 
inflammatory mediators such as thromboxanes, 
prostaglandins, and prostacyclins. Approximately 
50–67% of patients with underlying OA can 
expect improvement in pain with the use of 
NSAIDs [7]. Unfortunately, side effects related 
to NSAID use can affect many parts of the body 
including gastrointestinal (gastric irritation, 
stomach ulcers, bleeding), cardiac, and renal 
(renal failure), so these medications should be 
used cautiously and only when needed [8]. A 
meta-analysis found that 1  g of acetaminophen 

dosed three to four times per day reduced pain 
relative to placebo; however, NSAIDs were found 
to be preferred by patients and provided more 
pain relief relative to acetaminophen [9]. Opioid 
pain medications should be avoided, if possible, 
given the abuse potential and high-risk side effect 
profile. Additionally, the use of opioid-related 
medications prior to shoulder replacement has 
been shown to lead to poor outcomes postopera-
tively [6]. It is important to have a detailed dis-
cussion with patients to ensure proper use of 
these medications and avoid potential side 
effects.

4.4  Alternative Therapies

At this time, there is no reliable evidence demon-
strating the efficacy of alternative therapies such 
as acupuncture, dry needling, capsaicin, cannabi-
diol (CBD) oil, glucosamine and chondroitin, 
cupping, and transcutaneous electrical nerve 
stimulation (TENS) in the management of gleno-
humeral osteoarthritis. A Cochrane review from 
2005, looking at the use of acupuncture in vari-
ous shoulder-related disorders including osteoar-
thritis, did not find any clear evidence to support 
its use in these conditions [10]. The other alterna-
tive therapies have either no studies looking spe-
cifically at shoulder arthritis or single case reports 
supporting their use. Given the lack of evidence, 
these medications and modalities should be used 
cautiously [6].

4.5  Corticosteroid Injections

Intra-articular corticosteroid injections (CSI) 
have long been utilized in the management of 
pain and functional limitations related to shoul-
der OA.  This procedure is often performed on 
initial evaluation of a patient with glenohumeral 
joint OA to improve symptoms and to assist with 
participation in physical therapy. Intra-articular 
corticosteroids reduce pain and inflammation by 
reducing synovial blood flow, lowering local leu-
kocyte counts and inflammatory mediators, and 
altering collagen synthesis [11].
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Fig. 4.1 Left: positioning for posterior approach to ultrasound-guided glenohumeral injection. Right: color flow 
Doppler confirming injection within the glenohumeral joint space

In 2021, Metzger et al. evaluated the efficacy 
of CSI in 30 patients with symptomatic glenohu-
meral OA [12]. The authors performed 
ultrasound- guided intra-articular corticosteroid 
injections and followed the patients for the next 
year evaluating pain and functional scores. They 
found that in the cohort of patients with more 
severe initial shoulder dysfunction, there were 
improvements in shoulder function up to 
4  months after injection and pain improvement 
for up to 1 year, but it did not improve the time to 
surgery [12].

Using imaging guidance with either ultra-
sound or fluoroscopy has been shown to improve 
the accuracy of intra-articular glenohumeral joint 
injections (Fig. 4.1). In 2015, Aly et al. performed 
a meta-analysis evaluating the accuracy of land-
mark-based vs ultrasound-guided injections of 
the shoulder joint. They found that landmark-
based injections had success rates of 72.5%, rela-
tive to 92.5% using an ultrasound-guided 
approach (p = 0.025) [13]. Patients with various 
shoulder conditions who underwent intra-articu-

lar glenohumeral joint injections under image 
guidance with either ultrasound or fluoroscopy 
were also found to have improved outcomes rela-
tive to patients who underwent landmark-based 
injections [14]. Despite the potential benefit in 
symptom control from an intra-articular cortico-
steroid injection, the physician must also balance 
this with the potential deleterious effects on carti-
lage [15], in particular when treating the younger 
athlete.

4.6  Viscosupplementation

There have been numerous studies over the past 
15  years evaluating the use of hyaluronic acid 
(HA) in the management of glenohumeral 
OA.  Hyaluronic acid is a long polysaccharide 
chain that makes up a significant proportion of 
synovial fluid, and its content within the joint 
results in the viscoelasticity of synovial fluid. In 
an osteoarthritic knee, the concentration of HA 
is reduced by a factor of 2–3. This is related to 
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both the inflammatory effusion, decreased pro-
duction secondary to abnormal synoviocytes, 
and molecular fragmentation. This reduction can 
result in changes in the viscoelasticity of the 
synovial fluid, an alteration of the joint mechan-
ics, and result in disruption of the underlying 
cartilage [16].

Initial, experimental studies showed promise 
as HA was noted to influence several key anti- 
inflammatory pathways within the synovium. In 
vitro and animal studies demonstrated that HA 
decreased mediators of inflammation such as 
prostaglandins and cAMP. HA was also demon-
strated to have an analgesic effect on the 
synovium, related to both inhibition of nocicep-
tors and decreasing synthesis of bradykinin and 
substance P [16, 17].

The use of hyaluronic acid in the treatment of 
arthritis was first described in the 1970s but was 
ultimately not approved by the FDA until 1997. 
Despite promising data for hyaluronic acid in 
other joints such as the knee, currently the 
American Academy of Orthopaedic Surgeons 
(AAOS) makes a strong recommendation against 
the use of hyaluronic acid injections in the treat-
ment of glenohumeral OA. This recommendation 
is based on a few studies, which have failed to 
demonstrate a significant benefit of hyaluronic 
acid on the symptoms of glenohumeral OA [6].

In 2008, Blaine et al. performed a randomized 
control trial to determine the efficacy of hyal-
uronic acid in shoulder pain related to various 
etiologies [18]. The authors did not find any sig-
nificant difference in pain scores between patients 
treated with HA and placebo; however in the sub-
set of patients with underlying osteoarthritis, 
there was a noted statistical benefit in pain reduc-

tion at 6  months [18]. A recent meta-analysis 
regarding the use of HA for the management of 
glenohumeral OA evaluated 15 studies to deter-
mine the utility of HA in symptom and functional 
improvement [19]. The authors found an 
improvement in pain and functional outcomes in 
patients receiving intra-articular HA but also a 
similar improvement in the control groups indi-
cating a strong placebo effect. They felt that 
while there was an improved functional outcome 
from baseline, it was not statistically different 
when compared to placebo or corticosteroid 
injection [19]. An additional recent review found 
no significant difference between HA and pla-
cebo or between HA and CSI when comparing 
functional and pain outcomes in adults with gle-
nohumeral OA [20].

While intra-articular hyaluronic acid injec-
tions have shown intermittent promise with some 
improved outcomes when compared to baseline, 
overall, they have failed to show significant 
improvements when compared to placebo and at 
this time should not be routinely offered to ath-
letes for the management of glenohumeral OA.

4.7  Biologic Therapies

The use of biologic options has become an area 
of increased focus in orthopedics in general over 
the past decade. While studies are gradually 
increasing and developing evidence suggesting 
benefit in numerous orthopedic conditions, their 
utility in treating osteoarthritis, and glenohu-
meral OA in particular, is relatively limited with 
only small retrospective studies and case studies 
supporting its use (Table 4.1) [21, 22].

Table 4.1 Biologic therapies available for the management of glenohumeral OA

Biologic therapy Mechanism
Preparation 
time Data in shoulder OA

Platelet-rich plasma Growth factors reduce pro-inflammatory 
cytokines and slow catabolic pathways

~30 min Limited, small studies 
and case reports

Alpha-2-microglobulin Protease inhibitor reduces collagenases that can 
lead to cartilage catabolism

~30 min None

Bone marrow aspirate 
concentrate

Recruits local progenitor cells and antagonizes 
local inflammatory mediators

~1 h Limited, small studies

Mesenchymal stem cells Anti-inflammatory and anti-catabolic effects 
through secretory process

~24 h Limited, small studies
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4.8  Platelet-Rich Plasma

Platelet-rich plasma (PRP) is autologous blood 
manipulated through centrifugation to produce 
an increased concentration of platelets. Through 
the specific preparation protocol used, the pro-
portions of other cell components such as leuko-
cytes and red blood cells can be manipulated. 
These include both leukocyte-rich (LR-PRP) and 
leukocyte-poor (LP-PRP) variations. The benefit 
of this preparation relies primarily on the compo-
nents within the platelets themselves. The alpha 
granules within platelets contain high contents of 
proteins and growth factors, including platelet- 
derived growth factor (PDGF), TGF-B, and 
platelet factor 4, in addition to fibrinogen, albu-
min, and IgG [23, 24].

When platelets become activated, a large pro-
portion of alpha granules are released, and the 
growth factors and other molecules within the 
platelets become active. The growth factors have 
the potential to reduce inflammation, decrease 
cartilage breakdown, and promote healing [25]. 
Through in vitro studies, these factors have been 
shown to promote a less inflammatory joint envi-
ronment by reducing pro-inflammatory media-
tors such as cyclooxygenases and promoting the 
upregulation of anti-inflammatory mediators. 
Furthermore, PRP has shown an added benefit of 
slowing catabolic pathways within the joint. 
Through inhibition of matrix metalloproteinases 
(MMPs) such as MMP-3 and MMP-13, extracel-
lular matrix protein degradation is prevented, and 
MMP catabolic effects are limited [23, 26, 27].

Despite a strong biochemical understanding of 
the theoretical benefits of PRP use in osteoarthri-
tis, there is limited evidence evaluating the use of 
PRP in shoulder osteoarthritis. There is strong data 
in the literature demonstrating better outcomes 
with leukocyte-poor preparation (LP-PRP) in the 
treatment of knee OA, as opposed to the leuko-
cyte-rich preparation of PRP [28]. With regard to 
data specifically examining outcomes in the shoul-
der, there is case report of a 62-year-old woman 
with pain related to underlying shoulder OA who 
underwent three ultrasound- guided LP-PRP injec-
tions into the glenohumeral joint over 3 consecu-
tive weeks. The patient had improvement in pain 

and functional scores for the 42 weeks she was fol-
lowed postinjection [21]. A recent retrospective 
study of patients with glenohumeral OA under age 
50 found that LP-PRP improved pain in 86% of 
patients and that it was able to help delay arthro-
plasty in these patients [22].

4.9  Alpha-2-Microglobulin

A recently developed target for the management 
of osteoarthritis is alpha-2-microglobulin (A2M). 
This 720-kD protein complex is found primarily 
in the serum and acts as a protease inhibitor. The 
action of A2M is primarily through reduction in 
proteinases that can be harmful to underlying 
chondrocytes. Through in vitro as well as animal 
studies, A2M has been shown to inhibit MMP- 
13, reduce cytokine upregulation of collagenases, 
and decrease cartilage catabolism [29]. A recent 
study by Zhang et  al. found that A2M variants 
inhibited cartilage degradation by up to 200% 
compared with wild-type A2M [30]. A2M is 
hypothesized to be a major contributor in the 
beneficial effects of PRP.

Intra-articular injections of A2M are currently 
being evaluated to determine if they have benefi-
cial effects on the knee joint [29]. It is unclear if 
there are any current studies evaluating the poten-
tial effect of A2M in treating glenohumeral OA; 
however, if it is shown to be beneficial in clinical 
outcomes with regard to the knee, further evalua-
tion in the shoulder may be warranted.

4.10  Cell Therapies

The two most common forms of cell therapies 
currently incorporated in orthopedic surgery are 
bone marrow aspirate concentrate (BMAC) and 
mesenchymal stem cells (MSCs).

The process of obtaining BMAC involves first 
harvesting the cell components through bone 
marrow aspiration (Fig. 4.2) and then undergoing 
a centrifugation process to separate the cell 
 layers, which is overall similar to PRP. These lay-
ers include the primary cell lines of interest such 
as connective tissue stem and progenitor cells 
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Fig. 4.2 Bone marrow aspiration technique from poste-
rior iliac crest. Upper left: local anesthesia injected along 
the track to the iliac crest. Upper right: insertion of trocar 

needle and BMA cannula. Lower left: removal of trocar 
needle. Lower right: syringe attached to BMA cannula 
with aspiration of bone marrow from the iliac crest

and hematopoietic stem cells. The components of 
BMAC are hypothesized to result in tissue regen-
eration through stem cell and progenitor differen-

tiation as well as recruitment of local progenitor 
cells and also limiting inflammation through high 
levels of IL-1 and IL-1B antagonism [21, 31].
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Mesenchymal stem cells, on the other hand, 
are harvested through adipose tissue, primarily 
through liposuction at the abdominal fat pad. 
Adipose-derived stem cells (ADSCs) require a 
two-stage procedure, an initial aspiration fol-
lowed by centrifugation and a period of incuba-
tion for 24–48 h prior to use. In comparison to 
BMAC, MSCs have been shown to have enhanced 
proliferative capacity and a longer retention of 
multipotency [32]. Similar to BMAC, MSCs 
have anti-inflammatory effects and influence the 
catabolic processes that take place within an 
osteoarthritic joint, primarily through a secretory 
effect [21].

There is limited data evaluating the use of 
these cell therapies for the management of gleno-
humeral OA. Studies examining both the use of 
BMAC and MSCs have been somewhat con-
founded by concomitant rotator cuff injuries in 
many of the patients studied. A study by Centeno 
et  al. examining the use of image-guided intra- 
articular injection of BMAC for shoulder pathol-
ogy found that patients with OA had significant 
improvement in pain outcome scores [33]. A 
more recent study compared a non-concentrated 
bone marrow aspirate injection to a corticoste-
roid injection for the management of glenohu-
meral OA. Although this was a small study (25 
shoulders), the authors found significant differ-
ences in 3 of the 4 pain and functional outcomes 
studied in favor of BMAC [34]. In 2018, Striano 
et al. evaluated the efficacy of injecting ADSCs 
into the glenohumeral joint of patients and sur-
rounding rotator cuff in patients with underlying 
shoulder pathology. A total of 95% of the patients 
in this study had shoulder OA on MRI.  The 
authors found that the patients had improvement 
in pain and functional scores at various time 
points over the first year, however, a large propor-
tion of these patients (75%) had rotator cuff 
pathology, and the study only included 20 patients 
[35]. Importantly, there were no serious adverse 
events related to ADSC injections noted during 
the study.

Over the past few years, several studies have 
been published evaluating the use of BMAC and 
MSCs in the management of knee OA and have 
shown promising results. However, the applica-
bility of these studies to use in the treatment of 

glenohumeral OA remains to be seen, and more 
studies evaluating the use of these cell therapies 
in the shoulder are warranted, in order to better 
understand the potential beneficial effects.

4.11  Summary

Initial management of glenohumeral OA in athletes 
should focus on nonoperative options. A combined 
approach of activity modification and physical 
therapy can be effective. Oral medications such as 
acetaminophen and NSAIDs can provide patients 
with transient pain relief. Intra- articular corticoste-
roid injections may provide longer-term control of 
symptoms, but they must be used cautiously in ath-
letes. There is mixed evidence for the efficacy of 
hyaluronic acid injections in the management of 
glenohumeral OA.  Despite ongoing research 
related to the use of biologic modalities (PRP, 
A2M, BMAC, MSCs) in various orthopedic condi-
tions, there is still limited evidence specifically 
regarding their use in glenohumeral OA.  Further 
studies are necessary to determine the potential 
efficacy of these newer options.
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5Glenohumeral Osteoarthritis: 
Arthroscopic Management—
Capsular Release, Chondroplasty, 
and Debridement

Christopher M. LaPrade, Mark E. Cinque, 
and Michael T. Freehill

5.1  Introduction

Glenohumeral osteoarthritis (GHOA) presents a 
challenging problem for young, active patients 
with Matsen et  al. [1] reporting a significantly 
worsened quality of life and shoulder function. 
While arthroplasty may be an effective option for 
older patients, for younger patients, especially 
those with high demands, there is a concern of 
longevity following arthroplasty. In a systematic 
review of patients under 65  years undergoing 
total shoulder arthroplasty (TSA), Roberson et al. 
[2] reported a 17% revision rate and 54% rate of 
glenoid loosening at a mean of 9  years. These 
findings are similar to reports by Denard et al. [3] 
who reported the survivorship after TSA with a 
keeled glenoid implant was only 62.5% at 
10 years in those under 55 years of age. These 
more recent reports build upon the previous stud-
ies showing poor long-term results in those 
undergoing hemiarthroplasty or TSA at a young 
age [4, 5].

Given these concerns for the longevity of 
arthroplasty, multiple studies have proposed 
arthroscopic procedures to provide relief to these 
young patients with GHOA [6–13]. A systematic 
review and meta-analysis by Sayegh et al. [14] 

reported that arthroscopic debridement resulted 
in less complications than TSA or hemiarthro-
plasty with equal revision rate between the 
groups. In addition, they reported a similar satis-
faction rating between TSA and arthroscopic 
debridement. This led the authors to conclude 
that arthroscopy may provide a safe short-term 
alternative to arthroplasty for younger patients 
with concern for arthroplasty [14]. Similarly, a 
Markov decision model was used by Spiegl et al. 
[15] to conclude that arthroscopic debridement 
was the preferred treatment for patients under 
47  years with GHOA, while patients over 
66 years would be more ideal for TSA. It should 
also be noted that young patients have a much 
lower incidence of primary GHOA with 
Saltzman et al. [16] reporting this number as low 
as 21% in those with a diagnosis of GHOA under 
the age of 50.

The purpose of this review is to first highlight 
the current literature regarding the treatment 
options for arthroscopic debridement for 
GHOA. This will include all reports including the 
use of arthroscopic debridement and lavage of 
the glenohumeral joint, oftentimes in conjunction 
with synovectomy, capsular releases, subacro-
mial decompression, loose body removal, biceps 
tenotomy or tenodesis, or distal clavicle resec-
tion. Studies discussing comprehensive 
arthroscopic management (CAM) or those 
involving microfracture or cartilage transplanta-
tion will be discussed in separate chapters. We 
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will then illustrate the current clinical evidence 
for the arthroscopic debridement of GHOA.

5.2  Arthroscopic Treatment 
Options

After the exhaustion of nonoperative options, a 
surgical procedure to address GHOA may be 
required. A young patient with high demands 
may not be an ideal patient or even amenable to 
an arthroplasty procedure [2, 3, 14, 15, 17]. It is 
important to fully discuss the risks, benefits, and 
potential limitations of an arthroscopic procedure 
with a young patient emphasizing the goals of the 
procedure are to provide a period of improved 
function and relief of symptoms that may only be 
short-term [17–19].

Proper indications or contraindications are 
essential to the determination of the role of 
arthroscopy for a patient with GHOA.  Studies 
have evaluated the results of arthroscopic 
debridement with other associated concomitant 
procedures and found worse results in those with 
high-grade (III or IV) Kellgren-Lawrence radio-
graphic GHOA or intraoperative high-grade 
Outerbridge cartilage lesions [13, 20], cartilage 
lesions greater than 2 cm2 [6], preoperative joint 
space narrowing less than 2 mm [12], bipolar car-
tilage lesions [6, 8, 12], and large osteophytes 
[12]. Grade IV Kellgren-Lawrence lesions 
included those with severe loss of joint space, 
osteophyte formation, and loss of concentricity 
between the humeral head and glenoid [13] 
(Table 5.1). Figure 5.1 demonstrates an example 

of radiographic and magnetic resonance imaging 
(MRI) from a patient that chose to undergo 
arthroscopic debridement, loose body removal, 
and open biceps tenodesis.

A recent review outlined the many different 
pathologies often seen in association with 
GHOA and the recommended procedures to 
perform in conjunction with arthroscopic 
debridement [17]. These associated procedures 
include (1) synovectomy for synovitis, (2) 
chondroplasty for cartilage fraying or fragmen-
tation, (3) loose body removal, (4) capsular 
release for capsular tightness or decreased 
range of motion (ROM), (5) subacromial 
decompression for subacromial impingement, 
as well as more complex procedures such as 
microfracture or osteoplasty as indicated. In 
addition, a biceps tenotomy or tenodesis may 
be indicated if there is pathology of the long 
head of the biceps [7, 17, 21] or distal clavicle 
resection if concomitant acromioclavicular 
(AC) joint arthritis is present [7].

Williams et  al. [19] performed a systematic 
review on the outcomes after arthroscopic 
debridement for GHOA.  They included eight 
studies that fulfilled the requirements of describ-
ing the debridement procedure and reported on 
clinical outcomes following the procedures [19]. 
They classified the procedures into three catego-
ries of “escalating intervention.”

The first category of three studies described 
largely “simple debridement procedures” [7, 8, 
13] that described arthroscopic lavage, debride-
ment of degenerative labral or cartilage lesions, 
loose body removal, partial synovectomy or 
osteophytectomy, distal clavicle resection, or 
subacromial decompression as indicated [19]. 
Henry et al. [7] also included debridement of par-
tial tears of biceps up to 50% through the tendon, 
while tears more than 50% were treated with 
tenodesis or tenotomy. The debridement of 
degenerative chondral or labral lesions, as well as 
loose body removal, can help to improve mechan-
ical symptoms [22, 23]. Studies have hypothe-
sized that lavage may have a role in removing 
proinflammatory enzymes and proteins in the 
synovial fluid [13, 23]. The involvement of sub-
acromial decompression or distal clavicle resec-

Table 5.1 Indications and contraindications for 
arthroscopic debridement for glenohumeral osteoarthritis

Indications Relative contraindications
Advanced symptomatic GH 
arthritis

Bipolar cartilage lesions

Young patient (<55 years) <2 mm joint space on 
radiographs

Active or high-demand Grade III or IV 
Kellgren-Lawrence

Failure of nonoperative 
treatment

Large humeral head 
osteophytes

Acceptance of potential 
short-term benefits

>2 cm2 cartilage lesions

C. M. LaPrade et al.
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a b
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Fig. 5.1 Representative imaging from a patient who 
chose to undergo arthroscopic management of her right 
shoulder glenohumeral osteoarthritis (GHOA). 
Radiographic AP (a) and axillary (b) views demonstrating 

grade II Kellgren-Lawrence GHOA. Magnetic resonance 
imaging (MRI) further demonstrating the GHOA with T2 
coronal (c) and axial (d) images

tion may help to additionally address concomitant 
sources of pain [7].

The next level of complexity involves the 
above arthroscopic debridement with additional 
releases including release of the rotator interval, 
release of middle or inferior glenohumeral liga-
ments, or anterior, posterior, or inferior capsular 
releases [6, 10, 11]. As theorized by Richards 
et  al. [10], by releasing the capsule, there are 
decreased joint contact pressures through a 
greater range of motion. They stated that “capsu-
lar release may not prevent the osteoarthritic cas-
cade, but it may provide a window of improved 

symptoms and function before deterioration of 
the joint leads to a more significant operation, 
especially in those younger patients with mild or 
moderate osteoarthritic changes with physically 
demanding occupations or vocations” [10].

Finally, the last level of complexity as 
described by Williams et al. [19] was the “most 
comprehensive treatments” further addressing 
bony, chondral, and soft tissue pathology. These 
included the addition of microfracture, fluoro-
scopically guided removal of humeral head 
osteophytes, and/or axillary nerve neurolysis [9, 
12]. These more complex procedures, especially 
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those involving microfracture and the CAM pro-
cedure, are beyond the scope of this article and 
will be discussed in the subsequent chapters.

The preferred arthroscopic technique for the 
senior author involves a systematic approach to 
addressing any potential sources of pain in the 
shoulder (Figs.  5.2 and 5.3). Similar to other 
reports, a careful consideration of all the possible 
sources of pain should be made [17, 22, 23]. We 
commonly perform an extensive debridement 
and edge stabilization of any cartilage or labral 
pathology to help improve mechanical symptoms 
in association with loose body removal and syno-
vectomy. Given the known role of long head of 
the biceps tendon as a pain generator in the shoul-
der [24, 25], especially given its complex inner-
vation of sensory sympathetic fibers that may 
play a role in pain [26], we will routinely perform 
a biceps tenodesis versus a tenotomy depending 
on patient-specific factors. We do believe that 
tenotomy is an acceptable option, especially 
given the systematic review and meta-analysis by 
Ahmed et al. [27] showing no significant differ-
ences between biceps tenodesis and tenotomy for 

clinical outcomes or supination strength. 
However, given the significantly higher risk of 
Popeye deformity after tenotomy [27], and our 
clinical experience of patient’s dissatisfaction 
with this occurrence, we usually choose to per-
form a tenodesis. In addition, we will perform a 
subacromial decompression, as well as an AC 
joint resection if indicated. A capsular release is 
also a routine part of this procedure; however, 
this differs from the axillary neurolysis per-
formed with the capsular releases as part of the 
CAM procedure [9, 17].

Lastly, if there are significant larger unipolar 
focal cartilage defects or humeral inferior osteo-
phytes, we will consider progression to more 
complex procedures such as microfracture or the 
CAM procedure, both of which will be covered 
in subsequent chapters. In particular, we agree 
with Millett et al. [17] that arthroscopic debride-
ment only would not be able to address the pain 
generator, that is, the large inferior humeral 
osteophyte, which may additionally require an 
axillary nerve neurolysis given the close proxim-
ity of the nerve to inferior humeral osteophytes. 

a b c

d e f

Fig. 5.2 Arthroscopic images from the same patient in 
Fig. 5.1 demonstrating (a) long head biceps tenosynovitis 
treated with an open subpectoral tenodesis, (b) chondro-
plasty for cartilage lesions, (c) grade 2–3 humeral head 
chondromalacia and a loose body that was removed, (d) 

grade 3–4 glenoid chondromalacia, (e) capsular release of 
the rotator interval (majority performed with radiofre-
quency and arthroscopic cutters), and (f) subacromial 
decompression

C. M. LaPrade et al.
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a b c
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Fig. 5.3 Arthroscopic images demonstrating (a, b) sig-
nificant degenerative fraying of the biceps and superior 
labrum treated with debridement and open biceps tenode-
sis after intra-articular tenotomy, (c–e) grade 3 chondro-

malacia of the glenoid treated with chondroplasty and 
edge stabilization, and (f) capsular releases of the rotator 
interval

The procedure can be performed in the lateral 
decubitus or beach chair position depending on 
surgeon comfort and familiarity.

5.3  Clinical Outcomes After 
Arthroscopic Debridement

Williams et  al. [19] reported on a systematic 
review of all studies reporting on clinical out-
comes after arthroscopic debridement of GHOA 
confirmed during arthroscopy. Of the eight stud-
ies included, one reported on the CAM procedure 
[9], while the other seven reported on arthroscopic 
debridement in combination with other concomi-
tant procedures. All seven studies focusing on 
arthroscopic debridement were level IV with 
follow-up ranging from a mean of 13.7 months to 
43.4 months [19]. The mean age in these studies 
ranged from 38 to 59 years of age [19].

Weinstein et  al. [13] reported in 2000 on 25 
patients treated with “lavage of the glenohumeral 
joint, debridement of labral tears and chondral 
lesions, loose body removal, and partial synovec-
tomy and subacromial bursectomy.” At a mean 

follow-up of 34  months, results were rated as 
excellent in 2 patients (8%), good in 19 patients 
(72%), and unsatisfactory in 5 (20%). They noted 
that 26% of patients with grade III or grade IV 
articular cartilage lesions during arthroscopy had 
unsatisfactory results. They categorized the 
results as excellent if the patients had “no pain, 
full use of the extremity, and essentially normal 
motion and strength” [13]. Kerr and McCarty [8] 
reported on a similar surgical protocol in 20 
shoulders with arthroscopic debridement as well 
as other concomitant procedures including sub-
acromial decompression with or without 
acromioplasty (65%), biceps tenotomy (25%), 
distal clavicle resection (10%), microfracture 
(10%), or SLAP repair (5%). They excluded 
those with rotator cuff pathology and had a mean 
follow-up of 20  months. The average Single 
Assessment Numeric Evaluation (SANE) score 
was 71% of normal shoulder function postopera-
tively [8]. They did not find any difference in 
clinical outcomes scores between those with 
grade 2 cartilage changes versus those with grade 
3 or 4 lesions; however, they did report that those 
with bipolar lesions of the articular cartilage of 
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the glenoid and humerus had significantly worse 
SANE, American Shoulder and Elbow Surgeons 
(ASES), and Western Ontario Osteoarthritis of 
the Shoulder (WOOS) scores than those with uni-
polar cartilage lesions [8]. Additionally, Henry 
et  al. [7] reported on a similar technique with 
debridement and synovectomy in association 
with acromioplasty in 82%, distal clavicle resec-
tion in 57%, and biceps tenodesis or tenotomy in 
7%. They reported on 56 patients with at least 
2-year follow-up and excluded any patients with 
rotator cuff injury [7]. At 1- or 2-year follow-up, 
they reported statistically significant improve-
ment in Constant and ASES scores, strength, and 
active pain-free ROM.  However, at a mean of 
26  months, 32% had planned or undergone 
arthroplasty. While there were no differences 
prior to debridement between those progressing 
to arthroplasty for age, symptom duration, or sex, 
the patients who progressed to arthroplasty had 
significantly worse Constant and ASES scores 
and pain-free ROM post-debridement [7].

In addition to arthroscopic debridement, there 
have been multiple studies that additionally 
included capsular releases to their surgical proto-
col [6, 10–12]. Cameron et al. [6] reported on 61 
patients with grade IV osteochondral lesions at 
mean 34  months of follow-up. These patients 
underwent arthroscopic debridement with addi-
tional concomitant procedures of capsular release 
(36%), acromioplasty (30%), distal clavicle 
resection (15%), and rotator cuff debridement 
(5%). They reported a significant improvement in 
patient satisfaction after surgery with 87% indi-
cating they would choose to undergo surgery 
again [6]. Pain relief occurred in 88% of patients 
with the average pain relief lasting 28  months. 
Patients without pain relief (12%) or with pain 
that returned (31%) were reported to have carti-
lage lesions greater than 2 cm2 and bipolar carti-
lage lesions [6]. In the patients who underwent 
capsular release, there was a significant improve-
ment in forward elevation and external rotation 
postoperatively [6]. Overall, 10% of patients 
underwent conversion to arthroplasty with these 
occurring at a mean of 16 months after debride-
ment. Richards and Burkhart [10] reported on 
eight patients at a mean of 13  months after 

arthroscopic debridement with the addition of 
releases of the rotator interval, anterior capsule, 
posterior capsule, and axillary recess. In addition, 
the authors also described a distal clavicle resec-
tion or subacromial decompression if indicated. 
They reported a ROM improvement postopera-
tively for forward elevation (21°), external rota-
tion (17°), and internal rotation (31°) [10]. Van 
Thiel et  al. [12] reported on 71 patients with a 
follow-up mean of 27  months undergoing 
arthroscopic debridement plus concomitant pro-
cedures of capsular releases (62%), subacromial 
decompressions (39), biceps tenodesis or tenot-
omy (20%), loose body or osteophyte removal 
(17%), and microfracture (15%). They excluded 
all concomitant labral or rotator cuff repairs [12]. 
The authors reported significantly improved 
visual analog scale (VAS), ASES, and Simple 
Shoulder Test (SST) scores, as well as ROM in 
flexion, abduction, and external rotation, after 
debridement, without any significant improve-
ments in Short Form 12 scores after debridement 
[12]. They reported that 16% underwent arthro-
plasty at a mean 10  months after debridement. 
Those who underwent arthroplasty had signifi-
cantly less joint space and larger humeral head 
osteophytes, in addition to all having grade IV 
articular cartilage damage and 88% having bipo-
lar cartilage lesions [12].

Lastly, Skelley et  al. [11] reported on 33 
patients undergoing arthroscopic debridement 
and capsular release at a mean follow-up of 
43.4  months. Their capsular releases included 
releases of the rotator interval, middle and infe-
rior glenohumeral ligaments, and anterior and 
inferior capsule. In contrast to the above studies, 
this study excluded all patients who underwent 
concomitant procedures, such as subacromial 
decompression, rotator cuff repair, or distal clav-
icle resection [11]. The authors reported a satis-
faction rate of only 40% with an initial significant 
improvement in VAS score and active external 
rotation and forward elevation at the first postop-
erative visit. At approximately 3 months, the VAS 
scores and ROM were not significantly improved 
from preoperative levels [11]. The authors also 
reported that 42% of patients underwent arthro-
plasty at a mean of 38 weeks after arthroscopic 
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debridement [11]. The poor results in their study 
lead the authors to conclude that isolated 
arthroscopic debridement for GHOA without 
addressing other possible concomitant factors 
contributing to pain is unlikely to result in sub-
stantial benefit [11].

5.4  Conclusion

In young, active patients with high demands, 
shoulder arthroscopy with debridement may pro-
vide a short-term benefit to help delay perform-
ing an arthroplasty. The current literature lacks 
the level I or II evidence to definitively state the 
benefits of arthroscopic debridement, but it does 
seem to support that the debridement should be 
performed in conjunction with other indicated 
procedures, such as subacromial decompression, 
capsular releases, biceps tenodesis or tenotomy, 
or distal clavicle excision. Even in conjunction 
with these procedures, it should be emphasized in 
discussion with patients the likely need for even-
tual arthroplasty. Additionally, it is unclear 
whether the addition of more complex proce-
dures, such as microfracture or osteoplasty for 
osteophyte resection, is beneficial. We recom-
mend future studies to compare the addition of 
these procedures to the arthroscopic debridement 
discussed in this chapter.
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6Glenohumeral Osteoarthritis. 
The Comprehensive Arthroscopic 
Management (CAM) Procedure

Emilio Calvo, Carlos Rebollon Guardado, 
and Vanesa Lopez Fernandez

6.1  Introduction

Osteoarthritis (OA) of the glenohumeral joint is a 
common and disabling condition characterized 
by symptoms of weakness, pain, sleep distur-
bance, and decreased range of motion [1]. 
Currently, nonoperative modalities including 
activity and/or occupation modifications, physi-
cal therapy, pharmacotherapy with nonsteroidal 
anti-inflammatory medications, steroid injec-
tions, and viscosupplementation are the first-line 
treatment of choice as they are capable of reduc-
ing symptoms improving quality of life [2–4]. 
When standard nonsurgical methods are unsuc-
cessful, total shoulder arthroplasty (TSA) pro-
vides predictable clinical outcomes with low 
revision rates and high patient satisfaction in 
elderly or low-demand population. However, 
although glenohumeral OA typically manifest 
after sixth decade of life [5], younger patients 
may also suffer from this affection. In those 

patients who are symptomatic but radiographi-
cally show less advanced disease, or those who 
maintain demanding lifestyles, TSA may not be 
the best option because it has shown undesirable 
outcomes with decreased component survival 
[6–8].

As arthroscopic technique has evolved, more 
recent evidence suggests that carefully selected 
patients with glenohumeral osteoarthritis may 
benefit from it, providing pain relief and delay-
ing the need for arthroplasty, which is why this 
technique has been included in the low-risk man-
agement options [9, 10]. In 2011 Millet and col-
leagues [11] described the CAM procedure, an 
acronym for comprehensive arthroscopic man-
agement. It is a joint-preserving arthroscopic 
approach for young, active patients with 
advanced shoulder osteoarthritis that addresses 
the different pain generators and pathoanatomic 
features that lead to functional deficits in gleno-
humeral osteoarthritis [12]. The CAM procedure 
includes classic arthroscopic debridement fea-
tures such as synovectomy, loose body removal, 
subacromial decompression, chondroplasty, and 
microfractures but also involves an extensive 
capsular release, biceps tenotomy or tenodesis, 
and humeral osteoplasty or osteophyte excision 
(goat’s beard removal) to reshape the humeral 
head. One aspect described as unique of the 
CAM procedure is the axillary nerve decompres-
sion. It can be done indirectly by osteophyte 
excision or directly by nerve neurolysis when 
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scarring is observed [12–15]. The purpose of this 
chapter is to describe the CAM procedure as a 
joint-preserving technique for glenohumeral 
osteoarthritis.

6.2  Patient Selection

Identifying predictive factors of early failure is 
cardinal to proper patient selection and critical to 
achieving successful outcomes [16, 17]. This 
technique provides predictable results in young 
and active patients with advanced glenohumeral 
osteoarthritis who wish to delay TSA.

Patients with mild or asymptomatic OA, com-
plete irreparable rotator cuff tears, bipolar lesions 
with diffuse flattening of the humeral head, or 
severe joint incongruity on radiographs are not 
suitable for the CAM procedure. Some other fac-
tors have been defined as associated with failure 
of the technique [14] like narrow joint space (less 
than 2  mm), more severe arthritis according to 
the Kellgren-Lawrence classification [18], and 
Walch type B2 or C glenoid shapes [19]. Age is 
also something to consider. Mitchell et  al. [14] 
found that age older than 50 years is associated 
with worse outcomes. A recent Markov decision 
analysis published by Spiegl and colleagues [16] 
concluded that arthroscopic management of gle-
nohumeral OA was the preferred treatment strat-
egy for patients younger than 47  years, while 
TSA was for patients older than 66  years. 
Between 47 and 66 years of age, they did not find 
clear advantage for one technique over the other, 
requiring individualized treatments in this age 
group [16].

6.3  Surgical Technique

Following the insertion of an interscalene cathe-
ter, which will provide analgesia during the 
immediate postoperative period and initial reha-
bilitation, general anesthesia allows the surgeon 
to perform a complete intraoperative examination 
of the range of motion of both shoulders. This is 
defined as crucial to identify the specific angles at 
which shoulder mobility restrictions occur.

The next step is the placement of sterile drapes 
with the patient in a beach chair position and 
including the fluoroscopic C-arm in the surgical 
field.

Through the standard posterior arthroscopic 
portal and using a 30° arthroscope, a complete 
arthroscopic glenohumeral inspection is per-
formed to identify intra-articular injuries. Areas 
of synovitis are treated with either a mechanical 
oscillating shaver or a radiofrequency device 
(Fig.  6.1), loose bodies are removed (Fig.  6.2), 
and degenerative labral tissue and articular sur-

Fig. 6.1 Debridement of humeral head cartilage fibrilla-
tion using a motorized full radius synoviotome

Fig. 6.2 Arthroscopic imaging of glenohumeral loose 
body

E. Calvo et al.
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faces are debrided and stabilized with the shaver. 
Outerbridge grade IV chondral injuries can be 
addressed with microfractures. The long head of 
the biceps tendon is also examined.

At this point, anterior and posterior capsule 
and the rotator interval must be completely 
released (Fig. 6.2). In our experience, performing 
a full rotator interval opening, as well as anterior 
and posterior capsular releases before osteophyte 
removal, provides greater mobility of the shoul-
der and allows easier intra-articular excursion of 
arthroscopic instruments, facilitating osteophyte 
removal (Fig.  6.3). The subscapularis recess is 
inspected for loose bodies. Some authors perform 
the anterior and posterior capsular releases after 
C-arm- assisted removal of the osteophytes.

Since previous literature concluded that the 
inferior osteophyte (goat’s beard) may affect the 
course of the axillary nerve and contribute to 
pain, its removal is essential. To visualize this 
osteophyte, the inferior capsule, the axillary 
pouch, and the axillary nerve, a posteroinferior or 
7-o’clock portal is established by the use of a 
spinal-needle localization technique.

Spur excision and humeral osteoplasty are 
done with a high-speed shaver and a high-speed 
burr (Fig. 6.4). We usually use a curved curette 
and a rasp to aid in the removal of the osteophyte 
and the contouring of the humerus. Internal and 
external rotation under the C-arm visualization is 

useful to aid in the excision of the osteophyte and 
to verify its complete resection.

The inferior capsule helps protect the axillary 
nerve, so its release with arthroscopic scissors or 
a monopolar radiofrequency probe can be only 
performed after the resection of the inferior 
osteophyte.

If preoperative magnetic resonance images or 
symptoms consistent with axillary nerve impinge-
ment are found, axillary nerve neurolysis and 
decompression can be performed. Symptoms 
may include posterior and lateral shoulder pain, 
atrophy of the teres minor or posterior deltoid, 
and weakness in external rotation without the 
presence of a rotator cuff tear. The nerve should 
be carefully decompressed from proximal to dis-
tal with a blunt probe and arthroscopic punches, 
taking great care to identify and preserve all 
arborizing branches. In our experience, axillary 
nerve neurolysis is not necessary if the inferior 
osteophyte is completely removed.

With the arthroscope inserted through the lat-
eral portal, subacromial and subcoracoid decom-
pressions can be performed. Bursectomy and 
resection of subacromial adhesions are manda-
tory and useful because they help examine the 
rotator cuff and facilitate postoperative shoulder 
mobility, and acromioplasty is only performed if 
a Bigliani type III acromion or an impingement 

Fig. 6.3 Anterior capsulotomy performed using 
arthroscopic scissors

Fig. 6.4 Imaging of the posterior aspect of the right gle-
nohumeral joint. A motorized burr is used to remove the 
inferior osteophyte

6 Glenohumeral Osteoarthritis. The Comprehensive Arthroscopic Management (CAM) Procedure
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lesion (fraying or scuffing of coracoacromial lig-
ament) is noticed.

If an injury, degeneration, or instability of the 
long head of the biceps had been noticed during 
the first steps of the technique, it must be treated 
because it can act as a pain generator. Therefore, 
it is released at its origin, and, depending on 
patient-specific characteristics, a tenotomy or an 
arthroscopic suprapectoral biceps tenodesis with 
an interference screw may be performed.

The glenohumeral joint is gently manipulated 
to maximize range of motion, portals are closed 
in standard fashion, and the arm is placed in a 
sling.

6.4  Postoperative Management

Rehabilitation during the early postoperative 
period is vital to prevent scarring, maintain shoul-
der motion achieved at surgery, and improve 
shoulder kinematics. So, it starts after just 1 or 
2 days using the sling. During the first 4–6 weeks, 
the priority is immediate active and passive range 
of motion. Nonsteroidal anti-inflammatory drugs 
are also used to help reduce swelling during this 
early postoperative period. After week 6 to about 
week 12, rehabilitation focuses on strengthening 
the rotator cuff and periscapular musculature. 
Finally, at week 12, the central point is the pro-
gressive return of the patient to their normal 
activities, including sports. Maximum recovery is 
expected between 4 and 6 months.

6.5  Results of the CAM 
Procedure

Mitchell et al. published the midterm outcomes at 
a minimum 5-year follow-up [13]. They con-
cluded that this procedure showed reasonable 
results with patients reported a high mean satis-
faction of 9 out of 10 and significant pain relief, 
documented using the visual analogue scale 
(VAS). American Shoulder and Elbow Surgeons 
(ASES), Single Assessment Numeric Evaluation 
(SANE), and Quick Disabilities of the Arm, 

Shoulder, and Hand (QuickDASH) scores not 
only improved but also remained stable over 
time. It should be noted that older patients (with 
a positive correlation) had improved results at a 
minimum 5-year follow-up. Twenty-four percent 
of the patients needed to undergo a 
TSA.  Preoperative joint space narrowing (less 
than 2  mm) and Walch type B2 or C glenoid 
shapes were found to be associated with failure 
of the technique and progression to 
TSA. Survivorship for the CAM procedure, with 
the analysis performed using Kaplan-Meier sur-
vival curves, was reported around 96% at 1 year, 
87% at 3 years, and 77% at 5 years.

In 2021, similar outcomes have been reported 
in a long-term study at minimum 10-year follow-
 up [15]. Median patient satisfaction was 7.5 out 
of 10 and ASES and SANE scores improved sig-
nificantly. 60.5% of patients did not need to 
undergo TSA. Survivorship, with its analysis per-
formed using Kaplan-Meier survival curves, was 
63.2% at 10 years, and they found that CAM fail-
ure is significantly associated with greater 
humeral head incongruity and humeral head spur 
size. Recently Lopez-Fernandez et al have 
reported the results of the CAM procedure in a 
series of 25 patients. After a mean follow-up of 
42 months all objective and subjective scores 
analysed showed significant improvements. The 
authors demonstrated that axillary nerve release 
and subacromial decompression are not neces-
sary to achieve satisfactory results [20].

6.6  Risks and Complications

The main surgical risks and potential complica-
tions can be avoided if the procedure is performed 
systematically following a meticulous surgical 
technique. There is a potential risk of damaging 
the axillary nerve and its branches during inferior 
capsular release and during neurolysis because 
they are often difficult to see during the arthros-
copy. Inferior osteophyte resection should be per-
formed prior to inferior capsular release to prevent 
fluid extravasation and protect the nerve. The infe-
rior capsular scar tissue that often develops post-

E. Calvo et al.
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operatively can involve the axillary nerve, which 
can lead to recurrent posterior and lateral shoulder 
pain. An early rehabilitation program and thor-
ough surgical hemostasis will help to avoid recur-
rent scarring, stiffness, and contracture.

The subscapularis tendon is also at risk during 
surgery and care must be taken to avoid its injury.

6.7  Conclusion

The CAM procedure is an effective procedure for 
glenohumeral osteoarthritis, especially in young 
patients who want to stay active improving their 
quality of life because it decreases shoulder pain 
and, at the same time, improves shoulder func-
tion and delays the need for prosthetic replace-
ment. The survivorship is around 76.9% and 
63.2% at 5- and 10-year follow-up, respectively.

Patients who underwent the CAM procedure 
demonstrate significant improvements in ASES, 
SANE, and VAS scores. It is a safe technique 
with no significant complications, and moreover, 
if the technique fails to relieve symptoms, it does 
not compromise any future surgical treatment.

However, it should be known that some fea-
tures are related to worse outcomes, such as 
Walch type B2 or C glenoid morphology, nar-
rower preoperative joint space, and glenohumeral 
incongruity.
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7Microfracture for Cartilage Lesions 
on the Glenoid and Humerus

Ivan Wong and Jose Castillo de la Peña

7.1  Introduction

Articular cartilage is the connective tissue that 
covers the contact surfaces of diarthrodial joints 
[1]. The main component is extracellular matrix, 
which comprises 95% of the volume, while 
chondrocytes constitute only 2% [2]. 
Chondrocytes have mesenchymal cell lineage; 
they produce the extracellular matrix and work 
in an anaerobic environment [2]. Survival of 
these highly specialized cells depends on 
mechanical loads, hydrostatic pressures, piezo-
electric forces, etc. [2].

On the microscopic level, the articular carti-
lage is comprised of four different layers, each 
one with a different configuration and properties 
as seen in Fig.  7.1 [2]. The more superficial 
layer, called the lamina splendens, has a tight 
configuration of type II and IX collagen fibers 
parallel to the articular surface, combined with 
flattened chondrocytes that provide shear resis-
tance [1–3]. The intermediate or transitional 
layer is composed of spherical chondrocytes, 
and collagen fibers in this layer are obliquely 
oriented to provide more compression resistance 
[1–3]. In the deep layer, both collagen fibers and chondrocytes are perpendicular to the surface, 

giving even more compressive resistance [1–3]. 
The deep zone is the calcified layer, which pro-
vides the adhesion to the subchondral bone 
[1–3].

The thickness of the articular cartilage varies 
in every joint [1]. In the glenohumeral joint, both 
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Fig. 7.1 Cartilage diagram. Representation of collagen 
fiber disposition and cellular configuration in the articular 
cartilage. (Illustration by Melissa Peñuelas Rodriguez)
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surfaces have a different thickness distribution 
[4, 5]. The glenoid has a mean thickness of 
1.88 mm, with a thicker layer on the periphery as 
compared to the center (bare area) [4, 5]. The 
humeral head has a mean thickness of 1.24 mm, 
being thicker in the center [4–6].

7.2  Glenohumeral Cartilage 
Injuries

Hyaline articular cartilage preservation is one of 
the principles, if not the most important mainstay, 
of orthopedic treatment. It is widely known that 
once the cartilage is injured, there is nothing to 
bring it back as it was before. Cartilage’s lack of 
blood vessels and its complex structure limit the 
intrinsic capacity for healing and repair [1]. 
Decades of research have shown multiple treat-
ment options, but none of them are the same as 
native cartilage.

Injuries, generating partial-thickness or small 
lesions, produce changes in microscopic struc-
ture with decreased stiffness and increased water 
permeability [2]. These situations lead to 
increased force transmission which begins a 
vicious cycle that produces cartilage degenera-
tion [2]. The absence of bleeding in these pure 
cartilaginous injuries doesn’t lead to an inflam-
matory or reparative response [2].

Full-thickness injuries involving the subchon-
dral bone have a higher repair capacity in theory, 
since they produce bleeding and activate the 
inflammatory cascade that ends with the forma-
tion of fibrocartilage [2, 7, 8]. Unfortunately, this 
reparative tissue has different mechanical proper-
ties compared with the native tissue, less stiff-
ness, and decreased wear resistance [1, 2, 8].

Chondral injuries have been widely studied in 
other joints such as the knee [9, 10], hip [11, 12], 
and ankle [13, 14], where they have a higher 
prevalence. These injuries are also present in the 
glenohumeral joint and can be a source of pain, 
theoretically leading to osteoarthritis (OA) 
[15–18].

7.3  Etiology

Cartilage lesions in the shoulder have diverse eti-
ologies and most of the time they are not the main 
surgical indication [4, 19]. These injuries have 
been associated with shoulder instability [20, 
21], superior labrum anterior to posterior (SLAP) 
tears [22], rotator cuff tears [23], osteochondritis 
dissecans [24], and iatrogenic injuries [25] but 
can also be present as the main entity as a post-
traumatic cartilage injury [26].

7.4  Classification

The typical classification systems used for other 
joints are also applied in the shoulder since gle-
nohumeral hyaline cartilage has the same four 
histological layers [2]. Two main classification 
techniques are widely used, the first one described 
by Outerbridge in 1961 [27] for chondromalacia 
patellae and the other one described by the 
International Cartilage Repair Society [28].

7.5  Clinical Evaluation

In the shoulder, symptomatic cartilage lesions 
should be an exclusion diagnosis and most of the 
time they present with concomitant pathology, 
requiring a thorough interrogation and physical 
examination [15]. Presence of cartilage injuries 
should be suspected in the setting of prior trauma, 
instability, mechanical symptoms, etc. [15].

The patient can present with nonspecific 
symptoms like crepitus, pain, weakness, lim-
ited range of motion, etc. [15]. If a cartilage 
injury is suspected, a compression-rotation test 
can be applied; for this test the shoulder is 
abducted to 90°, and axial load is applied while 
the patient actively performs internal and exter-
nal rotation; the test is positive if it reproduces 
the symptoms [29]. A lidocaine subacromial 
injection can be performed prior to the test to 
improve the accuracy [29].
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7.6  Imaging

Diagnostic imaging should be requested to deter-
mine grade of cartilage lesion, location, grade of 
osteoarthritis, and concomitant pathology. A set 
of plain X-rays of the involved shoulder  including 
a true anteroposterior (AP) view and Y-scapular 
view and axillary projection are recommended to 
determine grade of arthritis (joint space, osteo-
phytes, subchondral sclerosis, subchondral cysts, 
acromion acetabularization), loose bodies, supe-
rior humeral head migration, etc. [30].

Advanced imaging is highly recommended 
with magnetic resonance imaging (MRI) having 
a sensitivity of 87.2% and a specificity of 80.6% 
to detect cartilage lesions in the glenohumeral 
joint [31]. Cartilage-specific sequences 
(T2-weighted with or without fat suppression 
and a T1-weighted with fat suppression) in a 1.5 
to 3 Tesla strength study should be obtained to 
estimate cartilage lesion grade, location, and 
involvement of the subchondral plate [4, 32, 
33]. Computed tomography (CT) has a limited 
utility in the diagnosis of chondral lesions but is 
helpful in the setting of advanced osteoarthritis 
and is key in pre-surgical evaluation in the set-
ting of joint replacement, which will be dis-
cussed in further chapters.

7.7  Treatment

The goals of treatment are improvement of func-
tion, decrease in pain, and avoiding or slowing 
progression of arthritis. Partial-thickness lesions 
(i.e., grades I and II) usually benefit from nonop-
erative treatment which has been discussed in 
previous chapters. On the other hand, grade III 
and IV lesions have shown better outcomes with 
operative treatment. Surgical options are divided 
into four main categories: palliative, reparative, 
restorative, and reconstructive [4].

Microfracture is considered a reparative tech-
nique. It is based on the perforation of the sub-
chondral bone of a contained full-thickness 
cartilage lesion, resulting in the release of blood 
and mesenchymal cells from the bone marrow. 
This induces a reparative response which results 

in the formation of fibrocartilage (mainly type I 
collagen) within the defect [34, 35]. This treat-
ment modality has multiple benefits. It can be 
performed arthroscopically as a single-stage pro-
cedure with a low cost. It has a low surgical mor-
bidity, is not technically demanding, and affects 
surgical time minimally. It has been widely used 
for several years in other joints, providing good 
pain relief and function improvement at the mid- 
term [19, 36, 37].

Microfractures are indicated in the setting of 
symptomatic full-thickness cartilage defects, 
preferably of small diameter. The literature is 
limited in the shoulder, and a precise defect size 
hasn’t been determined. In the knee, different 
factors are related with improved outcomes: 
lesions smaller than 4  cm2 in size, duration of 
symptoms less than 12  months, age less than 
40  years, body mass index less than 30  kg/m2, 
Tegner score greater than 4, and microfracture in 
the primary setting [35, 38]. Microfractures are 
not recommended in patients with involvement 
of the subchondral bone (osteochondral lesions), 
bipolar/kissing lesions (articulating defects on 
the glenoid and humeral head), or advanced and 
generalized osteoarthritis [35, 38].

In 2003, Siebold et al. published a prospective 
case series of five patients that underwent open 
shoulder surgery with microfracture plus a peri-
osteal flap [18]. All of the cartilage lesions in this 
population were in the humeral head, with an 
average size of 311 mm2 [18]. After an average 
follow-up of 25.8 months, the patients had a sig-
nificant improvement in Constant score (CS), 
preservation of ROM, OA progression in two 
patients, and no complications [18].

A retrospective case series of 31 eligible 
shoulders after arthroscopic surgery were pub-
lished in 2009 [39]. Most of the population 
underwent concomitant procedures such as stabi-
lization, subacromial decompression, biceps 
tenodesis/tenotomy, capsular release, etc. [39]. 
After a minimum 2-year follow-up, they showed 
decreased pain and improved function and 
American Shoulder and Elbow Surgeons (ASES) 
score [39]. Lower scores were reported in patients 
who underwent more than two concomitant pro-
cedures and had a prior surgery and patients with 
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bipolar and glenoid side defects, as well as big 
lesions [39].

Short- and long-term outcomes of the same 
cohort were published in two separate papers [17, 
19]. Of the 15 eligible shoulders, 66% underwent 
concomitant procedures (subacromial decom-
pression, biceps tenodesis/tenotomy, capsular 
release, etc.) [17, 19]. After a 10.2-year mean 
follow-up, they found significant improvement in 
ASES, visual analog scale (VAS), and Simple 
Shoulder Test (SST) scores, with no difference 
between short- and long-term follow-up [17]. In 
contrast with other papers, the size and location 
of the lesions were not related with differences in 
patient-reported outcomes (PROs) [17].

Hünnebeck et  al. published their long-term 
outcomes in a paper including 32 patients, with a 
mean follow-up of 105 months [40]. Interestingly, 
they compared the PROs with the non-operated 
shoulder at the end of follow-up and not with pre-
operative measurements, which resulted in no 
significant difference between groups [40]. When 
compared with pre-surgery measurements, they 
showed preservation of ROM and radiographic 
progression of OA in 57% of the patients [40].

Another long-term follow-up case series was 
published by Frank et  al. Of the 16 eligible 
patients, 43.8% underwent concomitant proce-
dures (subacromial decompression, acromiocla-
vicular joint resection, tendinous calcium deposit 
removal, biceps tenodesis/tenotomy, etc.) [41]. 
After a mean follow-up of 122  months, they 
showed significant improvement in PROs includ-
ing CS, Oxford Shoulder Score (OSS), and 
Subjective Shoulder Value (SSV) [41]. No differ-
ences could be found between bipolar and unipo-
lar lesions. Radiographic progression of OA was 
observed in 16.7% of the patients [41].

7.8  Technique

7.8.1  Setup and Positioning

The surgical setup is established for a routine 
shoulder arthroscopy. The procedure can be per-
formed both in the beach chair and the lateral 

decubitus positions. As a personal preference, a 
lateral decubitus position is used with a vacuum 
beanbag beneath the patient and a pneumatic arm 
positioner as seen in Fig. 7.2.

7.8.2  Diagnostic Arthroscopy 
and Portal Placement

A routine diagnostic arthroscopy following the 
15-point routine described by Snyder et al. is per-
formed through standard posterior and anterior 
portals [42]. Concomitant pathologies are identi-
fied, and portal placement is planned according 
to the procedures needed. If the defect can be 
approached in an appropriate angle with one of 
the prior established portals, no extra portals are 
needed. If the defect can’t be reached, a spinal 
needle can be used to estimate the ideal location.

7.8.3  Debridement

Once an ideal portal is established, the cartilage 
defect is inspected with a probe looking for 
unstable cartilage flaps. An arthroscopic shaver 
can be used to debride any cartilage remnants and 
unstable flaps. A curette is used to obtain vertical 
walls of stable healthy cartilage surrounding the 

Fig. 7.2 Setup and patient positioning. According to sur-
geon’s preferences, the patient can be positioned in lateral 
decubitus or beach chair position. A sterile ring curette 
and microfracture awl should be available in any shoulder 
arthroscopy
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Fig. 7.3 Glenoid cartilage lesion microfracture. 
Arthroscopic view of a right shoulder, using a 30° lens 
from the anterosuperior portal. (a) Diagnostic arthroscopy 
shows a grade III–IV cartilage injury of the anteroinferior 
quadrant of the glenoid face. (b) Measuring anteroposte-
rior and superolateral dimension of the defect with a cali-
brated probe. (c) Debridement of unstable cartilage flaps 

using a shaver from the posterior portal. (d) A ring curette 
is used to obtain vertical walls of stable cartilage; it is rec-
ommended to work from both the posterior and anterior 
portals. (e) The ring curette is used to remove the calcified 
layer, preserving the subchondral layer. (f) Microfractures 
starting from the periphery and moving to the center of the 
lesion, 3–4 mm bridge between perforations

defect, as seen in the sequence in Fig. 7.3d. It’s 
recommended to debride the calcified layer that 
lies over the subchondral bone.

7.8.4  Microfracture

To perform the microfractures, two different 
types of instruments can be utilized: awls or 
microdrilling devices. The regular set of awls has 
different angulations, usually 45°, 60°, and 90°; 
we recommend using either 45° or 60° for better 
control. The microfractures should progress from 
the periphery to the center of the lesion, with a 
space between holes of 3–4 mm, each one with 
an ideal depth of 4–6 mm. Once the procedure is 

complete, the pressure of the pump can be 
decreased to see the marrow elements emerging 
from the holes.

7.9  Rehabilitation

The rehabilitation program is usually guided by the 
concomitant procedures performed. If microfracture 
is the only procedure, the patient follows a stage pro-
tocol containing four phases as described in 
Table 7.1. Literature shows controversial evidence 
regarding the use of continuous passive motion 
(CPM); in our own experience, it is not regularly 
used since these patients can begin with pendulum 
exercises same day of surgery [16, 30, 43, 44].
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Table 7.1 Rehabilitation protocol

Phase Week Exercises Goals
1—protection 0–2 Pendulum 600–800 cycles

Full passive ROM
Active scapula-thoracic, elbow, and wrist exercises
Cryotherapy
Abandon sling as soon as tolerated

Pain and inflammation 
control
Full passive ROM

2—active ROM and 
basic strengthening

2–6 Progress active-assisted to active ROM
Resistance band rotator cuff exercises
Scapulothoracic control/strengthening

Full active ROM
Nearly normal scapular 
position

3—advanced 
strengthening

6–12 Open chain progressed to closed chain exercises. 
Advanced resistance for rotator cuff strength and 
scapular control
Proprioceptive neuromuscular training
Basic functional activities

Pain-free full ROM
Normal scapular position 
and control
4/5 to 4+/5 rotator cuff 
strength

4—activity/
sport- specific 
activities

>12 Progress strengthening, resistance and endurance
Continue open and closed chain program
Plyometric strengthening
Occupational therapist intervention
Sport-specific program

5/5 rotator cuff strength
Normal scapular control
Pain-free workout routine

7.10  Conclusions

Results in the literature are promising, demon-
strating improvement of clinical outcomes, pres-
ervation of range of motion both at short and long 
term. Unfortunately, the evidence supporting this 
is of low level (level III–IV), and in most of the 
case series, a big proportion of the population 
underwent concomitant procedures that could 
explain the improvement in clinical outcomes on 
their own.

As an expert opinion, we recommend using 
microfractures in grade IV, symptomatic, focal, 
monopolar cartilage injuries with a diameter 
between 5 and 10 mm in the glenoid and between 
10 and 15 mm in the humeral head.
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8Fresh Osteochondral Allograft 
Transplantation in the Shoulder

Andrew Vega and Raffy Mirzayan

Focal chondral and osteochondral lesions of the 
glenohumeral joint can be debilitating, particu-
larly in shoulders with otherwise pristine anat-
omy. Osteochondral allograft transplantation to 
correct focal articular cartilage lesions has been 
well-established; however, the majority of our 
knowledge and practice of this technique have 
been centered on chondral defects in the knee [1]. 
Unlike the joints of the lower extremity which 
experience higher impact loading forces as 
weight-bearing articulations in support of the 
axial skeleton, these lesions do not occur as fre-
quently in the glenohumeral joint, with an annual 
incidence of 5–17% [2, 3]. Furthermore, the nat-
ural history of these isolated, full-thickness chon-
dral lesions is less clear than those of the knee or 
ankle. Individuals with manual labor occupa-
tions, athletes who bear significant loads over-
head, and young to middle-aged patients with 
associated glenohumeral pathologies are most 
often those who present with these articular 
lesions [4]. Patients generally present with non- 
localizing complaints and physical examination 
findings similar to other shoulder diagnoses, par-

ticularly impingement syndromes [5]. Pain due to 
osteochondral defects is of a dull quality and is 
exacerbated with increased activity [6]. These 
lesions can cause mechanical symptoms with 
active range of motion, which may be indicative 
of joint surface irregularity and possible chondral 
damage.

Osteochondral lesions occur as isolated 
pathology or, more commonly, in concert with 
other internal derangements of the glenohumeral 
joint. They may be caused by trauma, infection, 
osteonecrosis, osteochondritis dissecans, osteo-
arthritis, inflammatory arthritides, idiopathic 
chondrolysis, rotator cuff arthropathy, recurrent 
instability, or iatrogenic injury secondary to the 
effects of intra-articular pain pumps, radiofre-
quency devices, and prominent surgical implants 
[7, 8]. Of these, shoulder instability is most often 
quoted to be associated with these lesions. In a 
case series by Krych et al. [9], 64% of shoulders 
undergoing arthroscopic stabilization for shoul-
der instability demonstrated evidence of focal 
articular cartilage defects. Those with a history of 
prior dislocation with closed reduction were sig-
nificantly associated with focal articular cartilage 
lesions of the glenoid. Moreover, chondral lesion 
grade was directly proportional to the number of 
dislocations sustained. This association between 
instability and chondral damage is also seen in 
patients with superior labrum anterior to poste-
rior (SLAP) tears. In a prospective observational 
study by Patzer et  al. [10], chondral lesions 
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occurred at a rate of 20% at the humerus, 18% at 
the glenoid, and 14% on both chondral surfaces 
in patients with SLAP tears. These lesions often 
localized beneath the biceps tendon on the 
humeral side and along the anterior half of the 
glenoid. In a large series of full-thickness rotator 
cuff tears, Gartsman et  al. [11] identified focal 
cartilage lesions in 13% of shoulders. Humeral 
lesions were all located on the posterior aspect of 
the articular surface, were circular, and averaged 
250 mm2. The glenoid lesions averaged 200 mm2.

Osteonecrosis of the humeral head affects 
patients at younger ages, and many cases are not 
detected until advanced stages when collapse 
occurs, resulting in focal chondral damage [12]. 
Lesions due to osteochondritis dissecans, 
although rare in the shoulder, have been described 
in young male patients in the anterosuperior 
aspect of the humeral head [13]. Glenohumeral 
chondrolysis has been seen after routine shoulder 
arthroscopy, with ablative thermal energy impli-
cated as a causative factor [14]. Moreover, 
numerous studies have demonstrated the cyto-
toxic effects of local anesthetics on articular 
chondrocytes [15]. Finally, prominent or malpo-
sitioned hardware, such as suture anchors or 
intra-articular screw penetration following osteo-
synthesis of the humeral head, can destroy the 
chondral surface.

Diagnosis is often difficult. These defects are 
often found incidentally during arthroscopic or 
open surgical management of other glenohumeral 
pathologies. Plain radiographs of the shoulder, 
including anteroposterior view, scapular Y-view, 
and axillary view, are first-line. West Point and 
Stryker notch views may be obtained to evaluate 
for glenoid bone loss and Hill-Sachs lesions, 
respectively. These films should also be evaluated 
for the presence of any concurrent degenerative 
processes that may change management. When 
chondral injury is suspected, magnetic resonance 
imaging (MRI) is the diagnostic study of choice 
for further evaluation. MRI also allows for the 
evaluation of concurrent soft tissue pathologies, 
including tendinous and labral disease. 
T2-weighted sequences and T1-weighted, fat- 
suppressed, cartilage-sensitive sequences, such 
as fast spin echo, are used to assess articular car-

tilage. In an MRI study of the glenohumeral joint, 
Carroll et al. described these focal osteochondral 
lesions as contour deformities about the articular 
margin with areas of abnormal signal intensity 
[16]. Humeral head cartilage defects were often 
located in the posterosuperior portion of the 
humeral head, medial to the expected location of 
a typical Hill-Sachs lesion. In overhead athletes, 
the lesions were located near the rotator cuff 
insertion. Subchondral bone marrow edema may 
also be seen in those with an acute or subacute 
presentation and may imply a traumatic etiology 
or be suggestive of a full-thickness defect [16]. 
However, MRI as well as magnetic resonance 
arthrography (MRA) can fail to demonstrate 
these focal lesions, as has been shown in multiple 
studies, with rates as high as 45% misdiagnosis 
of grade IV lesions [17, 18]. In patients with 
anterior shoulder instability, MRI is quoted to 
have a 60% accuracy and 87% sensitivity for 
diagnosing focal osteochondral lesions of the 
humeral head [19]. Lastly, computed tomography 
(CT) is used to assess glenohumeral alignment, 
glenoid bone loss, glenoid version, and glenoid 
inclination to aid in preoperative planning for 
those undergoing joint-preserving or reconstruc-
tive procedures.

The Outerbridge classification system, origi-
nally described in relation to chondromalacia of 
the patella, is utilized to categorize these lesions 
as no specific classification system has been 
developed specific to the glenohumeral joint 
[20]. Grade 0 signifies normal cartilage. Grade I 
is characterized by chondral softening and swell-
ing. Grade II lesions are partial-thickness chon-
dral defects with fissures that do not exceed 1 cm 
in diameter or reach subchondral bone. Grade III 
lesions involve fissuring of the cartilage surface 
with a diameter greater than 1 cm with an area 
reaching subchondral bone, and grade IV lesions 
demonstrate full-thickness articular cartilage loss 
down to subchondral bone. Moreover, size and 
degree of peripheral containment are descriptive 
characteristics that are also utilized to document 
these lesions and should be employed to facilitate 
surgical planning.

Because of the lower forces typically sus-
tained by the glenohumeral joint, most of these 
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lesions are well-tolerated or even asymptomatic 
[21]. However, focal lesions that then become 
symptomatic can be challenging to manage. 
Because of a lack of direct vascular perfusion as 
well as access to pluripotent progenitor cells, 
these lesions are limited in their native healing 
capacity. Initial management of isolated chondral 
defects of the glenohumeral joint is nonsurgical. 
The mainstays of activity modification, physical 
therapy, nonsteroidal anti-inflammatory drugs, 
and corticosteroid injections remain first-line 
[22]. Although there are no studies to date which 
assess the clinical outcomes of these nonsurgical 
interventions with respect to isolated chondral 
defects of the glenohumeral joint, they should be 
prescribed for patients in an effort to avoid more 
invasive procedures if possible. Moreover, those 
with limitations in active range of motion, either 
due to pain from these focal defects or due to a 
concomitant pathology, would benefit from pre-
operative rehabilitation to maximize clinical ben-
efit when surgical intervention is undergone. 
Physical therapy should aim to improve glenohu-
meral as well as scapulothoracic stability, mobil-
ity, and strength.

For those who fail nonoperative management, 
several surgical options are available to provide 
pain relief, create reparative biology, and restore 
the articular surface, including arthroscopic 
debridement, microfracture, matrix-induced 
autologous chondrocyte implantation, particu-
lated juvenile allograft cartilage, osteochondral 
autograft transplantation, and fresh osteochon-
dral allograft transplantation. In a systematic 
review, Gross et al. reported high patient satisfac-
tion rates for these procedures, ranging from 66 
to 100% [21]. No firm consensus yet exists on the 
most appropriate operative treatment among 
them, as comparative data is lacking. However, 
these joint-preserving procedures are of particu-
lar importance in younger, more active patients 
with focal osteochondral lesions to evade joint 
reconstruction, including anatomic and reverse 
total shoulder arthroplasty, which bear a limited 
life span and may inflict activity limitations. 
Survivorship has been quoted to be as low as 
61% at 10  years in a series of 33 shoulders in 
patients with a mean age of 46 at the time of 

arthroplasty [23]. Thus, joint reconstructive pro-
cedures should be reserved for those with more 
diffuse, degenerative disease of the glenohumeral 
joint, more commonly seen in those in later 
decades of life. Contraindications to these joint 
salvage procedures include infection, immuno-
suppression, musculoskeletal neoplasm, and 
inflammatory arthritides. Positive prognostic fac-
tors predictive of statistically significant func-
tional improvements following these procedures 
include unipolar lesions, lesions of a lower grade, 
lesions isolated to the humeral head, and lesions 
less than 2 cm2 in size. Negative prognostic fac-
tors included bipolar lesions, lesions greater than 
2 cm2 in size, and a history of surgical interven-
tion in the operative shoulder [21].

Osteochondral allograft transplantation shows 
promise as a joint-preserving procedure within 
the glenohumeral joint, particularly in young and 
more active populations. The procedure resem-
bles osteochondral autograft transplantation but 
benefits from decreased surgical time and avoids 
the morbidity associated with harvesting of auto-
graft plugs. In addition, allograft allows for treat-
ment of larger, full-thickness lesions that may not 
be adequately treated with available autograft 
sources. The disadvantages of osteochondral 
allograft transplantation include potential immu-
nogenic response, potential infectious disease 
transmission, and cost [24]. Although an uncom-
mon technique overall, osteochondral allograft 
transplantation has been used to correct engaging 
Hill-Sachs lesions, bone defects of the proximal 
humerus secondary to neoplastic resection, and 
glenoid bone loss in the setting of recurrent insta-
bility with encouraging results [25].

Osteochondral allografts contain viable chon-
drocytes, chondrogenic growth factors, and 
extracellular matrix proteins to promote cartilage 
repair [26]. They are available in fresh, fresh- 
frozen, or cryopreserved preparations. Fresh 
osteochondral allografts have the highest per-
centage of viable chondrocytes but suffer from a 
shelf life of approximately 30 days and require 
precise preoperative sizing. In contrast, fresh- 
frozen allografts have minimal viable chondro-
cytes. Fresh-frozen grafts are essentially acellular 
because of the freeze-thaw process. Cryopreserved 
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osteochondral allografts are reported to have up 
to a 2-year shelf life and may maintain up to 
70.5% of viable chondrocytes [27]; however, 
they are limited to treat defects up to 20 by 
25  mm in size. Several allograft sources have 
been considered and utilized. Humeral head and 
femoral head allografts are commonly trans-
planted for humeral-sided lesions; however, gle-
noid allografts are not commonly used to treat 
glenoid lesions. In a cadaveric study comparing 
radial head, scaphoid fossa of the distal radius, 
lunate fossa of the distal radius, medial tibial pla-
teau, and lateral distal tibial osteochondral 
allografts, Dehaan et al. demonstrated that lateral 
distal tibial osteochondral allografts were most 
congruent to the glenoid’s radius of curvature and 
fit best when used for glenoid augmentation in 
the setting of critical bone loss and recurrent gle-
nohumeral instability [28]. However, medial tib-
ial plateau and other commercially available and 
pre-shaped allograft options are available for gle-
noid allograft transplantation [29, 30].

It is imperative that osteochondral allograft 
plugs match the articular surface geometry of 
their recipient to ensure a congruent articular sur-
face and normalize articular contact pressures; 
however, the anatomy of the glenohumeral joint 
can make this challenging [31]. The chondral 
surface of the humeral head is thickest at its cen-
ter, approximately 1.2 mm, and thins to less than 
1  mm along its periphery [32]. In contrast, the 
chondral surface of the glenoid is thickest along 
its periphery and thins toward its center at the 
bare area where no articular cartilage exists [33]. 
Moreover, the glenoid is approximately 1.5° ret-
roverted and 4.2° superiorly inclined; its radius 
of curvature is within 2–3  mm of the humeral 
head. Gebhart et  al. analyzed several anthropo-
metric measurements and found that patient 
height, maximum humeral length, epicondylar 
width, and sex were most predictive of humeral 
head curvature [34]. Tissue banks can use these 
parameters to improve donor and recipient geo-
metric matching to aid surgeons in anatomic res-
toration of the articular osteochondral surface 
and rebalance glenohumeral biomechanics.

Osteochondral allograft transplantation is 
most commonly performed through an open del-

topectoral or deltoid-splitting approach; however, 
arthroscopic and arthroscopic-assisted tech-
niques have also been described [35, 36]. The 
most common technique employed for osteo-
chondral allograft transplantation is the press-fit 
circular plug technique, which allows for a pre-
cise graft fit and decreases the need for supple-
mental internal fixation. The lesion is first 
inspected to define its margins. Surrounding non-
viable cartilage and bone are debrided. Then, the 
size of the osteochondral allograft is estimated 
using the commercially available cannulated, 
cylindrical sizing guides. Each guide is posi-
tioned to encompass the defect, sequentially 
increasing in size, thereby determining the opti-
mal plug diameter. It is imperative that the guide 
sit flush with the surrounding normal articular 
surface to ensure proper restoration of articular 
geometry. Once the lesion is sized, it is critical to 
ensure that the available allograft can accommo-
date the harvesting of such a size. If the available 
allograft is too narrow to accommodate a graft of 
appropriate diameter, then two individual press- 
fit plugs may be placed in overlapping fashion via 
“snowman” technique. A guide wire is placed 
through the cylindrical, cannulated sizing guide 
perpendicular to the articular surface. The carti-
lage surface is scored, and a cannulated counter-
bore reamer is used to remove the articular 
cartilage and subchondral bone until healthy, 
bleeding bone is obtained. Typically, approxi-
mately 8–10 mm of depth needs to be resected 
for osteochondral lesions. The guide wire is then 
removed, the 12 o’clock position is determined, 
and depth measurements are recorded at the 3, 6, 
9, and 12 o’clock positions of the recipient site. 
Attention is then turned to allograft plug harvest-
ing. The available allograft is first scrutinized to 
determine which part of the articular surface best 
matches the geometry of the recipient site. The 
donor graft is then secured to the allograft work-
station, and the appropriate diameter cylindrical, 
cannulated sizing guide is positioned and secured 
perpendicular to the articular surface of the graft 
at the desired location utilizing a bushing attached 
to the workstation. The sizing guide is then 
removed, and the appropriate size coring reamer 
is passed through the bushing and advanced 
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through the graft at a depth greater than that 
needed for the recipient site. The graft is then 
removed as a long cylindrical plug, utilizing an 
oscillating saw to release the plug from the sur-
rounding allograft inferior to the desired depth of 
the plug. The 12 o’clock position of the plug is 
determined, the previously measured depths of 
the recipient site are marked out on the plug using 
a skin marker, and the plug is cut 1–2 mm less 
than the measured depth of the socket. A rongeur 
can be utilized to bevel the edges of the osseous 
side of the plug in order to facilitate initial press- 
fit. It is critical that blood and marrow elements 
are copiously irrigated off the plug with a pulse 
lavage in an effort to decrease the risk of a host 
immune response [37]. The recipient site is irri-
gated, and demineralized bone matrix or similar 
adjunctive, commercially available preparations 
can be placed into the base of the recipient site 
prior to allograft transplantation. The donor plug 
is then oriented over the recipient site with the 12 
o’clock positions aligned and pressed into place 
under manual pressure. If there remains resis-
tance to insertion, an oversized tamp can be used 
to dilate the recipient site. Gentle tamping with 
the cylindrical, cannulated sizing guide can be 
performed to fully seat the graft, but excessive 
loading should be avoided to prevent damaging 
the graft or subsidence of the graft beneath the 
surrounding articular surface. The final plug 
position should sit flush relative to the surround-
ing articular surface with minimal to no step-off 
to prevent asymmetric loading and premature 
wear. At this time, graft stability is assessed. If 
necessary, small cortical bone screws, headless 
compression screws, bioabsorbable screws, or 
plastic screws can be placed; however, a stable 
press-fit technique without additional internal 
fixation is preferred as the additional hardware 
has the potential to become symptomatic. If uti-
lizing the “snowman” technique for multiple 
allograft plugs, it is critical to stabilize the first 
graft with a small Kirschner wire to prevent dis-
lodgement during preparation of the second over-
lapping site; this wire is then removed once all 
plugs are seated. After final irrigation, the shoul-
der is reduced and carried through passive range 
of motion to ensure a stable and congruent arc of 

motion without bony block prior to closure in 
standard fashion.

A typical postoperative course includes initial 
sling immobilization for less than 1  week with 
passive and active-assisted range of motion exer-
cises beginning on postoperative day 1. If a sub-
scapularis tenotomy has been performed, care 
should be taken to avoid active internal rotation 
or excessive external rotation to not jeopardize 
the repair. At 3 weeks, active range of motion is 
allowed, and strengthening may begin at the 
5-week mark. Overhead sports may be intro-
duced at the 4- to 6-month mark if symptoms 
have resolved. Early complications may include 
arthrofibrosis, surgical site infection, and recur-
rent sterile effusions [38]. Early graft failure with 
fragmentation or collapse, delayed union, non-
union, and immunogenic reaction are extremely 
rare but can occur, particularly in patients with 
poor subchondral bone stock and with the use of 
larger allograft plugs. Late complications may 
include graft failure with fragmentation, col-
lapse, and resorption. Progression of underlying 
disease processes may result in recurrent or per-
sistent symptoms regardless of ultimate graft 
viability.

Humeral head osteochondral allograft trans-
plantation has primarily been employed for 
recurrent glenohumeral instability in the setting 
of a large Hill-Sachs defect. In a case report, 
Kropf and Sekiya introduced this concept in the 
treatment of a 19-year-old US Navy SEAL man 
[39]. Osteochondral allograft transplantation in 
this setting not only recreates articular surface 
congruency but also restores stability to the gle-
nohumeral joint by preventing engagement of 
“off-track” osteochondral lesions with the gle-
noid rim. Large humeral head osteochondral 
lesions that comprise at least 37.5% of the articu-
lar surface significantly increase the risk of recur-
rent instability and can be addressed with this 
technique to restore the stabilizing concavity- 
compression effect of glenohumeral biomechan-
ics [40]. In a systematic review by Saltzman 
et  al., the authors reported improvements in 
shoulder range of motion and functional outcome 
scores as well as low dislocation rates following 
humeral head allograft transplantation [41]. In a 
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case series by Diklic et  al. treating chronic, 
locked, posterior shoulder dislocations due to 
large humeral head defects comprising 25–50% 
of the articular surface, 9 of 13 total patients 
(69%) had no pain or restrictions of activities of 
daily living at final follow-up of 54 months [42]. 
The mean Constant-Murley shoulder score was 
86.8, and no patient endorsed symptoms of insta-
bility. In a series of 20 patients, Riff et al. reported 
a 5-point improvement in VAS score, a 41-point 
improvement in the Simple Shoulder Test score, 
a 37-point improvement in the American 
Shoulder and Elbow Surgeons score, and a 
10-point improvement in the Medical Outcome 
Study 12-Item Short Form physical component 
summary score at final follow-up of 24 months 
following osteochondral allograft transplantation 
of humeral head osteochondral defects [43]. 
Humeral head osteochondral allograft transplan-
tation has a reported 20–30% complication rate, 
including a 26% reoperation rate. In a series of 
five patients with anterior shoulder instability, 
DiPaola et al. reported loss of 23 degrees of for-
ward flexion, 8 degrees of external rotation, and 
two vertebral levels of internal rotation on aver-
age when compared to the contralateral shoulder 
despite improvements in the ASES and UCLA 
shoulder scores at 28 months of follow-up [44]. 
Moreover, 50% of shoulders required conversion 
to a total shoulder arthroplasty at 5-year follow-
 up [41]. Despite substantial complication and 
reoperation rates, studies report high rates of 
return to work and patient satisfaction. At least 
one study reports inferior patient satisfaction in 
patients with a history of intra-articular pain 
pump use [43].

Osteochondral allograft transplantation for 
glenoid deficiency has primarily been employed 
in the setting of recurrent instability and repre-
sents an alternative, adjunctive, or salvage proce-
dure to traditional arthroscopic stabilization and 
coracoid transfer techniques. The prevalence of 
anteroinferior glenoid deficiency is reportedly up 
to 70% in cases of recurrent instability and is 
more commonly seen in those who sustain a 
high-energy mechanism or dislocate with mini-
mal force [45, 46]. In those with greater than 
25% glenoid bone loss, arthroscopic Bankart 

repair has been shown to have a 67% recurrence 
rate [47, 48]. Glenoid bone loss decreases the 
articular arc length and depth of articular confor-
mity to the humeral head, causing glenohumeral 
mismatch and loss of the stabilizing concavity- 
compression effect [49, 50]. Moreover, there is 
an increase in the shear forces born by the capsu-
lolabral static stabilizers as glenoid bone loss 
approaches 15% [48]. At 30%, glenohumeral 
contact pressures can increase by up to 400% 
[51]. In comparison to coracoid transfer, gleno-
humeral contact pressures are significantly 
improved following distal tibial allograft recon-
struction of glenoid defects [52]. Therefore, a 
glenoid deficiency of more than 20% indicates 
the need for osteochondral augmentation [46]. 
Osteochondral allograft transplantation super-
sedes these aforementioned techniques in that it 
can restore the congruity of the glenoid radius of 
curvature with an articular cartilage interface, not 
only restoring glenohumeral stability but also 
preventing early degenerative changes and insta-
bility arthropathy that can manifest following 
glenoid rim augmentation with non-chondral sur-
faces. The depth of glenoid bone stock has caused 
some concern regarding osteochondral grafting. 
The glenoid can support grafts up to 20 mm in 
diameter and 4 mm in depth at its center, cover-
ing 52% of the glenoid articular surface on aver-
age [53]. Three-dimensional CT should be 
utilized as routine preoperative planning to better 
assess glenoid bone stock prior to osteochondral 
transplantation.

Several preparations have been popularized 
for osteochondral allograft reconstruction of the 
glenoid, including distal tibial allograft and gle-
noid allograft. In a cadaveric study, lateral distal 
tibial osteochondral allograft has been shown to 
fit more anatomically than other allograft sources, 
other than glenoid allograft [54]. Provencher 
et al. first introduced the use of lateral distal tibial 
allograft [55]. The distal tibia is composed of 
dense, cortical, and metaphyseal cancellous bone 
with associated cartilaginous layer that is highly 
congruent to the glenoid radius of curvature and 
fits nearly anatomically on the distal two thirds of 
the glenoid, allowing for normalization of gleno-
humeral articular contact pressures [31]. In a 
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 systematic review involving eight level IV stud-
ies assessing the clinical and radiographic out-
comes following osteochondral allograft 
reconstruction for glenoid bone loss, the authors 
demonstrated excellent clinical outcomes, 
reduced incidence of recurrent instability, and 
low rates of graft resorption [56]. The Rowe 
score, a validated clinical assessment of shoulder 
instability, improved by 57.5 points, with a mean 
final score of 90.6 points. One hundred percent of 
shoulders achieved bony integration of the graft 
at 44.5  months of follow-up without signs of 
graft resorption. Only 7.1% of shoulders had 
recurrence of glenohumeral instability. More 
than 90% of patients experienced pain improve-
ment or complete resolution, and 93% percent of 
patients were satisfied with the outcome of their 
surgery. In a case report of a 25-year-old former 
multisport athlete who had failed extensive non-
operative management of a large glenoid defect, 
Camp et al. reported significant improvements in 
the subjective shoulder value score, from 40 to 
99%, QuickDASH score, from 36 to 2, and the 
ASES score, from 46 to 92, following osteochon-
dral allograft transplantation using a medial tibial 
plateau allograft at 1-year follow-up [57]. 
Moreover, radiographs obtained at 3 months and 
MRI obtained at 6 months postoperatively dem-
onstrated articular surface congruity restoration 
and graft incorporation into surrounding sub-
chondral bone. Thus, osteochondral allograft 
transplantation proves to be a viable option in the 
management of glenoid bone loss and focal 
osteochondral lesions, but there remains a need 
for long-term outcome data to support its efficacy 
and widespread adoption.

Combinations of these techniques have been 
employed to treat bipolar osteochondral lesions 
of the glenohumeral joint with varying success 
(Fig.  8.1). In a care series by Familiari et  al., 
osteochondral glenoid allograft combined with 
humeral head hemiarthroplasty resulted in three 
early failures and only one satisfactory clinical 
outcome; however, their sole success was associ-
ated with severe glenoid erosion [58]. Giannini 
et  al. introduced the technique of bipolar fresh 
osteochondral allograft of the shoulder in a case 
report [59]. At 30  months of follow-up, the 

patient had full, painless range of motion and was 
asymptomatic. The Constant score increased 
from 40 to 78, the DASH disability/symptom 
score decreased from 64 to 10, and the DASH 
work module score decreased from 94 to 0. At 
5 months, graft integration was evident on radio-
graphs; however, partial resorption with some 
degenerative changes was evident at final follow-
 up. Interestingly, immunohistochemical analysis 
demonstrated viable cartilage with high type II 
collagen expression at 19 months. In a follow-up 
case series, Giannini et  al. again demonstrated 
patients having full, painless range of motion and 
being asymptomatic at final follow-up of 
34 months [59]. All transplanted allografts dem-
onstrated signs of integration on CT at 4 months 
postoperatively, and all shoulders demonstrated a 
congruent cartilage layer at 6 months postopera-
tively. Provencher et al. reported a case of distal 
tibial allograft reconstruction of the glenoid with 
humeral head allograft reconstruction of the 
humerus following postsurgical glenohumeral 
anchor arthropathy [60]. At 16 months of follow-
 up, the patient had symptomatic resolution, 
excellent range of motion, full strength, and high 
satisfaction with his clinical outcome.

Limitations in tissue access and logistics have 
constrained the widespread application of osteo-
chondral allograft transplantation. Under the 
American Association of Tissue Banks guide-
lines, osteochondral allograft tissue undergoes 
thorough microbiologic and serologic testing in a 
14-day screening period [61]. Because chondro-
cyte viability drops precipitously after 28 days, 
only approximately 2 weeks remains to allow for 
donor and recipient matching and transplantation 
[62]. Innovations in logistics and biologics are 
being investigated in an effort to improve allograft 
storage and preserve chondrocyte viability to 
allow for greater accessibility and widespread 
use of this technique [63].

Focal articular cartilage lesions of the gleno-
humeral joint remain a challenging pathology. It 
is imperative to obtain a thorough workup of the 
patient, including lesion grade, lesion size, 
patient activity level, and severity of symptoms to 
develop a treatment plan. Although most studies 
in the literature have demonstrated favorable 

8 Fresh Osteochondral Allograft Transplantation in the Shoulder



66

Fig. 8.1 34-year-old male warehouse worker fell off a lad-
der 12 years prior to presentation. He has had over 15 redis-
locations. He presented with pain and instability without 
locking or catching. He had full range of motion and strength 
and no ligamentous laxity, with positive apprehension and 
relocation signs. (a) AP and (b) lateral radiographs. (c) 
Arthroscopy demonstrating significant glenoid bone loss 
anteriorly and grade IV chondromalacia in the central 
humeral head. (d) A lateral femoral condyle and distal tibial 

allograft were used to restore the humeral head and glenoid, 
respectively. (e) Humeral head after two osteochondral 
allograft plugs is inserted in a “Mastercard” technique; (f) 
side view of the grafts demonstrating restoration of the radius 
of curvature; (g) 6-month and (h) 5-year postoperative CT 
scan of the glenoid demonstrating anatomic reconstruction 
on anterior glenoid and graft incorporation. (i) 5-year clinical 
follow-up demonstrating patient with full range of motion, 
being stable, and without pain or limitations

a b

c d

e

f
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Fig. 8.1 (continued)

results, the evidence available for the use of 
osteochondral allograft transplantation is low. 
Decision-making about operative management of 
these lesions should be tailored to the individual 
patient as long-term data and high-quality ran-

domized trials are undertaken to better define the 
efficacy, indications, and comparative nature of 
this procedure in relation to other available treat-
ment modalities.
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9Autologous Cartilage Implantation 
(ACI) for Lesions on the Glenoid 
and Humerus

Daniel P. Berthold and Andreas B. Imhoff

9.1  Introduction

Focal cartilage defects in the glenohumeral joint 
remain challenging in both diagnostic and thera-
peutic management, especially in the young and 
active patients. In contrast to the knee, ankle, or 
hip joint, symptomatic focal cartilage lesions in 
the shoulder joint seem to be an under- investigated 
entity but relatively common [1]. When scanning 
current literature, the incidence of cartilage 
defects has been reported to be as high as 13–17% 
in patients with rotator cuff tears and overhead 
throwing athletes [2, 3]. Moreover, Guntern et al. 
reported in 2003 that 29% of patients undergoing 
arthroscopy for subacromial impingement had 
humeral cartilage lesions [4], while glenoid carti-
lage lesions were present in 15% of the cases. 
Interestingly, patients with cartilage defects in 
either glenoid or humerus present with a vast 
variety of symptoms including constant deep 
shoulder pain or sharp pain, crepitation, or gener-
alized achiness during activity [5–8]. However, 
from our clinical practice, there are also a consid-
erable number of patients who remain asymp-
tomatic and do not require conservative or 
operative treatment. The etiology of focal carti-

lage defects often includes trauma (especially 
shoulder dislocations), previous surgery, osteo-
chondritis dissecans, progressive shoulder insta-
bility, rotator cuff injuries, avascular necrosis, 
and others such as inflammatory arthritis [2].

When conservative treatment fails, current lit-
erature reports on a variety of surgical options 
including joint-preserving interventions and 
prosthetic joint replacement [2, 9, 10]. This chap-
ter is focusing on joint-preserving options for 
patients, who are deemed too young for more 
invasive joint replacement, including autologous 
chondrocyte implantation (ACI). Other minimal- 
invasive procedures, such as micro fracturing, 
osteochondral autograft transfer (OAT), and 
osteochondral allograft (OCA) transplantation, 
have been discussed in previous chapters.

9.2  Autologous Chondrocyte 
Implantation

9.2.1  Indications

As adult hyaline cartilage has poor capacity for 
intrinsic healing, efforts have been made to aug-
ment cartilage repair and regeneration in order to 
help the intrinsic capacity for hyaline cartilage 
restoration [9]. While smaller symptomatic carti-
lage defects are reserved for bone marrow stimu-
lation techniques such as micro fracturing or 
subchondral drilling [10], autologous  chondrocyte 
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implantation may be a viable option for larger 
defects. To date, ACI, a cell-based therapy, has 
been mainly used in the knee or ankle, where it 
represents a safe two-step minimal-invasive pro-
cedure with good long-term outcomes. However, 
its use in the shoulder joint has been limited to a 
few small investigations. Consequently, consid-
ering the lack of evidence for ACI in the shoulder 
joint, the criteria used in knee surgery, whereas 
ACI is indicated for full- thickness cartilage 
defects with intact subchondral bone (2–3 cm2), 
may be directly translated to shoulder surgery 
[5]. Identifying the exact cause of shoulder pain 
in patients with both cartilage lesions and rotator 
cuff tears, long head of the bicep’s lesions or dis-
ruptions of the labrum remain highly challeng-
ing, even for experienced shoulder surgeons. 
Consequently, we feel that concomitant shoulder 
pathologies should be addressed first, and small 
cartilage defects (<2  cm2) are best treated with 
one-step bone marrow stimulation techniques or 
debridement. If isolated symptomatic large carti-
lage defects (>2 cm2) are present, ACI as a two-
step procedure may be considered [5]. Similarly, 
when concomitant injuries are present, especially 
an unstable shoulder where Ruckstuhl et  al. 
showed a 57% incidence of glenoid cartilage 
lesions [11], these injuries should be treated first. 
If the cartilage defect is deemed symptomatic, 
ACI may be a viable option to prevent worsening 
of the cartilage damage and progression of 
osteoarthritis.

9.2.2  Patient-Reported Outcomes

A recent systematic review from Fiegen et  al. 
revealed that between January 1996 and 
November 2018, only one study reported on ACI 
in five patients with focal cartilage defects in the 
glenohumeral joint [2]. Since then, only one 
other study was published in 2020. Recently, 
Boehm et  al. reported on seven patients, who 
were treated for a focal cartilage defect of the 
humeral head with a mean follow-up of 2.7 years 
[12]. Although significant improvements were 
noted in subjective shoulder value (SSV) scores, 

this study remains limited for its small sample 
size. Interestingly, four out of five patients had to 
undergo second-look arthroscopy, where no 
relapse of focal chondral defect was noted. 
Similarly, in 2013, Buchmann et al. reported on 
four male patients (range 21–36  years), who 
underwent ACI for focal cartilage defects on the 
humeral head (n = 3) and the glenoid (n = 1) [5]. 
Of interest, the Magnetic Resonance Observation 
of Cartilage Repair Tissue (MOCART) score was 
indicative of satisfactory defect coverage show-
ing signs of fibrocartilaginous repair tissue. 
Similarly, at final follow-up (mean 
41.3  ±  24.9  months), the mean visual analog 
scale (VAS) score was 0.3, the mean unweighted 
Constant score was 83.3  ±  9.9, and the mean 
American Shoulder and Elbow Surgeons index 
was 95.3 ± 8.1, showing that patients undergoing 
ACI for chondral defects can expect satisfactory 
clinical outcomes.

9.2.3  Complications

When it comes to complications, none of the 
studies reported direct intraoperative or compli-
cation to the cartilage repair itself [5, 12]. 
However, as ACI is a two-step procedure requir-
ing an open approach, subscapularis insufficiency 
may occur. Consequently, careful detachment 
and stable insertion should be performed [5]. 
Also, patients need to be informed that ACI may 
fail and osteoarthritis progression occurs. 
However, in our hands, in the young and active 
patient, joint-preserving interventions should be 
favored over prosthetic replacement. Besides, 
even if ACI fails, it does not destroy the path for 
future interventions.

9.2.4  Technique

In summary, the procedure is performed in the 
beach chair position under general anesthesia. 
Before ACIs, diagnostic arthroscopy is performed 
and the cartilage defect is debrided. Care should 
be taken to not open the subchondral layer. 
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Cartilage biopsy can be either performed from 
macroscopic healthy cartilage at the border of the 
defect or at the anterosuperior humeral head 
close to the cartilage-bone transition zone [5]. 
Then, the probe is sent for cellular proliferation 
at a specialized facility. After 3–6 weeks of cel-
lular proliferation, the second operation is per-
formed through a standard deltopectoral approach 
with detachment of the subscapularis. Again, the 
lesion is debrided to its base using a ringed 
curette without opening the subchondral bone 
plate. This step is of importance to gain stable 
90° walls perpendicular to its base. The defect is 
measured and transferred to the type I/III 
collagen- based membrane to be sized accord-
ingly. The membrane is undergoing cell seeding 
intraoperatively, while a minimum density of 106 
cells/cm2 is reached. After 10 min of incubation, 
the chondrocyte membrane is now transferred 
into the defect, while circumferential no 6.0 
absorbable sutures are placed adjacent to the 
articular cartilage. Fibrin glue can be used to 
achieve supplemental fixation. Finally, the cap-
sule is closed, while the subscapularis tendon is 
refixed to the lesser tuberosity using transosseous 
sutures.

9.2.5  Rehabilitation

Starting from the first postoperative day, passive 
mobilization of the shoulder can be performed, 
while flexion and abduction are limited to 90° for 
6 weeks. Consequently, a shoulder brace is used 
for 6 weeks. Active exercise is allowed starting 
from the seventh week, while return to sports is 
allowed after 6 weeks.

9.3  Conclusion

Focal cartilage defects in the glenohumeral joint 
remain challenging in both diagnostic and thera-
peutic management, especially in the young and 
active patients. As the incidence of cartilage 
defects in the shoulder joint is high, joint- 
preserving approaches such as ACI should be 

considered, as satisfactory outcomes and a fibro-
cartilaginous repair tissue can be expected. 
However, ACI is a two-step procedure requiring 
an open approach with detachment of an intact 
subscapularis tendon. As such, meticulous refix-
ation of the subscapularis has to be performed to 
avoid subscapularis insufficiency in the young 
and active patient. Future investigations should 
be focused on long-term outcomes and minimal- 
invasive procedures.
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10Shoulder Arthritis After Bankart 
Repair. Dislocation, Trauma, 
Anchors, or Stiffness?

Guillermo Arce, Marcos Deimundo, 
and Pablo Adelino Narbona

10.1  Background

In treating patients with shoulder instability, the 
main objective of the surgical treatment is to 
recover joint stability and allow the patients to 
return to active life and sports without disloca-
tions or subluxations. Most of the literature 
focuses on the dislocation recurrence rate as the 
primary treatment end goal [1–6].

Regarding the techniques to achieve these 
goals, there are “anatomic repairs” such as 
labrum repair, arthroscopic Bankart repair 
(ABR), and others called “not anatomic,” like 
bone blocks or the Latarjet procedure. The gen-
eral thought is that the “anatomic repairs” such as 
ABR produce less or no shoulder arthritis and the 
bone blocks, including the Latarjet, generate 
more joint deterioration [7–11].

However, after a relatively long follow-up, 
shoulder osteoarthritis (OA) is common in 
patients suffering shoulder instability with or 
without surgical treatment. This is a devastating 
complication in young or middle-aged patients 
[12–14].

This situation is also a significant challenge 
for the attending physicians. They usually face 

many dilemmas. What is the reason for these 
degenerative changes in this young patient? How 
has this happened? What can I do to improve the 
patient’s symptoms? Is there any way to prevent 
this joint deterioration?

This chapter aims to (1) review the possible 
causes or risk factors of shoulder osteoarthritis in 
the unstable shoulder, (2) evaluate the role of the 
arthroscopic Bankart repair (ABR) in this prob-
lem, and (3), after reaching a global consensus 
among the members of the ISAKOS Shoulder 
Committee, suggest guidelines or best practices 
to decrease the incidence of this severe 
complication.

10.2  The Unstable Shoulder 
and Arthritis

The relationship between shoulder instability and 
joint deterioration is well established. When the 
first-time dislocation results from high-energy 
trauma, such as in collision sports, the impact 
produces labrum avulsions with glenoid frag-
ments and a posterior impaction fracture at the 
humeral head. These lesions, called bony Bankart 
and Hill-Sachs, respectively, are approached with 
different surgical techniques, but the associated 
articular cartilage damage is seldom evaluated 
[15, 16].

Multiple dislocation episodes produce consid-
erable damage to the glenoid and humeral articu-

G. Arce (*) · M. Deimundo 
Instituto Argentino de Diagnóstico y Tratamiento 
(IADT), Buenos Aires, Argentina 

P. A. Narbona 
Sanatorio Allende, Córdoba, Argentina

© ISAKOS 2023 
A. D. Mazzocca et al. (eds.), Shoulder Arthritis across the Life Span, 
https://doi.org/10.1007/978-3-031-33298-2_10

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-33298-2_10&domain=pdf
https://doi.org/10.1007/978-3-031-33298-2_10


76

lar cartilage. The complete dislocations, 
subluxations, and abnormal biomechanics dete-
riorate the joint.

The “dislocation arthropathy” is defined as 
cartilage deterioration, joint narrowing, and 
osteophyte formation after symptomatic shoulder 
instability with or without shoulder stabilization 
procedures [17–23].

The cartilage wear and osteophyte growth 
decrease the range of motion, improving the joint 
stability, but pain and stiffness rapidly increase 
with time [24–26].

The classifications for shoulder arthritis help 
determine the grade of articular damage and 
define the options for surgical treatment. Most 
published data are based on the Samilson and 
Prieto classification [17, 27].

Regarding the natural history of dislocation 
arthropathy without surgical treatment, Hovelius 
et  al. reported an incidence of 29% mild, 9% 
moderate, and 17% severe (56% in total) after 
25 years of follow-up of patients with at least one 
dislocation [18–21].

Novakofski et al. recently reported a group of 
254 patients (73% male) followed for at least 
10  years (mean follow-up of 17  years) due to 
symptomatic instability and dislocations. Fifty- 
eight percent of the patients have pain, and 12.2% 
have OA with symptoms [23].

The published findings of OA in patients suf-
fering shoulder instability without surgical treat-
ment are summarized in Table 10.1.

Briefing the published data, around 50% of 
the patients with symptomatic shoulder instabil-
ity without any surgical treatment may suffer 
pain, and 30% have some degree of shoulder 
arthritis in the long term.

10.3  Shoulder Arthritis After 
Arthroscopic Bankart Repair

Facing symptomatic shoulder instability with 
multiple dislocation episodes, the patient is 
already at risk of developing arthritis. After 
undergoing an ABR, they can expect a good 
result regarding the recurrences. Still, the carti-
lage deterioration and osteoarthritis changes will 
continue after surgery and may worsen in many 
cases [24, 28].

The incidence of OA after ABR is summa-
rized in Table 10.2.

Reviewing the data in Tables 10.1 and 10.2, it 
seems that (1) many of the patients already have 
mild or moderate OA before the ABR, (2) the OA 
appears or becomes worse after the ABR and an 
extended follow-up, and (3) it is difficult to define 
if the high postoperative OA grade is triggered by 
the operation or just a consequence of the previ-
ous instability and a long sequel.

Table 10.1 Reported data about osteoarthritis after 
shoulder instability with conservative treatment without 
surgery [18–21, 23, 24]

Author
OA without 
surgery

Follow-up in 
years

Hovelius L et al.
JBJS 1996

Mild 11%
Moderate 9%
Total: 20%

10

Hovelius L et al.
J Shoulder Elb Surg 
2009

39% 25

Novakofski K
J Shoulder Elb Surg 
2020

58% pain
12.2% OA

17

Kruckeberg B
OJSM 2020

17% OA 15.2
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Table 10.2 Reported data about osteoarthritis after arthroscopic Bankart repair (ABR) [1–3, 27–35]

Authors
OA before 
surgery

OA after
surgery Procedure

Mean follow-up: 
years

Buscayret F et al.
AJSM 2004

9.2% 19.7% ABR 6.5

Franceschi F et al. AJSM 2011 4% mild
14% moderate
4% severe
Total: 22%

ABR 8

Larsen Van Gastel M et al. KSSTA 
2019

9.8% 49% mild
7.3% moderate
3.6% severe
Total: 60%

ABR 13.1

Plath J et al. AJSM 2015 41% mild
16% moderate
12% severe
Total: 69%

ABR 13

Castagna A et al. AJSM 2010 29% mild
10% moderate
Total: 39%

ABR 10.9

Murphy A et al. JSES 2019 35.4% mild
8.8% moderate
1.7% severe
Total: 59.4%

ABR 10

Privitera D et al.
AJSM 2012

20% mild
25% moderate
15% severe
Total: 60%

ABR 13.5

Aboalata M et al. AJSM 2016 12% ABR 13
Elmlund et al. KSSTA 2012 24% mild

18% moderate
ABR 7.9

Zaffagnini S et al. KSSTA 2012 37% ABR 14.7
Kruckeberg B et al.
OJSM 2020

28% ABR 15.2

Rosenberg B et al.
AJSM 1995

42% mild
9% moderate
3% severe
54% total

BR 15

Ono Y et al.
JSES 2019

36.8% moderate to 
severe

ABR 10

The dislocation episodes may produce a criti-
cal glenoid bone loss. Also, in other cases, the 
bone loss appears after many subluxation epi-
sodes as attritional bone loss. In any of these set-
tings, when the glenoid bone loss is over 13.5%, 
most surgeons prefer to indicate a bony recon-
struction procedure like an allograft, an autograft 
bone block, or the Latarjet technique. These bone 
blocks may also produce OA in the long term [7, 
9–11].

10.4  Contributing Risk Factors 
to Develop Osteoarthritis 
After ABR

During the ABR, there are some operative factors 
that, even though they increase stability and 
decrease the recurrence rate, may have the nega-
tive connotation of producing arthritis. These fac-
tors are anchors, knots, and postoperative 
stiffness. Other risk factors contributing to devel-
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oping OA are older age at the first episode, 
 glenoid rim fractures, and the number of preop-
erative dislocations [27, 36].

The risk factors for developing osteoarthritis 
after ABR are briefed in Table 10.3.

To recover the labrum bumper effect, some 
authors recommended placing the anchors on the 
glenoid face about 2 mm from the glenoid edge. 
Even though this location may positively impact 
stability, avoiding medial labrum healing at the 
glenoid neck could negatively affect the articular 
cartilage. Hirose T. et  al. recently reported less 
glenoid rim erosion locating the anchors at the 
glenoid rim [37].

The number and location of anchors and knots 
seem critical to preserving or damaging the artic-
ular cartilage. The anchor eyelet below the 
 cartilage level but out of the bone produces a dev-
astating joint deterioration [32]. A thorough eval-

uation of the anchors’ positions is essential for all 
the patients reporting pain after ABR (Fig. 10.1).

Nonabsorbable sutures and big knots are other 
frequent findings in shoulders with arthritis after 
ABR. These knots scuff the cartilage during the 
shoulder motion and contribute to OA develop-
ment (Fig. 10.2).

Another risk factor for developing OA is 
shoulder stiffness. The so-called anatomic repairs 
reduce the labrum to its original native location to 
regain shoulder stability. However, they can par-
tially restrict the range of motion for at least a 
few months after the index procedure.

The plastic elongation of the capsule due to 
dislocation episodes or the patient’s primary lax-
ity is also challenging to quantify. The surgeon 
must repair the labrum to treat these unstable 
shoulders and tighten or plicate the capsule in 
different amounts. This reduction of the capsular 
volume has been described as one of the keys to a 
successful treatment but may produce biome-
chanical changes and overloading of the joint. 
The increase of the contact shearing forces on the 
cartilage generates arthritis [13, 14].

The humeral head has an average of 30 degrees 
of retroversion. After surgery and postoperative 
rehabilitation, any patient who doesn’t recover at 
least 30 degrees of external rotation cannot center 
their humeral head at the glenoid. This stiffness 

a b c

Fig. 10.1 Advanced osteoarthritis 9  years after 
arthroscopic Bankart repair. Right shoulder. Imaging eval-
uation of degenerative changes and anchors’ placement. 
(a) Regular X-ray. The anchors’ placement looks ade-

quate. (b) A closer look at the X-ray suggests one of the 
anchors may have the eyelet out of the bone. (c) The CT 
scan confirms that the anchor eyelet is below the cartilage 
but out of the bone

Table 10.3 Risk and contributing factors to develop 
osteoarthritis after ABR [27, 36]

Risk factors in developing shoulder arthritis after 
ABR
1. Osseous glenoid rim lesions
2. Older age at the first episode, >23 years old
3. The number of dislocations. Delayed surgery
4. The number of anchors and knots
5. Postoperative decrease in external rotation

G. Arce et al.
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a b

Fig. 10.2 Arthroscopic findings at second-look arthroscopies after Bankart repair. (a) Nonabsorbable sutures and big 
knots producing cartilage damage. (b) Anchor eyelet out of the bone leads to devastating joint deterioration

after ABR for anterior shoulder instability pro-
duces a posterior translation of the center of rota-
tion and secondary articular damage [27, 29].

The “remplissage” is indicated to treat the 
humeral bone defect. This French term means 
“filling.” A part of the posterior capsule and the 
infraspinatus tendon is introduced into the poste-
rior humeral head bone defect (Hill-Sachs lesion) 
to prevent engaging and dislocations. This proce-
dure is commonly used to enhance shoulder sta-
bility during an ABR but also changes shoulder 
biomechanics and can reduce the range of 
motion-producing OA [38, 39].

10.5  What Can Prevent OA After 
Arthroscopic Bankart Repair 
(ABR)?

Patients complaining about pain and stiffness 
more than 3 months after ABR should be deeply 
evaluated. Good-quality X-rays, 2-D or 3-D CT 
scans, and an MRI should be obtained to recog-
nize the origin of the pain and the loss of external 
rotation. The anchors’ placement should be 
determined when osteoarthritis changes appear 
early after the index procedure.

Six months after the ABR, the patients should 
be asymptomatic. If pain and stiffness persist, a 
second-look arthroscopy is warranted to rule out 
intra-articular problems that can damage the car-
tilage. In this setting, all causes of pain and stiff-
ness are checked. Any anchor at the articular 
cartilage and knots contacting the joint surfaces 
must be removed.

In situations where the external rotation loss is 
critical, a conservative capsular release can be 
done by pie-crusting the capsule to increase the 
range of motion without compromising the previ-
ous labrum repair [36].

The comprehensive arthroscopic management 
(CAM) procedure described by Mook and Millet 
et al. is indicated in patients with mild to moder-
ate OA changes (Samilson and Prieto grades A to 
C) with more than 2 mm joint space and an infe-
rior osteophyte at the humeral head [40].

A joint debridement, loose body removal, 
long head of the biceps tenotomy or tenodesis, 
capsular releases, chondroplasty, and osteophyte 
removal are performed. After surgery, a complete 
rehabilitation program is recommended to 
increase the range of motion, strength, and scap-
ula control (Figs. 10.3 and 10.4).
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a b c

Fig. 10.4 Images of shoulder arthritis after Bankart 
repair. (a) Preoperative AP X-ray showing a grade III 
humeral osteophyte. (b) Tridimensional CT scan. Anchors 

at the glenoid face produce joint deterioration. (c) 
Postoperative AP X-ray after CAM procedure demon-
strates adequate humeral bone spur resection

Table 10.4 Five best practices to prevent osteoarthritis 
after ABR

1 Decrease the number of preoperative dislocations
2 Place the anchors at the glenoid rim—anchors’ 

eyelets inside the bone—knots and sutures at the 
capsule side, not near the cartilage

3 Tailored capsular plication to avoid postoperative 
stiffness

4 All patients with pain or decreased external rotation 
after ABR warrant detailed X-rays, CT scans, and 
MRI evaluations

5 Patients with pain and stiffness 6 months after ABR 
justify a second-look arthroscopy to prevent 
cartilage damage by anchors or knots

a b c

Fig. 10.3 Right shoulder. Comprehensive arthroscopic 
management. Arthroscopic views from the posterior por-
tal. (a) Inferior humeral osteophyte before resection. (b) 

Osteophyte resection with burr from the posterior- inferior 
portal. (c) Final arthroscopic control after adequate osteo-
phyte removal

10.6  Final Thoughts

The ISAKOS Shoulder Committee, during its 
Consensus Meeting in Madrid, extensively dis-
cussed the reported causes of OA after ABR. After 
reviewing the published data, the level V experts’ 
experience was added to consent about the best 
practices to prevent OA after ABR.  These sug-
gestions are summarized in Table 10.4.

The progression of osteoarticular damage and 
osteoarthritis before and after arthroscopic 
Bankart repair is a devastating complication and 
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could be worse than the recurrence of disloca-
tions. The surgeons must be aware of these con-
cepts to explain the problem to the patients and 
their families before the operation. Then, perform 
the best technique to avoid instability without 
increasing the degenerative changes.

From the ISAKOS Shoulder Committee, we 
hope this chapter will help the readers to be aware 
of these critical complications and improve their 
decision-making and techniques to achieve better 
long-term results for patients suffering from 
shoulder instability.
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11Resurfacing of the Humeral Head

Daniel P. Berthold, Paulo J. Llinas-Hernandez, 
and Andreas B. Imhoff

11.1  Partial Humeral Head 
Resurfacing

11.1.1  Introduction

Large full-thickness cartilage defects of the prox-
imal humeral are known to be a cause for severe 
shoulder pain, mostly in patients of younger age. 
The early diagnosis of cartilage defect remains 
challenging, mainly as they are often overseen in 
primary diagnostic and detected delayed during 
shoulder arthroscopy. Consequently, shoulder 
surgeons have to decide whether to neglect these 
injuries or if cartilage restoration procedures are 
indicated. If conservative or prior joint preserv-
ing treatment fails, resurfacing of the humeral 
head may be seen as a treatment option to restore 
full shoulder function and relieve pain. To date, 
the two most commonly used implants are the 
Partial Eclipse implant (Arthrex, Naples, FL, 
USA) and the HemiCAP implant (Arthrosurface, 
Franklin, MA, USA) [1]. Historically, the 
Arthrosurface prosthesis is implanted in an open 

fashion, whereas the Eclipse implant was 
designed to be implanted via a minimal-invasive 
procedure. However, both implants are similar in 
design, and both provide inlay resurfacing [1]. 
The advantage of the minimal-invasive procedure 
is full preservation of the subscapularis tendon 
and the possibility of early postoperative mobili-
zation, while positioning of the implant requires 
a high learning curve. Besides, reduced visual-
ization and preparation of the cartilage defect can 
also be challenging, while peripheral defects of 
the humerus are seen as a contraindication for all- 
arthroscopic procedures.

When compared to total arthroplasty, in par-
tial resurfacing, the glenoid is not affected intra-
operatively; as such, all revision options on the 
glenoid side remain available during revision sur-
gery. Consequently, partial resurfacing of the 
humeral head should be reserved for younger 
patients, who may have a higher probability to 
undergo future revision procedures. Besides, 
humeral head resurfacing may better preserve the 
native biomechanics, maintaining a more ana-
tomic center of rotation, with less eccentric load-
ing of the glenoid [2, 3].

As described below, partial resurfacing of the 
humeral head should be reserved for full- 
thickness focal cartilage defects, while more dif-
fuse chondral lesions or osteoarthritis should be 
reserved for anatomic total shoulder arthroplasty 
[1, 4, 5].
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11.1.1.1  Indications
Historically, the true indication for partial 
humeral head resurfacing included osteoarticu-
lar pathology, especially in younger patients 
who showed a preserved rotator cuff or were 
deemed too young for total shoulder arthroplasty 
or hemiarthroplasty. However, as limited data is 
available for joint preserving approaches in 
patients with large cartilage defects, partial 
humeral head resurfacing has emerged as a 
potential surgical solution in this challenging 
patient cohort. Advantages of this technique 
include preservation of the remaining healthy 
cartilage and bone stock, which may be benefi-
cial, if revision surgery requiring total shoulder 
arthroplasty is needed. Besides, native biome-
chanics including neck-shaft angle, humeral off-
set, and center of rotation are maintained [6]. By 
maintaining the humeral offset and the radius of 
curvature, shoulder range of motion can be 
maintained. Interestingly, small changes in ROC 
were shown to change shoulder ROM signifi-
cantly. This can be noted in current literature, 
whereas several authors reported improvements 
in ROM after partial resurfacing, even in exter-
nal rotation [7, 8].

Indications for partial resurfacing include 
large focal humeral head defects in young and/or 
active patients, mostly resulting from avascular 
necrosis, trauma, instability, or idiopathic chon-
drolysis [9]. Moreover, patients with large, 
mostly engaging Hill-Sachs lesions may benefit 
from partial resurfacing to prevent further engag-
ing or progression of osteoarthritis [10, 11].

11.1.1.2  Outcomes
In current literature, only a few studies are report-
ing patient-reported outcomes of partial humeral 
head resurfacing in patients with focal cartilage 
defects, while most of the studies report on 
patients with the open HemiCAP implant, and 
only one study dealt with the arthroscopic Partial 
Eclipse implant [12]. Bessette et al. reported on 
16 patients (mean age 32.3 years) who underwent 
HemiCAP partial resurfacing for Hill-Sachs 
defects [10]. Thirteen patients (81%) returned to 
the preinjury activity level, while one patient had 
postoperative stiffness, and another patient had a 

sensation of instability, which did not require fur-
ther intervention. Similarly, in 2015, Sweet et al. 
reported on 19 patients (mean age: 48.9  years) 
undergoing HemiCAP for AVN (n = 4) or osteo-
arthritis (n = 16) [8]. All patient reported satisfac-
tory outcomes including mean American 
Shoulder and Elbow Surgeons (ASES) score, 
simple shoulder test (SST) score, and visual ana-
log scale (VAS) score as well as improvements in 
forward flexion (from 100° to 129°) and external 
rotation (from 23° to 43°). Of interest, there was 
no radiographic evidence for periprosthetic frac-
ture, component loosening, or failure. Similarly, 
Uribe et  al. prospectively reported 12 patients 
with HemiCAP for advanced stage AVN with a 
mean age of 56 years [11]. Overall, forward flex-
ion improved significantly from 94° to 142°, 
while Constant score also improved from 23 to 
60. Recently, Holschen et al. reported mid-term 
results on 18 patients with focal Outerbridge 
grade IV cartilage defects of the proximal 
humerus and subsequent partial resurfacing of 
the humeral head [1]. Of those, 13 patients were 
treated with a partial humeral head prosthesis in 
an open technique, while 5 patients received a 
partial humeral head prosthesis in an arthroscopic 
technique. At mean follow-up, the mean Constant 
score rated 79.5 and the mean ASES score 85.5 
points, while the mean VAS score was low with 
0.7 points. When compared between the groups, 
the open groups had slightly lower scores (CS 
75.3; ASES 83) than the arthroscopic group (CS 
88.8 and ASES 92.6). Only one patient was con-
verted to total shoulder arthroplasty due to pro-
gressive glenohumeral osteoarthritis, while 50% 
of the patients showed progressive glenohumeral 
osteoarthritis. However, according to the authors, 
this radiographic observation does not affect the 
clinical outcomes.

11.1.1.3  Complications
Only a few studies reported on complications fol-
lowing resurfacing of the humerus. However, no 
implant-related complications such as aseptic 
loosening, infection, and incorrect implant place-
ment were reported, indicating that partial resur-
facing is a safe procedure. Overall, when 
compared to conventional shoulder arthroplasty, 
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revision rates and periprosthetic fractures are low 
[9], but osteoarthritis progression may not be 
delayed. The Australian National Joint 
Replacement Registry reported a revision rate of 
only 0.6 per 100 observed implant-years. As 
stated by Holschen et  al. [1], careful patient 
selection is mandatory for successful outcomes, 
as patients with signs of general osteoarthritis on 
standardized radiographs should not be indicated 
for this procedure. Otherwise, concomitant 
pathology or prior surgery has been associated 
with worse clinical outcomes and higher revision 
rates [4].

11.1.1.4  Surgical Technique
Surgery starts with the patient in beach chair 
position and diagnostic shoulder arthroscopy via 
a standard posterior portal. Exact localization and 
size of the defect as well as any concomitant inju-
ries are detected.

Partial Eclipse Implant
If the focal cartilage defect is located centrally, 
the Partial Eclipse implant is indicated via all- 
arthroscopic approach. First, the defect is 
debrided using a shaver. Consequently, a drill 
guide is inserted to determine the size of the focal 
cartilage defect, which should not widely exceed 
25 mm. A 2.4 mm guide pin is drilled through the 
drill guide from the lateral proximal humerus 
into the joint. Subsequently, after removing the 
drill guide, the guide pin is now over-drilled 
using a 4 mm cannulated drill. A guide sleeve is 
inserted through the transhumeral canal, while 
the guide pin is exchanged to a retro pin. This pin 
is then connected to a reamer, which is intro-
duced to the joint via anterior portal. 
Consequently, retrograde reaming of the carti-
lage defect is performed to prepare the bed for 
the implant. Then, the retro pin is removed and a 
cannulated screwdriver is inserted into the guide 
sleeve. The Eclipse implant is inserted into the 
joint using a nonabsorbable suture. If the implant 
is now placed correctly, the implant is fixed using 
a screw at the humeral head (Figs. 11.1, 11.2, and 

11.3). Surgery ends with consecutive wound 
closure.

HemiCAP Implant
If the focal cartilage defect is located eccentri-
cally, an open approach using the HemiCAP 
implant may be indicated. To do so, a standard 
deltopectoral approach is used with detachment 
of the subscapularis tendon. The humeral head is 
now dislocated and the cartilage defect debrided 
using a curette. The defect is measured and a pin 
is inserted through a drill guide into the center of 
the cartilage lesion. The pin is over-drilled using 
a cannulated drill, while a tap is inserted to pre-
pare the thread for the taper post. Consequently, 
the taper post is introduced and the guide pin can 
be removed. The next step is of importance: to 
determine the implant’s size and its convexity, a 
contact probe is used by measuring offsets at four 
different points. Subsequently, reaming is per-
formed by placing it over the guide pin to prepare 
the bed. A trial component is inserted to confirm 
the correct form and the correct depth of the 
implant. If the healthy cartilage surface is 
matched, the definitive articular surface implant 
is introduced into the taper post. Surgery ends 
with a reconstruction of the subscapularis tendon 
with nonabsorbable sutures and consecutive 
wound closure.

Fig. 11.1 Anteroposterior view of an Eclipse implant in 
a patient with a large, focal cartilage defect of the humeral 
head
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Fig. 11.2 Y-view or transscapular view of an Eclipse 
implant in a patient with a large, focal cartilage defect of 
the humeral head

Fig. 11.3 Axial view of an Eclipse implant in a patient 
with a large, focal cartilage defect of the humeral head

11.1.2  Rehabilitation

If an all-arthroscopic approach is used, physiother-
apy starts immediately after surgery with no restric-
tion in range of motion or resistance. An arm sling 
can be used but is not mandatory. When choosing 
the open approach, patients are placed in an abduc-
tion pillow for 3 weeks, with limited passive exter-
nal rotation and active internal rotation for 3 more 
weeks to protect the subscapularis tendon.

11.1.3  Conclusion

If conservative or prior joint preserving treatment 
fails, resurfacing of the humeral head may be 
seen as a treatment option to restore full shoulder 
function and relieve pain. Both implants, the 
Arthrosurface and the Eclipse implant, are  similar 
in design, and both provide inlay resurfacing. 
When compared to conventional total shoulder 
arthroplasty, humeral head resurfacing may bet-
ter preserve the native biomechanics, maintain-
ing a more anatomic center of rotation, with less 
eccentric loading of the glenoid. In current litera-
ture, only a few studies are reporting patient- 
reported outcomes of partial humeral head 
resurfacing in patients with focal cartilage 
defects, while most of the studies report on 
patients using the HemiCAP implant. However, 
good clinical outcomes, restoration of range of 
motion, and low revision rates can be expected.

11.2  Total Humeral Head 
Resurfacing

11.2.1  Introduction

Glenohumeral osteoarthritis in young and active 
patients does currently not have an ideal solution. 
Typically, this pathology occurs in older patients 
due to genetic causes or as a result of rotator cuff 
injuries. However, in the young and athletic pop-
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ulation, it mostly develops as a consequence of 
arthropathy due to instability, trauma, overuse, or 
avascular or postsurgical necrosis. Conservative 
treatment, consisting of modification in sports 
activity, physiotherapy, infiltrations, and anti- 
inflammatory medication, may often not be satis-
factory, generating an inability to return to sports 
and day-to-day activities. In this group of patients 
with high demands and expectations, arthroscopic 
surgery offers less invasive procedures which 
include debridement, chondroplasty, loose body 
removal, biceps tenodesis, axillary nerve neurol-
ysis, acromioplasty, capsular releases, osteophyte 
removal, and humeral osteoplasty gathered in the 
concept of comprehensive arthroscopic manage-
ment (CAM) described by Millet [13].

In cases of diffuse lesions, humeral head 
resurfacing (HHR) is an option to avoid the prob-
lems associated with the glenoid and humeral 
stems, which may come along with unacceptably 
high rates of early loosening in young patients. 
[14–17] At the 10-year follow-up, the failure rate 
of total shoulder arthroplasty (TSA) in young 
patients can reach up to 62.5% [18, 19].

HHR is designed to avoid humeral osteotomy, 
which leads to advantages when compared to tra-
ditional stems: bone stock savings by preserving 
the neck and >50% of the humeral head, neck- 
diaphyseal angle, version, inclination, center of 
original rotation and offset [20]. There is evi-
dence showing that humeral resurfacing does not 
alter any of these values and that anatomical res-
toration is seen as an important factor [14, 20–
24]. In theory, by not modifying the original 
anatomy of the proximal humerus, resurfacing 
revision surgery can be done with conventional 
replacements, which, in young patients, is a clear 
advantage in saving time in the scenario of pos-
sible failure.

The first resurfacing procedures on the humerus 
were done with implants originally developed for 
the hip in the 1970s. The radius of curvature was 
then modified to adapt them more precisely to the 
humeral head, cementing them in all cases and 
without any procedure on the glenoid [25]. 
Simultaneously, Copeland developed cementless 
resurfacing prostheses that had a central pin 
anchored to the proximal metaphysis and a screw 

fixated to the lateral cortex, combined with a poly-
ethylene glenoid component that was also secured 
with a pin [26]. Due to the high rate of early loos-
ening of these designs, it was modified using 
hydroxyapatite covers and the cortical fixation 
screw was removed [25]. Current components 
have pegs of various shapes, sizes, and lengths. 
Most are made of cobalt-chromium or titanium 
alloys, with a porous hydroxyapatite coating, 
uncemented and with “press-fit” fixation.

When scanning current literature, the gold 
standard for the management of advanced gleno-
humeral osteoarthritis remains anatomical 
TSA. However, young patients come along with 
a totally different scenario; consequently, TSA 
may not be an ideal solution for this challenging 
patient cohort, given the complications in the 
short and medium term: glenohumeral instability, 
periprosthetic fractures, loosening, and loss of 
bone stock. Logically, complications are found 
more frequent in younger patients with greater 
functional and sports demand. This is particularly 
true for glenoid cemented components in which 
the medium- and long-term loosening percentage 
is up to 39% [18]. In recent decades, resurfacing 
arthroplasty has subsequently become a popular 
alternative in young patients. In contrast to con-
ventional anatomical prostheses, which require 
resecting the entire humeral head and placing a 
humeral stem, proximal humeral resurfacing 
consists of scarifying the proximal portion of the 
humeral head and inserting a metal alloy cap over 
it. The theoretical advantage, in addition to those 
mentioned above, is to maintain the bone stock, 
making a revision surgery easier in case it is 
required in the future.

11.2.1.1  Indications
Humeral head resurfacing procedure is indicated 
for patients under 50 years of age with primary, 
postsurgical (Fig. 11.4), or post-traumatic osteo-
arthritis, extensive full-thickness focal lesions, 
and avascular necrosis of the humeral head. 
Another typical indication is patients with proxi-
mal metaphyseal deformities from trauma where 
a humeral stem is difficult or impossible to insert.

The sine qua non condition is not having an 
irreparable rotator cuff injury. In this regard, the 
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Fig. 11.4 Post-surgical glenohumeral osteoarthritis

integrity of the rotator cuff components should be 
carefully assessed with MRI. Particular attention 
must be paid to the integrity or reparability of the 
subscapularis tendon, since it plays a fundamental 
role in anterior stability and final mobility [27].

The CT scan allows to assess the congruence 
of the glenoid and its eccentric wear, which are 
risk factors in early failure for HHR. Additionally, 
the bone stock of the humerus must be at least 
60%, which is important to evaluate in avascular 
necrosis and large Hill-Sachs lesions [22].

11.2.2  Surgical Technique

Patients can be admitted the same day of surgery 
and discharged on an outpatient basis. A combi-
nation of first-generation cephalosporin and van-
comycin is administered 1 hour before surgery. 
General anesthesia plus interscalene block under 
ultrasound guidance is administered to all 
patients. The patient is placed on a surgical table 
in the supine position, with an auxiliary table to 
support the upper limb. A deltopectoral approach 
is used with preservation of the pectoralis major 
tendon and the circumflex brachial vessels. The 
subscapularis peel technique is done and repaired 
with nonabsorbable sutures for posterior reat-
tachment (Fig.  11.5a). Aggressive soft tissue 
releases of the subscapularis and the anterior and 

inferior aspects of the capsule are performed 
when necessary to improve tendon excursion. 
These include a 360° release of the subscapularis 
tendon (the coracohumeral ligament and the rota-
tor interval, the inferior and anterior aspects of 
the capsule, and any anterior subcoracoid adhe-
sions). Tenodesis of the long head of the biceps is 
done routinely in all patients to avoid postsurgi-
cal tenosynovitis. The biceps is repaired with 
nonabsorbable suture to the surrounding rotator 
cuff tissue at its entrance into the joint at the end 
of the procedure. The intra-articular portion of 
the biceps tendon is released from the superior 
aspect of the labrum and was excised. The 
humeral head is dislocated and fully exposed, 
removing all peripheral osteophytes. This step is 
particularly important to fully expose the ana-
tomical humeral neck and define the correct size 
of the implant. Head sizing is confirmed using 
the humeral head sizers (Fig. 11.5b). Marking the 
center of the humeral head is decisive since the 
final position depends on this. Landmarks are 
made on the upper, lower, and anterior borders 
with the electrocautery, and lines are drawn to 
intersect these marks (Fig. 11.5c). Once the cen-
ter of the humeral head is located, a pin is placed 
up to the lateral cortex, for greater fixation and to 
avoid migration in the cancellous bone, which 
serves as a guide to start the reamers (Fig. 11.5c). 
Using the humeral head gauge, the diameter and 
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Fig. 11.5 (a) Subscapularis peel (b) Humeral head (HH) 
sizers (c) Landmark to find the center of the HH (d) 
Reamed to regularize the HH (e) Perforation of the central 

peg (f) Head impactor tool to completely seat the implant 
with a mallet

thickness of the humeral head are confirmed. The 
plane of the head sizer rim is parallel with the 
plane of the anatomical neck of the native 
humerus. Once the appropriate size is chosen, the 
head is regularized with the corresponding 
reamer, until the metaphyseal bone is exposed 
(Fig. 11.5d). The redundant bone is preserved to 
put it in the final cup, favoring integration 
(Fig.  11.5e). Reaming should cease before the 
sharp-toothed edge of the reamer damages the 
insertion of the superior capsule. When the 
reamer gets to this point, don’t delve any further. 
The trial component is placed, ensuring coapta-
tion of the bone to the inferior surface. According 
to the brand of prosthesis used, a perforation of 
the central peg with the corresponding shape is 
made (Fig. 11.5e). Use the head impactor tool to 
completely seat the implant with a mallet, until 
complete bone-prosthesis contact is ensured 
(Fig. 11.5f). Reposition the head in the glenoid 
fossa and verify that the laxity of the shoulder is 
adequate. The subscapularis is reattached with 
nonabsorbable sutures. Closure of the deltopec-
toral interval is performed in a routine fashion. 
No drains are used.

11.2.3  Outcomes

The results of the HHR should be evaluated in 
terms of revision rates/time, loosening failures, 
glenoid erosion, humeral head elevation due to 
rotator cuff damage, and return to sports activi-
ties. In general, the failures should be much 
higher compared to traditional shoulder prosthe-
ses, since the indications for HHR are young 
patients with a higher level of activity and 
demand.

When comparing the results of TSA versus 
HHR (37 vs. 37 patients) at 2-year follow-up, 
there are no significant differences in both groups 
in terms of static centering status of the humeral 
head, acromiohumeral distance, or signs of loos-
ening between the two groups [28]. Fourman 
et al. [29] compared a series of 106 HHR versus 
47 hemiarthroplasties (HA) with 8-year follow-
 up, finding better functional results in the HHR 
group. The ASES pain subscore was significantly 
worse in the HA group (25.2 ± 29.5 vs. 38.5 ± 12.7 
after HHR, p < 0.0001). Contrary to these find-
ings, in a review of the Nordic Arthroplasty 
Register Association, Rasmussen et  al. [30] 
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found that HHR (n = 1923) and HA with stems 
(n = 1587) had an increased risk of failure com-
pared with TSA (n = 2340) at 10-year follow-up 
(0.85, 0.93, and 0.96, respectively). For patients 
below 55 years, the 10-year cumulative survival 
rates were 0.75 (HHR n  =  354), 0.81 (HA 
n = 146), and 0.87 (TSA n = 201). Regardless of 
the prosthesis used, younger patients had worse 
outcomes. Chillemi et al. [31] reported revision 
rates of 16% in a series of 25 patients with osteo-
arthritis and avascular necrosis. The patients had 
a mean age of 67.2 years and were evaluated at 
7.5 years.

The return to sports activities has been 
scarcely evaluated in HHR.  Bailie et  al. [14] 
reported the return to sports in 36 patients with a 
minimum follow-up of 2 years. Thirty of the 36 
patients returned to their sports activity level as 
that prior to surgery. In a survey of 310 members 
of the American Shoulder and Elbow Surgeons, 
the return to sports after humeral resurfacing 
compared with HA and TSA was the highest, at 
92.0% of the respondents [32]. Most surgeons 
recommend low-impact or non-collision sports; 
however, in the authors’ experience, with HHR, 
return to sports is recommended without limita-
tion of the type of activity that was previously 
practiced.

11.2.4  Complications

The incidence of fractures and intraoperative 
complications is significantly lower when 
patients undergo HHR compared to those who 
are undergoing TSA (RR = 0.42 (CI 0.24–0.73) 
and 0.08 (CI 0.02–0.32), respectively) [33]. Early 
complications are associated with pain secondary 
to impingement (25%) [34], arthrofibrosis (8.3%) 
[34], rotator cuff tears [14], and hematomas. 
According to the Shoulder Arthroplasty New 
Australia register [35], the two main late compli-
cations that require revision are associated with 
glenoid erosion in 25.8% and pain in 22.6%. 
Rotator cuff insufficiency (11.5%), instability/
dislocation (10.1%), and loosening (9.7%) fol-
lowed in frequency. In our experience, the main 

causes of failure are pain and glenoid erosion 
(Fig. 11.6).

11.2.5  Rehabilitation

The patients are immobilized with an abduction 
pillow for 4 weeks. Passive and active mobility of 
the elbow and forearm is started the following 
day in a free manner. At 4 weeks, a progressive 
program is started to regain full range of motion 
of the shoulder and muscle strengthening is initi-
ated. Sports activity is allowed to begin 6 months 
after surgery.

11.2.6  Conclusion

Early osteoarthritis in young and active patients 
remains difficult to treat. When all conservative 
and preventive management measures have 
failed, HHR may be seen as a potential alterna-
tive, especially in this challenging patient cohort. 
The results in the medium and short term are 
comparable with anatomical TSA; however, the 
advantages of bone preservation and non- 
modification of the patient’s own anatomy may 

Fig. 11.6 Eight years post-HHR with glenoid erosion 
(yellow arrows) and humeral head elevation due to rotator 
cuff damage
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be seen as favorable. Additionally, in case of 
future revision surgery, surgery may be techni-
cally easier, while conversion to conventional 
anatomical prosthesis is still possible.
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12Hemiarthroplasty in the Young 
Patient with Post-traumatic AVN 
and Malunion

Benno Ejnisman, Paulo Henrique Schmidt Lara, 
Paulo Santoro Belangero, 
and Carlos Vicente Andreoli

12.1  Introduction

Hemiarthroplasty of the shoulder entails resur-
facing the humeral head while leaving the gle-
noid intact. This operation was pioneered by 
Neer in the 1950s [1]. Once an extremely com-
mon operation with broad indications, hemiar-
throplasty has become more rarely performed, as 
clinical studies have shown that a total shoulder 
arthroplasty (TSA) has outperformed hemiar-
throplasty in pain relief, function, and revision 
rate in patients with primary glenohumeral (GH) 
osteoarthritis. Although these advantages of TSA 
are well known, there remain concerns for later 
glenoid implant loosening in young, physically 
active patients. Post-traumatic osteonecrosis 
presents a difficult challenge, as there are often 
tuberosity malunion and scar formation that 
make shoulder replacement difficult. Previous 
studies that have evaluated arthroplasty following 
traumatic osteonecrosis have had mixed results.

12.2  Hemiarthroplasty 
in the Young Patient 
with Post-traumatic 
Avascular Necrosis

Humeral head osteonecrosis accounts for approx-
imately 7% of all osteonecrosis patients [2]. 
Osteonecrosis is the interruption of the normal 
blood supply to bone leading to cell death [3, 4]. 
An ascending branch of the anterior circumflex 
artery on the anterolateral aspect of the humeral 
head has been identified as providing a consistent 
supply to the humeral head. This ascending 
branch of the anterior circumflex artery enters the 
proximal humerus at the superior end of the 
bicipital groove or by way of its branches into the 
adjacent great and small tuberosities [5]. Once 
intraosseous, it continues its trajectory below the 
epiphysis with a tortuous course [6].

The humeral head is also perfused, to a lesser 
degree, by a posterior circumflex artery branch. 
The existence of only one principal artery and the 
extreme tortuousness of the subchondral arteri-
oles make the vascularity of the humeral head 
exceptionally vulnerable to trauma and thrombo-
embolic events [7]. The four-part fracture associ-
ated with dislocation has the highest incidence of 
osteonecrosis, varying from 15 to 30%. Open 
reduction and internal fixation of these fractures 
may impair the head blood supply even further, 
thus increasing the risk of osteonecrosis [8].
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Post-traumatic osteonecrosis presents a diffi-
cult challenge, as there are often tuberosity mal-
union and scar formation that make shoulder 
replacement difficult. Previous studies that have 
evaluated arthroplasty following traumatic osteo-
necrosis have had mixed results. Classification in 
the humeral head is based on a modification of 
the Ficat-Arlet system for the femoral head, orig-
inally described in 1968 and modified in 1980. 
Cruess et al. [9] adapted this classification to the 
humeral head, which has since become the most 
widely used system. Early osteonecrosis of the 
humeral head is characterized by increased sub-
chondral sclerosis along the superior, central por-
tion of the humeral head with evidence of bony 
remodeling and focal subchondral osteolysis. As 
the disease progresses, there are fracture of the 
subchondral plate, deformity of the humeral 
head, and, finally, erosion of the glenoid surface 
and secondary degenerative joint disease [10].

Archer et al. [11] found that time to surgery 
(less than or greater than 72 h) and patient age did 
not correlate with development of AVN after 
proximal humerus fracture. Notably, the number 
of fracture fragments did influence the rate of 
AVN identified in patients with proximal humerus 
fractures (p = 0.002).

If collapse of the humeral head has occurred, 
shoulder hemiarthroplasty is a good surgical 
option. Results are encouraging using hemiar-
throplasty for patients with a normal glenoid on 
radiographs. If glenoid cartilage damage is pres-
ent or if there is associated joint space narrowing 
on radiographs, total shoulder arthroplasty is 
likely a better treatment option [12–15].

The literature shows that the use of partial 
arthroplasty for the surgical treatment of osteo-
necrosis is effective for pain relief, increased 

shoulder mobility, and patient satisfaction, even 
when compared to total arthroplasty results [12, 
14, 16, 17]. Pain relief and improved range of 
motion can be expected in the patient with 
osteonecrosis, but patients must be counseled 
that glenoid cartilage wear over time can result 
in return of symptoms and eventual revision 
[14, 18, 19].

It has been well demonstrated that post- 
traumatic necrosis resulted in inferior outcomes 
than primary avascular necrosis of the humeral 
head [12, 14, 20]. Hattrup et al. [13] found sig-
nificantly less flexion and abduction in patients 
with a history of trauma, as well as a lower ASES 
score compared to steroid-induced osteonecrosis. 
Feeley et  al. [12] reported the outcomes for 37 
patients treated with hemiarthroplasty and 27 
treated with total shoulder arthroplasty (TSA) for 
osteonecrosis. The TSA group was significantly 
older (mean age 71 vs. 59  years, p  <  0.05). A 
comparable improvement in the ASES and 
L’Insalata scores was observed between the 
groups. In the TSA group, range of motion 
(ROM) was slightly less in flexion (p  =  0.07), 
with no difference in internal and external rota-
tion. Hattrup et al.’s [13] study reported the out-
comes of 71 hemiarthroplasties and 56 TSAs, but 
only 88 patients’ data were available at the last 
follow-up. The mean postoperative ASES scores 
were comparable in both groups (63 vs. 62 
points), and in terms of ROM, no significant dif-
ferences were reported (p  =  0.33 for flexion, 
p = 0.95 for abduction, and p = 0.47 for external 
rotation). Furthermore, the outcomes were 
divided by etiology (steroid vs. trauma), showing 
a greater improvement in the ASES score in the 
subjects who were taking corticosteroid 
medication.
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Hattrup et al. [13] compared total arthroplasty 
and hemiarthroplasty in AVN, and after a mean 
follow-up of 8.9 years, functional outcomes were 
similar with the two procedures, although sur-
vival was better with total arthroplasty. A study 
with a shorter follow-up of 4.8  years found no 
clinical differences between the two procedures 
but showed a 22% complication rate after total 
arthroplasty compared to only 8% after hemiar-
throplasty [12].

Prosthesis survival after shoulder hemiarthro-
plasty is important to consider and is even crucial 
for patients younger than 50  years of age. In a 
study of patients younger than 50  years with a 
mean follow-up of 16.2 years, total arthroplasty 
was superior over hemiarthroplasty, with 10-year 
survival rates of 97% and 84%, respectively [21]. 
Gadea et al. [22] found a 94% survival rate after 
10 years of hemiarthroplasty in AVN. The authors 
conclude that AVN is the best indication for 
hemiarthroplasty. Smith et al. [19] found a 95% 
survival rate after 15 years of hemiarthroplasty in 
AVN, but the cases were associated with steroid 
use.

Miyazaki et al. [23] analyzed long-term func-
tional and radiographic results of partial shoulder 

replacement for humeral head osteonecrosis: 
61.5% of the cases were post-traumatic (8/13), 
and the mean age of the patients at last assess-
ment was 71 years. They found that glenoid ero-
sion increased over time significantly (p < 0.05). 
Paradoxically, all active shoulder movements 
also improved (p  <  0.05), while UCLA scores 
remained the same. Radiographic deterioration 
was not correlated with clinical function. They 
had an 84.7% survival rate for arthroplasties after 
a mean time of 16 years.

Ristow et al. [24] demonstrated that regard-
ing the cohorts based on etiology (trauma, corti-
costeroid, sickle cell, and unknown), the 
shoulders in the trauma causal group trended 
toward higher outcome scores in three of the 
four scoring methods (Simple Shoulder Test, 
modified Constant score, UCLA Shoulder 
Rating Scale, and ASES score) and greater 
improvement in all four scoring methods than 
the other three etiologic groups. However, none 
of the differences were statistically significant 
in any of the four scoring methods (P > 0.05). A 
patient with humeral head osteonecrosis sub-
mitted to partial shoulder replacement is shown 
in Fig. 12.1.
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Fig. 12.1 Patient with humeral head osteonecrosis submitted to partial shoulder replacement
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12.3  Hemiarthroplasty 
in the Young Patient 
with Malunion 
of the Proximal Humerus

The management of proximal humerus fractures 
has evolved quickly over the past few years. The 
predominance of impacted, non-displaced surgi-
cal neck fractures and conservative treatment no 
longer systematically corresponds to most of the 
complex, displaced fractures in osteoporotic 
bone. The ageing population has greatly contrib-
uted to an increase in the malunion rate, which is 
estimated at 4–20% [25]. No proximal humerus 
fracture treatment method (conservative treat-
ment, internal fixation, etc.) is immune to the risk 
of malunion; even primary shoulder arthroplasty 
performed in fracture cases has the risk of peri-
prosthetic malunion [26].

The overall results of patients with old 
trauma are inferior to the results currently 
obtained in patients with primary osteoarthritis 
or with recent four-part fractures who are treated 
initially with humeral head replacement [27–
29]. Very little has been written on the results of 
shoulder arthroplasty for management of 
sequelae of proximal humeral fractures [29–39]. 
By definition, malunion of the proximal humerus 
corresponds to the healing of a fractured bone in 
a nonanatomical position. The misalignment 
and/or remodeling of the humeral head results 
in joint incongruity, which does not provide 
optimal mechanical conditions; this can lead to 
stiffness due to the retraction of capsule and 
ligament structures. Thus the joint is at risk, as 
is the bone [25].

The prognosis for surgical treatment of the 
sequelae of proximal humerus fractures has 
improved because of the classification proposed 
by Beredjiklian et al. [30] and Boileau et al. [40]. 
Tuberosity osteotomy has long been recognized 

as the main predictor for poor outcomes in cases 
of secondary arthroplasty [31, 36, 40–42]. The 
classification system for proximal humeral mal-
unions proposed by Beredjiklian [30] and col-
leagues includes three types: type 1, malposition 
of the tuberosities; type 2, incongruity of articu-
lar surface; and type 3, articular fragment malpo-
sition. The authors emphasize that soft tissue 
pathology plays a major role in the functional 
impairment and stiffness seen in proximal 
humeral malunions. Both the bone and soft tissue 
pathology need to be corrected at the time of sur-
gery to optimize outcome.

One of the leading causes of poor shoulder 
function in patients with malunion of the proxi-
mal humerus is varus angulation of the humeral 
head in relation to the shaft. This may be related 
to the acceptance of unsuccessful closed reduc-
tion or imperfect open reduction internal fixation. 
Varus deformity of the proximal humerus causes 
limitations in active forward elevation and abduc-
tion caused by impingement of the greater tuber-
osity. The subacromial space is decreased in 
these shoulders, and the proximity of the greater 
tuberosity to the coracoacromial arch makes it 
prone to impingement. The sliding surface 
between the humeral head and the glenoid is also 
decreased. In addition, the proximity between the 
supraspinatus origin and insertion decreases its 
lever arm, affecting shoulder function. Although 
some older patients are willing to accept func-
tional limitations of shoulder elevation, many 
younger patients find this to be unacceptable. The 
results in patients with old trauma are inferior to 
the results currently obtained in patients with pri-
mary osteoarthritis or those with four-part 
 fractures treated in the acute setting. Pain relief is 
more reliably achieved postoperatively than 
motion. Mansat et al. [42] reported on 28 patients 
with sequelae of proximal humeral fractures 
treated with shoulder arthroplasty. Based on the 
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Neer criteria, the results were satisfactory in only 
64%. Mean active elevation was 107°, and 85% 
of patients reported no or slight pain. The final 
result was positively influenced by the integrity 
of the rotator cuff. Also, patients with acromio-
humeral distances of greater than 8 mm had bet-
ter results than those who did not. The authors 
conclude that the malunion of the greater tuber-
osity can be tolerated if it does not compromise 
acceptable positioning of the humeral compo-
nent. However, if an osteotomy needs to be per-
formed because of major displacement, results 
are unpredictable. All three patients who required 
a greater tuberosity osteotomy at the time of 
arthroplasty had an unsatisfactory result.

Similarly, Boileau et  al. [31] reported 42% 
good to excellent results in 71 patients who 
underwent shoulder arthroplasty for sequelae of 
proximal humeral fractures. They reported a 27% 
complication rate, including four diaphyseal 
fractures, one metaphyseal fracture, two cases of 
deep infection, one return to the operating room 
for acromioplasty, and one failure of fixation of 
the greater tuberosity. The most significant factor 
affecting results was the need for greater tuberos-
ity osteotomy. All patients who underwent a 
greater tuberosity osteotomy were not able to 
regain active elevation above 90. The authors 
emphasize that arthroplasty for the treatment of 

sequelae of proximal humeral fractures should be 
performed without a greater tuberosity osteot-
omy when possible. They believe that devascu-
larization of the greater tuberosity, leading to 
tuberosity nonunion, migration, and resorption, 
is probably the reason for these poor results.

Antuna et al. [43] and Beredjiklian et al. [30] 
have reported similar results. Antuna et  al. 
reported that 10 of 24 of their patients who had 
greater tuberosity osteotomy had a complication 
related to tuberosity nonunion, malunion, or 
resorption. Implantation of the humeral compo-
nent in slight varus or valgus was not associated 
with an increased incidence of humeral compo-
nent loosening. Humeral components with a 
modified curvature in the stem have been used 
with success in their experience. When the tuber-
osity is displaced 1.5 cm, it may be necessary to 
reposition it to avoid impingement. Beredjiklian 
et al. reported similar results but emphasized that 
malunion of the proximal humerus often is 
accompanied by some soft tissue abnormality, 
such as soft tissue contracture, a tear of the rota-
tor cuff, or subacromial impingement, in addition 
to distortion of the bony anatomy. Both osseous 
and soft tissue abnormalities need to be corrected 
at the time of surgery to improve the chances of a 
satisfactory result. A patient with malunion of the 
proximal humerus is shown in Fig. 12.2.
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Fig. 12.2 Patient with malunion of the proximal humerus submitted to partial shoulder replacement with satisfactory 
result
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13Alternatives to Glenoid Prosthesis 
in Young Patients: Arthroscopic 
Glenoid Resurfacing with Fascia 
Lata for Treatment of Shoulder 
Arthritis in Young Patients

Pablo Adelino Narbona  and Guillermo Arce

13.1  Introduction

Glenohumeral arthritis (GA) may result in con-
siderable disability condition in young patients 
and represents a major challenging problem in 
active population that may severely affect quality 
of life. Young adults with glenohumeral arthritis 
often have a more complex etiology especially 
secondary causes such us previous trauma, previ-
ous surgeries, or chondrolysis which might con-
tribute to a worse surgical outcome [1]. Saltzman 
et al. reported an incidence of shoulder osteoar-
thritis of 21% of patients under the age of 50 [2]. 
However, in adults under the age of 60, and par-
ticularly in those under 50, traditional arthro-
plasty is usually not ideal, because outcomes are 
less predictable, due to higher activity levels, 
greater functional expectations, and implant lon-
gevity [1]. The main purpose of the surgical treat-
ment of young adults with glenohumeral arthritis 
and an intact rotator cuff is to possibly relieve 
pain and improve active and passive range of 
motion while preserving the joint [3]. In addition 
to minimizing the major complication rate (infec-
tion or loosening), prevent lifetime work or recre-

ational activities restriction, are important in the 
treatment decision to avoid shoulder prosthesis. 
This has led to exploring alternative treatment 
options. Arthroscopic joint preservation with 
arthroscopic glenoid resurfacing (AGR) for 
shoulder arthritis is an all-arthroscopic procedure 
that does not violate the subscapularis tendon and 
allows to treat the concomitant pathology while 
performing the interposition arthroplasty. The 
goal of this procedure is to manage the mechani-
cal causes of pain and functional limitation asso-
ciated with glenohumeral arthritis to reduce pain, 
improve function, and delay as an interim proce-
dure or even avoid shoulder arthroplasty.

13.2  Pathophysiology 
and Production

Shoulder osteoarthritis in young patients is a rare 
condition and usually secondary to Bankart 
repair, trauma, stiffness or glenohumeral chon-
drolysis due to thermal injury, continuous infu-
sion of intra-articular anesthetics, and more 
frequently the mispositioning of anchors or 
suture knots on the articular surface. Screw cut-
out and joint protrusion after proximal humerus 
fracture fixation can lead to accelerated joint 
degeneration [4–6]. Even bioabsorbable anchors, 
if proud, cause cartilage damage. Loss of the nor-
mal gliding surface and increased friction may 
play a role in rapid progression of the disease [7]. 
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Post-arthroscopic glenohumeral chondrolysis 
(PAGCL) is a term that has been applied to shoul-
ders that have developed rapid, destructive 
degenerative changes after arthroscopic surgery. 
PAGCL differs from primary glenohumeral 
osteoarthritis because it typically develops symp-
toms within months of cartilage injury and gener-
ally affects young patients, while osteoarthritis 
can take years to become problematic [4]. Pre- 
existing cartilage damage as a result of multiple 
recurrent instability episodes may further play a 
role in the development of chondrolysis. 
Increased patient age, elapsed time from initial 
instability episode to surgery, and sign of osteo-
arthritis have been shown to increase the proba-
bility of chondral damage at the time of 
arthroscopic stabilization [8, 9]. Another reason 
for rapid joint degeneration in young patients is 
the overtightening of the capsule during instabil-
ity surgery. Specifically, “capsulorrhaphy 
arthropathy” refers to the rapid posterior chon-
dral wear due to overtightening of the anterior 
capsule and resultant compressive joint forces 
and loss of external rotation [10].

13.3  Clinical Assessment

Patient with shoulder pain and symptoms of 
osteoarthritis should be questioned about the 
quality, timing, localization, and aggravating fac-
tors of shoulder pain. Questions about the history 
of joint trauma, contact or collision sports, shoul-
der instability, previous shoulder surgeries, and 
timing of onset of pain can help distinguish the 
cause of joint degeneration. Stiffness, shoulder 
pain in the morning and with weather changes, or 
pain with increased activity are common com-
plaints. Patients usually suffer chronic shoulder 
pain, discomfort to sleep at night, and global loss 
of motion. Physical examination demonstrates 
limited mobility, mostly in passive range of 

motion, typically in forward flexion and external 
rotation [5, 11, 12]. Crackles or mechanical 
symptoms such as a blockage and painful range 
of motion could be due to intra-articular loose 
bodies or loss of joint space with osteophytes. 
Mild muscle atrophy around their shoulder is 
possible to find due to limited range of motion 
and decrease muscle activation. As the arthritic 
process advances, patients progressively lose 
their ability to perform sports or leisure activities 
[13, 14].

13.4  Imaging

In X-rays, the West Point and apical oblique 
views offer visualization of the anteroinferior 
glenoid, whereas the Stryker notch and axillary 
views visualize the glenohumeral joint in three 
planes which help diagnose arthritis and elimi-
nate alternative diagnoses. Glenohumeral 
arthritis is classically characterized by asym-
metric joint narrowing, subchondral sclerosis, 
cyst formation, and osteophytes, although the 
latter may not be present in rapidly progressive 
arthritis as seen in chondrolysis [5, 13, 14]. 
Computed tomography scans may be more 
accurate than radiographs to assess glenoid ver-
sion and are particularly valuable if glenoid 
erosion is a concern allowing excellent visual-
ization of bony lesions and the architecture of 
the shoulder, especially the 3D reconstruction 
that allows more precise bony assessment and 
preoperative planning. Magnetic resonance 
imaging (MRI) is necessary to do a detailed 
evaluation of the rotator cuff and the articular 
cartilage. However, the thin cartilage thickness 
in the shoulder provides a challenge for accu-
rate assessment. MRI had a high sensitivity 
(87.2%) and specificity (80.6%); however, the 
gold standard to diagnose chondral lesions is 
the arthroscopy [6, 15, 16] (Fig. 13.1).
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Fig. 13.1 (a) AP radiograph, (b) CT scan, (c) MRI coro-
nal and (d) axial view. Findings typical of a young indi-
vidual with right-sided glenohumeral osteoarthritis 

demonstrating fine bony and cartilage detail of subchon-
dral cyst formation, sclerosis, joint space narrowing, and 
osteophyte formation

13.5  Classification

The Samilson and Prieto [17] classification sys-
tem can be used to describe the degree of arthritis 
change in young. This classification has been 
expanded in its application to arthritis of varying 
etiology. Mild arthrosis is indicated by evidence 

on the anteroposterior radiograph of an inferior 
humeral or glenoid spur that measures less than 
3 mm. Spur measuring between 3 and 7 mm and 
slight glenohumeral joint irregularity indicate 
moderate arthritis. Severe arthrosis is indicated 
by spurs measuring more than 7 mm and narrow-
ing of the glenohumeral and sclerosis.
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13.6  Treatment

13.6.1  Conservative Treatment

Nonoperative treatment options have been dis-
cussed in previous chapters. We do not recom-
mend surgery in young patients as a primary 
treatment before standard conservative measures 
have been attempted.

13.6.2  Surgical Treatment

13.6.2.1  Surgical Indication
Different treatment options for glenohumeral 
arthritis in young range from debridement to 
 biologic and nonbiologic replacement. We should 
consider in the surgical decision patient age, 
occupation, duration of symptoms, activity level, 
sports participation, radiographic stage of osteo-
arthritis, concomitant shoulder pathology, previ-
ous surgical procedures, and patient expectations 
[6]. The ideal indications for AGR are young 
patients with shoulder osteoarthritis without sig-
nificant bone loss and with focal, large, or high 
degree of cartilage lesions not amenable to sim-
ple debridement or microfracture or young 
patients who are not good candidates for shoul-
der arthroplasty due to activity level or desire to 
avoid major surgery (Fig. 13.2) [3]. Advantages 

of arthroscopic surgery for shoulder arthritis 
include a low rate of complications, the joint and 
soft tissue preservation, and the avoidance of 
postoperative activity restrictions.

Problems: Problems include small case series 
available with high failure rate, progression 
radiographically of arthritis with mechanical 
damage and failure, and donor-site morbidity in 
autograft use.

Contraindications for AGR included osteoar-
thritis with severe bone loss or incongruous joint 
space and inflammatory arthritis. A preoperative 
joint space of <2  mm on true AP radiographs, 
bipolar cartilage lesions, and asymmetric glenoid 
have been shown to be associated with early fail-
ure of arthroscopic treatment [3].

13.6.2.2  Authors’ Preferred 
Technique

The authors’ preferred technique is to combine 
the Millett et  al. [18, 19] proposed technique, 
called comprehensive arthroscopic management 
(CAM) procedure, with arthroscopic biologic 
glenoid resurfacing with a biologic graft interpo-
sition [3, 20–22], preferably preferred by those 
using fascia lata autograft. The authors choose 
double fascia lata autograft because it has been 
used successfully for many years for the recon-
struction of human connective tissue in orthope-
dic surgical procedures [23].

Fig. 13.2 Surgical 
recommendation of 
shoulder osteoarthritis 
according to age, 
activities, and severity of 
shoulder OA. In older, 
low-demand patients 
with more severe 
arthritis, we recommend 
shoulder arthroplasty, 
and in young high- 
demand patients with 
less severe arthritis, we 
recommend a joint 
preservation procedure
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Arthroscopy Glenoid Resurfacing: Surgical 
Technique with Fascia Lata Autograft

Graft Harvesting
Fascia lata harvest is done with the patient in lat-
eral decubitus position and general anesthesia. 
Trochanteric zone is prepared in sterile fashion 
and draped in standard fashion, a 5 cm longitudi-
nal skin incision is made over the greater tro-
chanter of the femur, and a 3 by 8–9 cm graft of 
fascia lata is harvested (Fig. 13.3). After closing 
the remaining fascia lata and surgical wound, we 
position the patient in beach chair position.

Diagnostic Arthroscopy, Footprint Preparation, 
and Measurement
We perform arthroscopic glenoid resurfacing in 
beach chair position with a Trimano (Arthrex 
Inc., Naples, Florida) arm holder, under general 
anesthesia and a supplementary interscalene 
nerve block, with the arm in 20°–30° of abduc-
tion and 10°–20° of forward flexion. The arm is 
prepared in sterile fashion and draped in standard 

fashion, and appropriate antibiotic prophylaxis is 
administered before incision. We use a standard 
posterior viewing portal to do a diagnostic 
arthroscopy with a 4 mm arthroscope with a 30° 
angled lens and an arthroscopic pump pressure at 
40–60  mmHg. We create the anterior-superior 
lateral and anterior-inferior working portal, and 
an 8.25  mm cannula (Arthrex Inc., Naples, 
Florida) is inserted. We always do a biceps tenot-
omy or tenodesis. Then we complete the CAM 
procedure described by Millet et al. [18, 19]. The 
coexisting pathology can be addressed at the time 
of the arthroscopic debridement procedures. The 
capsular release is performed using radiofre-
quency devices and cutting instruments, with 
sequential release of the rotator interval; anterior, 
posterior, and inferior capsular release; synovec-
tomy; humeral osteoplasty with excision of the 
goat’s beard osteophyte from anterior to poste-
rior; debridement of the labrum and chondral 
flaps; and removal of loose bodies to eliminate 
mechanical symptoms (Fig. 13.4). After this, gle-
noidplasty is performed which includes removal 

a b

Fig. 13.3 (a) Harvested fascia lata. (b) Folded once to create a double fascia lata autograft
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Fig. 13.4 (a) Right shoulder in beach chair position with 
a Trimano arm holder. (b) Sequential release of the rotator 
interval and anterior, posterior, and inferior capsular 

release. (c) The goat’s beard osteophyte before humeral 
osteoplasty

of remaining cartilage and soft tissue to lightly 
decorticate the articular surface with a ring 
curette and burr to have a bleeding subchondral 
bone and correction of the abnormal biconcavity 
of the glenoid. Then microfracture is useful to 
generate a marrow-stimulated bleeding to deliver 
pluripotential cells to improve healing and graft 
incorporation. Then the glenoid dimensions are 
measured using measuring probes from anterior 
to posterior and from superior to inferior to pre-
pare the graft (Fig. 13.5).

Graft Preparation
First, the graft is cut in the appropriate dimension 
according to previous arthroscopic measurement, 

to recreate the glenoid shape; then the graft is 
folded once to create a double fascia lata auto-
graft. The edge of the graft is sutured around its 
periphery to be able to hold the stay sutures 
(Fig. 13.6).

Graft Delivery and Glenoid Graft Fixation
Using the posterior portal as a viewing portal, we 
first do the circumferential glenoid anchor place-
ment for tissue fixation. We use 3  mm 
BioComposite SutureTac with FiberWire 
(Arthrex Inc., Naples, Florida), placing three 
anterior, two posterior, and two superior anchors. 
One limb from each anchor is retrieved out the 
anterosuperior portal. The anterior superolateral 

P. A. Narbona and G. Arce



111

a

c

b

Fig. 13.5 Arthroscopic view of right shoulder with 
patient in beach chair position. (a) Osteochondral defects 
of the glenoid. (b) Glenoidplasty and microfracture to 
generate a marrow-stimulated bleeding to deliver pluripo-

tential cells to improve healing and graft incorporation. 
(c) Glenoid dimension measurement from posterior 
portal

cannula must be removed and the portal is then 
slightly extended for an easy passage of the graft 
into the joint. The sutures are then passed through 
the graft with the FastPass Scorpion suture passer 
(Arthrex Inc., Naples, Florida) in the correspond-
ing situation and secured with mulberry knots 
tied on the joint side of the graft (Fig. 13.7). At 
this point it is important to maintain gentle ten-
sion on the sutures to prevent tangling; then the 
graft is shuttled down into the joint through the 
anterosuperior portal while doing traction on 
the other limb of each suture. These sutures are 
then tied to get fixation of the graft. We close the 

knot from posteroinferior to anteroinferior and 
finally superior to complete the procedure. 
Circumferential graft fixation with a minimum of 
six points anchor fixation completes the opera-
tion [3, 22] (Fig.  13.8). At the final results, we 
can compare the preoperative XR with the 1-year 
follow-up XR (Fig. 13.9).

Ream and Run Technique
Another option to address the glenoid is the 
“ream and run” technique, which is used to 
restore a concentric glenohumeral joint while 
preserving the glenoid bone stock and avoiding 
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Fig. 13.6 Graft prepared according to previous 
arthroscopic measurement to recreate the glenoid shape. 
The graft is folded once to create a double fascia lata auto-
graft. (a) The edge of the graft is sutured around its 
periphery. (b) Bottom length corresponding to the inferior 

AP length of the glena. (c) Top length corresponding to 
the superior AP length of the glena. (d) Upper lower 
length corresponding from top to bottom length of the 
glena

risks of polyethylene component wear or the 
complexities of soft tissue interposition. 
Saltzman et al. [24] have popularized a combi-
nation of hemiarthroplasty with concentric 
reaming of the glenoid as a potential option for 
patients with GH arthritis. This allows centering 
of the humeral component on the glenoid, to 

create a smooth fibrocartilaginous surface on 
which the component sits. Encouraging results 
have been documented. Results, of ream and run 
in combination with hemiarthroplasty in the 
young patients population, are not very hopeful 
with up to 14% revision in relatively short-term 
follow-up [24].
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Fig. 13.7 (a) The sutures are passed through the graft 
with the FastPass Scorpion suture passer in the corre-
sponding situation. (b) Secured with mulberry knots tied 
on the joint side of the graft. (c) To maintain gentle ten-

sion on the sutures to prevent tangling, the graft is shuttled 
down into the joint through the anterosuperior portal 
while doing traction on the other limb of each suture

a b

Fig. 13.8 Arthroscopic view of right shoulder in a patient 
who underwent arthroscopic biologic shoulder resurfac-
ing with fascia lata autograft. (a, b) Circumferential graft 

fixation with a minimum of six points anchor fixation to 
complete the operation
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Fig. 13.9 Glenohumeral arthritis in young patients 
(48-year-old). (a, b) Preop AP and axial XR. (b) Preop 
axial view. (c, d) Post-op XR AP and axial view.  

We observe the increased joint space in a patient who 
underwent arthroscopic biologic glenoid resurfacing

Hemiarthroplasty with Biological 
Interposition
Hemiarthroplasty with biological interposition is 
another option to treat young patients with 
 shoulder arthritis. Different autografts or 
allografts have been used to interpose between 
the glenoid and the humeral hemiarthroplasty. 
The goal of this procedure is to avoid glenoid 
complication specially polyethylene-related 
problems (wear or loosening) while creating a 

smooth surface on the glenoid to decrease the 
coefficient of friction and preserve glenoid bone 
stock. Wirth [25] reported a series of 24 patients 
with lateral meniscal allograft resurfacing with 
hemiarthroplasty. At a mean follow-up of 3 years, 
he reported good results but had concern regard-
ing durability of the graft with progressive 
decreasing glenohumeral joint space. Burkhead 
et  al. [26] reported 36 patients who underwent 
soft tissue resurfacing of the glenoid with hemi-
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arthroplasty. At a mean of 7 years, results were 
excellent in 18 shoulders, satisfactory in 13, and 
unsatisfactory in 5. Other series demonstrate high 
failure rates of 44–77% with this operation [27, 
28]. Therefore, the role of hemiarthroplasty with 
biologic resurfacing remains controversial.

13.7  Postoperative Protocol

We indicate sling at neutral rotation for 6 weeks. 
Passive range of motion at 90 degrees of anterior 
flexion, 70–90 degrees of abduction, and 30 
degrees of external rotation begins at the first 
month. Internal rotation begun at 2 months after 
surgery. Active assisted exercises begin at 
6 weeks, and strengthening starting with isomet-
ric exercises for the rotator cuff and periscapular 
musculature begins at 8 weeks. Full strengthen-
ing with weight progression begins at 16 weeks. 
Sports gesture training in athletes begins at 
6 months with sports return or recreational activi-
ties according to progression at 6–9 months after 
surgery.

13.8  Potential Complications

Persistent chronic shoulder pain is the most fre-
quent complication after arthroscopic glenoid 
resurfacing that prevents patients to return to nor-
mal activities. Perhaps persistent chronic pain 
means progression of osteoarthritis or glenohu-
meral chondrolysis. Arthrofibrosis or adhesive 
capsulitis, infection, and complex regional pain 
syndrome are rare, with a very low percentage of 
cases.

13.9  Discussion

Arthritic changes in the young patient may affect 
the surgeon’s treatment algorithm and the 
patient’s prognosis. Arthroscopic management of 
shoulder osteoarthritis in young patients has been 
shown to provide short- to midterm pain relief. 
Loss of the normal gliding surface and increased 
friction may play a role in rapid progression of 

disease. The CAM procedure [18, 19] associated 
with arthroscopic glenoid resurfacing [3, 20–22] 
attempts to improve the mechanical symptoms 
and normal gliding surface to decrease friction 
and slow down the degenerative process. 
However, the mechanism of pain relief following 
debridement is unknown. It has been hypothe-
sized that the removal of debris, which can cause 
synovitis, as well as the dilution of degenerative 
enzymes, may contribute to the improvement 
found after surgery. In addition, the removal of 
mechanical factors such as chondral flaps, loose 
bodies, and osteophytes may improve joint func-
tion. Arthroscopic glenoid resurfacing has been 
performed as an alternative to total shoulder or 
hemiarthroplasty replacement in the young 
patient. The purpose of this procedure is to avoid 
concerns of arthroplasty longevity while preserv-
ing the joint. This biological procedure resur-
faces the shoulder without the use of metal 
implants. The choice of the fascia lata autograft 
and its pluripotent cell construct will be hope-
fully transformed over time into a fibrous tissue 
covering of the glenoid. Chondrocyte ingrowth/
metaplasia could be considered as another theo-
retical advantage of glenoid resurfacing [21]. The 
fascia lata autograft has not been associated with 
allergic-type reactions or high complication rate 
when used. Savoie et al. [20] reported a series of 
23 patients (mean age, 32 years) who underwent 
arthroscopic biologic resurfacing with the 
Restore Patch (Depuy, Warsaw, IN). Of these 
patients, 15 (75%) were satisfied with their sur-
gery at a midterm 6-year follow-up, with signifi-
cant improvement of pain and function. Five 
patients (15%) had required humeral arthroplasty 
at the final follow-up. Midterm results of AGR 
with acellular human dermal graft have also been 
described for glenohumeral arthritis in 32 
patients, with successful outcome in 23 (72%) 
patients and failure in 9 (28%). An absolute 
increase in the range of motion was not statisti-
cally significant, although a significant increase 
in overall Constant and Murley shoulder score 
was demonstrated (P \ 0.0001) [21]. Hartzler 
et al. [22] published a case series of 43 patients 
with a medium follow-up of 53 months (48–72) 
and average age of 57  years old (55–59) who 
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underwent AGR; all patients had osteoarthritis 
grade 2 or 3 according to the Samilson and Prieto 
classification, with significant improvement in 
outcome measures of pain and function at final 
follow-up and without intraoperative or postop-
erative complications. In ten shoulders 23% revi-
sion to a prosthetic arthroplasty was performed at 
a mean of 45 months (range, 9–71 months) after 
the index operation. Hemiarthroplasty was per-
formed in three shoulders, TSA in four, and 
reverse total shoulder arthroplasty in three 
patients. They concluded that AGR with dermal 
allograft is a safe option for joint preservation in 
selected patients, provides pain relief, and has an 
acceptable rate of revision to prosthetic arthro-
plasty at short- to midterm follow-up. Increased 
age and lower preoperative ASES score were risk 
factors for failure of AGR [3, 22]. Arthroscopic 
joint preserving treatments have the advantage of 
delaying arthroplasty in this younger population 
while maintaining the patient’s natural anatomy 
and do not appear to compromise later arthro-
plasty [29, 30]. Short- to midterm studies show 
good outcomes with low conversion rate to 
arthroplasty (23% (Hartzler et al.) [3, 22], 25% 
(Savoie et  al.) [20], and 28% (De Beer et  al.) 
[21]). Overall, the data demonstrated improved 
outcomes for patient undergoing a soft tissue 
resurfacing. The CAM procedure and the inter-
position of a soft tissue (autograft or allograft) 
with AGR are demanding procedures that should 
be reserved for experienced arthroscopists. If 
arthroscopic glenoid resurfacing fails to relieve 
the patient’s symptoms, the procedure does not 
jeopardize any further surgical treatment. Soft 
tissue resurfacing procedures offer an option that 
allows the arthritic glenoid to be addressed while 
removing the risk of glenoid component loosen-
ing or failure in total shoulder arthroplasty. With 
proper patient selection and a good surgical tech-
nique, AGR is a reliable operation to relive pain 
and improve function. The CAM procedure with 
AGR is sometimes viewed as a bridge to a shoul-
der arthroplasty until arthroplasty is considered 
more appropriate. The use of biologic glenoid 
resurfacing with or without humeral head replace-
ment remains controversial. Therefore, at this 
time we recommend caution in the use of such 

techniques until further clinical studies provide 
stronger levels of evidence for clinical 
effectiveness.

In conclusion, arthroscopic management of 
shoulder arthritis is a useful treatment in young 
or active patients for whom it is advisable to 
delay shoulder arthroplasty. The optimal 
approach to surgical management remains con-
troversial. Limited procedures such as AGR may 
be considered to preserve the joint. Although 
arthroscopic glenoid resurfacing does not prevent 
osteoarthritic progression, it may provide a tem-
porizing option to avoid prosthetic replacement 
and allow earlier return to recreational activities 
and physically demanding occupations in young 
patients. We consider AGR to be an excellent and 
safe option for selected patients with glenohu-
meral arthritis as an alternative or interim proce-
dure to arthroplasty in young patient population. 
Symptomatic glenohumeral arthritis in young 
patients continues to be a challenging problem to 
effectively manage. Further prospective studies 
and a longer follow-up are necessary to establish 
long-term outcomes and better define the role of 
this procedure.

13.10  Summary and Key Points

• Management of the young patient with arthri-
tis requires an individualized approach.

• AGR provides temporary pain relief and func-
tional improvement.

• AGR does not prevent osteoarthritic 
progression.

• Midterm studies show good outcomes with 
low conversion rate to arthroplasty.

• This procedure is useful in young who need to 
avoid prosthetic replacement.
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14Humeral Stem Length 
in Glenohumeral Arthroplasty: 
Long-Stem, Short-Stem, 
or Stemless

Stephen C. Weber, Prashant Meshram, 
and Edward G. McFarland

14.1  History of Stem Length 
in Glenohumeral 
Arthroplasty

Glenohumeral arthroplasty has been performed 
since the 1800s, with the first reported implant 
ascribed to the French surgeon Jules Emile Péan 
in 1893 [1]. The era of modern shoulder replace-
ment began with the pioneering work of Dr. 
Charles Neer, who originally suggested humeral 
hemiarthroplasty for the management of acute 
fractures [2]. Neer subsequently expanded this 
indication, ultimately including total shoulder 
replacement for a variety of diagnoses [3]. In his 
1982 paper [3], Neer describes the rationale 
behind his initial choice of dimensions for his 
humeral components. Although a standard 
150 mm stem was used in almost all cases, two 
cases with epiphyseal dysplasia multiplex were 
treated with a short 63  mm stemmed device 
(Fig. 14.1). These short-stem devices were mar-
keted prior to the 1976 Medical Device 
Amendments passed to ensure safety and effec-
tiveness of medical devices, including diagnostic 
products, and so are “pre-amendment” devices 
(https://www.fda.gov/about- fda/fda- history/
milestones- us- food- and- drug- law), allowing 

later short-stem devices to be cleared by their 
respective manufacturers via the 510(k) pathway 
without clinical data requirements. The choice of 
150 mm standard stem length by Dr. Neer appears 
to have been relatively arbitrary, but it seems that 
a stem length comparable to the length of stems 
used in early, successful hip arthroplasty was 
chosen.

Neer’s choice of stem length and prosthesis 
geometry proved to be the archetype of subse-
quent anatomic shoulder prosthesis design. While 
a variety of unsolved problems exist in the realm 
of shoulder arthroplasty, standard length humeral 
stems have shown high rates of success and sur-
vivorship [4] quoted as 1.4% at a mean follow-up 
of 9  years (minimum 5-year follow-up) [5]. 
Another study showed an isolated humeral loos-
ening that occurred in 0.3% of the shoulders 
reviewed after 20  years’ experience at a single 
institution [6]. This rate is so low that early loos-
ening of an uncemented humeral stem has been 
felt to be invariably a sign of infection [7]. While 
humeral revision for aseptic loosening remains 
rare, the loss of bone stock associated with 
humeral revision for other causes remained a 
concern [8].

Given the high rate of success of Neer’s origi-
nal choice of stem length, changing stem length 
without substantial supportive data can be ques-
tioned. The first significant change in humeral 
stem length came with the advent of resurfacing 
arthroplasty. Copeland noted that stemmed 
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a b c d eFig. 14.1 Illustration of 
the original humeral 
stems proposed by Neer 
for total shoulder 
replacement. This 
illustration shows the 
first shorter stem 
shoulder arthroplasty. 
(Reproduced with 
permission from Neer, 
C.S., 2nd, K.C. Watson, 
and F.J. Stanton, Recent 
experience in total 
shoulder replacement. J 
Bone Joint Surg Am, 
1982. 64(3): p. 319–37)

implants, while important in fracture care, may 
not be necessary when performing shoulder 
arthroplasty for osteoarthritis. In 1986, he began 
implanting humeral head surface replacements in 
patients with shoulder osteoarthritis, and by 
1993, he had altered his design to include 
hydroxyapatite coating on the humeral compo-
nent. He reported results in terms of function and 
survivorship that were comparable to those of a 
stemmed implant [9]. Glenoid replacement with 
resurfacing devices proved challenging, however, 
and complications with glenoid erosion and rota-
tor cuff failure perhaps secondary to overstuffing 
the joint have caused many surgeons to abandon 
this approach [10]. To gain better surgical access 
to the glenoid, stemless arthroplasty was pro-
posed. Introduced in 2004, the Total Evolution 
Shoulder System (TESS; Biomet; Warsaw, 
Indiana) gained widespread use in Europe [11]. 
The first US FDA-cleared stemless device was 
the Simpliciti stemless device (TORNIER 
Simpliciti, Wright Medical Group; Memphis, 
Tennessee; K143552; https://www.accessdata.
fda.gov/scripts /cdrh/cfdocs/cfpmn/pmn.

cfm?ID=K143552). Other stemless devices fol-
lowed suit, and a variety of shorter-stem and 
stemless devices are now available in the United 
States. Although stemless reverse arthroplasty is 
widely used in Europe [12], there are no cur-
rently cleared stemless reverse devices in the 
United States. Unlike stemless devices, short- 
stem reverse devices are available in a reverse 
configuration in the United States. These shorter- 
stem and stemless devices have generally shown 
equivalent revision rates and clinical outcomes to 
traditional stemmed devices in short- and mid- 
term follow-up [12–15].

Even with limited comparative data, stemless 
arthroplasty is set to surpass standard stemmed 
arthroplasty in Europe by 2024 [16, 17]. This is 
despite the fact that under most hospital reim-
bursement systems, these implants are substan-
tially more expensive than traditional stemmed 
devices. It is interesting to review the purported 
advantages of shorter-stem lengths based on the 
more recent published data, to determine how 
many of these claims have been supported by the 
subsequent literature.
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Purported Advantages of Shorter-Stem 
Humeral Components
• Easier humeral fixation in cases with metaph-

yseal deformity
• Better positioning in anatomic reconstruction
• Faster surgery
• Less blood loss
• Increased bone stock preservation
• Fewer postoperative complications
• Fewer interoperative fractures
• Less stress resorption

14.2  Cases with Metaphyseal 
Deformity

This remains one of the best indications for 
shorter-stem and stemless humeral components 
and was Neer’s original indication for these 
devices [3]. Patients with marked deformity due 
to congenital bone disorders or trauma can 
require an osteotomy to place a standard length 
stem. Humeral osteotomy can be technically 
challenging, and at least one study showed that 
this negatively affected the final outcome of the 
procedure [18]. Short-stem and stemless implants 
allow reasonable glenoid exposure and can per-
mit humeral replacement without osteotomy in 
these cases [19, 20]. Data regarding these advan-
tages are limited to case reports [19].

14.3  Better Positioning 
in Anatomic Reconstruction

The unique anatomy of the proximal humerus is 
known to make precise reconstruction of the 
humerus difficult with a standard stemmed pros-
thesis. The humeral head’s center of rotation is 
offset from the humeral shaft medial 5  mm to 
11 mm and posterior 1 mm to 5 mm. Humeral 
head inclination is variable at 40–45° and the 
head height or thickness is 15–20 mm from the 
anatomic neck axis. Native version is an average 
of 18–25° retroverted, although this can range 
from 5° of anteversion to 60° of retroversion 
[21]. Variable neck angle standard prostheses and 
offset humeral heads have improved the anatomic 

results to a degree [22]. Short-stem and espe-
cially stemless devices theoretically allow better 
duplication of the normal anatomy, as the posi-
tion of the humeral head is not constrained by the 
stem. Although desirable, clinical data to support 
the relationship between anatomic reconstruction 
and clinical outcomes are lacking, and the patho-
logic anatomy of the severely arthritic shoulder 
with its associated soft tissue contractures may 
make restoration to its pre-arthritic bony anatomy 
undesirable.

14.4  Faster Surgery

Berth and Pap in a comparative study of stemless 
and traditional stemmed devices showed a sig-
nificant decrease in operative time [23]. In revi-
sion surgery, Tracy et al. [24] showed that primary 
short-stem and stemless devices can be revised 
significantly more quickly than standard stem 
devices, with stemless on average 40 min faster 
and 25 min for short stems than traditional length 
devices. These differences may be clinically sig-
nificant as well. These differences become espe-
cially relevant as many as 30% of stemmed 
platform systems cannot be converted without 
removing the initial stem [25] negating the 
advantages of the platform system. The ease of 
revision with shorter stems seems likely. This 
becomes more important in the revision with 
unexpected positive intraoperative cultures, 
where shorter stems allow removal of all compo-
nents, effecting a single-stage revision in this 
setting.

14.5  Less Blood Loss

While widely touted as an advantage of shorter- 
stem implants, comparative studies remain few. 
Most comparative studies [15, 26–29] do not 
address this issue. Berth and Pap in one of the 
few comparative studies did show significantly 
less blood loss with a stemless device [23]. Tracy 
et al. showed that while conversion of short-stem 
and stemless implants to RTSA had significantly 
less blood loss, transfusion rates were low in both 
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groups and not significantly different [24], rais-
ing questions about how clinically significant this 
difference is despite the statistical significance 
cited.

14.6  Increased Bone Stock 
Preservation

It seems obvious that shorter-stem and stemless 
components would preserve humeral bone. 
Preservation of bone stock remains a cogent 
argument for shorter stems. Data to support 
improved survivorship upon revision of shorter- 
stem devices over traditional stems is lacking. 
Other options exist with standard stems. Boorman 
et  al. describe a conservative broaching and 
impaction grafting technique for standard stem 
humeral component placement and fixation in 
shoulder arthroplasty which they call “the pro-
crustean method” [30]. This group continues to 
report excellent results with this technique, citing 
preservation of bone stock using a standard stem 
length [31].

14.7  Fewer Interoperative 
Fractures

A reduced rate of intraoperative humeral frac-
tures has been cited as an advantage of stemless 
and short-stem devices. However, data to support 
this remains scarce. Berth and Pap in their com-
parative study showed equivalent rates of intra-
operative fracture (2%) [23]. Erickson et  al. in 
their comparative study showed identical low 
rates of intraoperative fracture (0.3 versus 0.4%) 
comparing standard stem to a short-stem prosthe-
sis [29]. Huguet et al. actually showed a 7% rate 
of intraoperative fractures with a stemless device, 
which they attributed to implantation technique. 
This requires immediate revision to a standard 
stem in four of five cases [32]. Tracy et al. in their 
retrospective review of short-stem and stemless 
revision surgery showed significantly less inter-
operative fractures with revision of stemless 
devices (3.6%) but short-stem and standard stem 

devices showed similar rates of fracture (23.4% 
and 24%, respectively). While periprosthetic 
fractures around short-stem and stemless pros-
theses will often occur in the metaphyseal portion 
of the humerus, and so may be more likely to heal 
than diaphyseal fractures around standard stem 
devices, there is little data to support this 
contention.

14.8  Less Stress Resorption/Stress 
Shielding

Stress shielding and bone resorption have been 
reported as a significant issue in standard length 
shoulder arthroplasty, secondary to bypassing the 
metaphysis with diaphyseal fixation [33]. While 
metaphyseal fixation has been proposed to elimi-
nate this, more recent studies have shown that 
this can still be a problem, especially with short- 
stem devices. Habermeyer et  al. noted minimal 
radiolucent lines using a short-stem device [34]. 
These authors however noted an area of lower- 
density cancellous bone in the proximal humerus 
was observed in 41.3% of the patients, which did 
not seem to affect clinical outcome. Giordano 
et al. actually showed more stress shielding with 
a short-stem than a standard stem device [35]. 
Raiss et  al. showed that only 49% of anatomic 
short stem and 65% of reverse short stem had no 
evidence for radiographic changes of stress 
shielding or loosening [36]. These authors noted 
that radiographic changes were increased in cases 
where high filling ratios of the device to the 
humeral canal were noted. Other authors have 
noted similar findings [37]. While lower filling 
ratios diminished the stress shielding, this also 
increases the risk of valgus positioning [38]. The 
clinical implications of lucencies around the 
humeral stem remain unclear [39].

Problems Unique to Shorter Stems
 (a) While better restoration of anatomy is pro-

posed as an advantage of shorter-stem pros-
theses, the reverse may in fact be true. Abdic 
et  al. noted that one-fourth of short-stem 
prostheses were malaligned, usually placed 

S. C. Weber et al.



123

in valgus [38]. Varus positioning in short 
stem was described by Casagrande et al. as 
well [40]. Cox et al. noted similar issues with 
stemless shoulders, with 22% of implants 
placed in varus [41], with Kadum et  al. 
reporting a similar high rate of malalignment 
[42]. Overstuffing of the joint with stemless 
devices, potentially leading to increased 
rates of stiffness and rotator cuff failure, has 
also been described. Grubhofer et al. showed 
that 66% of stemless prostheses failed to 
restore anatomy to within 3 mm [43]. Eighty- 
eight percent of these failures were caused 
by overstuffing, usually due to poor humeral 
osteotomy placement. This problem is simi-
lar to published results with resurfacing [44]. 
Other authors, however, have shown better 
alignment with short-stem than standard 
stem devices [8]. While the constraint on 
positioning imposed by a standard stem can 
be a disadvantage, it appears that the occa-
sional shoulder surgeon may in fact be less 
likely to reproduce the native anatomy with 
shorter-stem and stemless devices. Lazarus 
et al. stated “Stemmed humeral components 
may help correct an imperfect humeral oste-
otomy because the intramedullary canal can 
be used to guide implant placement” [45].

 (b) Loosening. Not all shorter-stem and stemless 
outcomes have been satisfactory in regard to 
early loosening. Casagrande et  al. noted a 
71% incidence of radiolucent lines in early 
follow-up of the TORNIER AEQUALIS 
ASCEND FLEX (Wright Medical, 
Escondido, California), with 10.1% judged to 
be loose and 12% requiring a revision [40]. 
Zmistowski et  al. raised similar issues with 
the grit-blasted Univers Apex (short stem) 
(Arthrex, Naples, Florida) [46]. In this study, 
23 (12.5%) patients presented with a painful 
shoulder and radiographic concern for poten-
tial humeral loosening at a mean follow-up of 
1.5  years (range: 1.5  months to 3.4  years). 
Thirteen (7.1%) of these reviewed by 
Zmistowski et al. required long-stem revision 
shoulder arthroplasty where a loose stem was 
confirmed in all cases. Converting the grit- 

blasted design to proximal porous coating 
seems to have improved these results. 
Morwood et  al. reported improved results 
with the AEQUALIS ASCEND FLEX device 
(Wright Medical, Escondido, California) 
altered to have proximal porous coating 
instead of grit blasting, with only 7 of 34 
showing radiolucencies [47]. This problem is 
not limited to short-stem prostheses. While 
Kostretzis et al. showed a loosening rate for 
stemless of 3.8% [37], other surgeons have 
reported short-term loosening rates of as high 
as 5.2% [48]. Subsistence of shorter stems 
has also been reported. Tross et al. reported 
an 11% subsistence rate with a short-stem 
device [49]. Similar results have been 
reported by Van de Kleut et al. using radioste-
reometric analysis software [50] noting that 
“increased early humeral stem migration may 
be negatively associated with clinical out-
comes.” Subsistence may be an issue for 
those patients with weight-bearing shoulders. 
These studies confirm that generalizing com-
ponent attributes that have been effective in 
traditional length stems to these shorter stems 
may not be universally successful. Recent 
review of the Australian Joint Replacement 
Registry (AJRR) has not shown shorter stems 
to be outliers in terms of mid-term loosening 
[51]. This suggests that registry data to date 
has not identified any problems with early 
failure of shorter-stem devices.

 (c) Inadequate bone quality. Many patients will 
have insufficient metaphyseal bone to allow 
for metaphyseal fixation. This requires an 
assessment at the time of surgery to deter-
mine if the bone quality is adequate. 
Churchill et  al. described this as a “thumb 
test” where the adequacy of bone was 
assessed by the ability to indent the humeral 
osteotomy site with a thumb [13]. This sub-
jective assessment can be challenging. 
Published case reports of this problem are 
lacking, but the 2017 UK recall of the Biomet 
Nano reverse stemless suggests that the fail-
ure to adequately assess bone quality at sur-
gery is not trivial (https://www.gov.uk/
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drug-  device-  a ler ts /shoulder-  system- 
comprehensive- nano- humeral- components- 
increased- risk- of- revision- when- used- in- 
reverse- configuration). In revision settings 
there is rarely sufficient bone stock to allow 
the use of shorter-stem components [45] and 
traditional length stems will be required.

 (d) Lesser tuberosity osteotomy. Subscapularis 
failure after anatomic shoulder arthroplasty 
has been a significant concern. Lesser tuber-
osity osteotomy has been proposed as a 
means to mitigate this problem, but compro-
mise of metaphyseal fixation of shorter-stem 
devices with lesser tuberosity osteotomy has 
been raised as a concern [52]. Morwood [53] 
and others [52] in their reviews have shown 
reasonable outcomes with lesser tuberosity 
osteotomy with stemless designs, but clearly 
osteotomies involving a substantial part of 
the lesser tuberosity raise concerns for sub-
sequent implant fixation.

14.9  Summary

While short-stem and stemless implants are being 
used with increasing frequency over traditional 
length stemmed implants, few of the theoretical 
advantages of these implants have been substan-
tiated in the literature. Preservation of bone stock 
for subsequent revision remains the most wide-
spread reason cited for the use of shorter-stem 
device, but data to support improved survivorship 
upon revision of shorter-stem devices is not cur-
rently available [8]. Level one evidence compar-
ing these newer implants to traditional length 
stemmed implants is lacking, and these newer 
implants represent some distinct disadvantages 
over traditional length stemmed devices, includ-
ing potential for implant malpositioning, prob-
lems with subscapularis reattachment, and 
precocious loosening if requirements for optimal 
proximal bone quality are not adhered to. These 
disadvantages and the increased cost of these 
implants should be born in mind when selecting 
the appropriate length of humeral stem in revi-
sion surgery.
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15Total Shoulder Arthroplasty 
in the Young, Athletic Patient

Alexander J. Johnson, Benjamin R. Wharton, 
and Eric C. McCarty

15.1  Introduction

Glenohumeral (GH) arthritis can be a debilitat-
ing, progressive disorder characterized by pain, 
stiffness, and loss of function. As pain and stiff-
ness progress, it may become difficult or impos-
sible for patients to continue recreational 
activities diminishing their quality of life [1–3]. 
Though more common in older populations, 
young, athletic patients may participate in activi-
ties or have medical comorbidities predisposing 
them to certain forms of early GH arthritis 
including post-traumatic arthritis after fracture 
or shoulder instability, avascular necrosis (AVN), 
post-arthroscopic or pain pump-related chon-
drolysis, and inflammatory joint disease [4–11]. 
Treatment in this age group is particularly chal-
lenging due to high baseline demands and less 
predictable outcomes with arthroplasty [12–14]. 
Exhausting nonoperative treatment modalities 
[15–19] is prudent, but arthroplasty remains a 
sensible option for surgeons and patients to con-
sider when they can no longer easily complete 
activities of daily living (ADLs) or recreational 
activities [20–27]. As the indications for shoul-
der arthroplasty across different age groups con-

tinue to evolve, it is essential for surgeons to 
develop a complete understanding of the current 
literature to optimize patient care in a challeng-
ing situation.

15.2  Types of Glenohumeral 
Arthritis in Young, Athletic 
Patients

Glenohumeral arthritis is most common in older 
patients, but it can occur at any age. There are 
multiple causes of GH arthritis that all may even-
tually require treatment with arthroplasty. 
Primary osteoarthritis (OA) is a common, though 
incompletely understood, cause of shoulder dys-
function that is diagnosed through a combination 
of clinical and radiographic findings [28]. Despite 
well-described X-ray changes, surgeons should 
understand that severity of symptoms may not 
correlate with severity of radiographic findings 
and patient-specific treatment is essential in 
young patients [5, 28–31]. Several studies have 
identified patient factors that do place them at 
elevated risk for early arthritis including body 
mass index (BMI), hypertension, highly demand-
ing recurrent shoulder motion, genetics, occupa-
tion, and previous injury that may help explain 
the rare process in young patients [32, 33].

Shoulder instability, treated operatively or 
nonoperatively, is a significant risk factor for 
developing GH arthritis with reported incidence 
of 22.7% in patients with history of anterior insta-
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bility [11, 34–36]. Older age at time of instability, 
recurrent instability, high-energy sports participa-
tion, and a history of alcohol abuse likely place 
patients at a higher risk [6]. Certain historic pro-
cedures have been linked to unacceptably high 
rates of early arthritis in a process that has been 
termed capsulorrhaphy arthropathy [5, 37–40]. 
The Latarjet procedure is another  nonanatomic 
stabilizing procedure with high reported rates of 
arthritic changes in long-term follow-up. 
However, more recent reports have shown that 
most patients with arthritis after Latarjet proce-
dure have mild disease and progression to moder-
ate or severe disease is rare [41–45]. Surgeons 
who plan to perform arthroplasty procedures on 
patients who had previous shoulder stabilization 
surgery should plan for a technically demanding 
procedure, particularly in the presence of retained 
hardware or bony deformity [46].

Another possible destructive process dispro-
portionately affecting the glenohumeral joint of 
young healthy patients is glenohumeral chon-
drolysis [5, 9, 47, 48]. Although rare, this disor-
der most commonly occurs after shoulder 
arthroscopy. Several possible causes have been 
investigated, but the best evidence suggests that 
use of post-arthroscopic, intra-articular infusion 
of local anesthetic is the most likely culprit. [49–
53] Patients experiencing pain and dysfunction 
related to chondrolysis will most likely present 
with a history of previous arthroscopic surgery, 
and imaging studies will show diffuse degenera-
tive changes and cartilage loss in the absence of 
osteophyte formation [5, 54].

Patients with rheumatoid arthritis (RA) com-
monly have shoulder involvement, often with 
debilitating symptoms [55]. The age at which 
patients present with advanced shoulder disease 
and undergo arthroplasty is variable across the 
literature, but it is clear that some patients in their 
fourth or fifth decade of life do undergo this pro-
cedure [56, 57]. Though disease-modifying 
agents have improved medical treatment of the 
disease, patients in this group often have exten-
sive soft tissue involvement and may present with 
glenoid or humeral bone defects [5, 58]. Several 
studies have shown less favorable results with 
use of anatomic total shoulder arthroplasty 

(aTSA) implants, while a number of studies 
report improved short- and mid-term outcomes 
with rTSA implants. However, these results are 
heterogenous and several recent studies maintain 
that aTSA is an acceptable option in patients with 
RA [55, 56, 58–63]. Several authors have noted 
increased risk of glenoid bone defects in patient 
with RA, emphasizing the need for careful preop-
erative evaluation and planning [59].

AVN of the humeral head is another challeng-
ing pathologic process that may cause debilitat-
ing pain and loss of function in young, active 
patients. There are many possible root causes of 
the disorder [5, 64, 65]. Regardless of the cause, 
AVN is characterized by loss of blood flow to the 
humeral head leading to collapse of the articular 
surface leading to GH joint destruction with pro-
gressive pain and loss of function [66]. There are 
a number of joint-preserving surgical options that 
may be considered during the early stages of the 
disease highlighting the importance of early 
detection [67–69]. However, joint preservation is 
often not an option in advanced disease and 
arthroplasty may need to be considered. Literature 
regarding the optimal arthroplasty option in this 
population continues to evolve, but hemiarthro-
plasty, aTSA, and rTSA have a role in certain 
patients [70–73].

15.3  Non-arthroplasty Treatment 
Options

The primary treatment goals for young, athletic 
patients with glenohumeral arthritis are symptom 
relief and restoration of shoulder function and 
mobility. According to the 2008 study by 
McCarty et al. [74], the most common reason that 
young athletes pursued treatment was to attempt 
to return to their previous level of sporting activ-
ity. Though this goal is reasonable, the natural 
history of GH arthritis tells us that the disease is 
likely to progress and no treatment modality has 
proven to reliably alter this course [75, 76]. 
Understanding the progressive nature of the dis-
ease emphasizes the need to appropriately coun-
sel patients and manage expectations throughout 
the treatment process. Due to inferior outcomes 
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with arthroplasty in young patients, surgeons 
should strive to exhaust all evidence-based non-
operative and joint-preserving measures prior to 
consideration of arthroplasty. Further non- 
arthroplasty options are discussed in the other 
chapters in this text.

15.4  Glenohumeral Arthroplasty

Patients who have persistent pain and dysfunction 
limiting their ability to maintain an active lifestyle 
despite extensive attempts at nonoperative treat-
ment may be indicated for shoulder arthroplasty. 
Several arthroplasty options are available, and 

thorough understanding of the risks, benefits, and 
expected outcomes of each procedure in this 
patient population is essential for surgeons. Every 
attempt should be made to appropriately educate 
patients during the counseling process, thereby 
empowering them to participate in shared deci-
sion-making. Over the last decade, there has been 
a large shift in the utilization of and indications 
for hemiarthroplasty, aTSA, and rTSA, particu-
larly in young patients [77–80]. Indications may 
continue to evolve as implant innovations and 
additional data emerge, but each of these proce-
dures may be appropriately indicated in young, 
athletic patients. A summary of key outcome stud-
ies can be found in Table 15.1.

Table 15.1 Summary of key arthroplasty outcomes in young, athletic patients

Arthroplasty outcomes in young, athletic patients

N
Avg. 
age

Age 
range

Avg. 
follow-up Key findings

Hemiarthroplasty
Bartelt et al. 
[81]

66 49 21–55 7.0 years Pain score, ROM, and implant survival favor aTSA over 
hemiarthroplasty in patients <55 years

Garcia et al. 
[82]

80 66 42.7–
87.7

5.13 years aTSA leads to higher rates of return to sport, less pain, higher 
satisfaction compared to hemiarthroplasty

aTSA
Roberson 
et al. [80]

154 45.6 16–64 9.17 years aTSA in patients <65 leads to low revision rates and high 
implant survivorship despite high rates of periprosthetic 
lucency. PROs show significant increases from baseline but 
remain inferior to overall aTSA population

Brochin et al. 
[83]

34 54.4 35.5–
59.8

16.1 years aTSA significantly increased active motion, pain scores, SST, 
and ASES scores. There was aseptic glenoid loosening rate of 
17.6, and implant survival rate of 97.1% at 10 years, 85.4% at 
15 years, and 80.1% at 20 years

rTSA
Chelli et al. 
[84]

417 56 21–65 4.17 years rTSA for rotator cuff deficiency or failed arthroplasty in 
patients <65 years lead to improvements in function and ASES 
score. Complication rate (17%) and revision rate (7%) are 
comparable to older patient cohorts

Monir et al. 
[85]

52 58 53–63 6.3 years rTSA in patients <65 years lead to improvements in active 
motion, SST, Constant score, ASES score, UCLA score, and 
pain scores above MCID. Complication rate was 7.7% and 
revision rate was 5.8%

Goldenberg 
et al. [86]

286 58.4 48.9–
60.4

4.7 years rTSA in patients <65 lead to significant improvements in active 
motion and all reported PROs with 18.6% complication rate 
and implant survival of 99% at 2 years, 91–98% at 5 years, and 
88% at 10 years

Vancolen 
et al. [87]

245 57 39–65 4.17 years rTSA resulted in improvements in motion, pain, and all 
reported outcomes measures with an 18% pooled complication 
rate in patients <65 years

Hanisch et al. 
[88]

566 67.8 Not 
specified

7.75 years rTSA resulted in statistically significant difference in WOOS 
when comparing patients <65 and >65, but this was not 
clinically relevant. There was no increased risk of complication 
or revision in younger patients
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Before undergoing a more nuanced discussion 
of arthroplasty options in this population, it is 
important to understand that evidence indicates 
that younger patients do have improved pain and 
function after shoulder arthroplasty, but they also 
tend to be less satisfied than older patients after 
the same surgeries [89]. This is a key point to 
consider when counseling patients and indicating 
them for surgery. The Patient Acceptable 
Symptom State (PASS) score was recently devel-
oped to define when patients feel well after sur-
gery, as opposed to simply better. One study of 
301 patients undergoing aTSA showed that 
patients who failed to achieve the PASS threshold 
were younger and persistent pain was the most 
common reason for failure to reach the threshold 
[12]. Other studies have shown similar low 
patient satisfaction despite improvements in pain 
and function from baseline after arthroplasty. In a 
systematic review from 2017, revision rates were 
low, implant survivorship was high, and patient- 
reported outcomes (PROs) improved from base-
line but were significantly lower than those of the 
overall TSA population [80]. Not only can this 
understanding help guide counseling discussions 
with patients, but it again highlights the difficult 
nature of this pathology and the importance of 
exhausting non-arthroplasty options prior to pro-
ceeding with definitive surgery. Many patients 
may benefit from the understanding that they can 
expect improvements in pain and function but 
that they should not expect to have a normal 
shoulder after shoulder arthroplasty.

15.4.1  Total Shoulder Arthroplasty 
Vs. Hemiarthroplasty

Historically, concerns over glenoid component 
loosening, as well as desire to maintain normal 
anatomy, have led to frequent utilization of hemi-
arthroplasty implants in young, athletic patients 
[90]. As new literature provides insight into the 
mostly inferior outcomes of hemiarthroplasty 
when compared to aTSA, hemiarthroplasty is 
becoming less common [91]. Nonetheless, hemi-
arthroplasty has been shown to provide improve-
ments in pain and function in long-term studies 

and is still commonly performed in this demo-
graphic [90, 92].

Bartelt et al. [81] demonstrated improved pain 
relief, range of motion, and implant survival with 
TSA when compared to hemiarthroplasty in 
patients younger than 55 years old [93]. A meta- 
analysis by Bryant et al. [94] and a multicenter 
study by Edwards et al. [95] confirmed superior-
ity of aTSA in nearly all outcome measures. 
Another study showed that rate of return to sports 
was significantly better after aTSA, while hemi-
arthroplasty patients had significantly more pain 
with less satisfaction [82]. Studies focusing on 
AVN show similarly favorable outcomes of 
hemiarthroplasty and aTSA, but it is less clear 
which implant provides superior outcomes [65, 
67, 96].

From a financial standpoint, aTSA is the more 
cost-effective treatment with the greatest utility 
to the patient at a lower overall cost to the payer 
[97, 98]. Finally, another systematic review com-
paring individuals who underwent either aTSA 
or hemiarthroplasty for glenohumeral arthritis at 
the 2-year follow-up demonstrated far better pain 
scores and forward elevation improvements in 
TSA [94].

15.4.2  Anatomic Total Shoulder 
Arthroplasty

Though recent literature supports the use of 
aTSA in young patients with appropriate indica-
tions, there are additional considerations specific 
to this population that are important to under-
stand. Roberson et  al. conducted a systematic 
review in 2017 including six studies [47, 57, 81, 
99–101] evaluating the outcomes of aTSA in 
patients under the age of 65. The overall compli-
cation rate in these studies was 9.4%. Results 
showed that 54% of patients developed some 
degree of glenoid lucency, but the revision rate 
was 17.4% at an average of 9.4 years. The PROs 
did improve significantly from baseline but were 
inferior to those in the overall aTSA population. 
Another study reported outcomes of aTSA in 
patients with an average age of 54 and average 
follow-up of 16  years [83]. Range of motion, 
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pain scores, and patient-reported outcomes were 
all significantly improved from preoperative val-
ues. 17.6% of cases were complicated by aseptic 
glenoid loosening, but implant survival was 
80.1% at 20 years.

As surgeons seek ways to improve outcomes 
in younger patients undergoing aTSA, the gle-
noid has often been the focus of ongoing attempts 
at innovation. The most common reason for fail-
ure in aTSA is failure of the glenoid component 
[102, 103]. This is often attributed to the “rock-
ing horse” phenomenon in which repetitive edge 
loading of the glenoid component causes wear 
and loosening over time [104]. To combat this 
mechanism of failure, inlay glenoid components 
have become increasingly employed after 
mechanical testing supported its utilization [105, 
106]. Subsequent clinical studies show accept-
able outcomes with these implants at early fol-
low- up. In 1 study of 27 patients with an average 
age of 52.1 and minimum of 2-year follow-up, 
the use of an inlay glenoid component leads to 
improved outcomes, high rate of return to activ-
ity, no reoperations, and no evidence of glenoid 
loosening [102]. Several other studies have 
reported similar positive results. [102, 107, 108] 
Longer-term outcome studies with comparison to 
traditional glenoid components are necessary, but 
early results indicate that inlay glenoid compo-
nents are worthy of additional study and may be 
an attractive option for young, active patients in 
the future.

As one example of a young, athletic patient 
who had successful outcome after aTSA, 
Fig. 15.1 shows the pre- and postoperative imag-
ing of a 41-year-old male weight lifter and 
CrossFit enthusiast presenting with left shoulder 
pain and limited function. After several years of 
nonoperative treatment with NSAIDs, injections, 
and physical therapy, he opted to proceed with 
aTSA.  Preoperatively he rated his pain as 8/10 
and his Single Assessment Numeric Evaluation 
(SANE) score was 30. Postoperatively he 
returned to lighter weight lifting, but never felt 
compelled to return CrossFit. At 18-month fol-
low- up, he reported daily average pain of 0/10 
with worst episodes of 2/10, a SANE score of 95, 
and excellent satisfaction with the procedure.

15.4.3  Reverse Total Shoulder 
Arthroplasty

Initially designed for the treatment of rotator cuff 
arthropathy, indications for rTSA over the last 
decade have expanded substantially to include 
massive, irreparable rotator cuff tears, OA with 
excessive posterior glenoid wear, glenoid bone 
loss, and revision after failed aTSA [24, 109–
113]. Despite excellent outcomes in older 
patients, surgeons have remained hesitant to per-
form the procedure in younger, athletic patients 
due to concerns over implant longevity and out-
comes in high-demand individuals [89, 93, 114–
117]. This concern is not without merit and the 
topic of rTSA in young patient remains 
controversial.

Discussing the prolonged recovery course and 
limitations may help manage postoperative 
expectations. Specifically, patients who under-
went rTSA were less likely to exhibit a substan-
tial clinical benefit and less likely to exceed the 
PASS threshold compared to aTSA [118]. In 
terms of function deficits after rTSA, internal 
rotation is less likely to return to an acceptable 
level after surgery [119]. Another recent study 
showed that young age was not correlated with 
worse outcomes after rTSA, but higher function 
prior to surgery did lead to significantly lower 
satisfaction [13].

Although the data on rTSA in young, athletic 
patients is lacking, there are several recent sys-
tematic reviews showing that relatively younger 
patients can have acceptable outcomes. One 
study showed the complication, reoperation, and 
revision rates were 17%, 12%, and 7%, respec-
tively, in a group of patients under 65 [84]. 
Similar results were reported by Monir et al. in 
2019 [85]. Millet and colleagues completed a 
systematic review of patients under the age of 65 
undergoing rTSA with an average follow-up of 
4.7  years showing similar outcomes, complica-
tions, reoperations, and revision compared to 
older populations [86]. Similar results were 
reported in studies by Vancolen et al. [87] and by 
Hanisch et al [88].

Until additional data emerges regarding rTSA 
in young, athletic patients, the option should only 
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Fig. 15.1 Anatomic total shoulder arthroplasty (aTSA) 
in a young, athletic patient. Preoperative images of a 
41-year- old male weight lifter including (a) Grashey 
view, (b) axillary view, (c) computed tomography axial 
view, and (d) preoperative 3-D reconstruction demon-
strating advanced glenohumeral osteoarthritis with a 

Walch B2 glenoid but without excessive glenoid retrover-
sion, bone loss, or posterior subluxation of the humeral 
head. The patient underwent anatomic total shoulder 
arthroplasty demonstrated by postoperative (e) Grashey 
and (f) axillary views

A. J. Johnson et al.
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be considered in these patients when specific 
contraindications to aTSA exist and only after 
extensive counseling [114] .

15.5  Postoperative Rehabilitation

Literature focusing on physical therapy and reha-
bilitation protocols following shoulder arthro-
plasty is surprisingly limited, let alone in younger 
populations. Patients have been shown to have 
positive perceptions of their experience with 
physical therapy after shoulder surgery in general 
[120]. However, the current body of evidence is 
insufficient to provide a definitive recommenda-
tion for physical therapy after shoulder arthro-
plasty [121, 122]. Interestingly, there is data 
available in the hip arthroplasty literature show-
ing that patients do not see significant benefit 
from formal physical therapy after total hip 
arthroplasty [123]. Nevertheless, there are avail-
able guidelines and publications that provide rec-
ommendations for physical therapy after shoulder 
arthroplasty [121, 124–127]. Despite the lack of 
definitive evidence in this area, the senior author 
does routinely prescribe formal physical therapy 
to patients after shoulder arthroplasty to assist in 
gaining motion and strength.

15.6  Return to Sport Following 
Arthroplasty

Evidence regarding return to sport after shoulder 
arthroplasty continues to grow but remains lim-
ited for most athletic activities, especially in 
young patients. Patient-specific goals must be 
understood and discussed to provide realistic 
expectations and timeline for returning to activ-
ity. Regardless of what they hope to get back to, 
it is important that the reintegration process 
occurs gradually through appropriate return to 
play progression. Though many studies have 
defined high rates of return to sport after shoulder 
arthroplasty, the age of patients in the studies is 
heterogenous, rarely focusing on young patients 
[128, 129]. Unsurprisingly, several studies have 
shown patients of all ages are less likely to return 

to high-demand sports. [74, 130–134] Results of 
one study did show that patients of all ages par-
ticipating in sports involving the upper extremi-
ties had similar function with less evidence of 
radiolucency at 5 years [103].

Another study did specifically examine return 
to sport after aTSA in patients 55 and younger 
[135]. Results showed 96.4% of patients returned 
to sports at an average of 6.7 months without any 
patients requiring glenoid revision at an average 
of 61  months. Interestingly, 83.8% of patients 
returned to upper extremity sports. Longer-term, 
larger studies are required, but these early results 
are promising.

15.7  Conclusion

Young, athletic patients with GH arthritis con-
tinue to be a challenge for orthopedic surgeons to 
treat. Certain patient characteristics may place 
these patients at higher risk of GH arthritis. The 
progressive nature of this disorder often leads to 
pain and unacceptable loss of function causing 
patients to seek treatment. There are many non-
operative options in these situations that are 
unlikely to alter progression of disease but may 
allow patients to delay shoulder arthroplasty pro-
cedures. Patients who are unable to continue 
functioning at a high level, and who have maxi-
mized relief with nonoperative options, can 
expect reliable improvement in pain and function 
with shoulder arthroplasty. More active patients 
are at risk for lower overall satisfaction after 
these procedures, but appropriate indications and 
extensive counseling prior to surgery may help 
improve outcomes. Over the last decade, aTSA 
has proven to be superior to hemiarthroplasty in 
terms of outcomes and revision rates, even in 
young patients. When there are specific contrain-
dications to aTSA, rTSA has been shown to have 
acceptable outcomes in young patients despite 
early concerns for loss of function and poor 
implant survival. Implant innovation and addi-
tional research with longer follow-up focusing on 
young, athletic patients will allow surgeons to 
continue to solidify indications and improve out-
comes in the future.
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16Long-term Outcomes 
of Anatomical Total Shoulder 
Replacement at 10 Years: Analysis 
of the Australian Joint 
Replacement Registry

Kristine Italia, Freek Hollman, Mohammad Jomaa, 
Roberto Pareyon, Richard Page, Kenneth Cutbush, 
Dylan Harries, and Ashish Gupta

16.1  Introduction

Glenohumeral arthritis is a debilitating condition 
causing unrelenting pain and loss of motion. This 
is associated with significant dysfunction affect-
ing the activities of daily living. Total shoulder 
replacement (TSR) is the treatment of choice for 
end-stage shoulder arthritis. This has produced 
good to excellent outcomes [1–3]. However, this 
is also associated with complications such as 
loosening, instability, rotator cuff insufficiency, 

and infection [2]. Because of these, many sur-
geons can be reluctant in performing TSR in the 
younger age groups. Several studies have reported 
good outcomes after TSR in the young [4–8]. 
Despite this, higher revision rates have been 
associated with TSR in this age group. This can 
be attributed to the higher demands for the shoul-
der as well as longer life expectancy [4]. This 
chapter will analyze the published long-term data 
on total shoulder replacement from the Australian 
Orthopaedic National Joint Replacement Registry 
(AOANJRR).

16.2  Shoulder Replacement 
in the AOANJRR

The AOANJRR 2021 Annual Report includes 
information on 67,614 primary and revision 
shoulder replacement surgeries performed from 
16 April 2004 to 31 December 2020 [9]. This 
number has increased by 188.5% since 2008. 
This is further evidenced by an increase in the 
proportion of TSR from 57.6% in 2008 to 88.4% 
in 2020. This is in turn accompanied by a steady 
decline in partial shoulder replacements (from 
32.6% in 2008 to 10.9% in 2020) (Fig.  16.1) 
[10]. The same trend is observed in the United 
States [3].
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Fig. 16.1 Proportion of 
shoulder replacements 
(AOANJRR 2021, Fig. 
S1). (This graph is 
reprinted with 
permission from Fig. S1 
Proportion of Shoulder 
Replacements, page 272 
of Hip, Knee & 
Shoulder Arthroplasty 
Annual Report 2021 by 
the Australian 
Orthopaedic Association 
National Joint 
Replacement Registry 
(AOANJRR). 2021, 
Adelaide: AOA. © 2021 
AOANJRR)

Fig. 16.2 Primary total 
shoulder replacement by 
class (AOANJRR 2021, 
Fig ST1). (This graph is 
reprinted with 
permission from Figure 
ST1 Primary Total 
Shoulder Replacement 
by Class, page 281 of 
Hip, Knee & Shoulder 
Arthroplasty Annual 
Report 2021 by the 
Australian Orthopaedic 
Association National 
Joint Replacement 
Registry (AOANJRR). 
2021, Adelaide: AOA. © 
2021 AOANJRR)

There were 53,815 primary TSR included in 
the Registry up to 2020 [9]. The most commonly 
performed is total reverse comprising 66.9% of 
all TSR.  Total stemmed comprised 27.6% and 
were most commonly performed for osteoarthri-
tis (94.2%). Total resurfacing and total midhead 
are performed much less frequently (Fig. 16.2).

The data from the AOANJRR 2021 Annual 
Report that will be presented in this chapter only 
involves procedures using prostheses that have 
been available and used in 2020, which are 
described as modern prostheses. This change was 
made in the Registry to ensure that it reflects the 
use of contemporary prostheses [9].
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16.3  Arthroplasty Revision Rate

Based on the AOANJRR 2021 Annual Report, 
the proportion of revision procedures for all 
shoulder replacements has decreased to 7.9%, 
equating to 224 less revisions compared its peak 
in 2012 at 10.9% [9]. The revision burden in 
2020 is the lowest since the shoulder registry’s 
full national dataset in 2008 [9]. Focusing on 
TSR, total stemmed replacement has the highest 

cumulative percent revision among all classes 
(Table 16.1). It is widely acknowledged the con-
founding effect of the increased rate of revision 
of primary anatomic TSR with metal backed gle-
noids in this data set [9]. The most common rea-
son for revision after this procedure is rotator cuff 
insufficiency (33.8%). Other reasons for revision 
include instability/dislocation (26.9%) and loos-
ening (15.6%).

Table 16.1 Cumulative percent revision of primary total shoulder replacement by class (AOANJRR 2021, Table ST6)

Shoulder 
class

N 
revised N total 1 year 3 years 5 years 7 years 9 years 10 years

Total 
stemmed

640 8324 3.0 (2.6, 
3.4)

5.9 (5.4, 
6.5)

7.4 (6.8, 
8.0)

8.8 (8.1, 
9.6)

10.8 (9.9, 
11.8)

12.0 (10.9, 
13.1)

Total reverse 1238 34,017 2.4 (2.2, 
2.6)

3.6 (3.4, 
3.9)

4.3 (4.1, 
4.6)

4.9 (4.6, 
5.2)

5.8 (5.4, 6.3) 6.2 (5.7, 6.8)

Total 
midhead

64 2406 1.6 (1.2, 
2.3)

3.6 (2.8, 
4.7)

4.5 (3.4, 
5.9)

4.5 (3.4, 
5.9)

Total 1942 44,747

Note: Restricted to modern prostheses
This table is reprinted with permission from Table ST6 Primary Total Shoulder Replacement by Class, page 283 of Hip, 
Knee & Shoulder Arthroplasty Annual Report 2021 by the Australian Orthopaedic Association National Joint 
Replacement Registry (AOANJRR). 2021, Adelaide: AOA. © 2021 AOANJRR
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16.4  Factors Affecting 
Survivorship of TSR

The primary aim of the AOANJRR is as a quality 
to improve patient outcomes of shoulder arthro-
plasty. Consequently, it aims to identify impor-
tant factors contributing to the risk of revision 
surgery. Key factors affecting survivorship are 
emphasized, including patient characteristics, 
prosthesis used, and fixation techniques. The reg-
istry also identifies specific prosthesis with 
higher-than-expected revision rates.

16.4.1  Patient Characteristics

Patient factors that were accounted for in the 
AOANJRR included age, gender, American 
Society of Anaesthesiologists—Physical Status 
Classification (ASA), body mass index (BMI), 
and glenoid morphology. More recently patient 
reported outcomes (PROMs) and expectations 
(PREMs) are collected preoperatively and at 
6 months.

16.4.1.1  Age
Anatomic TSR (i.e., total stemmed, total mid-
head, total resurfacing) is usually performed in 
younger patients compared to those who undergo 
total reverse. In the AOANJRR 2021 Annual 
Report, patients aged 65–74 years account for the 
largest proportion of anatomic TSR procedures 
(Table 16.2) [9]. In comparison, almost 50% of 

the total reverse patients are 75 years and older. 
This can be attributed to the tendency to perform 
total reverse for older patients given that this age 
group would have high chance of having age- 
related rotator cuff dysfunction. As seen in the 
Registry, more total reverse shoulder replace-
ments are being performed for patients 75 years 
and older with osteoarthritis than anatomic TSR 
(7497 vs 1972) (Table 16.3). Total reverse is pre-
ferred in this age group as poor rotator cuff ten-
don quality has been shown to result in poorer 
outcomes after anatomic TSR [11]. It can be 
noted in the registry that total stemmed shoulder 
arthroplasty has the highest cumulative percent 
revision at 7  years if performed for cuff tear 
arthropathy (Table 16.4).

Total stemmed replacement used for osteoar-
thritis had a revision rate that generally decreases 
as age increases (Table  16.4). At 10  years, the 
highest cumulative percent revision is noted in 
patients 55–64  years old (16.5%), whereas 
patients 75 years and older have the lowest cumu-
lative percent revision (8.1%). It has been 
observed that younger patients are likely to have 
more severe and complex disease, which neces-
sitates earlier shoulder arthroplasty [12]. The 
higher revision rate in younger patients can be 
attributed to increased demand in the presence of 
more severe disease, consequently placing more 
mechanical stress on the rotator cuff and the 
implants [13]. This is associated with an increased 
wear rate leading to earlier implant loosening and 
revision [14].

Table 16.2 Primary total shoulder replacement by class and age (all diagnoses) (AOANJRR 2021, Table ST4)

Shoulder class
<55 55–64 65–74 ≥75 Total
N % N % N % N % N %

Total resurfacing 33 14.0 77 32.8 106 45.1 19 8.1 235 100.0
Total stemmed 824 5.5 3461 23.3 6596 44.4 3991 26.8 14,872 100.0
Total reverse 558 1.6 3638 10.1 13,911 38.7 17,873 49.7 35,980 100.0
Total midhead 245 9.0 748 27.4 1221 44.8 514 18.8 2728 100.0
Total 1660 3.1 7924 14.7 21,834 40.6 22,397 41.6 53,815 100.0

This table is reprinted with permission from Table ST4 Primary Total Shoulder Replacement by Class and Age, page 
282 of Hip, Knee & Shoulder Arthroplasty Annual Report 2021 by the Australian Orthopaedic Association National 
Joint Replacement Registry (AOANJRR). 2021, Adelaide: AOA. © 2021 AOANJRR
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Table 16.3 Cumulative percent revision of primary shoulder replacement by type of primary and age (primary diag-
nosis OA) (AOANJRR 2021, Table ST27 and Table ST49)

Type of 
primary Age

N 
revised N total 1 year 3 years 5 years 7 years 9 years 10 years

Total 
stemmed

<55 42 438 3.1 (1.8, 
5.4)

7.1 (4.9, 
10.2)

10.2 (7.4, 
14.1)

12.2 (8.8, 
16.8)

13.9 (10.0, 
19.1)

13.9 (10.0, 
19.1)

55–
64

179 1915 3.2 (2.5, 
4.1)

6.7 (5.6, 
8.0)

8.2 (6.9, 
9.7)

10.6 (9.0, 
12.6)

14.0 (11.8, 
16.7)

16.5 (13.8, 
19.7)

65–
74

248 3525 2.9 (2.4, 
3.5)

5.6 (4.8, 
6.4)

6.8 (6.0, 
7.8)

8.0 (7.0, 
9.1)

10.3 (8.9, 
11.9)

11.0 (9.5, 
12.8)

≥75 122 1972 2.5 (1.9, 
3.3)

5.0 (4.1, 
6.1)

6.2 (5.1, 
7.4)

7.2 (6.0, 
8.7)

7.9 (6.5, 
9.5)

8.1 (6.7, 
9.8)

Total reverse <55 9 185 3.5 (1.6, 
7.7)

5.4 (2.7, 
10.7)

5.4 (2.7, 
10.7)

55–
64

85 1419 3.7 (2.8, 
4.9)

5.9 (4.7, 
7.5)

6.7 (5.3, 
8.3)

7.5 (5.8, 
9.7)

10.3 (7.2, 
14.6)

10.3 (7.2, 
14.6)

65–
74

200 5825 2.0 (1.7, 
2.4)

3.4 (2.9, 
3.9)

4.0 (3.5, 
4.7)

5.1 (4.3, 
6.0)

6.0 (4.9, 
7.3)

6.3 (5.1, 
7.7)

≥75 194 7497 1.8 (1.5, 
2.1)

2.5 (2.1, 
2.9)

2.9 (2.5, 
3.4)

3.5 (2.9, 
4.1)

4.1 (3.4, 
5.0)

4.6 (3.7, 
5.8)

Total 1079 22,776

Note: Restricted to modern prostheses
This table is reprinted with permission from Table ST27 Cumulative Percent Revision of Primary Total Stemmed 
Shoulder Replacement by Age (Primary Diagnosis OA), page 296, and Table ST49 Cumulative Percent Revision of 
Primary Total Reverse Shoulder Replacement by Age (Primary Diagnosis OA), page 321 of Hip, Knee & Shoulder 
Arthroplasty Annual Report 2021 by the Australian Orthopaedic Association National Joint Replacement Registry 
(AOANJRR). 2021, Adelaide: AOA. © 2021 AOANJRR

Table 16.4 Cumulative percent revision of primary total stemmed shoulder replacement by primary diagnosis 
(AOANJRR 2021, Table ST24)

Primary diagnosis
N 
revised

N 
total 1 year 3 years 5 years 7 years 9 years 10 years

Osteoarthritis 591 7850 2.9 (2.5, 
3.3)

5.8 (5.3, 
6.4)

7.2 (6.6, 
7.8)

8.6 (7.9, 
9.4)

10.7 (9.8, 
11.7)

11.7 (10.7, 
12.9)

Osteonecrosis 13 150 4.3 (1.9, 
9.3)

7.6 (4.1, 
13.7)

11.4 (6.7, 
19.3)

Rheumatoid arthritis 8 116 0.9 (0.1, 
6.3)

3.0 (1.0, 
9.0)

4.3 (1.6, 
11.1)

6.0 (2.5, 
14.2)

Fracture 10 72 7.2 (3.1, 
16.5)

14.9 (8.3, 
26.0)

14.9 (8.3, 
26.0)

14.9 (8.3, 
26.0)

14.9 (8.3, 
26.0)

14.9 (8.3, 
26.0)

Rotator cuff 
arthropathy

9 57 7.4 (2.8, 
18.4)

14.1 (7.0, 
27.6)

17.3 (8.9, 
32.2)

17.3 (8.9, 
32.2)

Other inflammatory 
arthritis

4 45 4.7 (1.2, 
17.3)

4.7 (1.2, 
17.3)

7.7 (2.5, 
22.3)

7.7 (2.5, 
22.3)

16.1 (5.2, 
43.7)

16.1 (5.2, 
43.7)

Other (3) 5 34 6.3 (1.6, 
23.0)

15.1 (5.8, 
36.0)

21.1 (9.0, 
45.0)

Total 640 8324

This table is reprinted with permission from Table ST24 Cumulative Percent Revision of Primary Total Stemmed 
Shoulder Replacement by Primary Diagnosis, page 293 of Hip, Knee & Shoulder Arthroplasty Annual Report 2021 by 
the Australian Orthopaedic Association National Joint Replacement Registry (AOANJRR). 2021, Adelaide: AOA. © 
2021 AOANJRR
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16.4.1.2  Gender
Gender was not a significant factor in the survi-
vorship of total stemmed prosthesis for osteoar-
thritis. The revision rate is slightly higher for 
males than females at 10  years postoperatively 
(12% versus 11.6%) but the difference was not 
significant [9]. However, AOANJRR studies of 
shorter time frame with more specific data sets 
have shown gender differences in revision out-
come [15].

16.4.1.3  Comorbidity
ASA scores and BMI reflect patient comorbidi-
ties. The majority of the total stemmed replace-
ments performed for osteoarthritis comprised 
patients with ASA 2 or 3 (92%) and in pre-obese 
or obese class 1 (63%) [9].

The highest cumulative percent revision was 
observed in patients with ASA 2 (7.3% at 5 years) 
and in patients who are obese class 1 (7.9% at 
5 years). However, analysis has shown that there 
was no significant difference in the revision rates 
among different ASA scores and BMI categories 
over the entire follow-up period [9]. Therefore, 
both ASA score and BMI are not considered risk 
factors for revision after stemmed ATSA for 
osteoarthritis.

The reasons for revision of total stemmed 
replacements were different for each class. 
Rotator cuff insufficiency is the most common 
reason for revision in ASA 2 and 3, pre-obese, and 
obese patients. On the other hand, instability or 
dislocation was the main reason for revision in 
ASA 1 patients and patients with normal BMI [9].

At less than 1 year postoperatively, increased 
instability and dislocations were observed in the 
pre-obese and obese patients, especially in obese 
class 3 [9]. This may indicate that increased BMI 
is a risk factor for instability during the early post-
operative period. This is similar to the findings of 
a meta-analysis of 15 studies involving 152,306 
patients wherein obesity was linked to increased 
risk of dislocation from 90 days to 1 year postop-
eratively [16]. The authors have noted that patients 
with BMI of 30  kg/m2 or greater had increased 
odds of dislocation  compared with those with 
BMI less than 30 kg/m2. Similarly, Werner et al. 

also reported obesity as risk factor for early revi-
sion [17]. After analysis of data from 221,381 
patients who underwent shoulder arthroplasty, 
they have reported that obesity and morbid obe-
sity are associated with dislocation as a cause for 
revision in 1 year regardless of the type of arthro-
plasty. This is in contrast with the findings of the 
study by Kusin et  al. involving 9382 patients, 
wherein no linear association was noted between 
BMI and risk of dislocation of TSR. It was even 
noted that overweight patients (BMI 25–29.9) 
experienced the lowest dislocation rate while 
underweight patients (BMI <18.5) experienced 
the highest dislocation rate in the first 30  days 
after surgery [18].

Despite this association of higher BMI and 
instability during the early postoperative period, 
it does not seem to have a linear relationship with 
the revision rate as increasing BMI was not asso-
ciated with poorer survivorship. This is similar to 
the revision rates across the range of ASA scores.

16.4.1.4  Glenoid Morphology
The majority of patients who underwent primary 
stemmed TSA for osteoarthritis had glenoid mor-
phology of A1 (35.7%), followed by A2 (24%). 
There was a higher cumulative percent revision 
associated with A2 morphology at 3 years post-
operatively (6.2%) and lowest rate with B2 gle-
noids (3.4%) (Table 16.5) [9]. This is contrast to 
earlier studies showing poorer outcomes of ana-
tomic TSA when performed in patients with B2 
glenoid [19, 20]. This is due to the increased risk 
of recurrent instability and early glenoid loosen-
ing associated with the posterior humeral head 
subluxation and glenoid retroversion [19–21].

Despite this, the Registry has shown that gle-
noid morphology does not significantly affect 
survivorship of stemmed TSA over the 3-year 
period. This is similar to several studies on TSAs 
and glenoid morphology showing no association 
between preoperative glenoid wear and humeral 
head decentering with the outcomes [19, 22, 23]. 
This may be because of the improved surgical 
techniques and availability of implants to effec-
tively correct preoperative glenoid deformity 
and/or humeral head decentering [22, 23].

K. Italia et al.



147

Table 16.5 Cumulative percent revision of primary total stemmed shoulder replacement by glenoid morphology (pri-
mary diagnosis OA) (AOANJRR 2021, Table ST31)

Glenoid morphology N revised N total 1 year 2 years 3 years
A1 26 794 2.3 (1.4, 3.7) 3.5 (2.3, 5.2) 4.9 (3.2, 7.4)
A2 22 534 2.3 (1.3, 4.2) 5.1 (3.3, 7.8) 6.2 (4.0, 9.5)
B1 14 478 2.4 (1.3, 4.4) 3.3 (1.9, 5.6) 4.0 (2.3, 6.9)
B2 6 350 0.7 (0.2, 2.7) 1.7 (0.6, 4.7) 3.4 (1.4, 7.8)
C 4 65 5.1 (1.7, 15.1) 5.1 (1.7, 15.1) 5.1 (1.7, 15.1)
Total 72 2221

Note: Restricted to modern prostheses
Excludes 3 procedures where a glenoid morphology of B3 was recorded
This table is reprinted with permission from Table ST31 Cumulative Percent Revision of Primary Total Stemmed 
Shoulder Replacement by Glenoid Morphology (Primary Diagnosis OA), page 302 of Hip, Knee & Shoulder Arthroplasty 
Annual Report 2021 by the Australian Orthopaedic Association National Joint Replacement Registry (AOANJRR). 
2021, Adelaide: AOA. © 2021 AOANJRR

16.4.2  Prosthesis Characteristics

16.4.2.1  Glenoid Component
The most common cause of revision in conven-
tional anatomic TSR is loosening of the glenoid 
component [24]. This is associated with the 
“rocking horse” phenomenon where there is 
eccentric loading of the component causing com-
pression on one side and distraction on the other 
side [25, 26]. This produces micromotion leading 
to increased wear and subsequent failure [24, 26]. 
Moreover, radiolucent lines (RLLs) have also 
been linked to component loosening. These are 
radiolucencies noted at the bone-cement inter-
face when cemented all-polyethylene glenoid 
prostheses are used [27]. RLLs can be observed 
as early as the immediate postoperative radio-
graph and in as much as 96% of cases [27, 28]. 
However, this does not account for the influence 
of polyethylene type, with a significant reduction 
in anatomic TSR revision when XLPE (cross- 
linked polyethylene) is used in the glenoid com-
ponent [29, 30].

Registry data indicate 40.9% of revisions after 
primary total resurfacing shoulder replacement 
and 12.5% of primary total midhead replace-
ments were due to loosening [9]. For total 
stemmed, loosening comes in third as the reason 
for revision (15.6%). The most common reason 
for revision is rotator cuff insufficiency (33.8%) 
[9]. This has been greatly associated with the 

“rocking horse” phenomenon as well. Deficiency 
of the superior rotator cuff interferes with the 
ability to contain the humeral head within the 
center of the glenoid component causing superior 
migration of the humeral head. This promotes 
higher force and compression on the superior 
aspect of the glenoid, producing the “rocking 
horse” phenomenon [25, 31].

 Glenoid Component Design
Because of this phenomenon, several strategies 
have been developed in order to address this and 
other causes of glenoid failure. These include 
modifying the glenoid design. The metal-backed 
glenoid (MBG) prostheses were introduced in an 
attempt to improve implant longevity. These are 
uncemented implants that have a porous or simi-
lar coated component on the glenoid bone- 
prosthesis contact surface that is designed to 
induce bony ingrowth [32]. MBGs can be non-
modular or modular wherein the metal glenoid 
component can be retained and polyethylene 
insert can be replaced with a glenosphere.

The Registry has collected data on total 
stemmed replacements with three glenoid types: 
modular MBG, nonmodular MBG, and all- 
polyethylene. Cemented all-polyethylene gle-
noids are the most common type used in Australia 
(61%, vs modular MBG 27%, vs nonmodular 
MBG 12%) [9]. Although it has been theorized 
that MBG is an ideal component as it should 
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Table 16.6 Cumulative percent revision of primary total stemmed shoulder replacement by glenoid type (primary 
diagnosis OA) (AOANJRR 2021, ST33)

Glenoid type
N 
revised

N 
total 1 year 3 years 5 years 7 years 9 years 10 years

Modular metal 
backed

334 2121 6.0 (5.0, 
7.1)

11.2 (9.9, 
12.7)

13.7 (12.2, 
15.3)

15.9 (14.2, 
17.7)

19.2 (17.1, 
21.5)

21.3 (19.0, 
23.9)

All-polyethylene 198 4817 1.5 (1.2, 
1.9)

3.2 (2.7, 
3.8)

4.1 (3.5, 
4.8)

5.1 (4.4, 
6.0)

6.5 (5.5, 
7.7)

6.9 (5.9, 
8.2)

Nonmodular metal 
backed

59 912 3.0 (2.0, 
4.3)

5.7 (4.3, 
7.5)

6.1 (4.7, 
8.0)

7.2 (5.5, 
9.4)

8.5 (6.4, 
11.3)

8.5 (6.4, 
11.3)

Total 591 7850

This table is reprinted with permission from Table ST33 Cumulative Percent Revision of Primary Total Stemmed 
Shoulder Replacement by Glenoid Type (Primary Diagnosis OA), page 305 of Hip, Knee & Shoulder Arthroplasty 
Annual Report 2021 by the Australian Orthopaedic Association National Joint Replacement Registry (AOANJRR). 
2021, Adelaide: AOA. © 2021 AOANJRR

afford stable fixation in the long term because of 
progressive bone ingrowth [33] and equal stress 
distribution at the bone interface, the AOANJRR 
has shown otherwise [24]. It has been noted that 
MBGs have higher revision rate than all- 
polyethylene glenoid components over the entire 
study period (Table 16.6). This is also increased 
when modular MBG is used (21.3% at 10 years) 
[9]. These findings are consistent with the exist-
ing literature comparing MBGs and all- 
polyethylene glenoids [34, 35].

Cementless MBGs are being revised for rota-
tor cuff insufficiency, instability and/or disloca-
tion, implant breakage and/or dissociation, 
infection, and loosening [24]. These complica-
tions can be attributed to its design. The initial 
design requires a thin polyethylene liner to avoid 
overstuffing of the joint since MBG tends to be 
thicker [32, 34, 36]. The thin liner makes it more 
prone to breakage and increased wear [32]. When 
the liner fails, metal-on-metal contact between 
the humeral head and the glenoid component 
occurs causing rapid metallosis, subsequently 
requiring revision surgery [37]. On the other 
hand, if a thicker liner is used, overstuffing of the 
joint results. This often leads to joint instability 
and rotator cuff insufficiency [31].

To be able to address these problems, some 
design modifications were made by using trabec-
ular metal (TM) glenoids or altering the central 
peg [37]. TM glenoids have monoblock design 
made up of layers of titanium mesh welded 

together to form four porous pegs (first- generation 
TM glenoid) or porous tantalum keel (second- 
generation TM glenoid) covering the backside of 
the polyethylene implant [37, 38]. On the other 
hand, the second-generation SMR has a curved 
back and less conforming shape, stiff and thick 
metal back to decrease the stress in the polyethyl-
ene component and minimize wear, and initial 
fixation through two screws and one hollow cen-
tral peg [37, 38]. These modern MBG designs 
have been shown by Kim et al. to have promising 
results that are comparable to or even better than 
cemented all-polyethylene glenoids [32]. When 
compared to the conventional MBGs, these mod-
ern MBG designs produced significantly lower 
loosening and failure rates [38]. However, this 
has not been supported by national level Registry 
data, with revision rates still higher than cemented 
all-polyethylene glenoids [9].

Two modern MBGs (SMR L2 and TM gle-
noid) were included in the Registry data until 31 
December 2019 (2020 report data) [39]. Among 
all the glenoid prostheses included in the registry, 
SMR L2 had the highest revision rate throughout 
the entire follow-up period. It had a 9.7% cumu-
lative percent revision at the first postoperative 
year. At 7 years, the revision rate was 34%, sig-
nificantly higher than what is anticipated. This is 
in contrast to the systematic review of Kim et al. 
[32] Because of this observation in the registry, 
the SMR L2 prosthesis was eventually withdrawn 
from the market.
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 Glenoid Component Polyethylene: 
Non-cross- Linked Polyethylene (XLPE) 
Versus XLPE
Polyethylene used in glenoid components can 
either be cross-linked polyethylene (XLPE) or 
non-XLPE. The most common type used nation-
ally is non-XLPE, which is available across a 
wider number of prostheses. The Registry shows 
that XLPE has a significantly lower cumulative 
percent revision at 10 years compared to the non- 
XLPE type (4.9% vs 13.1%) for all glenoid types 
(Table 16.7) [30]. The same has been noted when 
XLPE all-polyethylene is compared to non- 
XLPE all-polyethylene glenoids at 10  years 
(4.6% vs 7.8%) (Table 16.8). This may be attrib-
uted to less wear and particle generation, which 
decreases the risk of osteolysis and subsequent 
loosening and failure, as observed in hip and 
knee arthroplasties [40]. However, the early revi-
sions noted may be due to other prosthesis and 

patient-related factors before lysis and loosening 
come into play.

 Glenoid Component Shape: Keeled Versus 
Pegged All-Polyethylene
The first-generation TSRs had keeled glenoid 
components [37]. Because of the possibility of 
earlier failure due to prosthesis movement and 
higher risk of revision surgery after TSR espe-
cially in the younger patients, current practice 
has moved to preserving the bone stock on the 
glenoid side. Pegged design for the glenoid was 
introduced in order to reduce the resection of 
subchondral bone and to utilize stronger periph-
eral bone for fixation [26, 37, 41]. In addition, 
because of the variable number and length of 
pegs, it has been shown that the pegged design 
can withstand high shear and rotational forces 
resulting to decreased rate of loosening [42]. 
Earlier studies have shown that the keeled design 

Table 16.7 Cumulative percent revision of primary total stemmed shoulder replacement using “all types” of glenoids 
by polyethylene type (primary diagnosis OA) (AOANJRR 2021, Table ST35)

Polyethylene 
type

N 
revised

N 
total 1 year 3 years 5 years 7 years 9 years 10 years

Non-XLPE 537 6076 3.4 (2.9, 
3.9)

6.6 (5.9, 
7.3)

8.1 (7.3, 
8.9)

9.7 (8.8, 
10.6)

11.9 (10.9, 
13.1)

13.1 (11.9, 
14.4)

XLPE 53 1754 1.1 (0.7, 
1.8)

2.9 (2.1, 
3.9)

3.7 (2.8, 
4.9)

4.0 (3.0, 
5.4)

4.9 (3.4, 6.9) 4.9 (3.4, 6.9)

Total 590 7830

Note: Restricted to modern prostheses
This table is reprinted with permission from Table ST35 Cumulative Percent Revision of Primary Total Stemmed 
Shoulder Replacement Using All Types of Glenoids by Polyethylene Type (Primary Diagnosis OA), page 307 of Hip, 
Knee & Shoulder Arthroplasty Annual Report 2021 by the Australian Orthopaedic Association National Joint 
Replacement Registry (AOANJRR). 2021, Adelaide: AOA. © 2021 AOANJRR

Table 16.8 Cumulative percent revision of primary total stemmed shoulder replacement using “all-polyethylene” 
glenoids by polyethylene type (primary diagnosis OA) (AOANJRR 2021, Table ST36)

Polyethylene 
type

N 
revised

N 
total 1 year 3 years 5 years 7 years 9 years 10 years

Non-XLPE 150 3073 1.7 (1.3, 
2.3)

3.5 (2.9, 
4.3)

4.5 (3.8, 
5.4)

5.7 (4.8, 
6.9)

7.3 (6.1, 
8.8)

7.8 (6.5, 
9.5)

XLPE 48 1742 1.0 (0.6, 
1.6)

2.7 (1.9, 
3.6)

3.4 (2.5, 
4.6)

3.7 (2.7, 
5.0)

4.6 (3.2, 
6.6)

4.6 (3.2, 
6.6)

Total 198 4815

Note: Restricted to modern prostheses
This table is reprinted with permission from Table ST36 Cumulative Percent Revision of Primary Total Stemmed 
Shoulder Replacement using All-polyethylene Glenoids by Polyethylene Type (Primary Diagnosis OA), page 308 of Hip, 
Knee & Shoulder Arthroplasty Annual Report 2021 by the Australian Orthopaedic Association National Joint 
Replacement Registry (AOANJRR). 2021, Adelaide: AOA. © 2021 AOANJRR
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leads to higher rates of postoperative RLLs and 
loosening resulting to higher revision rates than 
the pegged glenoid component [37, 42, 43].

The majority of cemented all-polyethylene 
glenoid components used in Australia have been 
pegged (92%). Although there was a trend of 
higher cumulative percent revision for keeled 
glenoid components, the Registry has shown that 
there was no significant difference in the revision 
rates between the two types (5.2% for pegged at 
7 years, 4.6% for keeled) (Table 16.9) [9]. This is 
similar to several studies showing no difference 
in the rates of loosening and revision between the 
keeled and pegged designs [44–46]. This has 
been attributed to modern and better cementing 
techniques, [44, 47] as well as contemporary 
highly cross-linked polyethylene [30]. Also, 

some studies have shown that the presence of 
greater RLLs attributed to keeled glenoid compo-
nents does not necessarily correlate with greater 
failure and revision rates [45].

 Fixation Technique: Cementless Versus 
Cemented Versus Hybrid
The Registry has compared the outcomes of four 
different fixation techniques. Hybrid TSR fixa-
tion with cemented glenoid is the most common 
fixation technique (59.6%). After analysis, the 
Registry has shown that cementless components 
have the highest revision rate at 10 years postop-
eratively (18.2%) (Table 16.10) [9, 24]. On the 
other hand, hybrid fixation with cemented gle-
noid component has the lowest failure rate from 
1 to 10 years postoperatively (6.8% at 10 years). 

Table 16.9 Cumulative percent revision of all-polyethylene cemented primary total stemmed shoulder replacement by 
glenoid design (primary diagnosis OA) (AOANJRR 2021, Table ST34)

Glenoid design
N 
revised

N 
total 1 year 3 years 5 years 7 years 9 years 10 years

Keeled 
cemented

12 382 0.3 (0.0, 
2.0)

2.6 (1.3, 
5.1)

3.0 (1.6, 
5.7)

4.6 (2.4, 
8.7)

6.1 (3.1, 
11.7)

Pegged 
cemented

186 4428 1.6 (1.2, 
2.0)

3.3 (2.7, 
3.9)

4.2 (3.6, 
5.0)

5.2 (4.4, 
6.1)

6.6 (5.5, 
7.8)

7.0 (5.9, 
8.3)

Total 198 4810

Note: Restricted to modern prostheses
This table is reprinted with permission from Table ST34 Cumulative Percent Revision of All-Polyethylene Cemented 
Primary Total Stemmed Shoulder Replacement by Glenoid Design (Primary Diagnosis OA), page 306 of Hip, Knee & 
Shoulder Arthroplasty Annual Report 2021 by the Australian Orthopaedic Association National Joint Replacement 
Registry (AOANJRR). 2021, Adelaide: AOA. © 2021 AOANJRR

Table 16.10 Cumulative percent revision of primary total stemmed shoulder replacement by fixation (primary diag-
nosis OA) (AOANJRR 2021, Table ST32)

Fixation
N 
revised

N 
total 1 year 3 years 5 years 7 years 9 years 10 years

Cemented 24 393 1.9 (0.9, 
3.9)

3.8 (2.2, 
6.5)

4.3 (2.6, 
7.3)

7.1 (4.3, 
11.4)

8.0 (4.9, 
12.8)

10.1 (6.3, 
16.0)

Cementless 371 2730 5.2 (4.4, 
6.1)

9.7 (8.7, 
11.0)

11.5 (10.4, 
12.9)

13.5 (12.2, 
15.0)

16.4 (14.7, 
18.3)

18.2 (16.2, 
20.4)

Hybrid (glenoid 
cemented)

189 4675 1.5 (1.2, 
1.9)

3.4 (2.9, 
4.0)

4.3 (3.7, 
5.1)

5.1 (4.4, 
6.0)

6.6 (5.6, 
7.8)

6.8 (5.7, 
8.0)

Hybrid (glenoid 
cementless)

7 52 5.8 (1.9, 
16.9)

7.9 (3.0, 
19.7)

15.6 (7.7, 
30.4)

15.6 (7.7, 
30.4)

15.6 (7.7, 
30.4)

Total 591 7850

Note: Restricted to modern prostheses
This table is reprinted with permission from Table ST32 Cumulative Percent Revision of Primary Total Stemmed 
Shoulder Replacement by Fixation (Primary Diagnosis OA), page 304 of Hip, Knee & Shoulder Arthroplasty Annual 
Report 2021 by the Australian Orthopaedic Association National Joint Replacement Registry (AOANJRR). 2021, 
Adelaide: AOA. © 2021 AOANJRR
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It can be noted also that at all time points, the 
cumulative percent revision is higher when the 
glenoid component is not cemented. This can 
then indicate that the revision rate is increased if 
the glenoid component is cementless. This is 
similar to the results of the New Zealand Joint 
Registry, which showed five times higher 
 revision rate when the glenoid component is 
uncemented [35].

Page et  al. [24] in 2018 has reported that 
cementless glenoid components for the primary 
surgery had higher proportion of procedures 
being revised for rotator cuff insufficiency 
(28.2%), instability and/or dislocation (24.3%), 
implant breakage of glenoid insert (12.9%) and/
or dissociation (5.5%), and infection (4.1%). On 
the other hand, cemented glenoids were being 
revised primarily because of loosening (34.1%) 
[24]. Rotator cuff insufficiency and instability/
dislocation presented earlier postoperatively in 
cementless components, whereas loosening grad-
ually increases over time in both cementless and 
cemented glenoids [24].

16.4.2.2  Humeral Component
Humeral component failure can also be a reason 
for revision following TSR.  The common 
humeral-sided complications include loosening, 
possible intraoperative fracture of the humerus 
during insertion, dislocation, calcar osteolysis, 
and infection [48]. These complications arise as a 

consequence of the humeral head size, stem 
length, or fixation technique.

 Humeral Head Size
Head size has been noted to be a factor in total 
stemmed shoulder replacement. The Registry 
has shown that TSR survivorship improves 
with increasing head size, with >50 mm having 
the lowest cumulative percent revision at 
10 years (9.5%) and <44 mm having the high-
est (14.6%) (Table 16.11) [9]. There are likely 
patient factors not measured that may contrib-
ute to this.

Despite the Registry showing better outcome 
with increasing head size, accurate humeral head 
size selection is key for good outcome after 
TSA.  Increasing the humeral head thickness 
more than the native anatomic humeral head can 
result in overstuffing of the joint leading and 
over-tensioning of the soft tissues and significant 
decrease in range of motion [49, 50]. On the other 
hand, decreasing the size can lead to greater 
tuberosity impingement and point loading on the 
glenoid [49]. Restoration of the premorbid anat-
omy is ideal; hence, the resected humeral head 
can guide the surgeon on the correct humeral 
head diameter and thickness [51]. However, soft 
tissue status must be taken into consideration as 
well to afford proper tensioning and humeral 
bone loss can make accurate restoration difficult 
[49, 51].

Table 16.11 Cumulative percent revision of primary total stemmed shoulder replacement by humeral head size (pri-
mary diagnosis OA) (AOANJRR 2021, Table ST38)

Humeral head 
size

N 
revised

N 
total 1 year 3 years 5 years 7 years 9 years 10 years

<44 mm 97 1014 3.7 (2.7, 
5.1)

8.6 (6.9, 
10.6)

10.1 (8.2, 
12.4)

11.5 (9.3, 
14.2)

14.6 (11.5, 
18.4)

14.6 (11.5, 
18.4)

44–50 mm 380 4845 2.8 (2.4, 
3.3)

5.9 (5.2, 
6.6)

7.3 (6.5, 
8.1)

8.9 (7.9, 
9.9)

11.0 (9.8, 
12.3)

12.0 (10.7, 
13.5)

>50 mm 114 1990 2.6 (2.0, 
3.4)

4.2 (3.4, 
5.2)

5.4 (4.4, 
6.6)

6.6 (5.3, 
8.0)

8.0 (6.5, 9.9) 9.5 (7.6, 
11.8)

Total 591 7849

Note: Restricted to modern prostheses
Excludes 1 procedures with unknown head size
This table is reprinted with permission from Table ST38 Cumulative Percent Revision of Primary Total Stemmed 
Shoulder Replacement by Humeral Head Size, page 309 of Hip, Knee & Shoulder Arthroplasty Annual Report 2021 by 
the Australian Orthopaedic Association National Replacement Registry (AOANJRR). 2021, Adelaide: AOA. © 2021 
AOANJRR
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The cause of early failure across all head sizes 
is instability/dislocation. Starting from the sec-
ond year postoperatively, rotator cuff insuffi-
ciency becomes the main reason for revision for 
heads 50 mm or smaller. Loosening, on the other 
hand, is noted to be more apparent in heads 
>50  mm with increasing incidence starting at 
year 8 after the primary surgery and becomes the 
main reason for revision for these sizes at 12 years 
postoperatively.

16.5  Summary

Anatomic TSR is a reliable operation with excel-
lent long-term outcomes. It can be a challenging 
procedure especially in large males with signifi-
cant glenoid deformity. Despite its nuances, ana-
tomic TSR has gone through various modifications 
in the last decade. Each design modification is 
showing improved trends for lower revision, with 
a cemented, XLPE all-polyethylene glenoid hav-
ing the lowest cumulative revision rate in the 
AOANJRR. However, this cannot be accounted 
for in isolation. Despite the dominance of reverse 
shoulder replacement in current arthroplasty 
landscape, anatomic TSR is good operation with 
dependable outcomes and high satisfaction for 
the suitable patient.
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17Long-Term RSA Surgical Outcomes

Denny Tjiauw Tjoen Lie, Sheng Xu, 
and Gerald Joseph Zeng

17.1  Introduction

Reverse shoulder arthroplasty (RSA) has come a 
long way since the introduction of the first model 
implant by Paul Grammont in 1985 [1] to the cur-
rent Delta III reverse prosthesis in 1991 [2]. 
However, compared to other prosthesis such as 
total knee and total hip, the reverse shoulder 
prosthesis only obtained FDA approval in the 
USA in November 2003, thus limiting the amount 
of high-quality long-term outcome studies avail-
able in the English literature.

17.2  Chapter Overview

This chapter will provide a brief overview of the 
long-term outcomes of RSA, how outcomes are 
defined, what outcomes are commonly measured 
for RSA, and the newer definitions of outcomes. 
Indications for surgery and surgical approaches 

could affect long-term outcomes. These will also 
be discussed, as would some literature on implant 
survivorship and revision surgery.

17.3  Definition of Study Duration

In current literature, authors usually define their 
study duration (long-, mid-, or short-term) arbi-
trarily with a wide range of variation. In a 
recent systematic review by Ahmad et  al., the 
mean follow- up of papers published in the six 
highest ranked orthopedic journals was studied, 
and it was concluded that the mean follow-up 
of a short-term, mid-term, and long-term study 
was 2.5 years, 5 years, and 12.5 years respec-
tively [3].

17.4  Exploring Different 
Categories of Outcomes

17.4.1  Patient Reported Outcome 
Measures

There exist various ways of defining outcomes. 
Historically, outcomes were defined based on 
success or failure of surgery. These gradually 
evolved into assessment of patient reported out-
come measures (PROMs). Absolute improve-
ment in PROMs validate interventions for specific 
conditions and guide informed clinical decision- 
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making as well as provision of patient-centered 
care [4]. They allow patients to make decisions 
about their own care based on evidence-based 
information and gave them quality assurance 
regarding their surgery [5]. The most utilized 
PROM in the literature measuring outcome after 
RSA is the Constant-Murley score (CMS). CMS 
is a 100-point scale divided into four subscales: 
pain, activities of daily living, strength, and range 
of motion, with a higher score signifying better 
quality of function. Improvement in CMS after 
RSA is well documented, with short- and 
medium-term score more than doubling in most 
literature [6–10], and this does not appear to be 
influenced by patient demographics such as age 
or gender [11]. In longer-term follow-up, the 
improvement in CMS is still significant; how-
ever, similar to ROM, many authors have reported 
a decrease in CMS from medium- to long-term 
follow-up. Bacle et  al. [12] noted that CMS 
improved from 23 to 63 at mid-term follow-up; 
however this declined to 55 at 150  months. 
Favard et al. [13] also noted that CMS increased 
from 23.9 to 61.5 at 5 years; however there is a 
drop to 56.76 at 9 years. In the study by Guery 
et al. [7], 88% of patient had a CMS of more than 
30 at 72  months follow-up; however this 
decreased to only 58% at 120  months. This 
decrease in CMS could be due to the decreased in 
ROM with time as previously described, which 
makes up 40 points in the 100-point scale. Along 
with PROMs, researchers also often assess for 
statistical significance in improvement of PROMs 
with p-value being the most common statistical 
tool used [14] (Table 17.1).

17.4.2  Evolving Concept 
of Outcomes (MCID, PASS)

However, in recent years, there has been a shift 
and new concepts of how outcomes are per-
ceived have evolved. With more outcome scores 
being developed, there is high variability 
between each scoring system, which posed chal-
lenges in instituting practical guidelines in man-

agement. Statistically significant improvements 
in scores were usually expected after undergo-
ing RSA, but they may not necessarily translate 
into fulfillment of the patients’ satisfaction and 
expectation.

The concept of threshold scores such as mini-
mal clinically important difference (MCID) and 
patient acceptable symptomatic state (PASS) 
have been developed as newer methods for quan-
tifying value in shoulder arthroplasty. MCID is 
defined as “the smallest difference in score in the 
domain of interest which patients perceive as 
beneficial and which would mandate, in the 
absence of troublesome side effects and exces-
sive cost, a change in patient’s management.” by 
Jaeschke et  al. [15] In evaluating 466 cases of 
either anatomy TSA or reverse TSA, Simovitch 
et  al. [16] identified the anchor-based MCID 
results for various outcome measures, including 
CMS (5.7  ±  1.9). This meant that an improve-
ment in CMS of 5.7 points was the minimum 
improvement necessary for patients to achieve a 

Table 17.1 Long-term outcomes after reverse shoulder 
arthroplasty

Author Year Journal
Number of 
patients

Patient reported 
outcome 
measures

Bacle 
et al. 
[12]

2017 JBJS 84 
patients, 
87 
prostheses

CMS 
improvement 
from 23 to 63 at 
mid-term but 
declined to 55 at 
150 months (long 
term)

Guery 
et al. 
[7]

2006 JBJS 77 
patients, 
80 
prostheses

Decline in 
number of 
patients with 
CMS > 30, from 
88 to 58% as 
patients 
progressed from 
mid-term to 
long-term 
follow-up

Favard 
et al. 
[13]

2011 CORR 506 
patients, 
527 
prostheses

CMS increase 
from 23.9 to 61.5 
at 5 years, but 
dropped to 56.76 
at 9 years
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Table 17.2 Recent concepts in defining outcomes

Concept Definition Study
Minimal 
clinically 
important 
difference 
(MCID)

Smallest 
difference in 
score perceived 
as beneficial 
and affecting 
patient’s 
management

Simovitch et al. [16]: 
MCID of CMS 
(5.7 ± 1.9)
Interpretation: 
Improvement in CMS 
of 5.7 points was the 
minimum 
improvement 
necessary for patients 
to achieve a result 
they believe is 
clinically meaningful, 
and was attained by 
more than 80% of 
patients

Patient 
acceptable 
symptomatic 
state (PASS)

Absolute 
threshold, 
beyond which 
patients 
consider 
themselves well 
and satisfied 
with treatment

Chamberlain et al. 
[17]: Visual Analog 
Scale (VAS) pain 
score, the Simple 
Shoulder Test (SST), 
and American 
Shoulder and Elbow 
Surgeons (ASES) 
score of 1.5, 8.4, and 
76 considered 
acceptable 
symptomatic states

result they believe is clinically meaningful and 
was attained by more than 80% of patients. PASS 
is defined as the highest level of symptom beyond 
which a patient would consider himself to be 
well. Chamberlain et al. [17] performed a study 
on PASS in 2017 and found that patients treated 
with shoulder arthroplasty consider Visual 
Analog Scale (VAS) pain score, the Simple 
Shoulder Test (SST), and American Shoulder and 
Elbow Surgeons (ASES) score of 1.5, 8.4, and 76 
to be acceptable symptomatic states. Similar 
studies on PASS, but for different PROMs, can be 
derived from existing literature, to evaluate effi-
cacy of intervention (Table 17.2).

17.4.3  Range of Movement

One significant benefit of RSA is the improve-
ment in range of motion (ROM) postoperatively 
[1, 2, 7, 10–13, 18], specifically active forward 

flexion. In short- and medium-term follow-up 
studies, most patients achieved significant 
improving in forward flexion. At a mean follow-
 up of 29.9  months of 240 prosthesis in 232 
patients, Wall et al. [10] found that the mean for-
ward flexion improved from 86° to 137°. At 
48 months follow-up, Stechel et al. [9] found that 
forward flexion improved from 47° to 105°. The 
longest follow-up study by Bacle et al. [12] of 87 
prostheses in 84 patients with a mean follow-up 
of 150  months showed that forward flexion 
improved from 81° to 131°. Improvement in 
external rotation after RSA is more varied in the 
literature, with Stechel et  al. and Favard et  al. 
[13] reporting an increase in active external rota-
tion at short- and median-term follow-up, but this 
was not seen in the long-term follow-up studies 
reported by Bacle et al. [12] One significant con-
tributor to postoperative external rotation is the 
state of the teres minor. Boileau et al. [6] reported 
that in patients with <50% fatty infiltration of 
teres minor, mean active external rotation was 
15° compared to 0° in those with >50% fatty 
infiltration. Interestingly, Bacle et  al. [12] also 
reported that although significant improvement 
in forward flexion was achieved at a mean fol-
low- up of 150  months, there was a significant 
decrease from median-term follow-up. Favard 
et al. [13] also noted a time-dependent reduction 
in ROM in their group of patients from 5 to 
9 years postoperatively. This gradual reduction in 
ROM could be a result of impairment of active 
deltoid power. In RSA, the lowered and medial-
ized center of rotation lead to a non-physiological 
contraction-stretching cycle of the deltoid, and an 
aging muscle tissue could hinder its adaptation to 
repetitive contraction-stretching movements and 
decrease its motor performance [1, 2, 12]. 
Therefore, patients can expect a significant 
improvement in ROM (forward flexion) even 
10  years after RSA; however, this will tend to 
decrease over time. In the same study by 
Simovitch et al. [16], improvement in active for-
ward flexion of 12° ± 4° and active external rota-
tion of 3° ± 2° constituted attainment of MCID 
(Table 17.3).
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Table 17.3 Change in range of movement after reverse 
shoulder arthroplasty

Author Year Journal
Number of 
patients

Change in range 
of movement

Wall 
et al. 
[10]

2007 BJJ 232 
patients, 
240 
prostheses

Mean forward 
flexion improved 
from 86° to 137 
at 30 months

Stechel 
et al. 
[9]

2010 Acta 
Ortho

59 
patients, 
68 
prostheses

Forward flexion 
improved from 
47° to 105 at 
48 months

Bacle 
et al. 
[12]

2017 JBJS 84 
patients, 
87 
prostheses

Forward flexion 
improved from 
81° to 131° at 
150 months, but 
time-dependent 
reduction in 
ROM after

Favard 
et al. 
[13]

2011 CORR 506 
patients, 
527 
prostheses

Forward flexion 
increased from 
69 to 129 at 
5 years, but time 
dependent 
reduction in 
ROM after

17.5  Indications for RSA 
as Predictors of Outcome

One significant influencer of long-term outcome 
after RSA is the indication for surgery. RSA for 
massive cuff tear with or without glenohumeral 
arthropathy and primary osteoarthritis appears to 
confer the best outcome [10, 12] and RSA for 
rheumatoid arthritis, fractures, and revision sur-
gery having poorer outcome [6, 7, 9]. It is also a 
good option for patients with severe glenoid bone 
loss, such as from tumors [19]. Bacle et al. [12] 
found the highest absolute CMS in patients who 
underwent RSA for cuff arthropathy and primary 
osteoarthritis (63 ± 13 points and 62 ± 8 points, 
respectively), compared to those where RSA 
were performed for revision or posttraumatic 
arthritis (CMS of 45 points for both). Wall et al. 
[10] found that patients with posttraumatic arthri-
tis or revision arthroplasty had worse preopera-
tive Constant scores and worse active elevation 
compared to those with massive cuff tear with or 
without arthropathy and primary osteoarthritis, 

leading them to conclude that, although patients 
with posttraumatic arthritis and revision arthro-
plasty had improvement of similar magnitudes in 
terms of shoulder motion and function, they did 
not achieve the same overall level of performance 
compared with the other patients.

17.6  Relative Indications for RSA 
Leads to Poorer Outcomes

Contraindications to RSA include known dam-
age to the axillary nerve, a non-functional del-
toid muscle, glenoid vault deficiency precluding 
baseplate fixation, ongoing infection, as well as 
neuropathic joints [20]. Lädermann et  al. [21] 
studied 49 patients with impaired deltoid func-
tion who underwent RSA and found that while 
postoperative complication rate was significant 
at 18% (including two episodes of dislocation), 
preoperative deltoid impairment, in certain cir-
cumstances, was not an absolute contraindica-
tion to RSA, and majority of patients managed to 
do well postoperatively. Additionally, RSA 
should be performed with caution in patients 
with systemic inflammatory conditions, such as 
rheumatoid arthritis. In the study by Rittmeister 
et  al. [22] of eight prosthesis in seven patients 
with rheumatoid arthritis, even though all 
patients experienced a significant improvement 
in function and CMS, complications occurred in 
six shoulders, with one septic loosening, two 
aseptic loosening, and three failed acromion 
osteosynthesis following the transacromial 
approach. Other than increased risk of infection 
in patients with rheumatoid arthritis, patients 
with rheumatoid arthritis often have poor bone 
stock which increased their risk of implant fail-
ure. Another distinction is that in patients with 
rheumatoid cuff arthropathy, there is often 
involvement of the infraspinatus and teres mus-
cles besides the supraspinatus, leading to 
impaired external rotation postoperatively which 
will directly affect their CMS. Boileau et al. [6] 
reported a high rate of complications in their 
group of patients who underwent RSA for revi-
sion surgery, leading to a significantly lower 
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Constant scores compared with those with pri-
mary cuff arthropathy. This was attributed to the 
possibility that previous shoulder arthroplasty 
permanently altered shoulder function, deltoid 
power, and tuberosity malunion can interfere 
with prosthetic positioning, causing changes in 
biomechanical behavior and a faster decrease in 
functional outcome over time. Thus, although 
RSA can significantly improve outcome after 
fracture and revision, clinicians need to be aware 
of the potential difference in outcome in order to 
manage patient expectations.

17.7  Impact of Surgical Approach 
on Outcomes

Several authors have also described that different 
surgical approach can potentially affect outcome 
after RSA.  Grammont originally described the 
transacromial approach but subsequently con-
verted to a deltopectoral approach. Another com-
monly described approach is the superior 
transdeltoid approach. In theory, the superior 
transdeltoid approach can potentially lead to 
poorer outcome if the deltoid split resulted in 
excessive damage to the deltoid muscle or if there 
is excessive stripping of the deltoid, especially 
from acromion. Furthermore, exposure to the 
inferior glenoid may not be optimal in a transdel-
toid approach, posing additional challenges to 
placing the glenoid component in the ideal posi-
tion. In a comparative study between 35 RSA 
implanted via the superolateral approach and 
30 in the deltopectoral approach by Melis et al. 
[18], a higher incidence of scapular notching was 
noted in the superolateral approach. Similarly, 
Wall et al. [10] also described a case of superior 
cut out and loosening of the glenoid component 
with the superior approach. This was likely attrib-
uted to the tendency to place the baseplate with 
superior tilt and higher on the glenoid when RSA 
was implanted via the superior transdeltoid 
approach. In the series by Boileau et al. [6], their 
technique was revised from a transdeltoid to a 
deltopectoral approach due to concerns regarding 
possible damage to the deltoid muscle, critical 

for this prosthesis, and access to the humeral 
diaphysis that was necessary in revision and frac-
ture cases. Naveed et  al. [8] also described a 
change in their technique from the superior del-
toid split to deltopectoral approach due to diffi-
culty in achieving good exposure of the inferior 
glenoid to place the baseplate on the glenoid as 
inferiorly as possible. Although the type of 
approach may potentially impact ease of prosthe-
sis implantation, there appears to be no clear evi-
dence in their influence on outcome. In the series 
by Sirveaux et  al. [11] where superolateral 
approach was performed in 58 shoulders, delto-
pectoral in 16, and transacromial in 3, they found 
no difference in CMS at a mean follow-up of 
44.5 months.

17.8  Survivorship

Long-term survival rate after RSA has been 
reported to be up to 89% at 10 years follow-up. 
The longest follow-up study by Bacle et al. [12] 
with a mean follow-up of 150 months reported a 
mean implant survival of 110.3 month with 93% 
survival probability at 120 months. In the largest 
follow-up study by Favard et al. [13] of 527 pros-
theses in 506 patients with a mean follow-up of 
115  months, the implant survival was 89% at 
120 months. Sirveaux et al. [11] and Guery et al. 
[7] also reported implant survival of 95.1% and 
91% at 97 months and 120 months, respectively.

17.9  Revision Surgery

Revision rate after RSA is still relatively high, 
with figures quoted up to 12% in the literature [2, 
7, 9–13, 18, 23, 24]. However, numerous studies 
have found that the peak incidence for revision is 
in the short-term follow-up period, with the inci-
dence of revision dropping drastically after that 
[7, 12, 13, 25]. This is likely because the most 
common causes of revision were infection and 
mechanical failure which tend to occur in the 
early follow-up period. In the study by Bacle 
et  al. [12], the revision rate was up to 12% at 
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mean follow-up of 150 months; however, eight of 
these revisions occurred in the first 2 years and 
another eight after 2  years. The most common 
reason for revision in their series was infection 
which accounted for six cases of revision surgery 
in the first 2  years, and in those who required 
revision after 2  years, the most common cause 
was implant loosening. Guery et al. [7], Favard 
et al. [13], and Melis et al. [18] also reported that 
infection was the most common reason for revi-
sion surgery with a peak incidence before 3 years. 
Frankle et  al. [23] reported a revision rate of 
11.7% in 60 prostheses at an average of 
21.4  months. In all cases that required revision 
surgery, inspection of the porous surface of the 
glenoid baseplate revealed no evidence of osse-
ous ingrowth, leading them to conclude that a 
critical time-period for RSA was the first 2 years 
during which, if ingrowth did not occur, 
 mechanical failure would result from metal 
fatigue in the screws.

Several factors can affect the long-term sur-
vival and revision rate after RSA. Compared to 
the original design by Grammont which has a 
glenosphere with threaded locking system, the 
Delta III prosthesis makes use of a glenosphere 
with Morse taper. Various authors have reported a 
high incidence of unscrewing of the glenosphere 
from the metaglene in the original system leading 
to reduced long-term survivorship. Sirveaux et al. 
[11] reported five cases of unscrewing of the gle-
nosphere from the metaglene, with a higher inci-
dence in the right shoulder. Guery et  al. [7] 
reported three incidences of glenoid unscrewing, 
with all three patients having received the earlier 
version of the prosthesis. This is likely because in 
the original design, active forward flexion, espe-
cially in the right shoulder, produced a ratchet- 
like effect leading to high rate of unscrewing. 
When the glenosphere became loose, revision 
surgery could occasionally have been avoided by 
tightening the glenoid component. However, if 
this complication was not picked up in time, 
unscrewing of the glenosphere led to loosening 
which necessitated revision surgery (Table 17.4).

Table 17.4 Revision surgery in reverse shoulder 
arthroplasty

Author Year Journal
Number of 
patients Revision rate

Bacle 
et al. 
[12]

2017 JBJS 84 
patients, 
87 
prostheses

Revision rate 
12% (16 cases)
Most common 
reason for 
revision being 
infection (8 
cases), followed 
by glenoid 
loosening (4 
cases), humeral 
loosening (2 
cases), 
dislocation (1 
case), and wear 
(1 case)

Guery 
et al. 
[7]

2006 JBJS 77 
patients, 
80 
prostheses

Revision rate 
10%. Revision 
rate highest in 
the first 3 years, 
due to infection 
or malposition 
implant. RA has 
high risk of 
infection

Favard 
et al. 
[13]

2011 CORR 506 
patients, 
527 
prostheses

Revision rate 
5%. 12 
prostheses 
removed for 
infection in the 
first 3 years, 
substantial peak 
in revision before 
2 years

Melis 
et al. 
[18]

2011 BJJ 119 
patients, 
122 
prostheses

Revision rate 
7% (9 of 122 
cases). 6 for 
infection, 1 for 
glenosphere 
unscrewing, 2 for 
glenoid loosening

Frankle 
et al. 
[23]

2005 JBJS 60 
patients, 
60 
prostheses

Revision rate 
11.7%, with 
critical time 
period for these 
device being the 
first 2 years, 
because if 
ingrowth does 
not occur, 
mechanical 
failure may result 
from metal 
fatigue
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17.10  Conclusion

RSA has revolutionized the treatment of cuff 
arthropathy, which previously did not have a suit-
able solution. Patient reported outcome measures 
and patient satisfaction rates are high even after 
long-term follow-up, with the majority of patients 
experiencing improvement in pain scores and 
better function. Revision rates are high in the 
long term, and more longer-term studies are 
needed to validate the long-term efficacy of RSA.
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18Strategies to Improve Function 
in Reverse Total Shoulder 
Arthroplasty (RTSA): Glenoid- Shaft 
Angle and Lateralization

Joseph P. DeAngelis

As discussed throughout this edition, the shoulder 
relies on a careful balance of stability and mobil-
ity, and while an anatomic total shoulder arthro-
plasty aims to reproduce normal shoulder 
kinematics, the reverse total shoulder arthroplasty 
(RTSA) is a non-anatomic procedure. It draws on 
a partially constrained design to empower the del-
toid and the intact elements of the shoulder girdle 
to move the humerus around a fixed point, the gle-
nosphere. When the treatment of rotator cuff tear 
arthropathy was revolutionized by Grammont’s 
design, the mechanical effect of his design 
increased the deltoid’s moment arm by 42% [1]. 
In time, modern reverse designs have maintained 
the essential elements of his approach to maintain 
the joint’s stability, while simultaneously seeking 
a more anatomic position for the resulting shoul-
der joint to minimize complications and maxi-
mize range of motion (external rotation).

The normal inclination of the proximal 
humerus, or neck-shaft angle (NSA), is approxi-
mately 135°. However, person-to-person vari-
ability can range from 115 to 148°. When studied, 
approximately 22% of patients will have a NSA 
less than 130° or greater than 140°, so careful 
consideration needs to address the native anat-
omy and the intended surgical result [2]. The 
Grammont design had a fixed, 155-degree NSA 

and enhanced the deltoid moment arm by moving 
the humerus inferior or distal [3]. This change in 
position made the deltoid more powerful in for-
ward elevation and abduction, while shifting the 
center of rotation medially [4]. Grammont 
achieved success in his design by moving the 
center of rotation (COR) medial to the interface 
between the baseplate and glenoid [5].

This change in the COR created a stable foun-
dation for the reverse total shoulder by minimizing 
sheer and promoting the compression necessary 
for osteointegration. When combined with a 
155-degree angle on the humeral prostheses, these 
technical considerations addressed the intrinsic 
disability of rotator cuff arthropathy as long as the 
glenosphere was placed inferior on the glenoid 
face and the humeral implant did not impinge.

However, these design choices also result in 
significant changes to the physiologic function of 
the shoulder’s muscular supports. The anterior 
deltoid, the posterior deltoid, and the pectoralis 
major are more easily recruited as flexors and 
abductors, improving a patient’s ability to lift the 
arm. The latissimus dorsi, teres major, and lower 
part of the pectoralis major have an increased 
ability to serve in adduction and extension. This 
change results in a corresponding decrease in 
their effect on both internal and external rotation 
[6, 7]. In patients with Grammont-style RSA, the 
anterior and posterior rotator cuff are weakened 
by medialization, limiting their active internal 
and external rotation [8, 9].

J. P. DeAngelis (*) 
Beth Israel Deaconess Medical Center/Harvard 
Medical Center, Boston, MA, USA
e-mail: jpdeange@bidmc.harvard.edu

© ISAKOS 2023 
A. D. Mazzocca et al. (eds.), Shoulder Arthritis across the Life Span, 
https://doi.org/10.1007/978-3-031-33298-2_18

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-33298-2_18&domain=pdf
mailto:jpdeange@bidmc.harvard.edu
https://doi.org/10.1007/978-3-031-33298-2_18


164

In time, the medialization intrinsic to the tradi-
tional Grammont design was associated with high 
rates of scapular notching and concern for base-
plate micro-motion, osteolysis, and potential gle-
noid loosening [10, 11]. This concern combined 
with the observation that more notching was asso-
ciated with worse clinical outcomes [12–15]. To 
address the concerns associated with the traditional 
design, lateralized implants have been developed to 
improve the characteristics of the glenoid compo-
nent, the humeral stem, or both [16].

Lateralized glenoid components employ mod-
ern materials to create a stable implant-bone 
interface with a COR that is lateral to the surface 
of the glenoid. This modification preserves rota-
tional moment arms of the subscapularis and 
teres minor and enhances the active range of 
motion in the axial plane [17]. While the joint’s 
COR needs to be more medial than the native, 
lateralization of the glenosphere from the glenoid 
enhances the compressive forces at the bone- 
implant interface and may overcome the shear 
forces that result from lateralization [18].

As a result, lateralized components have been 
shown to decrease the impingement between the 
scapular neck and the humeral prosthesis that 
results in notching. In a systematic review of 13 
studies, the incidence of scapular notching was 
5.4% in a lateralized glenoid group compared to 
44.9% in a traditional group (p < 0.001) [19]. At 
the same time, patients with a lateralized prosthe-
sis demonstrated more active external rotation 
(46° vs. 24°, p < 0.001). In contrast, clinically sig-
nificant glenoid loosening was found in 1.8% of 
the traditional compared to 8.8% in the lateralized 
group (p = 0.003), raising questions of the sheer 
stress associated with lateralization. When one 
lateralized design was compared to a Grammont-
style prosthesis, the same disparity was con-
firmed; glenoid loosening occurred in 5.8% of 
lateralized implants compared to 2.5% [20]. In the 
lab, lateralized implants have increased micro-
motion with a lateralized design, acknowledging 
that lateralization can be achieved through the 
implant’s design or with bone grafting and/or 
bone augmentation of the glenoid [18].

With the ongoing evolution of reverse total 
shoulder designs, there may be a lag in the matura-
tion of the data available regarding implant behav-

ior. In a 2019 systematic review that included 103 
studies, there was no difference in the rate of asep-
tic loosening for lateralized and medialized gle-
noids (1.84% vs. 1.15%, respectively) [21]. 
Correspondingly, patient outcomes were similar 
for the two designs in a 2018 review, despite a dif-
ference in external rotation (lateralized greater than 
Grammont) and a difference in scapular notching 
(Grammont greater than lateralized) [22].

In considering the relevant equivalence of the 
two designs’ results, the debate remains unre-
solved. The Grammont design medializes the 
center of rotation, creating a compressive force at 
the implant-bone interface that may improve the 
glenoid fixation and implant longevity. 
Conversely, lateralized designs decrease the inci-
dence of scapular notching and may improve 
external rotation.

Changes to the humeral component have been 
introduced to maximize the compression on the 
glenoid component while increasing the mechan-
ical advantage of a lateralized center of rotation. 
While 155° is the most common humeral shaft 
angle, the horizontal cut may increase the 
impingement [23–26]. A reduced neck-shaft 
angle aims to reduce scapular notching, but it 
may increase the rate of dislocation [3].

In biomechanical studies, a decreased shaft 
angle will increase the range of motion, while 
decreasing the potential for contact with the infe-
rior angle of the glenoid [27]. A recent meta- 
analysis of 2222 shoulders undergoing RTSA 
compared the rate of scapula notching and dislo-
cation between implants with different neck-shaft 
angles [28]. While only 20% of the implants 
included had a neck-shaft angle of 135°, scapular 
notching was found to be more common with a 
155-degree implant (16.80%) than a 135-degree 
prosthesis (2.83%) (p < 0.01). There was no sig-
nificant difference in dislocation rate between the 
two groups (2.33% and 1.74%, respectively). 
However, lateralization alone has been shown to 
decrease scapular notching, even with a 
155-degree prosthesis, so the neck-shaft angle 
may not be the salient implant characteristic [29].

When the impact of neck-shaft angle on range 
of motion was examined, a similar meta-analysis 
revealed that a 135-degree prosthesis achieved 
greater external rotation (33°) than the 155-degree 
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alternative (25°) (p  <  0.01) [30]. In this way, 
modification to the humeral designs that lower 
the neck-shaft angle may reduce scapula notch-
ing and increase external rotation. How this 
adjustment should be combined with the lateral-

ization of the glenoid component and the risk of 
loosening warrants further investigation, particu-
larly if the risk of scapula fracture is included in 
the broader analysis of a patient’s expected clini-
cal result (Figs. 18.1 and 18.2; Table 18.1).

Fig. 18.1 Grammont-style prosthesis. Left—AP radio-
graph of a right shoulder in a patient with rotator cuff 
arthropathy. Center—The center of rotation relative lies in 

the center of the humeral head. Right—After a Grammont- 
style reverse total shoulder, the center of rotation is offset 
medially and distally

Fig. 18.2 Lateralized prosthesis. Left—AP radiograph 
of a right shoulder in a patient with rotator cuff arthropa-
thy. Center—The center of rotation relative lies in the cen-

ter of the humeral head. Right—After a lateralized reverse 
total shoulder, the center of rotation is moved laterally

18 Strategies to Improve Function in Reverse Total Shoulder Arthroplasty (RTSA): Glenoid-Shaft Angle…
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Table 18.1 Methods for affecting lateralization in a 
reverse total shoulder arthroplasty

Glenoid
Frankle-style 
glenosphere

Non-hemispherical design 
moves the center of rotation 
lateral

Bone grafting/bone 
augmentation of 
glenoid

Increased bone stock places 
the baseplate more lateral

Augmented-metal 
baseplates

Metal augment lateralizes the 
position of the baseplate

Lateralized baseplate Thickness of the baseplate 
increases the lateral offset

Humerus
Decreased neck-shaft 
angle

Moves the humeral shaft 
lateral rather than distal

Humeral tray/adaptor Increases the offset of the 
humeral component

Humeral stem design Curved and onlay stems
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19Periprosthetic Humerus Fractures 
After Shoulder Arthroplasty

Casey L. Wright, Maria A. Theodore, 
Richard Smith, and Evan A. O’Donnell

Periprosthetic humerus fractures adjacent to 
shoulder arthroplasty pose a challenging problem 
for orthopaedic surgeons and patients alike. 
Recent decades have seen a substantial increase 
in the prevalence of shoulder arthroplasty, which 
increased by approximately 730% between 1995 
and 2017 [1]. In 2017, approximately 2% of the 
population over the age of 80 was living with a 
shoulder arthroplasty. As the prevalence of shoul-
der arthroplasty increases, so too does the popu-
lation at risk of periprosthetic complications. 
Although overall complication rates may be 
downtrending with improvements in surgical 
technique and implant design [2, 3], estimates of 
the complication rates of anatomic and reverse 
total shoulder arthroplasty are variable and may 
be as high as 25% [3–6]. Complications include 
instability, periprosthetic fracture, infection, 
implant loosening, neurologic injury, acromial or 
scapular spine fracture, hematoma, deltoid injury, 
rotator cuff injury, and venous thromboembo-
lism. Periprosthetic humerus fractures account 
for approximately 20% of all complications, with 
the majority of fractures occurring intraopera-

tively [3, 7]. Fractures are significantly more 
likely to occur in cases of reverse (OR 4.01) [3, 8] 
and revision arthroplasty (RR 2.8) [9, 10]; the 
prevalence of both of which can be expected to 
increase in coming years.

While humeral shaft fractures in the absence 
of an implant demonstrate reliable healing, peri-
prosthetic fractures are associated with greater 
rates of nonunion [11, 12]. The presence of a 
prosthesis may disrupt endosteal blood supply, 
cause persistent distraction at the fracture site, 
and alter the mechanical environment at the frac-
ture by altering glenohumeral joint motion [11, 
13]. Patient factors predisposing to fracture, such 
as medical comorbidities in the aging population, 
rheumatoid arthritis, and osteopenia, may also 
hinder healing [13]. Further complicating shared 
decision-making among patients and surgeons is 
the relative lack of evidence-based guidance on 
management of periprosthetic humerus fractures, 
with most recommendations limited to expert 
opinion and small case series [12].

19.1  Classification Schemes

Several classification schemes for periprosthetic 
humerus fractures have been proposed, primarily 
based on fracture location. Successive classifica-
tion systems have attempted to improve the util-
ity of fracture classification in guiding 
management by incorporating factors such as 
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fracture pattern, available bone stock, and implant 
loosening. Only the most recent classification 
schemes, which were developed after the wide-
spread adoption of reverse, short-stem, and stem-
less implants, consider implant design.

One of the most widely accepted peripros-
thetic humerus fracture classification schemes 
was proposed by Wright and Cofield in 1995, 
which utilized the tip of the implant as a refer-
ence point (Fig. 19.1) [14]. Wright and Cofield 
Type A and B fractures both originate at the tip of 
the stem, with Type A fractures demonstrating 
proximal extension greater than one-third the 
length of the stem, Type B fractures extending 
proximally to a lesser extent, and Type C frac-
tures located entirely distal to the stem.

In 1998, Campbell et  al. classified fractures 
based on the anatomic location of the fracture 
[15]. Fractures are classified based on their loca-
tion within the greater and/or lesser tuberosities 
(region 1), metaphysis (region 2), proximal 
diaphysis (region 3), or mid- to distal humeral 
diaphysis (region 4).

Similar to the original Wright and Cofield 
classification, Worland et al. proposed a classifi-

cation scheme centered around the location of the 
fracture relative to the stem, with a subclassifica-
tion based on fracture pattern and stability of the 
implant [16]. In the Worland classification, Type 
A fractures involve the tuberosities, Type B occur 
at the level of the stem, and Type C occur distal to 
the implant. Type B fractures are further subdi-
vided into spiral fractures (Type B1), oblique 
fractures near the stem tip (Type B2), and frac-
tures associated with an unstable implant (Type 
B3). Such subclassification is designed to reduce 
the ambiguity in treatment of Type B fractures, as 
Type B2 can typically be treated nonoperatively 
and Type B3 fractures should be managed 
surgically.

In 2008, Groh et al. developed a classification 
scheme for both intra- and postoperative frac-
tures, utilizing the stem as a reference point, 
which could guide management [17]. Type I frac-
tures exist entirely proximal to the stem tip and 
are amenable to cerclage if occurring intra- 
operatively. Type II fractures, which extend distal 
to the stem tip, and Type III fractures, occurring 
entirely distal to the stem, are amenable to cer-
clage and conversion to a long-stem prosthesis 
when occurring intraoperatively. When occurring 
postoperatively, Type III fractures involving a 
stable implant are amenable to a trial of nonop-
erative management.

The above classification schemes have dem-
onstrated only moderate inter-observer agree-
ment, with Fleiss’ kappa values between 0.483 
(Groh classification) and 0.583 (Wright and 
Cofield classification) for fracture classification 
and in guiding management [18]. Fractures of the 
humeral diaphysis at or proximal to the stem tip, 
including Wright and Cofield Type A, Campbell 
Region 3, Worland Type B, and Groh Type II 
fractures, present a significant challenge to sur-
geons evidenced by variability in preferred man-
agement. The variability could result from degree 
of fracture displacement, implant instability, and/
or remaining bone stock, which are not well- 
accounted for in the available classification 
schemes, as well as surgeon preference.

Recently, Kirchoff et  al. proposed a more 
comprehensive classification system and treat-
ment algorithm inclusive of some of these factors 

Fig. 19.1 AP X-ray of the right shoulder with an ana-
tomic total shoulder replacement. Lines demonstrate the 
Wright and Cofield fracture classification. Type A frac-
tures originate at the stem tip and extend proximally 
greater than one-third the length of the stem. Type B frac-
tures originate at the stem tip and extend proximally to a 
lesser extent. Type C fractures occur distal to the stem tip
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[19]. The system takes into consideration the 
type of prosthesis (anatomic, stemless, reverse), 
anatomic fracture location (acromion, glenoid, 
humerus), location of the fracture in relation to 
the implant, presence of a glenoid prosthesis, 
integrity of the rotator cuff, and implant stability. 
In a subsequent retrospective validation study, 
they found high inter-rater reliability between 
two board-certified trauma surgeons (Cohen’s 
kappa of 0.94) with the sole discrepancy result-
ing from disagreement classifying a stem as loose 
or stable [20]. Eighty-four percent of the frac-
tures were treated in accordance with the pro-
posed treatment algorithm and 94% of these 
cases (15 of 16) had a good outcome. Conversely, 
in all three cases in which the surgeon deviated 
from the proposed treatment, the patient experi-
enced a poor outcome.

To date, however, no classification scheme has 
been universally adopted. The lack of a standard-
ized classification system hinders both the cre-
ation of larger data repositories on periprosthetic 
humerus fractures and the development of man-
agement guidelines.

19.2  Risk Factors

Proximal humerus periprosthetic fractures are 
best considered in two broad groups, intra- and 
postoperative, each of which has its own risk fac-
tor profile, management options, and clinical 
outcomes.

Intraoperative periprosthetic humerus frac-
tures largely occur during implant removal in 
revision cases (up to 81%), during reaming and 
broaching (up to 31%), during trialing or implant 
insertion (up to 19%), or due to excessive torque 
or retraction (up to 13–15%) [10, 15, 21, 22]. 
Risk factors include both modifiable and non- 
modifiable patient factors, including female sex 
(RR 3.3 [9]–4.19 [23]), post-traumatic arthritis 
(RR 1.9 [9]–2.55 [23]) [15, 21], instability (RR 
2.65 [10]), osteoporosis [14, 15, 23, 24], and 
rheumatoid arthritis [13, 14, 25–27]; implant fac-
tors, such as the use of press-fit stems (RR 2.9 
[9]) or prior hemiarthroplasties in revision cases 
(OR 2.34 [10]); and surgical factors, such as revi-
sion cases (RR 2.8 [9]). Revision cases pose a 

particular challenge due to the scar tissue encoun-
tered during the approach, the need to remove the 
previous implant, and stress shielding of the 
greater tuberosity in uncemented and diaphyseal- 
fitting stems [15, 22]. Excessive scar tissue may 
necessitate increased torque to obtain adequate 
exposure, whereas stress shielding predisposes 
the tuberosities to fracture.

A comprehensive understanding of a patient’s 
risk factors for periprosthetic fracture is impera-
tive to pre-operative planning and informed con-
sent discussions. In high-risk patients, the 
possible need for intraoperative fixation or con-
version to reverse total shoulder arthroplasty 
should be discussed preoperatively. Surgeons 
may also ensure additional equipment, such as 
cerclage wires, plates, screws, long-stem 
implants, reverse components, and cement, are 
available.

Several mitigation techniques exist to reduce 
the risk of intraoperative fracture and start with 
patient positioning. The patient should be posi-
tioned to allow for full extension and adduction 
of the humerus, which allows for adequate 
humeral canal preparation without levering of the 
distal humerus. Surgeons should ensure adequate 
capsular release, especially in cases of severe 
osteoarthritis, significant medial glenoid wear, 
and revision cases with soft tissue contracture, to 
allow for adequate exposure without excessive 
torque on the humerus. The humerus is at particu-
lar risk of fracture due to torque and excessive 
external rotation during initial dislocation and 
glenoid preparation. Appreciating pre-existing 
humeral deformity in the case of post-traumatic 
arthritis or revision surgery is important to ensure 
a correct entry point and trajectory for reaming, 
avoiding perforation. Intraoperative fluoroscopy 
may be useful to plan and confirm the appropriate 
positioning of reamer, broaches, or implants. 
Overzealous reaming and endosteal notching 
predispose to both intra- and postoperative frac-
tures by creating a stress riser at the tip of the 
implant stem. Hand reaming is particularly useful 
in mitigating this risk, especially in osteoporotic 
bone in which it allows for compression of can-
cellous bone. Finally, appropriate preoperative 
templating may mitigate the risk of fracture asso-
ciated with underreaming and placement of an 
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oversized prosthesis. Intraoperative radiographs 
taken prior to leaving the OR are useful in identi-
fying unrecognized fractures or risk factors for 
postoperative periprosthetic fracture.

In revision cases, implant removal and disrup-
tion of the bone-implant or cement-implant inter-
face may result in significant bone loss and is 
typically associated with fractures involving the 
greater tuberosity. The greater tuberosity is at 
particular risk with metaphyseal-filling ingrowth 
stems or cemented stems with proximal fins, 
which result in significant proximal bone loss 
during removal. Preventative measures include 
utilization of implant-specific removal devices 
and decreasing the force necessary to remove the 
implant by performing a corticotomy [22].

Some surgeons utilize prophylactic placement 
of heavy, nonabsorbable sutures or cerclage wires 
around the tuberosities or metaphysis. This may 
be especially useful in patients at high risk of 
fracture during stem removal, reaming, or inser-
tion, including those with a thin greater 
tuberosity.

The vast majority of postoperative fractures 
occur after a fall [13, 14, 16, 23] or through an 
area of cortical weakening due to a stress riser or 
prosthetic loosening [14, 23]. Risk factors for 
postoperative fractures include osteonecrosis and 
increased Charlson medical comorbidity index 
[28]. Generally, postoperative fractures occur at 
the tip of the stem or cement mantle. However, 
with short-stem or canal-sparing implants, frac-
tures may involve the tuberosities and proximal 
humeral shafts.

19.3  Patient Evaluation

Evaluation of patients with periprosthetic 
humeral fractures involves a thorough history, 
physical examination, and radiographic evalua-
tion. A thorough history should elicit the mecha-
nism of injury, risk factors for periprosthetic 
fracture as detailed above, and review of prior 
operative reports. Review of operative reports 
should note the preoperative diagnosis and 
implants used. Notes should also be made of any 
prior complications and revision surgeries. 
During the physical examination, it is imperative 

to note neurovascular status particularly of the 
axillary and radial nerves, as well as distal perfu-
sion, as revision shoulder arthroplasty and open 
reduction and internal fixation (ORIF) of peri-
prosthetic fractures are higher risk operations for 
neurovascular complication.

X-rays of the shoulder (AP, true AP (Grashey), 
scapular Y, and axillary views) and full-length 
humerus (AP and lateral) should be assessed for 
previous implant, implant loosening, stress 
shielding, available bone stock, fracture pattern, 
and any pre-existing humeral deformity. Metal 
suppression CT is useful for assessing remaining 
bone stock, implant stability, fracture pattern, 
glenoid version, and rotator cuff integrity [29]. 
Axial imaging also aids the surgeon in planning 
the feasibility and trajectory of possible “skive” 
screws, or bicortical non-locking screws angled 
to skirt around the implant, in cases of planned 
ORIF.

19.4  Management and Outcomes

Management of periprosthetic humeral fractures 
is dependent on several factors including timing 
of fracture (intraoperative vs postoperative); 
implant type and stability; fracture location and 
morphology; and patient factors, such as bone 
quality, rotator cuff integrity, and medical comor-
bidities. Treatment options vary and include non-
operative treatment, open reduction, and internal 
fixation and revision arthroplasty. The goals of 
fracture management are pain relief, early range 
of motion, preservation of shoulder function, and 
promotion of fracture union while maintaining 
implant stability.

19.5  Intraoperative Fractures

Management of intraoperative fractures is highly 
dependent on fracture location. Metaphyseal, cal-
car, and proximal humeral diaphyseal fractures 
are generally amenable to bypassing the fracture 
by two [23] to three [15] cortical diameters with 
either a standard-length or long-stem prosthesis, 
with supplemental cerclage, tape/suture, and 
plate and screw fixation as needed. Tuberosity 
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fractures may be managed with transosseous 
suture fixation to secure the rotator cuff attach-
ments, with or without screw augmentation. If 
unable to attain stable fixation, conversion to a 
fracture or revision stem may improve stability 
by improving proximal ingrowth and providing 
more options for fixation through the stem. In 
cases in which there is persistent inability to 
attain stable fixation, conversion to a reverse 
arthroplasty may be necessary.

Intraoperative shaft fractures can similarly be 
managed with conversion to a longer-stemmed 
prosthesis, bypassing the fracture site by at least 
two cortical diameters. Placement of cement in 
the distal canal to engage the tip of the prosthesis 
may improve stability. When a fracture is sus-
tained prior to cementation, it is imperative to 
prevent cement from escaping through the frac-
ture site, which can impede healing and result in 
nerve injury. If a fracture occurs after cementa-
tion and the stem is determined to be stable, plate 
fixation may avoid the risk of fracture propaga-
tion and increased morbidity associated with 
stem removal [11]. If unable to bypass the frac-
ture site by a sufficient length or in the setting of 
severe osteopenia, additional fracture fixation 
with cerclage cables, suture fixation, plate and 
screw fixation, and/or strut allograft is advisable. 
Supplementary fixation allows for earlier range 
of motion and higher union rates [11, 15].

In their report of intraoperative fractures, 
Athwal and colleagues noted all fractures dem-
onstrated radiographic healing at a mean of 
17  weeks postoperatively (range, 6–56  weeks) 
[9]. Non-displaced greater tuberosity fractures 
healed at a mean of 6.5 weeks, whereas displaced 
tuberosity fractures healed at a mean of 
13.5 weeks. Humeral shaft fractures healed at a 
mean of 22.5 weeks.

19.6  Postoperative Fractures

19.6.1  Nonoperative Management

Many surgeons advocate for a trial of nonopera-
tive management for postoperative shaft fractures 
in acceptable alignment without evidence of 
implant loosening [17, 23, 25, 30]. Acceptable 

alignment is generally defined as less than 20 
degrees of flexion/extension, 15–20 degrees of 
rotation and 30 degrees of varus/valgus defor-
mity [11, 31, 32]. Long oblique and spiral frac-
tures are most amenable to nonoperative 
treatment [14], unless overlapping a significant 
portion of the stem compromising implant stabil-
ity. Nonoperative management generally involves 
immobilization with a shoulder immobilizer, 
cast, or Sarmiento brace, depending on the frac-
ture location.

Although many authors advocate for a trial of 
nonoperative management, it is important to 
understand the low success and high complica-
tion rates associated with nonoperative treatment 
(Table  19.1) [13–17, 23, 25, 33–36]. A recent 
systematic review of management of peripros-
thetic humerus fractures found a 50% failure rate 
of nonoperative treatment [12]. Of the 32 patients 
identified in their study who were treated entirely 
nonoperatively, 10 (31%) developed complica-
tions including malunion/nonunion, radial nerve 
palsy, shoulder stiffness, and skin necrosis from 
the orthosis.

19.6.2  Open Reduction and Internal 
Fixation

Indications for fracture fixation include failure of 
nonoperative management for a humeral shaft 
fracture surrounding a stable implant and tuber-
osity fracture near a hemiarthroplasty or ana-
tomic total shoulder arthroplasty [37]. Failure of 
nonoperative treatment can be assumed when 
there is failure to maintain adequate reduction or 
there is nonunion of an unstable fracture after at 
least 3  months of attempted nonoperative man-
agement [11, 23]. Transverse and short oblique 
fractures are more likely to fail nonoperative 
management [14]. Tuberosity fractures can be 
repaired via transosseous sutures, tape, cerclage, 
or conversion to reverse total shoulder arthro-
plasty. Fixation of periprosthetic shaft fractures 
around a well-fixed implant can be achieved with 
either a plate, strut allograft, or both. The plate 
may be secured around the stem with either cer-
clage wires, short unicortical locking screws, or 
bicortical “skive” screws. To avoid the creation of 
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Table 19.1 Outcomes of periprosthetic humerus fractures managed conservatively

Study

No. of fractures 
managed 
non-operatively

No. of fractures that 
healed with 
non-operative 
management

Mean time to 
radiographic 
healing

Complications 
(%) Complications

Boyd (1992) 
[13]

7 1 (14.3%) 3 months 1 (100%) Union with pain

Krakauer 
(1994) [25]

11 6 (54.5%) 11–13 weeksa None reported Not specified

Wright 
(1995) [14]

8 4 (50%) 5.3 months 1 (12.5%) Persistent pain

Campbell 
(1998) [15]

5 5 (100%) 3.1 months 2 (40%) Frozen shoulder, skin 
slough and cellulitis

Worland 
(1999) [16]

2 1 (50%) 3 months 1 (100%) Death

Kumar 
(2004) [23]

11 6 (54.5%) 180 days None reported None reported

Groh (2008) 
[17]

4 4 (100%) 11 weeksb None reported None reported

Wolf (2012) 
[33]

2 0 (0%) N/A 1 (100%) Nonunion, persistent 
pain

García- 
Fernández 
(2015) [34]

1 1 (100%) 18 weeks None reported None reported

Ascione 
(2018) [35]

5 5 (100%) Not specified None reported None reported

Ragusa 
(2020) [36]

5 4 (80%) 4.4 months 3 (60%) Acromial stress 
fracture, second 
fracture, hypertrophic 
nonuinon

a Range, mean value not provided
b Inclusive of all fractures, treated operatively and non-operatively

a stress riser, the plate should overlap the prosthe-
sis by at least two cortical diameters. Locking 
plates, which may be particularly useful in 
osteopenic bone, have the benefit of increased 
bone-implant stability and screw pull out [11]. 
Contraindications to operative management 
include medical comorbidities precluding gen-
eral anesthesia and active infection.

Operative management with internal fixation 
has demonstrated good outcomes with respect to 
healing among appropriately selected patient 
cohorts. In 2022, Mourkus and colleagues pub-
lished a systematic review of clinical outcomes 
following periprosthetic humerus fractures [12]. 
The review included 99 patients who underwent 
open reduction and internal fixation, in which 
union was achieved in 93.07% (95% CI 87.15–
97.45) without further intervention. Eighty-four 
of these patients underwent fixation acutely, 

whereas 15 had previously failed a trial of nonop-
erative management. The overwhelming majority 
(95%) involved a well-fixed prosthesis and frac-
ture healing, which was reported for 75.7% of the 
patients, occurred at a mean of 5.5 months (range, 
2–10). Of those studies which reported patient 
satisfaction scores, 72% of patients reported 
being satisfied with their outcome. Complications 
included hardware irritation, transient nerve 
 palsies, deep infection, fracture extension, or fail-
ure of fixation and nonunion.

Despite reliable radiographic healing, func-
tional deficits may persist. Among five patients 
treated with open reduction and internal fixation 
using a locking plate, Kurowicki et  al. noted a 
mean time to radiographic union of 19  weeks 
(range, 9–53 weeks) with only one patient report-
ing a VAS pain score above 0 (average 0.5) [38]. 
However, functionally limiting range of motion 
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deficits were not uncommon. The average active 
shoulder flexion was 86° (range, 60–130°), 
abduction 70° (range, 50–90°), and external rota-
tion 18° (range, −10 to 60°). The mean ASES 
total score was 75 (range, 62–100) while the 
mean ASES Function score was 28 (range, 
15–50).

The largest case series to date, published by 
Andersen et  al., included 17 fractures treated 
with ORIF occurring after anatomic (nine) or 
reverse (eight) shoulder arthroplasties [39]. Eight 
of the fractures were augmented with strut 
allograft. All fractures demonstrated radiographic 
healing at a mean 6.8  months postoperatively 
(range, 3.25–12 months). Mean ASES scores at 
time of final follow-up was 45.1 (95% CI: 26.8–
63.5). Five of six patients in whom pre-fracture 
ASES scores were available returned to their pre- 
fracture score. Seven of the 17 fractures experi-
enced complications, four of which required 
subsequent re-operation. These included a remote 
broken anatomic humeral stem due to recurrent 
trauma, failure of glenosphere baseplate fixation 
and the humeral socket, distal plate fixation fail-
ure, and distal fracture-line extension. The latter 
two occurred in shortly postoperatively and 
required extension of fixation with an additional 
locking plate. Radial nerve palsies occurred in 
three additional cases and were managed 
nonoperatively.

19.6.3  Revision Arthroplasty

Revision arthroplasty is indicated in fractures 
involving a loose implant or those in which sur-
rounding bone stock is insufficient for fracture 
fixation. Implant loosening can be assessed by 
changes in implant positioning on serial radio-
graphs or when radiolucency is noted in at least 
three of eight humeral zones [40, 41]. Traumatic 
loosening can occur when a fracture line extends 
along a significant portion of the implant, desta-
bilizing it [11]. Revision arthroplasty typically 
involves conversion to a long-stemmed implant 
that bypasses the fracture by at least two to three 
cortical diameters. The long-stem implant can be 

either press fit or cemented, dependent on the 
implant chosen and available bone stock [11, 14, 
16, 23]. Implant revision is often accompanied by 
additional fixation, usually with a strut allograft 
and cerclage or a plate and screws. Osteolysis 
and loss of available bone stock may complicate 
management of periprosthetic humeral fractures 
and may necessitate component-allograft com-
posites or humeral endoprostheses.

Andersen and colleagues reported on 19 peri-
prosthetic fractures involving 9 reverse and 10 
anatomic implants treated with revision arthro-
plasty [39]. All stems were loose at the time of 
surgery. Fourteen were treated with a long-stem 
prosthesis, whereas five were treated with a short 
stem supplemented by ORIF. They noted an aver-
age time to radiographic union of 7.7  months 
(range, 3.5–13.5  months). Allograft augmenta-
tion was utilized in 17 of the cases and 18 went 
on to union. Pre-fracture ASES scores were avail-
able for five of the patients (32.0 (95% CI: 14.0–
50.0), with all post-fracture ASES scores 
exceeding pre-injury scores (54.4 (95% CI: 44.6–
64.2). Complications occurred in seven cases, 
three of which required reoperation. These 
included subsequent periprosthetic fracture, non-
union following multiple surgeries, and dissocia-
tion of the humeral socket-stem Morse taper. 
Complications treated nonoperatively included a 
transient radial nerve palsy, loosening of the 
stem, postoperative hematoma, and dislocation.

19.7  Conclusion

Periprosthetic humeral fractures are increasing in 
their incidence and represent a challenging clini-
cal problem. A thorough preoperative evaluation 
including previous operative notes with implant 
specifics, radiographs, and axial imaging are nec-
essary. Classification systems remain cumber-
some and complex. Nonoperative management 
can be considered, though with high rates of non-
union and malunion. Surgical interventions 
include ORIF and revision shoulder arthroplasty 
and should be tailored to patient and fracture 
morphology.
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20Total Shoulder Arthroplasty 
Subscapularis Repair and Failure

Ignacio Pasqualini, Javier Ardebol, 
Jeffrey L. Horinek, Cameron J. Phillips, 
and Patrick J. Denard

20.1  Introduction

Subscapularis healing plays a critical role in 
postoperative outcomes for patients undergoing 
total shoulder arthroplasty (TSA) [1]. 
Subscapularis failure after TSA has been linked 
to decreased function, instability, and early 
implant failure [1–4]. Therefore, much attention 
has been placed on subscapularis management 
during TSA.

While subscapularis-sparing approaches are 
an option, the subscapularis is most commonly 
taken down during TSA to access the glenohu-
meral joint and optimize component position. 
Options for subscapularis taken down include 
tenotomy, peel, and lesser tuberosity osteot-
omy [5–9]. Several anatomic, biomechanical, 
and clinical studies have compared the advan-
tages and disadvantages of these techniques [7, 
8, 10, 11]. However, controversy continues 
regarding which is the best technique for 
addressing the subscapularis. One issue is that 
a variety of repair techniques exist which often 
cloud comparative analysis of takedown 
techniques.

To optimize results after TSA, it is important 
for surgeons to be knowledgeable and comfort-
able with subscapularis management. This chap-

ter aims to provide an overview of subscapularis 
anatomy, approach, repair techniques, and clini-
cal outcomes in the setting of TSA.

20.2  Subscapularis Anatomy

The subscapularis is the largest rotator cuff mus-
cle, originating from the subscapular fossa and 
extending laterally to its insertion on the lesser 
tuberosity of the humerus [12]. The insertion is 
fully tendinous superiorly and more muscular at 
the inferior extent. Innervation is supplied from 
the upper and lower subscapular nerves [12]. The 
subscapularis muscle internally rotates and helps 
to adduct the humerus. Most importantly, because 
it is the only anterior rotator cuff muscle, it plays 
a critical role in dynamic glenohumeral stability. 
Notably, the subscapularis delivers half of the 
overall rotator cuff force, making it the strongest 
of the complex [13, 14].

20.3  Surgical Techniques

20.3.1  Subscapularis Tenotomy

20.3.1.1  Approach
Subscapularis tenotomy is performed with a ver-
tical incision within the tendon approximately 
1 cm medial to the subscapularis insertion, leav-
ing a cuff of the tendon on the lesser tuberosity to 
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Fig. 20.1 Subscapularis tenotomy. (Reproduced with 
permission from Defranco MJ, Higgins LD, Warner JJP 
(2010) Subscapularis management in open shoulder sur-
gery. J Am Acad Orthop Surg 18:707–717)

Fig. 20.2 A transosseous repair of subscapularis peel. 
(Reproduced with permission from Defranco MJ, Higgins 
LD, Warner JJP (2010) Subscapularis management in 
open shoulder surgery. J Am Acad Orthop Surg 
18:707–717)

facilitate repair after the prosthesis is implanted 
[5, 6, 13]. Traction sutures are used to tag and 
mobilize the tendon (Fig. 20.1).

20.3.1.2  Repair
Side-to-side repair is usually achieved by using 
high-strength, absorbable, or nonabsorbable 
sutures in a configuration based on the surgeon’s 
preference (Fig. 20.1). Double-row anchor-based 
repairs have also been described [15]. Additionally, 
the tendon-to-tendon repair can be augmented by 
using a transosseous technique through bone tun-
nels with nonabsorbable sutures [16].

20.3.2  Subscapularis Peel

20.3.2.1  Approach
With a peel approach, the tendon is completely 
released from the lesser tuberosity using a scalpel 

or electrocautery [5, 6, 13]. This is done from lat-
eral to medial with increasing external rotation of 
the arm. Traction sutures may be used in the same 
manner as mentioned above. It is important to 
maintain the fully intact tendon during release.

20.3.2.2  Repair
Tendon footprint repair can be accomplished 
transosseously by creating bone tunnels or by 
passing sutures through drill holes and around a 
stem implant (Fig. 20.2) [17, 18]. The use of a 
backpack technique and knotless, anchor-based 
double row repairs have been described [15]. In 
cases of poor bone quality, the sutures can also be 
tied over a mini plate on the lateral side of the 
greater tuberosity [19].

20.3.3  Lesser Tuberosity Osteotomy

20.3.3.1  Approach
LTO maintains a portion of the subscapularis 
insertion to lesser tuberosity with the theoretical 
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Fig. 20.3 Lesser tuberosity osteotomy. (Reproduced 
with permission from Defranco MJ, Higgins LD, Warner 
JJP (2010) Subscapularis management in open shoulder 
surgery. J Am Acad Orthop Surg 18:707–717)

a

b

Fig. 20.4 (a) The suture limbs are tensioned after pass-
ing through the half-racking suture. (b) Final repair. 
(Reproduced with permission from Denard PJ, Noyes 
MP, Lädermann A.  A Tensionable Method for 
Subscapularis Repair after Shoulder Arthroplasty. JSES 
Open Access. 2018 Dec;2(4):205–210. https://doi.
org/10.1016/j.jses.2018.08.003)

advantage of bone-to-bone healing rather than 
tendon-to-bone healing [13]. It also allows for 
easier postoperative surveillance via radiography. 
Several LTO techniques have been described 
[20–23]. Generally, an osteotomy is created by 
sagittal saw or osteotome to obtain 0.5–1 cm or 
50% of the depth of the lesser tuberosity 
(Fig. 20.3).

20.3.3.2  Repair
LTO repair is achieved by creating drill holes 
about the bicipital groove and medial to the LTO 
where sutures can be passed around the stem or 
through the stem. Different suturing methods 
have also been described, including backpack, 
single-row, and dual-row [7]. Sutures are prefer-
ably tied with the arm positioned at 30 degrees of 
external rotation. Moreover, a tensioning device 
can help generate additional compression to the 
construct [24] (Fig. 20.4).

20.3.4  Subscapularis-Sparing

Another technique to gain access to the glenohu-
meral joint without violating the subscapularis is 
a subscapularis sparing approach [25]. Theoretical 
advantages of this technique include the lack of 
need to achieve tendon and accelerated postop-
erative rehabilitation. Despite the term “sparing”, 
this technique varies with regard to the amount of 
tissue that is actually removed, with reports sug-
gesting that 30–50% of either the superior or 
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inferior portion of the insertion may be taken 
down [26]. Although the technique is appealing, 
it has yet to gain widespread adoption due to the 
technical difficulty and high rate of postoperative 
components [6].

20.4  Biomechanical Outcomes

20.4.1  Subscapularis Approach

Several biomechanical studies have compared 
subscapularis management techniques. Generally, 
LTO technique has showed the best results or at 
least similar to other techniques. Van den Berghe 
[27] evaluated the performance of each tradi-
tional technique under fatigue, concluding that 
bone-to-bone repair provided the best combina-
tion of strength and restoration of subscapularis 
length. Ponce et al. [21] found that LTO repairs 
exhibited superior load to failure and decreased 
cyclic displacement compared to SubscapularisP 
and SubscapularisT. LTO has also shown biome-
chanical superiorities when only compared to 
SubscapularisT [20, 28]. Two systematic reviews 
supported these findings, concluding that the 
LTO technique provides the strongest fixation of 
all techniques [7, 29]. However, other authors 
have found no differences between techniques. 
Van Thiel et  al. [10] and Virk et  al. [30] found 
similar cyclic elongation, failure testing for max-
imum load, mode of failure, and stiffness in the 
three techniques. Similarly, Giuseffi et  al. [31] 
showed no differences in load to failure when 
tenotomy was compared to LTO. Lederman et al. 
[32] compared SubscapularisP with LTO repairs 
finding no biomechanical differences in cadav-
eric shoulders with short-stemmed humeral pros-
thesis. Similarly, Buraimoh et al. [33] reported no 
significant differences regarding repair gapping, 
fatigue failure, and load to failure in peel com-
pared to LTO.

20.4.2  Repair Techniques

Tenotomy appears to benefit from augmenting 
the traditional side-to-side repair. Ahmad et  al. 

[34] demonstrated superior fixation strength in 
tenotomy augmented with transosseous sutures 
in comparison to side-to-side sutures alone. In 
stemless prostheses, Werner et  al. [15] demon-
strated that a double-row anchor-based repair had 
a higher load-to-failure than a traditional tenot-
omy repair. Additionally, Werner et al. [35] eval-
uated two SubscapularisP repair techniques 
(backpack versus knotless double-row), which 
showed similar biomechanical properties in 
stemless shoulder arthroplasty. LTO has been 
repaired using several techniques [7]. Krishnan 
et al. [20] found single row and double row LTO 
repairs to be stronger than tenotomy repairs. 
Moreover, Heckman et  al. [36] reported less 
cyclic displacement in LTO repaired with a dou-
ble row repair compared to a backpack technique. 
In contrast, other authors have found that com-
pression and tension repairs are the best methods 
for LTO repair [7, 37]. Passing the sutures around 
the stem during LTO repair provides significant 
biomechanical benefits [7]. The biomechanical 
properties of this technique are equivalent to 
those of a stem-based repair using a peel approach 
[32]. Lastly, Denard et al. [24] compared a tradi-
tional LTO repair to a suture tape repair with a 
prefashioned racking hitch that can be tensioned, 
finding significantly higher load to failure out-
comes with the latter.

20.5  Healed Vs Not Healed

Tenotomy has historically been used to mobi-
lize the subscapularis; however, previous 
reports of poor healing have increased aware-
ness of the procedure [38]. This has led to the 
popularity of peel and LTO techniques in recent 
years [39]. However, the latter is not without 
challenges, including technical difficulties, risk 
of humeral fractures during surgery, and risk 
for nonunion, especially in stemless and short-
stem prostheses [39].

LTO has generally been associated with higher 
healing rates than tenotomy. Buckley et al. [40] 
described normal ultrasound subscapularis in 
100% of LTOs compared to 88% of tenotomies. 
As well, Levine et al. [41] found that 93% of the 

I. Pasqualini et al.



183

a b c

Fig. 20.5 Anteroposterior (a) and axillary radiographs of left shoulder demonstrate a healed (b) and non-healed (c) 
lesser tuberosity osteotomy following a total shoulder arthroplasty

LTOs healed compared to 86.7% of the 
SubscapularisTs. In contrast, LTO and peel tech-
niques showed consistently high healing rates. 
Lapner et al. [42] examined healing rates through 
computed tomography reporting 100% in peel vs 
95% in LTO (p-value= 0.493). Interestingly, few 
studies compared the healing rates of peel and 
tenotomy, with Lapner et al. [43] finding no dif-
ference between the two (71% vs 72%, respec-
tively). Overall, systematic reviews have favored 
LTOs over other approaches. Choate et  al. [8] 
described LTO as having the best healing rate 
(93.1%), followed by subscapularis peel (84.1%), 
and finally mid substance tenotomy (75.7%). Del 
Core et al. [11] also concluded that LTO had sig-
nificantly higher ultrasound healing rates than the 
other techniques (Fig. 20.5).

20.6  Clinical Outcomes

Clinical outcomes are usually assessed with 
patient-reported outcomes, range of motion, and 
subscapularis strength testing. Each technique 
has proven to be effective in improving clinical 
outcomes [20, 44–46]. However, when these 
techniques are compared, results are often mixed.

In a randomized controlled trial, Lapner et al. 
[43] compared tenotomy to peel, finding no sig-
nificant differences in internal rotation strength 
or WOOS and ASES scores. However, when 

tenotomy was compared to LTO, the results are 
diverse. Budge et al. [47], Levine et al. [41], and 
O’Brien et  al. [48] showed no superiority of 
tenotomy in clinical outcomes compared to 
LTO. However, Scalise et al. [38] concluded that 
LTO was associated with better functional scores. 
In contrast, most studies comparing LTO and 
peels showed significant clinical improvements 
regardless of the treatment method [19, 39]. 
However, it was suggested by Shafritz et al. [49] 
that LTO had 4.5 times greater chances of achiev-
ing a normal postoperative lift-off test than peel.

The heterogeneity of individual studies makes 
it difficult to draw conclusions based on clinical 
outcomes. However, some authors tried to ana-
lyze these results in a more comprehensive man-
ner. In a systematic review by Louie et al. [50], 
LTO vs tenotomy were compared. The authors 
found no differences in functional outcomes, but 
tenotomy was associated with a greater increase 
in forward elevation. In 2017, Choate et  al. [8] 
performed another systematic review in which 14 
studies were included comparing outcomes 
among the three techniques. The investigators 
found that LTO had more consistently normal 
belly press and lift-off test results compared to 
tenotomy. This difference was also reflected in 
the Constant and Western Ontario Osteoarthritis 
of the Shoulder Index (WOOS) outcome scores. 
Interestingly, they reported better American 
Shoulder and Elbow Surgeon (ASES) scores in 
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tenotomy compared to peel and LTO. Moreover, 
strength and range of motion were similar 
between techniques. In a similar but more recent 
systematic review, Del Core et al. [11] analyzed 
these techniques through eight studies reporting 
no differences in the range of motion except for 
internal rotation, which was significantly higher 
in peel when compared to tenotomy. LTO was 
associated with significantly more negative belly 
press tests compared to the other techniques. 
Finally, all techniques showed good ASES scores 
and low complication rates with no significant 
differences.

20.7  Subscapularis Failure

Even with high strength repairs and high healing 
rates, subscapularis failures may still occur [51]. 
This can adversely affect patient function and 
well-being [4]. However, given the multiple sub-
scapularis approaches, fixation techniques, imag-
ing evaluation, and variable clinical signs, it is 
difficult to determine failure rates.

In a study by Armstrong et al. [52], 13% of 
subscapularis failed; however, the majority of 
patients remained asymptomatic. On the con-
trary, Miller et  al. [4], reported pain, loss of 
range of motion, and instability in their patients 
with subscapularis tears. As well, Ives et  al. 
[53] reported that 50% of their symptomatic 
patients had a subscapularis tear. Furthermore, 
Moeckel et al. [2] reported anterior instability 
in ten patients, of which 70% had a ruptured 
subscapularis tendon. Therefore, subscapularis 
failure should be evaluated on an individual 
basis and highly suspected in symptomatic 
patients.

In the event of subscapularis failure after TSA, 
patients may require revision surgery. Treatment 
options vary depending on age, activity level, 
comorbidities, timing and mechanism of failure, 
and functional expectations [54]. These include 
conservative treatment, soft-tissue repair, tendon 
or graft augmentation, and reverse shoulder 
arthroplasty. Nevertheless, subsequent reopera-
tions are not uncommon, demonstrating the 
importance of a proper primary repair [55, 56].

20.8  Conclusion

Overall, all techniques improve outcomes after 
TSA.  When approaches are compared, results 
may be heterogeneous, but they appear to slightly 
favor LTO.  However, the authors believe sur-
geons can confidently perform any of the tech-
niques provided if they perform them well and 
understand the pitfalls to avoid.
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21Total Shoulder Arthroplasty 
in Patients with Rotator Cuff Tear

S. Cerciello, G. Ciolli, Dario Candura, K. Corona, 
F. Mocini, and L. Proietti

21.1  Introduction

Anatomic shoulder arthroplasty (hemiarthro-
plasty or total) (ASR) aims at replacing the 
degenerated joint surfaces while preserving its 
biomechanics thanks to the intact cuff function. 
Rotator cuff tears (RCT) may be encountered in 
the setting of a shoulder replacement or may 
develop after such a procedure. Cuff tears and 
previous cuff repair surgeries on the index shoul-
der may influence the outcomes of shoulder 
replacement and therefore must carefully 
evaluated.

Similarly late cuff tears after shoulder arthro-
plasty may severely affect functional outcomes 
of especially when anatomic implants are consid-
ered. The aim of the present study was to analyze 

the available literature to point out whether previ-
ous cuff tears may influence the outcomes of 
shoulder replacements (either anatomic or 
reverse). Similarly, the role of late cuff tears after 
shoulder replacements was investigated.

21.2  Epidemiology of Cuff Tears 
in Patients 
with Osteoarthritis

Cuff tears alter normal shoulder function and 
should be therefore carefully evaluated while 
planning an anatomic replacement. The analysis 
of the literature shows that cuff tears are uncom-
mon in patients with osteoarthritis (OA) 
(Table  21.1); Edwards et  al. in a series of 555 
osteoarthritic shoulders found a RCT in 42 
(7.6%) patients [1]. Similarly, Norris and Iannotti 
identified 16 full-thickness supraspinatus (SS) 
tears in 176 shoulders (9.1%) with primary OA, 
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Table 21.1 Prevalence of cuff tears in patients undergo-
ing total shoulder arthroplasty

Initial cohort Cuff tears %
Edwards (2002) 555 83 14.9
Norris (2002) 176 16 9.1
Sperling (2004) 114 15 13.1
Haines (2006) 124 29 23.4
Fouria (2010) 50 5 10
Simone (2014) 932 45 4.8
Levy (2016) 1259 110 8.7
Overall 3210 303 12
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which were treated by shoulder replacement [2]. 
Foruria et  al. reported on 50 TSRs in patients 
with OA aged ≥80 years and identified five rota-
tor cuff tears (10%) [3]. Haines et al. reported on 
124 TSRs performed for both primary and sec-
ondary OA and identified that cuff tears were not 
always small. A small tear was present in ten 
shoulders (8.1%) and a large tear in 19 (15.3%) 
[4]. Therefore, rotator cuff tears in association 
with OA are relatively uncommon and are often 
confined to the supraspinatus tendon. Levy et al. 
in a systematic review on 15 studies reported 110 
cases of concomitant cuff tears among the study 
population (1259 TSA) [5].

21.3  Analysis of the Literature 
of Total Shoulder 
Arthroplasty 
and Concomitant Cuff Repair

Three studies analyzed the outcomes of TSA and 
concomitant cuff repair (Tables 21.2 and 21.3). 
Edwards et  al. reviewed 555 shoulders in 514 
patients who had an arthroplasty for the treat-
ment of primary glenohumeral osteoarthritis [6]. 
Forty-one shoulders had a partial-thickness tear 
of the supraspinatus, and 42 had a full-thickness 
tear. Ninety shoulders had moderate (stage 2) 
fatty degeneration of the infraspinatus (IS), and 
19 had severe (stage 3 or 4) degeneration. Eighty- 
four shoulders had moderate fatty degeneration 
of the subscapularis (SSc), and 15 had severe 
degeneration. At an average FU of 43  months, 
patients with healthy cuff showed an average 
Constant score of 95.3 those with partial supra-
spinatus tear 94.5 and those with complete supra-

spinatus tear 93.7. When analyzing IS fatty 
degeneration, the average Constant score was 
97.1, 89, and 78.2 if the atrophy was stage 0–1, 
stage 2, and stage 3, respectively. When analyz-
ing SSc fatty degeneration, the average Constant 
score was 96.4, 91.3, and 76 if the atrophy was 
stage 0–1, stage 2, and stage 3, respectively. The 
authors concluded that minimally retracted or 
non-retracted rotator SS tears did not affect most 
shoulder-specific outcome parameters in shoul-
der arthroplasty performed for the treatment of 
primary osteoarthritis. Conversely, fatty degen-
eration of the infraspinatus and subscapularis 
muscles adversely influenced many of these 
parameters.

Norris et al. reviewed their series of 176 TSA 
and hemiarthroplasty (HA) at a minimum FU of 
2 years [2]. Sixteen patients showed a cuff tear. 
Tears greater than 1 cm were found in 8 patients, 
but all were confined to the supraspinatus tendon 
(<3  cm). Of the 16 with rotator cuff tears, 10 
underwent hemiarthroplasty and 6 underwent 
total shoulder arthroplasty. Of the 8 with tears 
greater than 1 cm, 7 underwent hemiarthroplasty 
and 1 total shoulder arthroplasty. The rotator cuff 
was reparable in all shoulders. Intraoperative 
complications occurred in 5.4% of cases, and 
postoperative complications occurred in 7.8%. 
The presence of a reparable supraspinatus rotator 
cuff tear did not affect pain scores, SST scores, or 
ASES scores. There were no differences in out-
come if the patient underwent total shoulder 
arthroplasty or hemiarthroplasty in those with a 
reparable rotator cuff tear.

Simone et al. reviewed 33 patients undergoing 
TSA and concomitant cuff repair at an average 
FU of 4.7  years [7]. Tears were classified into 

Table 21.2 Demographics of patients undergoing total shoulder arthroplasty and concomitant cuff tear

Implant design Cuff tears Overall series Age SG/overall Male/female FU (months)
Edwards (2002) TSA 83 446 65.1/67.1 85.5%

72%
47.4/42.3

Edwards (2002) TSA 109 (fatty deg. SS) 422 65.1/66.9 74.7%
73.1%

42.5/43.3

Edwards (2002) TSA 99 (fatty deg. SSc) 431 65.1/67.2 78.9%
72.5%

44.2/43.1

Norris (2002) TSA/HA 16 176 na 38/62 24
Simone (2014) TSA 33 932 na/73 63.6/36.4 55
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Table 21.3 Outcomes and complications of patients undergoing total shoulder arthroplasty and concomitant cuff tear

Outcome
Primary outcome 
cuff tears

Primary outcome 
overall series

Complications overall 
series (%) Conclusion

Edwards 
(2002)
Cuff tears

Constant 94.1 95.3 16 No difference

Edwards 
(2002)
IS fatty deg

Constant 83.6 97.1 16 Inferior outcomes

Edwards 
(2002)
SSc fatty 
deg

Constant 83.6 96.4 16 Inferior outcomes

Norris 
(2002)

ASES na na 13.2 No difference

Simone 
(2014)

Forward 
elevation

139° na 15 No difference for 
small tears

small (10), medium (14), large (9), or massive 
(0). The mean forward elevation improved from 
99° (60°–170°) to 139° (15°–180°) (p = <0.0001). 
This improvement was greater in those with a 
small tear (p = 0.03). In four patients, with one 
large and three medium-sized tears, active eleva-
tion was <90°, and all had clinical or radiographic 
evidence of instability, three in an anterosuperior 
and one in a superior direction. Radiographic evi-
dence of instability developed in six patients with 
medium or large tears. Complications were 
reported in 5 patients (15%), all with medium or 
large tears. The authors concluded that TSA in 
association with cuff repair yielded good results 
at mid-term FU in case of small tears and rela-
tively young patients. RSA should be considered 
for older, less active patients with larger tears.

The analysis of the three studies confirms that 
small tears of the supraspinatus especially in 
younger patients can be repaired at the time of 
TSA with clinical outcomes comparable to TSAs 
in intact cuff. Larger tears and older patients may 
have better results with RSA.

21.4  Treatment Options 
of the Failed Rotator Cuff 
Repair

Rotator cuff repair (RCR) is a common proce-
dure with increasing numbers each year, as more 
active patients suffer from symptomatic rotator 

cuff tears [8]. Despite the evolution of repair 
techniques and the development of instrumenta-
tion and suture anchors, the rate of unhealed or 
recurrent rotator cuff tears remains relatively 
high (in many studies >20%) [9]. Failure after 
rotator cuff surgery in patients with concomitant 
arthritis or not represents a difficult and challeng-
ing problem. Patients may complain of persistent 
pain and/or pseudo-paralysis of the shoulder with 
impairment in activities of daily living [10]. 
Re-repairing the rotator cuff may not be techni-
cally feasible and even contraindicated because 
of rotator cuff tendon loss, muscle fatty infiltra-
tion, and/or proximal migration of the humeral 
head under the acromial arch [11]. Furthermore, 
palliative surgery, like cuff debridement and/or 
biceps tenotomy or tenodesis, may also have 
failed to relieve pain and restore shoulder func-
tion [12]. Tendon transfers can be an option for 
young and demanding patients but require exten-
sive rehabilitation with somewhat unpredictable 
results and may not be as successful in older 
patients or those with arthritis [13]. Historically, 
non-constrained hemiarthroplasty was proposed 
with the hope that this would provide pain relief 
[14]. However functional results were unpredict-
able and generally poor in terms of elevation 
above the horizontal level. Moreover, deteriora-
tion of the functional results after hemiarthro-
plasty in cuff deficient patients was commonly 
observed at medium- or long-term follow-up 
because of glenoid and/or acromial erosion and 
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wear. Conversely RSA proposed by Grammont 
et al. in the 1980s [15] has proven to restore ele-
vation above the horizontal level in patients with 
cuff tear arthropathy.

21.5  Analysis of the Literature 
of Total Shoulder 
Arthroplasty in Prior Cuff 
Repair

Three studies reported the outcomes of anatomic 
replacements after cuff repair surgery (Tables 
21.4 and 21.5) [16–18]. Schoch et al. compared 
the outcomes of 30 patients with TSA after 
healed cuff repair with 90 patients with TSA and 
intact cuff [16]. At an average FU of 43 months, 
the ASES score was 77.1 and 82.7, respectively. 
Corresponding complication rate was 33% and 
14%. Interestingly the rate of cuff failure after 
TSA was 13% in the post cuff repair group and 
1% in the primary TSA group. The authors con-
cluded that although functional improvements 
appear similar, gains in forward elevation and 
overhead strength were less compared with 
patients without prior surgery but did not reach 
statistical significance. Schiffman et  al. per-

formed a retrospective review of 345 anatomic 
shoulder arthroplasties; of these patients, 72 
underwent previous non-arthroplasty surgery (13 
cuff repair) [18]. At 2 years FU, the mean SANE 
score was 74 and 86, respectively (P  <  0.001). 
The rate of manipulation under anesthesia and 
open revision was 17% in the study group and 
1% in the control group. Therefore, the authors 
concluded that previous surgery is associated 
with inferior clinical outcomes and higher revi-
sion rates in patients undergoing index 
TSA. Erickson et al. reported on 14 patients with 
prior RCR who underwent TSA [17]. ASES 
scores significantly improved from 42.9 to 78.5 
at 2 years and to 86.6 at 5 years. When compared 
with 42 matched control patients who underwent 
TSA with no history of RCR, similar outcomes 
were observed at 2 years (78.5 vs 85.3; P = 0.19) 
and 5 years (86.6 vs 90.9; P = 0.72). The authors 
concluded that no difference in clinical outcomes 
at 2 or 5  years after TSA was found between 
patients with and without a history of prior ipsi-
lateral RCR.

Of the three studies, one showed similar 
outcomes, one inferior, and one slightly infe-
rior although not significant. When dealing 
with patients with prior cuff repair and candi-

Table 21.4 Demographics of patients undergoing total shoulder arthroplasty after prior cuff repair

Implant design Previous surgery Control group Age SG/CG Male/female FU (months)
Erickson (2020) TSA 14 42 65.1/65.4 9/5

27/15
24

Schiffmann (2020) TSA 72 (13 cuff repair) 221 59/68 106/115
42/30

24

Schoch (2020) TSA 30 90 64/64 20/10
61/29

43

Table 21.5 Outcomes and complications of patients undergoing total shoulder arthroplasty after prior cuff repair

Outcome

Primary 
outcome cuff 
repair

Primary 
outcome 
control 
group

p 
value

Complications 
cuff repair (%)

Complications 
control group (%) Conclusion

Erickson 
(2020)

ASES 78.5 85.3 0.19 na na No 
difference

Schiffmann 
(2020)

SANE 74 (all 
previous 
surgeries)

86 <0.001 (9 + 8)
MUA + open 
revision

(0 + 1)
MUA + open 
revision

Inferior 
outcomes

Schoch 
(2020)

ASES 77.1 82.7 0.26 10 (33%) 12 (14%) Slightly 
inferior
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date to TSA, it is important to consider that the 
repaired cuff has usually lower tissue quality 
than intact cuff.

21.6  Cuff Tears After Total 
Shoulder Arthroplasty

Although relatively uncommon, rotator cuff tears 
after TSA are one of the most common late com-
plications. They are primarily due to overstuffing 
the joint, tendon insufficiency after multiple open 
surgeries, or secondary to fatty infiltration or 
aggressive passive external rotation rehabilita-
tion. When the subscapularis tendon is involved, 
and the tissue is of sufficient quality and amena-
ble to repair, this represents an effective option. 
Pectoralis major tendon transfer can be consid-
ered in the setting of an irreparable subscapularis 
tear. This is a salvage procedure and is contrain-
dicated when the humeral head is no longer cen-
tered into the glenoid fossa or it is statically 
subluxated anteriorly. Furthermore, the success 
of a pectoralis major tendon transfer appears also 
to be dependent on the quality of the existing 
subscapularis muscle. Patients with chronic fatty 
infiltrated subscapularis tears should be addressed 
with caution as pectoralis major tendon transfer 
does not provide an acceptable outcome in these 
patients [19]. Disruption of the subscapularis and 
supraspinatus results in the so-called rotator 
interval lesion and is exemplified by anterior and 
superior escape on radiographs. The integrity of 
the rotator cuff is critical for physiologic total 
shoulder arthroplasty function. A recent biome-
chanics study showed that in case of anatomic 
replacement, the maximum deltoid forces were 
increased by 36% under the subscapularis defi-
ciency and by 53% under the supraspinatus, 
infraspinatus, subscapularis, and teres minor 
deficiencies [20]. The maximum glenohumeral 
contact forces were decreased by 11.3% in case 

of supraspinatus and infraspinatus deficiencies 
but increased by 24.8% in case of subscapularis 
deficiency. The results suggested that the changes 
in the biomechanics of the GH joint induced by 
rotator cuff deficiencies after ATSA increase the 
deltoid muscle energy expenditure and joint 
instability, which result in postoperative less sat-
isfactory clinical outcomes. The changes in rota-
tor cuff muscle forces deserve more attention for 
understanding the evolution of rotator cuff tear 
after TSA. (Tables 21.6 and 21.7).

Gonzales et al. in a systematic review of the 
complications after TSA/HA reported 110 sec-
ondary cuff tears (2.7%) among the cohort of 
4010 anatomic replacements [21]. The diagno-
sis was made most often clinically or radio-
graphically through superior migration of the 
humeral head component. Reoperation for most 
of these cases involved more conservative pro-
cedures: acromioplasty, cuff repair, or even a 
muscle transfer or flap. Certain teams proposed 
conversion to HHA with a large humeral head. 
Others preferred performing glenohumeral 
arthrodesis or resection arthroplasty. Yet, only 
revision to a reverse TSA has produced satisfac-
tory results [22].

Bohsali et al. in a review of the literature eval-
uated 33 studies on unconstrained total shoulder 
arthroplasty (in a total of 2540 shoulders) with 
average follow-up of 5.3 years [23]. Thirty-two 
patients (1.3%) showed late cuff tears.

Table 21.6 Prevalence of cuff tears after total shoulder 
arthroplasty

Initial cohort Cuff tears %
Chin (2006) 431 17 3.9
Bohsali (2006) 2540 32 1.3
Gonzales (2011) 4010 110 2.7
Young (2012) 518 87 16.8
Levy (2016) 1259 na 14.3
Overall 8758 246 7.8

Table 21.7 Demographic of patients with rotator cuff tear after total shoulder arthroplasty

Implant design Overall Cuff tears Age Male/female FU (months)
Hattrupp (2006) TSA No 20 65.9 na 109
Young (2012) TSA 518 87 68.2 39.3% 103.6
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21.7  Epidemiology of Cuff Tears 
After Total Shoulder 
Arthroplasty

Cofield and Edgerton at the beginning of the 
1990s reported an incidence of secondary cuff 
tears after TSA varying from 2.2 to 2.7% [24]. 
Chin et al. reported rotator cuff tears to be the 
most encountered complication following TSA, 
particularly late [25]. Young et  al. reported a 
much higher 16.8% incidence of rotator cuff 
dysfunction following TSA, with “dysfunction” 
defined as >25% superior migration of the 
humeral component on a true anterior–posterior 
radiograph of the glenohumeral joint [26]. Post- 
TSA rotator cuff tearing or dysfunction is asso-
ciated with proximal migration of the humeral 
component, which can accelerate polyethylene 
wear and loosening of the glenoid component 
through the rocking-horse phenomenon [27]. In 
an early meta-analysis at short average follow-

 up, Wirth and Rockwood reported rotator cuff 
tearing in 2% [28]. Bohsali et al. in a review of 
the literature evaluated 33 studies on uncon-
strained total shoulder arthroplasty (2540 shoul-
ders) at an average FU of 5.3 years reported an 
incidence of rotator cuff tears of 1.3% TSA (32 
shoulders) [23]. The subscapularis accounted 
for slightly more than 50% of these tears. Levy 
et al. in a more recent systematic review on 15 
studies (1259 TSA) reported 11.3%  ±  7.9 of 
superior cuff tears and 3.0% ± 13.6 of subscapu-
laris cuff tears at an average FU 6.8 ± 3.2 years 
[5]. The authors pointed out that the diagnosis 
of secondary cuff tear after TSA may be not 
easy and should rely on X-rays (superior or 
anterior migration of the humeral head) rather 
than on clinical evaluation. They found that 
nearly 30% of shoulders demonstrated radio-
graphic superior migration and 12% showed 
anterior migration of the humeral head at a final 
FU (Table 21.8).

Table 21.8 Outcomes and complications of patients with rotator cuff tear after total shoulder arthroplasty

Outcome Overall
Cuff 
tears

p 
value

Complications SG 
(%)

Complications CG 
(%) Conclusion

Hattrupp 
(2006)

AAE No 85° No 77.7 No Poor outcomes

Young (2012) Constant 93.8 79.2 <0.001 na na Inferior 
outcomes

S. Cerciello et al.
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21.8  Analysis of the Literature 
of Cuff Tears After Total 
Shoulder Arthroplasty

Hattrupp et al. reviewed the database of the Mayo 
Clinic to evaluate the outcomes of patients who 
had a subsequent operation for cuff repair with or 
without component revision after TSA [29]. At 
the end, 20 shoulders were reviewed at an aver-
age FU of 109 months. The tear involved the sub-
scapularis in 7 shoulders, the supraspinatus in 15, 
and the infraspinatus in 8. Average delay from 
TSA to cuff repair was 23 months. The diagnosis 
of secondary cuff tear was based on clinical find-
ings and antero-superior migration of the humeral 
head. Active forward flexion decreased from 
109° before TSA to 85° after the diagnosis of cuff 
tear. Other than cuff failure, 14 complications 
were observed. The authors concluded that the 
results of cuff repair in patients with late cuff 
tears after TSA are poor.

Young et al. reviewed 518 TSAs for primary 
osteoarthritis at an average FU of 103.6 months 
[26]. The diagnosis of secondary rotator cuff dys-
function was made when moderate or severe 
superior subluxation of the prosthetic humeral 
head was present on radiographs. The rate of sec-
ondary rotator cuff dysfunction was 16.8%. A 
partial or complete tear of the supraspinatus ten-
don at the time of surgery was not statistically 
associated with secondary rotator cuff dysfunc-
tion (p  =  0.16). Survivorship free of secondary 
cuff dysfunction was 100% at 5 years, 84% at 10 
years, and 45% at 15 years. Duration of follow-
 up (p  <  0.0001), implantation of the glenoid 
implant with superior tilt (p < 0.001), and fatty 
infiltration of the infraspinatus muscle (p < 0.05) 
were risk factors for the development of second-
ary cuff dysfunction. Patients with secondary 
rotator cuff dysfunction had significantly worse 
clinical outcomes (Constant score, subjective 
assessment, and range of motion; p < 0.0001) and 
radiographic results (radiolucent line score, 

radiographic loosening, glenoid component 
migration; p  <  0.0001). Although the rates of 
revision were not significantly different, an 
important finding in our study was that secondary 
rotator cuff dysfunction was associated with less 
satisfactory clinical outcomes. The authors con-
cluded that duration of follow-up was the most 
significant factor associated with the develop-
ment of secondary rotator cuff dysfunction, 
which helps to explain the variable results 
reported in the literature for proximal humeral 
migration following TSA.

21.9  Conclusions

Cuff tears may be encountered before TSA/HA 
and as well may develop after such operations. 
They influence the biomechanics of the shoul-
der, and therefore they must be carefully evalu-
ated when planning these operations. Partial 
tears or small tears of the superior cuff may be 
forgiving especially in young patients and there-
fore do not represent a contraindication to ana-
tomic replacement. They can be repaired or left 
alone at the time of replacement since no statis-
tically significant difference is reported with 
respect of this choice. Similarly, the impact of 
previous cuff repairs before anatomic replace-
ment is controversial. Some studies reported 
inferior results when compared to primary 
replacements while other showed similar 
outcomes.

Late cuff tears after anatomic replacements 
are uncommon even if they represent one of the 
most common complications. The diagnosis may 
be not easy especially if it only relies on clinical 
findings. X-rays signs of superior and anterior 
migration are reliable aspects of late cuff dys-
function. This occurrence is detrimental since it 
leads to deterioration of the clinical results and to 
accelerated polyethylene wear because of the 
altered biomechanics.

21 Total Shoulder Arthroplasty in Patients with Rotator Cuff Tear
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22Shoulder Arthroplasty 
and Inflammatory Arthritis

Daichi Morikawa, Yoshimasa Saigo, 
and Muneaki Ishijima

22.1  Introduction

Inflammatory arthritis encompasses several sys-
temic diseases that cause autoimmune disorders 
and affect several joints. There are many variable 
factors for each disease regarding severity, prog-
nosis, and treatment. Rheumatoid arthritis (RA) 
is one of the most common forms of inflamma-
tory arthritis, and arthroplasty is undertaken for 
several joints including the shoulder in cases of 
severe joint destruction [1]. In this chapter, we 
mainly focus on RA in inflammatory arthritis, 
especially shoulder arthroplasty.

Recently, with the increasing use of disease- 
modifying antirheumatic drugs (DMARDs) and 
immunosuppressive medications, the occurrence 
of rapid joint destruction and the rate of total 
joint replacement (TJR) among patients with RA 
have significantly decreased [2, 3]. However, 
Mertelsmann et al. reported that the rate of TJR 
minimally decreased among patients with RA 
from 4.6 per 100,000 persons in 1991 to 4.5 per 
100,000 persons in 2005 (average year’s decrease: 
0.01%) using administrative discharge databases 
[1]. Moreover, Jain et al. reported the number of 
cases of primary total shoulder arthroplasty 

(TSA) increased over time from 1992 to 2005 in 
patients with RA using the Nationwide Inpatient 
Sample database [4]. These data showed TJR 
including shoulder arthroplasty was still needed 
in patients with RA.

22.2  Perioperative Concerns 
in Shoulder Arthroplasty 
for Inflammatory Arthritis

There are several perioperative concerns in shoul-
der arthroplasty for patients with RA, such as sur-
gical site infection, osteoporosis, and joint 
destruction.

Surgical site infection is one of the biggest 
concerns in shoulder arthroplasty with inflamma-
tory arthritis. Leroux et al. reported that the rates 
of early surgical site infection in shoulder arthro-
plasty were 0.13% in RA patients and 0.09% in 
non-RA patients (odds ratio, 1.4; p = 0.52) [5]. 
Recently, Nezwek et al. reported that the rate of 
infection after reverse shoulder arthroplasty 
(RSA) was three times higher in patients with RA 
(9%) compared with patients without RA (3%) 
[6]. Although the early use of DMARDs and/or 
immunosuppressants is associated with longer 
time to joint replacement surgery, RA patients 
using these drugs have a potential risk of surgical 
site infection [7].

RA is associated with an increased risk of 
osteoporosis and fracture [8–10]. Lee et  al. 
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reported that the prevalence of osteoporosis in 
RA patients was 1.9 times higher than that in 
healthy subjects, and the use of glucocorticoids 
was a risk factor for the reduction in bone mineral 
density in RA patients [11]. Miller et al. reported 
that symptomatic acromial and scapular stress 
fractures after RSA were significantly more com-
mon in patients with RA (24% vs 5.2%) [12]. 
Thus, the surgeon should take precautions for 
osteoporosis in RA patients.

Joint destruction is also a perioperative con-
cern in shoulder arthroplasty with inflammatory 
arthritis, especially because the glenoid bone 
influences the type of surgery performed [13]. 
Larsen’s grading system is a well-established cat-
egorization scheme and assesses all limb joints 
for RA [14]. Levigne et al. reported the classifi-
cation of a rheumatoid shoulder that had three 
radiological patterns defined by the morphology 
of the humeral head and glenoid (Fig. 22.1): Type 
A (ascending, 54%), Type C (centered, 20%), 
and Type D (destructive, 26%) [15]. They 
revealed that the rates of complications and 
repeat surgery was equivalent in all three forms 
of RA and that there was no correlation between 
the preoperative radiological pattern and the 
postoperative functional results after reverse 
shoulder arthroplasty [15]. The type of radiologi-
cal pattern may influence the optimal surgical 
treatment, alongside the patient’s age, functional 
demand, and rotator cuff status [13].

22.2.1  Surface Replacement

Resurfacing arthroplasty is a shoulder arthro-
plasty procedure for inflammatory arthritis. The 
objective of resurfacing arthroplasty is to correct 
the deformed head with minimal bone loss [13]. 
The advantages of resurfacing arthroplasty are 
short surgical times, low risk of fracture, and 
minimal resection. The disadvantage is difficult 
anatomical fitting in cases of severely deformed 
humeral heads. Several researchers published 
mid-term clinical results after resurfacing arthro-
plasty for RA shoulders [16–21]. Although most 
of the reported results of RA with resurfacing 
arthroplasty are good, superior migration of the 
humeral head was encountered in two-thirds of 
patients, and glenoid erosion was shown in one- 
third of patients [17].

22.2.2  Hemiarthroplasty

Hemiarthroplasty (HA) is another shoulder 
arthroplasty procedure for inflammatory arthritis. 
The approach for hemiarthroplasty is to replace 
the deformed head with or without bone loss 
[13]. The advantages of HA are the resulting pain 
relief and easier accessibility for revision. HA is 
preferred for patients with an intact rotator cuff 
and minimal glenoid bone erosion [13]. Barlow 
et al. reported that HA achieved pain relief and 

Fig. 22.1 Classification of rheumatoid shoulder according to Lévigne, with three radiological presentations: Type A 
(ascending), Type C (centered), and Type D (destructive)
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improved motion in patients with RA as well as 
TSA, with a minimum 5-year follow-up period 
[22]. Moreover, there was significantly better 
pain relief and a trend toward improved motion 
and survivorship with TSA compared with HA in 
patients with an intact rotator cuff [22]. Colin 
et  al. also confirmed these findings [23], while 
Trail et  al. reported that medial migration was 
evident in 16.3% of patients at 2 years or more 
after HA in patients with RA [24]. Survival rates 
after HA for inflammatory arthritis were 80.0%, 
75.8%, and 75.8% at 5, 10, and 20 years, respec-
tively, in patients with an intact rotator cuff and 
92.6% at 5, 10, and 20 years in patients without 
an intact rotator cuff [22].

22.2.3  Total Shoulder Arthroplasty

TSA is another shoulder arthroplasty procedure 
for inflammatory arthritis. The advantages of 
TSA are long-term pain relief and prevention of 
medial erosion [13, 22–25]. The average postop-
erative range of motion (ROM) is 66.0°–102° on 
forward elevation and 32°–48° on external rota-
tion at mid- or long-term follow-up [22, 24, 26]. 
Barlow et al. reported that periprosthetic lucen-
cies were 29% in the humerus and 73% in the 
glenoid, and survival rates after TSA for inflam-
matory arthritis were 96.7%, 96.7%, and 89.0% 
at 5, 10, and 20 years, respectively, in patients 
with an intact rotator cuff and 95.8%, 90.7%, 
and 86.0% at 5, 10, and 20 years, respectively, in 
patients without an intact rotator cuff [22].

22.2.4  Reverse Shoulder 
Arthroplasty

Reverse shoulder arthroplasty (RSA) has been 
widely used in patients with cuff tear arthropa-
thy and irreparable massive rotator cuff tears. 

Recently, the indications have expanded to 
include inflammatory arthritis, acute fractures, 
fracture sequelae, and revision surgery. Several 
studies emphasized that RSA in patients with 
RA had poorer clinical outcomes and higher 
complication and revision rates including 
intraoperative fractures, glenoid loosening, 
and infection than RSA in patients with other 
etiologies [27–29]. However, a recent system-
atic review reported that RSA in RA showed 
similar short- to mid- term results without 
higher complication rates as compared with 
RSA in cuff tear arthropathy [30]. Moreover, 
two studies showed that RSA provided excel-
lent pain relief and function and minimal com-
plications for patients with inflammatory 
arthritis [15, 31]. They also reported revision-
free survivorships were 96% at 7  years and 
97% at 2 and 5  years. Average postoperative 
ROM was 132° and 138° for forward elevation 
and 22° and 45° for external rotation at mid-
term follow-up. They discussed their improved 
results were likely multifactorial, including a 
combination of improved surgical technique 
and implant design, as well as medical control 
of the underlying disease process. Glenoid 
bone grafting from the humeral head was 
required in 24% and 45% because of severe 
glenoid bone loss [15, 31]. RSA with glenoid 
bone grafting is one of the most challenging 
shoulder surgeries and depends on bone loss 
and the quality of the humeral head and gle-
noid. Recently, a patient-matched glenoid 
implant for severe glenoid bone deficiency was 
developed, and the early results of RSA were 
reported [32–35]. Bodendorfer et  al. reported 
the use of a patient-matched glenoid implant 
for severe glenoid dysplasia of patients with 
RA [33]. RSA with a patient-matched glenoid 
implant is an option for the surgical treatment 
of inflammatory arthritis with severe glenoid 
bone loss (Fig. 22.2).

22 Shoulder Arthroplasty and Inflammatory Arthritis
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a b c d

Fig. 22.2 Patient-matched glenoid implant (vault recon-
struction system, Zimmer Biomet) (a) 3D reconstruction 
produced from CT scan. (b) Computer-aided design used 

to create a proposed implant. (c) Glenoid with severe bone 
loss. (d) Glenoid with the patient-matched implant

22.3  Conclusions

Shoulder arthroplasties remain important surgi-
cal options for inflammatory arthritis patients 
with shoulder pain, despite the increasing use of 
DMARDs and immunosuppressive medications. 
Optimal surgical treatment is determined accord-
ing to the patient’s age, functional demand, rota-
tor cuff status, glenoid bone stock, and the 
advantages and disadvantages of shoulder 
arthroplasties.
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23Shoulder Arthroplasty 
and Infection

Vanessa Charubhumi and Andrew Jawa

23.1  Introduction

Over the past 10 years, the incidence of primary 
and revision shoulder arthroplasty has increased 
dramatically in the USA, climbing from an esti-
mated 64,125 arthroplasties in 2012 to 108,300 
primary and 10,290 revision shoulder arthroplas-
ties in 2017 [1–3]. Additionally, growth rate pro-
jections currently outpace those of total hip and 
knee arthroplasties, and the increasing incidence 
highlights the potential increasing revision bur-
den, including those due to infection. 
Periprosthetic shoulder infections after primary 
arthroplasties are rare with a prevalence as low as 
0.7% [4] and similar rates between anatomic and 
reverse shoulder arthroplasties [5]. However, 
studies have reported infection rates after revi-
sion surgery as high as 15.4% [6].

The most common organism responsible for 
infection is Cutibacterium acnes (formerly 
Propionibacterium acnes), a lower virulence 
organism. This unique microbiology of the shoul-
der poses a diagnostic challenge to surgeons as 
the criteria for hip and knee periprosthetic joint 
infections (PJI) may not be applicable.

23.2  Clinical Presentation

The clinical presentation of shoulder PJI varies 
depending on timing, the virulence of the caus-
ative pathogen, and the response of the host. The 
presentation can be classified as acute (less than 
3  months after the index procedure), subacute 
(between 3 and 12 months), and chronic (greater 
than 12 months) [7].

The typical signs of infection, such as pain, 
swelling, fever, erythema, and drainage, are seen 
in acute PJI. While acute infections can be caused 
by C. acnes, other more virulent pathogens, 
including S. aureus and Streptococcus, can also 
be found in culture isolates. Subacute and chronic 
infections are more commonly caused by lower 
virulence organisms and often lack the common 
clinical signs of infection [8]. When evaluating a 
patient with a poorly performing shoulder arthro-
plasty, a high index of suspicion for infection 
must be maintained.
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23.3  Clinical Evaluation

23.3.1  Patient Evaluation

The first step should be obtaining a comprehen-
sive clinical history and thorough physical exam-
ination of the shoulder. Risk factors for 
periprosthetic shoulder infections, including obe-
sity, diabetes mellitus, radiation, lymphedema, 
prior non-shoulder periprosthetic joint infection, 
and previous surgery, especially patients who 
have undergone shoulder arthroscopy less than 
3  months prior to their arthroplasty procedure 
[9], should be noted. Of these risk factors, 
younger age, male sex [10, 11], postoperative 
hematoma [12], arthroplasty after trauma [10], 
and previous surgery are the most significant. 
Richards et  al. found that with every 1  year 
increase in age, there was a 5% reduction in 
infection risk [13]. Additionally, potential sources 
of hematogenous spread should also be identi-
fied, such as recent pneumonia, urinary tract 
infection, or oral abscess. Postoperative issues, 
such as prolonged drainage, erythema, swelling, 
fever, or wound dehiscence, should be elicited 
and could be indicative of an infection caused by 
a more virulent organism.

In patients with periprosthetic shoulder infec-
tions, the most common complaint is shoulder 
pain, followed by a draining sinus, stiffness, ery-

thema, and effusion. Fever, night sweats, and 
chills are seen less commonly [14].

23.3.2  Imaging

High-quality radiographs should be obtained to 
rule out other causes of shoulder pain and dys-
function that can imitate or coincide with shoul-
der PJI.  Sequential radiographs are particularly 
important for evaluation of implant loosening 
and osteolysis. Findings concerning for PJI are 
radiolucent lines, osteolysis, bone erosion, end-
osteal scalloping, new periosteal bone formation, 
and component migration (Fig.  23.1). Pottinger 
et  al. [11] also reported that humeral loosening 
and humeral osteolysis had triple and 10 times 
increased risk for a positive C. acnes culture.

The use of advanced imaging varies from case 
to case. CT can be used to assess osseous struc-
tures and evaluate for glenoid component loosen-
ing, while MRI can evaluate the integrity of the 
rotator cuff and other soft tissue structures. 
Nuclear imaging is not routinely used in the eval-
uation of shoulder PJI.  Technetium-99m three- 
phase bone scan is sensitive for arthroplasty 
failure but has limited utility in identifying etiol-
ogy [16]. Indium-labeled white blood cell (WBC) 
studies are also poor at detecting shoulder PJI 
caused by low virulence organisms [17].

a b c

Fig. 23.1 Anteroposterior radiograph (a) and coronal (b) 
and axial CT (c) images of a 79-year-old woman with 
humeral component loosening manifested by an irregular 

radiolucent line >2  mm around the prosthetic stem 
(arrows) [15]
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23.3.3  Serologic Tests

Serum WBC, erythrocyte sedimentation rate 
(ESR), and C-reactive protein (CRP) are standard 
serologic tests obtained in the workup for shoul-
der PJI. These inflammatory markers have a high 
specificity and positive predictive value, but 
lower sensitivity and negative predictive value in 
shoulder PJI as most infections are caused by low 
virulence organisms [18, 19]. These tests are 
often normal late after the index procedure and 
infection cannot be excluded based on inflamma-
tory markers alone.

23.3.4  Arthrocentesis/Joint 
Aspiration

The utility of joint aspiration in the evaluation of 
shoulder PJI is controversial, unlike its knee and 
hip counterparts [20]. This is in part due to the 
low yield of shoulder arthrocentesis, even under 
image guidance, which is rarely sufficient for 
analysis and culture. Antibiotics should be dis-
continued for 2 weeks prior to aspiration in order 
to obtain optimal culture results. When enough 
synovial fluid is obtained, the cultures have a 
high specificity and PPV, but low sensitivity and 
NPV [21]. Therefore, a dry tap or negative cul-
tures do not rule out an infection, much like nor-
mal serologic testing in shoulder PJI. Additionally, 
the cutoff values for synovial fluid cell count has 
not been determined for an infected shoulder 
arthroplasty. While synovial fluid with an ele-
vated WBC and positive cultures may guide sur-
gical treatment, the decision to perform a joint 
aspiration in the setting of normal serologic 
markers and no other risk factors is left up to the 
surgeon’s clinical judgment.

23.3.5  Synovial Fluid Analysis

There has been increasing interest and experi-
ence with synovial fluid analysis in the diagno-
sis of shoulder PJI.  Frangiamore et  al. [22] 

found that synovial interleukin (IL)-6 yielded 
higher sensitivity (87%) and specificity (90%) 
than ESR and CRP. However, Grosso et al. [23] 
and Villacis et al. [24] demonstrated that IL-6 
has not been an effective marker in diagnosis 
of shoulder PJI but may have a role in confir-
mation. In a follow-up to his previous study, 
Frangiamore et al. [25] found that IL-6, tumor 
necrosis factor-alpha, and IL-2 in combination 
demonstrated superior diagnostic ability than 
any cytokine alone, yielding a sensitivity and 
specificity of 80% and 93%.

Alpha-defensin has also been studied as 
another infection marker. Frangiamore et  al. 
[26] found a correlation between alpha-defensin 
and patients with shoulder PJI and reported a 
sensitivity and specificity of 63% and 95%. 
Subsequent studies by Bonanzinga et  al. [27] 
and Bauer et  al. [28] demonstrated that alpha-
defensin has better sensitivity and specificity in 
patients with hip or knee PJI, when compared to 
those with shoulder PJI.

23.3.6  Arthroscopic Tissue Biopsy

Dilisio et al. [21] performed arthroscopic tissue 
biopsies in 19 patients with painful arthroplasties 
and demonstrated their improved utility over gle-
nohumeral arthrocentesis in the diagnosis of 
shoulder PJI.  Arthroscopic biopsies yielded 
100% sensitivity, specificity, and positive and 
negative predictive values, while joint aspiration 
yielded 16.7% sensitivity, 100% specificity, 
100% positive predictive value, and 58.3% nega-
tive predictive value. Similarly, Tashjian et  al. 
[29] and Akgun et al. [30] also analyzed the util-
ity of prerevision tissue biopsy and found compa-
rable results, but not as conclusive as Dilisio’s 
earlier study.

Arthroscopic tissue biopsy is likely most ben-
eficial in patients with a painful arthroplasty who 
do not have typical signs of infection or those 
with supposed aseptic loosening. The culture 
results may allow the surgeon to determine a 
cause for the pain and guide treatment.
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23.3.7  Intraoperative Evaluation

Wound cultures are necessary for the identifica-
tion of the causative pathogen and guide antimi-
crobial therapy in patients with apparent shoulder 
PJI.  In those without obvious infection, intraop-
erative culture is essential to establishing the diag-
nosis of PJI, as well as guiding treatment. These 
cases of failed arthroplasties with positive cul-
tures, in which the preoperative evaluation has not 
definitively identified an infection, i.e., normal 
inflammatory markers, normal aspiration results, 
and normal imaging findings, have been termed 
unexpected positive cultures (UPCs) [7, 31].

The role of routine tissue cultures in all revi-
sions continues to be unclear. If a positive culture 
results in the setting of an additional reason for 
failure that requires revision, such as fracture, 
rotator cuff failure, or component malposition, 
further management is controversial. It is uncer-
tain whether a positive culture is indicative of a 
contaminant, an infection, or a commensal organ-
ism to deep tissue [32]. It should also be noted 
that several studies have found positive cultures 
in patients undergoing open shoulder surgery 
without any previous surgical history [33], as 
well as in those undergoing primary shoulder 
arthroplasty [34]. Therefore, it is left to the sur-
geon’s discretion in obtaining routine tissue cul-
tures during revision surgery.

23.3.8  Frozen Section 
Histopathology

Intraoperative samples sent for frozen section 
histopathology may assist in diagnosing shoulder 
PJI. While Mirra et al. [35] developed the criteria 
for PJI diagnosis in hip and knee arthroplasty as 
more than five neutrophils in five or more high- 
power microscopic fields, this does not appear to 
be applicable to low-virulence organisms. 
Patients with positive C. acnes cultures rarely 
demonstrate acute inflammation on intraopera-
tive histology. Topolski et al. [36] found that only 
8% of patients with positive intraoperative cul-

tures demonstrated positive intraoperative histo-
logic findings. Subsequently, Grosso et  al. [37] 
analyzed 45 patients undergoing revision shoul-
der arthroplasty for which intraoperative tissue 
culture and frozen section histology was obtained. 
Using the criteria described by Mirra, the sensi-
tivity was lower for patients with C. acnes infec-
tion when compared with those infected with 
other pathogens. They proposed a threshold of 10 
or more total neutrophils in five high-power fields 
for the diagnosis of shoulder PJI, which yielded a 
72% sensitivity and 100% specificity. It should 
be noted that frozen sectioning is subject to oper-
ator variability and is institution dependent.

23.3.9  Tissue Culture

Positive intraoperative tissue cultures are essen-
tial to the diagnosis and treatment of shoulder 
PJI.  At least four samples should be obtained 
from tissue adjacent to the implants. Tissue cul-
tures are preferred to swab cultures, as the latter 
has a lower yield, particularly for C. acnes which 
can be intracellular. Perioperative antibiotics do 
not need to be held until intraoperative samples 
have been obtained according to the hip and knee 
literature [38].

Cultures should be held for a minimum of 
14 days [31]. Frangiamore et  al. [39] classified 
positive P. acnes cultures as either “probable true 
positives” or “probable contaminants” (false pos-
itives) based on culture results and perioperative 
findings. He found that cultures that were “prob-
able true positives” grew positive in 5  days 
(range, 4–6 days) and none became positive after 
11 days, while cultures that were “probable con-
taminants” grew in 9  days (range, 6–12  days). 
Therefore, there is a possibility that holding cul-
tures for up to 4 weeks, as suggested by Pottinger 
et al. [11], may increase the possibility of false- 
positive results.

Determining the significance of a positive 
intraoperative culture in revision shoulder arthro-
plasty can be challenging. Hudek et al. [32] pro-
posed that a positive culture can be indicative of 
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contamination, infection, or a commensal organ-
ism to deep tissue. In first-time shoulder cases, 
36.4% of patients had a positive C. acnes culture. 
Several subsequent studies had similar findings. 
Mook et al. [33] found positive cultures in 20.5% 
of patients undergoing open shoulder surgery 
without any previous surgical history, and Wong 
et al. [34] identified positive cultures in 38% of 
patients undergoing primary shoulder arthro-
plasty. Tissue samples taken during revision sur-
gery in apparently aseptic shoulders can also 
demonstrate significant positivity rates. 
McGoldrick et al. [40] performed revision shoul-
der arthroplasty for loosening or stiffness in 
patient at least 3 years after the index procedure 
and found that 77% of intraoperative samples 
were positive for C. acnes.

23.4  Diagnostic Criteria

The International Consensus Meeting (ICM) on 
Orthopedic Infections in 2018 established guide-
lines for the diagnosis and management of shoul-
der PJI [41]. Shoulder PJI was divided into four 
categories: definite infection, probable infection, 
possible infection, and unlikely infection. These 
are summarized in Table 23.1. A definite infec-
tion meets at least one of the following criteria: 
(1) presence of a sinus tract from the skin surface 
to the prosthesis, (2) gross intra-articular pus, or 
(3) two positive tissue cultures with phenotypi-
cally identical virulent organisms. A probable 
infection is defined as the presence of six or more 
minor criteria with an identified organism. A pos-
sible infection is defined as one of the following 
scenarios: (1) the presence of six or more minor 
criteria without an identified organism, (2) less 
than six minor criteria with a single positive cul-
ture with a virulent organism, or (3) fewer than 
six minor criteria with two positive cultures with 
a low virulence organism. An unlikely infection 
is defined as the presence of less than 6 minor 
criteria with negative cultures or one positive cul-
ture with a low virulence organism. The minor 
criteria are described in Table 23.2.

Table 23.2 Minor criteria for the definition of shoulder 
PJI

Minor criteria Weight
Unexpected wound drainage 4
Single positive tissue culture with virulent 
organism

3

Single positive tissue culture with low- 
virulence organism

1

Second positive tissue culture (identical 
low-virulence organism)

3

Humeral loosening 3
Positive frozen section (5 PMNs in ≥5 
high-power fields)

3

Positive preoperative aspirate culture  
(low or high virulence)

3

Elevated synovial neutrophil  
percentage (>80%)a

2

Elevated synovial WBC count  
(>3000 cells/μL)a

2

Elevated ESR (>30 mm/h)a 2
Elevated CRP level (>10 mg/L)a 2
Elevated synovial α-defensin level 2
Cloudy fluid 2

(Adapted from the 2018 International Consensus Meeting 
on Orthopedic Infections) [41]
PJI periprosthetic joint infection, PMN polymorphonu-
clear leukocyte, WBC white blood cell, ESR erythrocyte 
sedimentation rate, CRP C-reactive protein
aBeyond 6 weeks from recent surgery

Table 23.1 Definition of periprosthetic shoulder infec-
tion established at the 2018 International Consensus 
Meeting on Orthopedic Infections [41]

Definite Meets one of the following:
  •  Presence of a sinus tract from the skin 

surface to the prosthesis
  • Gross intra-articular pus
  •  Two positive tissue cultures with 

phenotypically identical virulent organisms
Probable 6 or greater minor criteria with an identified 

organism
Possible Meets one of the following:

  •  6 or greater minor criteria without an 
identified organism

  •  Single positive culture with a virulent 
organism

  •  2 positive cultures with a low-virulence 
organism

Unlikely Meets one of the following:
• Negative cultures
  •  Single positive culture with a low-virulence 

organism
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23.5  Treatment

The mainstay of shoulder PJI treatment is surgery 
with adjuvant antimicrobial therapy. In patients 
who are unable to tolerate surgical intervention or 
when the revision surgery would incur more mor-
bidity than the infection, chronic antibiotic sup-
pression alone may be considered. It must be 
noted that failure rates approach 60–70% [14, 42].

23.5.1  Debridement with Implant 
Retention

Irrigation and debridement (I&D) with retention 
of the implants is reserved for the treatment of 
some case of acute shoulder PJI.  According to 
studies by Coste et al. [42] and Rangan et al. [43], 
these patients are those with PJI diagnosed within 
6  weeks of the index procedure or 3  weeks of 
symptom onset, stable implants, and identifiable 
pathogens of low virulence. The literature on out-
comes of I&D with implant retention is limited 
with some studies reporting a failure rate of 
50–63% [14, 42]. More recently, Dennison et al. 
reported 70% long-term retention rate in 10 cases 
of acute shoulder PJI, and these patients may 
require long-term antibiotic therapy [44].

23.5.2  Single-Stage Versus  
Two- Stage Revision

In patients with shoulder PJI greater than 4 weeks 
postoperatively, removal of the shoulder implants 
is indicated. Traditionally, the standard treatment 
protocol for shoulder PJI entailed of complete 
removal of the prosthesis, thorough I&D, and 
implantation of an antibiotic cement spacer, fol-
lowed by a second procedure for a revision shoul-
der arthroplasty [45]. After the first stage, the 
patient is treated with IV antibiotics for at least 
6 weeks, sometimes followed by a course of oral 
antibiotics. Prior to implantation of a new pros-
thesis, patients are evaluated with serial serologic 
testing. When there are no clinical signs of infec-
tion and inflammatory markers have normalized, 
a patient may be considered for re-implantation 

[46]. Joint aspiration or tissue biopsy prior to sec-
ond stage revision is not routinely performed. 
Zhang et al. [47] performed an open biopsy on 18 
patients with shoulder PJI who underwent a first 
stage revision and completed a course of antibiot-
ics. Persistent infection was demonstrated in 22% 
of all patients and 38% of patients with a C. acnes 
infection.

In some cases, an antibiotic spacer can be con-
sidered a definitive option for the treatment of 
shoulder PJI, if the patient is not a good surgical 
candidate or the patient declines additional sur-
gery. Nelson et  al. [48] reported a systematic 
review of 13 studies of shoulder PJI patients. 
Infection eradication rates were 90.3% for antibi-
otic spacer retention, 91.7% for single-stage revi-
sion, and 93.8% for two-stage revision. In a 
cohort of 19 low demand, elderly patients, 
Pellegrini et  al. [49] found no infection recur-
rence after a mean follow-up of 8 years. This was 
followed by a retrospective case-control study of 
30 patients, 19 of which underwent definitive 
antibiotic spacer implantation and the remaining 
11 underwent a 2-stage revision. There was no 
infection recurrence in either group and there was 
no statistically significant differences in Constant 
or VAS scores, although range of motion was bet-
ter in the patients who underwent a two-stage 
revision [50].

While the precedent for two-stage revision 
was set by knee and hip arthroplasty, there has 
been success with single-stage revision in the 
treatment of shoulder PJI. This entails removal of 
the components, a thorough I&D, and placement 
of a new prosthesis, followed by a course of anti-
biotics. Interest in single-stage revision has risen 
because it causes less insult to the soft tissue, has 
a shorter recovery time, and is cost effective [51]. 
Garrigues et  al. [52] performed a systematic 
review of 39 articles evaluating single-stage and 
two-stage revision for shoulder PJI.  The re- 
infection rate was 5.6% for single-stage and 
11.4% for two-stage, and the complication rate 
was 12.7% for single-stage and 21.9% for two- 
stage. These results were statistically significant; 
however, the analysis did not account for selec-
tion bias. Less severe infections may have been 
treated preferentially with single-stage revision, 
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whereas more severe infections may have been 
treated with two-stage revision. Most recently, 
Belay et al. [53] reported a systemic review and 
meta-analysis of 13 studies on single-stage and 
30 studies on 2-stage revision for shoulder 
PJI.  The re-infection rate was 6.3% for single- 
stage and 10.1% for 2-stage revision, but this was 
not statistically significant. Constant scores and 
range of motion were similar between the groups. 
Single-stage revision had a 11.4% complication 
rate, while two-stage revision was 22.5%. The 
authors concluded that one-stage revision may be 
as effective as two-stage revision in select patients 
with shoulder PJI.

23.5.3  Salvage Procedures

Resection arthroplasty is an option for low 
demand or elderly patients or those with recalci-
trant PJI. Nelson et al. [48] reported a 93.3% rate 
of infection resolution. However, there are high 
rates of residual pain and poor function in up to 
50% [54]. Additionally, resection arthroplasty 
may compromise potential for future prosthesis 
implantation due to rotator cuff atrophy and dis-
use osteopenia [55].

23.5.4  Unexpected Positive Cultures

There is little consensus regarding the treatment 
of UPCs and additional research is necessary. 
Hsu et al. [56] treated 55 patients undergoing a 
single-stage revision, in which 27 shoulders had 
at least 2 positive intraoperative cultures for C. 
acnes and were treated with 6 weeks of IV antibi-
otics, followed by at least 6 months of oral antibi-
otics. While the functional outcomes were 
comparable to the control group, this study was 
limited by how the control group was defined (0 
or 1 UPC). Padegimas et al. [57] also analyzed 
patients undergoing revision shoulder arthro-
plasty for presumably noninfectious reasons. 28 
(23.9%) of 117 individuals had at least 1 UPC. All 
patients received empirical oral antibiotics for 
2 weeks according to the authors’ revision sur-
gery protocol. Depending on culture results, 

patients received antibiotics for an additional 
6 weeks. While UPC patients underwent reopera-
tion more often than those without UPCs (20.2% 
versus 7.1%), this did not reach statistical signifi-
cance (p = 0.109). These studies do not clearly 
demonstrate the advantage of prolonged antibi-
otic treatment in patient undergoing revision 
shoulder arthroplasty with UPCs. Additionally, 
greater than 80% of UPCs are low virulent organ-
isms and due to small numbers, distinct treatment 
regarding UPCs with more virulent organisms is 
unclear [52]. The relevance of UPCs and the 
appropriate treatment protocol for UPCs remain 
to be determined.

23.5.5  Antibiotics

Antibiotic therapy should be guided by the cul-
ture results. Typically, IV antibiotics are contin-
ued for a duration of 6  weeks, followed by a 
period of oral antibiotics. Infectious disease spe-
cialists are commonly consulted; however, as 
their familiarity with C. acnes and other unique 
shoulder pathogens varies between institutions, 
close collaboration is necessary. As discussed 
above, the use of antibiotics in cases with UPCs 
is controversial.

23.6  Prevention

There are several measures implemented during 
the index shoulder arthroplasty to prevent shoul-
der PJI.  Patients undergoing total knee and hip 
arthroplasty are screened for methicillin-resistant 
Staphylococcus aureus (MRSA) via nasal swab. 
This can also be performed for patients undergo-
ing shoulder arthroplasty, but there is limited 
research verifying its efficacy. There have been 
several studies, however, evaluating the utility of 
different skin preparations. Sabetta et  al. [58] 
found that topical benzoyl peroxide (BPO) 
reduced P. acnes on the skin but did not com-
pletely eliminate it. The skin of 50 patients under-
going arthroscopic shoulder surgery were 
sampled at the initiation and completion of sur-
gery. At the beginning of surgery, 6% of cultures 
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were positive, while 10% were positive at the end 
of surgery. Kolakowski et  al. [59] subsequently 
compared BPO with chlorhexidine gluconate 
(CHG) in a randomized controlled trial. 80 
patients were treated preoperatively with either 
5% BPO or 4% CHG, and skin cultures were 
obtained on the day of surgery. BPO decreased 
the skin burden of C. acnes more effectively than 
CHG but again did not completely eliminate it. In 
a separate randomized controlled trial, van Diek 
et  al. [60] compared BPO to placebo, which 
resulted in a 51.4% reduction in C. acnes.

Hydrogen peroxide has also been studied as a 
preoperative skin preparation. Chalmers et  al. 
[61] compared hydrogen peroxide to placebo in a 
randomized controlled trial containing 124 pri-
mary shoulder arthroplasties. Cultures were 
taken from the skin, dermis, and joint. There 
were fewer patients with triple-positive cultures 
(0% vs. 19%, P = 0.024) and joint positive cul-
tures (10% vs. 35%, P = 0.031) in group treated 
with hydrogen peroxide.

The surgical site should be prepared with an 
alcohol-based CHG solution, which is more 
effective than an iodophor and alcohol prepara-
tion or a povidone–iodine scrub and paint prepa-
ration at eliminating bacteria from the shoulder 
region [62]. Prophylactic antibiotics should be 
started within 1 h of the initiation of surgery. 
After draping the patient, gloves should be 
changed. The skin knife should also be discarded 
as P. acnes has been cultured from the subdermal 
layer, forceps, tip of gloves, and scalpel blades 
[63]. Gloves should also be changed prior to 
touching the implant as these can also be con-
taminated. 1 g of vancomycin powder may be 
applied to the surgical wound during closure as it 
can reduce surgical site infections [64] and is 
cost-effective [65].

23.7  Summary

PJI is a serious complication after shoulder 
arthroplasty, which is compounded by difficulties 
in diagnosis. Due to the unique milieu of the 
shoulder and the propensity for infection by 
indolent microorganisms, patients with PJI do 

not always present with the typical signs of infec-
tion. Additionally, serologic testing does not have 
the same utility as in hip and knee arthroplasty. 
Recent studies on IL-6 and alpha-defensin have 
had promising results, but the evidence support 
their diagnostic utility is limited.

Surgical management of shoulder PJI tradi-
tionally involves a 2-stage revision and targeted 
antibiotic treatment. Resection arthroplasty is 
typically reserved for low demand or elderly 
patients or those with recalcitrant PJI.  Single- 
stage revision has demonstrated comparable rates 
of infection eradication with two-stage revision 
and has the advantages of a shorter treatment 
period and being more cost-effective. However, 
future studies should compare the functional out-
comes and infection eradication rates of two sur-
gical interventions directly.
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24Shoulder Arthroplasty 
and Instability

Denny Tjiauw Tjoen Lie, Wayne Yong Xiang Foo, 
and Andrew Chia Chen Chou

24.1  Introduction

Common indications for total shoulder arthroplasty 
(TSA) include osteoarthritis, inflammatory arthri-
tis, failed partial joint prosthesis, and avascular 
necrosis of the humeral head. Performing a TSA 
requires an intact rotator cuff and adequate glenoid 
bone stock. Reverse shoulder arthroplasty (RSA) is 
commonly indicated for rotator cuff arthropathy, 
pseudoparalysis, three- or four- part fracture of the 
proximal humerus, or revisions of failed shoulder 
prosthesis caused by irreparable rotator cuff tears. 
RSA does not require intact rotator cuff tendons 
but does require an intact deltoid [1].

The incidence of shoulder arthroplasty has 
been increasing over the years, outpacing the rate 
of primary total hip arthroplasties (THA) and 
total knee arthroplasties (TKA). In the United 
States, the incidence of primary shoulder arthro-
plasty increased by 103.7% from 2011 to 2017 
and is projected to further increase by approxi-

mately 235% from 2017 to 2025 [2]. While the 
incidence of hemiarthroplasty has decreased, the 
incidence of TSA and RSA has increased [3, 4].

The stability of the glenohumeral joint is 
dependent on soft tissue stabilizers, both static 
and dynamic. Static stabilizers include the labrum 
and capsuloligamentous structures. Dynamic sta-
bilizers, most notably the rotator cuff muscles 
and deltoid, are responsible for the local dynamic 
stability of the glenohumeral joint and are crucial 
to the stability of shoulder arthroplasty. Activation 
of the rotator cuff muscles provides stability to 
the glenohumeral joint by compressing the 
humeral head against the glenoid surface for con-
centric rotation to take place. Known as the 
concavity- compression mechanism, the rotator 
cuff muscles are well aligned for compression of 
the glenohumeral joint to effectively take place at 
all shoulder positions [5]. The rotator cuff mus-
cles exert in a downward and centering force, 
while the deltoid muscle acts superiorly on the 
humeral head. This allows for the rotator cuff 
muscles to act as a fulcrum while the deltoid acts 
as a lever for the arm to elevate and abduct [1].

Shoulder arthroplasty can alter the complex 
interplay of mechanisms that contribute to the 
stability of the glenohumeral joint. Rotator cuff 
dysfunction after TSA can result in instability 
due to the loss of compressive forces on the gle-
nohumeral joint. Deltoid dysfunction due to 
increased deltoid activation and forces after RSA 
can also contribute to instability.
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24.2  Incidence of Dislocation 
After Shoulder Arthroplasty

With the increasing rate of shoulder arthroplasties, 
the incidence of failure leading to revision arthro-
plasties will also increase. A 2017 review study 
revealed that the overall complication rate of TSAs 
and RSAs was 11%, which decreased from 14.7% 
in 2006 [6, 7]. The mean complication rate for 
RSA was 16.1%, with instability being the most 
common complication of RSA with a mean rate of 
5.0%, ranging from 1.5 to 31% [6, 8]. Among 
TSAs, which had a mean complication rate of 
10.3%, instability was the third most common 
complication, with a mean rate of 1.0% [6]. A 
2021 systematic review showed that the instability 
rate after revision RSA was significantly greater 
than primary RSA (5.7% vs. 2.5%). In addition, 
the Grammont design for RSA had a significantly 
higher instability rate compared to all other designs 
combined (4.0% vs. 1.3%) [9].

24.3  Common Causes 
of Instability After Shoulder 
Arthroplasty

24.3.1  Total Shoulder Arthroplasty

The causes of postoperative instability after TSA 
are best characterized by direction, with resultant 
treatment aimed at correcting the underlying 
pathology [10].

 1. Superior instability. Superior instability is the 
most common direction of instability after 
TSA and occurs in 3% of all patients who 
undergo TSA. Most commonly, instability is 
due to a non-functional rotator cuff and/or 
deficient coracoacromial arch. Other causes 
include a superiorly malpositioned humeral 
component, superiorly tilted glenoid compo-
nent, or prior coracoacromial release [11]. It 
is crucial to recognize that the functional sta-
tus of the cuff, not the presence of a tear itself, 
determines prosthesis stability. If the cuff 
itself is grossly functional despite the pres-
ence of a tear, the humeral head remains cen-

tral and the presence of a tear does not lead to 
instability; conversely, an atrophic, poorly 
functioning cuff with no tear is unable to 
maintain the humeral head position and can 
still lead to instability [10, 12, 13].

 2. Anterior instability. Anterior instability 
occurs in 0.9% of TSAs and is usually due to 
insufficiency of the subscapularis. Other 
potential causes include insufficient soft tis-
sue tensioning, component malpositioning, 
and bony deficiency [7, 14]. Treatment gener-
ally addresses the deficient subscapularis with 
re-repair, tendon transfer, or lesser tuberosity 
osteotomy.

 3. Posterior instability. Posterior instability 
occurs in 1% of patients after TSA and is 
often attributed to the underlying osteoarthri-
tis, which frequently results in posterior gle-
noid wear, posterior bone loss, capsular 
laxity, and subluxation, which can sometimes 
be recognized intraoperatively [14, 15]. 
Rotator cuff dysfunction may also contribute 
to posterior instability. Early recognition of 
posterior glenoid bone loss, either preopera-
tively on imaging or intraoperatively, can 
allow for intraoperative eccentric reaming of 
the anterior glenoid to correct the version 
accordingly [16].

 4. Inferior instability. Inferior instability is 
commonly seen in the context of fracture 
arthroplasty and is usually due to difficulty 
with obtaining adequate humeral length. 
Deltoid atony is another common contributor 
to instability. Preoperative templating using 
the contralateral humerus and intraoperative 
orientation with bony landmarks can be useful 
in establishing adequate humeral length [10].

24.3.2  Reverse Shoulder 
Arthroplasty

Balancing soft tissue tension appropriately is the 
most important factor to consider in achieving 
joint stability after RSA. While there are numer-
ous causes of instability after RSA, they can be 
broadly categorized into the following three cat-
egories as described by Abdelfattah et al. [17]:
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 1. Loss of compression. RSA laxity or gapping 
between the glenosphere and humerosocket 
can lead to instability and is often due to 
undersized implants, loss of the deltoid con-
tour, loss of humeral height, subscapularis 
deficiency, acromial or scapular fracture, and 
deltoid dysfunction. Deltoid dysfunction is a 
common contributor to instability and should 
be worked up for a cause, which can include 
axillary nerve injury, cervical radiculopathy, 
and muscle atrophy.

 2. Loss of containment. Failure of the 
glenosphere- humerosocket articulation desta-
bilizes the fulcrum required for arm elevation 
and can lead to dislocation during ranging of 
the shoulder. Causes can be due to (a) eccen-
tric polyethylene wear leading to alteration of 
the humerosocket depth, thus resulting in dis-
location, (b) mechanical failure of the humeral 
cup, or (c) loss of humero-glenosphere articu-
lation due to glenosphere dissociation, humer-
osocket dissociation at the trunnion, and 
humeral stem fracture.

 3. Impingement. Obstruction of the glenosphere- 
humerosocket articulation can lead to levering 
out during shoulder range of motion, resulting 
in dislocation. This is most commonly due to 
soft tissue and/or bony impingement, which 
may be secondary to prior fracture, malunion 
of the tuberosities, and heterotopic ossifica-
tion. Other possible causes include prosthetic 
malalignment and large body habitus.

24.4  Implant Factors That Affect 
Stability

Several implant characteristics and biomechani-
cal principles have been studied to improve sta-
bility; these are summarized below.

Implant 
factor Factors that improve stability
Glenosphere 
size

A larger glenosphere is known to 
improve abduction ROM and is more 
stable, requiring a larger force to 
dislocate the humeral cup [18]. 
However, Clouthier et al. showed that 
glenosphere size did not have any 
significant effect on stability [19]

Implant 
factor Factors that improve stability
Glenosphere 
position

Placing the glenosphere eccentrically 
more inferior, rather than at the center 
of the glenoid, prevents impingement 
and notch formation and improves 
stability by 17% [19]

Glenosphere 
tilt

An inferior tilt of 15° is known to 
reduce notch formation, which results 
in a larger compressive force, and 
thus is less likely to dislocate, 
compared to a neutral tilt (0°) or a 
superior 15° tilt [20]. The clinical 
significance of this factor however is 
less clear

Lateralized 
glenosphere

Lateralizing the glenosphere caused 
an increase in joint loading and thus, 
requires a larger force to cause 
anterior dislocation. However, it can 
cause an increase in torque at the 
implant-bone interface and may cause 
failure [21]. It may also cause an 
increased strain of the deltoids,  
which may predispose to acromial 
fractures [22]

Depth of 
humeral cup

A deeper humeral cup increases the 
socket constraint and was shown to 
significantly increase the forces 
required to dislocate the RSA, though a 
more constrained cup may reduce ROM 
and may predispose to impingement 
[19, 23]

Neck shaft 
angle

Reducing the neck-shaft angle from 
155° to 135°, thus making the cup 
more vertical, increases adduction 
ROM and reduces impingement, 
though this factor did not affect 
overall stability [24]

Humeral 
length

A correlation was shown that loss of 
humeral length was associated with 
increased risk of dislocation, likely due 
to loss of soft tissue tension [25]. An 
increase in implant thickness was 
shown to increase deltoid tension and 
hence stability but may limit adduction. 
Overall, lengthening the humerus is 
helpful only in revision cases secondary 
to instability [26]

Humeral 
lateralization

This is known to increase soft tissue 
tension and may increase stability, yet 
did not increase deltoid forces as much 
as humeral lengthening [25]

Humeral 
version

A cadaveric study showed that 
humeral version did not significantly 
affect the dislocation forces. A 
humeral retroversion of 30° was able 
to improve external rotation. 
Retroversion of 0°–30° is currently 
recommended [26]
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24.5  Clinical Assessment 
of Stability After Shoulder 
Arthroplasty

The initial evaluation of a patient presenting with 
instability after shoulder arthroplasty should con-
sist of a detailed patient history and physical 
examination. A thorough clinical evaluation is 
crucial in identifying a potential cause of insta-
bility, as well as in guiding appropriate further 
investigations and management of the patient.

History
• Onset and duration of symptoms, exacerbat-

ing or alleviating factors, any prior history of 
trauma to the shoulder, and precipitating 
factors.

• Specific position of the arm when dislocation 
occurs.

• It is also paramount to rule out infection and 
patients should be assessed for any fever, 
chills, rigors, night sweats, or constitutional 
symptoms.

• Lastly, patients should also be asked regarding 
their hand dominance, occupation, hobbies, 
and general health, as well as their past medi-
cal history, previous operations, and any 
chronic medications use.

Examination
• The skin and surgical site should be carefully 

assessed for any signs suggestive of infection, 
such as erythema, edema, tenderness, sinus 
tracts, or discharge.

• The deltoid should be inspected, palpated, and 
assessed for contractility and atrophy.

• Both active and passive range of motion 
should be documented and compared to pre-
operative measurements in terms of abduc-
tion, forward flexion, extension, and external 
rotation. If examination shows a reduced 
shoulder range of motion, a possible cause 
should be identified, such as soft tissue con-
tractures, mechanical block, weakness, or 
poor effort. The contralateral shoulder should 
also be assessed [27].

• A comprehensive neurological examination of 
the upper limbs and cervical spine should be 
performed, as well as the peripheral pulses.

Imaging
• Plain radiographs. Plain X-rays consisting 

of plain anteroposterior (AP), lateral, true 
anteroposterior (Grashey), Y-scapular, and 
axillary lateral views. A systematic approach 
to evaluating shoulder arthroplasty films can 
be particularly useful and the following items 
should be checked in the radiographs:

 1. Overall joint alignment
 2.  Signs of prosthesis failure, such as compo-

nent dissociation or screw breakage.
 3.  Humeral component for subsidence, 

change in alignment, osteolysis, or radio-
lucent lines (RLL)

 4.  Humeral diaphysis for periprosthetic 
fracture

 5.  Humeral tuberosities for signs of fracture, 
bony resorption, or non-union

 6. Glenoid component for migration or RLL
 7. Implant seating
 8. Scapular notching

For TSAs, radiolucencies around the 
humeral stem can be classified as per the 
Gruen zones as adapted to the humeral stem, 
with stems considered at risk if there are 
radiolucent lines (RLLs) of at least 2 mm in 3 
or more zones. Humeral stems with circum-
ferential RLLs and/or progressive shift in 
position on successive radiographs raise the 
suspicion of loose stems [28]. Radiolucencies 
on the glenoid are best visualized on the 
Grashey view.

For RSAs, full length bilateral humeral 
radiographs with markers are useful to assess 
for humeral shortening as described by 
Ladermann et al. and excessive glenoid medi-
alization as described by Boileau et  al. [29, 
30]. Excessive glenoid medialization is usu-
ally defined by a humeral axis medialized 
>15 mm measured from the lateral acromion. 
Glenosphere version is best visualized on the 
axillary lateral view, with an adequately posi-
tioned glenosphere sitting just flush or slightly 
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overhanging the inferior glenoid. Inferior sub-
luxation of the humeral implant seen on the 
AP view may suggest of poor soft tissue ten-
sion, while deficient tuberosities and reduced 
humeral length are suggestive of humeral 
implants placed too low [8].

• Computed tomography (CT). CT imaging 
provides greater detail for insufficiency frac-
tures of the scapula or acromion, peripros-
thetic loosening, component migration, 
malalignment, and templating and assessing 
the remaining bone stock.

• Ultrasound (US). US is useful as an adjunct 
imaging for evaluation of cuff tendon integ-
rity, muscle atrophy, and the presence of effu-
sion or bursitis [31].

Laboratory investigations are primarily useful 
in ruling out prosthetic joint infection (PJI), 
which may cause instability. Common inflamma-
tory markers are white blood cell count (WBC), 
C-reactive protein (CRP), and erythrocyte sedi-
mentation rate (ESR). However, their clinical 
sensitivities are not well established for shoulder 
PJI, with studies showing that WBC is abnormal 
in 7% of patients, elevated ESR in 14%, and 
raised CRP in 25% of cases [32].

Nerve conduction studies (NCS) and electro-
myography (EMG) are generally only indicated 
if acute or chronic neuropathy is suspected and 
can provide data on both the localization and 
severity of the nerve injury. It is recommended to 
only obtain NCS/EMG studies 10–21 days after 
the onset of symptoms. If no significant axonal 
loss is noted, follow-up studies performed at least 
3  months later can be useful to assess for any 
meaningful reinnervation [8].

24.6  Tips to Improve Stability 
During TSA

In managing instability after TSA, it is far easier to 
prevent instability from occurring in the first place. 
The patient is assessed preoperatively, intraopera-
tively, and postoperatively to address risk factors 
that may predispose toward instability.

 1. Preoperative. A preoperative CT scan can be 
useful to assess the bone stock and glenoid 
version, while an MRI may be used to assess 
for rotator cuff tears and fatty infiltration.

 2. Intraoperative. TSA is an anatomic joint 
replacement. Hence the humeral component 
is placed in the anatomic native version. 
Similarly, the height of the implant should 
recreate the original height of the humeral 
head. Leaving the implant proud may impinge 
on the supraspinatus tendon causing its attri-
tion and rupture. However, allowing it to sub-
side in the humerus will compromise the 
glenohumeral compression and hence predis-
pose to instability.

Similarly, the glenoid component is placed 
in its native version (for type A glenoids). For 
abnormal (types B and C) glenoid, eccentric 
drilling is recommended to prevent abnormal 
version, which predisposes to instability.

After TSA, the shoulder should be assessed 
in multiple positions and directions to assess 
for any obvious instability. For example, in 
the presence of posterior capsular laxity, cap-
sular imbrication sutures may be useful in sta-
bilizing the TSA construct. It is imperative to 
ensure the supraspinatus tendon is intact, of 
adequate thickness and tension. When the ten-
don is thinned out and degenerate, consider 
augmenting the tendon with a dermal allograft 
patch or even converting the construct to 
RSA.  Ensure the subscapularis tendon is 
repaired well.

Intraoperative fluoroscopy may also be a 
useful adjunct to assess for implant position-
ing and to detect the presence of any potential 
periprosthetic fractures [10]. Matching of the 
natural anatomy, particularly by comparing 
with the contralateral limb, is integral to pre-
venting dislocation events and restoration of 
the “gothic arch” in assessing the anatomic 
relationship of the humeral neck to the shoul-
der neck may be useful [33].

 3. Postoperative. Postoperative rehabilitation 
should be physician directed and based on 
intraoperative findings. For example, if the 
subscapularis was found to be of poor quality 

24 Shoulder Arthroplasty and Instability



220

intraoperatively, a more conservative rehabili-
tation regime may be recommended to pre-
vent rupture. Similarly, if posterior capsular 
laxity was identified, immobilization in exter-
nal rotation can be considered to improve 
healing in the correct position [10].

24.7  Surgical Tips to Improve 
Stability During RSA

In the absence of the supraspinatus, maintaining 
stability of the shoulder joint after RSA can be 
challenging, even if the implant is semi- 
constrained. Thus, balancing the soft tissue ten-
sion is critical.

• Surgical Approach and Exposure
Most surgeons are familiar with the super-

olateral or deltopectoral approach. The latter 
takes down the subscapularis tendon and is 
associated with higher rates of dislocation, 
thus stressing the importance of the integrity 
of the subscapularis tendon [34]. Overall, the 
rates of dislocations after the deltopectoral 
approach, however, remain relatively low 
[35]. The deltopectoral approach permits a 
much better access to perform a complete 
inferior capsular release and clearance of infe-
rior glenoid osteophytes; these, if uncleared, 
can cause impingement and potential disloca-
tions. Ultimately, surgeons should adopt the 
surgical approach of their choice.

• Humeral Head Osteotomy: How Much to 
Cut?

Making the humeral osteotomy too low 
and removing more bone may predispose to 
loss of deltoid tension and loss of compres-
sion, despite using a thicker insert and humeral 
neck. Poor tensioning is associated with 
increased risks of dislocation; hence it is safer 
to cut less initially. A good tip would be to 
assess the height of the humeral osteotomy. 
When viewed against the glenoid under nor-
mal deltoid tension, the top of humerus should 
be in the middle of the glenoid (Fig. 24.1). If 
the entire glenoid is easily seen, the osteotomy 
is too low. If the glenoid cannot be seen and 

required traction of the arm to view it, too lit-
tle of the humeral head is removed and a revi-
sion osteotomy is recommended.

• Humeral Version: Does It Matter?
As discussed above, humeral version of 

0°–30° retroversion is recommended and is 
not associated with increased risks of disloca-
tion. It is better to follow the version of the 
native humerus in primary cases. Surgeons 
should also use implants of their choice; each 
implant having its inherent neck-shaft angle of 
135° or 155°. Other factors such as the 
 lengthening or lateralizing of the humerus 
should be surgical options reserved for revi-
sion cases secondary to instability.

• Glenosphere Position
It is recommended to place the glenosphere 

as inferior on the glenoid as possible, and even 
with a little inferior overhang, as long as there 
is sufficient bone for fixation of the inferior 
screw. This improves stability and prevents 
notching [36]. It is observed, however, that in 

Fig. 24.1 Adequacy of the humeral osteotomy. When 
viewed against the glenoid, the top of the osteotomized 
humerus should be at the equator of the glenoid, revealing 
the upper half
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Fig. 24.2 Position of the glenosphere. The vertical axis 
and equator of the glenoid are clearly marked. In smaller 
glenoids, the glenosphere is placed in the geometric cen-
ter, though positioning it inferior confers increased 
stability

smaller glenoids usually among Asian 
patients, placing the glenosphere inferior is 
not possible, and a central position is adequate 
(Fig. 24.2). Other factors like increasing gle-
noid size and lateralizing the glenoid remain 
as surgical options to be used in revision cases 
to improve stability.

• Humeral Cup
This is a critical factor in improving stabil-

ity of the RSA. Begin with the thinnest insert 
and perform the trial with increasing thickness 
of the insert. It should feel firm and should not 
be too easy to dislocate and reduce the humeral 
cup. Assess for stability (see below). If in 
doubt, increase the thickness of the insert or 
use a deep cup (increased constraint).

• Subscapularis Repair
Restoring the integrity of the subscapularis 

is critical to maintaining stability of the 
RSA. There is an increased risk of dislocation 

if the subscapularis is not repaired [37, 38]. 
Yet others have shown that repairing the sub-
scapularis or not did not affect the complica-
tion or dislocation rates [39]. The case 
example below illustrated the importance of 
repairing the subscapularis or if not possible, 
to do a pectoralis major transfer to restore 
stability.

24.7.1  Intraoperative Assessment 
of Stability

Several tests have been described to assess stabil-
ity during surgery [40]. These are commonly 
practiced:

• Bring the arm to full flexion and internal rota-
tion, then as the arm is in neutral flexion, per-
form internal and external rotation. Finally 
bring the arm to extension and external rota-
tion. Ensure that there is full passive ROM, 
with no restrictions or impingement. Assess 
and look out for “lifting-off” of the humeral- 
glenosphere articulation, especially in 
extremes of ROM.

• Apply a longitudinal axial traction on the arm 
to perform a shuck test and ensure the joint is 
stable while feeling the conjoint tendon 
remains firm.

• While performing internal–external rotation 
of the arm, gently apply an antero-posterior 
translation on the arm. The humeral cup must 
remain stable and not permit any translations. 
If in doubt, use a thicker insert of deeper cup.

24.8  Case Example

This is a clinical example of recurrent dislocation 
after RSA due to loss of soft tissue compression. 
The patient was a 77-year-old male who initially 
presented with right shoulder pain and weakness. 
X-rays showed cuff arthropathy and ultrasound 
confirmed massive retracted tears of the supraspi-
natus and infraspinatus tendons (Fig. 24.3a–d). He 
underwent right RSA about 6 months after initial 
presentation. Immediate postoperative X-rays 
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a b

c d

Fig. 24.3 (a–d) X-rays and ultrasound images of cuff 
arthropathy. (a, b) Shows the AP and lateral view of the 
right shoulder of an elderly patient with several features of 
cuff arthropathy: collapsed sclerotic high-riding humeral 

head, loss of Maloney’s line, and gleno-humeral arthritis. 
(c) Shows the longitudinal and (d) shows the transverse 
sonographic views of the right supraspinatus tendon, 
which is torn and massively retracted

showed enlocated components (Fig. 24.4a, b) but 
within 1 month postoperatively, he presented with 
persistent pain and stiffness with no new trauma. 
X-rays then showed antero-superior dislocation of 
the humeral cup (Fig. 24.5a, b). During the open 
reduction performed on the same month, it was 
noted that the components were stable, with no 
overt signs of infection. After reduction the soft 

tissue tension felt adequate, though the subscapu-
laris was noted as deficient.

Despite what appeared to be adequate soft tis-
sue containment and strong deltoid muscles, the 
humeral cup continued to dislocate. He was then 
seen in our center the following month about 
2 months after the index surgery and underwent 
open reduction. It was then noted that the del-
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a bFig. 24.4 (a, b) 
Immediate post-op 
X-rays. (a, b) Show the 
AP and lateral views of 
the right shoulder after a 
reverse arthroplasty was 
performed

a b

Fig. 24.5 (a, b) X-rays taken about 1 month after the index surgery. (a, b) Show the AP and lateral views of the dislo-
cated RSA, with the humeral cup dislocating antero-superiorly

toids had atrophied slightly and that the subscap-
ularis was deficient. Soft tissue containment and 
stability was achieved only after a pectoralis 
major transfer was performed to compensate for 

the deficient subscapularis tendon. The RSA 
remained stable with no further dislocations up to 
2  years postoperatively (Fig.  24.6a, b), after 
which the patient was lost to follow-up.
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a bFig. 24.6 (a, b) X-rays 
after revision surgery 
and pectoralis major 
transfer. After open 
reduction, stability and 
soft tissue containment 
was achieved after a 
pectoralis major transfer. 
(a, b) Show the AP and 
lateral views of the 
enlocated RSA about 
9 months after the 
revision surgery

24.9  Algorithmic Management 
of Instability After RSA

There is a lack of accepted protocols to treat dis-
locations or instability after RSA. Chalmers et al. 
advocated a trial of closed reduction after which 
the shoulder is rested in an arm-sling for 6 weeks 
[34]. A technique was described by Chae et  al. 
whereby an axial traction was applied to the arm 
in slight abduction as a posteriorly and inferiorly 
directed force was applied to the humerus [8]. 
Gerber et al., however, considered early disloca-
tions to be related to surgical factors and held the 
opinion that closed reductions were less likely to 
be successful [41].

The algorithm below (Fig.  24.7) brings 
together the common causes and offers an 
approach to diagnosing the cause of the post- 
RSA instability and addressing the problem. The 
first step would be to exclude fractures of the gle-
noid, humeral shaft, or acromion. Acromial stress 
fractures can be treated by resting the arm in an 
abduction sling for 6 weeks [8]. A series of pos-
sible causes and cascade of steps then follow:

 (a) Joint Infections
This is not common after shoulder arthro-

plasty, ranging from 1 to 3.9% [7]. The diag-
nosis may be evident during open reduction 
when inflamed synovium and purulent dis-
charge is seen. More commonly however, it 

is an index of suspicion and the synovium 
and fluid should be sent for culture and sen-
sitivity tests, in addition to blood tests (total 
white count, ESR, CRP). If infection is 
strongly suspected within 3 months after the 
index surgery, antibiotics, a thorough wash- 
out, and change of the humeral cup liner are 
required [7]. However, if the infection 
occurred more than 3 months after the index 
surgery, long-term antibiotic suppression is 
needed, in addition to a staged revision.

 (b) Impingement
Impingement of the humeral cup with soft 

tissue and bony osteophytes can rarely cause 
the humeral cup to dislocate or limit the 
ROM. This uncommon cause is evident dur-
ing open reduction, and the interposing soft 
tissues and bone debrided away to ensure full 
and stable ROM.

 (c) Loss of Containment
The following two groups of mechanical 

causes, loss of containment or loss of com-
pression, are more common causes of 
 instability after shoulder arthroplasty. This 
concept was developed from the algorithm 
proposed by Boileau et al. in which he quan-
tified the magnitude of loss of humeral length 
and loss of humeral lateralization [30]. A 
humeral shortening of less than 15  mm or 
humeral medialization of 15 mm is consid-
ered mild. Within this group, it is proposed 
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Fig. 24.7 Algorithm in managing instability after RSA

that the soft tissue tension of the remaining 
subscapularis and infraspinatus tendons be 
checked first. Inadequacy of these tendons 
warrant a repair or tendon transfers. The pec-
toralis major tendon transfer can be done to 
provide anterior stability when the subscapu-
laris is irreparable, similarly the latissimus 
dorsi tendon transfer can be done if the 
 infraspinatus tendon is irreparable and 
degenerate. If the tendons are of adequate 
tension however, then the humeral cup 
should be checked for eccentric wear that 
may precipitate in dislocations. Even if the 
wear is not evident, an option is to change the 
humeral cup liner to a more constrained 
deeper cup.

 (d) Loss of Compression
If the humeral medialization is greater 

than 15  mm, lateralization can be achieved 
by up-sizing the glenosphere or augmenting 
the base of the glenosphere with bone [8]. It 
is uncommon to explant the well-fixed meta-
glene even if the implants are less than opti-
mal [8]. Increasing the humeral length and 
distalizing the deltoid insertion (thus increas-
ing deltoid tension) is more commonly done. 

This can be achieved by using a thicker 
humeral cup insert, using a metal spacer on 
top of the humeral component or an allograft 
[42]. Distalizing and lateralizing the humerus 
both serve to increase the deltoid tension and 
thus improve stability.

24.10  In Summary

Both TSA and RSA procedures are increasing in 
incidence. Instability is one of the most common 
complications after RSA (about 5%) and third 
most common after TSA (1%). Of the many 
causes discussed earlier in this chapter, soft tissue 
tension stands out as being critical. The various 
attempts at improving implant designs to increase 
stability were also discussed. Rotator cuff integ-
rity is critical in TSA; thus instability is prevented 
and treated by addressing rotator cuff integrity. 
Stability after RSA is more challenging. The 
semi-constrained RSA implant can be further sta-
bilized by using a more constrained deeper 
humeral cup, and soft tissue tension can be 
improved by tendon transfers, as the case exam-
ple illustrated. In uncommon cases of significant 
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loss of tension, bony augmentation to distalize 
and lateralize the humerus may be required to 
increase deltoid tension and hence improve 
stability.
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25Total Shoulder Arthroplasty 
in Middle-Aged Patients

Eoghan T. Hurley, Martin S. Davey, 
Christopher Klifto, Oke Anakwenze, 
Hannan Mullett, and Leo Pauzenberger

25.1  Introduction

Glenohumeral osteoarthritis is a challenging 
clinical problem in middle-aged and elderly 
patients alike. The lower the patient age, the 
more often the goal is to delay arthroplasty. 
Thus, nonoperative management is frequently 
the first-line treatment, which may include 
physiotherapy and injections. Injections most 
commonly consist of corticosteroid, hyaluronic 
acid, or platelet-rich plasma, although there is 

limited evidence to support their use in glenohu-
meral osteoarthritis. Additionally, physical ther-
apy may be of benefit only to some patients with 
less advanced degeneration. However, if patients 
ultimately require surgical management, there 
exists a variety of surgical treatment options 
including arthroscopic management, biologic 
resurfacing, hemi- arthroplasty, total shoulder 
arthroplasty (TSA), and reverse shoulder arthro-
plasty (RSA). Arthroplasty of the glenohumeral 
joint, despite historically lacking behind hip and 
knee replacements in numbers and develop-
ment, is now the fastest growing type of arthro-
plasty overall.

Due to the recent enormous progress of 
reverse shoulder arthroplasty and the expansion 
of joint and rotator cuff preserving surgeries, the 
relevance of anatomical shoulder replacement 
has been continuously subsiding for the last 
decade. However, the best functional outcomes 
are still reported after anatomic shoulder arthro-
plasty, which positions anatomical replacement 
as the most desirable treatment option in the 
younger and/or active patient with glenohumeral 
osteoarthritis. However, adequate indications and 
surgical technique are essential to achieve opti-
mal outcomes. Furthermore, while TSA has been 
shown to provide consistently good clinical 
results, possibly reduced implant survival in 
active patients and potential revision surgeries 
have to be accounted for.
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The purpose of this chapter is to discuss the 
indications, intraoperative surgical consider-
ations, and outcomes including longevity and 
complications for TSA in middle-aged patients.

25.2  Indications 
and Contraindications

25.2.1  Indications

The predominant indication for TSA in younger 
patients is primary glenohumeral osteoarthritis, 
with high demand, and without rotator-cuff 
tears. However, those with rotator cuff tears, 
which are amenable to repair, may be considered 
for a TSA and can have good outcomes. Around 
5% of patients undergoing TSA require repair of 
a torn rotator cuff, while significant improve-
ments in range of motion and pain are possible. 
However, the rate of instability is increased with 
medium to large tears, indicating lack of rotator 
cuff healing in TSA. About half of patients with 
rotator cuff tears following TSA require revision 
surgery. Younger patients are potential candi-
dates for outpatient arthroplasty as there is a 
move to this across healthcare systems with evi-
dence showing it can reduce cost and improve 
patient outcomes. Patient selection for outpatient 
TSA is primarily focused on age, body mass 
index (BMI), absence of serious medical comor-
bidities, and the presence of home support, with 
considerable cost savings.

25.2.2  Contraindications

Complex shoulder arthritis complicated by irrep-
arable rotator cuff tears, severe deformities, 
excessive glenoid retroversion, or fractures may 
not be suitable for TSA and thus may be better 
served with a primary RSA even at a younger 
age. There has been increasing use of RSA over-
all with ever-expanding indications, but espe-
cially in the middle-aged, active population due 
to their high demand, the rate of revisions is con-
siderably higher. Furthermore, TSA has biome-
chanical limitations that negatively affect 

longevity if not respected. Most importantly, if 
adequate glenoid positioning with a final <10° 
retroversion, <10° superior inclination, contact 
area of >80%, and <80% humeral head sublux-
ation cannot be achieved with TSA, RSA is the 
more reliable choice.

25.3  Surgical Considerations

25.3.1  Glenoid

The glenoid has been the primary problem for 
longevity in anatomical shoulder arthroplasty, 
while polyethylene wear remains the main issue. 
All-polyethylene glenoid components have 
shown progressive radiolucent lines and loosen-
ing, which led to the development of metal- 
backed glenoid implants and hybrid variations. 
Continuous innovations regarding materials at 
the bone-implant interface and improved tribol-
ogy (e.g., cross-linking polyethylene and addi-
tion of vitamin E) seem promising. The 
introduction of convertible baseplates allows 
easy revision to RSA with promising clinical 
results [1]. However, the available results are still 
not clear, which makes it difficult to define the 
best option for glenoid component use.

In general, there are two distinct types of gle-
nohumeral OA: a concentric, central degenera-
tion with a centered humeral head and a 
decentered form with a subluxated humerus and 
muscle imbalances.

These were classified by Walch et al. in Types 
A (concentric degeneration), B (posteriorly 
decentered humeral head), and C (posterior 
degeneration). Posterior glenoid bone defects are 
caused by irregular force distribution at the gle-
nohumeral joint. Cases with OA and posterior 
subluxation of the humeral head have been shown 
to a be associated with higher complication and 
revision rates [2].

B2 configurated OA is not only the most com-
mon form, but it is also especially prevalent in 
young and/or active patients. In order to achieve 
good long-term outcomes, it is considered neces-
sary to fill the posterior defect, correct the patho-
logical glenoid version, and restore the premorbid 

E. T. Hurley et al.



231

joint line. Although there are no solid evidence- 
based guidelines for optimal positioning of gle-
noid components in TSA, a set of rules based on 
clinical and biomechanical observations has been 
postulated as guidance [3]. According to these 
rules, the glenoid component should be implanted 
in <10° retroversion and <10° superior inclina-
tion, have a contact area of >80%, and allow 
<80% humeral head subluxation, while avoiding 
anterior reaming. If these reference values cannot 
be achieved with anatomical components, RSA is 
the more reliable choice.

Surgical strategies to account for glenoid 
deformities include asymmetric reaming, auto- 
or allograft bone grafting alone or in combination 
with asymmetric reaming, cemented all- 
polyethylene or cementless metallic augmented 
glenoid components or their hybrid variations, 
and combinations of the above [4].

Due to the limited bone stock and bone quality 
of the glenoid vault, asymmetric reaming is 
reserved for only minor deformity and should be 
used cautiously [5–7]. The choice of auto- or 
allograft use for bone grafting primarily is a 
question of the socioeconomic, legislative, and 
healthcare environments in different countries 
[6]. The exact techniques for bone grafting 
depend on the type of bone defect. Contained 
defects can be filled with impacted cancellous 
bone chips. However, impaction bone grafting 
needs an intact vault and is therefore usually not 
suitable for posterior glenoid erosion. It can be 
combined with structural bone grafting in larger 
defects after restoration of containment. This can 
also be performed as a two-stage procedure to 
create a stable foundation for implant fixation in 
the most complex bone defects [8–14].

In cases of considerable posterior erosion or 
medialization of the joint line, appropriately 
sized structural bone grafting can be combined 
with long pegs or screw fixation for uncemented 
components or cemented all-polyethylene gle-
noid implants. Smaller defects in Walch type B2 
or B3 deformities are more difficult to address 
with bone grafting, as suboptimal asymmetric 
force distribution potentially interferes with fixa-
tion and bone integration [15]. Filling such 
defects with bone cement does not provide suffi-

cient long-term fixation and should thus be 
avoided. A better alternative could be augmented 
glenoid components, whereas uncemented 
implants seem favorable as cemented all- 
polyethylene versions have failed in the past. 
However, substantial evidence for the successful 
use and long-term survival of metallic augmented 
glenoid components is still missing.

As highlighted, optimal positioning of the gle-
noid can be challenging in TSA, especially in 
cases of severe degeneration and deformity. 
Preoperative planning can help to identify techni-
cal pitfalls before surgery and intraoperative 
guidance (e.g., patient-specific guides, classic 
computer navigation, or augmented reality) can 
help to precisely transfer the plan to the surgical 
environment. However, so far it could not be clar-
ified if the extra efforts and expenses translate to 
improved patient outcomes, which will be needed 
to justify the use of all new technologies [4].

25.3.2  Humeral Head

The literature suggests long-term survival of the 
humeral component may be affected by type of 
fixation (e.g., pressfit, cemented, metaphyseal vs. 
diaphyseal) [16, 17]. The traditional long-stem 
arthroplasty design has become a reliable surgi-
cal treatment option in patients with OA of the 
shoulder. In younger and/or active patients, who 
have a high risk to face revision surgery, bone- 
sparing solutions are preferable to avoid humeral 
bone loss during long-stem removal [18].

There has been a trend toward uncemented 
short stems and stemless implants in primary, 
anatomical shoulder arthroplasty. The proposed 
advantages of such designs are bone stock preser-
vation, reduced periprosthetic fractures, simpler 
stem positioning, reduced operating time, and 
easier revision surgery [19]. While short- to mid-
term results are promising [20], there is still a 
paucity of long-term clinical data following 
short-stem arthroplasty. The available long-term 
data show good clinical results with low rates of 
complications [21]. However, as short-stem and 
stemless implants seem to provide comparable 
clinical outcomes and revision rates as long-stem 
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implants, these designs seem to be preferable in 
middle-aged patients.

Optimal anatomical reconstruction of the 
humeral component is often not in the focus of 
surgical considerations, although it has been 
shown that the restoration of a native humeral 
morphology positively influences long-term out-
comes [22]. The rate of inadequately restored 
humeral head morphology was recently found to 
be 35% despite preoperative 3D planning. The 
most common error on the humeral side is over-
stuffing of the joint, which lateralizes the center 
of rotation. Rather than choosing oversized com-
ponents, most frequently this is caused by resect-
ing the humeral head too far proximally [23].

Another field of potential improvements are 
further developments in materials. In the shoulder, 
currently the most controversial innovation is the 
introduction of humeral head components made of 
pyrolytic carbon for hemiarthroplasty. Pyrocarbon 
seems to possess better tribological characteristics 
against cartilage than standard metallic (i.e., CoCr) 
components [24]. Recent literature suggests prom-
ising results from pyrocarbon compared to metal-
lic hemiarthroplasty, but long-term data is not yet 
available [25–28]. Nonetheless, pyrocarbon resur-
facing is a very interesting option especially in 
younger and/or active patients or patients with 
mainly humeral degeneration.

25.3.3  Rotator Cuff Management

Rotator cuff tears remain a relevant risk follow-
ing anatomical shoulder arthroplasty, accounting 
for 6.9–9% of all complications. The rate of rota-
tor cuff dysfunction at midterm follow-up has 
been reported to be as high as 17% with all- 
polyethylene glenoid components [29–31].

Rotator cuff tears following TSA result in 
inferior clinical and radiographic outcomes. 
Biomechanically, the disrupted joint mechanics 
lead to abnormal joint loads resulting in acceler-
ated joint wear and increased risk of dislocation, 
which could be detrimental for long-term implant 
survival.

Due to the inherent trauma of standard 
deltopectoral approaches, the subscapularis 

tendon is most at risk for failure following 
TSA.  The subscapularis muscle is essential 
as part of the anterior–posterior force couple, 
anterior restraint, and important mover of the 
shoulder. Subscapularis dysfunction following 
TSA manifests as pain, instability, and a lack 
of active maximal internal rotation and is asso-
ciated with poorer outcomes [32, 33]. Besides 
reduced shoulder function, SSC disruption 
leads to anterior humeral head migration and 
eccentric glenoid loading, which results in 
more stress at the glenoid interface. Therefore, 
SSC integrity plays a pivotal in long-term TSA 
survival.

Revision repair for SSC tears following TSA 
can be performed as a salvage option before 
conversion to RSA, but studies showed only 
moderate outcomes [34]. Ideally, the initial 
repair technique is secure enough to reduce the 
risk of postoperative tears. The main options for 
SSC management during TSA are subscapularis 
peel (peeling of the complete SSC tendon from 
the lesser tuberosity), tenotomy (mid substance 
tenotomy about 1 cm medial to the lesser tuber-
osity), or lesser tuberosity osteotomy (a sliver of 
bone of about 5 mm wide and 1 cm high is oste-
otomized off the lesser tuberosity at the border 
of the intertubercular groove) [35]. Multiple 
studies evaluated the different techniques but 
did not find relevant differences between the 
techniques regarding function, range of motion, 
SSC strength, pain, or complication rate. 
However, lesser tuberosity osteotomy showed 
superior healing and performance in SSC spe-
cific functional testing, which might make it the 
slightly favorable option [36–38]. Alternatively, 
a SSC sparing approach can be used to avoid 
removing the SSC altogether. However, avail-
able studies do not provide conclusive evidence 
for clinically relevant improvements by using a 
SSC sparing technique, while increasing the 
risk for component malpositioning, sizing 
issues, and residual osteophytes due to the lim-
ited exposure [39].

In close proximity, the long head of biceps 
tendon (LHBT) runs distally in the bicipital 
groove. Options to address pathologically 
altered LHBT are tenotomy and tenodesis. 
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There is broad consensus and supporting evi-
dence that excision of the proximal part and fix-
ing the stump to the pectoralis major insertion at 
the humeral head is superior and thus should be 
favored [39–41].

25.4  Clinical Outcomes, 
Complications, 
and Survivorship

Overall, there are excellent clinical outcomes 
reported following TSA in middle-aged 
patients. Brochin et al. performed a retrospec-
tive review of patients with TSA under 60 and 
found significant improvements in American 
Shoulder and Elbow Surgeons score (32 ± 20 
to 64 ± 27, P = 0.0008) [42]. Simple Shoulder 
Test scores (3 ± 2 to 7 ± 4, P = 0.0004) and 
reduced visual analog scale pain scores (7 ± 3 
to 3 ± 3, P = 0.0001). Furthermore, there was 
significant improvement in forward elevation 
(119° ± 26° to 146° ± 21°, P = 0.0002), exter-
nal rotation (21°  ±  25° to 52°  ±  15°, 
P = 0.0001), and internal rotation (from L5 to 
L1, P  =  0.002). Furthermore, Bartlet et  al. 
found TSA resulted in significantly less pain, 
greater active elevation, and higher satisfac-
tion at final follow- up compared with those 
who underwent hemiarthroplasty at long-term 
follow-up [43].

TSA has been shown to have a comparable 
complication rate compared to RSA and lower 
than hemiarthroplasty, in the treatment of arthri-
tis in patients under 60, with Fonte et al. finding 
a 19.4% complication rate in their systematic 
review [44]. The primary concern is glenoid 
component loosening as this may lead to the 
need for an early revision. Brochin et al. found 
at a minimum of 10 years follow-up that 17.6% 
patients of patients under 60 had aseptic glenoid 
loosening, with 4 patients requiring conversion 
to an RSA and 2 undergoing arthroscopic gle-
noid removal, but there was an 81% survivor-
ship rate in their series at 20  year follow-up 
[42]. Additionally, Bartelt et  al. found a 94% 
survivorship rate at 10-year follow-up with 
TSA, which was significantly higher than those 

who underwent a hemiarthroplasty [43]. In con-
trast, Denard et al. found a 62.5% survivorship 
rate at 10-year follow-up in patients under 55; 
thus surgeons should still exercise caution when 
indicating younger patients for TSA [45].

25.5  Return to Play and Return 
to Work

Return to play is still an important consideration 
in this population, as high demand is a relative 
indication for TSA as it can allow for increased 
activity levels compared to RSA or hemiarthro-
plasty. Thus, these patients are often concerned 
with their ability to return to sports or other 
demanding activities. Several studies have 
examined the rates of return of to play following 
shoulder arthroplasty with Liu et  al. finding 
92.6% of those with TSA able to return com-
pared with 74.9% following RSA and 71.1% 
following hemiarthroplasty [46]. The system-
atic review by Liu et al. also found 79.6% were 
able to return to sports at the same level as prior 
to pathological decline and surgery. Additionally, 
reported rates of return to golf ranged from 89 
to 100% with mean time to return ranging from 
5.1 to 8.4  months [47]. Furthermore, rates of 
return to golf following RSA and hemiarthro-
plasty were far lower in the literature, with 
50–79% returning following RSA and 54% fol-
lowing hemiarthroplasty [48]. However, it 
remains unclear how long patients should wait 
before returning to activities following TSA, 
and further study is needed on this area to mini-
mize complications. However, surgeons should 
focus on individualizing patient’s timeline based 
on stability, strength, range of motion, and 
proprioception.

Return to work can be an outcome for many 
patients in this population, as they may have only 
a few years left of employment. Steinhaus et al. 
evaluated this in their systematic review of 7 
studies and 447 patients [49]. Overall, they found 
the rate of return to work was 63.6% (58.8–
68.2%) at a mean 2.3  months postoperatively. 
The rate of return to work was significantly lower 
for patients with heavy-intensity occupations vs. 
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all intensity types (61.7% vs. 67.6%). However, 
they found no difference among TSA, RSA, and 
hemiarthroplasty or among those with different 
indications or workman’s compensation status.

25.6  Revision Options for TSA

Revision surgery for failed TSA almost exclu-
sively means conversion to RSA, as most reasons 
for failure cannot be sufficiently addressed with 
revision TSA or component exchanges. As 
responsible and future-minded shoulder sur-
geons, it is imperative to keep possible modes of 
failure and ultimately revision surgeries in mind 
already at the time of primary arthroplasty to pre-
vent future disaster. This is especially important 
in the younger and/or active patient population 
with a high risk of needing future surgeries in 
their lifetime. In general, this could mean to con-
sider hemiarthroplasty as first-line treatment in 
high-demand patients, for example, using pyro-
carbon humeral heads, that can be potentially 
converted to TSA and ultimately RSA if neces-
sary. On the glenoid side, this could mean to con-
sider implants that are revisable without creating 
massive bone loss or convertible systems that can 
be changed to RSA with relative ease and little 
trauma. The majority of modern humeral implant 
designs allow the conversion from anatomic 
humeral head components to reverse geometry. If 
the preferred system does not offer the option of 
such conversion, bone-sparing implants (i.e., 
short-stem or stemless options) should be consid-
ered. Nonetheless, revisions from anatomical to 
reverse arthroplasty often provide inferior out-
comes to primary procedures, but planning ahead 
at primary surgery can go a long way in achiev-
ing the best results for the patients.

25.7  Summary

Glenohumeral arthritis is a challenging clinical 
pathology in middle-aged patients. TSA is a reli-
able option allowing patients to return to high- 
demand activities, with significant improvement in 
range of motion, pain, and function. Continuous 

innovations led to improved longevity, but TSA 
has inherent limitations and is thus not feasible for 
all patients or pathologies. As responsible shoulder 
surgeons, we need to keep the possibility of revi-
sion surgery in mind and choose implants and 
patients accordingly to avoid future problems.
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26Reverse Total Shoulder 
Arthroplasty (RTSA) 
in a Middle- Aged Patient

Joseph P. DeAngelis

Since reverse total shoulder arthroplasty was 
introduced, the indications have expanded 
beyond Grammont’s original plan to address 
shoulder pain due to chronic rotator cuff insuffi-
ciency in the elderly. In addition to rotator cuff 
arthropathy, the reverse total shoulder is now 
being used to address proximal humerus frac-
tures and glenoid bone loss, and, in some locales, 
RTSA is the preferred treatment for primary gle-
nohumeral arthritis. Many of these additional 
applications are described in this volume, and 
these proposed benefits of the RTSA will be 
tested in time.

Along with these broadening indications for 
surgery, the role of the RTSA is being examined 
as a function of patient age. At present, RTSA is 
being performed in patients younger than those 
originally indicated. However, it is unclear at 
what age an RTSA is an appropriate intervention. 
Just as the indications for implant utilization have 
been expanded, the age of implantation has also 
decreased. These changes have occurred in con-
cert with the rapid adoption of RTSA and offer 
some insight into the future of shoulder arthro-
plasty. As more RTSAs are performed, the 
expanding patient cohort offers us a broader and 

more nuanced perspective into what patients and 
their surgeons can expect over the life of a 
RTSA. Correspondingly, with each passing year, 
the available data have matured allowing for a 
closer consideration of complications and patient 
concerns. The resulting quality control has grown 
into an opportunity for improvement, and this 
process has fueled further innovation.

Historically, surgeons have been reluctant to 
perform RTSAs in younger patients due to con-
cerns about the longevity of the implant. As 
with all large-joint replacements, the risk of 
revision increases with time. However, it is 
impossible to know how long a prosthesis will 
last at the time of its implantation, and we are 
unable to identify in whom a catastrophic fail-
ure will occur. Because younger patients typi-
cally have higher expectations of their artificial 
shoulders than older patients, and because 
younger patients typically have more active life-
styles, orthopaedic surgeons frequently dis-
suade patients from joint arthroplasty until their 
disease has crossed a threshold of severity [1]. 
While the shared decision- making aims to bal-
ance a patient’s expectations and satisfaction, 
the process is heavily influenced by the patient’s 
experience of their condition (the reported 
severity of their impairment) and their surgeon’s 
presentation of the risk of surgical complica-
tions (implant failure) [2]. Surgeons often 
advise their younger patients to delay interven-
tion in an effort to improve implant survival. 
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Ironically, this delay in treatment may increase 
the complexity of their subsequent  surgery and 
therefore decrease the implants survival [3].

When RTSA is compared to hip and knee 
replacement, the relative novelty of the procedure 
limits our experience and therefore our long-term 
follow-up. In the United States, the RTSA was 
first approved for use in 2003, so 20-year out-
comes are not known. Looking to the French 
experience for guidance, the original cohorts 
were not encouraging as the clinical outcomes of 
RTSA have been shown to deteriorate after 6–10 
years [4, 5]. Correspondingly, when Gerber con-
sidered the effect of patient age on the outcomes 
after RTSA, he found that patients younger than 
65 years of age demonstrated high rates of com-
plications [6].

Unfortunately, this experience has been 
affirmed in other larger studies. In the Australian 
National Joint Registry (NJR), significantly 
increased revision rates were reported in 
younger age groups [7]. Their 2019 annual 
report revealed that the 7-year revision rate 
increased with declining age (55–64 5.7%; 
65–74 3.6%; older than 75 2.7%). In a recently 
published series, the 10-year RTSA survival 
was only 81% for a Grammond-style prosthesis 
in a cohort with an average age of 66 years at the 
time of surgery [8]. This observation raises a 
fundamental question: How should an orthopae-
dic surgeon advise a middle-aged patient on the 
appropriateness of a RTSA?

Importantly, the trend towards higher revision 
rates in younger patients is not unique to RTSA. It 
can be seen in all types of shoulder arthroplasty. 
A review of 5494 consecutive shoulder arthro-
plasties (anatomic, reverse, and hemiarthro-
plasty), performed between 1970 and 2012, 
found a 3% decrease in the need for revision with 
each year of increased age [9]. When the indi-
vidual subgroups were considered, the same age- 
based association was seen.

An argument has been made that modern 
implant designs will improve implant survival 
following RTSA. The introduction of lateralized 
glenoids along with changes in the humeral neck 
shaft angle may influence the revision rate after 
RTSA, but more time is needed for the data to 

mature. Optimistically, these improvements 
could benefit middle-aged patients who are con-
sidering an intervention to address their shoulder 
pain and function.

Recent studies have offered some hope for the 
survivability of RTSA. In a cohort of 20 patients 
with a mean age of 57 years, the reported implant 
survivorship was 91% at a mean follow-up of 
11.7  years [10]. In a meta-analysis of patients 
younger than 65 undergoing RTSA with 4 years 
of follow-up, the survivorship was 93%, and the 
complication rate was 17% (4% infection, 5% 
instability) [11]. In 2020, a separate meta- 
analysis affirmed that RTSA was safe and effec-
tive in patients under 65  years of age, 
acknowledging that the rates of complication, re- 
operation, and revision to those of patients older 
than 65 at a mean of 4.7 years of follow-up [12]. 
A similar comparison was made in another meta- 
analysis examining RTSA in patients younger 
than 60  years [13]. They found similar clinical 
outcomes in both younger and older patients, 
with comparable implant survivorship. 
Altogether, these data are encouraging because 
they suggest that age alone may not be a signifi-
cant risk factor for implant failure or the need for 
a revision.

If our long-term experience with RTSA 
affirms this conclusion, the middle-aged patient 
may be best positioned to benefit from surgery. 
Improved clinical outcomes and function are 
additive over time. Performing a RTSA in rela-
tively younger individuals should afford them a 
better quality of life over a longer duration [14]. 
In the literature, this utility appears to be present 
regardless of patient’s age and the surgical indi-
cation for RTSA [15, 16].

The middle-aged patient also presents a 
unique challenge because of their expected level 
of postoperative activity. In an effort to set appro-
priate expectations, most orthopaedic surgeons 
caution their patients prior to RTSA.  However, 
there is no common consensus on what activities 
are safe or appropriate following RTSA.  In a 
2018 meta-analysis that included 621 patients, 
ranging in age from 22 to 92 years old, more than 
60% of patients returned to sports [17]. 
Franceschetti et al. found the same rate of return 
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to sports in their review of 457 RTSA patients 
and added that the time to return was only 
5.3 months [18].

As the utilization of RTSA continues to grow, 
the middle-aged patient is best positioned to 
benefit from the knowledge gained through our 
collective experience. Larger clinical trials will 
offer insights into how the RTSA performs 
within specific groups of patients. The maturity 
of registry data should provide the long-term 
follow-up necessary for more detailed subgroup 
analysis. In combination, this information should 
guide the middle-aged patient for the longest 
potential benefit.
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27Outcomes of Reverse Shoulder 
Arthroplasty Following Failed 
Superior Capsular Reconstruction 
Versus Rotator Cuff Repair

Annabelle Davey, Antonio Cusano, 
and Augustus D. Mazzocca

27.1  Introduction

Rotator cuff tears (RCTs) are a common injury, 
with a prevalence of approximately 40% in 
adults aged over 60  years [1]. Up to 50% of 
RCTs may be asymptomatic, but tears may 
progress in size over time and eventually 
become symptomatic [2]. Rotator cuff repair 
(RCR) is the preferred treatment option in 
younger patients with symptomatic full-thick-
ness rotator cuff tears to restore function and 
prevent tear progression and subsequent degen-
erative changes [2]. However, while RCR has 
shown favorable outcomes in many cases, there 
remains a high failure rate, with nearly 40% of 
patients with massive RCTs suffering re-tear 
[3]. Additionally, many RCTs may be irrepara-
ble at the time of initial presentation and so 
considerable effort has been placed into devel-
oping effective treatment strategies [4]. The 

natural history of failed RCR or superior capsu-
lar reconstruction (SCR) results in progression 
of tear size, with eventual cuff tear arthropathy 
(CTA) due to altered biomechanics of the 
shoulder [5–7].

Originally described by Mihata using fascia 
lata autograft, the SCR has emerged as a potential 
surgical option for younger patients with massive 
irreparable tears and limited glenohumeral arthri-
tis [8, 9]. This technique holds considerable joint- 
preserving potential and seeks to provide several 
years of pain and functionality so as to delay 
future arthroplasty procedures. Initial results fol-
lowing SCR have yielded promising outcomes, 
with failure rates dependent on graft choice and 
technique and reported up to 36% [10]. 
Nonetheless, the gold standard for treatment of 
CTA continues to be the reverse total shoulder 
arthroplasty (RSA), which has been shown to 
have excellent outcomes [11].

Outcomes of RSA following a failed SCR ver-
sus RCR are not well studied. Given the aging 
population and the evolving indications of RCR 
and SCR for massive RCTs, it is likely that there 
will be an increasing number of RSAs performed 
in patients following failed RCR or SCR.  The 
current chapter sought to provide an overview of 
the existing literature regarding RSA outcomes 
following RCR or SCR.
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27.2  Outcomes Following RSA

RSA has shown favorable results in the setting 
of rotator cuff arthropathy, with reported 
10-year survival rates of 89% [12–14]. 
Predictive  variables of poor clinical outcomes 
following RSA, however, are controversial. 
Several studies have suggested that age [15, 
16], higher body mass index, gender, and prior 
rotator cuff repair [17–19] may be associated 
with worse postoperative outcomes following 
RSA. More recent data [20, 21] has also found 
that patients with an increased number of 
reported allergies, history of preoperative opi-
oid use, and/or previous ipsilateral shoulder 
surgery were associated with worse postopera-
tive outcomes. Further, the presence of func-
tional somatic symptoms, or chronic physical 
symptoms without an identifiable organic 
cause, portend to worse 2-year postoperative 
Single Assessment Numeric Evaluation 
(SANE) and American Shoulder Elbow Score 
(ASES) scores [20, 21].

In an effort to guide patient-centered care 
and clinical decision-making, clinically sig-
nificant outcome measures, such as the mini-
mal clinically significant difference (MCID) 
and substantial clinical benefit (SCB), have 
been developed and studied in the context of 
SANE, Constant, and ASES scores in orthope-
dics [22–24] and shoulder arthroplasty [25]. 
To that end, Gowd et  al. [26] retrospectively 
reviewed patients undergoing total shoulder 
arthroplasties from 2014 to 2017 and found 
that achievement of clinically significant out-
comes in SANE correlated with achieving 
meaningful outcomes as per the Constant and 
ASES scores. Based on their results, a change 
in SANE score from pre- to final postoperative 
of 29 points constituted the MCID, a change in 
SANE from 50 points constituted the SCB, 
and a SANE ≥75 constituted the patient 
acceptable symptomatic state (PASS). Having 
an understanding of these clinically relevant 
thresholds is critical to interpreting outcomes 
after shoulder-directed interventions.

27.3  RSA After Failed RCR

Nearly 40% of RCRs will show evidence of re- 
tear on advanced imaging [3]; however, many 
will be asymptomatic [3]. For those patients 
with symptomatic re-tears following RCR with 
limited degenerative changes of the shoulder, 
an additional soft tissue procedure—such as 
revision RCR, SCR, or tendon transfer—may 
be indicated. However, in patients with 
advanced degenerative changes of the glenohu-
meral joint (Hamada class 3 or greater), RSA 
remains the gold standard (Fig.  27.1a–c) [11, 
27]. RSA relies on deltoid function for joint 
stability and motion, so deltoid muscle or axil-
lary nerve dysfunction is an absolute contrain-
dication to RSA. There has traditionally been 
concern that prior open rotator cuff repair, 
which may require deltoid detachment for full 
visualization of the rotator cuff tendons, may 
lead to deltoid dysfunction [28]. However, 
there has been no reported difference in out-
comes between patients who underwent prior 
arthroscopic versus open RCR prior to RSA 
[28, 29]. Similarly, RSA may also be consid-
ered in patients with failed RCR in the absence 
of CTA [11]. However, there are high rates of 
aseptic loosening and decreased implant sur-
vival in younger, higher-demand patients. As 
such, patient age and functional status should 
be taken into account when indicating patients 
for RSA following failed RCR.

Several studies have looked at the outcomes 
of RSA following failed RCR.  In a retrospec-
tive multicenter study of 42 RSAs in 40 patients 
by Boileau et  al. [29] the authors found that 
while RSA can improve overall functionality in 
cuff- deficient shoulders after failure of previ-
ous cuff surgery, results were inferior to those 
following primary RSA.  Similarly, in their 
review 83 patients with previous RCR com-
pared to 189 matched controls undergoing pri-
mary RSA, Shields et al. [19] found that while 
patients who had undergone prior failed RCR 
had improved patient reported outcome mea-
sure (PROM) scores and range of motion 
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Fig. 27.1 (a) Three-view radiographs of the left shoul-
der show mild osteoarthritic glenohumeral joint changes 
with mild proximal humeral head migration. There are 
anchors within the greater tuberosity from a previous 
rotator cuff repair with adjacent lucencies concerning 
for hardware loosening. (b) Representative select coro-
nal, sagittal, and axial MRI cuts show full-thickness 
supraspinatus and infraspinatus tears, as well as a near 

full-thickness tear of the subscapularis. Also visualized 
are fatty atrophy of the rotator cuff musculature and dis-
location of the long head of the biceps tendon out of its 
groove with its anchor attached. (c) Anteroposterior and 
axillary images of the left shoulder status post reverse 
shoulder arthroplasty with intact hardware in appropri-
ate position and no evidence of gross failure or 
loosening
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(ROM) at 2-year follow- up, they had lower 
postoperative PROM scores, less improvement 
in PROM scores, and less improvement in range 
of motion compared to controls [19]. However, 
the differences in PROM scores between groups 
were less than the published minimal clinically 
important difference (MCID) thresholds, so the 
clinical significance of these findings is uncer-
tain [19]. Sadoghi et al. evaluated 66 shoulders 
(66 patients) and found that RSA resulted in a 
significantly improved benefits in terms of less 
shoulder pain, greater range of motion, and 
greater shoulder stability, irrespective of having 
undergone a previous arthroscopic rotator cuff 
reconstruction [18]. Conversely, Marigi et  al. 
reported similar results in a study using a large 
multicenter database to compare 438 RSAs in 
patients with prior RCR to 876 matched con-
trols [30]. The prior RCR group had improve-
ments in PROMs and ROM, but these 
improvements were less than those seen in the 
control group. However, there were no differ-
ences in rates of complications and reopera-
tions [30].

Despite the inferior outcomes compared to 
RSA without prior RCR, the complication rate 
is not increased in patients undergoing RSA 
after prior RCR [19, 29–32]. Additionally, sur-
vival rates are comparable between groups. In a 
study of 22 shoulders with minimum 15-year 
follow- up, 13 of which had undergone at least 1 
prior RCR, Gerber et al. noted improvements in 
PROMs that remained stable throughout the 
follow- up period, and an 84% survival rate 
without failure at 15  years with no significant 
association of failure and prior RCR [31]. This 
survival rate is comparable to reports elsewhere 
in the literature of RSA survival at long-term 
follow-up [33].

Still, while outcomes for RSA following 
failed RCR may be inferior to outcomes follow-
ing primary RSA for massive RCTs, the out-
comes are still favorable with the majority of 
patients with prior failed RCR experiencing 
improvement in pain and function of the shoul-
der following RSA.

27.4  The SCR: Biomechanics 
and Factors Associated 
with Its Failure

The superior shoulder capsule is a thin continu-
ous sheet of interwoven collagen fibrils that span 
from the glenoid labrum out laterally to the 
humerus. At its insertion on the humerus, the 
superior capsule encompasses 30–61% of the 
greater tuberosity and is 4.4–9.1 mm thick [34, 
35]. The superior capsule functions as a ham-
mock that overlies the glenohumeral joint and 
critically prevents proximal humeral migration 
and contact with the acromial undersurface. 
Biomechanically, this band of tissue has been 
shown to provide passive stability to the glenohu-
meral joint. Ishihara et  al. [36] showed that a 
superior capsular tear significantly increased 
anterior and inferior translation when compared 
to those shoulders with an intact capsule and that 
the creation of a superior capsular defect resulted 
in increased glenohumeral translation in all direc-
tions and increased subacromial contact pressure. 
A cadaveric study by Mihata et  al. [37] which 
evaluated proximal humerus migration under 
various conditions found that excising the supra-
spinatus tendon significantly increased superior 
translation of the proximal humerus, which was 
only fully restored when the superior capsule was 
reconstructed with graft. As such, some have 
described a superior capsular defect as the 
“essential lesion” that may be responsible for 
suboptimal outcomes in patients with superior 
rotator cuff tears, as its presence significantly 
alters shoulder biomechanics [38].

While the aforementioned studies certainly 
support the rationale behind a superior capsular 
reconstruction, studies reporting on risk factors 
associated with its failure are limited. Graft size 
and failure to restore posterior continuity between 
the graft, residual infraspinatus tendon, and 
underlying shoulder capsule have been suggested 
to portend to worse outcomes. Another biome-
chanical study by Mihata et al. [39] found that an 
8  mm graft compared to a 4  mm graft signifi-
cantly reduced both subacromial peak contact 
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pressure and superior translation and that the 
SCR normalized superior shoulder stability when 
the graft was attached at 10° or 30° of glenohu-
meral abduction. In a separate study, Mihata et al. 
[40] evaluated subacromial peak contact pres-
sure, glenohumeral superior translation, glenohu-
meral compression force, and glenohumeral 
range of motion across five conditions: an intact 
shoulder, simulated irreparable supraspinatus 
tear, SCR without side-to-side suturing, SCR 
with posterior side-to-side suturing, and an SCR 
with both anterior and posterior side-to-side 
suturing. The authors found that an SCR with 
side-to-side suturing reestablished superior gle-
nohumeral joint stability by restoring posterior 
continuity between the graft, residual infraspina-
tus tendon, and underlying shoulder capsule. 
Similarly, in their review of 32 patients (36 shoul-
ders) who underwent arthroscopic SCR at a mean 
follow-up of 24.8 ± 6.9 months, Lee et al. [41] 
found that inadequate restoration of the 
 acromiohumeral distance (1.6  ±  2.2  mm vs. 
3.8 ± 2.8 mm) and poor posterior remnant tissue 
significantly increased graft failure risk. Further, 
Denard et al. [42] showed that subscapularis atro-
phy was lower in patients with healed graft on 
postoperative MRI following arthroscopic SCR 
with a dermal allograft. Patient factors have also 
been implicated in failure rates following SCR. A 
retrospective review by Gilat et  al. [43] found 
that female sex and the presence of a subscapu-
laris tear were associated with increased clinical 
failure after SCR. Other factors, including lower 
preoperative forward flexion and acromiohum-
eral distance and larger BMI trended toward an 
association with clinical, although did not reach 
statistical significance.

To improve failure rates, various technical 
modifications have been suggested. For example, 
Mihata’s team [44] advocated for a concomitant 
acromioplasty done at the time of SCR in order to 
help decrease postoperative risk of abrasion and 
graft tear beneath the acromion. While such mod-
ifications have objectively led to improvements 
in patient outcomes, their clinical implications 
and relevance are not as well understood. This 

effort to more objectively define patient satisfac-
tion has led to the emergence of the MCID, SCB, 
and PASS scores as they pertain to outcomes fol-
lowing SCR.  To that end, a recent review by 
Evuarherhe et  al. [45] calculated the MCID, 
SCB, and PASS to be 11.2, 18.02, and 68.82 for 
ASES; 14.5, 23.13, and 69.9 for SANE; and 3.6, 
10, and 18 for Constant, respectively, as they per-
tain to patients who underwent SCR with an acel-
lular dermal allograft. On the basis of these 
calculated values, subscapularis tearing, workers 
compensation status, advanced age, and female 
sex were associated with failure to achieve these 
clinically significant outcomes. Conversely, con-
comitant distal clavicle excision during SCR and 
lower preoperative ASES were prognostic for 
achievement of the MCID and SCB.  Further 
understanding of these clinically significant out-
comes following SCR will undoubtedly allow 
providers to better counsel patients prior to SCR.

27.5  RSA After Failed SCR

SCR is a relatively novel procedure that has 
increased in popularity over the past decade [46]. 
Techniques and indications for SCR continue to 
evolve, with outcomes varying widely with dif-
ferent available graft choices and patient selec-
tion. As the indications have narrowed, outcomes 
have improved, with clinical failure rates reported 
as low as 3.1 in patients without advanced degen-
erative glenohumeral changes (Hamada <3) 
(Fig.  27.2a, b) [10]. Despite these promising 
results, the increasing number of SCRs per-
formed coupled with their limited survivorships 
will inevitably lead to a greater number of clini-
cal failures progressing to CTA.

SCR failure can be defined as persistent or 
worsening pain and is often associated with graft 
tear [43]. Graft tear is conventionally diagnosed 
with MRI, although plain radiographs may show 
progression of CTA [42, 43]. Patients with failed 
SCR and progression of CTA will frequently not 
be candidates for other soft tissue procedures, 
thereby leaving RSA as the procedure of choice 
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a

b

Fig. 27.2 Pre-SCR. (a) Representative coronal, sagittal, 
and axial MRI cuts demonstrate a recurrent full-thickness 
supraspinatus tear and near full-thickness infraspinatus tear 
with medial tendon retraction to the level of the glenoid, as 
well as mild glenohumeral joint osteoarthritis and a large 
joint effusion with reactive synovitis. Also appreciated are 

postoperative changes consistent with the patient’s previous 
revision rotator cuff repair, subacromial decompression, 
and biceps tenodesis. (b) Three-view radiographs show a 
well-maintained glenohumeral joint without significant 
proximal humeral head migration. Previous surgical hard-
ware is intact and without obvious signs of loosening

(Fig.  27.3a–c). This is problematic in that the 
SCR is most commonly indicated for younger 
and higher demand patients with massive RCTs 
who are not candidates for RSA, due to concerns 
with implant survivorship and high risks of asep-
tic loosening and failure [8]. As with all younger 
patients undergoing RSA, patients should be 
counseled preoperatively on the relatively higher 
risk of failure and need for future revision, as 
well as the need for activity modification.

Reports on outcomes of RSA following failed 
SCR are limited. Cusano et al. [47] was the first 
to directly evaluate the effects of a previously 
failed SCR versus RCR on functional outcomes 
following conversion to RSA.  These authors 
matched 13 patients undergoing RSA after failed 
SCR to 32 patients undergoing RSA following 
failed RCR by number of procedures to the ipsi-
lateral extremity (e.g., 1, 2, ≥3) and secondarily 

by age within 5 years. While both groups had 
significant improvements from preoperative to 
postoperative PROMs, there was greater 
improvement and decreased pain in the RCR 
group. There were similar rates of patients 
achieving the MCID and substantial clinical 
benefit (SCB) thresholds in both groups, but no 
members of the SCR group met the patient 
acceptable symptomatic state (PASS) threshold 
for the SANE score compared to 56.7% in the 
RCR group [47]. Similarly, Magone et  al. 
reported on 13 patients who underwent RSA fol-
lowing failed SCR, with a control group of 15 
patients who underwent RSA following failed 
RCR [48]. At a minimum 1 year follow- up, the 
SCR group had significantly less improvements 
in PROM scores and ROM compared to the RCR 
group. Despite the inferior outcomes in the SCR 
group, there was no difference in complication 
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a

b

c

Fig. 27.3 Post- SCR. (a) Three-view radiographs 
show minimal to no significant proximal humeral head 
migration or degenerative glenohumeral joint disease. 
There is, however, evidence of heterotopic ossification 
around the greater tuberosity metal anchor and biceps 
tenodesis tunnel, with stable type 1 acromion. (b) MRI 

identifies a full- thickness complete tear of the supraspi-
natus and subscapularis tendons, as well as most of the 
infraspinatus tendon. (c) Radiographs status post right 
reverse shoulder arthroplasty with intact hardware and 
no evidence of gross failure or periprosthetic 
loosening

rates [48]. From a technical standpoint, the 
authors advocated that prior humeral sided 
anchors should be removed before reaming and 
broaching the humeral canal to avoid varus 
placement of the humeral component [48]. 
Additionally, the SCR graft and glenoid sided 
anchors should be removed prior to preparation 
of the glenoid to avoid interference and malposi-

tioning with implantation of the glenoid compo-
nent [48]. The authors found that patients 
undergoing conversion to RTSA from SCR had 
extensive subdeltoid and subacromial scarring 
which required more surgical dissection and 
may have implications on their residual postop-
erative pain and poor function despite improve-
ments in range of motion following RTSA.
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27.6  Conclusions

RSA is an effective procedure for patients 
with persistent shoulder pain and dysfunction 
due to RCR or SCR failure. Outcomes in RSA 
after failed SCR are inferior to outcomes after 
failed RCR, and outcomes after both failed 
RCR and SCR are inferior to outcomes of pri-
mary RSA.  However, there is no evidence of 
increased complication rates or decreased 
survivorship. Much of the current literature 
is limited to small case series and retrospec-
tive reviews, which introduce selection biases 
and potential intrinsic differences between 
RCR and SCR cohorts that confound analy-
ses. Ultimately, the discrepancy in outcomes of 
RSA following SCR versus RCR is likely mul-
tifactorial and not entirely explained by exist-
ing data. With the advent of new graft options 
and refined surgical techniques, it is  possible 
that such differences may not be appreciated 
moving forward.
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28Management of Bone Deficiency 
in Shoulder Arthroplasty

Edoardo  Giovannetti de Sanctis, Federico Bozzi, 
Alessio Palumbo, and Francesco Franceschi

28.1  Introduction

Complex glenoid and humeral bone deficits con-
tinue to present significant challenges in both pri-
mary and revision arthroplasty. As shoulder 
arthroplasty is increasingly being implanted, so 
does the overall number of revisions to be 
expected in the future. Bone deficiency results in 
decreased surface area and bony support for gle-
noid and humeral components, and it is associ-
ated with an increased risk of loosening and 
implant failure. Both the quantity and quality of 
remaining bone are important considerations to 
be evaluated in the management of these patients.

28.2  Humeral Bone Deficiency

Proximal humeral bone loss (PHBL) is one of the 
main challenging obstacles to achieving a well- 
fixed, stable prosthesis [1].

PHBL occurs in cases of periprosthetic infec-
tion, stress shielding, difficult stem extraction of 
a well-fixed humeral stem, aseptic loosening of 
previous implant, osteolysis secondary to wear 
debris, and following humeral resection for 
tumor.

It has been shown through a biomechanical 
analysis that a significant bone loss leads to 
increased bending and torsional forces on the 
humeral component [2]. As proximal humeral 
bone loss compromises proximal bony fixation, 
the implant relies on rotational stability only 
within the diaphysis.

The increased stress on the humeral implant is 
often further exacerbated using larger gleno-
spheres as a way of preventing instability. The 
greater the contact area between the glenosphere 
and humeral socket, the higher the constraint 
then transmitted to the humeral stem [3]. This is 
particularly true in case of reverse shoulder 
arthroplasty (rTSA), where due to the specific 
design, substantial rotational forces are transmit-
ted to the humeral stem.

Significant PHBL is associated to postopera-
tive instability and an increased risk of mechani-
cal failure with humeral stem loosening and 
implant derotation [4].

Severe PHBL influences also the glenohu-
meral soft tissue envelope: in case of greater 
tuberosity absence, the ROM is altered, with loss 
of active external rotation.

E.  Giovannetti de Sanctis (*) · A. Palumbo  
F. Franceschi 
Department of Orthopaedic and Trauma Surgery, San 
Pietro Fatebenefratelli Hospital, Rome, Italy 

UniCamillus-Saint Camillus International University 
of Health Sciences, Rome, Italy
e-mail: francesco.franceschi@unicamillus.org 

F. Bozzi 
Department of Orthopaedic and Trauma Surgery, 
Fondazione Poliambulanza, Brescia, Italy

© ISAKOS 2023 
A. D. Mazzocca et al. (eds.), Shoulder Arthritis across the Life Span, 
https://doi.org/10.1007/978-3-031-33298-2_28

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-33298-2_28&domain=pdf
mailto:francesco.franceschi@unicamillus.org
https://doi.org/10.1007/978-3-031-33298-2_28


252

Achieving secure fixation and long-term sta-
bility of the stem in case of humeral bone defi-
ciency is therefore paramount.

28.2.1  Evaluation and Classification

Anticipating humeral bone deficiency with pre-
operative appropriate planning enables the sur-
geon to achieve adequate fixation and stability.

Humeral bone loss and intramedullary diame-
ter of the remaining bone should be evaluated 
with both bilateral full-length radiographs of the 
humeri in neutral rotation and computed tomog-
raphy (CT) scans.

Radiographic signs of loosening and the 
length of the humeral implant in place (to provide 
data regarding the possible cortical window 
needed to remove a well-fixed stem) should be 
assessed.

In case of humeral component loosening or 
osteolysis, inflammation-related laboratory data 
(complete blood count, erythrocyte sedimenta-
tion rate, C-reactive protein) are needed preoper-
atively to exclude any periprosthetic infections.

In case of a high suspicion of infection with 
normal laboratory values, shoulder aspiration or 
biopsy should be performed before surgical 
planning.

Two classification systems have been pro-
posed to assess humeral bone loss.

The first one has been proposed by Boileau 
et al. dividing PHBL in 4 types [4].

• A: bone loss of the epiphysis (≤2 cm)
• B: bone loss of the metaphysis (≤4)
• C: bone loss extending into the humeral diaph-

ysis proximally to the deltoid insertion (≤8)
• D: bone loss extending below the deltoid 

insertion (≥8)

Chalmers et  al. developed the Proximal 
Humeral Arthroplasty Revision Osseous inSuffi-
ciency (PHAROS) system, divided in three types, 
further subdivided in six subtypes [5].

 1. Type 1: epiphyseal bone loss, including the 
articular surface, greater and lesser tuberosities.
• type 1C: calcar loss,
• type 1G: loss or malunion of the greater 

tuberosity.
 2. Type 2: bone loss of the metadiaphysis above 

the deltoid attachment.
• type 2A: cortical thinning of the metadi-

aphysis greater than 50% of the expected 
cortical thickness,

• type 2B: bone loss of both the metadiaphy-
sis proximal to the deltoid and the 
epiphysis.

 3. Type 3: diaphyseal bone loss extending below 
the deltoid attachment.
• type 3A: cortical thinning of diaphysis 

greater than 50% of the expected cortical 
thickness.

• type 3B: compromise of most of the diaph-
ysis, along with loss of epiphyseal and 
metadiaphyseal bone.

Furthermore, a cut-off value of 5 cm has also 
been proposed as the threshold to define signifi-
cant bone loss, with indication to a more aggres-
sive reconstruction [2].

28.2.2  Management

Several treatment strategies have been described 
to address proximal humeral bone loss, which 
might be divided essentially in two broad catego-
ries based on the amount of proximal bone loss.

In case of shorter proximal humeral bone 
defects (≤5 cm), classified as A–B according to 
Boileau et  al. [4] or 1 and 2A according to 
Chalmers et  al. [5], the treatment options to 
restore length and obtain an adequate soft tissue 
tension include the use of thicker polyethylene/
metal tray, cementing the stem proportionally 
proud to re-establish height or by implanting an 
inferior eccentric glenosphere [6]. In case of 
absence of greater tuberosity: a proximal cemen-
toplasty or metaphyseal augments to increase 
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soft tissue wrapping and if possible reattach the 
rotator cuff still present.

For type C–D according to Boileau et al. [4] 
and 2A-3 according to Chalmers et  al. [5], the 
treatment strategy may require to reconstruct the 
proximal humerus with an allograft, the APC 
(Allograft Prosthetic Composite) construct or to 
use a proximal/total humeral replacement. Both 
options might include the use of a reverse shoul-
der or a hemiarthroplasty as replacement design.

It has been shown that modular implants may 
have a higher risk of mechanical failure in the 
setting of proximal humeral bone loss. Monoblock 
implants should be therefore preferred for recon-
struction constructs in the setting of significant 
proximal humeral bone loss [1, 7].

Literature is lacking of trials comparing dif-
ferent treatment options in patients with shorter 
proximal humeral bone defects. Stephens et  al. 
[7] evaluated the outcomes of 32 revision rTSA 
in patients with or without PHBL.  Sixteen 
patients had PHBL with an average loss of 
36.3 mm. Humeral bone deficiency was not asso-
ciated with significant lower functional or sub-
jective outcomes, except for active motion.

Budge et al. evaluated 15 patients undergoing 
revision for failed arthroplasty with an average 
PHBL of 38.4 mm at a minimum 2 years follow-
 up. The satisfaction rate was 87%. CS, ASES, 
VAS, forward flexion, and external rotation 
increased significantly. The authors reported a 
scapular notching rate of 20%, one humeral stem 
fracture, but no stem loosening, concluding that 
the use of RTSA for failed shoulder arthroplasty 
and deficient humeral bone stock provides a sig-
nificant clinical benefit without the need for 
allograft augmentation [8].

The APC is a rare and challenging surgical 
procedure aiming at reconstruction of the proxi-
mal humeral bone stock with restoration of a 
functional glenohumeral joint. It was first 
described by Chacon et al. [9].

The restoration of proximal humeral bone 
stock improves stem fixation (neutralizing rota-
tional forces exerted on it), decreases the risk of 

shoulder instability (restoring the deltoid “wrap-
ping” effect), and improves the cosmetic appear-
ance of the shoulder.

It provides additional bone stock for needed 
future reconstructions and offers the possibility 
to reattach the rotator cuff tendons to the respec-
tive allograft insertions or perform an associated 
tendon transfer (L’Episcopo or latissimus dorsi), 
by fixing the tendons on the bone graft [4].

Several are the complications described for 
this procedure: delayed or no bone healing, 
humeral aseptic loosening, risk of de novo infec-
tion, allograft fragmentation, and/or resorption.

Different techniques to perform the APC have 
been described so far.

The first technique advocates a step-cut oste-
otomy within the allograft so that approximately 
5 cm of bone remains laterally, resulting in a lat-
eral bone plate and fixation to the humerus with 
cerclage wires [9] (Fig. 28.1).

The technique has been later modified by 
Boileau [4, 10], who suggested to perform a mir-
ror step-cut osteotomy and use a long monoblock 
(cemented or uncemented) humeral reverse stem 
to create a construct functioning similarly to an 
intramedullary nail and preventing the need for 
plate fixation.

To achieve a compression at the graft-host 
junction, it has been suggested to use a 3.5-mm 
plate in compression mode associated to a simple 
cut osteotomy [6].

Apart from the differences described above, 
the technique follows the same steps. Both a 
humeral and femoral allograft might be used, and 
if possible it should have a diameter close to the 
one of the patient humerus.

In cases of severe PHBL, the allograft length 
needed is calculated preoperatively as the contra-
lateral humeral length minus the operative 
humeral length. The proximal humeral allograft 
is then prepared for use by performing the distal 
humeral cut osteotomy and reaming/broaching 
the humeral canal.

The stem usually bypasses the host-graft junc-
tion, and a cemented fixation is more frequently 
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Fig. 28.1 The allograft prosthetic composite procedure

used. Any native tendons still present should then 
be repaired to their respective allograft tendon 
stumps.

In the absence of infection, the APC might be 
implanted with a cement-within-cement tech-
nique to avoid the need of removing, with poten-
tially destructive consequences, the preexisting 
cement mantle.

Chacon et al. evaluated 25 patients receiving a 
proximal humeral allograft for the management 
of mean proximal humeral bone loss of 53.6 mm. 
76% of patients reported a subjective good or 
excellent result, 20% a satisfactory result, and 
4% an unsatisfactory result.

The radiographic incorporation rate at final 
follow-up was 84% and 76%, respectively, in the 
metaphyseal and diaphyseal region. Complication 
rate was reported as 16% [9].

Sanchez et al. [6] evaluated 8 primary and 18 
revision APC rTSAs with a compression plate for 
graft fixation. The indications for the primary 
rTSAs included severe PHBL after trauma (n = 5) 
and tumor resection (n = 3). The indications for 
revision were failed hemiarthroplasty (n  =  11), 

aTSA (n = 4), and rTSA (n = 3). The most com-
mon cause of revision was instability (n  =  10). 
This procedure leaded to significant improve-
ments in pain scores and active ROM.

No significant differences in terms of clinical 
outcomes were outlined between primary and 
revision cases. The mean time to graft to host 
union was 7 months. The 2- and 5-year revision- 
free survival rate was 96%.

El Beaino et  al. [11] reported 21 patients 
undergoing hemiarthroplasty APC after proximal 
humerus resection. At 5-year follow-up, the revi-
sion rate was 10.1%. Among complications are as 
follows: superior subluxation (12/21), delayed 
union (10/21), greater tuberosity resorption 
(9/21), and aseptic loosening (3/21).

Boileau et  al. [4] assessed 25 consecutive 
patients undergoing rTSA-APC procedure for 
severe PHBL (>4  cm): 12 after failed reverse 
shoulder arthroplasty, 5 after failed hemiarthro-
plasty, 6 after failed mega-tumor prosthesis, and 
2 after tumor resection. The satisfaction rate was 
76%. The revision and incorporation rate at last 
follow-up were, respectively, 32% and 96%.
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Cox et al. evaluated 73 patients undergoing a 
rTSA-APC at 2 years minimum follow-up. Good 
to excellent results were reported in 70%, satis-
factory in 17%, and unsatisfactory in 13%. The 
reoperation-free survival rate was 88% at 5 years, 
78% at 10  years, and 67% beyond 10  years. 
Among the causes for revision are periprosthetic 
fracture, instability, glenosphere dissociation, 
humeral loosening, and infection [3].

Although more frequently implanted after 
wide tumor resections, a mega-tumor prosthesis 
might be effectively used also to treat non- 
oncologic large bone defects. Although the heal-
ing of soft tissue to metal is controversial, native 
tendons might be sutured to the prosthesis [1].

Mengers et al. evaluated 13 patients undergo-
ing an RSA tumor prosthesis for PHBL at 
34 months follow-up. Six patients required wide 
excisions for proximal humerus tumors. 
Complications and revision rate were, respec-
tively, 38% and 31% [12].

28.3  Glenoid Bone Deficiency

Glenoid bone deficiency is most frequently 
encountered in a revision setting but can also be 
present in patients with primary glenohumeral 
degeneration, CTA, rheumatoid arthritis, congen-
ital deformations, and in post-traumatic cases.

The treatment of glenoid bone defects both 
in primary and revision total shoulder arthro-
plasty is challenging. The goal is to achieve the 
anatomic correction of glenoid version and 
inclination, preserve as much as possible of 
existing glenoid bone stock, and to have com-
plete contact between the component and the 
underlying bone.

Failure to address this problem will lead to 
excessive joint line medialization (with altered 
soft tissue tensioning), baseplate malposition 
(superior inclination or excessive retroversion), 
and inadequate fixation, compromising the post-
operative clinical outcomes and decreasing the 
implant survival [13]. Still debated is how to 
manage glenoid bone loss.

28.3.1  Evaluation and Classification

Glenoid bone deficiency and glenohumeral sub-
luxation are evaluated with both radiographs 
(Grashey, scapular lateral and axillary views) and 
advanced imaging modalities as the CT scans, 
whether 2D or 3D. Recently the preoperative 3D 
modeling softwares have enabled a patient- 
specific planning, simulating ideal component 
positioning [14, 15] (Fig. 28.2).

Several classification systems have been pro-
posed to describe glenoid bone defects.

Fig. 28.2 Preoperative planning
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Walch et al. introduced a classification system to 
identify patients with axial glenoid bone defects 
[16]. The classification system, which has been later 
modified, was based on three distinct parameters: 
glenoid retroversion, posterior glenoid wear, and 
posterior subluxation of the humeral head [16–18].

Glenoid bone loss is classified as follows
 1. Type A: Concentric and symmetric erosion, 

well-centered humeral head, and absence of 
subluxation.
• A1: minor erosion (without the native gle-

noid tangent line transecting the humeral 
head).

• A2: major erosion (with the native glenoid 
tangent line transecting the humeral head).

 2. Type B: Posterior wear pattern, posterior 
subluxation.
• B0: uniconcave, pre-osteoarthritic poste-

rior subluxation of the humeral head.
• B1: uniconcave, posterior joint-space nar-

rowing with subchondral sclerosis and 
osteophytes but no bone erosion.

• B2: biconcave, retroverted glenoid with 
posterior rim erosion.

• B3: uniconcave, with at least 15° of retro-
version and/or 70% posterior humeral head 
subluxation.

 3. Type C: uniconcave, glenoid retroversion of 
>25° not caused by erosion.

 4. Type D: anteverted glenoid or anterior 
humeral subluxation measuring 40% or less.

Subluxation is referred to as greater than 55% 
or 45% respectively for posterior or anterior sub-
luxation [19].

Iannotti et  al. modified the Walch classifica-
tion, utilizing the vault model theory, better 
defining the B3 and introducing the C2 [18].

The B3 glenoid has high pathologic retrover-
sion with no paleoglenoid visible, normal pre-
morbid version, and acquired central and 
posterior bone loss. Then a new subtype, the C2 
glenoid, was introduced. The native morphology 
of a C2 glenoid is dysplastic (high premorbid 
version) and developed from further posterior 
erosion of a C1 glenoid, giving it the appearance 
of a biconcave glenoid with posterior translation 

of the humeral head. The authors support the 
hypothesis that glenoid bone loss and humeral 
head posterior subluxation occurring in primary 
glenohumeral osteoarthritis are progressive: the 
B2 and C1 glenoids are the precursor to, respec-
tively, the B3 and C2 glenoids ultimately forming 
when further posterior erosion eliminates the 
biconcavity.

It has been reported that humeral head sublux-
ation and glenoid bone loss progress over time 
not always through the same pathway. In Logli 
et  al. [20] 20% of type A developed eccentric 
wear whereas all B-type glenoids remained B 
type. Progression of bone loss from A1 to A2 and 
from B2 to B3 occurred, respectively, in 41% and 
56% of the time.

Favard et al. introduced a classification system 
to identify patients with coronal glenoid bone 
defects [21]. The classification progresses from 
E0 to E4.

E0: no glenoid erosion
E1: concentric medialized glenoid erosion
E2: glenoid erosion predominantly in the 

superior pole
E3: global glenoid erosion more severe in the 

superior pole
E4: glenoid erosion predominantly in the 

anteroinferior pole

28.3.2  Management

The common strategies to manage patients with 
glenoid bone defects are eccentric reaming, bone 
grafting, augmented glenoid components, and 
salvage hemiarthroplasty.

Both Friedman line (or plane of the scapula) 
and the floor of the supraspinatus are used as ref-
erences for the alignment of the baseplate. The 
goal is to implant the glenosphere within 10° of 
version and at 0° of inclination.

28.3.2.1  Reaming and Glenoid 
Augmentation

Asymmetric glenoid reaming is a commonly 
used technique to correct glenoid version and 
inclination [22]. It is not suitable for large bone 
defects as it may compromise the remaining 
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Fig. 28.3 The BIO-RSA technique modified by the senior author

glenoid bone stock, and it is mandatory to pre-
serve as much native bone stock as possible; it is 
therefore favored for correction of small defects 
[22, 23]. More pronounced defects would 
require an associated bone graft or augmented 
component to correct the joint line with an 
appropriate  fixation. Currently, it is suggested 
not to correct more than 10°–15° with asymmet-
ric reaming [14].

Controversial is the amount of correction that 
can be safely obtained with eccentric reaming.

Before performing an eccentric reaming, also 
the quality of the bone should be considered. In 
B2 glenoids the posteroinferior quadrant contains 
substantially denser subchondral bone than the 
anterior quadrants. An eccentric reaming would 
create a flat surface with weak cancellous bone 
anteriorly and dense cancellous bone posteriorly, 
with unequal baseplate support.

Glenoid augmentation has been proposed in 
cases of glenoid defects where eccentric reaming 
would lead to excessive medialization, as it 
allows correction preserving the bone stock.

It is most frequently used for posterior and 
superior quadrants and often follows a minimal 
amount of asymmetric reaming. Glenoid aug-
mentation is performed through bone grafting 
and polyethylene or metal component augments. 
The thickness of the augmentation should restore 
the glenoid bone stock to that of the native joint.

Glenoid bone grafting might be performed 
with a humeral head autograft, which can be 
symmetrical or trapezoidal (Bony Increased Off- 
Set BIO-RSA) or iliac crest bone graft (ICBG) 
[24] (Fig. 28.3).

Advantages of BIO-RSA include bone stock 
augmentation, lateralization, low donor-site 
morbidity, low relative cost, and flexibility as it 
might correct simultaneously posterior and 
superior glenoid defects. Glenoid bone graft-
ing is easier to perform in rTSA than aTSA, 
due to the more robust baseplate fixation with 
both a long central peg and multiple locking 
screws. The rate of incorporation of both 
humeral and iliac bone graft has been reported 
to be satisfactory [25].

Polyethylene or metal-backed augments have 
been proposed to correct glenoid version, over-
coming the issues of asymmetric reaming and 
bone grafts. Although augmented components 
have variable degrees of correction available, 
they cannot be used in very large defects.

28.3.2.2  Hemiarthroplasty
Glenoid implantation might be avoided with 
simple glenoid reaming and hemiarthroplas-
ties, termed “ream and run” technique, but dif-
ferent authors have shown inferior results 
compared with total shoulder arthroplasties, 
due to continued bone erosion with increased 
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pain, making it a final option in case of an 
inadequate bone stock support a glenoid 
component.

28.3.2.3  Anatomic Total Shoulder 
Arthroplasty

Treating severe glenoid retroversion and poste-
rior humeral head subluxation with aTSA remains 
unpredictable with a high rate of polyethylene 
wear and glenoid loosening, due to the recur-
rence of humeral head subluxation.

Walch et  al. [26] reported a loosening and 
revision rate of, respectively, 20.6 and 16.3% 
when using aTSA for biconcave glenoid. Patients 
with a neoglenoid retroversion of 27° and 
humeral head posterior subluxation of 80% had a 
higher risk for glenoid loosening, leading the 
authors to recommend rTSA, even in case of pri-
mary osteoarthritis, simply to correct the poste-
rior subluxation using a semiconstrained 
arthroplasty. These values are still currently used 
within the treatment algorithm to decide whether 
to perform an aTSA or an rTSA in patients with 
primary OA.

As said, the glenoid altered version and incli-
nation should be corrected to allow satisfactory 
implant positioning. Three are the techniques 
available: asymmetric reaming, posterior- 
augmented glenoid implant, and rarely a poste-
rior bone graft (humeral head autograft, iliac 
crest, or femoral head allograft) [27–29]. 
Polyethylene component augments have been 
shown better clinical outcomes than metal- 
backed augments.

Rice et al. reported 13 patients undergoing an 
augmented glenoid aTSA to treat posterior gle-
noid bone deficiency at a minimum 2 years fol-
low- up. 36% of patients had excellent, 50% 
satisfactory, and 14% unsatisfactory results, and 
no patients went through a revision [30].

Lenart et al. evaluated five patients undergo-
ing an anterior augmented TSA [31]. The 
 preoperative diagnosis were three anterior gle-
noid erosions, one glenoid fracture malunion, 
one glenoid fracture nonunion, and one post- 
traumatic arthritis. No glenoid component loos-
ening, dislocation, or revision surgeries were 

reported at an average of 33.2  months of 
follow-up.

Sandow and Schutz evaluated 10 patients who 
underwent an aTSA with a trabecular metal gle-
noid augment (15° or 30°) at a minimum 2 years 
follow-up [32]. No complication or hardware 
failure have been reported, and all components 
were implanted between 0° and 10° of version.

Sandow and Tu updated the previous series, 
evaluating 49 shoulders with a minimum follow-
 up of 2  years [33]. There were complications 
apart from one infection and one minor peg per-
foration. Good incorporation to bone of the 
wedge augment was highlighted. The average 
retroversion was corrected from 22° to 4°.

Zhang et al. in their systematic review evalu-
ated the outcomes of aTSAs with bone graft 
[34]. The complications and revision rate at a 
mean follow-up of 6.3 years were respectively 
12.6% and 5.4% (with glenoid loosening and 
infection listed as indications). Satisfaction 
rate was rated as 85% with function improve-
ment and pain reduction. The authors empha-
sized the comparable revision rate in aTSA of 
bone grafting compared to augmented glenoid 
components.

During the last two decades, specialized com-
ponents have been developed to address glenoid 
bone defects, with moderate results [35].

Cil et  al. evaluated 38 patients who under-
went a primary or revision aTSA, with one of 3 
nonstandard glenoid components: a polyethyl-
ene component with an angled keel, a polyethyl-
ene component with 2 mm of extra thickness, or 
a posteriorly augmented metal-backed glenoid 
component. The loosening and revision rate 
were, respectively, 8 and 26% at an average 
5.5 years of follow-up. The 10 years free revi-
sion rate was 73% for the angled keel compo-
nent, 69% for of the extra thick component, and 
31% for the posteriorly augmented metal-
backed glenoid component [23]. Gunther et al. 
evaluated seven patients who underwent aTSA 
with an inset glenoid implant for severe glenoid 
bone deficiency. All implants were classified 
radiographically as “low risk” for glenoid loos-
ening [36].
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28.3.2.4  Reverse Total Shoulder 
Arthroplasty

Management of glenoid bone deficiency with 
rTSA has been suggested as an alternative, with 
good early results due to favorable biomechanics 
and a well-fixed baseplate. The rTSA design 
seems an appropriate way of treating posterior 
humeral head subluxation and resulted in excel-
lent clinical outcomes [37, 38].

Mizuno et al. evaluated at 54 months follow-
 up the clinical outcomes of 27 rTSAs (10 with 
and 17 without bone grafts) performed for pri-
mary OA with biconcave glenoids [38]. The com-
plication rate was 15% (4 patients), mainly due to 
neurologic complications (3/4). No radiolucent 
lines were observed around the glenoid 
component.

Collin et al. evaluated 49 shoulders with pri-
mary glenoid OA classified as B1, B2, B3, or C at 
5-year minimum follow-up [37]. Bone grafting 
was performed in 16 cases and healed in all the 
shoulders. Patients had a significant increase of 
the Constant–Murley score from 30 to 68 points. 
Scapular notching and glenoid bone graft resorp-
tion had no influence on the CS.

Bone autograft, bone allograft, or augmented 
glenoid component might be used to correct gle-
noid defects, though bone autograft seems to be 
preferred in the current literature. Allografts are 
more frequently used in revision cases where 
local autograft options are limited.

Bone grafts are frequently classified as struc-
tural (e.g., iliac crest) and nonstructural (e.g., 
BIO-RSA).

It has been demonstrated that significant gle-
noid bone loss could be managed through bone 
grafting with a single-stage procedure with a 
high rate of graft incorporation and good to 
excellent clinical outcomes [39].

The Bony Increased Off-Set technique was 
described in 2011 by Boileau et  al. [40]. The 
author reported then the outcomes of 143 consecu-
tive patients treated with a BIO-RSA at 5–10 years 
follow-up. Both the revision free and the complete 
incorporation rate was 96% [13, 24].

The BIO-RSA is the technique to correct gle-
noid defects preferred at out institution as it has 

shown in our data to be more effective in ensur-
ing a better baseplate inclination and in leading to 
better clinical outcomes [41, 42].

Werner et  al. evaluated the clinical outcomes 
of 21 patients undergoing RSA with glenoid 
bone deficit due to neglected anterior dislocation 
treated with resected humeral head structural bone 
grafting. Two patients (9.5%) were revised due to 
baseplate loosening, respectively, with a hemiar-
throplasty, and with a two-stage reconstruction 
using a tricortical iliac crest bone graft [43].

Holt and Throckmorton reported 49 patients 
undergoing rTSA for B2 or B3 glenoid bone 
defect [14]. In 92% of cases, the defect was man-
aged with a bone graft (structural cortical bone 
grafting or impaction grafting). Neither mechani-
cal failures nor reoperations were reported.

Italia et al. evaluating 21 patients undergoing 
rTSA with structural glenoid bone grafting (15 
autografts, 6 allografts) confirmed the ability of 
this technique to restore the glenoid anatomy and 
bone stock [15].

Jones et  al. reported 44 patients who under-
went primary or revision rTSA with a structural 
bone graft (29 humeral head autograft, 1 iliac 
crest autograft, and 14 femoral head allografts) 
[44]. No significant differences were reported 
comparing allografts and autografts. The incor-
poration rate was 81%.

Mahylis et al. assessed the clinical outcomes 
of 30 patients undergoing revision rTSA with 
structural iliac crest bone autograft (n  =  15) or 
nonstructural bone allograft NSBA (n = 15) at a 
minimum of 2  years follow-up [45]. No radio-
graphic differences were found between the two 
groups in terms of implant position, graft integra-
tion, scapular notching, or failure of fixation.

Melis et al. reported the clinical outcomes of 
37 patients undergoing revision rTSA for glenoid 
component loosening [46]. 78% of patients 
underwent glenoid bone grafting with structural 
iliac crest bone (n = 21), cancellous bone graft 
(n = 5), or allograft (n = 3). At the latest follow-
 up, the authors reported one bone graft lysis and 
a partial graft resorption rate of 21%.

Ernstbrunner et al. evaluated 41 primary rTSA 
with bone grafts (83% corticocancellous and 
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17% structural grafts) at a minimum follow-up of 
2 years [47]. The rate of glenoid lucency, glenoid 
bone graft incorporation, and scapular notching 
were, respectively, 18%, 78%, and 30%. Each 
patient treated with a structural graft showed 
graft incorporation and no signs of glenoid 
lucency. No revision surgeries were reported.

Tashjian et al. evaluated 22 patients undergo-
ing primary or revision rTSA with structural gle-
noid allografts [48]. The rate of complete graft 
incorporation at 1 year follow-up was 82%. Two 
patients showed baseplate loosening and migra-
tion, but no patients needed further surgeries.

Lopiz et al. reviewed 20 patients who under-
went primary or revision rTSA with a glenoid 
bone graft (13 allografts and 7 autografts) at a 
minimum 2  years follow-up [49]. The rate of 
graft incorporation was 95%. No clinical or 
radiographic differences were showed while 
comparing the grafts. The postoperative compli-
cation rate was 20%: one aseptic glenoid compo-
nent loosening, one surgical wound hematoma, 
one acromial fracture, and one symptomatic 
grade 3 scapular notching.

Recommendations have been made to achieve 
appropriate glenoid component stability in case 
of bone grafting with distorted glenoid geometry: 
the central peg device should traverse the graft 
and gain purchase in at least 10 mm of native gle-
noid bone and an altered screw trajectory might 
be used to maximize bony purchase [14, 43, 50].

Still debated is whether to use metal or bone to 
correct the glenoid defect. A recent systematic 
review by Lanham et al. compared glenoid bone 
grafting with augmented glenoid baseplates in 
rTSA [51]. The overall complication and revision 
rate, clinical outcomes, and ROM were similar 
for rTSA using either bone graft or augmented 
baseplates. However infections and scapular 
notching seemed to be higher in the bone grafting 
group.

Several with specific design implant, either 
custom or non-custom made have been proposed 
so far, to manage severe glenoid bone loss mainly 
in revision cases.

Valenti et al. proposed the use of a lateralized 
metal-backed keeled baseplate prolonged by a 
thin metallic post fixed directly in the subscapu-

laris fossa [50]. Forty-four shoulders at a mini-
mum 2  years follow-up were evaluated. The 
complication rate in primary and revision cases 
was, respectively, 12% and 25%.

The computer-aided design and computer- 
aided manufacturing (CAD–CAM) technology 
has gained popularity in the treatment of severe 
glenoid bone loss; it is used to design and manu-
facture products in different fields. In shoulder 
replacement, this technology enables surgeons to 
reconstruct the altered glenoid vault with a metal-
lic patient-specific component.

A fine-cut 2D CT scan is used to construct a 
3D model that is subsequently used to create a 
patient-specific glenoid implant.

Chammaa et  al. proposed a custom-made 
CAD–CAM total shoulder replacement (TSR; 
Stanmore Implants Worldwide, Elstree, UK) 
resembling a total hip prosthesis, fixed to the 
scapula rather than to the glenoid itself, as an 
alternative for the most challenging severe gle-
noid bone loss cases, where glenoid component 
secure fixation cannot be achieved [52]. Thirty- 
seven patients at a mean follow-up of 5  years 
were evaluated and a statistically significant 
improvement in active ROM was reported. The 
revision rate reported was 16%.

Bodendorfer et  al. [53] assessed 11 patients 
who underwent rTSAs using the glenoid vault 
reconstruction system (VRS; Zimmer-Biomet, 
Warsaw, IN) at an average follow-up time of 
30 months. At final follow-up, all implants were 
radiographically stable without loosening.

Rangarajan et  al. assessed the clinical out-
comes of 19 patients with severe glenoid bone 
deficiency undergoing primary or revision rTSA 
using the VRS (Zimmer Biomet, Warsaw, IN, 
USA) [54]. The authors showed a complication 
rate of 21% but no radiographic evidence of com-
ponent loosening, scapular notching, or hardware 
failure.

Debeer et al. evaluated ten patients with severe 
glenoid bone defect treated with the Glenius 
Glenoid Reconstruction System (Materialise NV, 
Leuven, Belgium), which is a custom-made 
porous coated metal component patient-specific 
implant, at an average follow-up of 30.5 months. 
The mean difference between the preoperative 
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planned and the postoperative version and incli-
nation were, respectively, 6° and 4°. Eight 
patients reported improved outcomes after the 
implant.

Custom glenoid baseplates are a novel and 
much more expensive solution for shoulder 
arthroplasties. The increased cost might be 
 justified only in patients with severe glenoid bone 
loss and limited alternatives.

References

1. Kahn T, Chalmers PN.  Proximal humeral bone loss 
in revision shoulder arthroplasty. Orthop Clin N 
Am. 2020;51(1):87–95. https://doi.org/10.1016/j.
ocl.2019.08.003.

2. Cuff D, Levy JC, Gutierrez S, Frankle MA. Torsional 
stability of modular and non-modular reverse shoul-
der humeral components in a proximal humeral bone 
loss model. J Shoulder Elb Surg. 2011;20(4):646–51. 
https://doi.org/10.1016/j.jse.2010.10.026.

3. Cox JL, McLendon PB, Christmas KN, Simon P, 
Mighell MA, Frankle MA. Clinical outcomes follow-
ing reverse shoulder arthroplasty-allograft composite 
for revision of failed arthroplasty associated with 
proximal humeral bone deficiency: 2–15-year follow-
 up. J Shoulder Elb Surg. 2019;28(5):900–7. https://
doi.org/10.1016/j.jse.2018.10.023.

4. Boileau P, Raynier JL, Chelli M, Gonzalez JF, Galvin 
JW. Reverse shoulder-allograft prosthesis composite, 
with or without tendon transfer, for the treatment of 
severe proximal humeral bone loss. J Shoulder Elb 
Surg. 2020;29(11):e401–15. https://doi.org/10.1016/j.
jse.2020.03.016.

5. Chalmers PN, Romeo AA, Nicholson GP, Boileau 
P, Keener JD, Gregory JM, Salazar DH, Tashjian 
RZ.  Humeral bone loss in revision total shoulder 
arthroplasty: the proximal humeral arthroplasty revi-
sion osseous inSufficiency (PHAROS) classification 
system. Clin Orthop Relat Res. 2019;477(2):432–41. 
https://doi.org/10.1097/CORR.0000000000000590.

6. Sanchez-Sotelo J, Wagner ER, Sim FH, Houdek 
MT.  Allograft-prosthetic composite reconstruc-
tion for massive proximal humeral bone loss in 
reverse shoulder arthroplasty. J Bone Jt Surg Am. 
2017;99(24):2069–76. https://doi.org/10.2106/
JBJS.16.01495.

7. Stephens SP, Paisley KC, Giveans MR, Wirth 
MA.  The effect of proximal humeral bone loss 
on revision reverse total shoulder arthroplasty. J 
Shoulder Elb Surg. 2015;24(10):1519–26. https://doi.
org/10.1016/j.jse.2015.02.020.

8. Budge MD, Moravek JE, Zimel MN, Nolan EM, 
Wiater JM.  Reverse total shoulder arthroplasty for 
the management of failed shoulder arthroplasty with 

proximal humeral bone loss: is allograft augmentation 
necessary? J Shoulder Elb Surg. 2013;22(6):739–44. 
https://doi.org/10.1016/j.jse.2012.08.008.

9. Chacon A, Virani N, Shannon R, Levy JC, Pupello 
D, Frankle M.  Revision arthroplasty with use of a 
reverse shoulder prosthesis-allograft composite. J 
Bone Jt Surg Am. 2009;91(1):119–27. https://doi.
org/10.2106/JBJS.H.00094.

10. Boileau P. Complications and revision of reverse total 
shoulder arthroplasty. Orthop Traumatol Surg Res. 
2016;102(1 Suppl):S33–43. https://doi.org/10.1016/j.
otsr.2015.06.031.

11. El Beaino M, Liu J, Lewis VO, Lin PP.  Do early 
results of proximal humeral allograft-prosthetic com-
posite reconstructions persist at 5-year follow-up? 
Clin Orthop Relat Res. 2019;477(4):758–65. https://
doi.org/10.1097/CORR.0000000000000354.

12. Mengers SR, Knapik D, Strony J, et  al. The 
use of tumor prostheses for primary or revision 
reverse total shoulder arthroplasty with proximal 
humeral bone loss. J Shoulder Elb Arthroplast. 
2022;6:24715492211063108. https://doi.
org/10.1177/24715492211063108.

13. Boileau P, Morin-Salvo N, Bessiere C, Chelli M, 
Gauci MO, Lemmex DB.  Bony increased-offset- 
reverse shoulder arthroplasty: 5–10 years’ follow-up. 
J Shoulder Elb Surg. 2020;29(10):2111–22. https://
doi.org/10.1016/j.jse.2020.02.008.

14. Holt AM, Throckmorton TW.  Reverse shoulder 
arthroplasty for B2 glenoid deformity. J Shoulder Elb 
Arthroplast. 2019;3:2471549219897661. https://doi.
org/10.1177/2471549219897661.

15. Italia KR, Green N, Maharaj J, Launay M, Gupta 
A. Computed tomographic evaluation of glenoid joint 
line restoration with glenoid bone grafting and reverse 
shoulder arthroplasty in patients with significant gle-
noid bone loss. J Shoulder Elb Surg. 2021;30(3):599–
608. https://doi.org/10.1016/j.jse.2020.09.031.

16. Walch G, Badet R, Boulahia A, Khoury 
A.  Morphologic study of the glenoid in pri-
mary glenohumeral osteoarthritis. J Arthroplast. 
1999;14(6):756–60. https://doi.org/10.1016/
s0883- 5403(99)90232- 2.

17. Domos P, Checchia CS, Walch G. Walch B0 glenoid: 
pre-osteoarthritic posterior subluxation of the humeral 
head. J Shoulder Elb Surg. 2018;27(1):181–8. https://
doi.org/10.1016/j.jse.2017.08.014.

18. Iannotti JP, Jun BJ, Patterson TE, Ricchetti 
ET.  Quantitative measurement of osseous pathol-
ogy in advanced glenohumeral osteoarthritis. J 
Bone Jt Surg Am. 2017;99(17):1460–8. https://doi.
org/10.2106/JBJS.16.00869.

19. Zimmer ZR, Carducci MP, Mahendraraj KA, Jawa 
A.  Evolution of the Walch classification and its 
importance on the B2 glenoid. J Shoulder Elb 
Arthroplast. 2020;4:247154922090381. https://doi.
org/10.1177/2471549220903815.

20. Logli AL, Pareek A, Nguyen NTV, Sanchez-Sotelo 
J. Natural history of glenoid bone loss in primary gle-
nohumeral osteoarthritis: how does bone loss progress 

28 Management of Bone Deficiency in Shoulder Arthroplasty

https://doi.org/10.1016/j.ocl.2019.08.003
https://doi.org/10.1016/j.ocl.2019.08.003
https://doi.org/10.1016/j.jse.2010.10.026
https://doi.org/10.1016/j.jse.2018.10.023
https://doi.org/10.1016/j.jse.2018.10.023
https://doi.org/10.1016/j.jse.2020.03.016
https://doi.org/10.1016/j.jse.2020.03.016
https://doi.org/10.1097/CORR.0000000000000590
https://doi.org/10.2106/JBJS.16.01495
https://doi.org/10.2106/JBJS.16.01495
https://doi.org/10.1016/j.jse.2015.02.020
https://doi.org/10.1016/j.jse.2015.02.020
https://doi.org/10.1016/j.jse.2012.08.008
https://doi.org/10.2106/JBJS.H.00094
https://doi.org/10.2106/JBJS.H.00094
https://doi.org/10.1016/j.otsr.2015.06.031
https://doi.org/10.1016/j.otsr.2015.06.031
https://doi.org/10.1097/CORR.0000000000000354
https://doi.org/10.1097/CORR.0000000000000354
https://doi.org/10.1177/24715492211063108
https://doi.org/10.1177/24715492211063108
https://doi.org/10.1016/j.jse.2020.02.008
https://doi.org/10.1016/j.jse.2020.02.008
https://doi.org/10.1177/2471549219897661
https://doi.org/10.1177/2471549219897661
https://doi.org/10.1016/j.jse.2020.09.031
https://doi.org/10.1016/s0883-5403(99)90232-2
https://doi.org/10.1016/s0883-5403(99)90232-2
https://doi.org/10.1016/j.jse.2017.08.014
https://doi.org/10.1016/j.jse.2017.08.014
https://doi.org/10.2106/JBJS.16.00869
https://doi.org/10.2106/JBJS.16.00869
https://doi.org/10.1177/2471549220903815
https://doi.org/10.1177/2471549220903815


262

over a decade? J Shoulder Elb Surg. 2021;30(2):324–
30. https://doi.org/10.1016/j.jse.2020.05.021.

21. Favard L, Lautmann S, Sirveaux F, Oudet D, Kerjean 
Y, Huguet D. Hemiarthroplasty versus reverse arthro-
plasty in the treatment of osteoarthritis with massive 
rotator cuff tear. In: Walch G, Boileau P, Molé D, 
editors. Shoulder prostheses 2–10 years follow-up. 
Montpellier: Sauramps Medical; 2000. p. 261–8.

22. Gowda A, Pinkas D, Wiater JM. Treatment of glenoid 
bone deficiency in total shoulder arthroplasty: a criti-
cal analysis review. JBJS Rev. 2015;3(7):e2. https://
doi.org/10.2106/JBJS.RVW.N.00097.

23. Cil A, Sperling JW, Cofield RH. Nonstandard glenoid 
components for bone deficiencies in shoulder arthro-
plasty. J Shoulder Elb Surg. 2014;23(7):e149–57. 
https://doi.org/10.1016/j.jse.2013.09.023.

24. Boileau P, Morin-Salvo N, Gauci MO, Seeto BL, 
Chalmers PN, Holzer N, Walch G.  Angled BIO-
RSA (bony-increased offset-reverse shoulder 
arthroplasty): a solution for the management of 
glenoid bone loss and erosion. J Shoulder Elb Surg. 
2017;26(12):2133–42. https://doi.org/10.1016/j.
jse.2017.05.024.

25. Singh J, Odak S, Neelakandan K, Walton MJ, Monga 
P, Bale S, Trail I. Survivorship of autologous struc-
tural bone graft at a minimum of 2 years when used 
to address significant glenoid bone loss in primary 
and revision shoulder arthroplasty: a computed 
tomographic and clinical review. J Shoulder Elb 
Surg. 2021;30(3):668–78. https://doi.org/10.1016/j.
jse.2020.06.015.

26. Walch G, Moraga C, Young A, Castellanos-Rosas 
J.  Results of anatomic nonconstrained prosthesis 
in primary osteoarthritis with biconcave glenoid. J 
Shoulder Elb Surg. 2012;21(11):1526–33. https://doi.
org/10.1016/j.jse.2011.11.030.

27. Klika BJ, Wooten CW, Sperling JW, Steinmann SP, 
Schleck CD, Harmsen WS, Cofield RH.  Structural 
bone grafting for glenoid deficiency in primary 
total shoulder arthroplasty. J Shoulder Elb Surg. 
2014;23(7):1066–72. https://doi.org/10.1016/j.
jse.2013.09.017.

28. Nicholson GP, Cvetanovich GL, Rao AJ, O'Donnell 
P.  Posterior glenoid bone grafting in total shoulder 
arthroplasty for osteoarthritis with severe posterior 
glenoid wear. J Shoulder Elb Surg. 2017;26(10):1844–
53. https://doi.org/10.1016/j.jse.2017.03.016.

29. Sabesan V, Callanan M, Ho J, Iannotti JP. Clinical and 
radiographic outcomes of total shoulder arthroplasty 
with bone graft for osteoarthritis with severe glenoid 
bone loss. J Bone Jt Surg Am. 2013;95(14):1290–6. 
https://doi.org/10.2106/JBJS.L.00097.

30. Rice RS, Sperling JW, Miletti J, Schleck C, Cofield 
RH.  Augmented glenoid component for bone defi-
ciency in shoulder arthroplasty. Clin Orthop Relat 
Res. 2008;466(3):579–83. https://doi.org/10.1007/
s11999- 007- 0104- 4.

31. Lenart BA, Namdari S, Williams GR.  Total shoul-
der arthroplasty with an augmented component for 
anterior glenoid bone deficiency. J Shoulder Elb 

Surg. 2016;25(3):398–405. https://doi.org/10.1016/j.
jse.2015.08.012.

32. Sandow M, Schutz C.  Total shoulder arthroplasty 
using trabecular metal augments to address glenoid 
retroversion: the preliminary result of 10 patients 
with minimum 2-year follow-up. J Shoulder Elb 
Surg. 2016;25(4):598–607. https://doi.org/10.1016/j.
jse.2016.01.001.

33. Sandow MJ, Tu CG. Porous metal wedge augments 
to address glenoid retroversion in anatomic shoul-
der arthroplasty: midterm update. J Shoulder Elb 
Surg. 2020;29(9):1821–30. https://doi.org/10.1016/j.
jse.2020.01.101.

34. Zhang B, Niroopan G, Gohal C, Alolabi B, Leroux 
T, Khan M.  Glenoid bone grafting in primary ana-
tomic total shoulder arthroplasty: a systematic 
review. Shoulder Elb. 2021;13(5):509–17. https://doi.
org/10.1177/1758573220917653.

35. Leafblad N, Asghar E, Tashjian RZ.  Innovations in 
shoulder arthroplasty. J Clin Med. 2022;11(10):2799. 
https://doi.org/10.3390/jcm11102799.

36. Gunther SB, Lynch TL.  Total shoulder replacement 
surgery with custom glenoid implants for severe bone 
deficiency. J Shoulder Elb Surg. 2012;21(5):675–84. 
https://doi.org/10.1016/j.jse.2011.03.023.

37. Collin P, Herve A, Walch G, Boileau P, Muniandy 
M, Chelli M.  Mid-term results of reverse shoulder 
arthroplasty for glenohumeral osteoarthritis with pos-
terior glenoid deficiency and humeral subluxation. J 
Shoulder Elb Surg. 2019;28(10):2023–30. https://doi.
org/10.1016/j.jse.2019.03.002.

38. Mizuno N, Denard PJ, Raiss P, Walch G.  Reverse 
total shoulder arthroplasty for primary glenohumeral 
osteoarthritis in patients with a biconcave glenoid. J 
Bone Jt Surg Am. 2013;95(14):1297–304. https://doi.
org/10.2106/JBJS.L.00820.

39. Gupta A, Thussbas C, Koch M, Seebauer 
L. Management of glenoid bone defects with reverse 
shoulder arthroplasty-surgical technique and clinical 
outcomes. J Shoulder Elb Surg. 2018;27(5):853–62. 
https://doi.org/10.1016/j.jse.2017.10.004.

40. Boileau P, Moineau G, Roussanne Y, O'Shea 
K.  Bony increased-offset reversed shoulder arthro-
plasty: minimizing scapular impingement while 
maximizing glenoid fixation. Clin Orthop Relat 
Res. 2011;469(9):2558–67. https://doi.org/10.1007/
s11999- 011- 1775- 4.

41. Franceschetti E, de Sanctis EG, Gregori P, Paciotti M, 
Palumbo A, Franceschi F. Angled BIO-RSA leads to 
better inclination and clinical outcomes compared to 
standard BIO-RSA and eccentric reaming: a compar-
ative study. Shoulder Elb. 2021;2021:156. https://doi.
org/10.1177/17585732211067156.

42. Franceschetti E, Ranieri R, de Sanctis EG, Palumbo A, 
Franceschi F. Clinical results of bony increased-offset 
reverse shoulder arthroplasty (BIO-RSA) associated 
with an onlay 145° curved stem in patients with cuff 
tear arthropathy: a comparative study. J Shoulder Elb 
Surg. 2020;29(1):58–67. https://doi.org/10.1016/j.
jse.2019.05.023.

E. Giovannetti de Sanctis et al.

https://doi.org/10.1016/j.jse.2020.05.021
https://doi.org/10.2106/JBJS.RVW.N.00097
https://doi.org/10.2106/JBJS.RVW.N.00097
https://doi.org/10.1016/j.jse.2013.09.023
https://doi.org/10.1016/j.jse.2017.05.024
https://doi.org/10.1016/j.jse.2017.05.024
https://doi.org/10.1016/j.jse.2020.06.015
https://doi.org/10.1016/j.jse.2020.06.015
https://doi.org/10.1016/j.jse.2011.11.030
https://doi.org/10.1016/j.jse.2011.11.030
https://doi.org/10.1016/j.jse.2013.09.017
https://doi.org/10.1016/j.jse.2013.09.017
https://doi.org/10.1016/j.jse.2017.03.016
https://doi.org/10.2106/JBJS.L.00097
https://doi.org/10.1007/s11999-007-0104-4
https://doi.org/10.1007/s11999-007-0104-4
https://doi.org/10.1016/j.jse.2015.08.012
https://doi.org/10.1016/j.jse.2015.08.012
https://doi.org/10.1016/j.jse.2016.01.001
https://doi.org/10.1016/j.jse.2016.01.001
https://doi.org/10.1016/j.jse.2020.01.101
https://doi.org/10.1016/j.jse.2020.01.101
https://doi.org/10.1177/1758573220917653
https://doi.org/10.1177/1758573220917653
https://doi.org/10.3390/jcm11102799
https://doi.org/10.1016/j.jse.2011.03.023
https://doi.org/10.1016/j.jse.2019.03.002
https://doi.org/10.1016/j.jse.2019.03.002
https://doi.org/10.2106/JBJS.L.00820
https://doi.org/10.2106/JBJS.L.00820
https://doi.org/10.1016/j.jse.2017.10.004
https://doi.org/10.1007/s11999-011-1775-4
https://doi.org/10.1007/s11999-011-1775-4
https://doi.org/10.1177/17585732211067156
https://doi.org/10.1177/17585732211067156
https://doi.org/10.1016/j.jse.2019.05.023
https://doi.org/10.1016/j.jse.2019.05.023


263

43. Werner BS, Bohm D, Abdelkawi A, Gohlke 
F. Glenoid bone grafting in reverse shoulder arthro-
plasty for long-standing anterior shoulder dislocation. 
J Shoulder Elb Surg. 2014;23(11):1655–61. https://
doi.org/10.1016/j.jse.2014.02.017.

44. Jones RB, Wright TW, Zuckerman JD. Reverse total 
shoulder arthroplasty with structural bone graft-
ing of large glenoid defects. J Shoulder Elb Surg. 
2016;25(9):1425–32. https://doi.org/10.1016/j.
jse.2016.01.016.

45. Mahylis JM, Puzzitiello RN, Ho JC, Amini MH, 
Iannotti JP, Ricchetti ET. Comparison of radiographic 
and clinical outcomes of revision reverse total shoul-
der arthroplasty with structural versus nonstructural 
bone graft. J Shoulder Elb Surg. 2019;28(1):e1–9. 
https://doi.org/10.1016/j.jse.2018.06.026.

46. Melis B, Bonnevialle N, Neyton L, Levigne C, Favard 
L, Walch G, Boileau P. Glenoid loosening and failure 
in anatomical total shoulder arthroplasty: is revision 
with a reverse shoulder arthroplasty a reliable option? 
J Shoulder Elb Surg. 2012;21(3):342–9. https://doi.
org/10.1016/j.jse.2011.05.021.

47. Ernstbrunner L, Werthel JD, Wagner E, Hatta T, 
Sperling JW, Cofield RH.  Glenoid bone graft-
ing in primary reverse total shoulder arthroplasty. J 
Shoulder Elb Surg. 2017;26(8):1441–7. https://doi.
org/10.1016/j.jse.2017.01.011.

48. Tashjian RZ, Broschinsky K, Stertz I, Chalmers 
PN.  Structural glenoid allograft reconstruction dur-
ing reverse total shoulder arthroplasty. J Shoulder Elb 
Surg. 2020;29(3):534–40. https://doi.org/10.1016/j.
jse.2019.07.011.

49. Lopiz Y, Garcia-Fernandez C, Arriaza A, Rizo B, 
Marcelo H, Marco F. Midterm outcomes of bone graft-

ing in glenoid defects treated with reverse shoulder 
arthroplasty. J Shoulder Elb Surg. 2017;26(9):1581–
8. https://doi.org/10.1016/j.jse.2017.01.017.

50. Valenti P, Sekri J, Kany J, Nidtahar I, Werthel 
JD.  Benefits of a metallic lateralized baseplate pro-
longed by a long metallic post in reverse shoul-
der arthroplasty to address glenoid bone loss. Int 
Orthop. 2019;43(9):2131–9. https://doi.org/10.1007/
s00264- 018- 4249- 4.

51. Lanham NS, Peterson JR, Ahmed R, Jobin CM, 
Levine WN.  Comparison of glenoid bone graft-
ing versus augmented glenoid baseplates in reverse 
shoulder arthroplasty: a systematic review. J Shoulder 
Elb Surg. 2022;2022:22. https://doi.org/10.1016/j.
jse.2022.02.022.

52. Chammaa R, Uri O, Lambert S.  Primary shoul-
der arthroplasty using a custom-made hip-inspired 
implant for the treatment of advanced glenohumeral 
arthritis in the presence of severe glenoid bone loss. 
J Shoulder Elb Surg. 2017;26(1):101–7. https://doi.
org/10.1016/j.jse.2016.05.027.

53. Bodendorfer BM, Loughran GJ, Looney AM, 
Velott AT, Stein JA, Lutton DM, Wiesel BB, Murthi 
AM. Short-term outcomes of reverse shoulder arthro-
plasty using a custom baseplate for severe glenoid 
deficiency. J Shoulder Elb Surg. 2021;30(5):1060–7. 
https://doi.org/10.1016/j.jse.2020.08.002.

54. Rangarajan R, Blout CK, Patel VV, Bastian SA, 
Lee BK, Itamura JM.  Early results of reverse total 
shoulder arthroplasty using a patient-matched gle-
noid implant for severe glenoid bone deficiency. J 
Shoulder Elb Surg. 2020;29(7S):S139–48. https://doi.
org/10.1016/j.jse.2020.04.024.

28 Management of Bone Deficiency in Shoulder Arthroplasty

https://doi.org/10.1016/j.jse.2014.02.017
https://doi.org/10.1016/j.jse.2014.02.017
https://doi.org/10.1016/j.jse.2016.01.016
https://doi.org/10.1016/j.jse.2016.01.016
https://doi.org/10.1016/j.jse.2018.06.026
https://doi.org/10.1016/j.jse.2011.05.021
https://doi.org/10.1016/j.jse.2011.05.021
https://doi.org/10.1016/j.jse.2017.01.011
https://doi.org/10.1016/j.jse.2017.01.011
https://doi.org/10.1016/j.jse.2019.07.011
https://doi.org/10.1016/j.jse.2019.07.011
https://doi.org/10.1016/j.jse.2017.01.017
https://doi.org/10.1007/s00264-018-4249-4
https://doi.org/10.1007/s00264-018-4249-4
https://doi.org/10.1016/j.jse.2022.02.022
https://doi.org/10.1016/j.jse.2022.02.022
https://doi.org/10.1016/j.jse.2016.05.027
https://doi.org/10.1016/j.jse.2016.05.027
https://doi.org/10.1016/j.jse.2020.08.002
https://doi.org/10.1016/j.jse.2020.04.024
https://doi.org/10.1016/j.jse.2020.04.024


265

29Rehabilitation Following Reverse 
Shoulder Arthroplasty

Nikolaos Platon Sachinis and Knut Beitzel

29.1  Introduction

There is currently no widespread consensus or 
guideline for the postoperative management of 
RSA in general or even for specific purposes. All 
relevant parameters, including the length of range 
of motion (ROM) restriction, or active ROM 
induction, are considerably different among pro-
tocols that are included in published studies. 
Thus, the fundamental elements and principles of 
rehabilitation are implemented and debated in 
many ways [1, 2].

Published data also suggests that patients hav-
ing a RSA are willing to return to sports activities 
and many of them accomplish that goal [3]. 
Hence, establishing postoperative therapy mod-
els to safely increase patients’ activities and satis-
faction is crucial. Despite data sparsity, a review 
of published literature provides insight of therapy 
regimes that may improve patients’ outcomes. 
By considering together all aspects of current 
knowledge, key components for patient-specific 
targeted rehabilitation and return to sports are 
presented in this chapter.

29.2  What Do Patients Expect 
and Achieve

Due to the increasing heterogeneity of patients 
undergoing RSA, it is expected that a high per-
centage of them would like to be able to partici-
pate in recreational activities or sports. Past TSA 
and newer RSA studies support this hypothesis. 
Henn the Third et al. in 2011 [4], studied the pre-
operative expectations from 98 unilateral primary 
TSA cases. Mean age was 67.6  years (range, 
30–86 years). Results of this study showed that 
81/98 patients were expecting (to a variant 
degree) to be able to exercise or participate in 
sports and 83/98 to be able to engage in recre-
ational activities. This expectation was found to 
be more significant in younger patients.

Likewise, Rauck et  al. in 2019 [5] reviewed 
prospectively collected data of 333 RSA cases, 
242 being performed for rotator cuff arthropathy 
(RCA), 68 for osteoarthritis (OA), and 23 for 
post-traumatic arthritis. By using the Hospital for 
Special Surgery’s shoulder surgery expectations 
survey, they found a higher preoperative func-
tion, OA, and a history of no previous joint 
replacements to be correlated to greater RSA- 
related expectations. Specifically, 81.7% of 
patients were expecting to a variant importance 
of degree, to be able to perform recreational 
activities; 45.4% non-overhead sports; 37.7% 
over-head sports; and 56.5% professional sports. 
Regarding the last category, 24.9% of patients 
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found it very important to be able to return to a 
professional sport, although the authors of this 
article argue that the reliability of this question, 
due to its varying interpretations, is debated.

Indeed, literature shows that a high number of 
patients manage to return to recreational activi-
ties and sports after RSA. Garcia et al. collected 
data from 76/132 consecutive patients who 
underwent RSA, from 2007 to 2013 [6]. Average 
follow-up was 31.6  months and the mean 
American Shoulder and Elbow Surgeons (ASES) 
scores improved from 34.30 preoperatively to 
81.45. They also found that 85% of patients man-
aged to return to sports at an average of 5.3 months 
after the operation. However they pointed that a 
decreased return to such activities was signifi-
cantly related to age >70 years.

In a more recent systematic review in 2021, 
Francheschetti et al. searched for studies inform-
ing about the frequency of patients returning to 
sports after RSA [3]. The authors finally included 
six articles from 2015 to 2017 and a mean follow-
 up from 2.6 to 4.8  years [6–11]. The review 
revealed that the rate of return to sports ranged 
from 60 to 93% (mean 79%) with a mean ASES 
score of 78.8%, at a mean follow-up of 5.3 years. 
All studies included patients returning to over-
head sports such as tennis, basketball, or 
volleyball.

29.3  Past Rehabilitation Protocols

Despite the huge number of publications regard-
ing RSA, only few papers discuss in a general or 
specific way the rehabilitation protocol/mobiliza-
tion process that patients have to follow and even 
fewer state if patients were able to return to their 
daily, recreational, or sports activities. The 
Rehabilitation Commission of the German 
Society of Shoulder and Elbow Surgery (RCGS) 
systematically searched for important aspects of 
rehabilitation in study protocols, from 01/1989 to 
01/2016 [12]. Despite finding 22 articles that 
included at least a mobilization status depending 
on the postoperative week, due to a lack of 
detailed protocols, a survey between 63 RSA 
experts was conducted.

From these articles, Boudreau et al. review in 
2007 was the only one to outline a structured 
rehabilitation protocol [1]. In summary, the 
authors proposed a four-stage rehabilitation pro-
cess with the following postoperative time end-
points: 1st–6th week; 6th–12th week; 12th–16th 
week; and 16th week and onward. They proposed 
a sling to be worn for 3–4 weeks and no active 
shoulder ROM for the first 6 weeks, with subse-
quent gradual active ROM exercise initiation. 
Regarding shoulder immobilization, most other 
articles up to 2018 follow a consistent path of 
shoulder immobilization for two and up to 4 
weeks [1, 13–26] and fewer advise for a sling to 
be worn for up to 6 weeks [27–32].

The protocol finally produced by RCGS, fol-
lowing the experts survey, pertained a four stage 
rehabilitation protocol, which by postoperative 
time frame was divided as follows: first stage, 1–6 
weeks, with sling to be worn until 3 or 6 weeks 
(depending on the occasion) and passive, assistive 
exercises to be used for maintenance of ROM and 
scapula control; second stage, 6–12 weeks, with 
initiation of active ROM exercise and end goal of 
no scapula dyskinesia and full active ROM; third 
stage 12–16  weeks, commencement of strength 
increase exercises, management of pain free daily 
activities and achieving 75% of total strength and 
endurance; and fourth stage, 16  weeks and 
onward, with a final goal of symmetrical mobility 
and strength to the opposite side and return to 
sports activities, if desired [12].

29.4  Suggestions to Meet Higher 
Patient Expectations

As previously discussed, past rehabilitation pro-
tocols focused on immobilizing the shoulder on a 
sling or brace for the first few weeks, and prohib-
ited patients from actively moving it for 6 weeks. 
The 6 week time point was presumably suggested 
especially in cases where the subscapularis ten-
don was refixed, thus giving it enough time to 
heal without increasing the chances of tendon 
repair failure. Past studies have shown a protec-
tive effect of subscapularis refixation to a RSA 
dislocation [33–35]. However, biomechanical 
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studies revealed that a subscapularis repair 
increased the required deltoid and posterior cuff 
force and also the joint reaction forces [36].

Friedman et al. studied 340 patients undergo-
ing RSA with refixation and 241 without refix-
ation of the subscapularis tendon [37]. The 
authors found a significant degree of difference 
favoring the repaired group in some outcome 
scores and a significant difference favoring the 
non-repaired group on abduction and passive 
external rotation. They concluded that by not 
repairing the subscapularis, especially in lateral-
ized reverse shoulder prostheses, similar out-
comes may be achieved, without also finding a 
difference in dislocation/complication rates. 
However the rehabilitation process of these 
patients was dependent on each individual sur-
geon and not standardized for these two groups.

If the subscapularis tendon is not be repaired 
during RSA, then active ROM of the affected 
shoulder does not jeopardize any healing process, 
and patients may freely move their arm as much 
as their pain and apprehension allows them to do 
so. Van Essen et al. in 2020, published a protocol 
for fast track rehabilitation after RSA, without 
reattaching the subscapularis tendon, nor immo-
bilizing the shoulder [38].

Likewise, Lee et al. in 2021 published a series 
of 357 consecutive RSA in 320 patients, from 
2005 up to 2017 [2]. The senior author of this 
study changed the rehabilitation protocol 
throughout this period, from 6 weeks of immobi-
lization with a sling (2005–2013), to 3 weeks 
(2013–2015), and finally to immediate mobiliza-
tion (sling only for first 24/48 h until the intersca-
lene block wears off). Arguably, advances in 
prosthesis implantation technique and learning 
curve attributed to this change. At 12  months 
follow-up, all three groups’ outcome scores were 
significantly improved when compared to the 
preoperative status; no statistical differences 
were found between groups. The complications 
rate, which consisted of fractures and disloca-
tions, was greater in the 6 week immobilization 
group. The authors reasoned that when patients 
are not wearing a sling, their proprioception 
improves, and they are less likely to fall. It should 
be noted that no revision or fracture cases were 

included in the study and that the senior author 
attempted to reattach the residual cuff to the 
metaphysis whenever possible.

29.5  Contraindications for Fast 
Track Rehabilitation 
Protocols

There are occasions where a RSA may need pro-
tection during the first 3–6 weeks, and a fast track 
protocol is contraindicated. Cho et  al. revealed 
that reduced BMD, increased deltoid length, and 
revision surgery were risk factor for an acromial 
fracture, following RSA [39]. It has been demon-
strated that female patients older than 60 have an 
increased risk of low BMD and especially after 
70, a deteriorated balance and gait [40].

Outcomes of RSA differ between cases of 
RCA, revision arthroplasty, and fracture cases. 
Patients with rheumatoid arthritis have similar 
scores to those with primary RCA, but they are at 
a higher risk of intraoperative fractures and loos-
ening due to poor bone quality [41, 42]. Boileau 
et  al. demonstrated that tuberosity reattachment 
and healing in fracture cases improved active for-
ward elevation, external rotation, and patient sat-
isfaction [43]. Therefore, protection of shoulder 
movement for 6 weeks until tuberosities unite is 
advisable.

Particularly in revision surgery, it is necessary 
to assess each patient’s soft tissue, bone, and neu-
romuscular function to develop a customized 
postoperative plan. Revision arthroplasty patients 
may have comparingly lower ASES and Constant 
Score [44]. Relative research indicates a high fre-
quency of postoperative complications (loosen-
ing, instability) and supports the notion of 
personalized rehabilitation in revision RSA [45].

29.6  Conclusion

Based on current evidence, a standard and a 
fast track protocol are demonstrated in Tables 
29.1 and 29.2, respectively. However, individ-
ual characteristics have to be taken in consider-
ation for adapting a postoperative protocol. 
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Therefore, it is essential for the surgeon to 
communicate the individual changes to the 
patient, the treating physician, and the physio-

therapist. Written postoperative treatment 
schedules may improve the communication in 
individual, complex cases.

Table 29.1 Standard rehabilitation protocol after a reverse shoulder arthroplasty [12]

Phases Physiotherapy Aim
First phase 
(week 1–6)

Immobilization (as a form of protection) 
in 15°–45° of abduction (ABD) for 
3–6 weeks
ABD brace/sling can be remove during 
showers, while eating and for 
physiotherapy
Passive ROM training for 4 weeks, then 
gradual transition to active-assisted (AA) 
ROM
Pendulum exercises
Aquatic therapy if wounds are intact

Symmetrical and pain-free movement compared to 
opposite side: PROM flexion 90°; PROM ABD with 
adjacent scapula 90°

Second phase 
(week 6–12)

Full AAROM transitioning to active 
ROM against force of gravity
Scar mobilization
Aqua gymnastics/aquatic therapy
CPM if favored
Training in closed chain to avoid shearing 
forces
Training in open chain to strengthen
Muscles isolated
Training on everyday movements (ADL)
Limitation: up to the pain threshold
No resistance or strengthening exercises

Active achievement of all possible active range of 
movements
No scapulothoracic dysfunction
Sufficient glenohumeral and scapulothoracic 
functionality

Third phase 
(week 12–16)

Further strengthening and an increase in 
daily activities plays an important role in 
this phase
A special emphasis is based on 
proprioception and strength endurance

Free functional movement in a pain-free range
ADL possible without pain/avoiding overhead 
exercises
If enough strength in RC, phase 4 can start in order to 
carry out ADL cleanly and without pain
75% of normal strength and endurance

Fourth phase 
(>16 weeks)

Stretching
Intensify functional training
This phase includes the return to full 
daily activities and/or sports

Return to sports after 6 months
Mobility and strength are symmetrical to the opposite 
side
Scapulothoracic movement is present without 
significant side-to-side differences
There is no pain at rest and during activity
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Table 29.2 Fast track rehabilitation protocol after a reverse shoulder arthroplasty

Phases Physiotherapy Aim
First phase 
(week 0–2)

Sling for the first 24/48 h until the 
interscalene block wears off
Start physiotherapy from first day
Focus on elbow, wrist, hand function, and 
scapula setting first week, add ROM of 
glenohumeral joint second week, if possible 
active, guided by pain
Only restriction on forced adduction and 
extension of shoulder (push oneself off the 
chair)

Decrease swelling and pain
Recovery of ROM and muscle activation
Achieve if possible 60° of flexion and abduction

Second phase 
(week 2–6)

Retrieve ROM, isometric exercises of deltoid 
(when pain allows followed by isotonic, 
usually after third week)
Strengthen scapulothoracic musculature

Recovery of ROM
Achieve 90° of flexion and abduction, if possible 
active

Third phase 
(week 6–12)

Mobilization of shoulder reaching 
preoperative values or contralateral side
Intensify deltoid and scapulothoracic strength 
and endurance
ADL training

Recovery of optimal ROM
>90° of flexion and abduction
No scapulothoracic dysfunction
Able to do most ADL

Fourth phase 
(>12 weeks)

Increase strengthening/endurance exercises
Intensify and optimize ADL, recreational/
sport activities training

Do ADL pain-free
Start recreational activities
Start sport activities (caution is needed for overhead 
and professional sports, possible achievement if 
ROM and strength have reached approximately 90° 
of preoperative values)
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30Management of TSA and RSA 
Complications: Tips and Tricks 
to Avoid Them

Edoardo Giovannetti de Sanctis, Luca Saccone, 
Angelo Baldari, and Francesco Franceschi

30.1  Introduction

Anatomic (aTSA) and reverse (rTSA) total shoul-
der arthroplasties have shown to be successful in 
relieving pain and restoring shoulder function 
with increased joint mobility.

As with other total joint procedures, shoulder 
arthroplasty might be associated with a multitude 
of complications which are associated with cata-
strophic results, with reduced functional out-
comes and a negative impact on the patient 
quality of life. Furthermore, complications might 
lead to revision shoulder replacement which is 
costly to both the patient and the healthcare sys-
tem. Fortunately, revision surgery after prosthetic 
shoulder arthroplasty is rarely required.

Although the overall number of shoulder 
replacements performed each year has increased 
during the past two decades, the rate of complica-

tions has decreased. This might be due to a better 
understanding of shoulder biomechanics, more 
advanced implant designs with the widespread 
use of the reverse total shoulder arthroplasty and 
an increased surgeon experience gained during 
the years with those procedures.

Bohsali et  al. [1] in their systematic review 
reported a complication rate after aTSA of 14.7% 
within the period 1995–2006. The same author 
[2] showed a decrease (7.4%) of the complication 
rate after both aTSA and rTSA within the period 
2006–2015.

Parada et  al. have analyzed a large database 
quantifying complication and revision rates for 
TSA and RSA [3]. The authors evaluated the out-
comes of 2224 aTSA and 4158 rTSA.

Within the aTSA group, the complication and 
revision rate were, respectively, 10.7 and 5.6%.

The most frequent complication for aTSA was 
rotator cuff tears/failure, occurring in 6.2% of all 
patients and accounting for 57.7% of relative 
aTSA complications and 67.7% of relative aTSA 
revisions.

Aseptic glenoid loosening (complication 
rate  =  2.5%, relative complication rate  =  23%, 
revision rate  =  1.9%, relative revision 
rate  =  34.7%) and infection (complication 
rate = 1.3%, relative complication rate = 11.7%, 
revision rate  =  0.8% relative revision 
rate = 14.5%) were, respectively, the second and 
third most common aTSA complications.
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Among the other aTSA complications: pain 
(complication rate  =  1.8%, relative complica-
tion rate = 16.8%, revision rate = 0.1%, relative 
revision rate = 3.2%), nerve injury (complication 
rate = 0.7%, relative complication rate = 6.3%, 
revision rate = 0.1%, relative revision rate = 0.8%), 
instability (complication rate  =  0.6%, relative 
complication rate = 5.9%, revision rate = 0.5%, 
relative revision rate  =  8.1%), aseptic humeral 
loosening (complication rate  =  0.4%, relative 
complication rate = 3.3%, revision rate = 0.2%, 
relative revision rate = 4.0%), and humeral frac-
ture (complication rate = 0.4%, relative compli-
cation rate = 3.4%, revision rate = 0.1%, relative 
revision rate = 0.8%).

Within the rTSA group, the complication and 
revision rate were, respectively, 8.9 and 1.7%.

The most frequent complication was acromial 
and scapular fracture accounting for 18.5% of 
relative rTSA complications and 0.0% of relative 
rTSA revisions.

Pain (complication rate = 2%, relative compli-
cation rate = 22.1%, revision rate = 0.3%, relative 
revision rate = 10.6%) and instability (complica-
tion rate  =  1.4%, relative complication 
rate = 16.1%, revision rate = 1%, relative revision 
rate = 38.5%) were, respectively, the second and 
third most common rTSA complication.

Among the other complications are as follows: 
infection (complication rate = 0.9%, relative com-
plication rate = 9.7%, revision rate = 0.7%, relative 
revision rate = 26.9%), aseptic glenoid loosening 
(complication rate = 0.6%, relative complication 
rate = 6.5%, revision rate = 0.3%, relative revision 
rate  =  12.5%), humeral fractures (complication 
rate  =  0.8%, relative complication rate  =  9.7%, 
revision rate = 0.0%, relative revision rate = 2%), 
nerve injury (complication rate  =  0.4%, relative 
complication rate = 4%, revision rate = 0.0%, rela-
tive revision rate  =  0.0%), and aseptic humeral 
loosening (complication rate  =  0.1%, relative 
complication rate  =  1.6%, revision rate  =  0.1%, 
relative revision rate = 3.9%).

Scapular notching was assessed in 228 
patients, with an overall rate of 7%. However, 

91.7% of cases were classified as low grade 
according to Nerot-Sirveaux. Debated is whether 
there exists a correlation between scapular notch-
ing, often considered more as a problem than a 
complication, and clinical outcomes.

In rTSA, the incidence of complications has 
changed over time. In 2011 Zumstein et  al. 
reported instability as the first cause (6.9%) of 
complications [4]. Ascione et al. in 2018 reported 
infection as first cause with a rate of 4.1% [5]. 
Therefore, with improvements in design and sur-
gical skills, the rate of infection seems to be out-
pacing the rate of dislocation after rTSA.

In summary, the aTSA has a higher complica-
tion and revision rate than rTSA; the two most 
common complications for each of the group are 
unique to each device (aTSA: rotator cuff failure; 
rTSA: acromial/scapular fractures); the rate of 
infection is similar for both procedures.

As prevention is better than cure, the tips and 
tricks mentioned below might be helpful to mini-
mize the risks of the most common complications.

30.2  Tips and Tricks to Avoid TSA 
Complications

30.2.1  Nerve Injury

Nerve injury in TSA might be due to direct or 
indirect causes [6]. A direct cause, such as tran-
section during the surgical dissection and exces-
sive compression with retractors, acts on the 
nerve itself.

Excessive traction, secondary to arm lengthen-
ing or intraoperative positioning, thermal injury 
from cement extrusion, and pressure from postop-
erative hematoma are the most common indirect 
causes, acting on a third party, which then acts on 
the nerve. These complications are generally 
reversible within 3 months from surgery.

The nerve structures at higher risk of injury 
during TSA are the axillary nerve, the radial nerve, 
the suprascapular nerve and the brachial plexus.
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The axillary nerve injury causes deltoid dys-
function and persistent shoulder lateral pain. It is 
usually damaged during surgery at the inferior 
glenoid rim due to prolonged retraction or exces-
sively wide exposure with electrocautery. Early 
diagnosis might be difficult as the shoulder is 
immobilized and the patient does not realize to 
have a deltoid deficit. Lateral hypoesthesia would 
help with the diagnosis.

In order to prevent this injury, caution should 
be used during periosteal detachment in glenoid 
preparation and when reaming the humeral 
metaphysis, as the axillary nerve has been shown 
to lie between 3.2 and 12.4 mm from inferior gle-
noid rim and at an average of 8.1 mm from the 
lesser edge of the humeral metaphysis [7, 8].

Lädermann et  al. [9] observed a greater arm 
lengthening in patients with electromyography 
(EMG) subclinical changes indicating an axillary 
nerve lesion (4.2 cm vs 2.6 cm). Marion et al. [10] 
found that lowering the humeral center of rotation 
(CoR) beyond the middle of the glenoid should be 
avoided for not increasing nerve tension, whereas 
humeral lateralization had no effect on it.

Traction is the most common mechanism of 
brachial plexus injury in TSA [6]. Kam et al. [11] 
showed that a combination of excessive external 
rotation, extension, and abduction, respectively, 
greater than 60°, 50°, and 70° would increase the 
stress more than 10% at the brachial plexus.

The use of arm support during surgery would 
decrease the brachial plexus strain during the TSA 
procedure. It is therefore suggested to avoid exces-
sive traction while placing the arm in those posi-
tions at risk (particularly during humeral 
preparation) and to use the arm support during the 
procedure.

The biggest risk factors for radial nerve injury 
in TSA are intraoperative periprosthetic humeral 
fracture, subsequent cement extravasation with 
both compressive and thermal damage, and direct 
damage due to wrong cerclage wire application 
[6]. It is recommended to ream and impact care-
fully the humeral component and once needed to 

place the cerclage proximal to the inferior edge 
of the latissimus dorsi tendon [12].

Glenoid baseplate fixation with screws during 
rTSA has been identified as the biggest risk fac-
tor for suprascapular nerve injury [6]. Posterior 
and superior screws could damage or over- 
penetrate the suprascapular nerve when drilling. 
During baseplate fixation in RSA, the distance of 
the posterior and superior screws should be care-
fully considered [13].

30.2.2  Periprosthetic Joint Infection

The rate of rTSA prosthetic infection has been 
reported by Ascione et al. to be 4.1% [5]. The pre-
disposing factors are prior shoulder surgery (e.g., 
arthroscopic rotator cuff repair), obesity, rheuma-
toid arthritis, malnutrition, and long operation 
time [14]. The most common pathogen is the 
Cutibacterium acnes (formerly Propionibacterium 
acnes), which is normally present on the skin and 
takes up to 14 days to be detected from the culture 
[15]. The symptoms in case of Cutibacterium 
infection are unexplained pain with no other signs 
of infection and osteolysis at the radiographs or 
CT scan. Other commonly observed organisms 
are the Staphylococcus epidermidis and 
Staphylococcus aureus. Symptoms given by those 
bacteria normally are purulent joint fluid with pus 
discharge fistula.

Several are the strategies described to pre-
vent periprosthetic infections: bathing with 
chlorhexidine gluconate on the day before sur-
gery, administration of cephalosporin as a pre-
ventive antibiotic 1 h before surgery, changing 
surgical gloves regularly, changing the blade 
after skin incision, frequent surgical site irriga-
tion (also with diluted povidone), injection of 
gentamicin at the time of closure, and use of 
antibiotic-loaded cement (1  g of vancomycin/
bone cement) [16].

In low grade infection, intraoperative biopsy 
with arthroscopy and culture is mandatory for 
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Fig. 30.1 Two-stage revision with use of antibiotic 
spacers

diagnosis. The biopsy is much more sensitive and 
specific than aspirate [17].

The preferred management strategy remains 
controversial. In acute infection (less than 
6  weeks), open irrigation, debridement, and 
exchange of polyethylene could be a strategy, 
though it has shown a success rate of only 50%. 
In chronic infection, the two-stage revision is the 
gold standard at the moment with higher success 
rate (Fig.  30.1) [18]. One stage exchange has 
been proposed due to lower stress to soft tissues 
and decreased time and costs, showing good clin-
ical outcomes in selected cases [19].

30.2.3  Intraoperative Fracture

Uncommon and difficult to manage, those frac-
tures occur, more frequently on the humeral side, 
during impaction or arm positioning [20]. 
Broaching parallel to the humeral shaft and 

avoiding excessive fitting of the humeral stem 
might prevent these fractures.

While treating humeral fractures, it is mandatory 
to reach the stem stability. With a stable stem, the 
fracture might be fixed; otherwise the stem should 
be replaced with a longer cemented one [21].

Glenoid fractures occur most commonly dur-
ing reaming or implant fixation and might be 
repaired with baseplate locking screws or exter-
nal screws. Small fractures could be ignored, 
whereas catastrophic ones should be treated with 
a bone graft [22].

30.3  Tips and Tricks to Avoid rTSA 
Complications

30.3.1  Acromial and Scapular 
Fracture

Acromial and scapular fractures are relatively 
rare (Fig.  30.2). The cause of RSA-associated 
scapular spine fractures is still controversial. The 
etiopathogenesis is frequently classified as: trau-
matic (caused by another fall) or stress fractures 
due to increased deltoid strain.

Overtensioning the deltoid by lateralizing or 
distalizing the implant has been reported as a risk 
factor for acromial or scapular spine stress frac-
tures [23].

Giles et al. [24] found that humeral lateraliza-
tion, compared to glenoid lateralization and 
humeral lengthening, was the only parameter 
decreasing deltoid forces required for active 
abduction. Thus, humeral lateralization might 
reduce either deltoid fatigue or the risk of 
scapula- acromial fractures.

Lädermann et al. [25] evaluated the effects 
of arm lengthening on clinical outcomes. The 
amount of arm lengthening correlates with 
deltoid lengthening. A shortening of the arm 
and thus a lack of retensioning of the deltoid 
constantly lead to poor results, whereas 
excessive lengthening might increase the risk 
of complications such as acromial fracture. 
The arm lengthening is directly correlated to 
the thickness of the polyethylene insert, the 
size of the implant, the use of an eccentric 
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Fig. 30.2 Scapular fracture

glenosphere, and the position of the gleno-
sphere in the vertical plane. The authors 
stated that arm lengthening above 2.5  cm 
compared with the contralateral side should 
be avoided, increasing the risk of complica-
tion without improving significantly the 
ROM. The goal should be to use the smallest-
thinnest implant-insert with a good intraop-
erative stability.

Osteopenia due to both age and shoulder dis-
use might be taken into account, when deciding 
to implant a prosthesis with an increasing stress 
to the deltoid.

Lastly, attention must be paid while fixating 
the baseplate to avoid scapular fracture. The 
placement of the superior screw has been shown 
to be a risk factor for scapular fractures, when 
oriented posterosuperiorly toward the scapular 
spine; if oriented toward the coracoid, the risk 
of scapular spine fracture decreases dramati-
cally [26].

Still debated is the preferred management 
strategy for scapular and acromial fractures in 
rTSA, as surgical treatment has not shown sig-
nificantly better clinical outcomes. These frac-
tures are more frequently treated nonoperatively 
(immobilization with an abduction sling for 4–6 

weeks) and lead to inferior clinical and radio-
logical results compared to RSA without an 
associated fractures [27]. Operative treatment 
with plate fixation of scapular spine fractures 
might be considered in younger patients with 
high functional demands.

30.3.2  Instability

Although the rTSA design has been proposed to 
improve joint stability, altering the shoulder bio-
mechanics, the tensioning of the remaining mus-
cles is mandatory in patients with poor soft tissue 
envelope to avoid anterior or posterior 
dislocations.

With improvements in designs, the incidence 
of early dislocations seems to be decreasing. 
Among the risk factors are as follows: previous 
surgery, lack of soft tissue tension (deltoid or 
subscapularis failure) due to implant malposition 
or tendon deficiency, improper version of the 
implant, and mechanical impingement [14].

The soft tissue tension might be decreased due 
to the design of the prosthesis (Grammont in 
rTSA) or to humerus proximalization (in proxi-
mal humeral bone loss—PHBL). The humeral 
height might be shortened, compared to the nor-
mal opposite side.

In rTSA the deltoid and cuff tension might be 
increased by lateralizing either the glenoid or 
humeral components using specific implants.

Debated is whether the glenosphere size has 
any effects in joint stability, modifying the force 
required to dislocate the shoulder [28–30]. It has 
been demonstrated that the humeral socket depth 
has higher effect than the glenosphere size; but 
the greater the constraint the higher the risk of 
impingement with decreased ROM [29, 31].

Glenosphere lateralization may have a role in 
increasing deltoid muscle compression forces 
and implant stability [24]. Henninger et al. [32] 
showed that glenoid lateralization leads to a pro-
gressive increase of forces required for the 
humerus to be dislocated anteriorly. The potential 
negative effects are an increased needed deltoid 
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Fig. 30.3 rTSA instability caused by superior tilting of the baseplate

force for active ROM and a potential higher risk 
for acromial stress fractures.

Guarrella et al. [33], in a retrospective multi-
center series of 1035 rTSA, confirmed that gle-
noid bony lateralization has a primary effect in 
preventing shoulder instability.

Both humeral and glenoid version have a role 
in the overall implant stability. Favre et al. [34] 
outlined a greater influence of the humeral com-
ponent version in rTSA stability. Currently, the 
glenoid and humeral implant are recommended 
to be implanted, respectively, at 0°–10° and 
0°–30° of retroversion to maximize stability [35].

Humeral lengthening is a crucial factor influenc-
ing rTSA stability. Lädermann et  al. [36] have 
shown that humeral shortening is associated with an 
increased risk of dislocation. However, as men-
tioned previously, an excessive humeral lengthen-
ing might overstuff the joint, overtensioning the soft 
tissue envelope, with a decreased ROM [24, 37].

In case of PHBL, the aim should be distalizing 
the humerus to its correct height, which can be 
achieved by using a thicker polyethylene and/or 
metal tray or an inferior eccentric glenosphere.

Implanting an inferior eccentric glenosphere 
has been shown to prevent scapular notching and 
improve stability by 17% [28, 38]. Furthermore, 
the baseplate should be placed as inferior as pos-
sible for the same reasons mentioned above.

Inferior tilt of the glenoid has been proposed 
as a way of improving glenohumeral stability. In 
a biomechanical study, Gutiérrez et al. [39] con-
cluded that an inferior tilt of 15°, compared to 0° 
and to a superior tilt of 15°, resulted in highest 
compressive forces with a reduced risk of insta-
bility. Those results were then confirmed by sev-
eral authors [40, 41] (Fig. 30.3).

The subscapularis which is considered a pro-
tector against anterior dislocation in aTSA and 
medialized rTSA might be not necessary in later-
alized rTSA implants, as the whole compression 
needed is carried out by the deltoid [42].

30.3.3  Aseptic Glenoid Loosening

Aseptic glenoid loosening may be related to poor 
bone stock, excessive version or superior inclina-
tion, the design of glenoid component, the tech-
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nique of fixation used, and excessive joint 
reaction forces [43].

The compressive forces acting on the glenoid 
side have a stabilizing effect on the glenosphere, 
whereas the shear forces, acting in a direction 
parallel to the glenoid, might lead to the compo-
nent loosening [44].

The correction of the glenoid version and 
inclination is mandatory and might be performed 
through an eccentric reaming and the use of bone 
grafts (e.g., Bony Increased Offset) or augmented 
baseplates [45]. Excessive reaming should be 
avoided as it is associated with weakening of the 
subchondral bone, loss of bone volume, and sur-
face area. Bone grafts and augmented baseplates 
preserve bone stock enhancing the baseplate fixa-
tion, correct glenoid version and inclination, and 
increase the implant lateralization. In severe gle-
noid defect, a custom-made baseplate might be 
implanted.

The baseplate stability is due mainly to the 
central fixation element, which could be a modu-
lar central screw, a monoblock baseplate screw, a 
central peg, or central post. Debated is which 
among those elements improve the most implant 
stability.

The central screw offer enhanced initial fixa-
tion due to better compression, whereas a central 
post might have a higher long-term ingrowth 
potential.

After fixing the baseplate with the central fixa-
tion element, additional stability is achieved by 
peripheral screws. These might be either com-
pression or locking screws. The failure rate of the 
glenoid component in rTSA have decreased sig-
nificantly after the introduction of locking screws 
for baseplate fixation [46]. Formaini et al. [47], 
comparing a hybrid configuration of locking and 
compression screws with an all-locking screws 
configuration, reported no differences in terms of 
fixation failure rate.

The number of peripheral screws to be used 
depends on the implant design. Roche et al. [48] 
evaluated fixation strength comparing two, four, 
or six screws. Four screws led to an equal and 
higher fixation strength compared, respectively, 
to six and two screws. Furthermore, the authors 

showed that the longer the peripheral screws, the 
stronger the construct.

Optimal screw placement has been defined as 
that which maximized screw length, accom-
plished far cortical fixation, and attained screw 
purchase in good bone stock [49].

Humphrey et al. provided practical guidelines 
for surgeons and proposed the concept of the 
three major columns (the base of coracoid, the 
spine, and the pillar) to obtain optimal initial fix-
ation of the glenoid component. Each column 
consists of bone that is suitable for achieving 
strong screw purchase. The trajectory of the 
superior screw should overlap with the first col-
umn (the base of the coracoid). The anterior 
screw should be placed through the second col-
umn (the scapular spine), and it should be aimed 
superiorly and posteriorly passing superior to the 
post of the baseplate. The inferior screw should 
be placed within the third column (the scapular 
pillar). The posterior screw might be placed 
anterosuperiorly toward the base of the scapular 
spine or anteroinferiorly toward the anterior 
prominence of the scapular pillar [49].

30.3.4  Scapular Notching

The scapular notching is a unique problem and a 
common radiographic finding after rTSA.

It refers to an erosive lesion of the inferior part 
of the scapular neck due to repetitive contact of 
the humeral component polyethylene during 
adduction and extension. It will also lead to poly-
ethylene wear, joint inflammation, and a higher 
risk of implant loosening [50]. Frequently the 
impingement occurs with the arm in a resting 
position. Risk factors for scapular notching are 
low BMI, a small inferior overhang of the gle-
noid implant, a greater neck shaft angle, a supe-
rior tilt of the baseplate, and smaller implant size 
[38, 51].

Positioning the glenosphere with inferior 
overhang, inferior tilt, and lateralization has been 
proposed as the optimal combination on the gle-
noid side to reduce scapular notching risk 
[52–55].
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In a 3D computer templating model, Werner 
and colleagues found that the 135° neck-shaft 
angle had a larger impingement-free ROM [56]. 
According to Gutierrez et al. the implant with the 
lowest rate of scapular notching would have a 
humeral neck-shaft angle of 130° and a 10 mm- 
lateralized 42  mm glenosphere with an inferior 
position (with 3.5 mm of inferior overhang [57]) 
and tilt.

In conclusion, to prevent this complication, 
the glenosphere should be implanted with both 
an inferior overhang and inferior tilt, the CoR 
should be lateralized, and the humeral NSA 
should be decreased.

30.4  Tips and Tricks to Avoid aTSA 
Complications

30.4.1  Rotator Cuff Tear and/or 
Subscapularis Failure

A well-functioning rotator cuff is necessary for suc-
cessful anatomic total shoulder arthroplasty. Young 
et al. [58] suggested that secondary rotator cuff dys-
function is the natural progression and a recognized 
complication observed in aTSA long- term follow-
up. The altered soft tissue envelope, as a conse-
quence of surgery, the modified joint kinematics, 
and an increased rotator cuff demanding might be 
the causes of this complication. Postoperative rota-
tor cuff failure, considered as a complication after 
aTSA, should be distinguished from incorrect indi-
cation (shoulder replacement performed in a patient 
with a preoperative RC alteration) and when sur-
gery is not executed appropriately.

When performing an aTSA through a delto-
pectoral approach, preserving the integrity of the 
subscapularis tendon for final proper tenodesis 
and a clear visualization of the posterosuperior 
rotator cuff to reduce the risk of damage while 
resecting the humeral head is mandatory.

The glenoid component positioning is another 
crucial surgical step. The proper correction of 

glenoid version and inclination reduces the risk 
of joint kinematics alteration.

Furthermore, the glenoid and/or humeral 
implant overhang should also be avoided as it 
might increase the mechanical stress of the rota-
tor cuff [59].

30.4.2  Aseptic Glenoid Loosening

Several factors have been proposed as causes of 
aseptic glenoid loosening in aTSA: the implant 
design, the surgical technique, patient character-
istics, the preoperative integrity of the rotator 
cuff, and the static posterior subluxation of the 
humeral head (Fig. 30.4).

The “rocking horse” phenomenon has been 
proposed as explanation for glenoid component 
loosening [60]. The eccentric loading of the gle-
noid component, with repetitive compression on 
one side and distraction on the other side, leads to 
early mechanical failure at the bone-implant 
interface. This phenomenon might be worsened 

Fig. 30.4 A failed aTSA
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by GH instability, rotator cuff dysfunction, and 
glenoid component malposition [61].

The glenoid bone defect correction, avoiding 
excessive reaming to preserve bone stock and 
using augmented components or bone grafts, 
increases glenoid component fixation with a 
reduced risk of loosening [61, 62].

Several glenoid components for aTSA are 
available: anatomic pear-shaped vs elliptical, all- 
polyethylene vs metal backed, flat vs curved back 
design, inlay vs onlay, keels vs pegs, cemented vs 
uncemented. Still debated is which design has the 
lowest risk of loosening [63–65].

30.5  Conclusion

The number of shoulder arthroplasty performed 
has increased tremendously during the last 
decade, and it is estimated to rise by 322% by 
2050 [66]; therefore a thorough understanding of 
the management of the main complications is 
mandatory. The relatively high complication rate, 
after aTSA, has led physician to shift to the 
“safer” rTSA. The reason for this is also a poor 
understanding of the cause of rotator cuff failure 
and glenohumeral posterior subluxation. Once a 
solution for those problems will be found, the 
rate of aTSA might increase significantly.

Lastly, surgical tips and tricks are useful once 
associated with a correct surgical indication, an 
exhaustive dialogue with the patient, and an 
accurate preoperative planning.
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31RSA in a Patient with an Intact 
Rotator Cuff

Clara de Campos Azevedo, Carlos Maia Dias, 
and Ana Catarina Ângelo

31.1  Introduction

Reverse total shoulder arthroplasty (RSA) was 
originally designed to improve the outcomes of 
patients who had glenohumeral osteoarthritis and 
a massive irreparable rotator cuff tear (RCT) and 
avoid the complications of anatomic total shoul-
der arthroplasty (aTSA) in this setting [1], 
whereas aTSA was the preferred treatment choice 
for patients with glenohumeral osteoarthritis and 
an intact rotator cuff. In recent years, the use of 
RSA has increased dramatically, and the good 
clinical outcomes have led surgeons to expand 
the indications beyond massive RCT arthropathy, 
including the treatment of massive irreparable 
RCTs without arthropathy, acute proximal 
humerus fractures, and fracture sequelae, revi-
sion surgery and revision shoulder arthroplasty, 
and the treatment of glenohumeral osteoarthritis 
with an intact rotator cuff.

In the present chapter, the rationale, results, 
and current indications for RSA in patients with 
primary glenohumeral osteoarthritis and an intact 
rotator cuff are reviewed and discussed.

31.2  Biomechanical Rationale 
for Anatomic or Reverse 
Total Shoulder Arthroplasty 
in Patients with an Intact 
Rotator Cuff

The purpose of aTSA in the treatment of gleno-
humeral osteoarthritis is to replace the diseased 
glenohumeral joint, reestablish the anatomy, and 
restore painless shoulder function. One of the 
most important aspects that must be acknowl-
edged when aiming to reestablish the anatomy of 
the glenohumeral joint is that the shoulder is an 
anatomically flawed joint, where the ball is too 
large for the socket, and therefore there is a high 
dependence on the labrum, capsule, ligaments, 
rotator cuff muscles, and scapular stabilizers to 
maintain glenohumeral stability. The surround-
ing soft tissues come into play together with the 
humerus, sternum, thorax, clavicle, and scapula, 
forming an anatomically complex joint, the 
“shoulder articular complex,” that includes the 
glenohumeral joint, the acromioclavicular joint, 
the scapulothoracic joint, the sternoclavicular 
joint, and the subacromial space. To achieve 
maximum movement with minimum instability, 
the center of rotation (CoR) of the glenohumeral 
joint must remain in a “physiological box” 
throughout the range of motion (Fig. 31.1), which 
requires the preservation of (1) the combined 
action of the vertical and horizontal glenohu-
meral force couples, (2) the scapular force cou-
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a b

Fig. 31.1 Representation of the vertical and horizontal 
force couples. The green arrows represent the force cou-
ples in the coronal (a) and axial (b) planes that balance to 
keep the humeral head inside a “physiological box” (blue 
lined square). (a) Vertical stability—The upward deltoid 
pulling force is counteracted by the contracted superior 
cuff and by the superior capsule. Simultaneously, the rota-
tor cuff pulls the head of the humerus toward the glenoid 

concavity, participating in the negative pressure generated 
by the surrounding labrum and capsuloligamentous struc-
tures. (b) Horizontal stability—The anterior cuff and 
capsule balance with the posterior cuff and capsule, keep-
ing the humeral head centered in the glenoid, while simul-
taneously pulling the humeral head toward the center of 
the glenoid concavity

ples, (3) the scapulohumeral rhythm and scapular 
motion, and (4) the kinetic chain.

When aTSA is performed, only the glenohu-
meral bone and cartilage interface is replaced. 
Therefore, from the biomechanical and anatomi-
cal standpoints, the ideal indication for aTSA 
would be osteoarthritis of the glenohumeral joint 
in a patient with preserved vertical and horizontal 
force couples, with an intact rotator cuff and 
intact scapulohumeral rhythm. However, as 
Walch and colleagues previously acknowledged 
[2], there is a dynamic, progressive component in 
the natural history of glenohumeral osteoarthri-
tis, which is probably related to rotator cuff mus-
cular imbalance. Furthermore, the prevalence of 
RCTs increases with age, ranging from 30 to 
80% for the population aged 60–80 years, respec-
tively [3, 4]. Therefore, replacing the glenohu-
meral bony interface alone may be insufficient to 
effectively treat primary glenohumeral osteoar-
thritis, even in the setting of an intact rotator cuff 

preoperatively. The high rate of complications of 
aTSA reported in the long-term follow-up study 
by Evans et al. [5] seems to further confirm this 
theory. This study showed a 100% rate of aseptic 
glenoid loosening and an 83.2% rate of RCTs 
20  years after aTSA and high rates of glenoid 
loosening, humeral head migration, and declin-
ing patient outcomes 10  years after aTSA.  The 
complication rate 20  years after aTSA may be 
less concerning in elderly patients who will prob-
ably not need a revision in their lifetime, whereas 
the 10-year complication rate of aTSA raises 
important concerns in younger patients who will 
probably require complex revision surgeries [5].

When RSA is performed, the glenohumeral 
bony interface alone is replaced as well, but the 
CoR of the new prosthetic glenohumeral joint is 
medialized and the humerus is distalized. The 
RSA restores the balance of the vertical force 
couples by providing a fulcrum to the deltoid 
pulling vector, and shoulder forward flexion is 
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Fig. 31.2 Representation of the balanced vertical force 
couple in a reverse total shoulder arthroplasty (RSA). The 
vertical pulling vector (yellow arrow) of the deltoid mus-
cle (orange curved lines) is counteracted by the fulcrum 
produced by the glenosphere-insert interface with the 
CoR (orange dot) of the new prosthetic glenohumeral 
joint and the distalized humerus

restored even in the setting of a RCT (Fig. 31.2). 
The semi-constrictive design of the RSA contrib-
utes to stabilize the joint throughout the range of 
motion (ROM). In studies using RSA designs 
that lateralize the humerus, increased internal 
rotation postoperatively has been reported, even 
in studies where no repair of the subscapularis 
tendon was performed.

Therefore, considering the biomechanics of 
the aTSA and RSA and the natural history of gle-
nohumeral osteoarthritis, theoretically a more 
favorable and durable outcome might be achiev-
able by using RSA compared to aTSA in the 
treatment of osteoarthritis in patients with an 
intact rotator cuff.

31.3  Clinical Rationale for RSA 
in Patients with an Intact 
Rotator Cuff

The trend toward RSA has increased in recent 
years, with the purpose of avoiding the most fre-
quently reported complications after aTSA, and 
RSA has been advocated by several authors in the 
subsets of patients with an intact rotator cuff but 
who present a higher risk of complications after 
aTSA, particularly subscapularis or posterosupe-
rior rotator cuff tendon failure and aseptic gle-
noid loosening. Indeed, aTSA has shown rates of 
clinical and subclinical subscapularis tendon fail-
ures as high as 50% [6], and several authors have 
shown the importance of subscapularis tendon- 
sparing approaches for achieving better outcomes 
after aTSA [7]. Conversely, modern lateralized 
RSA designs have been shown to be more forgiv-
ing regarding subscapularis tendon insufficiency, 
with reported decreased rates of instability com-
pared to either classic Grammont RSA designs or 
aTSA [1]. Furthermore, RSA seems to perform 
better than aTSA in patients with an established 
glenoid deformity. Indeed, some studies have 
shown a tendency to less favorable outcomes 
after aTSA in patients who have an established 
glenoid bone deformity [8, 9], particularly in 
patients with Walch type B2 glenoids [10]. 
Therefore, the modified Walch classification for 
glenoid morphology in the setting of glenohu-
meral osteoarthritis [11] must be carefully con-
sidered when choosing between aTSA and 
RSA.  Indeed, glenoid morphology has increas-
ingly become one of the most consensual guides 
for the decision between aTSA and RSA, with 
primary glenohumeral osteoarthritis with 
advanced glenoid retroversion currently being 
the primary indication for RSA in patients with 
no RCTs (Fig. 31.3) [12].
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Fig. 31.3 Preoperative imaging study of a patient with a 
primary glenohumeral osteoarthritis and an intact rotator 
cuff. (a, b) Axial views of the preoperative computed 
tomography scan, showing a posteriorly decentered 
humeral head and a retroverted glenoid, as a result of an 

imbalanced horizontal force couple; (c) T2_fs coronal 
view of the magnetic resonance imaging (MRI) of the 
same shoulder, showing an intact superior rotator cuff; (d) 
T2_fs MRI sagittal view, showing the absence of muscle 
belly atrophy of each of the four rotator cuff muscles

31.4  Clinical Results of RSA 
in Patients with an Intact 
Rotator Cuff

Early clinical studies comparing patients treated 
with aTSA and RSA included different patient 
populations and different indications and either 
found that aTSA provided better outcomes than 
RSA [13–15] or that aTSA provided similar 
results than RSA [16–18]. However, recent stud-
ies comparing patients treated with aTSA and 
RSA in similar patient populations (similar aver-
age ages) and similar indications (glenohumeral 
osteoarthritis with an intact rotator cuff) have 
consistently shown that overall both procedures 
produce similar outcomes [19–22].

Merolla et  al. [22] conducted a multicenter 
retrospective cohort study of 83 consecutive 
shoulders in patients with an average age of 
71.6 years (range, 68–72 years), who had gleno-
humeral osteoarthritis and an intact rotator cuff. 
Forty-seven shoulders with aTSA (average age, 
70 years; range 68–72) were compared with 36 

shoulders with an RSA (average age, 74  years; 
range 69–75), at a minimum follow-up of 2 years 
(average follow-up, 28.8 months). The subgroup 
analysis of patients aged 70  years or older (26 
patients with aTSA versus 32 patients with RSA) 
showed that the postoperative active forward ele-
vation (170° versus 160°, p  =  0.072), external 
rotation (22.5° versus 20°, p = 0.269), and inter-
nal rotation (6 versus 8 points, p = 0.854) were 
similar between the subgroups, whereas the post-
operative active abduction was higher in the 
aTSA subgroup (160° versus 150°, p  =  0.006). 
The RSA subgroup had significantly lower pre-
operative ROM scores except for external rota-
tion (10° versus 7.5°, p = 0.334). The complication 
and revision rates did not significantly differ 
between the subgroups. The authors concluded 
that, overall, both aTSA and RSA produced good 
clinical midterm outcomes in patients aged 
70 years or older, with an intact rotator cuff.

Haritinian et  al. [19] conducted a single- 
surgeon retrospective cohort study that included 
patients with osteoarthritis and an intact rotator 
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cuff. Thirty-nine patients treated with aTSA 
(average age, 68 years) were compared with 12 
patients treated with RSA (average age, 71 years) 
at a minimum follow-up of 2 years. Preoperatively, 
the average external rotation, internal rotation, 
and Constant score (CS) were significantly higher 
in the aTSA group than in the RSA group (exter-
nal rotation, +5° versus −4°, p = 0.037; internal 
rotation, 2.2 versus 0.8 points, p = 0.007; CS, 30 
versus 22 points, p  =  0.021, respectively). 
However, there were no significant differences 
between the aTSA and RSA groups in either the 
postoperative ROM or CS (71 versus 67 points) 
or in the improvements in the average ROM or 
CS (41 versus 45.5 points). The proportion of 
Walch type B glenoids was higher in the RSA 
group (Walch type A 33%, Walch type B 67%) 
compared with the aTSA group (Walch type A 
51%, Walch type B 49%). In patients with Walch 
type B glenoids, the glenoid retroversion was sig-
nificantly higher in the RSA group (25° versus 
14°, p = 0.026). Patient satisfaction was similarly 
high in patients treated with aTSA and RSA, with 
68% and 75% reporting being very satisfied and 
28% and 17% reporting being satisfied, 
respectively.

Wright et  al. [21] conducted a single- 
institution retrospective cohort study that 
included patients who had osteoarthritis with no 
full-thickness RCT and had less than 90° of for-
ward elevation. One hundred and two patients 
treated with aTSA (average age, 77 years) were 
compared with 33 patients treated with RSA 
(average age, 78 years). There was a significant 
difference in the proportion of Walch type B3 
glenoids between the RSA and aTSA groups 
(18% versus 2%, p = 0.001). At final follow-up, 
30 patients were deceased (26  in the aTSA and 
4 in the RSA group), others declined to partici-
pate in the clinical assessment or were lost to 
follow-up, and the patient-reported outcome 
measures (PROMs) were compared between 46 
patients with aTSA (45% of all patients in the 
aTSA group) and 21 patients with RSA (64% of 
all patients in the RSA group). The authors found 
no significant difference in PROMs, complica-
tion rate, or revision surgery rate between patients 
treated with aTSA and RSA (complications, 

13.7% versus 12.1%, p  =  0.810; reoperations, 
6.9% versus 3.0%, p = 0.418), at a minimum fol-
low- up of 2 years (average, 81 months). The most 
frequent complication in the aTSA group was 
rotator cuff tear (11 cases), and most reoperations 
after aTSA were related to cuff dysfunction. The 
authors concluded that RSA can be considered to 
manage glenohumeral osteoarthritis in elderly 
patients with an intact rotator cuff and limited 
preoperative motion as it can achieve good clini-
cal results, equivalent to aTSA. The authors high-
lighted the high rate of rotator cuff insufficiency 
at midterm follow-up in patients treated with 
aTSA and that this should be considered in the 
decision-making between the two treatment 
options because of the similar outcomes and 
patient satisfaction rates seen with RSA and 
aTSA.

Friedman et  al. [20] conducted an interna-
tional multi-institutional database study that 
compared 370 patients treated with aTSA with 
370 patients treated with RSA who had an intact 
rotator cuff, osteoarthritis, and no previous sur-
gery and who were matched for age (average, 
73  years), sex, body mass index (BMI), and 
length of follow-up. No significant differences at 
a minimum follow-up of 2  years (average, 
41 months) were found postoperatively between 
the aTSA and RSA group, either in the PROMs 
(CS, 71.0 versus 71.8; American Shoulder and 
Elbow Surgeons Score, 84.9 versus 86.7; 
University of California at Los Angeles Shoulder 
Score, 30.8 versus 31.1; and Simple Shoulder 
Test, 10.1 versus 10.5) or in active abduction and 
forward elevation, even though preoperatively 
the patients who underwent RSA had worse pre-
operative active abduction and forward elevation 
and increased glenoid bone deformity compared 
to patients who underwent aTSA.  The authors 
reported that the average improvement in active 
forward elevation was significantly greater in the 
RSA than in the aTSA group (55.8° versus 47.5°, 
respectively; p = 0.0125) and, conversely, that the 
average postoperative active external rotation 
was significantly greater in the aTSA than in the 
RSA group (53° versus 38°, respectively; 
p = 0.0001), and this exceeded the minimal clini-
cally importance difference (MCID). However, 
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the clinical relevance of the average difference in 
active external rotation found between groups 
could be considered arguable. Furthermore, 
higher complication rates were found in the 
aTSA group (subscapularis tendon failure, RCTs, 
or aseptic glenoid loosening) compared to the 
RSA group (scapular and acromial fractures or 
instability), with statistical significance, and the 
revision rates were trending toward a statistical 
difference (3.2% versus 1.4%, p  =  0.08). 
Nevertheless, pain relief was excellent, and 
patient satisfaction was high in both groups (94% 
and 93%), and the authors concluded that RSA is 
a viable treatment option in patients with an 
intact rotator cuff and offering similar clinical 
outcomes.

31.5  Summary

Early evidence suggested that RSA had higher 
complication and revision rates, but complication 
rates have decreased as RSA indications have 
expanded, experience has increased, and RSA 
designs have improved. The most recent studies 
comparing the outcomes of patients over 70 years 
of age with glenohumeral osteoarthritis and an 
intact rotator cuff treated with aTSA and RSA 
show that both procedures achieve similarly good 
clinical results, despite RSA being used in 
patients with worse preoperative outcome scores 
and more severe glenoid deformity. Therefore, 
RSA is a reasonable and reliable option to treat 
primary glenohumeral osteoarthritis in the elderly 
with an intact rotator cuff.
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32Anatomic TSA in Elderly Patients: 
Concerns and Advantages

Tyler R. Johnston, Vivian Chen, and Ranjan Gupta

32.1  Introduction

Prior to the development of the reverse total 
shoulder arthroplasty (rTSA) prosthesis, ana-
tomic shoulder replacement served as the only 
total shoulder arthroplasty option for treatment of 
advanced glenohumeral arthrosis, irrespective of 
patient age. In the elderly patient population par-
ticularly, concerns of patient selection, bone 
quality, bone loss, and soft tissue balancing come 
to a head, and anatomic total shoulder arthro-
plasty (aTSA) presents unique challenges that 
distinguish this surgical intervention as one of the 
most challenging surgeries confronted by upper 
extremity specialists.

On the other hand, since the introduction of 
rTSA, these designs have progressively gained 
acceptance and adoption with widespread implant 

availability as well as technical ease and implant 
refinements, corroborated by outcomes data. 
Accordingly, the threshold for performing a 
reverse has significantly decreased, resulting in 
more elderly patients receiving rTSAs over aTSAs. 
Nonetheless, aTSAs are still routinely performed 
in elderly patients and remain a powerful treat-
ment option for the appropriately selected patient. 
Importantly, unlike an rTSA, in order for an aTSA 
to be successful, every aspect of the surgery, 
including patient selection, medical optimization, 
bone stock management, soft tissue integrity and 
handling, as well as postoperative patient compli-
ance, must all be skillfully managed. Additionally, 
aTSA maintains important roles in specific patient 
subgroups including those with Parkinson’s dis-
ease and/or history of stroke. Therefore, the ideal 
aTSA candidate is a carefully selected patient who 
the treating surgeon expects to benefit from the 
advantages of the implant design (compared to 
rTSA), diagnosed with primary osteoarthritis of 
the shoulder with minimal rotator cuff disease, 
healthy bone quality, few medical comorbidities, 
and robust rehabilitation capacity.

32.2  Concerns for aTSA

Primary considerations for aTSA in the elderly 
can be broken down into four principle catego-
ries: (1) medical comorbidities, (2) loss of bone 
mass, (3) soft tissue degeneration, and (4) patient 
compliance.
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32.2.1  Medical Comorbidities

Due to decreased physiologic reserve across all 
organ systems, elderly patients are more predis-
posed to perioperative complications, even in the 
absence of any significant underlying pathology. 
Richetti et al. noted that although frank mortality 
of patients undergoing aTSA remains low even in 
the elderly demographic, they are susceptible to 
potentially debilitating systemic postoperative 
complications including delirium, urinary tract 
infections, pulmonary embolism, and myocardial 
infarction. Furthermore, elderly patients were 
noted to have increased transfusion requirements 
and longer length of hospital stay with a decreased 
number of direct to home discharges.

In 2014, Griffin et al. conducted a retrospec-
tive analysis of perioperative complications in 
58,790 patients who had undergone shoulder 
arthroplasty (hemi and total) [1]. After stratifying 
patients by age, they observed that increased age 
was associated with higher rates of perioperative 
mortality, longer length of stay, as well as postop-
erative anemia. Koh et al. also published similar 
findings based on their review of 30-day postop-
erative complications in the NSQIP database that 
included 11,450 patients who underwent hemi, 
aTSA, or rTSA. Researchers found that increased 
age was a strong predictor for increased postop-
erative complications, length of stay, and 
unplanned readmissions across all types of shoul-
der arthroplasty, with an average postop hospital 
stay of 2.6 days and readmission rate of 5.5% for 
patients >80 years. These elderly patients exhib-
ited a 15.3% 30-day postoperative complication 
rate, as compared to 8.2% and 6.8% in younger 
patient groups (51–79  years and  <  50  years, 
respectively).

Thus, even relatively healthy elderly patients 
have a significantly increased perioperative risk 
profile and, therefore, necessitate thorough medi-
cal optimization prior to surgery. Elderly patients 
who have multiple comorbidities that delay heal-
ing or further increase risk of postoperative com-
plications—such as history of cardiac and/or 
pulmonary disease, renal dysfunction, and poor 
diabetes control—are poor candidates for 
aTSA. While these perioperative risks by defini-

tion are present for all types of surgical treat-
ments for shoulder arthritis to some degree 
(associated with anesthetic administration, surgi-
cal duration, fluid shifts, reduced mobility, and 
duration of hospital stay), they must be even 
more carefully considered in the case of aTSA in 
the elderly population given the significant post-
operative recovery and rehabilitation required 
and in light of potential future need for return to 
the operating room for additional procedures 
such as conversion to rTSA in the event of rotator 
cuff failure or component revision/explant for 
technical complications or infection. Accordingly, 
the ideal elderly candidate for aTSA should be 
motivated and have few medical comorbidities so 
as to facilitate success after surgery, while poten-
tial tolerance of additional future surgeries must 
also be critically evaluated by the treating 
surgeon.

32.2.2  Loss of Bone Mass

In patients >50  years, particularly females, the 
incidence of osteoporosis and osteopenia contin-
ues to rise globally [2]. Several factors have been 
linked to increased osteoporosis including early 
menopause, age, low BMI, and vitamin D defi-
ciency. Osteoporotic patients who undergo elec-
tive orthopedic surgeries are at higher risks for 
complications including aseptic loosening, peri-
prosthetic fractures, and need for revision 
surgeries.

Although osteoporosis can be diagnosed with 
a dual-energy x-ray absorptiometry (DEXA) 
scan and other means, orthopedic patients do not 
routinely receive preoperative DEXA scans or 
formal osteoporosis evaluation. In a 2020 retro-
spective case review conducted at the University 
of Wisconsin, Bernatz et al. reported that osteo-
porosis is often underdiagnosed and undertreated 
in patients undergoing shoulder arthroplasty. 
While 68% of patients met criteria for bone min-
eral density screening, only 12% of patients 
received a DEXA scan. Similarly, while 32% of 
patients met National Osteoporosis Foundation 
(NOF) criteria for pharmacological treatment, 
only 7% were medically treated.
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Maier et  al. observed similar findings when 
they conducted a 14-question survey investigat-
ing orthopedic surgeon attitudes toward osteopo-
rosis and hip arthroplasty. Although 60% of 
surgeons stated that low bone mineral density is a 
reason to re-evaluate preoperative planning, only 
4% of surgeons routinely performed bone  mineral 
density measurements preoperatively. This per-
sistent gap between available evidence, surgeon 
beliefs, and clinical practice with regard to pre-
operative bone health management dispropor-
tionately impacts elderly patients undergoing 
arthroplasty procedures. Surgeons should work 
to bridge this practice gap by understanding risk 
factors for osteoporosis and critically examining 
proximal humerus cortical thickness (Tingart or 
Deltoid Tuberosity Index methods) of planned 
surgical patients, which has been shown to cor-
relate with bone mineral density and decreases 
with age [3, 4].

Bone quality optimization can help reduce 
risk of surgical complications, especially in the 
elderly population already at increased risk of 
postoperative complications and implant failure 
in aTSA where implant bony integration is criti-
cal. Osteoporosis treatment guidelines should 
follow World Health Organization (WHO) and 
NOF recommendations. Current literature sug-
gests that perioperative bisphosphonate use 
helps facilitate bony integration of prosthetics, 
reduces perioperative bone loss, and, by exten-
sion, reduces overall fracture risk [5]. Other 
medical treatments, such as denosumab and 
teriparatide, have not been sufficiently studied to 
determine their potential perioperative benefits. 
Thus, if patients meet criteria for bisphospho-
nate treatment, they should receive pharmaco-
logical treatment preoperatively to best help 
promote bony healing/fixation and reduce risk of 
complications.

Tailoring implants to accommodate bone loss 
can also further facilitate success of 
aTSA. Specifically, in terms of humeral implants, 
current guidelines (as published in the Journal of 
Bone and Joint Surgery) designate that stemless 
or canal-sparing implants are contraindicated in 
patients with metaphyseal bone deficiencies. 
Therefore, if there is clinical suspicion of osteo-

porosis, either evident on preoperative CT, X-ray, 
or DEXA scans, surgeons should utilize stemmed 
prosthesis. In patients with significant humeral 
bone loss or intraoperative surgeon concern for 
bone quality based on broach feel/stability, a 
cemented stemmed prosthesis should also be 
strongly considered.

With respect to the glenoid, while available 
literature has yet to describe a direct correlation 
between osteoporosis and glenoid bone stock or 
aTSA outcomes, an association is logical. 
Primary surgical concern for the glenoid in aTSA 
in the elderly patient, as in all patient subgroups, 
continues to be optimizing glenoid fixation and 
avoiding loosening in the setting of complex pat-
terns of glenoid erosion/bone loss. Foruria et al. 
found that glenoid bone deficiency was common 
in their case series of shoulders over age 80 
treated with aTSA, with 9/50 glenoids requiring 
bone grafting augmentation. Furthermore, poste-
rior glenoid bone deficiency and treatment of gle-
noid defect with cancellous impaction grafting 
were associated with subsequent glenoid loosen-
ing. On the other hand, no glenoids treated with 
corticocancellous bone grafting demonstrated 
loosening during follow-up. Accordingly, 
although the authors noted sample size limita-
tions, they highlighted the association of preop-
erative glenoid erosion and bone grafting 
technique (non-corticocancellous) with compo-
nent loosening and poorer patient outcomes.

To ensure aTSA success in the elderly popula-
tion, surgeons should carefully scrutinize patient 
selection and work to optimize patient factors as 
much as possible preoperatively. Furthermore, 
implant choice, bone preparation techniques, and 
fixation strategies should be carefully selected 
that are best able to compensate for osteoporotic 
bone and glenoid bone deficiencies.

32.2.3  Soft Tissue Balancing

Rotator cuff tears (RCTs) and disease are among 
the most widespread musculoskeletal problems, 
particularly among older patients. Some studies 
have found an incidence of RCTs as high as 
80% in patients >80 years old. In addition to a 
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higher prevalence of RCTs, advancing age is 
also associated with more severe tears as well as 
increased Goutallier grades of muscle fatty 
infiltration.

As aTSA implants rely on intact rotator cuff 
musculature to recreate native shoulder biome-
chanics and postoperative range of motion, 
patients with rotator cuff deficiency and advanced 
stages of fatty infiltration are unfortunately rele-
gated to poor outcomes with this implant design. 
Rotator cuff muscles function as the dynamic sta-
bilizers of the glenohumeral joint, responsible for 
humeral head centering. Accordingly, when there 
is insufficient functional rotator cuff to oppose 
deltoid forces, a stable center of humeral head 
rotation is not attainable, and the humeral head 
migrates superiorly. In prosthetic shoulders, this 
dynamic superior migration increases shear 
forces and eccentric loading on the glenoid com-
ponent and can contribute to glenoid loosening 
via the so-called rocking-horse phenomenon [6].

Furthermore, available evidence has demon-
strated significant rotator cuff tear susceptibility 
following aTSA. In a systematic review of aTSA 
across all age ranges, Levy et al. noted a 17.9% 
rate of moderate to severe humeral head radio-
graphic superior migration at an average follow-
 up of 6.6  years in 1259 patients without 
preoperative tears, with an 11.3% rate of docu-
mented RCTs. This rate is similar to the 16.8% 
rate Young et al. found in a multicenter retrospec-
tive study that included 518 shoulders with 5-year 
radiographic follow-up. Due to this risk of subse-
quent rotator cuff dysfunction, particularly in the 
elderly population who have globally increased 
rates and severity of rotator cuff disease, aTSAs 
should be reserved for patients with minimal pre-
existing rotator cuff disease. With careful selec-
tion criteria, Jensen et al. recently demonstrated 
that patients 70 years of age and older have the 
capacity to have excellent clinical and radio-
graphic outcomes at short-term (3.3-year aver-
age) follow-up, with only a 1.3% rate of 
symptomatic rotator cuff tears confirmed with 
advanced imaging and 0.5% rate of revision for 
cuff tear (2021). Thus, while it is imperative that 
patients are counseled preoperatively regarding 
risks and functional consequences of future rota-

tor cuff disease in the setting of aTSA, appropri-
ate patient selection and surgical technique can 
yield impressive results with dramatic improve-
ments in pain, function, and motion.

It is also noteworthy that while larger preop-
erative RCTs often lead to aTSA clinical and 
radiographic failures, minor or incomplete RCTs 
have been shown to maintain shoulder ROM and 
implant integrity following aTSA. Simone et al. 
conducted a retrospective study of patients with a 
mean age of 73 years who had intraoperatively 
repaired RCTs during aTSA. Of the 33 patients, 
5 patients experienced postoperative complica-
tions including radiographic evidence of loosen-
ing and symptomatic instability, with 4 patients 
requiring revision to rTSA. All five patients had 
medium or large rotator cuff tears (1–3 cm and 
3–5  cm). Accordingly, the team concluded that 
aTSAs can still achieve acceptable postoperative 
outcomes in stable shoulders with repaired par-
tial RCTs, but recommended rTSA consideration 
for those with tears larger than >1  cm and in 
older, less active patients.

These findings are consistent with work by 
Choate et  al. and Edwards et  al. evaluating the 
influence of rotator cuff disease on results of 
aTSA.  Both retrospective studies reported that 
partial-thickness tears, especially those found in 
the supraspinatus, did not have a statistically sig-
nificant negative impact on postoperative out-
comes. Edwards et  al. noted that even 
full-thickness tears confined to the supraspinatus 
only with minimal retraction performed similarly 
to shoulders without RCTs with regard to 
Constant and Murley scores. However, both stud-
ies noted that increased infraspinatus Goutallier 
grades were correlated with decreased postopera-
tive ROM (forward elevation and external rota-
tion), and Edwards reported that shoulders with 
moderate and severe infraspinatus fatty degener-
ation were associated with poorer functional 
results and patient satisfaction.

Overall, current literature suggests that aTSAs 
perform well if minimal rotator cuff dysfunction 
is present but can remain functional in the pres-
ence of partial and even small full-thickness tears 
of the supraspinatus. However, rotator cuff dys-
function is defined not only by presence/size of 
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tears but also by amount of fatty tissue infiltra-
tion. Accordingly, elderly patients with signifi-
cant rotator cuff muscle degeneration and/or 
presence/risk of large RCTs should instead be 
considered for rTSA.

32.2.4  Patient Compliance

Recovery and outcomes following aTSA are 
dependent on both surgeon- and patient-specific 
factors. Even with an optimal arthroplasty surgi-
cal technique, if patients are unable to consis-
tently comply with postoperative protocols, 
recovery is typically limited. While surgeon- 
specific variations in postoperative aTSA reha-
bilitation protocols are common, most still follow 
a schedule divided into phases. The first phase, 
beginning immediately following surgery and 
lasting until 4–6  weeks post-op, limits active 
range of motion (ROM) and employs progressive 
passive ROM exercises protecting the subscapu-
laris repair. The next phases gradually start full 
active ROM, followed by light and progressive 
strengthening beyond 12 weeks.

Patients who are unable to follow postopera-
tive rehabilitation instructions and begin end- 
range active/resisted movements too soon are at 
risk of damaging newly repaired tissue (most 
notably subscapularis) and thereby impairing res-
toration of biomechanics, implant stability, and 
integration. The consequences of subscapularis 
repair failure have been well documented in the 
literature, correlating with prosthesis instability 
and worse patient outcome scores [7]. While 
optimal rehabilitation protocols have yet to be 
validated rigorously, available evidence points to 
the importance of adherence to postoperative 
rehabilitation programs for successful shoulder 
arthroplasty outcomes [8].

On the other hand, those who do not regularly 
participate in physical therapy or have difficulty 
performing ROM exercises postoperatively are at 
higher risk of stiffness. The latter scenario is 
commonly seen in stroke and Parkinson’s patients 
who may have difficulty consistently following 
postoperative rehabilitation plans given neuro-

muscular decline. In these subsets of patients, 
aTSA is able to provide significant pain relief; 
however, ROM and functional recovery is highly 
variable and dependent on severity of patients’ 
movement and neurocognitive impairments. 
While hemiarthroplasty, aTSA, and rTSA are all 
able to offer pain relief, Parkinson’s patients have 
increased rates of postoperative infection, need 
for revision surgeries, component loosening, dis-
locations, and systemic complications [9]. rTSA 
is usually the preferred first-line treatment option 
due to the lower rates of postoperative complica-
tions and reoperations in these patient popula-
tions. In a similar vein, it is imperative that 
surgeons always account for postoperative 
weight-bearing status and patient-specific 
demands when considering shoulder arthroplasty 
(aTSA or otherwise), particularly in the elderly. 
While most implants will outlast elderly patients, 
the use of walker or cane may shorten prosthesis 
lifespan and increase risk of complications with 
repeated eccentric weight bearing.

32.3  Advantages of aTSA

Traditionally, aTSA is established as the bench-
mark treatment for patients with primary shoul-
der osteoarthritis with an intact rotator cuff. 
However, with recent improvements in rTSA sur-
gical technique and implant design, complication 
rates for rTSA have decreased, leading to rTSAs 
being increasingly considered and used as a first- 
line treatment option for shoulder arthritis in 
elderly patients.

Theoretical advantages of aTSA over rTSA 
include preservation of native anatomic version 
and shoulder biomechanics, thereby enabling 
greater postoperative ROM, more “normal” 
shoulder function, as well as preserving shoulder 
symmetry. For both surgeries, reported complica-
tion rates vary between 5 and 15% with low mor-
tality rates. Common complications are also 
similar and include infection, aseptic loosening, 
and instability. As previously described, aTSAs 
carry increased risk of developing clinically 
meaningful postoperative rotator cuff tears, while 
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rTSAs do not. On the other hand, rTSAs are asso-
ciated with increased risks of acromion and scap-
ular fractures and scapular notching.

Historically, rTSAs maintained slightly higher 
complication rates than aTSAs (7.3% vs. 6.6%) 
[10]. However, it must be noted that such com-
parisons typically do not account for significantly 
different indications (and case complexity) for 
rTSA versus aTSA. Particularly, because rTSAs 
are indicated for revision surgeries, severe rotator 
cuff arthropathy, post-traumatic arthritis, and 
fractures and are appropriately referred to as 
“salvage- type procedures,” rTSA patients often 
have more complex pathology and procedures 
compared to aTSA candidates.

Although few studies have directly compared 
outcomes and complication rates of aTSA and 
rTSA performed for the same indications, a 
recent systematic review included 6 studies with 
447 total cases of shoulder arthroplasty per-
formed in patients with osteoarthritis and intact 
rotator cuffs. Kim et al. reported that ROM was 
slightly improved in patients who received aTSA, 
although functional scores (Constant, SST, and 
ASES) remained similar across both groups. 
Regarding complications, aTSAs were noted to 
have higher rates of glenoid loosening, while 
rTSAs had higher rates of scapular notching. 
While these complications were present radio-
graphically, most patients were asymptomatic 
and did not require further intervention, and revi-
sion rates were similar across both groups. 
Overall, while aTSA was shown to offer a minor 
advantage of increased ROM compared to rTSA, 
included studies demonstrated that aTSA carries 
significant risks of need for conversion to 
rTSA. Particularly, while Wright et  al. reported 
no significant difference in complication or revi-
sion rates between rTSA and aTSA implanted in 
patients >70 years, they noted a 6.9% rate of revi-
sion at an average of 28 months after aTSA with 
the primary indication for revision being conver-
sion to rTSA for posterior rotator cuff tear (2020).

A prospective study conducted by Flurin et al. 
with 778 patients and 8-year follow-up reported 
similar findings, with aTSAs demonstrating 
greater ROM but similar functional scores as 
rTSAs. Complication as well as revision rates 

were slightly higher in the aTSA group, but over-
all not statistically significantly different from 
the rTSA group. Overall, both surgeries yielded 
comparable outcomes and complication rates. On 
the other hand, in their prospective cohort of 95 
consecutive elderly patients (>75 years old) with 
or without an intact rotator cuff who underwent 
either aTSA or rTSA based on rotator cuff status, 
Simon et  al. found significantly better patient- 
reported outcome scores (PROs) in the aTSA 
group at 2-year follow-up, with a higher compli-
cation rate in the rTSA group due to scapular 
stress fractures (2022).

Thus, for patients with primary osteoarthritis 
with intact rotator cuff musculature, aTSA offers 
the potential advantage of increased ROM and 
PROs but carries risks of glenoid loosening and 
need for conversion to rTSA in the setting of 
symptomatic RCT. On the other hand, while out-
comes and complications continue to improve, 
rTSA remains a “salvage-type operation” with 
risks of scapular stress fractures but is free from 
dependence on a functional rotator cuff. All these 
considerations must be carefully weighed for 
each individual patient, but certainly more so in 
the elderly demographic choosing to undergo 
elective shoulder surgery with associated risks 
including prolonged hospital stay, anesthetic 
risks, medical complications, and rehabilitation 
challenges.

32.4  Conclusion

For the appropriately selected patient, aTSA 
remains a gold standard for reconstructing native 
shoulder biomechanics, restoring motion, and 
alleviating pain of advanced arthrosis, irrespec-
tive of patient age. Furthermore, recent literature 
supports similar rates of complications and reop-
erations in the elderly patient population when 
compared to rTSA, with 5-year implant survival 
greater than 98%. However, as with anatomic 
shoulder arthroplasty in any age group, successful 
outcomes are highly contingent on sustained rota-
tor cuff function as well as surgeon technical pro-
ficiency. Specifically, optimal soft tissue balancing 
and assessment/management of bone quality and 
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bone loss is required to ensure appropriate implant 
fixation, shoulder stability and function, and pros-
thesis longevity. Beyond this precise application 
of the evolving “science” of aTSA surgical tech-
niques, successful outcomes in elderly patients 
require surgeons to skillfully apply the “art” of 
surgical medicine. Principally, this entails careful 
patient selection to identify those who will actu-
ally benefit from the maximal postoperative 
shoulder ROM and the possibility of improved 
PROs associated with aTSA, allowing return to 
desired activities at the highest possible level. 
Also critical is a realistic assessment of patient 
risk tolerance for potential need for future opera-
tions for conversion to rTSA or other revision, as 
well as patient enthusiasm for both preoperative 
optimization and postoperative rehabilitation.

In conclusion, aTSA is best suited to opti-
mally restore upper extremity ROM/function and 
decrease shoulder pain in healthy and motivated 
elderly patients with primary osteoarthritis, an 
intact rotator cuff, and minimal osteopenia or 
glenoid erosion. However, successful outcomes 
are significantly dependent on surgeon and 
patient factors. On the other hand, lower-demand 
patients with poorly controlled concomitant med-
ical diseases, significant rotator cuff disease, and 
osteoporosis are poor aTSA candidates. In these 
patients, surgeons should strongly consider rTSA 
over an aTSA as a means to obtain more easily 
reproducible and consistent pain relief and ade-
quate functional improvement.
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33Revision Shoulder Arthroplasty

Ettore Taverna, Vincenzo Guarrella, 
and Marco Larghi

33.1  Revision of HA

HAs have a revision rate around 20%. HAs 
implanted for primary osteoarthritis are mainly 
revised for glenoid erosion and cuff insufficiency, 
whereas tuberosity migration, nonunion, or mal-
union are the main reasons to revise a HA 
implanted for acute fracture or fracture sequelae 
[1]. An oversized humeral head is frequently 
identified as a cause of glenoid erosion or cuff 
failure. In case of soft tissue or bone deficiency, 
revising a HA with a TSA leads to a failure 70% 
of surgeries; a revision with a RSA should be pre-
ferred in this clinical setting [1].

33.2  Revision of TSA

The two main reasons for revision surgery fol-
lowing TSA are glenoid loosening and instabil-
ity, which often coexist. Glenoid radiolucencies 
appear at 5 years and progress over time. Neither 
polyethylene with cement nor metal-backed gle-
noid implants have passed the test of time [1, 2]. 
Similar to HAs, in case of soft tissue/bone defi-
ciency, TSA revision should be performed with 
RSA to avoid multiple revisions.

33.3  Revision of RSA

The main reasons of failure of RSA are glenoid 
loosening, infection, and instability. Humeral 
complications (humeral loosening, disassembly, 
or fracture) increase with time and may become a 
major cause of revision surgery for RSA in the 
near future [1]. Revision of a failed RSA to 
another RSA, often combined with glenoid and/
or humeral bone reconstruction, remains the 
treatment of choice. Revision of an RSA to a HA 
is rarely performed as it leads to a poor functional 
result [1].

33.4  Revision Shoulder 
Arthroplasty 
for Periprosthetic Joint 
Infection

Periprosthetic joint infection (PJI) is the most 
common reason for revision arthroplasty within 
2 years of the index surgical procedure. Reports 
of periprosthetic joint infection’s incidence com-
monly range from 3 to 4% in the literature, 
although rates as low as 0.5% and as high as 
6.7% have been reported and over 15% after revi-
sion cases [4, 5]. As the utilization of shoulder 
arthroplasty continues to rise, shoulder surgeons 
must remain well versed in the diagnosis and 
treatment of these potentially devastating compli-
cations [4].
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Less virulent organisms, such as Cutibacterium 
acnes, often cause periprosthetic joint infection 
following shoulder arthroplasty. C. acnes is asso-
ciated with a nonspecific clinical presentation 
and traditional inflammatory markers less 
 accurately identify its infection [4]. Similarly, the 
optimal treatment for shoulder periprosthetic 
joint infection remains unclear.

Treatment options include one-stage arthro-
plasty, two-stage arthroplasty, and resection 
arthroplasty, each with varying success rates.

33.4.1  Microbiology

The most frequently isolated organisms in shoul-
der periprosthetic joint infection are C. acnes 
(38.9%), Staphylococcus epidermidis (14.8%), 
and Staphylococcus aureus (14.5%). C. acnes 
appears also to be the most commonly isolated 
bacteria in patients undergoing revision shoulder 
arthroplasty (16.7%) [4].

33.4.1.1  C. acnes
Formerly known as Propionibacterium acnes, C. 
acnes is found around the sebaceous glands of 
moist skin regions.

The numerous sebaceous glands of the chest 
and back region produce large amounts of oily 
sebum, which creates an ideal environment for 
the lipophilic anaerobic bacterium to proliferate. 
The proximity of the incision site to the axilla is 
one proposed explanation for its role in between 
31% and 70% of shoulder periprosthetic joint 
infection cases [4].

Furthermore, the increased quantity of seba-
ceous glands in male patients has also been 
implicated in the higher incidence of peripros-
thetic joint infection in this population. 
Anterolateral approach compared to deltopec-
toral approach was also associated with a higher 
risk of infection following open rotator cuff 
repair or open subacromial decompression, 
which may be because of the number of seba-
ceous glands transected [4].

C. acnes has been shown to form biofilm, 
especially in plasma-poor environments such 

as prosthetic joints, and their presence has 
been shown to put patients who undergo revi-
sion at a higher risk of reinfection, with rates 
reaching 20%. Of note, C. acnes can also 
form biofilm on gentamicin-containing bone 
cement [4].

33.4.2  Prevention of Periprosthetic 
Joint Infection

C. acnes has been shown to survive traditional 
superficial skin sterilization methods in the oper-
ating room, such as povidone-iodine or chlorhex-
idine gluconate [4].

As a result, there have been several studies 
exploring novel methods for reducing the C. 
acnes bacterial load.

Benzoyl peroxide is a bactericidal agent that 
has been shown in the dermatology literature to 
reduce the C. acnes load by penetrating seba-
ceous glands, and there have been promising 
results in the setting of shoulder surgical proce-
dures as well. The application of benzoyl perox-
ide gel the night before the surgical procedure 
determined a decrease of C. acnes load (8% ver-
sus 28%) [4].

Of note, it is still unclear whether the organ-
isms found in the skin cultures were causative of 
infection or merely commensal.

Furthermore, none of these studies evaluated 
the efficacy of these preparations for preventing 
periprosthetic joint infection, which limited their 
validity.

Other studies have examined the effectiveness 
of injecting intra-articular antibiotics in a revi-
sion surgical procedure.

Intra-articular injection of gentamicin at the 
time of closure also resulted to reduce peripros-
thetic joint infection after primary shoulder 
arthroplasty [4].

Cefazolin is currently the perioperative antibi-
otic of choice in shoulder arthroplasty in patients 
without a severe beta-lactam allergy. Currently, 
the 2018 ICM states postoperative antibiotics are 
not required, but, if given, should not be contin-
ued beyond 24 h postoperatively [6].
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33.4.3  Diagnosis of Periprosthetic 
Joint Infection

33.4.3.1  Risk Factors
Major risk factors for PJI are male gender, 
younger patients, smoke, history of previous 
shoulder surgery, and revision shoulder 
 arthroplasty [5]. Reverse shoulder arthroplasty 
and perioperative blood transfusion are also risk 
factors.

Exposure to cortisone injections can increase 
patients’ risk of developing periprosthetic joint 
infection, especially within 3 months of the sur-
gical procedure.

Extremity-specific risk factors include frac-
ture, chronic lymphedema, venous stasis, vascu-
lar compromise, and radiation fibrosis. 
Postoperative hematoma has also been associ-
ated with infection. Interestingly, body mass 
index and race are not consistently associated 
with an increased risk of periprosthetic joint 
infection [4].

33.4.3.2  Clinical Presentation
The existence of a fistula that connects with the 
prosthesis is pathognomonic for periprosthetic 
joint infection. However, the majority of patients 
present without a sinus tract or the classic signs 
of infection (e.g., fever, chills, sweats, erythema, 
induration, wound drainage).

The most common symptoms are shoulder 
pain, followed by a draining sinus, stiffness, ery-
thema, effusion, fever, night sweats, and chills. 
Other findings associated with infection include 
worsening physical examination findings, such as 
decreased range of motion.

Therefore, surgeons must have a heightened 
index of suspicion, and any deviation from nor-
mal postoperative findings should be considered 
infection until proven otherwise.

The 2018 ICM divided periprosthetic shoul-
der infection into four categories [7]: definite 
infection, probable infection, possible infection, 
and unlikely infection. A definite infection is 
defined by the presence of one or more of the fol-
lowing criteria: (1) presence of a sinus tract from 
the skin surface to the prosthesis, (2) intra- 
articular pus, or (3) two positive tissue cultures 

with phenotypically identical virulent organisms, 
such as Staphylococcus aureus. This is in con-
trast to low-virulence organisms, which include 
C. acnes and coagulase-negative Staphylococcus 
species. In addition to these definite criteria, the 
ICM also established a set of minor criteria for 
the definition of shoulder PJI.

A probable infection is defined as the presence 
of six or more minor criteria with an identified 
organism (Table 33.1).

A possible infection is defined as the one of 
the following: (1) presence of six or more minor 
criteria without an identified organism, (2) less 
than six minor criteria with a single positive cul-
ture with a virulent organism, or (3) less than six 
minor criteria with two positive cultures with a 
low-virulence organism. An unlikely infection is 
defined as the presence of less than six minor cri-
teria with negative cultures or only a single posi-
tive culture with a low-virulence organism.

33.4.3.3  Radiographic Evaluation
Patients suspected to have a shoulder peripros-
thetic joint infection should receive radiographs, 
especially if they present with shoulder pain dur-
ing postoperative follow-up. Although nonspe-
cific for infection, radiographs show the overall 
alignment of the prosthesis and can show signs of 
loosening or osteolysis [5]. Serial radiographs 

Table 33.1 Minor criteria for shoulder PJI

Criteria Weight
Unexpected wound drainage 4
Single positive tissue culture with a virulent 
organism

3

Single positive tissue culture with a low- 
virulent organism

1

Second positive tissue culture (identical 
low-virulence organism)

3

Humeral loosening 3
Positive frozen section (5 neutrophils in≥5 
high-power fields)

3

Positive preoperative aspirate culture 3
Synovial neutrophil percentage > 80% 2
Synovial white blood cell count >3000 cells/
μL beyond 6 weeks from surgery

2

ESR > 30 mm/h 2
CRP > 10 mg/L 2
Elevated synovial alpha-defensin 2
Cloudy synovial fluid 2
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over time that show progressive humeral osteoly-
sis are highly suggestive of periprosthetic joint 
infection. Although nonspecific for the offending 
organism, progressive humeral osteolysis is asso-
ciated with a tenfold increase in the risk of a C. 
acnes infection [4].

Computed tomography (CT), ultrasound, and 
magnetic resonance imaging (MRI) are not rou-
tinely utilized because they do not provide any 
diagnostic findings, except for the visualization 
of surrounding osteomyelitis or loculated 
abscesses. Technetium Tc-99  m bone scans are 
also not routinely used because they have limited 
sensitivity and specificity for a shoulder peripros-
thetic joint infection [4].

33.4.3.4  Laboratory Evaluation
Laboratory evaluation for suspected shoulder 
periprosthetic joint infection should include com-
plete blood count with differential, CRP, and 
ESR. Unfortunately, ESR and CRP do not have 
reliable sensitivity and specificity following 
shoulder arthroplasty, especially in the setting of 
indolent infections caused by C. acnes or 
coagulase- negative Staphylococcus species.

The Infectious Diseases Society of America 
(IDSA) has endorsed diagnostic arthrocentesis in 
all patients with suspected acute periprosthetic 
joint infection unless the diagnosis is clinically 
evident, the surgical procedure is planned, and 
antimicrobials can be safely withheld prior to the 
surgical procedure. If the patient is clinically sta-
ble, the IDSA also recommended withholding 
antimicrobial therapy for at least 2 weeks prior to 
collection of synovial fluid to increase the likeli-
hood of recovering an organism. It is recom-
mended to perform aspiration under fluoroscopic 
or ultrasound guidance to improve accuracy and 
maximize the sample volume [4]. However, even 
when a sufficient volume is obtained, the cultures 
and cytology are often within normal limits.

Arthroscopic tissue biopsy seems to be sub-
stantially more reliable than aspiration in terms 
of sensitivity, specificity, positive predictive 
value, and negative predictive value.

Intraoperative open biopsy with culture 
remains the gold standard for the diagnosis of 
shoulder PJI.  The sensitivity of intraoperative 

culture for shoulder periprosthetic joint infection 
has been reported to be 50% to 67%, depending 
on the organism. The IDSA currently recom-
mends that surgeons obtain and send five intraop-
erative tissue specimens for microbiology culture. 
Currently, holding antibiotics prior to obtaining 
intraoperative cultures is not recommended.

These specimens should be grown on four to 
five media for a minimum of 13 to 14 days because 
of extended incubation period of C. acnes [5].

Frozen section at the time of revision surgery 
is an adjunct in the diagnosis of shoulder PJI; 
however, it requires an experienced pathologist 
and a negative result does not rule out infection.

The current literature does not support the use 
of routine implant sonication due to the low sen-
sitivity as well as the lack of established diagnos-
tic cutoffs for the quantification of bacteria in the 
obtained samples [5].

33.4.3.5  Recent Advances 
in Diagnosis

Recent efforts have been focused on finding inno-
vative ways of diagnosing shoulder periprosthetic 
joint infection. Interleukin-6 (IL-6), a pro- 
inflammatory cytokine that mediates acute 
immune responses, has been identified as a 
potential indicator of periprosthetic joint infec-
tion because its serum concentration rises and 
falls to normal faster than CRP or ESR.

The synovial cytokine profiles of IL-6, tumor 
necrosis factor-a, alpha-defensin, and IL-2 are 
under investigation [5, 7].

33.4.4  Management

Shoulder periprosthetic joint infection is difficult 
to treat and the preferred management strategy 
remains controversial.

The treatment options for shoulder peripros-
thetic joint infection include intravenous antibi-
otics, tissue debridement with retention of the 
prosthesis, resection arthroplasty, one-stage and 
two-stage revision procedures, arthrodesis, and 
amputation [4].

Regardless of the ultimate treatment modality, 
all patients with suspected periprosthetic joint 
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infection should receive perioperative antibiotics 
at the time of the revision surgical procedure.

Cefazolin is the agent most likely to provide 
optimal tissue concentrations for prophylaxis 
against the three most common causative 
organisms.

Antibiotic therapy alone is usually insufficient 
for the management of shoulder periprosthetic 
joint infection and has been shown to have a fail-
ure rate of 60% to 75% [4].

Previous studies have suggested that treating 
shoulder periprosthetic joint infection with 
debridement and retention of the prosthesis is 
possible only if the infection is identified within 
30 days of the initial surgical procedure or after 
less than 3 weeks from the onset of symptoms, if 
the implant is stable, the isolated germ is of low 
virulence, and complete debridement is achieved 
[4]. More recent investigations showed unsatis-
factory results with debridement and retention of 
the prosthesis in terms of infection eradication 
rate compared with other treatments, and previ-
ous studies have shown a failure rate of 50% to 
63%. The 2018 ICM currently concluded that 
there is not enough evidence to support or dis-
courage the use of irrigation and debridement 
with implant retention for acute or chronic 
shoulder PJI, but it may play a role in select 
patients [8].

Complete removal of the shoulder prosthesis 
is indicated in patients who present with infec-
tions after 4 weeks postoperatively; these patients 
are treated either with resection arthroplasty or 
with one-stage or two-stage revision.

The traditional treatment protocol for shoul-
der periprosthetic joint infection has consisted of 
complete prosthesis removal, implanting an anti-
biotic spacer, and a second stage consisting of a 
revision shoulder arthroplasty.

The literature has consistently supported the 
efficacy of two-stage revision, with infection 
recurrence rates reported to be 0% to 36% [4].

Cement spacers with vancomycin alone or in 
combination with an aminoglycoside have both 
been shown to be effective treatment options, can 

help to preserve the soft tissue envelope, and 
could be a permanent treatment option for 
patients with low functional demands.

Recent studies have focused on one-stage 
exchange because it involves less dissection and 
stress to the soft tissues, is quicker, and is more 
cost-effective. A systematic review of the shoul-
der arthroplasty literature found studies that 
showed that both one-stage and two-stage revi-
sions provide >90% rates of eradication at a mean 
follow-up of 49 months. It suggested that single- 
stage treatment can result in less damage to the 
soft tissues, can avoid a second general anes-
thetic, and can reduce costs [9]. Another study 
showed almost one third of patients planned for 
two-stage revision did not undergo the second 
stage of the revision due to mortality, medical 
comorbidities, uncontrollable infection leading 
to amputation of the limb or lifetime antibiotic 
suppression, and unwillingness of patients to 
undergo a second surgery, as well as patient’s sat-
isfaction with the current status. Therefore, satis-
factory results of a two-stage revision might not 
be achieved by almost one third of patients 
planned for revision [10].

Definitive treatment with an antibiotic spacer 
is another viable treatment option in select 
patients. Pellegrini et al. reported a case series of 
19 shoulder PJI that were definitively treated 
with an antibiotic cement spacer. They reported 
no recurrent infections with good pain relief and 
improvement in outcome scores, but shoulder 
range of motion remained poor. They concluded 
that a definitive antibiotic spacer is a good option 
for low-demand, elderly individuals who do not 
wish to or are not otherwise able to undergo 
another operation [11]. Resection arthroplasty 
can provide substantial pain relief and excellent 
infection eradication. However, resection arthro-
plasty often results in functional deficits, espe-
cially with internal and external rotation. As 
such, resection arthroplasty is a good treatment 
option for elderly patients or patients with high- 
virulence germs, considerable tissue loss, or poor 
health [4].
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33.5  Revision Shoulder 
Arthroplasty for Prosthetic 
Instability

Instability is one of the most frequent causes for 
reoperation after unconstrained shoulder prosthe-
sis [12–14]. In literature, the rate of instability 
was found to be in range from 4.9% to 5.2% [15, 
16]. Instability can occur in different patterns:

• Inferior Instability: Usually due to a shortened 
humerus or a failure to restore humeral length 
due a tumor or a fracture.

• Superior Instability: Usually results from a 
deficient superior rotator cuff.

• Anterior Instability: Usually from an insuffi-
ciency of the subscapularis or rotator interval 
with an excessively anteverted humeral com-
ponent with a large head.

• Posterior Instability: Usually for a soft tissue 
deficiency associated with an incorrect ver-
sion positioning of the humeral component; 
commonly a glenoid retroversion with elonga-
tion of the posterior capsule and excessive 
humeral retroversion [17].

A radiological study with an anteroposterior 
and axillary view is useful to categorize the direc-
tion of instability.

Depending on the instability pattern, specific 
revision procedures can be proposed such as 
repositioning or resizing the component, bone 
grafting procedures, and soft tissue repairs [17, 
18]. A reduction of anteversion of the humeral 
component with repair or reconstruction of the 
anterior capsule and subscapularis could be pro-
posed for anterior instability.

In case of posterior subluxation, a plication of 
the posterior capsule and rotator cuff and a poste-
rior bone grafting have been proposed as surgical 
options. However, recurrent instability rate in 
case of soft tissue revision surgery is very high, 
and authors advocate considering revision to 
reverse shoulder arthroplasty [18].

Revision to a constrained design (RSA) pro-
vides better stability with good clinical outcomes 
and increased range of motion but worst results 

than those achieved with primary implantation of 
RSA [16, 17].

33.5.1  Instability in Reverse 
Shoulder Arthroplasty

Instability is the most common complication and 
main cause of revision surgery following RSA [3, 
19–21]. It is a “difficult to manage” complica-
tion, with high risk of revision failure and recur-
rent instability [3, 22].

Risk factors for instability are younger age, 
revision surgery, male gender, scapular notching, 
and grater tuberosity absence or resorption [23]. 
Other factors to be considered prior to revision 
surgery are [20]:

Previous surgery: RSA for failure of osteo-
synthesis, hemiarthroplasty, anatomic prosthesis, 
or reverse prosthesis is three times more likely to 
show instability than primary RSA: 7% versus 
2% [24].

Deltopectoral approach: seems to be associ-
ated with a higher risk of instability compared to 
superolateral deltoid approach [18, 24].

“Cam effect”: mediated by soft tissue or bone 
block: obesity is protective against scapular 
notching, but induces a cam effect through fat in 
the upper limb and trunk [25]; humeral malunion 
or ossification may strike against the scapular pil-
lar or glenosphere, inducing a leverage effect.

Bone loss or soft tissue deficiency: humeral 
or glenoid bone loss and soft tissue deficiency 
(subscapularis absent or non-inserted and/or 
anterior deltoid atrophy) [20].

Patients with shortened humerus due to a 
proximal bone loss have a higher risk of instabil-
ity. Etiology of shortened humerus is various: 
implant migration, greater tuberosity lysis, or 
humeral resection that fails to restore humeral 
length (more frequently in tumor surgery, acute 
fracture, or previous hemiarthroplasty) [20]. A 
posterior greater tuberosity placement in setting 
of a RTSA for a proximal humerus fracture can 
also contribute to instability as the humeral com-
ponent can be levered out of place with an 
impingement-like mechanism [26].
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Glenosphere malpositioning can increase 
instability: excessive anteversion, retroversion, 
or superior inclination can place the patient at 
risk [27]. Glenoid medialization due to glenoid 
bone defect and the implantation of an 
 excessively small glenosphere is also cause of 
instability [20].

33.5.1.1  Management of Instability
When facing RSA instability, it is essential to 
understand the etiology of instability and correct 
its causes.

Factors that need to be assessed are soft tissue 
deficiency or significant bone loss, components 
malposition, and impingement.

Another common cause of instability is inad-
equate deltoid tensioning. To restore the proper 
tension of the deltoid, the surgeon could increase 
the size of the glenosphere, increase the global 
amount of lateralization of the implant, and/or 
increase the amount of distalization on the 
humeral side [20, 28].

In early dislocation (within the first 3 months), 
without malrotation or bone defect, a closed 
reduction and a strict immobilization with an 
abduction splint is a good treatment option. The 
abduction splint promotes deltoid shortening and 
enhances the implant’s cooptation force. Efficacy 
rates are between 30% and 50% [24].

In late dislocation (after 3 months), usually a 
revision surgery with correction of a technical 
mistakes is necessary. Restoring deltoid tension 
modifying the humeral shortening and/or exces-
sive medialization is often needed. Humeral 
shortening can be managed by adding metal aug-
mentation or increasing polyethylene height 
without changing the implants. When the short-
ening exceeds 15–20  mm, the humeral implant 
probably needs to be replaced [20].

Excessive medialization is often implicated in 
persistent instability despite restored humeral 
length. Management of excessive medialization 
could be achieved replacing the glenoid implant 
with a greater diameter glenosphere or using a 
bone grafting procedure (BIO-RSA) or a 
metallic- increased offset reverse shoulder arthro-
plasty (MIO-RSA) or both.

When functional subscapularis is present, 
reinsertion of the tendon and capsule should be 
performed.

33.6  Revision Arthroplasty 
for Prosthetic Loosening

33.6.1  Glenoid Loosening

Glenoid component loosening in shoulder arthro-
plasty is a leading complication and a common rea-
son for implant failure and revision surgery [12, 14].

In the setting of anatomical shoulder arthtro-
plasty [29], clinical presentations and x-ray with 
radiolucent lines are all important factors for the 
detection of implant loosening [30]. Patients 
affected by glenoid loosening often report pain 
and reduction of active range of motion and 
strength. Radiolucency around the implants has 
been discussed but there is no clear correlation 
with implant loosening [23]. Several publications 
showed that signs of radiolucency occurring 
shortly after surgery and their further progression 
are correlated with implant loosening [29]. 
Nevertheless, radiolucency can be very common 
especially after cemented polyethylene pegged 
glenoid component implantation [31]. Other 
radiographic signs of glenoid loosening have been 
proposed: superior shift of the humeral head and 
medialization due to erosion of the glenoid side 
[30, 32]. A loose glenoid component is frequently 
associated with a glenoid bone loss and may 
necessitate additional procedures to implant a 
new component. Bone augmentation with auto-
graft or allograft or augmented glenoid compo-
nents are necessary in a bone-deficient glenoid 
[33]. The reverse total shoulder arthroplasty is a 
useful reconstructive option capable of addressing 
bony and soft tissue problems [31–33].

Reverse total shoulder glenoid component 
loosening has a prevalence ranging from 1.7% to 
3.5% [3]. To provide a stable fulcrum, the gleno-
sphere needs a balance between compressive and 
shear forces. The compressive forces have a sta-
bilizing effect on the glenosphere, while shear 
forces could contribute to destabilizing the com-
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ponent, leading to glenoid loosening [34]. 
Glenoid loosening usually appears at the inter-
face between the baseplate and the native scapula 
and in rare cases may involve the interface 
between the scapula and any bone graft used or in 
the body of the scapula, medial to the baseplate 
screws. These different types of glenoid loosen-
ing are important as they dictate the type of revi-
sion needed [35]. Conservative and surgical 
treatments are both valid options in RSA failures 
due to glenoid loosening. Conservative treatment 
is suggested whenever possible [35]. Revision of 
the glenosphere could be considered if conserva-
tive fails. Conversion to hemiarthroplasty should 
remain a last salvage option [36].

Bone defect in glenoid loosening is very fre-
quent and could be classified in three grades: cav-
ity defect (A), uncontained wall defect (B), or 
complex defect (C) [20]. In cavity bone defect, it 
can be filled by impacted allograft or synthetic 
graft, without using iliac crest autograft. For 
complex defect and unconfined wall defect, it is 
suggested to use an iliac crest autograft to 
improve consolidation without resorption of the 
graft [20].

33.6.2  Humeral Loosening

Aseptic humeral loosening is an uncommon 
complication in shoulder arthroplasty. It 
occurred more commonly in cohorts with long-
term follow- up at rates between 0.61% and 
1.4% [37, 38]. Stem loosening is more frequent 
after RSA than anatomical shoulder arthro-
plasty, probably because constraint forces asso-
ciated with Grammont RSA are predominantly 
located on the humeral side rather than the gle-
noid side [37, 38].

In anatomic shoulder arthroplasty, there is no 
correlation between bone resorption and the clin-
ical results [39–42]. Also, after RSA bone resorp-
tion doesn’t correlate to clinical results [42]. 
Nevertheless, proximal humeral bone loss is the 
main risk factor for humeral loosening, bone 
resorption affects more frequently the greater 
tuberosity area, and this could diminish the del-

toid wrapping angle and increasing risk of insta-
bility [42].

Risk factors for bone resorption in anatomical 
arthroplasty reported are age, secondary osteoar-
thritis, high filling ratio of the implant, low bone 
density, large implant size, on-grow-type stem coat-
ing, and hemiarthroplasty with rotator cuff tear [43].

In RSA risk factors are a high filling ratio, 
female sex, and an onlay-type stem [37]. Low 
bone quality because of osteoporosis could 
explain female sex risk factor. The more proxi-
mal osteotomy performed on inlay-type stems 
(compared to onlay type) leads to a more proxi-
mal fixation and possibly contributes to lower the 
rate of bone resorption [37].

Management of humeral loosening could be 
very difficult especially with a bone defect sce-
nario. In this setting, the goal of a revision sur-
gery should be to enhance implant stability, 
restore humeral length, and increase the deltoid 
wrapping angle.Boileau et  al. for a humeral 
defect <5 cm in elderly patients with RSA recom-
mend to create a cement collar around the implant 
(cementoplasty reconstruction) to fill the bone 
defect or implant a prosthesis used for tumor 
reconstruction surgery.

In humeral defects >5 cm, some authors rec-
ommend reconstruction by massive humeral 
allograft [20, 44].

33.7  Revision Arthroplasty 
for Periprosthetic Fractures

The incidence of periprosthetic fractures is 
reported between 1% and 3% [45, 46], and the 
number of revision arthroplasties is likely to rise 
over time with the increasing of the number of 
shoulder arthroplasties performed. In comparison 
to fractures associated with anatomic total shoul-
der arthroplasty, periprosthetic fractures in the 
setting of RSA occur more than three times as 
frequently [46].

Data on this topic is affected by considerable 
heterogeneity in the published literature espe-
cially in the classification and outcome measures; 
larger and more rigorous studies are needed [45].
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33.7.1  Acromial and Scapular Spine 
Fractures

The acromion and scapular spine are anatomic 
sites uniquely predisposed to fracture in the set-
ting of RSA with an incidence estimated between 
1.3 and 4.3%. This prosthetic design distalizes 
and medializes the center of rotation of the shoul-
der increasing the forces transmitted across the 
acromion and scapula, including the scapular 
spine and coracoacromial ligament [46]. More 
recent RSA designs such as a short, lateralized 
humeral stem, and inferior glenosphere offset, 
were designed to counteract some of the com-
monly encountered complications associated 
with RSA, including implant instability and 
scapular notching. Newer design alterations, par-
ticularly humeral stems with increased offset, 
may effectively reduce the risk of scapular notch-
ing, yet they may also increase stresses seen at 
the acromion. To date, there is no clear evidence 
of implant design on acromial fractures [47, 48].

Acromial and scapular spine fractures can 
occur after a minor trauma or can have an insidi-
ous onset without history of trauma. Radiographs 
are very often unable to detect these fractures, 
and CT scan is recommended in all patients with 
acromial or scapular pain following RSA with 
radiographs negative for fractures [46].

Documented risk factors are osteoporosis, lat-
eralized glenosphere, and decreased deltoid 
lengthening.

Controversial results are reported regarding 
the integrity of rotator cuff and subscapularis 
repair as it could act as deltoid antagonist, thereby 
increasing the workload of the deltoid with an 
increase of acromial stresses [46]. Positioning of 
the superior screw above the central glenoid axis 
appears to be a risk factor, especially if the tip of 
the screw engages the scapular spine. Other pos-
sible risk factors are an onlay humeral design, a 
short humeral stem, and the resection of cora-
coacromial ligament.

Acromial and scapular spine fractures after 
RSA are usually treated nonoperatively or with 
ORIF and rarely have been treated with revision 
with ORIF.  In case of RSA revision associated 
with ORIF, the aim of revision was to eliminate 
risk factors related to RSA design substituting the 

implant with an inlay design, long humeral stem, 
and medialized glenosphere and without repair-
ing the subscapularis tendon.

33.7.2  Humerus Fractures

A fracture of the humerus can occur intraopera-
tively or postoperatively. Major risk factors are 
osteopenia, female sex, post-traumatic arthritis, 
rheumatoid arthritis, osteonecrosis, the use of 
press-fit stems, and the setting of revision arthro-
plasty [46, 49].

The most commonly employed classification 
system for periprosthetic humeral fractures 
describes fractures in relation to the tip of the 
humeral stem. Type A comprised fractures proxi-
mal to the tip, type B comprised fractures at the 
tip and extending distally, and type C comprised 
fractures distal to the tip of the humeral stem 
[50]. Campbell et al. [51] proposed a classifica-
tion system that incorporated fractures not 
restricted to the humeral diaphysis. In this four- 
part system, type 1 involves the lesser or greater 
tuberosity; type 2 involves the surgical neck; type 
3, the metadiaphyseal junction; and type 4, the 
middle and distal humeral diaphysis.

The existing evidence basis to guide treatment 
decision-making relies on few published retro-
spective case series and expert opinion.

There are three main treatment strategies: the 
first is nonoperative treatment using orthoses, 
braces, or plaster casts; the second is fixation 
using wires, plates, and screws, external fixators, 
and strut cortical bone allografts with plates or 
customized intramedullary nail cut to size; and 
the third is revision arthroplasty using either a 
long stem to bypass the fracture, a revision stem 
with a strut allograft, a humeral endoprosthesis, a 
partial or total humeral prosthesis, or an allograft- 
prosthetic composite [45].

Wagner et al. [52] proposed a treatment algo-
rithm for intraoperative humerus fracture in the 
setting of RSA. In this schema, fractures of the 
greater tuberosity are stabilized with a suture 
fixation construct, nondisplaced metaphyseal 
fractures are secured with multiple cerclage 
wires, and displaced fractures of the metaphysis 
are fixed using cables and strut allograft. Data on 
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nonoperative treatment show a success rate of 
only 50%; it is suitable mainly for frail patients 
with little functional demand and unfit for sur-
gery. Risk of complication in this group of 
patients is around 30% (mainly nonunion or mal-
union) [45].

ORIF is the most frequent strategy and has a 
mean success rate over 90% with better results if 
the prosthesis is well fixed. Complication rate of 
17% is reported after ORIF (more frequently 
transient radial nerve palsy, infection and fracture 
extension, or fixation failure) [45]. In most cases 
of loose prosthesis, revision arthroplasty is pre-
ferred over ORIF; nevertheless ORIF shows a 
success rate of almost 90% even in cases of loose 
prosthesis [45].

Revision surgery can be necessary in the set-
ting of a Campbell type 4 fracture with failure of 
nonoperative treatment. Revision can be achieved 
with placement of a long humeral stem and mul-
tiple cerclage wires.

Unstable stems should be revised with longer 
stems [46].

In the setting of a tuberosity fracture after ana-
tomic replacement, conversion to RSA is sug-
gested if tuberosities cannot be fixed [46].

Revision arthroplasty has a success rate over 
80% with a complication rate of 29% (more fre-
quently nonunion, dislocation, dissociations of 
prosthetic components, and transient or perma-
nent nerve palsy) [45].

In case of extensive humeral bone loss, a strut 
allograft and additional plate fixation or the use 
of two hemicylinders of tibial allograft to form a 
“sarcophagus,” used with cerclage wires but 
without a plate, should be used especially if the 
bone defect is over 5 cm [46].

Finally, a humeral endoprosthesis is an option 
for managing severe bone loss without allograft. 
Traditionally used in tumor surgery, these 
implants afford substantial modularity, allowing 
for reconstruction of large segmental defects [46].
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34Management of Periprosthetic 
Infection of Shoulder 
Arthroplasties: Single-Stage 
Versus Two-Stage Revision 
Shoulder Arthroplasty 
with Antibiotic Spacer

Alvaro Auñon, Prashant Meshram, Emilio Calvo, 
Edward G. McFarland, and Stephen C. Weber

The infected shoulder arthroplasty is a rare but 
devastating complication of shoulder replace-
ment surgery. The mean incidence has been 
reported to be 1.1% but can be as high as 15% in 
reverse arthroplasty and up to 10% in a subset of 
high-risk, young, male patients [1]. Prosthetic 
joint infection (PJI) remains the most common 
cause of revision total shoulder surgery [2]. Risk 
factors for infection include posttraumatic osteo-
arthritis, previous surgery, steroid injection, rheu-
matoid arthritis, and diabetes mellitus. Other 
comorbidities associated with PJI are nutritional 
deficiency, drug abuse, and anemia from blood 

loss or iron deficiency. Demographic factors 
associated with PJI were younger age (OR, 
1.020; 95% CI, 1.017–1.024; P  <  0.0001) and 
male gender [1–4]. Management of the shoulder 
PJI continues to provoke controversy, with 
numerous options championed by various sur-
geons. Austin et al. in their review noted that sep-
tic procedures were further grouped as (1) 
debridement, antibiotics, irrigation, and implant 
retention (DAIR); (2) two-stage explant and 
delayed reimplantation with a temporary antibi-
otic spacer; (3) implant resection without reim-
plantation; or (4) unexpected positive cultures at 
revision surgery [4]. Single-stage reimplantation 
has also found increasing support in the literature 
[5, 6]. Austin et al. underscored the seriousness 
of PJI noting a 2.8% all-cause 1-year mortality, 
double that of noninfected patients [4]. Thus, 
choosing the correct management of the total 
shoulder PJI may be lifesaving as well as just 
limb-saving. While there is an understandable 
tendency to borrow from the hip and knee arthro-
plasty literature on this topic, PJI of the shoulder 
has different distributions of microorganisms and 
is less frequent compared to PJI of hip and knee 
arthroplasties [1]. Notably, Cutibacterium acnes 
is more common, especially in younger, male 
patients, and its slow-growing nature can make 
diagnosis of this pathogen especially difficult. 
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Furthermore, C. acnes has been suggested to play 
a role in the development of shoulder osteoarthri-
tis [1, 7]. The management of the unexpected 
positive culture at revision shoulder surgery is 
complex and warrants a separate discussion of 
the controversies and treatment options. This 
paper will focus on the diagnosis and manage-
ment of the more obviously infected primary and 
revision total shoulder arthroplasty.

34.1  Diagnosis

Diagnosis of the infected shoulder PJI remains 
challenging. Standard preoperative laboratory 
tests such as the complete blood count (CBC), 
erythrocyte sedimentation rate (ESR), and 
C-reactive protein are often negative in the face 
of obvious intraoperative findings of infection. 
Jauregui et al. [7] in a recent systematic review 
noted that synovial IL-6 and alpha-defensin may 
prove more useful, although other authors have 
disagreed [8]. Jauregui et al. noted relatively poor 
sensitivity and specificity with the CBC, sedi-
mentation rate, and C-reactive protein in the pre-
operative diagnosis of PJI. Synovial fluid white 
cell counts have been widely employed, but the 
“dry tap” preoperatively remains a problem, even 
with image-guided aspiration. Moreover, even 
with successful aspiration, the reported positive 
result of synovial fluid, elevated white blood cell 
count, and microbiological culture is only in one 
third of the patients with PSI [9]. Paxton et  al. 
[10] noted that “In contrast to the lower extrem-
ity, the relevance of aspiration in the evaluation 
of PJIS is less clear.” Moroder et al. noted a cell 
count of greater than 2000/μL and/or more than 
70% of polymorphonuclear leukocytes is indica-
tive of a PJI [11]. Synovial leukocyte esterase 
strip testing has also been described [1, 8]. Ecker 
et al. however noted a sensitivity of 50% and a 
specificity of 87% using this technique [8].

Imaging has been similarly challenging. Plain 
radiographs are not usually useful; although 
there is an absence of infection, the loose unce-
mented humeral stem should raise suspicions for 
infection [10]. While technetium 99  m bone 
scanning has been widely employed in the imag-

ing of lower extremity PJI, it has had only lim-
ited usefulness in the diagnosis of shoulder 
PJI. Technetium (Tc 99 m) bone scan is sensitive 
for identifying a failed arthroplasty but cannot 
differentiate between infection and aseptic fail-
ure [1]. Falstie-Jensen et al. noted that the WBC/
BM scan results of 11 patients showed only 2 
true positives along with 9 false negatives for a 
sensitivity of 18% [12]. Given the challenges of 
preoperative diagnosis of PSI, Meshram et  al. 
evaluated the efficacy of metal artifact reduction 
sequence- magnetic resonance imaging (MARS-
MRI) for diagnosis of PSI [13]. This study uti-
lized the slice encoding for metal artifact 
correction (SEMAC) for MARS-MRI, and the 
radiological evaluation was done by two experi-
enced radiologists trained in musculoskeletal 
imaging. The study reported that the MARS-
MRI findings of lymphadenopathy, complex 
joint effusion, and edematous synovitis had the 
highest diagnostic performances with sensitivi-
ties >85%, specificities >90%, odds ratio > 3.6, 
and area under curve >0.9 for the diagnosis of 
PSI. These findings were limited to this specific 
SEMAC MRI sequence and to interpretation of 
the study by expert musculoskeletal radiologists, 
but it has potentially great value as an adjunct to 
making the diagnosis of shoulder PSI.

Arthroscopy can be an effective and accurate 
tool to identify low indolent causative organ-
isms, thus detecting patients with infected shoul-
der arthroplasty in cases where classical 
preoperative workup to diagnose SPJI has been 
inconclusive. This could potentially reduce the 
number of unexpected (“surprise”) intraopera-
tive positive open cultures together with the non-
true infected SA and consequently the number of 
unnecessary revision surgeries. Dilisio et  al. 
found that culture of arthroscopically obtained 
tissue demonstrated 100% sensitivity, specific-
ity, positive predictive value, and negative pre-
dictive value for identifying periprosthetic 
shoulder infection when one positive culture 
defined PSI concluding that arthroscopic tissue 
biopsy is a reliable method for diagnosing peri-
prosthetic shoulder infection and identifying the 
causative organism [14]. Nevertheless, Akgun 
et al. were less optimistic and reported results a 
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sensitivity and specificity of 80% and 94%, 
respectively, and the positive predictive value 
was 80% when two arthroscopically taken sam-
ples yielded positive cultures [15].

34.2  Intraoperative Findings

Gross purulence remains the most specific find-
ing in shoulder PJI (Fig. 34.1). While intraopera-
tive frozen sections of periprosthetic tissue have 
been used since the 1970s [16] and continue to 
be supported in the diagnosis of shoulder PJI 
[17], this technique can similarly be inconclu-
sive, especially with low-virulence organisms 
[10]. Direct identification of infective agents at 
the time of revision is not practical, and some 
organisms, notably C. acnes, can take up to 
26 days to grow in culture [7]. While promising, 
next- generation sequencing using polymerase 
chain reaction (PCR) has had problems with 
false- positive results, as it may identify nonclini-

cally relevant remnant DNA from dead bacteria 
[7, 18]. For these reasons, a high index of suspi-
cion must be exercised in any revision, either 
primary or secondary for the subtle diagnosis of 
shoulder PJI.

34.3  Published Criteria 
for Defining Infection

Recognizing the challenge associated with the 
diagnosis of total joint infection, several scoring 
systems to standardize the diagnosis of shoulder 
PJI have been proposed. While several have been 
published, the 2018 International Consensus 
Meeting (ICM) on Musculoskeletal Infection has 
perhaps been the most widely adopted. The 
authors proposed a series of both major and 
minor criteria, similar to that of the MSIS criteria 
that have been consistently used for PJI diagnosis 
of the hip and knee. Meeting any one of the major 
criteria was determined to be diagnostic of a defi-
nite shoulder PJI and included “a sinus tract com-
municating with the prosthesis, gross 
intraarticular pus, or two positive cultures with 
phenotypically-identical virulent organisms.” 
The minor criteria included many different diag-
nostic tests, as well as radiographic and exam 
findings, and placed a weighted value on each in 
order to categorize failed shoulder arthroplasties 
into different groups: probable PJI, possible PJI, 
and unlikely PJI [19]. Another widely referenced 
scoring system is that of Rangan et al. [17]. This 
scoring system represents the work of the British 
Elbow and Shoulder Society (BESS). Similar to 
the ICM scoring system, Rangan et al. had major 
criteria including a sinus tract or two positive 
separate cultures. Minor criteria were elevated 
ESR or C-reactive protein, synovial fluid leuko-
cyte count greater than 1100/μL and/or 65% neu-
trophil percentage, gross purulence, one positive 
culture, or five neutrophils per high-power field 
observed from histologic analysis. The BESS 
scoring system is also proposed to recommend 
the urgency of referral. While other recent scor-
ing systems have been proposed [8, 12, 18], the 
ICM scoring system remains the most useful and 
widely adopted. It should be noted that many of 

Fig. 34.1 Intraoperative photographs showing infected 
metaglene identified at the time of revision reverse shoul-
der arthroplasty. This type of visual appearance of gross 
purulence meets the major criteria in the 2018 International 
Consensus Meeting and would be categorized as “defi-
nite” PSI
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the criteria can only be applied postoperatively, 
and so its usefulness in the perioperative manage-
ment of PJI remains challenging.

34.4  Treatment Options 
for Shoulder Prosthetic Joint 
Infection

34.4.1  Debridement, Antibiotics, 
Irrigation, and Implant 
Retention (DAIR)

Debridement, antibiotics, irrigation, and implant 
retention (DAIR) has been recommended in the 
management primarily within 6 weeks of surgery 
or those patients who have only experienced 
symptoms for 3  weeks [17]. This procedure 
requires that the positioning and execution of the 
prior arthroplasty remains good at the time of 
revision. Lower-virulence organisms have also 
been felt to be an indication [17]. The DAIR pro-
cedures have generally been performed open, as 
arthroscopic debridement has not provided con-
sistently good results [20]. Rifampin has been 
recommended postoperatively due to its activity 
against nonresistant bacteria in the biofilm [1]. 
While tempting especially in older patients with 
significant comorbidities, the presence of a bio-
film around the prosthesis quickly diminishes the 
effectiveness of concomitant antibiotics [21]. 
Chou et  al. in their review of knee PJI showed 
double the rate of recurrent infection with DAIR 
compared to implant removal [22]. Eggleston 
et al. identified 12 primary studies using DAIR to 
treat shoulder PJI. They showed success rates of 
from 54% to 100%, but sample sizes of these 
studies were small [23]. Marcheggiani Muccioli 
et al. performed a systematic review of the treat-
ment of infected shoulder arthroplasty [24]. 
These authors noted a 29.6% rate of persistent 
infection with debridement and felt that debride-
ment should not be recommended for the man-
agement of infected shoulder arthroplasty. 
Ludwick et  al. evaluated the risk factors for 
recurrent infection and sepsis in DAIR proce-
dures for hip and knee procedures [25]. These 
authors felt that sepsis was a contraindication to 

use of a DAIR procedure, recommending instead 
a two-stage procedure. For all these reasons, 
DAIR procedures should be used with caution, 
due to the high risk of recurrent infection.

34.5  Single-Stage Revision 
of Infected Prostheses

Single-stage revision of infected shoulder pros-
theses has shown increased interest in the last 
decade. The advantages of decreased surgical 
morbidity, cost, and potential improvement in the 
outcome of the revision all seem obvious [10]. 
The equally obvious concern has been with recur-
rent infection with single-stage procedures. 
Several studies have sought to explore this topic. 
Mercurio et  al. [26] performed a systematic 
review of the outcome of revision surgery for 
shoulder PJI. In their review, the infection eradi-
cation rate was 96% with one stage, 93% with 
permanent spacers, 86% with two stages, 85% 
with resection arthroplasty, and 65% with irriga-
tion and debridement. One-stage revision was the 
best treatment, considering postoperative flexion 
and abduction, compared with resection arthro-
plasty, permanent spacers, and two-stage revi-
sion. One-stage revision showed fewer 
postoperative complications than irrigation and 
debridement, resection arthroplasty, and two- 
stage surgery. These authors favored one-stage 
revision for all cases except those where the bac-
terium involved was unknown. Interestingly, only 
45% were revised to RTSA, although this num-
ber was high in two-stage procedures, respec-
tively. There were no significant postoperative 
Constant and Simple Shoulder Test (SST) score 
differences between the one- and two-stage pro-
cedures. Eggleston et al. [23] in their systematic 
review noted that “we are unable to comment on 
what variables are more likely to produce a suc-
cessful outcome following single-stage revision.” 
Rangan et  al. in their review proposed a more 
conservative approach to single-stage revision: 
“The indications for a one-stage revision are 
where the bacterium is known to be of low viru-
lence or easily treatable; and where multiple 
operative procedures are contra-indicated due to 
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risk to patient and/or the limb” [17]. Kunutson 
et  al. noted that “New evidence suggests one- 
stage revision is at least equally as effective as the 
two-stage in controlling infection, maintaining 
joint function, and improving complications in 
shoulder PJI”; however “clinical measures of 
function and pain were not significantly different 
between the two revision strategies.” Belay et al. 
noted that “shoulder surgeons treating PJI can be 
reassured of a low recurrence rate (6.3%) for 
single- stage and 10.1% for two-stage revision, 
but this was not significant.” Paxton et  al. [10] 
noted similar rates of recurrent infection for both 
procedures, but that “more research is needed to 
determine when each approach is appropriate.” 
Nelson et al. [27] noted in their systematic review 
that “When outcomes were pooled, no statistical 
difference was found in the success rates of 
1-stage, 2-stage, or resection arthroplasty revi-
sion; each displayed a success rate >90%. 
However, single-stage revision produced the 
highest mean Constant score.”

Overall, the literature regarding one-stage 
revision remains inconclusive. While eradication 
of infection can occur, the conclusion that single- 
stage revision is as effective as two-stage revision 
is often biased by the selection of single-stage 
revision in less complex situations with less- 
virulent organisms [10]. There is only minimal 
data to suggest that single-stage revision improves 
functional outcomes by any measure, best sum-
marized by Belay et al., who stated that “There 
are underwhelming data with patient-reported 
outcomes and functional outcomes to support 
single-stage over 2-stage revision” [5].

34.5.1  Two-Stage Explant 
and Delayed Reimplantation 
with a Temporary Antibiotic 
Spacer

Based on the early experience with the manage-
ment of lower extremity PJI, two-stage explant 
and delayed reimplantation with a temporary 
antibiotic spacer has long been considered the 
gold standard. While the above argument regard-
ing single-stage revision has been widely circu-

lated, the morbidity and more rarely mortality of 
recurrent infection have caused many surgeons to 
exercise caution in their choice of revision proce-
dure. That said, the cost and morbidity of two 
large surgical procedures and extensive antibiotic 
therapy cannot be overstated. This issue is per-
haps best expressed in the large number of 
patients who ultimately select permanent treat-
ment with an implanted spacer to avoid the mor-
bidity of a second procedure, with a reasonable 
rate of patient satisfaction [28]. At least one study 
showed that definitive treatment without implant 
revision showed only modest diminution in out-
come over secondary revision surgery using an 
implant [29]. Increasingly the toxicity of both 
systematic antibiotics and that of antibiotics 
delivered by the spacer has been described [30, 
31]. Edelstein et al. clearly described nephrotox-
icity with high-dose spacer use in the lower 
extremity and the difficulty of removing the 
source of the nephrotoxicity when this issue is 
established [27].

Spacers themselves are not without complica-
tions. McFarland et al. [32] described their expe-
rience with 50 implanted spacers. A total of 18 
complications in 14 patients occurred, including 
bone erosion (n  =  8), spacer fracture (n  =  4), 
spacer rotation (n  =  3), and humeral fracture 
(n = 3). Both prefabricated and intraoperatively 
molded spacers were used. Ten patients in this 
group were treated definitively with spacers, with 
four complications in three patients.

All of the data regarding recurrent infection 
using any treatment algorithm is confounded by 
the lack of mid- and long-term follow-up. The 
above studies have no more than 2-year mini-
mum follow-up and many less than this. Our 
group reviewed the results of 17 revisions for 
infection at a minimum of 5-year follow-up [9]. 
In this review a recurrent infection developed in 3 
(18%) of the 17 patients. Two of these were ini-
tially infected with C. acnes and one with 
Staphylococcus aureus, only one of which had 
the same organism at re-revision as the initial 
organism at revision. The cumulative incidence 
of recurrence of infection was 0% at 1 year, 6% at 
2 years, and 18% at 5 years. There were six (36%) 
other complications, including four  periprosthetic 
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fractures, one spacer fracture, and one disloca-
tion. This study also retroactively applied the 
ICM criteria for infection. Using the ICM 2018 
criteria at first-stage revision surgery, the cate-
gory of PSI for ten (59%) patients was “definite 
PSI,” four (23%) patients was “probable PSI,” 
and three (18%) patients was “possible PSI.” All 
of these patients had a positive frozen-section 
pathology report. This data gives one pause in 
regard to accepting 2-year data as definitively 
cleared of infection, although it appears that two 
of three with recurrent infection had clearance of 
their initial organism. Three patients were 
excluded because they were definitively treated 
with a spacer, as was one of the patients with 
recurrent infection.

34.5.2  Resection Arthroplasty 
Without Reimplantation

There are limited studies in the literature about 
the efficacy of resection arthroplasty for treat-
ment of PSI. Stone et al. stated that “Resection 
arthroplasty is an option for low demand patients 
when revision arthroplasty is not possible” [33]. 
These authors described a recurrence rate of from 
0 to 30% [33]. Other authors have noted similar 
results [34–37]. In this group’s experience, resec-
tion arthroplasty is efficient in eradication of 
infection, but the functional outcomes are gener-
ally poor. Nonetheless, resection arthroplasty 
could be of value to treat patients with high sus-
picion of infection but who are medically unfit 
for a major surgery like single- or two-stage 
revision.

In summary, progress in the treatment of 
shoulder PJI remains slow. There is no single best 
test for diagnosis of PSI, and it should be based 
on multiple clinical, laboratory, and radiological 
investigations. MARS-MRI is an emerging inves-
tigation for diagnosing PSI and needs further 
investigation for its efficacy. Single- versus two- 
stage revision for chronic PSI should be individu-
alized based on severity of clinical findings and 
ability to identify and the virulence of the caus-
ative organism of PSI. While the last decade has 
shown some improvements, challenges with both 

diagnosis and treatment of this increasingly 
important problem remain. Continued explora-
tion of new options and further rigorous clinical 
study of these options will be the cornerstone of 
progress in this challenging area.
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35Periprosthetic Humerus Fractures 
After Shoulder Arthroplasty

Casey L. Wright, Maria A. Theodore, 
Richard Smith, and Evan A. O’Donnell

Periprosthetic humerus fractures adjacent to 
shoulder arthroplasty pose a challenging problem 
for orthopedic surgeons and patients alike. Recent 
decades have seen a substantial increase in the 
prevalence of shoulder arthroplasty, which 
increased by approximately 730% between 1995 
and 2017 [1]. In 2017, approximately 2% of the 
population over the age of 80 was living with a 
shoulder arthroplasty. As the prevalence of shoul-
der arthroplasty increases, so too does the popu-
lation at risk of periprosthetic complications. 
Although overall complication rates may be 
downtrending with improvements in surgical 
technique and implant design [2, 3], estimates of 
the complication rates of anatomic and reverse 
total shoulder arthroplasty are variable and may 
be as high as 25% [3–6]. Complications include 
instability, periprosthetic fracture, infection, 
implant loosening, neurologic injury, acromial or 
scapular spine fracture, hematoma, deltoid injury, 
rotator cuff injury, and venous thromboembo-
lism. Periprosthetic humerus fractures account 
for approximately 20% of all complications, with 
the majority of fractures occurring intraopera-

tively [3, 7]. Fractures are significantly more 
likely to occur in cases of reverse (OR 4.01) [3, 8] 
and revision arthroplasty (RR 2.8) [9, 10]; the 
prevalence of both of which can be expected to 
increase in coming years.

While humeral shaft fractures in the absence 
of an implant demonstrate reliable healing, peri-
prosthetic fractures are associated with greater 
rates of nonunion [11, 12]. The presence of a 
prosthesis may disrupt endosteal blood supply, 
cause persistent distraction at the fracture site, 
and alter the mechanical environment at the frac-
ture by altering glenohumeral joint motion [11, 
13]. Patient factors predisposing to fracture, such 
as medical comorbidities in the aging population, 
rheumatoid arthritis, and osteopenia, may also 
hinder healing [13]. Further complicating shared 
decision-making among patients and surgeons is 
the relative lack of evidence-based guidance on 
management of periprosthetic humerus fractures, 
with most recommendations limited to expert 
opinion and small case series [12].

35.1  Classification Schemes

Several classification schemes for periprosthetic 
humerus fractures have been proposed, primar-
ily based on fracture location. Successive clas-
sification systems have attempted to improve 
the utility of fracture classification in guiding 
management by incorporating factors such as 
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fracture pattern, available bone stock, and implant 
loosening. Only the most recent classification 
schemes, which were developed after the wide-
spread adoption of reverse, short-stem, and stem-
less implants, consider implant design.

One of the most widely accepted peripros-
thetic humerus fracture classification schemes 
was proposed by Wright and Cofield in 1995, 
which utilized the tip of the implant as a refer-
ence point (Fig. 35.1) [14]. Wright and Cofield 
Type A and B fractures both originate at the tip of 
the stem, with Type A fractures demonstrating 
proximal extension greater than one-third the 
length of the stem, Type B fractures extending 
proximally to a lesser extent, and Type C frac-
tures located entirely distal to the stem.

In 1998, Campbell et  al. classified fractures 
based on the anatomic location of the fracture 
[15]. Fractures are classified based on their loca-
tion within the greater and/or lesser tuberosities 
(region 1), metaphysis (region 2), proximal 
diaphysis (region 3), or mid- to distal humeral 
diaphysis (region 4).

Similar to the original Wright and Cofield 
classification, Worland et al. proposed a classifi-

cation scheme centered around the location of the 
fracture relative to the stem, with a subclassifica-
tion based on fracture pattern and stability of the 
implant [16]. In the Worland classification, Type 
A fractures involve the tuberosities, Type B occur 
at the level of the stem, and Type C occur distal to 
the implant. Type B fractures are further subdi-
vided into spiral fractures (Type B1), oblique 
fractures near the stem tip (Type B2), and frac-
tures associated with an unstable implant (Type 
B3). Such subclassification is designed to reduce 
the ambiguity in treatment of Type B fractures, as 
Type B2 can typically be treated nonoperatively 
and Type B3 fractures should be managed 
surgically.

In 2008, Groh et al. developed a classification 
scheme for both intra- and postoperative frac-
tures, utilizing the stem as a reference point, 
which could guide management [17]. Type I frac-
tures exist entirely proximal to the stem tip and 
are amenable to cerclage if occurring intraopera-
tively. Type II fractures, which extend distal to 
the stem tip, and Type III fractures, occurring 
entirely distal to the stem, are amenable to cer-
clage and conversion to a long-stem prosthesis 
when occurring intraoperatively. When occurring 
postoperatively, Type III fractures involving a 
stable implant are amenable to a trial of nonop-
erative management.

The above classification schemes have dem-
onstrated only moderate interobserver agree-
ment, with Fleiss’ kappa values between 0.483 
(Groh classification) and 0.583 (Wright and 
Cofield classification) for fracture classification 
and in guiding management [18]. Fractures of the 
humeral diaphysis at or proximal to the stem tip, 
including Wright and Cofield Type A, Campbell 
Region 3, Worland Type B, and Groh Type II 
fractures, present a significant challenge to sur-
geons evidenced by variability in preferred man-
agement. The variability could result from degree 
of fracture displacement, implant instability, and/
or remaining bone stock, which are not well- 
accounted for in the available classification 
schemes, as well as surgeon preference.

Recently, Kirchoff et  al. proposed a more 
comprehensive classification system and treat-
ment algorithm inclusive of some of these factors 

Fig. 35.1 AP x-ray of the right shoulder with an ana-
tomic total shoulder replacement. Lines demonstrate the 
Wright and Cofield fracture classification. Type A frac-
tures originate at the stem tip and extend proximally 
greater than one-third the length of the stem. Type B frac-
tures originate at the stem tip and extend proximally to a 
lesser extent. Type C fractures occur distal to the stem tip
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[19]. The system takes into consideration the 
type of prosthesis (anatomic, stemless, reverse), 
anatomic fracture location (acromion, glenoid, 
humerus), location of the fracture in relation to 
the implant, presence of a glenoid prosthesis, 
integrity of the rotator cuff, and implant stability. 
In a subsequent retrospective validation study, 
they found high inter-rater reliability between 
two board-certified trauma surgeons (Cohen’s 
kappa of 0.94) with the sole discrepancy result-
ing from disagreement classifying a stem as loose 
or stable [20]. Eighty-four percent of the frac-
tures were treated in accordance with the pro-
posed treatment algorithm, and 94% of these 
cases (15 of 16) had a good outcome. Conversely, 
in all three cases in which the surgeon deviated 
from the proposed treatment, the patient experi-
enced a poor outcome.

To date, however, no classification scheme has 
been universally adopted. The lack of a standard-
ized classification system hinders both the cre-
ation of larger data repositories on periprosthetic 
humerus fractures and the development of man-
agement guidelines.

35.2  Risk Factors

Proximal humerus periprosthetic fractures are 
best considered in two broad groups, intra- and 
postoperative, each of which has its own risk fac-
tor profile, management options, and clinical 
outcomes.

Intraoperative periprosthetic humerus frac-
tures largely occur during implant removal in 
revision cases (up to 81%), during reaming and 
broaching (up to 31%), during trialing or implant 
insertion (up to 19%), or due to excessive torque 
or retraction (up to 13–15%) [10, 15, 21, 22]. 
Risk factors include both modifiable and non- 
modifiable patient factors, including female sex 
(RR 3.3 [9] – 4.19 [23]), post-traumatic arthritis 
(RR 1.9 [9] – 2.55 [23]) [15, 21], instability (RR 
2.65 [10]), osteoporosis [14, 15, 24, 25], and 
rheumatoid arthritis [13, 14, 26–28]; implant fac-
tors, such as the use of press-fit stems (RR 2.9 
[9]) or prior hemiarthroplasties in revision cases 
(OR 2.34 [10]); and surgical factors, such as revi-

sion cases (RR 2.8 [9]). Revision cases pose a 
particular challenge due to the scar tissue encoun-
tered during the approach, the need to remove the 
previous implant, and stress shielding of the 
greater tuberosity in uncemented and diaphyseal- 
fitting stems [15, 22]. Excessive scar tissue may 
necessitate increased torque to obtain adequate 
exposure, whereas stress shielding predisposes 
the tuberosities to fracture.

A comprehensive understanding of a patient’s 
risk factors for periprosthetic fracture is impera-
tive to preoperative planning and informed con-
sent discussions. In high-risk patients, the 
possible need for intraoperative fixation or con-
version to reverse total shoulder arthroplasty 
should be discussed preoperatively. Surgeons 
may also ensure additional equipment, such as 
cerclage wires, plates, screws, long-stem 
implants, reverse components, and cement, are 
available.

Several mitigation techniques exist to reduce 
the risk of intraoperative fracture, and start with 
patient positioning. The patient should be posi-
tioned to allow for full extension and adduction 
of the humerus, which allows for adequate 
humeral canal preparation without levering of the 
distal humerus. Surgeons should ensure adequate 
capsular release, especially in cases of severe 
osteoarthritis, significant medial glenoid wear, 
and revision cases with soft tissue contracture, to 
allow for adequate exposure without excessive 
torque on the humerus. The humerus is at particu-
lar risk of fracture due to torque and excessive 
external rotation during initial dislocation and 
glenoid preparation. Appreciating preexisting 
humeral deformity in the case of post-traumatic 
arthritis or revision surgery is important to ensure 
a correct entry point and trajectory for reaming, 
avoiding perforation. Intraoperative fluoroscopy 
may be useful to plan and confirm the appropriate 
positioning of reamer, broaches, or implants. 
Overzealous reaming and endosteal notching 
predispose to both intra- and postoperative frac-
tures by creating a stress riser at the tip of the 
implant stem. Hand reaming is particularly useful 
in mitigating this risk, especially in osteoporotic 
bone in which it allows for compression of can-
cellous bone. Finally, appropriate preoperative 
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templating may mitigate the risk of fracture asso-
ciated with underreaming and placement of an 
oversized prosthesis. Intraoperative radiographs 
taken prior to leaving the OR are useful in identi-
fying unrecognized fractures or risk factors for 
postoperative periprosthetic fracture.

In revision cases, implant removal and disrup-
tion of the bone-implant or cement-implant inter-
face may result in significant bone loss and are 
typically associated with fractures involving the 
greater tuberosity. The greater tuberosity is at 
particular risk with metaphyseal-filling ingrowth 
stems or cemented stems with proximal fins, 
which result in significant proximal bone loss 
during removal. Preventative measures include 
utilization of implant-specific removal devices 
and decreasing the force necessary to remove the 
implant by performing a corticotomy [22].

Some surgeons utilize prophylactic placement 
of heavy, nonabsorbable sutures or cerclage wires 
around the tuberosities or metaphysis. This may 
be especially useful in patients at high risk of 
fracture during stem removal, reaming, or inser-
tion, including those with a thin greater 
tuberosity.

The vast majority of postoperative fractures 
occur after a fall [13, 14, 16, 24] or through an 
area of cortical weakening due to a stress riser or 
prosthetic loosening [14, 24]. Risk factors for 
postoperative fractures include osteonecrosis and 
increased Charlson medical comorbidity index 
[23]. Generally, postoperative fractures occur at 
the tip of the stem or cement mantle. However, 
with short-stem or canal-sparing implants, frac-
tures may involve the tuberosities and proximal 
humeral shafts.

35.3  Patient Evaluation

Evaluation of patients with periprosthetic 
humeral fractures involves a thorough history, 
physical examination, and radiographic evalua-
tion. A thorough history should elicit the mecha-
nism of injury, risk factors for periprosthetic 
fracture as detailed above, and review of prior 
operative reports. Review of operative reports 
should note the preoperative diagnosis and 
implants used. Note should also be made of any 

prior complications and revision surgeries. 
During the physical examination, it is imperative 
to note neurovascular status particularly of the 
axillary and radial nerves, as well as distal perfu-
sion, as revision shoulder arthroplasty and open 
reduction and internal fixation (ORIF) of peri-
prosthetic fractures are higher-risk operations for 
neurovascular complication.

X-rays of the shoulder (AP, true AP (Grashey), 
scapular Y, and axillary views) and full-length 
humerus (AP and lateral) should be assessed for 
previous implant, implant loosening, stress 
shielding, available bone stock, fracture pattern, 
and any preexisting humeral deformity. Metal 
suppression CT is useful for assessing remaining 
bone stock, implant stability, fracture pattern, 
glenoid version, and rotator cuff integrity [29]. 
Axial imaging also aids the surgeon in planning 
the feasibility and trajectory of possible “skive” 
screws, or bicortical non-locking screws angled 
to skirt around the implant, in cases of planned 
ORIF.

35.4  Management and Outcomes

Management of periprosthetic humeral fractures 
is dependent on several factors including timing 
of fracture (intraoperative vs postoperative); 
implant type and stability; fracture location and 
morphology; and patient factors, such as bone 
quality, rotator cuff integrity, and medical comor-
bidities. Treatment options vary and include non-
operative treatment, open reduction and internal 
fixation, and revision arthroplasty. The goals of 
fracture management are pain relief, early range 
of motion, preservation of shoulder function, and 
promotion of fracture union while maintaining 
implant stability.

35.5  Intraoperative Fractures

Management of intraoperative fractures is highly 
dependent on fracture location. Metaphyseal, cal-
car, and proximal humeral diaphyseal fractures 
are generally amenable to bypassing the fracture 
by two [24] to three [15] cortical diameters with 
either a standard-length or long-stem prosthesis, 
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with supplemental cerclage, tape/suture, and 
plate and screw fixation as needed. Tuberosity 
fractures may be managed with transosseous 
suture fixation to secure the rotator cuff attach-
ments, with or without screw augmentation. If 
unable to attain stable fixation, conversion to a 
fracture or revision stem may improve stability 
by improving proximal ingrowth and providing 
more options for fixation through the stem. In 
cases in which there is persistent inability to 
attain stable fixation, conversion to a reverse 
arthroplasty may be necessary.

Intraoperative shaft fractures can similarly be 
managed with conversion to a longer-stemmed 
prosthesis, bypassing the fracture site by at least 
two cortical diameters. Placement of cement in 
the distal canal to engage the tip of the prosthesis 
may improve stability. When a fracture is sus-
tained prior to cementation, it is imperative to 
prevent cement from escaping through the frac-
ture site, which can impede healing and result in 
nerve injury. If a fracture occurs after cementa-
tion and the stem is determined to be stable, plate 
fixation may avoid the risk of fracture propaga-
tion and increased morbidity associated with 
stem removal [11]. If unable to bypass the frac-
ture site by a sufficient length or in the setting of 
severe osteopenia, additional fracture fixation 
with cerclage cables, suture fixation, plate and 
screw fixation, and/or strut allograft is advisable. 
Supplementary fixation allows for earlier range 
of motion and higher union rates [11, 15].

In their report of intraoperative fractures, 
Athwal and colleagues noted all fractures dem-
onstrated radiographic healing at a mean of 
17  weeks postoperatively (range, 6–56  weeks) 
[9]. Non-displaced greater tuberosity fractures 
healed at a mean of 6.5 weeks, whereas displaced 
tuberosity fractures healed at a mean of 
13.5 weeks. Humeral shaft fractures healed at a 
mean of 22.5 weeks.

35.6  Postoperative Fractures

35.6.1  Nonoperative Management

Many surgeons advocate for a trial of nonopera-
tive management for postoperative shaft fractures 

in acceptable alignment without evidence of 
implant loosening [17, 24, 26, 30]. Acceptable 
alignment is generally defined as less than 20 
degrees of flexion/extension, 15–20 degrees of 
rotation, and 30 degrees of varus/valgus defor-
mity [11, 31, 32]. Long oblique and spiral frac-
tures are most amenable to nonoperative 
treatment [14], unless overlapping a significant 
portion of the stem compromising implant stabil-
ity. Nonoperative management generally involves 
immobilization with a shoulder immobilizer, 
cast, or Sarmiento brace, depending on the frac-
ture location.

Although many authors advocate for a trial of 
nonoperative management, it is important to 
understand the low success and high complica-
tion rates associated with nonoperative treatment 
(Table 35.1) [5, 13–17, 24, 26, 33–35]. A recent 
systematic review of management of peripros-
thetic humerus fractures found a 50% failure rate 
of nonoperative treatment [12]. Of the 32 patients 
identified in their study who were treated entirely 
nonoperatively, 10 (31%) developed complica-
tions including malunion/nonunion, radial nerve 
palsy, shoulder stiffness, and skin necrosis from 
the orthosis.

35.6.2  Open Reduction and Internal 
Fixation

Indications for fracture fixation include failure of 
nonoperative management for a humeral shaft 
fracture surrounding a stable implant and tuber-
osity fracture near a hemiarthroplasty or ana-
tomic total shoulder arthroplasty [36]. Failure of 
nonoperative treatment can be assumed when 
there is failure to maintain adequate reduction or 
there is nonunion of an unstable fracture after at 
least 3  months of attempted nonoperative man-
agement [11, 24]. Transverse and short oblique 
fractures are more likely to fail nonoperative 
management [14]. Tuberosity fractures can be 
repaired via transosseous sutures, tape, cerclage, 
or conversion to reverse total shoulder arthro-
plasty. Fixation of periprosthetic shaft fractures 
around a well-fixed implant can be achieved with 
either a plate, strut allograft, or both. The plate 
may be secured around the stem with either cer-
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Table 35.1 Outcomes of periprosthetic humerus fractures managed conservatively

Study

No. of fractures 
managed 
non-operatively

No. of fractures that 
healed with 
non-operative 
management

Mean time to 
radiographic 
healing

Complications 
(%) Complications

Boyd (1992) 
[13]

7 1 (14.3%) 3 months 1 (100%) Union with pain

Krakauer 
(1994) [26]

11 6 (54.5%) 11–13 weeksa Not specified Not specified

Wright 
(1995) [14]

8 4 (50%) 5.3 months 1 (12.5%) Persistent pain

Campbell 
(1998) [15]

5 5 (100%) 3.1 months 2 (40%) Frozen shoulder, skin 
slough and cellulitis

Worland 
(1999) [16]

2 1 (50%) 3 months 1 (100%) Death

Kumar 
(2004) [24]

11 6 (54.5%) 180 days None reported None reported

Groh (2008) 
[17]

4 4 (100%) 11 weeksb None reported None reported

Wolf (2012) 
[33]

2 0 (0%) N/A 1 (100%) Nonunion, persistent 
pain

Garcia- 
Fernandez 
(2015) [34]

1 1 (100%) 18 weeksb None reported None reported

Ascione 
(2018) [5]

5 5 (100%) Not specified None reported None reported

Ragusa 
(2020) [35]

5 4 (80%) 4.4 months 3 (60%) Acromial stress 
fracture, second 
fracture, hypertrophic 
nonunion

a Range, mean value not provided
b Inclusive of all fractures, treated operatively and non-operatively

clage wires, short unicortical locking screws, or 
bicortical “skive” screws. To avoid the creation of 
a stress riser, the plate should overlap the prosthe-
sis by at least two cortical diameters. Locking 
plates, which may be particularly useful in 
osteopenic bone, have the benefit of increased 
bone-implant stability and screw pullout [11]. 
Contraindications to operative management 
include medical comorbidities precluding gen-
eral anesthesia and active infection.

Operative management with internal fixation 
has demonstrated good outcomes with respect to 
healing among appropriately selected patient 
cohorts. In 2022, Mourkus and colleagues pub-
lished a systematic review of clinical outcomes 
following periprosthetic humerus fractures [12]. 
The review included 99 patients who underwent 
open reduction and internal fixation, in which 
union was achieved in 93.07% (95% CI 87.15–

97.45) without further intervention. Eighty-four 
of these patients underwent fixation acutely, 
whereas 15 had previously failed a trial of nonop-
erative management. The overwhelming majority 
(95%) involved a well-fixed prosthesis, and frac-
ture healing, which was reported for 75.7% of the 
patients, occurred at a mean of 5.5 months (range, 
2–10). Of those studies which reported patient 
satisfaction scores, 72% of patients reported 
being satisfied with their outcome. Complications 
included hardware irritation, transient nerve 
 palsies, deep infection, fracture extension or fail-
ure of fixation, and nonunion.

Despite reliable radiographic healing, func-
tional deficits may persist. Among five patients 
treated with open reduction and internal fixation 
using a locking plate, Kurowicki et  al. noted a 
mean time to radiographic union of 19  weeks 
(range, 9–53 weeks) with only one patient report-
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ing a VAS pain score above 0 (average 0.5) [37]. 
However, functionally limiting range of motion 
deficits were not uncommon. The average active 
shoulder flexion was 86 degrees (range, 60–130), 
abduction 70 degrees (range, 50–90 degrees), and 
external rotation 18 degrees (range, −10–60 
degrees). The mean ASES total score was 75 
(range, 62–100), while the mean ASES function 
score was 28 (range, 15–50).

The largest case series to date, published by 
Andersen et  al., included 17 fractures treated 
with ORIF occurring after anatomic (9) or reverse 
(8) shoulder arthroplasties [38]. Eight of the frac-
tures were augmented with strut allograft. All 
fractures demonstrated radiographic healing at a 
mean 6.8 months postoperatively (range, 3.25 to 
12  months). Mean ASES score at time of final 
follow-up was 45.1 (95% CI, 26.8 to 63.5). Five 
of six patients in whom pre-fracture ASES scores 
were available returned to their pre-fracture 
score. Seven of the 17 fractures experienced 
complications, 4 of which required subsequent 
reoperation. These included a remote broken ana-
tomic humeral stem due to recurrent trauma, fail-
ure of glenosphere baseplate fixation and the 
humeral socket, distal plate fixation failure, and 
distal fracture-line extension. The latter two 
occurred shortly postoperatively and required 
extension of fixation with an additional locking 
plate. Radial nerve palsies occurred in three addi-
tional cases and were managed nonoperatively.

35.6.3  Revision Arthroplasty

Revision arthroplasty is indicated in fractures 
involving a loose implant or those in which sur-
rounding bone stock is insufficient for fracture 
fixation. Implant loosening can be assessed by 
changes in implant positioning on serial radio-
graphs or when radiolucency is noted in at least 
three of eight humeral zones [39, 40]. Traumatic 
loosening can occur when a fracture line extends 
along a significant portion of the implant, desta-
bilizing it [11]. Revision arthroplasty typically 
involves conversion to a long-stemmed implant 
that bypasses the fracture by at least two to three 
cortical diameters. The long-stem implant can be 

either press fit or cemented, dependent on the 
implant chosen and available bone stock [11, 14, 
16, 24]. Implant revision is often accompanied by 
additional fixation, usually with a strut allograft 
and cerclage or a plate and screws. Osteolysis 
and loss of available bone stock may complicate 
management of periprosthetic humeral fractures 
and may necessitate component-allograft com-
posites or humeral endoprostheses.

Andersen and colleagues reported on 19 peri-
prosthetic fractures involving 9 reverse and 10 
anatomic implants treated with revision arthro-
plasty [38]. All stems were loose at the time of 
surgery. Fourteen were treated with a long-stem 
prosthesis, whereas five were treated with a 
short stem supplemented by ORIF. They noted 
an average time to radiographic union of 
7.7 months (range, 3.5 to 13.5 months). Allograft 
augmentation was utilized in 17 of the cases and 
18 went on to union. Pre-fracture ASES scores 
were available for five of the patients (32.0 
(95% CI, 14.0–50.0)), with all postfracture 
ASES scores exceeding pre-injury scores (54.4 
(95% CI, 44.6 to 64.2)). Complications occurred 
in seven cases, three of which required reopera-
tion. These included subsequent periprosthetic 
fracture, nonunion following multiple surgeries, 
and dissociation of the humeral socket-stem 
Morse taper. Complications treated nonopera-
tively included a transient radial nerve palsy, 
loosening of the stem, postoperative hematoma, 
and dislocation.

35.7  Conclusion

Periprosthetic humeral fractures are increasing in 
their incidence and represent a challenging clini-
cal problem. A thorough preoperative evaluation 
including previous operative notes with implant 
specifics, radiographs, and axial imaging are 
 necessary. Classification systems remain cum-
bersome and complex. Nonoperative manage-
ment can be considered, though with high rates 
of nonunion and malunion. Surgical interven-
tions include ORIF and revision shoulder arthro-
plasty and should be tailored to patient and 
fracture morphology.
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36Tendon Transfers and Shoulder 
Arthroplasty

Ryan Lohre and Bassem Elhassan

36.1  Paralysis, Pseudoparalysis, 
and Pseudopareses: 
A Spectrum of Motion Loss

Etiology of deficiencies in range of motion 
(ROM) requires clear definitions prior to treat-
ment. Active loss of forward elevation or rotation 
at the glenohumeral joint can occur secondary to 
traumatic or compressive neuropathies or dystro-
phies such as neuralgic amyotrophy (Parsonage- 
Turner syndrome). A C5 compressive 
radiculopathy may defunction the deltoid and be 
associated with traumatic or degenerative rotator 
cuff disorders. These patients will present with 
extremely reduced ROM of the shoulder second-
ary to weakness of the deltoid muscle from proxi-
mal neuropathy. Axillary nerve palsies will 
similarly present with true paralysis of the shoul-
der, showing extremely limited glenohumeral 
joint ROM including forward elevation and 
external rotation. Brachial plexopathies will also 
provide a truly paralytic shoulder and, depending 
on location of neurologic injury, allow for motion 
only to occur through the scapulothoracic articu-
lation. Spinoglenoid notch cysts can cause vari-
able compression of the suprascapular nerve 

resulting in weakness and eventual degeneration 
of the supraspinatus and infraspinatus muscula-
ture, presenting as weakness in forward elevation 
or external rotation, or combined weakness. True 
paralysis secondary to neurologic injury should 
be clearly diagnosed as the etiology of weakness 
and loss of function requires distinct and separate 
surgical treatments with differing expectations of 
recovery.

Pseudoparalysis has varying definitions 
though it is best considered through understand-
ing patient active motion losses, extent of rotator 
cuff deficiency, chronicity, presence of stiffness/
adhesive capsulitis, arthritic changes, and neuro-
logic and functional status of the deltoid. A recent 
consensus statement by Hawkins et  al. defined 
pseudoparalysis as a lack of active elevation with 
maintained passive elevation, chronic, and with 
physical exam findings of anterosuperior escape 
of the proximal humerus with no pain relief on 
intra-articular local anesthetic injection [1]. 
Pseudoparalysis has also been described as active 
forward elevation <45 degrees with preserved 
passive ROM and chronic in nature without trau-
matic origin [2]. Pseudoparalysis can also simi-
larly occur in multiple planes of motion 
depending on rotator cuff deficiency. Active 
motion loss in ER when tested at 20 degrees of 
abduction results in passive lagging toward the 
abdomen and measured as a negative angle. 
Active motion loss in IR is best assessed by a 
modified belly press test, seen by wrist flexion of 
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around 90 degrees with inability to maintain a 
neutral wrist position if the elbow is passively 
moved away from the body. Collin et al. described 
rotator cuff tear patterns predictive of pseudopa-
ralysis (defined as an inability to elevate the arm 
to 90 degrees) as anterosuperior tears (upper and 
lower subscapularis plus supraspinatus), postero-
superior tears (teres minor, infraspinatus, and 
supraspinatus), or infraspinatus, supraspinatus, 
and upper subscapularis [3]. Weiser et  al. and 
Ernstbrunner et  al. additionally provided evi-
dence that the lower, muscular portion of the sub-
scapularis is the most important predictor of 
pseudoparalysis [4, 5]. The teres minor is also 
important in constraining the anteroposterior 
force couple of the humeral head during eleva-
tion and external rotation as shown by Collin 
et al. [3]. To appropriately balance the cranially 
directed force of the deltoid, at least one unit in 
the anterior, posterior, and superior cuff must be 
present; otherwise the humerus will likely trans-
late and escape anterosuperiorly.

Pseudoparesis occurs similarly to pseudopa-
ralysis; however it lacks frank anterosuperior 
escape. In pseudoparesis as described by Gerber 
et al., forward elevation is limited to 90 degrees 
when not secondary to pain [6]. External rotation 
pseudoparesis is limited with active ER to neu-
tral, full passive ROM and a lag sign back to neu-
tral. Similarly, in pseudoparesis of internal 
rotation, modified belly press test shows wrist 
flexion angles of 30 and 60 degrees. A lag sign is 
present and occurs to these flexion angles when 
the elbow is moved passively away from the 
patient. Pseudoparesis occurs on a spectrum of 
rotator cuff insufficiency along with pseudopa-
ralysis; however the check-rein effect of the ante-
rior and posterior cuff is sufficient to prevent 
frank escape.

36.2  Radiographic Considerations

Without constraint of the rotator cuff, the gleno-
humeral joint undergoes progressive degenera-
tion over time in variable arthritic patterns. 
Initially, proximal migration of the humerus is 
seen and can progress through acetabularization 

of the coracoacromial arch with humeral head 
collapse. Hamada et  al. classified this progres-
sion secondary to loss of dynamic constraint due 
to chronic rotator cuff deficiency, termed cuff 
tear arthropathy (CTA) [7]. The typical glenoid 
wear pattern seen in these circumstances is in a 
posterosuperior orientation, though a small group 
of patients have anteroinferior glenoid erosion 
and subluxation. These patterns have been 
described by Favard et al. in their classification 
system of glenoid erosion secondary to CTA [8]. 
Seebauer et al. produced a biomechanical classi-
fication of CTA, incorporating morphologic and 
radiographic features of proximal migration with 
clinical findings of pseudoparalysis in advanced 
stages secondary to loss of constraint by the cora-
coacromial arch [9]. Radiographs assist the sur-
geon predominantly in indicating the patient for 
arthroplasty secondary to degenerative changes 
and assist in prosthesis preoperative planning. It 
is through a combination of radiography and 
careful physical examination that MTTs are indi-
cated for shoulder arthroplasty based on notable 
deficiencies.

36.3  Tendon Transfers Prior 
to Shoulder Arthroplasty 
and Outcomes

Muscle tendon transfers (MTTs) for rotator cuff 
deficiency without significant arthritic changes 
have been increasing in popularity. For younger, 
more active patients, tendon transfers to nonana-
tomically recreate the glenohumeral force cou-
pling have shown consistent improvements in 
patient-reported outcome measures (PROMs) 
and do not show advancement of arthritic changes 
in early follow-up. For those patients requiring 
reoperation and conversion to RSA, survivorship 
is estimated at 71.2% at 5 years [10]. Dislocation 
remained the largest complication in a series of 
33 patients receiving RSA for failed tendon 
transfers (9.1%). Patients receiving this salvage 
operation do however consistently improve their 
PROMs above minimal clinically important dif-
ference (MCID) thresholds and improve upon 
their measured forward elevation [10]. 
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Technically, it is important for surgeons to obtain 
prior operative records or be familiar with their 
prior cases and techniques to understand the 
location of transferred tendons. For posterosupe-
rior rotator cuff reconstructions using lower tra-
pezius transfers, the surgeon should be aware that 
this may result in tight posterior structures, 
resulting in a difficulty to translate the humerus 
for glenoid preparation and reduction maneuvers. 
Considering the risk of dislocation in these 
 revision surgeries, appropriate implant sizing, 
positioning, and soft tissue tensioning are key. 
Though debate remains about repairing the sub-
scapularis during RSA, for patients with prior 
anterior tendon transfers, it may be beneficial to 
respect these and repair them to their nonana-
tomic transfer site, rather than release to provide 
soft tissue tension and added constraint to the 
implant.

36.4  Concepts and Indications 
for Tendon Transfers During 
Reverse Shoulder 
Arthroplasty

36.4.1  CLEER

Combined loss of elevation and external rotation 
(CLEER) is an early concept developed by 
Boileau et al. to describe patients with pseudopa-
ralytic symptoms undergoing RSA with loss of 
force coupling in both vertical and horizontal 
planes [11]. Though some describe adequate res-
olution of ER loss with a lateralized implant 
alone, patients with true pseudoparalysis in for-
ward elevation and ER would likely obtain the 
greatest benefit from an additional tendon trans-
fer. In a comparative study of patients with a 
diagnosis of CLEER preoperatively, 73.3% of 
patients receiving a combined latissimus dorsi 
and teres major transfer achieved resolution of 
their hornblower sign compared to 58.3% in 
those that received a lateralized implant only 
[12]. Studies examining patients with pseudopa-
resis in elevation and ER also show improve-
ments in PROMs, elevation, and external rotation 
with low failure rates [13, 14]. It appears that 

there may be a requirement to distinguish patients 
into categories of having true pseudoparalysis or 
pseudoparesis, as many studies likely vary on 
their inclusion criteria [15]. Indications for an 
RSA in patients with combined pseudoparesis or 
pseudoparalysis in multiple planes include gleno-
humeral arthritis, shoulder instability, and irrepa-
rability of rotator cuff tear.

In patients with true pseudoparalysis and loss 
of active forward elevation and active external 
rotation, with an ER lag sign and positive horn-
blower, our preferred treatment is a lateralized 
RSA implant with an isolated latissimus dorsi 
tendon transfer to the posterolateral greater 
tuberosity.

36.4.2  CLEIR

Internal rotation pseudoparalysis is corrected 
through nonanatomic RSA. Given the change in 
center of rotation, it is likely that the pectoralis 
major, latissimus dorsi, teres major, and anterior 
deltoid account for improved internal rotation 
through implant biomechanics alone. Repair of 
the subscapularis is variably reported after RSA 
with variably reported differences in outcomes. 
There may be a subset of patients however with 
combined loss of internal rotation musculature 
including the subscapularis and pectoralis major 
(through extensive intraoperative release) that 
may have appreciable weakness with internal 
rotation that may be improved by an anterior 
latissimus dorsi tendon transfer, though these are 
rare circumstances and currently have limited 
indications. The concept of combined loss of 
elevation and internal rotation (CLEIR) has also 
been described, with anterior tendon transfers 
showing improvements in functional toileting 
capacity in short-term follow-up [16]. Though 
this study utilized transfer of the conjoint (latis-
simus dorsi and teres major) tendon, biomechani-
cally this can compress the axillary nerve, and 
tendons should ideally be mobilized separately as 
shown by Elhassan et al. to minimize this occur-
rence [17].

For patients with failed anatomic TSA sec-
ondary to subscapularis deficiency, with or with-
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out anterior subluxation of the humeral head, 
RSA is the standard treatment. Anterior latissi-
mus dorsi tendon transfer alone or in combina-
tion with the teres major as a double tendon 
transfer (for dynamic or static subluxation) per-
formed open or arthroscopically assisted can 
reconstruct the deficient subscapularis. There is 
no published data on the long-term outcomes of 
these treatments, and caution should be taken 
with clear patient shared decision-making before 
performing any salvage/reconstructions rather 
than conversion to RSA. The concepts of anterior 
latissimus dorsi tendon transfers in the setting of 
RSA are evolving and may prove to be beneficial 
in patients with preoperative CLEIR or at high 
risk of dislocation.

36.4.3  Deltoid Deficiency

Indications for a pedicled pectoralis major trans-
fer include true paralysis with atrophic deltoid 
musculature (particularly anterior and middle 
deltoid). Contraindications include active infec-
tion, tumor, or axillary neuropraxia with expected 
recovery. Additional nerve transfer options 
should be considered prior to reconstructive 
efforts. The pedicled pectoralis major transfer 
attempts to reconstruct the deficient anterior del-
toid musculature to improve forward elevation of 
the arm. The pectoralis major sternal and clavicu-
lar heads are detached from their origins and 
insertion, allowing for the muscle to be rotated on 
its neurovascular pedicle and reattached to the 
lateral clavicle and anterior acromion. Reorienting 
the pectoralis major muscle fibers allows for a 
vertical line of pull similar to the deltoid. 
Remaining posterior and middle deltoid that is 
contractile and non-atrophic can additionally be 
detached and mobilized anteriorly to assist in for-
ward elevation strength. Performing the pedicled 
pectoralis major transfer around an RSA allows 
for improved biomechanics through medializing 
the center of rotation.

Another MTT option for deltoid deficiency 
includes a pedicled latissimus dorsi transfer. The 
broad nature of this muscle may cover greater 
deltoid defects [18]. A pedicled latissimus dorsi 

transfer does not provide as much strength or 
improvements in range of motion (ROM) as reli-
ably as a pedicle pectoralis major transfer, though 
it provides excellent soft tissue coverage includ-
ing skin flaps if necessary. A glenohumeral fusion 
may also be a treatment option for this patient 
population.

36.5  Techniques

36.5.1  L’Episcopo

The L’Episcopo technique involves transferring 
the conjoint or combined tendons of both the 
latissimus dorsi and the teres major from their 
insertion medial to the bicipital groove to the lat-
eral aspect of the humerus. Published results have 
described resolution of abduction external rota-
tion and neutral external rotation pseudoparalysis 
[13, 14]. The technique involves harvesting the 
tendons as a single unit inferior to the subscapu-
laris and deep to the sternal head of the pectoralis 
major. The upper third to half of the pectoralis 
major is frequently released for later repair to 
access the broad (~33–37 mm) latissimus dorsi 
tendon [19]. Care must be taken to identify and 
protect the radial nerve and plexus superficial and 
medial to the conjoint during harvest. Proximally 
and superiorly, the axillary nerve traverses 
through the quadrilateral space around 27  mm 
from the humeral insertion of the latissimus dorsi 
[19]. Both nerves are closer to the surgical field 
while the arm is in adduction. Fascial reflections 
are found to the triceps and should be removed 
proximally and distally to assist in excursion. 
Once harvested, the tendon can be transferred 
most easily during dislocation and prior to reduc-
tion of final humeral implants. The tendon can be 
secured through several methods including bone 
tunnels or the use of fixation devices such as but-
tons or tenodesis screws. With a standard, 
stemmed RSA component, this may impede fixa-
tion, and repair methods must be directed around 
the stem. We prefer to tubularize the tendon dur-
ing transfer in the setting of RSA to provide a 
more robust tendonous insertion and affix the 
tendon using buttons and nonabsorbable suture. 
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The tendon is most frequently transferred directly 
laterally without proximal or distal translation to 
the humeral shaft. The line of pull thus biome-
chanically favors an external rotation vector with 
the arm in abduction. Other biomechanical stud-
ies provide evidence that inserting the tendon 
onto the posterolateral aspect of the greater tuber-
osity at the footprint of the teres minor produces 
greater moment arms [20].

36.5.2  Latissimus Dorsi

36.5.2.1  Posterior
The isolated latissimus dorsi tendon transfer has 
shown improvements in multiple retrospective 
series of patients in combination with RSA noted 
to have CLEER preoperatively [14, 21]. The iso-
lated transfer differs when compared to the 
L’Episcopo technique by its relevant surgical 
anatomy. Approximately 10% of patients will 
have a conjoint tendon between the latissimus 
dorsi and teres major at its humeral insertion 
which must be carefully divided through its 
extent to adequately separate and provide excur-
sion [19, 22]. Aside from a true conjoint tendon, 
there are two areas of fascial tissue that require 
release to maximize excursion of the latissimus 
dorsi. Approximately 36  mm proximal to the 
humeral insertion of the latissimus dorsi is a dis-
tal fibrous band existing between the latissimus 
and teres major that requires dissection, though 
the radial nerve passes directly inferior at this 
location. Additionally, there is a fibrous band that 
connects the latissimus to the triceps, which nor-
mally helps to anchor the brachial plexus to the 
proximal humerus [23]. Once released, adequate 
excursion can occur. Once released, the latissi-
mus dorsi tendon can be transferred through the 
muscle of the teres major or, ideally, distal and 
below the muscle. A curved clamp is used to 
accomplish this with care to avoid the radial 
nerve medially, popping through the posterior 
capsular tissues adjacent to the humeral metaph-
ysis and posterolateral greater tuberosity. This 
tendon can be affixed through bone tunnels or 
with the use of a button and nonabsorbable 
sutures after the humeral canal has been pre-

pared. The tendon may be attached directly pos-
teriorly on the humeral metaphysis adjacent to 
the pectoralis major insertion or at the level of the 
teres minor insertion on the metaphysis. 
Biomechanically, the more proximal insertion 
may provide more rotational strength [20].

An additional incision may be produced in the 
axillary crease adjacent to the deltopectoral inci-
sion along the anterior border of the palpable 
latissimus dorsi with the arm in an abducted and 
internally rotated position. Dissection is carried 
down directly to the latissimus dorsi and teres 
major and followed to their insertion on the 
humerus. In this orientation, visible tendon 
equates to the latissimus dorsi, while muscle 
encountered is that of the teres major. Both the 
distal fibrous band and connection to the triceps 
must again be released in this position, though in 
this orientation, the radial nerve will be deep and 
lateral. Once released, a clamp is directed through 
the deltopectoral incision on the posterior aspect 
of the humerus between the teres minor and pos-
terior deltoid through the subdeltoid space. Care 
must be taken to pass the clamp such that the 
axillary nerve coursing along the posterior del-
toid fascia is respected, and the latissimus tendon 
again does not pierce the teres major and passes 
below. It has been described to affix the tendon in 
a position of external rotation and hyperexten-
sion; however this is a dynamic muscle transfer, 
and if adequately released, there should be 
enough excursion of this large muscle to accom-
modate fixing in any arm position. Postoperatively 
however, it is recommended that the patient be 
placed in a neutral-to-ER shoulder immobilizer 
for a period of 6–8  weeks to allow for tendon 
incorporation before progressive therapy.

36.5.2.2  Anterior
The anterior latissimus dorsi transfer involves 
similar harvest as the single-incision approach 
for a posterior transfer. Once the isolated tendon 
has been harvested and adequate excursion has 
been achieved, the tendon is affixed on the foot-
print of the subscapularis on the anterior aspect 
of the lesser tuberosity. Releasing the distal 
fibrous band and the triceps fascial reflections 
should provide enough muscle excursion to 
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transfer the tendon proximally without signifi-
cant tension. Again, buttons, anchors, or bone 
tunnels may be used to affix the tendon and 
should be done after preparing the humerus for 
implantation. Baek et al. demonstrated improved 
outcomes in patients with CLEIR receiving an 
anterior conjoint (latissimus dorsi and teres 
major) tendon transfer, with the tendon trans-
ferred proximally from its insertion and lateral to 
the bicipital groove. Two transient axillary neuro-
praxias developed though were reported to 
resolve [16]. We caution on the combined trans-
fer of these muscles anteriorly as a unit as this 
may compress the axillary nerve in the quadrilat-
eral space, and both should be released if a dou-
ble tendon transfer is required. In settings of RSA 
and an intact deltoid, anterior latissimus transfer 
to the lesser tuberosity alone likely suffices and 
may reduce risk of neurologic injury. 
Immobilization should be a standard shoulder 
immobilizer in internal rotation for a period of 

6–8  weeks before progressive therapy to allow 
tendon healing. How these muscles function lon-
gitudinally after anterior transfer alongside RSA 
is unknown.

36.5.3  Pectoralis Major Transfer

The pectoralis major has broad origins on the 
sternum and manubrium as well as the clavicle. 
The goal of the pectoralis major transfer is to 
reconstruct the function of the anterior deltoid, 
and as such, muscular contraction must change 
from an adductor moment to a flexor moment, 
requiring a bipolar transfer to be most effective. 
A large curvilinear incision is produced extend-
ing from just proximal to the xiphoid process and 
medial to the sternocostal junction, over the ster-
noclavicular joint and extending just distal to the 
clavicle (Fig. 36.1). The incision crosses the AC 
joint and then proceeds to the anterolateral acro-

a b c

Fig. 36.1 (a) A patient positioned in a beach chair with 
an arm holder. Deltoid deficiency is seen by the visible 
acromion and greater tuberosity of the proximal humerus. 
The incision extends from proximal to the xiphoid process 
and traverses laterally along the inferior border of the 
clavicle. Typically, this then extends along a deltopectoral 
interval; however in this patient, the incision has been also 
extended laterally for additional planned middle deltoid 
mobilization. (b) The upper two-thirds of the pectoralis 
major muscle innervated by the lateral pectoral nerve and 
differentiated from the lower sternocostal head innervated 
by the medial pectoral nerve is clamped and retracted lat-

erally. Fascial tissue is seen on the undersurface of the 
muscle which was overlying the pectoralis minor, also 
innervated by the medial pectoral nerve. The pectoralis 
minor is retained on the chest wall and ribs 3–5. (c) The 
pedicled pectoralis major transfer has been completed, 
with the muscle attached to the lateral third of the clavicle 
and acromion proximally, and distally inserted at the orig-
inal deltoid insertion. A reverse shoulder arthroplasty 
underlies the tendon transfer. A nerve and muscle stimula-
tor is utilized with the arm in 30–45 degrees of forward 
elevation to test the contractility of the pectoralis major 
and its ability to flex the arm at the shoulder
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mion before extending distally, or a “T” incision 
can be performed, with one limb traversing dis-
tally along a standard deltopectoral incision, 
while the other limb proceeds to the posterolat-
eral acromion. The decision to perform either of 
these is based on prior incisions in the area as 
well as if transfer of the middle or posterior heads 
of the deltoid is to be additionally performed. The 
origin of the pectoralis major is detached using 
electrocautery from the sternum and clavicle. 
Costal arterial branches are encountered, and 
care should be taken to cauterize these as they 
may retract deep and continue to bleed. The pec-
toralis minor is encountered originating from ribs 
3–5. As dissection is continued lateral, the neuro-
vascular pedicle of the pectoralis major is 
encountered near the middle of the clavicle, dis-
tal to the subclavius muscle near the subclavian 
artery and vein and brachial plexus. Any atrophic 
anterior deltoid muscle is excised and the antero-
lateral acromion is cleared of tissue. The inser-
tion of the pectoralis major sternal and clavicular 
heads is released to allow for proper orientation 
of the muscle. The muscle proximally is folded 
on itself and the distal insertion is rotated so there 
is no twist in the muscle. In this orientation, the 
muscle fibers are all traversing in the long axis of 
the arm. Using buttons, the pectoralis major ten-
don is fixed to the clavicle and acromion. The 
most important fixation point is the medial/lateral 
extent of the new origin which should occur at 
the medial/lateral distance of the neurovascular 
pedicle so it does not tether this structure. 
Fixation proceeds distally to the anterolateral 
acromion. We typically use seven to eight buttons 
with double loaded sutures tied in a cow-hitch 
fashion to secure the muscle and tendon to bone. 
Once the new origin and insertion have been 
attached, checking the muscular contraction 
using a nerve and muscle stimulator device will 
show flexion of the arm at the shoulder and is 
indicative of appropriate muscle tension. The 
interval between the pectoralis major and remain-
ing deltoid if approximated can be oversewn for 
added fixation. Postoperatively, we prefer to 
place patients’ arms in a flexed position of 45–60 
degrees with slight internal rotation, held in a 
shoulder spica cast.

36.6  Emerging Techniques

36.6.1  Lower Trapezius

Concurrent lower trapezius tendon transfer at the 
time of RSA for pseudoparalysis may be an 
option for patients with compromised latissimus 
dorsi/teres major tendons. A biomechanical anal-
ysis of lower trapezius versus latissimus dorsi 
tendon transfers showed that the lower trapezius 
provided a greater moment arm and was more 
resistant to effects of arm position in producing 
effective ER than the isolated latissimus dorsi 
transfer. Using a contemporary lateralized 
implant also provided significantly greater ER 
moment arms for lower trapezius transfers [24]. 
This technique has been limited secondary to 
requiring an additional posterior incision, 
allograft, and the unknown biomechanical effects 
on the prosthesis. Practically, the patient requires 
a standard beach chair position with access to the 
medial border of the ipsilateral scapula for ten-
don harvest. The lower trapezius tendon attaches 
on the undersurface of the scapular spine approx-
imately 3 cm from the medial border of the scap-
ula. The muscle traverses from its spinal origin in 
an oblique orientation through the surgical field 
(Fig. 36.2). The lower trapezius tendon harvest is 
best achieved through a longitudinal incision in 
line with the scapular spine, approximately 3 cm 
below the scapular spine and aimed toward the 
posterior glenohumeral joint. There is a thick-
ened layer of fat surrounding the muscle and ten-
don which can be excised. Deep to the lower 
trapezius is the infraspinatus fascia which can be 
used as a landmark. Care must be taken to not 
harvest this fascia instead of the tendon. The ten-
don is then released from bone, and dissection is 
carried medial along a fatty demarcation between 
the lower and middle trapezius muscle heads. 
The spinal accessory nerve lies in the fascia on 
the undersurface of the trapezius musculature 
approximately 2 cm from the border of the medial 
scapular body, and careful dissection from super-
ficial to deep must therefore be used. The muscle 
should be freed of adhesions and have adequate 
excursion prior to graft incorporation. The infra-
spinatus fascia should then be opened in line with 
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b

Fig. 36.2 (a) A patient positioned in a beach chair with 
the scapular spine, medial scapular border, planned inci-
sion, and obliquely crossing lower trapezius muscle land-
marked. (b) An Achilles tendon allograft being prepared. 
One side is colored along with the use of different colored 

suture to ensure the graft does not twist on passage. (c) A 
lower trapezius tendon harvested from the scapular spine. 
The electrocautery is pointing at the fascial (deep) under-
surface of the tendon. The tendon has been tagged with 
retracting sutures

the incision with blunt palpation occurring under 
the fascia and the posterior deltoid toward the 
joint. Looking anteriorly through a deltopectoral 
incision, access to this plane can be achieved pos-
terior to the glenoid in the subdeltoid space. An 
Achilles tendon allograft (typically greater than 
18  cm) is affixed to the posterolateral greater 
tuberosity near the footprint of the teres minor 
and infraspinatus using buttons or suture anchors 
and nonabsorbable suture on the calcaneal end. 
This should occur after humeral preparation and 
prior to reduction. The gastrocnemius end of the 
tendon is then grasped through the soft tissue tun-
nel previously described and pulled into the pos-
terior incision. The implant can be reduced and 
the graft is then attached to the lower trapezius 
tendon. Our preferred method is to split the 
Achilles tendon, removing approximately half. 
The remaining tendon is then passed through the 
musculotendinous junction of the lower trapezius 
from deep to superficial and then pulled back lat-

erally and tied on itself again with nonabsorbable 
suture. Care is taken to assure that any trapezius 
fascia or posterior deltoid fascia/muscle are not 
incarcerated in the transfer. Postoperatively, an 
external rotation shoulder immobilizer or brace 
providing neutral rotation of the arm and slight 
abduction should be used for a period of 
6–8 weeks to allow graft incorporation.

36.6.2  Combined Lower Trapezius 
and Latissimus Dorsi 
(Anterior)

In settings of complete rotator cuff deficiency 
and cuff tear arthropathy, patients have up to 30% 
reductions in their PROMs and are at higher risk 
of dislocation [25]. Aside from optimizing 
implant position and size, providing soft tissue 
for added dynamic constraint to the prosthesis 
may aid in reducing this complication. In these 
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Fig. 36.3 A lower trapezius tendon is visualized in the 
posterior incision, and a latissimus dorsi tendon has been 
harvested and is visualized with tagging sutures coming 
from an axillary incision. Latissimus graft harvest can 
occur through a deltopectoral approach or through a sepa-
rate axillary incision. The two tendons are harvested in 
preparation for an anterior latissimus dorsi and posterior 
lower trapezius tendon transfer with a reverse shoulder 
arthroplasty prosthesis

circumstances, combining a lower trapezius ten-
don transfer as previously described in conjunc-
tion with an anterior latissimus dorsi transfer can 
been performed (Fig. 36.3). Care should be taken 
to transfer the latissimus dorsi in isolation, leav-
ing the teres major for adduction strength, par-
ticularly if the pectoralis major has been released. 
Though transfer of the pectoralis major tendon 
more proximally to the most anterior aspect of 
the lesser tuberosity has been described for sub-
scapularis deficiency, biomechanically this may 
remain unfavorable. The angle of the pectoralis 
major and its line of pull is nearly 90 degrees to 
the action of the native subscapularis. Though the 
overall center of rotation is medialized during 
RSA, the transfer more superficially relative to its 
insertion on the diaphysis is quite minimal and 
likely does not alter the line of pull significantly 
and may actually produce an anterior translative 
force and contribute to implant stability. The 
latissimus dorsi, on the other hand, when trans-
ferred to the most anterior segment of the lesser 
tuberosity would have an effective posterior 
translative force combined with IR given its line 
of pull. No comparative biomechanical or clini-
cal studies have examined the effectiveness of 
these transfers in contemporary RSA designs. 
For all emerging treatment options, further study 
is required on the longitudinal effects and 
survivorship.

36.7  Summary

Distinguishing paralysis, pseudoparalysis, and 
pseudoparesis in patients defines treatment and 
provides reconstructive options through MTTs 
and RSA. Distinguishing deficits in forward eleva-
tion or rotation assists in determining the most 
appropriate MTT. Patients presenting with pseu-
doparalysis in a CLEER pattern with CTA show 
improvements in range of motion and PROMs 
with latissimus dorsi or latissimus dorsi and teres 
major posterior transfers. Patients with CLEIR 
may improve strength with anterior latissimus or 
anterior latissimus and teres major transfers, 
though further research is required. For patients 
with deltoid deficiency, a pedicled pectoralis major 
transfer provides a reconstructive deltoid option 
aside from fusion. More novel transfers including 
lower trapezius tendon transfers or combined 
lower trapezius and anterior latissimus dorsi ten-
don transfers alongside RSA require further study.
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37Influence of Biomechanics in RSA 
(Reverse Shoulder Arthroplasty) 
and Its Implication in Surgical 
Decision-Making Process

Giovanni Di Giacomo, Leonardo Moreno R, 
and Mattia Pugliese

37.1  Introduction

Due to degenerative pathologies of the shoulder, 
the arthroplasty was seen years before as a sal-
vage procedure. The advent of good results in 
joints as the hip and knee tends the orthopedic 
field to try to recreate some characteristics of this 
prosthesis to the glenohumeral joint without 
acknowledging the biomechanics of this tech-
nique [1].

From the very beginning, the anatomic 
shoulder arthroplasty was used as the primary 
treatment for patients with glenohumeral 
arthrosis and massive rotator cuffs. The results 
were not satisfactory due to high failure rates 
related to excessive edge loading and the rock-
ing horse phenomenon [2, 3]. Patients with 
osteoarthritis and a rotator cuff deficiency were 
grouped by Neer himself as patients with “lim-
ited goals surgery” [4]. Around the early 1980s, 
options like hemiarthroplasty provided pain 
relief, but functionally the range of motion 

postoperatively was poor, and loosening of the 
glenoid component was quite common with 
total unconstrained shoulder arthroplasty which 
led to unacceptable results and unsatisfactory 
outcomes for patients [5].

Paul Grammont developed the concept of 
functional surgery of the shoulder and with this 
the principles of the actual reverse shoulder 
arthroplasty in order to mitigate the undesired 
results of previous prosthesis. This concept is 
aimed to allow the person to be able to exert the 
function of the shoulder in his/her environment 
[5]. The impossibility to obtain good results with 
the anatomic total shoulder arthroplasty without 
anatomic repair of the torn cuff makes Grammont 
break the normal anatomy and restore the effec-
tive function through a novel morphology of the 
joint [5].

In 1977 Grammont and Lelaurain developed 
the “Acropole” prosthesis which introduced a 
subacromial joint to resurface and use the sub-
acromial space to oppose the upward migration 
of the head and center it back in front of the gle-
noid [6] prosthesis that years later was abandoned 
due to coracoacromial impingement and glenoid 
loosening. These problems made them realize 
that the main problem they were facing was the 
inability to counter the deltoids subluxating effect 
in the absence of the cuff [5].

In 1985 he described his original reverse 
prosthesis that revolutionized shoulder arthro-
plasty with its novel design [1]. After several 
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attempts Grammont settled on an uncemented 
glenoid prosthesis. Central peg fixed with four 
divergent peripheral screws, glenoid component 
comprised of a third of a sphere with a large 
diameter, and removing the neck that was 
adapted from other joint prosthesis thus revers-
ing the concavity of the glenoid which became 
convex and placed a nonanatomic inclination on 
the humeral component which went from con-
vex to concave [7].

Nowadays with the development of different 
types of prosthesis and worldwide experience 
implantation of this type of elements, we know 
that the ability to generate power in the shoulder 
after reverse shoulder arthroplasty (RSA) is 
dependent upon several factors such as muscle 
physiological cross-sectional area, neural activ-
ity, length-tension relationship of soft tissues, 
atrophy, and/or fatty infiltration so beyond the 
inherent characteristics of the prosthesis, the 
patient selection keeps being a fundamental step 
to get the best results possible [8].

37.2  Grammont Principles

In order to contrast the effects of the deltoid and 
recreate a stable construct, two basic biomechan-
ical principles were introduced in Grammont 
RSA: medialization of the glenohumeral center 
of rotation and a lowering of the humerus [9].

In practice these principles are represented by 
four items: (1) the center of rotation must be 
fixed, distalized, and medialized to the level of 
the glenoid surface, (2) the lever arm of the del-
toid must be effective from the start of move-
ment, (3) the prosthesis must be inherently stable, 
and (4) create a semiconstrained articulation [1].

37.2.1  Medialized and Fixed Center 
of Rotation

RSA components create a fixed center of rotation 
secondary to increased constraint and matched 
radii of curvature. Movements of the shoulder 
produce a resultant force vector, composed of 
both compressive and shear forces that varies 

throughout the range of motion but that consis-
tently passes through the joints’ fixed center of 
rotation [1]. Medialization of the center of rota-
tion converts the mechanical torque at the gleno-
sphere into more compressive forces across the 
prosthesis-bone interface and decreases the peak 
shear forces experienced by the glenoid compo-
nent fixation [1, 10, 11].

The center of rotation in a ball and socket joint 
is kept at the center of the convex surface. Thus 
RSA shifts the center of rotation from the humeral 
head to the glenosphere. Since the glenosphere is 
fixed to the native glenoid surface, the distance 
from the glenoid surface to the center of rotation 
is directly proportional to the mechanical torque 
about the component and the shear forces at the 
glenoid bone-prosthesis interface [7, 11]. The 
effect of lateralizing the joint center of rotation is 
an increase in the distance between this point and 
the bone-implant interface; this distance is equal 
to the lever arm through which destabilizing 
forces act on the glenosphere resulting in 
increased torque [1].

Medialization of the center of rotation also 
brings inferomedial aspect of the humeral socket 
against the scapula neck which can also increase 
polyethylene component erosion and inferior 
scapular notching [12, 13]; for this reason an 
inferior overhang of the glenosphere provides a 
space between the glenosphere and the scapular 
neck that may decrease notching and also creates 
additional clearance between the greater tuberos-
ity and coracoacromial arch decreasing the risk 
of impingement during abduction, goal also 
achieved by using a humeral implant with a non-
anatomic inclination of 155 grades increasing the 
acromial-humeral distance [1, 7].

Lateralizing the center of rotation may 
improve shoulder range of motion by increasing 
the efficiency of external rotators lengthening 
[1, 14].

Nevertheless to address the problems of the 
medialized design, bony increased offset reverse 
shoulder arthroplasty (BIO-RSA) emerged to 
harness the potential advantages of component 
lateralization while limiting the known disadvan-
tages of distancing the rotational center from the 
bone-implant interface [14].
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37.2.2  Lever Arm of the Deltoid

Also medializing the center of rotation, an 
increase in lever arm of the deltoid is achieved 
allowing the deltoid to produce a large torque to 
rotate the humerus and elevate the arm, thanks to 
the increase of the abductor moment for the ante-
rior, middle deltoid and posterior muscle; the lat-
ter acts in contrast to its physiologic role as an 
adductor in normal shoulders [15]. Muscularly 
not all the periscapular muscles show an increase 
in his efficiency; as the deltoid lever arm 
increases, medialization decreases the efficiency 
of the external rotators as the infraspinatus and 
teres minor [16].

Another way to increase the lever arm of the 
deltoid muscle without jeopardizing external 
rotators efficiency is by distalizing the humerus. 
Since the overall tension produced by a muscle is 
the sum of active and resting tension, the deltoid 
can produce more torque without increasing 
muscle contraction solely by increasing its rest-
ing length; this resting length is increased by dis-
talizing the humeral insertion of the deltoid 
further away from its origin [7, 17]; be aware to 
not over-length it; this can decrease the resting 
tension and has also been correlated with postop-
erative neuropraxia and potentially with acromial 
stress fracture [7, 18].

37.2.3  Semiconstrained Articulation 
and Inherently Stable

Due to the absent rotator cuff and the impossibil-
ity of the dynamic stabilizers to provide stability, 
the relative position of the humerus against the 
glenoid must be maintained by the prosthesis [1, 
7]; in order to maintain the relative position of the 
humerus against the glenoid, the reverse shoulder 
arthroplasty (RSA) places the convex surface on 
the glenoid and the concave surface on the 
humerus; this constrains the joint and prevents 
the humerus of translating superiorly against gle-
noid even during deltoid contraction. The fixed 
fulcrum of the RSA is then achieved by matching 
the radius of curvature between the convex and 
concave surfaces of the implant imposing con-

centric motion [7]. The intrinsic stability of the 
two prosthetic components depends on the ratio 
between their depth and diameter, also increasing 
the humeral socket depth is proportional to stabil-
ity, but it is inversely proportional to impinge-
ment and notching-free range of motion [12, 19].

As we said before, increasing deltoid tension 
may help to stabilize the joint; as seen with an 
eccentric glenosphere, this increase in stability is 
based on larger muscle forces. The net compres-
sive force acting on the glenohumeral articulation 
is the most significant element of stability [7, 20, 
21] and also indicates that active rehabilitation 
can be more beneficial for patients than passive 
rehabilitation as the muscle activity could reduce 
the risk of instability, thus increasing muscular 
compressive force [20].

A quantitative measure of joint stability is the 
stability ratio, defined as the maximum allowable 
subluxation force/joint compression force. The 
normal glenohumeral joint has a stability ratio of 
approximately 0.5, whereas total shoulder arthro-
plasty has a ratio of approximately 1.0 [7, 22, 
23]. In contrast, RTSA has a stability ratio > 2.0. 
With the glenohumeral joint in 90% of abduction, 
the reverse total shoulder is approximately 4–5 
times more stable than a normal joint and 2–3 
times more stable than a conventional total shoul-
der prosthesis [22]. The stability ratio increases 
approximately 60% with the glenohumeral joint 
at 90% of abduction and decreases with the arm 
in a fully adducted position [20].

37.3  Reverse Shoulder 
Arthroplasty Prosthesis 
Design Classification System

Routman et al. propose a RSA prosthesis design 
classification system to objectively identify and 
categorize different designs based upon their spe-
cific glenoid and humeral prosthesis characteris-
tics for the purpose of standardizing nomenclature 
and a better understanding by the orthopedic sur-
geon for the different combinations and to help the 
decision-making in determined clinical scenario.

Glenoid components can be either medialized 
or lateralized depending on the center of rotation 
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related to the glenoid face. For a typical gleno-
sphere and a baseplate configuration, the position 
of the center of rotation is determined by the 
spherical radius and thickness of the glenosphere. 
For humeral prosthesis classification, humeral 
offset is defined as the horizontal distance 
between intramedullary canal and humeral stem 
axis to the center of the humeral liner; the offset 
determines the amount of humeral lateralization 
and is influenced by humeral neck angle, humeral 
osteotomy, humeral tray, and stem design [24]. 
Each of the configurations has pros and cons of 
which the surgeon should be aware at the moment 
of implantation.

37.3.1  Medialized Glenosphere 
(MedG)

This configuration is associated with a greater 
medial shift in the center of rotation relative to 
the native anatomic joint which increases the del-
toid abductor moment arm requiring less muscle 
force to elevate the arm [15, 25] and also experi-
ence lesser shear force at the glenoid-baseplate 
interface improving glenoid fixation. Keep in 
mind that this configuration impacts negatively 
by shortening the residual rotator cuff [26]; has 
less deltoid wrapping, thus reducing the horizon-
tal stabilizing compressive force vector of the 
deltoid; and may increase the risk of dislocation 
if not addressed on the humeral side and increased 
risk of scapular notching [25, 27].

37.3.2  Lateralized Glenosphere 
(LatG)

Lateralized design of the glenoid also medializes 
the center of rotation relative to the native ana-
tomic joint by placing the center of rotation on the 
convex surface. The center of rotation in this situ-
ation is laterally shifted from the glenoid face by 
an amount equivalent to the difference between its 
thickness and radius. LatG designs have better 
residual rotator cuff muscles due to increased 
lever arm of infraspinatus and teres minor which 

potentially improves internal and external rota-
tion; nevertheless these are also associated with 
less humeral and scapular impingement and there-
fore with lower scapular notching rates [25]; also 
this design improves deltoid wrapping which 
increases the horizontal stabilizing compressive 
force vector of the deltoid and may decrease the 
risk of dislocation [25, 28].

The lateral shift of the glenoid component 
makes the deltoid less efficient compared with 
the MedG decreasing his abductor moment. 
Therefore the deltoid force must be greater in 
order to elevate the arm; this may be related to 
negative implications to range of motion, stable 
glenoid fixation, and acromial stress fracture due 
to increased shear force generated by the deltoid 
[25, 29].

37.3.3  Medialized Humeral Design 
(MedH)

Classically described by Grammont after a non-
anatomic 155* osteotomy. It distally shifts the 
humerus relative to the native anatomic joint to 
increase deltoid tensioning. MedH designs have 
larger medial shift position of the humerus rela-
tive to native shoulders, thus decreasing deltoid 
wrapping which affects negatively the deltoid 
abductor moment so it is necessary to increase 
the deltoid force to elevate the arm; also as it hap-
pens with the MedG, it shortens the residual rota-
tor cuff muscle length affecting postoperative 
internal and external rotation [12, 26].

37.3.4  Lateralized Humeral Designs 
(LatH)

Lateralized humeral designs are typically onset 
to place the humeral tray and liner on top of an 
anatomic neck osteotomy increasing the deltoid 
tensioning. This results in better residual rotator 
cuff tensioning and better deltoid wrapping to 
improve stability which also lengthens the 
 deltoid moment arm to improve joint efficiency 
[12, 26, 28].
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37.4  Effect of RSA Design 
Parameters on Rotator Cuff 
and Deltoid Muscle Torques

Due to the intrinsic characteristics of the nonana-
tomic design of the RSA and the biomechanics 
behind this design, the ideal configuration of his 
components is still in the making. Some limita-
tions of the classic Grammont reverse shoulder 
arthroplasty design have been described above as 
scapular notching, instability, and decreased 
range of motion [24, 30]. These biomechanical 
differences between configurations have 
increased the seeking of effects of varying RSA 
design parameters.

Several configurations are available in terms 
of medialization and lateralization of the humeral 
and glenoid components and their effects on 
moment arms of the rotator cuff and deltoid mus-
cles, in order to bring corroborating evidence on 
the most advantageous configuration of RSA 
implant helping surgeons worldwide make more 
conscious choices when a decision is made on 
implant positioning. Di Giacomo et  al. (2021) 
conduct a computational biomechanical analysis 
assessing the moment arms of different implant 
configurations to provide a systematic under-
standing of the fundamental effects of gleno-
sphere and humeral component design parameters 
on deltoid, infraspinatus, and teres minor forces 
required to achieve elevation and external rota-
tion in adduction and abduction.

For a better understanding, it must be clear 
that the force required to produce active motion 
through a joint is resolved into two components: 
one perpendicular to the lever arm (rotatory com-
ponent) and the other one parallel to the lever arm 
(stabilizing component). There is a line of action 
of the force (muscles) applied to the lever arm 
(bones) intended as the distance between the cen-
ter of rotation and the point where the force is 
applied. And in order to measure the effective-
ness of a muscle contribution to a specific motion 
over a range of configurations exist the torque 
and moment arm which are directly proportional 
(Fig. 37.1) [8].

When talking about torque and moment 
arm, it is fundamental to understand their defi-

nition: The magnitude of torque depends on the 
force applied and the lever arm vector connect-
ing the point about which the torque is being 
measured (CoR) to the point of force applica-
tion, and the angle between the force and lever 
arm vectors and the moment of arm is the 
length of the shortest distance of a line that 
starts at the center of rotation that is perpen-
dicular to the line of action where the force 
comes from [8].

The deltoid and rotator cuff muscle torque 
necessary to produce active motion in different 
planes are influenced by the configuration of the 
RSA implant. Four different RSA configurations 
are possible: medialized glenosphere and medial-
ized humerus (MedG/MedH), medialized gleno-
sphere and lateralized humerus (MedG/LatH), 
lateralized glenosphere and medial humerus 
(LatG/MedH), and both components lateralized 
(LatG/LatH).

In this study four categories were compared in 
terms of torque variation with respect to the 
native shoulder; three planes of motion were con-
sidered for the study of torque values, scapular 
plane when considering abduction by action of 
the deltoid muscle, axial plane when considering 
external rotation by the action of the deltoid and 
infraspinatus (Fig.  37.2), and sagittal oblique 
plane when considering external rotation by 
action of the teres minor muscle [8].

A procedural modeling software was used to 
create an anatomical model of the shoulder in 

Fig. 37.1 Force required to produce active motion 
through a joint. C (center of rotation), F (force), trq 
(torque), P (point where the force is applied)
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Fig. 37.2 CoR (center of rotation), GC (geometric center)

Fig. 37.3 Center of rotation projection on elevation plane of the native shoulder

order to calculate torque intensity. This study 
confirms that the moment arms of all four differ-
ent configurations of reverse shoulder arthro-
plasty configuration were longer than the native 
shoulder because of the lateral offset of the native 
humerus and his proper center of rotation 
(Fig.  37.3). The lateralized glenosphere and 
medial humerus (LatG/MedH) displayed the 
most similar torque pattern to the native shoulder 
because of the shorter distance between the cen-
ter of rotation and the humeral muscles insertion 
when compared to other designs of RSA 
(Fig. 37.4) [8].

When assessing the infraspinatus and teres 
minor for external rotation, mean torque in 
MedG/LatH and LatG/LatH configurations dur-
ing range of motion was significantly higher than 
MedG/MedH and LatG/MedH.  This study also 
showed that medialized glenoid and lateralized 
humeral component (MedG/LatH configuration) 
(Fig. 37.4) leads to the best torque on the three 
different planes under the action of deltoid as 
elevator on scapular plane and external rotator in 
adduction on the axial plane, infraspinatus and 
teres minor as external rotators, respectively, on 
axial and sagittal oblique planes [8].
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Fig. 37.4 RTSA (reverse total shoulder arthroplasty), LAT-MED (lateralized glenosphere and medial humerus), MED- 
LAT (medialized glenosphere and lateralized humerus)

37.5  Rotator Cuff Repair After 
Reverse Shoulder 
Arthroplasty

The RSA has been indicated for the treatment of 
rotator cuff tear arthropathy or massive rotator cuff 
tears that are deemed irreparable [31, 32], and due 
to these there has been disagreement regarding 
whether, when possible, repaired in conjunction 
with RSA. But also these indications have expanded 
to include surgical conditions with an intact rotator 
cuff such as the management of A2, B2, or C gle-
noid erosion; thus the surgeon has the option to 
preserve or release the rotator cuff [33–35].

The discussion around the repair of the rotator 
cuff has been focused on postoperative prosthesis 
stability, but this idea cannot leave behind the 
outcomes related with the effects of the muscles 
in range of motion postoperatively [33].

The repair of the rotator cuff theoretically 
should improve stability and decrease the inci-
dence of dislocation. The internal rotation 
improves significantly if the subscapularis ten-
don is repaired, but some studies have reported 

that this repair may be detrimental for external 
rotation outcomes postoperatively through antag-
onistic loading against the already weakened 
posterior cuff [36, 37]. Also it has been described 
in literature where subscapularis muscle after 
being repaired markedly shifted toward adduc-
tion instead of keeping his internal rotation native 
role, thus resisting abduction increasing muscle 
and joint loading [15].

A biomechanical study was conducted to 
identify the kinetic effects of rotator cuff repair 
and how this is affected by RSA configuration. 
Giles et al. (2016) found that rotator cuff repair 
increases the demands on the deltoid during 
abduction, increasing joint loading. LatG exacer-
bated this effect; instead LatH reduced the del-
toid muscles’ required force which decreases 
joint loading caused by rotator cuff repair; this 
biomechanical effect is due to the wrap of the 
deltoid around the greater tuberosity, redirecting 
tension through the humeral head producing a 
more compressive joint load, effectively 
 stabilizing the joint without introducing addi-
tional force into the joint [33].
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38Arthroscopy and Shoulder 
Arthroplasty

Juan Sebastián Vázquez, Maria Valencia, 
and Emilio Calvo

38.1  Introduction

Total shoulder arthroplasty (TSA) has been estab-
lished as the treatment of choice for end- stage gle-
nohumeral arthritis and has demonstrated durability 
and effectiveness. Most patients obtain durable 
shoulder comfort and function following SA, but 
postoperative problems may occur, including insta-
bility, component loosening, malposition, infec-
tion, neurovascular injury, stiffness, impingement, 
periprosthetic fracture, and rotator cuff and biceps 
injury [1]. The number of revision surgeries is 
expected to increase as more patients undergo TSA 
to alleviate shoulder pain and functional impair-
ment. This will eventually occur despite improve-
ment in prosthetic design and surgical technique, 
and indication as TSA has a limited durability.

Shoulder arthroscopy has become a potent 
diagnostic and therapeutic tool that has trans-
formed the diagnosis and management of shoul-
der pathology. Clear indications for patients with 
symptomatic TSA have not been established 
clearly. Arthroscopic well-known advantages 
(i.e., minimal invasiveness; improved visualiza-
tion in some cases; less hospital stay, blood loss, 

and surgery time; lower complication rates; no 
image artifact, among others) could be applied 
among these patients [2–5].

Nevertheless, potential drawbacks and technical 
challenges should be taken into consideration. It 
could add an extra procedure in patients who any-
how end up having open revision surgery. Iatrogenic 
component damage or loosening and other 
arthroscopic-related complications, like infection, 
neurovascular damage, bleeding, and prosthetic 
component damage, among others, are best avoided 
by meticulous attention to detail, including precise 
portal placement, careful navigation, and proper 
use of instruments around the prosthesis.

The number of potential indications of arthros-
copy in symptomatic patients with TSA is 
increasing (Table 38.1). In this chapter the indi-
cations, general principles, and surgical tech-
nique of arthroscopy in shoulder arthroplasty will 
be described.

38.1.1  General Surgical Principles 
of Arthroscopy on Shoulder 
Arthroplasty

Arthroscopy for shoulder arthroplasty can be per-
formed either in the lateral decubitus or beach 
chair positions. Beach chair offers the possibility 
to convert to an open approach if needed. Gentle 
traction on the humerus is recommended. It is 
important to insert the trocar carefully into the 
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Table 38.1 Indications for arthroscopy in prosthetic 
shoulders

1.  High clinical suspicion for periprosthetic joint 
infection without confirmation by exam or 
diagnostic tests. Septic arthritis acute treatment.

2.  Implant loosening assessment and glenoid loose 
component removal.

3.  Shoulder stiffness.
4.  Subacromial impingement, bursitis, and 

acromioclavicular pathology.
5.  Rotator cuff tear.
6.  Long head of biceps (LHB) pathology.
7.  Periprosthetic shoulder Instability.
8.  Scapular notching.
9.  Loose bodies.

Table 38.2 General surgical tips for performing arthros-
copy on shoulder arthroplasty

•  Use Lateral decubitus or beach chair position 
(preferred by author due to the).

•  Gentle lateral traction on the humerus with the arm 
adducted and internally rotated.

•  Cautiously enter the joint (to prevent iatrogenic 
prosthetic component loosening or damage), and 
manipulate instruments carefully.

•  More proximally placed posterior portal (1 cm 
inferior the undersurface of the posterolateral 
acromial corner) avoids the thickest portion of the 
prosthetic humeral head.

•  Avoid sharp-tipped trocars.
•  Create new portals or enlarge preexisting portals if 

needed.
•  Use cannulas every time if possible.
•  Turn the 30° arthroscope away from the metal 

prosthetic component, or use the novel needle-sized 
0° arthroscope to prevent mirror phenomenon.

joint to prevent iatrogenic prosthetic component 
loosening or damage and manipulate instruments 
carefully. Sharp-tipped trocars should be avoided. 
For anatomic TSA, a posterior entry portal is 
used, but it should be placed more proximally 
(1 cm inferior the undersurface of the posterolat-
eral acromial corner) in order to avoid the thick-
est portion of the prosthetic humeral head. In the 
case of reverse shoulder arthroplasty (RSA), the 
same posterior portal can be followed to enter the 
joint. However, a lateral portal located 1 cm lat-
eral to the acromial edge and midway between 
the anterior and posterolateral acromial aspects is 
frequently safer. The trocar should be directed 45 
degrees inferiorly to enter the joint.

Once into the joint, the humeral head in the 
case of anatomic TSA or the glenosphere if RSA 
is easily identified, and the “mirror” phenomenon 
consisting of the reflection off the humeral head 
or glenosphere can cause technical difficulties. 
Turning the 30° arthroscope away from the metal 
prosthetic component or using the novel needle- 
sized 0° arthroscope is useful to prevent mirror 
phenomenon.

Scar tissue and synovitis are frequently 
encountered in the joint. This tissue should be 
removed as much as possible to visualize the 
components and to gain full access to implant to 
bone interfaces. A shaver introduced through a 
conventional anterior portal can be used for this 
purpose (Table 38.2).

38.1.2  Arthroscopy for Diagnosis 
and Treatment of Shoulder 
Periprosthetic Joint Infection 
After SA

Periprosthetic shoulder joint infection (PSJI) can 
be a devastating complication of arthroplasty, 
with considerable associated morbidity and cost. 
It occurs in approximately 1% of cases after pri-
mary and up to 15% after revision arthroplasty 
[6–8]. The true incidence could possibly be even 
higher due to frequent low-grade-type clinical 
appearance imitating an aseptic failure [9]. The 
ideal treatment of PSJI is unclear, and no reliable 
algorithm for acute or chronic PSJI has been 
established [10–12]. Diagnosis has traditionally 
been based on the clinical history and examina-
tion, in combination with laboratory analysis in 
peripheral blood, radiologic findings, and aspira-
tion culture results. However, signs can be subtle 
and investigations equivocal [4]. Low-virulence 
organism’s infection such as Cutibacterium 
acnes [8, 9] can present with lack of typical fea-
tures of infection such as fever and erythema 
delaying diagnosis and therefore worsening the 
prognosis by late treatment. Many authors stated 
that routine investigations for infection have a 
low efficacy in confirming PSJI in these cases 
[13–15].
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In regard to classical preoperative workup to 
diagnose PSJI, synovial fluid culture and analysis 
has been the most accurate tool to date, but 
 infections caused by indolent organisms may still 
be missed. Cell count and biomarker assays such 
as alpha-defensin may aid in these cases [16, 17]. 
However its overall utility has been questioned 
[18]. In addition, 14 days of incubation and dif-
ferent media are needed to identify these organ-
isms [19]. Sperling found that approximately 
50% of all joint aspirations fail to recover any 
fluid (“dry tap”); therefore, neither biomarker 
assays nor culture of specimens is possible in 
these cases [6, 20]. Dilisio et al. found that fluo-
roscopically guided glenohumeral aspiration 
yielded a sensitivity of 16.7%, specificity of 
100%, positive predictive value of 100%, and 
negative predictive value of 58.3% [21].

On account of this, arthroscopic management 
could be the next step in cases where there is a 
high clinical suspicion of PSJI along with no 
clear clinical evidence of infection, nonconclu-
sive image studies, negative joint aspiration cul-
tures, and normal/subtle inflammatory laboratory 
markers. Dilisio et  al. found that culture of 
arthroscopically obtained tissue demonstrated 
100% sensitivity, specificity, positive predictive 
value, and negative predictive value for identify-
ing periprosthetic shoulder infection when one 
positive culture defined PSJI, concluding that 
arthroscopic tissue biopsy is a reliable method 
for diagnosing periprosthetic shoulder infection 
and identifying the causative organism [21]. 
Nevertheless, Akgun et al. found a sensitivity and 
specificity of 80% and 94%, respectively, and the 
positive predictive value was 80% when two 
arthroscopically taken samples yielded positive 
cultures. Histopathologic cultures have shown 
low sensitivity, and no clear advantages of sonifi-
cation over conventional cultures have been 
found [22, 23].

Arthroscopically identified synovitis has not 
been found to be an accurate finding to diagnose 
PSJI due to the low virulence of C. acnes 
together with the concomitant macroscopic 
signs of synovitis secondary to noninfectious 
process initiated by polyethylene, cement, or 
metal debris synovitis [24].

In regard to antibiotic prophylaxis for arthros-
copy, the International Consensus Meeting rec-
ommends that preoperative antibiotics should not 
be held until cultures are obtained in revision 
shoulder arthroplasty. It was also stated that anti-
biotics can be continued up until final culture 
results are obtained in revision cases if there is 
some suspicion of infection while awaiting the 
final culture results [25].

In summary, arthroscopic management is an 
effective and accurate tool to identify low- 
indolent causative organisms, thus detecting 
patients with infected shoulder arthroplasty in 
cases where classical preoperative workup to 
diagnose PSJI has been unconclusive despite 
high clinical suspicion. This could potentially 
reduce the number of unexpected intraoperative 
positive open cultures together with the non-true 
infected shoulder arthroplasty and consequently 
the number of unnecessary revision surgeries. 
The main disadvantage of diagnostic arthroscopy 
is that it can potentially result in an additional 
surgical procedure. Although the main treatment 
for a chronic PSJI would be one- or two-stage 
open revision surgery, arthroscopic management 
could benefit poor major surgery candidates. In 
regard to acute PSJI, arthroscopic management 
could be used to diagnose and treat septic arthri-
tis in the acute setting but not as a definitive treat-
ment. Likewise, if mobile component removal is 
needed, unless the component is loose, it could 
not be done arthroscopically.

38.2  Surgical Technique 
for Assessing PSJI

Prior to arthroscopy, aspiration with a spinal nee-
dle from posterior portal could be done. Any fluid 
egress throughout the initial dry arthroscope 
sheath should be collected and sent for culture. 
Abnormal appearance synovial and tissue biop-
sies are obtained through working portal using a 
tissue punch, pituitary rongeur, or grasper 
(Fig. 38.1). To improve diagnostic accuracy, sam-
ples should be obtained from a minimum of three 
different sites. We recommend five biopsies, 
including component-bone-cement interface. A 
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Fig. 38.1 Arthroscopy in a patient with painful total 
shoulder arthroplasty with high index of suspicion for 
PSJI despite normal studies. 1. Posterior view of a 
TSA. Note the “mirror” phenomenon reflecting the tip of 

the shaver on the humeral head. 2. Synovitis. 3. Samples 
taken from glenoid component-bone interface. 4. Loose 
all-polyethylene glenoid component (a), humeral compo-
nent (b), synovitis (c), and cement mantle (arrow)

“no-touch” technique can be applied by using 
new sterile instruments each time. A cannula may 
be used to prevent skin flora contamination of 
samples. This is followed by irrigation and 
debridement of articular and subacromial space. 
Samples are immediately sent to microbiological 
analysis (gram staining and aerobic, anaerobic, 
and fungal culture assessment), and a minimum 
of 14 days of incubation is preferred to increase 
the likelihood of detecting C. acnes [1, 26].

38.2.1  Arthroscopy and Implant 
Loosening After Shoulder 
Arthroplasty

Loosening of glenoid component is one of the 
most likely causes on painful and late failure fol-
lowing shoulder arthroplasty; specifically, the 
most common following an anatomic TSA [27, 
28], it may be the consequence of the “rocking 
horse phenomenon” or eccentric glenoid compo-
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nent loading, imperfect glenoid preparation and 
cementing technique, poor glenoid bone quality, 
or defective component design [29]. Symptoms 
are nonspecific, but worsening pain together with 
gradual loss of motion or mechanical symptoms 
during arm movement should awaken concern 
[30]. If these symptoms are present and implant 
loosening suspected, image studies should be 
taken. Radiolucent lines or gross shifts in compo-
nent position should be looked through [31]. 
Computed tomography (CT), with or without 
intra-articular contrast, may aid in detecting gle-
noid component loosening [32], but its reliability 
has been questioned. Arthroscopy can identify 
gross glenoid loosening initially missed by con-
ventional imaging studies [33].

Although image studies may be helpful in 
diagnosing loosening, arthroscopy has been 
described as a useful adjunct when radiographs 
are equivocal. Arthroscopic techniques have been 
found to be more sensitive than radiologic studies 
in the evaluation of component loosening. 
Therefore, loosening could be established even in 
the absence of radiographic evidence [33] 
(Fig. 38.1).

Arthroscopic therapeutic management for 
loose glenoid component has also been described 
[34, 35]. Removing the loose glenoid component 
could leave bone defects which should be 
assessed and treated if necessary. These may be 
small or large contained or uncontained, the latter 
being more difficult to treat by arthroscopy. This 
scenario may require open structural bone graft-
ing with or without revision to RSA.  Defined 
indications for bone grafting of peg holes or 
larger contained defects remain unclear [36, 37].

38.3  Surgical Technique 
to Evaluate and Remove 
Implant Loosening

Glenoid component is assessed using a probe or 
any other device to gently manipulate the glenoid 
or humeral component evaluating for component 
loosening. Flexible plastic cannulas and trocars 
may be used to reduce iatrogenic harm [35]. The 
glenoid component extraction can be achieved in 

two ways. The first is performing as complete 
removal of the component in grossly loose by 
completely releasing the rotator interval, enlarg-
ing the anterior portal by 1–2  cm immediately 
prior to removal by using an arthroscopic grasper 
to firmly grasp and lift up the glenoid component 
(Fig. 38.2). The other option is to sequentially cut 
the component surface into smaller fragments to 
facilitate extraction using arthroscopic graspers.

The remaining cement can be broken and 
removed by curettes or graspers. Debriding the 
cement with a high-speed burr is also an option in 
cases of poor glenoid bone quality [1, 34]. Bone 
defect after removal should be assessed. Removal 
of a pegged component may leave contained or 
uncontained holes in the glenoid subchondral 
bone. Impaction on allograft bone chips may be 
performed in larger bone defects using cannulas 
or trephines through accessory or standard por-
tals (Fig. 38.2). Dermal allografts patches could 
be used with knotless sutures on glenoid to con-
tain the bone graft as it articulates with the 
humeral component [1, 35]. Smaller defects may 
be left untreated.

38.3.1  Arthroscopy and Shoulder 
Stiffness After SA

Postoperative stiffness after TSA is a common 
cause of pain and is the most frequent cause of 
patient dissatisfaction [38]. The etiology is mul-
tifactorial but is mainly associated with techni-
cal factors depending on the surgeon (component 
malpositioning and overstuffing) and patient 
factors (noncompliance with postoperative 
rehabilitation, prolonged shoulder immobiliza-
tion, exuberant scar formation, infection, among 
others) [1].

Pain and stiffness after shoulder arthroplasty 
should be evaluated with careful physical exami-
nation. Component malpositioning and soft- 
tissue contracture should be differentiated by 
physical exam determining whether there is a 
firm versus rubbery range-of-motion end point, 
respectively. If component malpositioning or 
wrong sizing is confirmed by image studies, open 
revision surgery should be performed. If early 
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Fig. 38.2 Arthroscopic image of a loose all-polyethylene glenoid component. 1. Removal of cement. 2. Loose glenoid 
component removal

postoperative stiffness not associated with com-
ponent malpositioning is present, initial physical 
therapy may be effective; nonetheless care should 
be taken to avoid scapular fracture or subscapu-
laris failure [1].

If any of these problems is diagnosed, it 
should be assessed either by conservative or sur-
gical treatment. Arthroscopic management will 
take place when pain and limited range of motion 
compromise shoulder function with or without 
the presence of obvious PSJI or component- 
related issues and despite extended rehabilita-
tion. In these cases, arthroscopic contracture 
release and lysis of adhesions may be indicated 
[1]. Reports of arthroscopic treatment of stiffness 
and impingement following shoulder arthro-
plasty are limited to retrospective case series, but 
successful outcomes have been reported [39].

38.4  Surgical Technique 
of Arthroscopic Release 
for Stiff Shoulder 
Arthroplasty

Barth and Burkhart described the technique of 
arthroscopic capsular release after hemiarthro-
plasty of the shoulder [40]. Scar tissue and adhe-
sions are debrided to improve visualization and 
to clearly evaluate prosthesis components. 

Rotator interval and middle glenohumeral liga-
ment are released. Subscapularis is separated 
from anterior capsule. Care should be taken not 
to damage subscapularis. Using an anterior view-
ing portal, posterior capsule and adhesions are 
released.

After intra-articular release is done, subdel-
toid and subacromial adhesions are resected, and 
bursectomy is done using a posterior vision por-
tal and a peripheral lateral working portal to 
avoid injury to the cuff. At this point, inferior 
capsule release is done if contracture remains 
after subacromial and subdeltoid release. The 
preferred author’s method for inferior capsular 
release is by using scissors to palpate thickness 
and quality of tissue preventing damage to axillar 
nerve. Finally, passive range of motion is 
evaluated.

Aguilar-Gonzalez et  al. described the tech-
nique to perform a circumferential release to treat 
a stiff RSA [41]. For stiff RSA multiple portals 
performed under direct visualization from poste-
rior to anterior can be used if needed, but four 
portals (i.e., modified posterior, posterolateral, 
anterolateral, and anterior) are usually enough. It 
is important to visualize the entire circumference 
of the prosthetic humeral platform and polyethyl-
ene resecting all subacromial adhesions and scar 
tissue (Fig. 38.3). A circumferential release pro-
cedure performing an anterior capsulotomy that 
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Fig. 38.3 Arthroscopic view of a reverse shoulder arthro-
plasty from a posterolateral portal. The contact and move-
ment between the glenosphere and the humeral component 
should be examined circumferentially

should be extended medially and posteriorly as 
far as possible should be carried out. The surgical 
assistant can help performing arm rotations to 
gain access to the periprosthetic soft tissue as 
needed during the procedure.

38.4.1  Arthroscopy and Subacromial 
Impingement 
and Acromioclavicular 
Pathology After SA

Subacromial impingement after SA is unusual, 
and it is often related to head overstuffing or mal-
position of humeral component. Primary sub-
acromial impingement has to be ruled out first 
and treated if found [42].

If secondary impingement pain is suspected, 
diagnosis should be made. Acromial or scapular 
spine changes in position due to previous frac-
tures or abutment of greater tuberosity excres-
cences (secondary to cuff tear arthropathy in 
RSA or fracture sequelae) should be ruled out 
prior contemplating arthroscopic treatment. In 
these cases, arthroscopic tuberoplasty or sub-
acromial flattening could be performed [43].

The surgical technique is the same as for non- 
prosthesis- associated subacromial impingement. 
Acromioplasty should also release the coracoac-
romial ligament and adjacent bursa underneath 
the anterior aspect of the acromion.

38.4.2  Arthroscopy and Rotator Cuff 
Repair After SA

Acute or chronic rotator cuff tears may be 
encountered following an anatomic TSA.  The 
overall incidence is 2–3%, being the third most 
common complication requiring revision surgery 
after anatomic TSA.  The most typical scenario 
may be an acute subscapularis tear or a chronic 
rotator cuff tear, being either traumatic or atrau-
matic in etiology [44, 45].

In young active patients with anatomic TSA, 
acute traumatic or atraumatic tears are more fre-
quent. If clinical impairment or instability is 
present, they may benefit from arthroscopic rota-
tor cuff repair rather than nonoperative treatment 
which could lead to future tear propagation and 
possible revision to RSA [1, 46].

In contrast, chronic retracted tears may not 
heal after surgical repair due to irreparability fac-
tors such as anterior or superior glenohumeral 
subluxation, fatty atrophy, or muscle fatty infil-
tration. In these patients, revision to RSA may be 
reasonable when symptoms remain despite non-
operative treatment.

There is lack of reports on the outcome of 
arthroscopic rotator cuff repair after 
TSA. Tytherleigh et al. found that 4 of 29 patients 
undergoing arthroscopy after SA had rotator cuff 
tear; 1 had a large full-thickness tear treated with 
subacromial decompression and a mini-open 
repair, whereas the other 3 patients had partial 
tears treated with arthroscopic debridement. 
Other study recognized 8 rotator cuff tears out of 
14 patients (57%) who undergone diagnostic 
arthroscopy due to possible infection. 
Nevertheless, some patients underwent revision 
to RSA, and none of them had arthroscopic cuff 
repair [47].

Subscapularis tendon failure is an early recog-
nized complication following anatomic TSA 
which could lead to impair active motion and 
shoulder instability. Open repair using the delto-
pectoral incision facilitates direct access to the 
tear; therefore arthroscopic subscapularis repair 
may not have a proper indication. There is lack of 
reports on arthroscopic subscapularis repair fol-
lowing aSA. However, clinical results have been 
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disappointing even when open prompt repair has 
been done resulting in tendon transfer or revision 
to RSA [1, 48].

38.5  Surgical Technique 
of Rotator Cuff Tear Repair 
After TSA

After diagnostic arthroscopy and intra-articular 
debridement are done, subacromial space is 
assessed by bursal and scar tissue debridement. 
Care should be taken to preserve the coracoacro-
mial arch since it acts as a static restraint to anter-
osuperior escape [1, 45]. The underlying 
prosthetic humeral head may be revealed in pres-
ence of a large, retracted tear. At this point, care-
ful abrasion of the greater tuberosity at the 
footprint is done to promote healing of the repair.

To achieve a secure suture anchor without dam-
aging the prosthesis, lateral placement of a single 
row for suture anchors may be used. In this step, 
transosseous suture repair may also be possible [1].

38.5.1  Arthroscopy and Biceps 
Tendon Injury After SA

The long head of the biceps (LHB) can be managed 
either by tenotomy or tenodesis or left untreated 
during TSA. Tethering, perching, or incarceration 
between the prosthetic humeral head and the tuber-
osities may lead to residual postoperative stiffness 
and pain if the LHB is retained [39].

Arthroscopic tenotomy could be helpful in 
patients with retained LHB-associated pain, 
especially in shoulder prosthesis implanted to 
treat humeral fractures. In these patients, the 
fracture pattern or the tuberosity repair around 
the prosthesis could potentially harm the LHB 
causing pain.

Alternatively, arthroscopic tenotomy could be 
followed by arthroscopic or open LHB tenodesis. 
Arthroscopically it can be done suprapectoral. 
High suprapectoral arthroscopic tenodesis at the 
bicipital groove may be performed using suture 
anchors [1]. If not possible, it should be done 
with an open approach through a small portion of 
the previous deltopectoral incision.

Concerning surgical technique, tenotomy 
should be done as in a non-arthroplasty shoulder. 
In regard to tenodesis, high or low suprapectoral 
tenodesis may be performed using suture anchors 
preventing damage to prosthetic components.

38.5.2  Arthroscopy and Shoulder 
Instability After SA

Shoulder anterosuperior instability after TSA 
usually results from acute or degenerative rotator 
cuff tear. On the other hand, posterior shoulder 
instability often relates to preoperative glenoid 
retroversion and posterior joint subluxation. If 
confirmation of RC injury or problems related to 
component malpositioning is made, surgical RC 
repair (open or arthroscopically) or revision sur-
gery should be done to correct these complica-
tions. Few case reports have been published 
regarding shoulder instability treated with 
arthroscopic management. Grieshaber-Bouyer 
et al. reported on a 53-year-old patient who under-
went arthroscopic posterior capsule reefing for 
recurrent posterior instability following aSA. The 
patient coped well for 9 years until the instability 
recurred, prompting revision to RSA [49].

Gee et al. reported a 74-year-old patient who 
developed atraumatic recurrent posterior instabil-
ity 3 years after an aTSA for glenohumeral arthri-
tis [48]. After discarding other causes of pain and 
instability related to aTSA, using the beach chair 
position, two suture anchors were placed postero-
inferiorly on the glenoid and just medial to the 
glenoid component. The patient underwent 
arthroscopic posterior capsular plication in the 
beach chair position using two suture anchors 
that were placed posteroinferiorly on the glenoid 
and just medial to the glenoid component. The 
arthroscopy was followed by 6 weeks of immobi-
lization and graduated physical therapy.

38.5.3  Arthroscopy and Diagnosis 
of Scapular Notching

To evaluate scapular notching, a passive 
arthroscopic evaluation can be done by alternat-
ing different positions of shoulder mobility (rota-
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Fig. 38.4 Sirvaux grade 2 scapular notching and medial 
polyethylene wear

tions, abduction and adduction in different 
rotation angles) in order to find osteolysis of the 
inferior scapular edge. Scapular notching is fre-
quently associated with medial polyethylene 
wear (Fig. 38.4) [41, 49, 50].

38.5.4  Arthroscopy and Loose Bodies 
Extraction

Loose bodies causing pain or mechanical symp-
toms after SA could be managed by arthroscopic 
removal plus diagnosing associated conditions.

38.6  Conclusions

Altogether, arthroscopic applications in patients 
with painful shoulder arthroplasty may be con-
sidered and applied if appropriate patient and 
pathology is present when other clinical tools 
fail; arthroscopic management could potentially 
avoid open surgeries together with its associated 
complications. The learning curve is not unrea-
sonable but considerable when advanced thera-
peutic techniques are used.

Patients should be informed and accept the 
risk of arthroscopic treatment failure as well as 
the possibility of an eventual open revision sur-
gery ending in an additional surgical interven-
tion. Although arthroscopic management has a 

low complication rate, it should be carefully done 
to prevent iatrogenic harm.

Shoulder arthroscopy in patients after arthro-
plasty is safe and effective when used as a diag-
nostic tool. Regarding treatment of associated 
pathologies, available literature has demonstrated 
its utility. Patient satisfaction after shoulder 
arthroscopy is usually high, standardized out-
come scores generally improve, and there is an 
overall low risk of complications.
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39Preoperative Planning and Plan 
Execution in Shoulder 
Arthroplasty

Moby Parsons, Rick F. Papandrea, 
and Alexander T. Greene

39.1  Introduction

Shoulder arthroplasty has greatly increased in 
frequency over the past two decades. As the indi-
cations for its utilization have broadened, sur-
geons have developed a much greater 
understanding of shoulder pathoanatomy and 
pathomechanics and their impacts on shoulder 
reconstruction. 3D imaging is now the gold stan-
dard in preoperative assessment of degenerative 
shoulder problems, which gives surgeons a 
greater understanding of how to measure bone 
morphology and how differences may influence 
surgical decision-making. Preoperative planning 
based on 3D imaging has increased in popularity 
as most shoulder implant manufacturers now 
offer planning software to assist surgeons in pre-
ferred implant selection and placement.

Research to date in the field of preoperative 
planning and glenoid reconstruction has yielded 
several findings:

 1. There is variability in how pathoanatomy is 
measured between planning platforms that 
may influence surgical decision-making.

 2. There is variability in how surgeons plan 
shoulder arthroplasty, and this variability 
increases as the complexity of pathoanatomy 
increases.

 3. Some method of plan execution is necessary 
as free-hand instrumentation is inaccurate.

This chapter will address each of these issues 
as well as discuss novel technologies and future 
directions in planning and navigation in shoulder 
arthroplasty.

39.2  Assessment of Glenoid 
Morphology

Much has been written about measurement of 
glenoid version and inclination in the degenera-
tive shoulder including the description of differ-
ent image-based planes that are used to reference 
these measurements. Some of the first studies 
looking at 2D CT-based measurements of glenoid 
version date back to Friedman’s original descrip-
tion of the axis that bears his name [1]. Subsequent 
advancements in 3D imaging have shown that 2D 
measurements are less accurate due to variability 
of the scapular position relative to the alignment 
of the CT plane [2]. Several studies have shown 
that scapular rotation, as may occur due to posi-
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tion on the thorax and patient position in the CT 
gantry, may influence version measurements by 
up to 10° [2–4].

3D imaging techniques have the advantage of 
correcting image orientation relative to the scap-
ular plane, thereby reducing errors associated 
with off-axis acquisition [5, 6]. Reid et al. com-
pared 2D to 3D version measurement and found 
that 3D techniques yield a greater retroversion 
value in 73% of cases with an average difference 
of 3.5° [7]. Chalmers et al. demonstrated that in 
B2 glenoids, failure to correct 2D CT images to 
the scapular plane led to an overestimation of 
version measurement of >5° in a substantial 
number of cases [5]. These findings demonstrate 
that failure to correct image rotation on 2D slices 
may impact surgical decision-making if there is 
overestimation of the measured version [8].

Determination of the axis of measurement 
relative to glenoid deformity also presents a chal-
lenge. Kim et al. showed that glenoid version is 
measured differently at different superior/inferior 
levels on the glenoid face [9]. This may be par-
ticularly important in the case of the B2 glenoid 
where the wear pattern changes in the superior- 
inferior plane [10]. As glenoid deformity 
increases, determining the center of the glenoid 
face becomes more subject to variability in defin-
ing the measurement plane [11]. As such, there is 
no consensus on the definition of the optimal 
plane of measurement for version, and surgeons 
must recognize these limitations when planning 
with the goal of correcting glenoid deformity.

Inclination can also vary by method of mea-
surement. Correction of images to the scapular 
plane is also important for accurate measure-
ment. The accuracy of inclination measurement 
may also be affected by the severity of the defor-
mity, particularly when methods are based off an 
axis that references the center of the glenoid. The 
Maurer method defined the beta angle, which is 
the angle between the superior and inferior gle-
noid tubercle and the floor of the supraspinatus 
fossa [12]. This has proven the most reproducible 
method that is more resistant to scapular rotation. 
Daggett et al. showed that the beta angle is best 
measured on CT slices corrected to the scapular 

plane as measurement on uncorrected CT slices 
and on plain radiographs is inaccurate [13].

Boileau described the reverse shoulder arthro-
plasty (RSA) angle recognizing that in cuff tear 
arthropathy cases with certain patterns of central 
erosion, the inclination of the inferior glenoid is 
greater than that of the whole glenoid face [14]. 
He found that placement of the baseplate must be 
orthogonal to the floor of the supraspinatus fossa 
for proper inclination correction, and correction 
based on the beta angle may lead to superiorly 
inclined baseplate placement in these cases of 
central wear.

Finally, posterior humeral subluxation or 
decentering is another measurement parameter 
that surgeons may use when planning shoulder 
arthroplasty. Terrier et  al. have shown that this 
measurement is also subject to variation between 
the alignment of the scapular plane and plane of 
image capture [15]. Further, there is no consen-
sus on whether this is best measured relative to 
the axis of the scapular body or relative to a per-
pendicular to the glenoid face. These different 
methods of assessing subluxation can yield dif-
ferent degrees of apparent severity. Sabesan et al. 
have suggested that displacements relative to the 
glenoid fossa and relative to the scapular plane 
are independent values and may have different 
pathologic impacts [16]. In addition, static orien-
tation of the humerus in the CT scanner may lead 
to the appearance of subluxation since the arm is 
positioned passively in internal rotation where 
the articular surface is directed posteriorly. 
Further research is needed to determine the 
impact of these factors on subluxation measure-
ment and its importance in surgical 
decision-making.

39.3  Preoperative Planning: 
Glenoid Side

The growing popularity of 3D CT-based preop-
erative planning software is predicated on the 
recognition that glenoid deformity is more com-
mon than previously appreciated and that correc-
tion of glenoid deformity through optimal bone 
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preparation and implant placement may be 
important to the long-term outcomes of shoulder 
arthroplasty. However, work to date suggests that 
there are no set standards by which to measure 
glenoid deformity, and different planning soft-
ware may provide different information based on 
the measurement technique and plane of refer-
ence used.

Planning software use both manual and auto-
mated measurement techniques. Manual tech-
niques can be surgeon-based or technician-based. 
Erickson et  al. compared surgeon to software 
measurement of glenoid deformity and found 
significant differences between the two [17]. 
Shukla et al. compared manual versus automated 
measurement of glenoid morphology and found 
that automation resulted in greater retroversion 
by an average of 4° as well as greater subluxation 
and lesser inclination [18]. Shah et al. also found 
that automated measurement techniques using 
the best-fit sphere method tended to result in 
higher values for retroversion [19].

Surgeons must recognize that their decision- 
making relative to implant choice and deformity 
correction may be biased by how the software 
they use measures glenoid pathoanatomy 
(Fig. 39.1). Denard et al. compared two different 
commonly used planning platforms and found 
that more than a 5° difference was measured in 
30% of cases for version and 45% of cases for 
inclination. The authors concluded, “Given that 
implant choice and desired component position-
ing are based on preoperative measurements, fur-
ther study is needed to evaluate the differences 
between the measurements obtained with differ-
ent techniques” [20]. Erickson et al. also found 
little agreement when comparing glenoid defor-
mity measurement between four commercially 
available planning software systems [17].

Differences in the measurement of glenoid 
wear may impact how surgeons plan, including 
(1) correcting pathologic retroversion and incli-
nation, (2) minimizing bone loss through correc-
tive reaming, (3) maximizing implant contact 
with bone, (4) minimizing vault perforation of 
fixation pegs, (5) maximizing impingement-free 
range of motion, and (6) restoring anatomical 
relationships.

Despite the perceived benefits of planning, 
there are yet no consensus standards to guide 
plan optimization. Surgeons must rely on varying 
degrees of gestalt, experience, and scientific 
information to inform their choices based on 
what their system offers. Guidelines such as cor-
recting retroversion to <10° are based largely on 
finite element or biomechanical models that do 
not reflect modern implant technology [21, 22]. 
Surgeons’ perception that reverse shoulder 
arthroplasty is more forgiving of residual retro-
version is largely subjective which has resulted in 
the increased use of reverse shoulders in patients 
with higher degrees of pathologic retroversion 
such as Walch B2 and B3 glenoids.

Variability in preoperative planning has been 
studied for both anatomic and reverse shoulder 
arthroplasty. Parsons et  al. showed substantial 
variability in how nine different surgeons 
planned a series of shoulder arthroplasty cases 
[23, 24]. Variability was significant across fre-
quency of and threshold for augment use, 
degree of correction, and implant size and 
placement on the glenoid face. Surgeons even 
differed from themselves when planning the 
same case on separate occasions, which sug-
gests that there are significant gaps in our cur-
rent knowledge based on patient-specific plan 
optimization and that each surgeon is subject to 
experiential bias.
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Fig. 39.1 The same CT 
imported into different 
commercially available 
planning platforms 
(Matchpoint, DJO, and 
Exactech, Inc). Different 
values for version and 
inclination are measured 
by different platforms

39.4  Preoperative Planning: 
Humeral Side

While planning has largely focused on the gle-
noid side to date, most systems are now incor-
porating humeral planning with a view toward 
providing a more complete picture of proposed 
implant selection as well as its impact on ana-
tomic parameters such as center of rotation, lat-
eralization, distalization, and range of motion. 
Lima et  al. have demonstrated that different 
software platforms measure head height and 
diameter with better concordance than glenoid 
parameters [25]. Accurate determination of 

humeral retroversion must be defined either 
relative to the transepicondylar axis of the 
elbow or the bicipital groove [26]. Planning can 
help surgeons determine the level and orienta-
tion of the humeral osteotomy plane and how 
this impacts placement of the implant. As plan-
ning software can now simulate virtual range of 
motion as a function of implant configuration, 
humeral-sided planning is an important step 
forward in providing actionable insights. To 
date however, motion simulation in these soft-
wares does not account for scapulothoracic 
rotation and other issues such as thoracic 
kyphosis
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39.5  Preoperative Planning: 
Deficiencies and Future 
Opportunities

While planning platforms can inform surgeons 
on how implant choice and position affect ana-
tomical relationships in shoulder arthroplasty, 
they remain a passive tool that cannot replicate 
many features of native shoulder biomechanics. 
Perhaps the most important of these is the role of 
the soft tissues. For anatomic shoulder replace-
ment, preoperative stiffness due to muscle atro-
phy and contracture may influence decisions 
such as head diameter and height to optimize 
postoperative motion while balancing the need 
for stability. In addition, joint line lateralization 
may occur with placement of a prosthetic gle-
noid, which can affect soft tissue tension. As cur-
rent planning software cannot accurately model 
this information, surgeons must still rely on qual-
itative intraoperative assessment.

Similarly in reverse shoulder arthroplasty, 
residual cuff integrity, prior cuff surgery, and 
degree of static proximal humeral migration may 
all impact the balance between stability and ten-
sion and how these may contribute to 
 complications such as dislocation and scapular 
spine fractures. While CT scans can provide 
radiographic information on cuff integrity and 
muscle atrophy and fatty degeneration, the ability 
of current software systems to integrate this 
information into planning requires further study. 
Pitocchi et al. have used statistical shape model-
ing to study the impact of implant configuration 
on muscle elongation [27]. Other authors have 
determined ways to segment muscle volume and 
fatty infiltration on CT scans to better understand 
how these are affected by diagnosis and how they 
relate to other elements of the pathoanatomy 
such as version and subluxation [28, 29]. Further 
research and development is needed to incorpo-
rate this information into actionable decision- 
making insights.

Another opportunity is the incorporation of 
scapulothoracic motion in planning software. 
Current platforms look only at glenohumeral 
motion when predicting postoperative range and 
boney impingement as a function of implant con-

figuration and presence of osteophytes. Actual 
shoulder motion is more complex after shoulder 
arthroplasty and may be influenced by extra-
articular factors such as posture, kyphosis, and 
scoliosis [30]. Articular factors such as implant 
design and position, residual cuff integrity, repair 
of the subscapularis muscle, use of muscle trans-
fer techniques, and other factors may also influ-
ence in vivo range of motion. Further research is 
necessary to better predict how implant and tech-
nique-related factors can impact postoperative 
function.

Finally, in the era of big data, planning plat-
forms will eventually include machine learning- 
based, predictive analytical tools to help automate 
planning based on selected data inputs, such as 
demographic, diagnostic, radiographic, and clini-
cal information. Efforts to build out data ecosys-
tems will eventually better automate the capture 
of postoperative clinical data which can be fed 
into machine learning tools to reconcile implant 
configuration and placement with outcomes. 
Data science has the ability to identify and 
account for biases in datasets, which also 
improves the predictive capacity of these tools.

The successful deployment of artificial 
intelligence- based planning tools will require 
systems to capture final implant placement at sur-
gery, postoperative range of motion, and patient- 
reported outcomes in a manner that is accurate, 
reliable, and efficient. As these platforms grow in 
the breadth and depth of their datasets, the goal is 
to eventually have preoperative planning soft-
ware provide surgeons with an optimal plan that 
is data-driven rather than experience-driven and 
patient-specific rather than convention-based. 
This allows for all surgeons regardless of experi-
ence or skill to leverage the collective experience 
of a wider shoulder arthroplasty community via 
machine learning.

39.6  From Planning to Placement

Preoperative planning does not guarantee precise 
or accurate implant placement. Traditional free- 
hand instruments combined with limited ability 
to visualize scapular anatomy intraoperatively 
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can lead to significant deviation from the planned 
implant placement. While Raiss et al. have shown 
a high concordance between planned and 
implanted glenoid type and size, Schoch et  al. 
found that planning without some form of intra-
operative guidance would leave 48% of compo-
nents malpositioned relative to the plan [31, 32]. 
Schoch’s study found a mean error between plan 
and placement of 3.2 ± 2.0 mm for translation, 
6.4° ± 5.6° for version, and 6.6° ± 4.9° for incli-
nation. Sadoghi et al. also found an average error 
in glenoid version of 10.6° with standard instru-
mentation. Iannotti et  al., comparing standard 
instruments with 2D imaging to patient-specific 
instrumentation based on a 3D plan, found a dif-
ference of 8.2° ± 0.9° in version, 11.4° ± 1.2° in 
inclination, and 1.7  ±  0.2  mm in translation, 
which were all statistically significant [33]. Other 
studies have demonstrated that free-handing the 
humeral head osteotomy relative to a preopera-
tive plan is not reliably accurate and may lead to 
problems such as overstuffing and varus angula-
tion [34, 35]. Collectively, these studies demon-
strate that methods to improve implant placement 
are necessary to translate the benefits of preop-
erative planning into the actual surgical 
procedure.

39.6.1  Patient-Specific 
Instrumentation (PSI)

PSI entails the use of 3D printed guides to aid in 
identifying the entry point and trajectory for 

K-wire placement which is used to align glenoid 
reaming. Numerous studies have looked at the 
accuracy of different PSI systems with variability 
in reported results [33, 36–40]. A meta-analysis 
summarizing the results of the current literature 
on this topic determined that PSI improves gle-
noid component positioning for all parameters 
except implant rotation. The number of outliers, 
as defined by >10° or 4 mm of deviation from the 
plan, was 15% with PSI versus 69% with stan-
dard instruments [41]. The principal advantage of 
PSI is relative ease of use without the need for 
fiducial-based navigation. Disadvantages include 
the cost and time of manufacturing, reports of 
difficulty determining proper guide placement on 
the boney anatomy, and the requirement of 
K-wire-based reaming which is not the preferred 
surgical technique for all surgeons.

39.6.2  Augmented and Mixed Reality 
(AR/MR)

Augmented reality (AR) combines elements of 
both the real and virtual world superimposed in a 
visual field. Mixed reality (MR) is an extension of 
AR that allows real and virtual data to interact. 
This has been used to allow the surgeon to position 
a virtual model of the preoperative plan into the 
surgical field of view and thus has the potential in 
aiding the guidance of surgical tools to execute a 
preoperative plan (Fig.  39.2). Based on a head-
mounted display, MR in shoulder arthroplasty has 

Fig. 39.2 Mixed reality allows for a virtual overlay of a preoperative plan in the surgical field. The surgeon can interact 
with this plan in the operative environment
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the potential to allow surgical navigation without a 
larger geographic footprint of robotic systems.

The accuracy of this technology is somewhat 
dependent on the computing power and optical 
capabilities of the software and hardware. Gu 
et al. have shown that alignment of the preopera-
tive plan and intraoperative anatomy can be chal-
lenging and when used to guide pin placement 
for glenoid reaming, the accuracy was 
3.8 ± 1.3 mm for translation and 4.7° ± 2.9° for 
angulation [42]. Similarly, Kriechling et al. used 
MR to assist in K-wire placement and found a 
mean deviation from the preoperative plan of 
3.5 ± 1.7 mm for translation and a mean trajec-
tory deviation of 3.8° ± 1.7° [43]. These numbers 
are a significant improvement over free-hand 
instrumentation and demonstrate promise, but 
until the accuracy approaches that of traditional 
navigation and robotics, the clinical efficacy 
remains uncertain.

39.6.3  Computer-Assisted Surgical 
Navigation

Computer-assisted surgery has existed for 
decades, but early systems were limited by the 
available computing technology of the time. 
Advancements in processing power and software 
engineering have greatly improved navigation in 
shoulder arthroplasty. These systems use tracker- 
based technology to register the preoperative 
plan to both the patient’s osseous anatomy and 
the surgical instruments. Once registered, sur-
geons can visualize in real time the entry point 
and trajectory for all surgical tools used to pre-
pare the glenoid. “Intelligent” instruments can 
also be used to guide rotation and impaction of 
the final implant as well as to register final 
implant position for later correlation with out-
comes and complications (Fig. 39.3).

Jones et al. studied the accuracy of baseplate 
placement in RTSA using navigation and found 
an average deviation from the plan of 1.9° for 
version and 2.4° for inclination [44]. Nashikar 
et al. demonstrated that computer-aided naviga-
tion led to greater accuracy in restoring neutral 

d

a

c

b

Fig. 39.3 Surgical navigation allows real-time visualization and verification of drill trajectory (a and b) and rotation, 
orientation, and verification of baseplate impaction (c and d)
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version with the use of augmented glenoids with 
40% of plans replicated perfectly and 70% of 
plans within 5° [45]. Similarly, they showed that 
navigation led to improved reverse baseplate 
screw purchase and length with markedly reduced 
central peg perforation [46]. Hones et  al. also 
found that the use of navigation in RSA led to 
longer fixation screws and the need for fewer 
screws to achieve adequate fixation [47]. 
Trackerless navigation to improve surgical 
 workflow and avoid line of sight issues is in 
development and, if validated, may improve the 
ease of use of this technology. This may be com-
bined with AR headsets to optimize surgical 
workflow [42].

39.7  Future Directions: 
From Planning to Placement

39.7.1  Robotic-Assisted Shoulder 
Arthroplasty

Arthroplasty of the lower extremities has seen an 
explosion in robotic assistance. The technology 
has several potential benefits. Similar to com-
puter navigation, registration of the osseous 
 anatomy with the robot allows the surgeon to pre-
cisely replicate the preoperative plan. Haptic 
feedback and boundary-stop programming pro-
vide the potential for increased precision and 
safety by having the system auto-stop when the 
surgical tools reach a planned degree of bone 
preparation or migrate outside of a predefined 
boundary.

Like navigation, robotics also has the potential 
to improve the precision of the humeral osteot-
omy which may aid in replication of the center of 
rotation of the humeral implant and prevent com-
mon errors of varus/valgus malalignment and 
overstuffing. Similarly, robotic systems can cap-
ture information on final implant placement so 
that configuration and placement data can be 
combined with a larger data ecosystem to provide 
data-driven and patient-specific future planning. 
This may eventually allow surgeons to better 
understand the relationship between implant 
design, configuration, placement, and clinical 

outcomes like impingement-free range of motion, 
stability, notching, and stress fracture.

There are not yet any commercially available 
systems that allow for a robotic-assisted shoulder 
arthroplasty, though several companies are work-
ing toward this goal. As with any new technol-
ogy, the incremental cost of robotics should be 
weighed against the clinical benefits its use pro-
vides. This has proven a matter of debate in the 
lower extremity where there is a dearth of unbi-
ased clinical data from well-designed studies that 
proves a short- or long-term benefit that is solely 
attributable to the use of robotics in isolation 
from all other variables that may influence out-
comes. The substantial market penetration of 
robotic knee and hip replacement in the absence 
of robust outcomes data supporting its value has 
led several knee arthroplasty thought leaders to 
question whether the marketing power of robot-
ics has gotten ahead of the impact of its innova-
tion on outcomes [48]. Thus, shoulder surgeons 
need to be mindful of the value equation when 
considering the adoption of innovative but cost- 
increasing technology.

39.8  Conclusion

Technology that assists in planning and execution 
of shoulder arthroplasty has witnessed a signifi-
cant evolution in the past decade. This has fos-
tered a much greater understanding of 
glenohumeral pathoanatomy and has equally 
raised other questions about what the best plan 
for a given patient may be. Advancements in 
hardware and software will continue to shepherd 
innovation in fields like AR, navigation, robotics, 
and artificial intelligence with the ultimate goal 
of achieving patient-specific, data-driven plans to 
reduce complications and improve outcomes 
while preserving cost. Such technology needs 
careful assessment and stewardship of its value 
particularly in light of the growing prevalence of 
shoulder arthroplasty.
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40Past, Present, and Future 
of Robotic Surgery in Shoulder 
Arthroplasty

Lacee K. Collins, Matthew W. Cole, 
William F. Sherman, Michael J. O’Brien, 
and Felix H. Savoie

40.1  Background and History 
of Robotics

Total shoulder arthroplasty (TSA) is a highly suc-
cessful procedure for restoring joint function and 
alleviating pain in the treatment of end-stage 
osteoarthritis with a survivorship of 93% at 
10 years and 85% at 20 years [1–3]. In the United 
States (US), the annual demand for TSA proce-
dures is increasing every year. From 2011 to 2017, 
the annual number of primary TSA procedures 
increased by 103.7%, and the total number of pro-
cedures is expected to top 350,000 by 2025 [4]. 
While the number of elective TSA per year has 
increased over the past decade, reverse total shoul-
der utilization for fracture management has also 
increased by 1841.4% from 2010 to 2019 [5]. With 
the increasing demand for shoulder arthroplasty, 
technological advances to assist the surgeon and 
mitigate the risk for complications are also increas-
ing. As technology continues to advance, robotic 
surgeries are becoming more mainstream in 
attempt to deliver more precision, better surgical 
planning, and complication prevention.

Over the past several decades, technological 
advances such as computed tomography (CT)- 
and magnetic resonance imaging (MRI)-based 
patient-specific cutting guides, computer naviga-
tion, and patient-specific implants have been 
developed to improve patient-reported outcome 
measures and patient satisfaction. Robotics has 
emerged as a leader in the frontier of total joint 
arthroplasties, specifically the hip and knee [6]. 
Robotics is still a novel tool in the field of ortho-
pedics; however it has been used in general sur-
gery, neurosurgery, and urology for nearly three 
decades [7]. The first documented use of a robot- 
assisted surgical procedure occurred in 1985 
when a robotic surgical arm (PUMA) was used to 
perform a neurosurgical biopsy [8].

Orthopedic robotic-assisted surgeries were 
originally designed to improve the precision of 
total hip arthroplasties, with the first procedures 
occurring in the 1990s [9, 10]. ROBODOC 
(THINK Surgical, CA) was the original robotic- 
assisted system developed for total hip arthroplas-
ties (THAs) in 1994, but was not cleared by the 
US Food and Drug Administration until 2008 
[11]. This system was used in Europe demonstrat-
ing radiographic improvements in joint alignment 
using robot arm-assisted total joint arthroplasty 
(TJA) [12, 13]. However, systematic and meta-
analyses indicate that patient satisfaction for 
patients undergoing active robot arm- assisted 
THA and total knee arthroplasty (TKA) are com-
parable with conventional surgery [14, 15].
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As of 2018, over 17,000 THAs have been per-
formed using the ROBODOC system world-
wide. MAKO robotic-assisted devices (MAKO 
Stryker, Fort Lauderdale, Florida) are another 
common orthopedic robotic system with over 
700 systems in use across the United States in 
2020 [16, 17]. As of 2020, the MAKO system is 
the only FDA- approved robotic-assisted device 
for both THA and TKA [16]. Currently, four 
other robots are available for robot-assisted 
orthopedic procedures. Smith & Nephew’s 
Navio (Smith & Nephew, Inc., Memphis, TN, 
USA), introduced in 2017, uses a probe to map 
out the bony anatomy of the patient [18]. Zimmer 
Biomet’s Rosa robot was introduced in Australia 
in 2018 and recently gained FDA approval in the 
United States [18]. OMNIBotics knee system 
(OMNIlife Science, Inc., Raynham, MA, USA) 
is also a semi-active system [18]. TSolution One 
(Think Surgical Inc., Fremont, CA, USA) is an 
image- dependent active robotic system that 
incorporates technology originally developed for 
ROBODOC [18].

Robotic-assisted surgeries have added to pre-
viously used orthopedic surgical technologies 
using computer-assisted devices and three- 
dimensional planning [19]. The robotic arm pro-
vides tactile, visual, and auditory feedback to 
assist orthopedic surgeons in achieving desired 
orientation and provides greater stability and 
mobility intraoperatively [17]. The three types of 
robotics platforms that are currently in use are 
active system, semi-active system, and tele- 
surgical system. Active system, or supervisory- 
controlled, robots work autonomously and 
undergo pre-programmed tasks [9, 20]. Semi- 
active, or shared-controlled, systems have com-
bined pre-programmed elements with 
surgeon-drive elements [9, 20]. Tele-surgical 
robotic systems are under complete control of the 
surgeon, which includes the popular Da Vinci 
robotic systems [20].

Robotic-assisted surgeries have become a tool 
to help surgeons minimize human error and max-

imize accuracy [10]. In orthopedics, robotic- 
assisted total joint replacements are aimed to 
improve specific aspects of the surgery, such as 
bone cuts and prosthesis alignment [10]. Robotic 
surgery has demonstrated accuracy in orthopedic 
implant placement, resulting in less intraopera-
tive radiation exposure, postoperative bleeding, 
and pain [21]. Such procedures use preoperative 
advanced imaging to create three-dimensional 
reconstructions of the preoperative joint, which 
assist in the measurements for implant size, posi-
tioning, and balancing of ligaments [10] 
(Fig.  40.1). THAs and TKAs have adopted the 
use of robotic-assisted surgeries; however, data 
has yet to show consistently improved outcome 
scores [22]. When exploring the use of robotic- 
assisted surgeries in the shoulder, even less data 
is available. Facca et  al. demonstrated in 2014 
successful brachial plexus repair using robotic- 
assisted surgery in cadavers [23]. As such, strides 
in the use of robotics in total shoulder arthroplas-
ties have not caught up to that of total hip and 
knee arthroplasties.

Although the use of robotics potentially 
improves accuracy and reproducibility of the 
implant in the glenoid, complications specific to 
the shoulder may be the underlying reason for 
such lack of advancements in the use of robots in 
TSAs [24]. The instrumentation in the shoulder 
becomes more complicated when attempting to 
obtain sufficient exposure of the glenoid, as well 
as the risks of coracoid fracture and neurovascu-
lar injuries from the pins used [24]. As such, 
recent studies have aimed to develop safer tech-
niques in order to utilize the use of robotics for 
TSAs. A cadaveric study published in 2021 
attempted to resolve some concerns, with the 
approach producing reliable guidewires place-
ments and accurate results [25]. As of July 2022, 
commercial use of robotics for TSAs is not avail-
able [24]. With this, it is apparent that further 
studies and trials must be conducted to evaluate 
for optimal use of robotics during total shoulder 
arthroplasties.
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Fig. 40.1 (a–d) Preoperative templating software uti-
lizes three-dimensional reconstructions of the joint to 
choose the best size implants to match the patient’s anat-
omy and place the components in the optimal position to 

appropriately tension soft tissues to maximize patient 
function. All figures are original and obtained with per-
mission from Dr. Michael O’Brien, who is an author on 
this manuscript

a

b
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40.2  History and Application 
of Augmented and Virtual 
Reality

The emergence of the use of augmented and vir-
tual reality has enhanced surgical procedures. 
Augmented reality is specifically achieved by 

superimposing images using video or computer- 
generated models onto the patient’s anatomic 
body part [26]. Virtual reality (VR), originally 
coined in 1986 in the entertainment industry, has 
now expanded to clinical medicine by generating 
a completely artificial computer-simulated image 
and environment with real-time interaction [26, 

c

d

Fig. 40.1 (continued)
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27]. Since the development of VR, efforts to 
incorporate the human body into the virtual expe-
rience have driven significant advances in VR 
and augmented reality (AR), which consist of 
input devices, output displays, and hardware and 
software parts [28]. The American Board of 
Orthopaedic Surgery in 1997 and the American 
Academy of Orthopaedic Surgeons in 1998 each 
created task forces to explore adapting this tech-
nology for application in orthopedics [29].

Orthopedic surgical procedures require geo-
metric information, such as angles of deformity 
and anatomic relations for instrumentation and 
implantation, all of which can be optimized using 
augmented reality [30]. The use and development 
of augmented reality has continued to evolve 
since it became utilized in the medical field. In 
June 2022, the VisAR, an augmented reality navi-
gation system, received FDA approval for 
precision- guided intraoperative spine surgery 
[30]. Schleuter-Brust et  al. demonstrated that 
augmented reality use in reversed shoulder 
arthroplasty provided better component place-
ment accuracy, reduced operative time, and 
improved outcomes [31]. Both augmented reality 
and virtual reality have also proved to be effec-
tive learning tools for orthopedic surgery resi-
dents, with improving procedural skills for 
various scenarios and procedures, aiding to help 
teach crucial decision-making skills [27, 32].

Virtual reality is readily available for both 
shoulder and knee arthroscopies and total joint 
arthroplasties [33]. Virtual reality has played an 
important role in surgical planning, which is cru-
cial to stability and longevity in total shoulder 
arthroplasty implants [27]. While standard radio-
graphs and 2D CT scans provide some assistance 
to preoperative planning, virtual reality provides 
more immersive information for operative plans 
[27]. Additionally, virtual reality provides the 
option to practice a procedure prior to the actual 
surgery, aiding in improving surgical techniques 
and confidence of the surgeon and residents, 
thereby improving outcomes [34].

As such, virtual reality training has moved to 
the forefront of education and training for ortho-
pedic surgery residents. Lohre et al. demonstrated 
that orthopedic surgery residents who used vir-

tual reality as a component of their training had 
greater improvements of knowledge and proce-
dural skills compared to residents taught primar-
ily with video instruction [27].

40.3  Computer Navigation 
and Patient-Specific 
Instrumentation

Glenoid component position is an important fac-
tor for both function and implant survival in both 
anatomic and reverse TSA [35]. The glenoid mal-
position can lead to inferior clinical outcomes, 
humeral instability, implant loosening, and early 
failure due to increased stresses at the bone- 
prosthesis interface [36, 37]. Since the advent of 
computer-assisted navigation for TKA, which 
was first introduced and validated on cadavers in 
total knee arthroplasty in 1996 and the first 
computer- assisted prosthesis implanted in a live 
patient in 1997 [38], this technology has been 
adapted to TSA.

Additional techniques for improving glenoid 
component position are patient-specific instru-
mentation (PSI) guides and computer navigation. 
PSI systems involve the use of custom-made 
guides constructed from CT-based 3D preopera-
tive computer templating [39]. The PSI guide is 
placed on the native glenoid intraoperatively to 
assist with accurate glenoid component place-
ment. Computer navigation allows synchroniza-
tion of the preoperative CT scan to enact real-time 
intraoperative feedback to the surgeon while 
placing components to improve accuracy and 
execute the preoperative plan (Fig.  40.2). 
Numerous studies have demonstrated navigation 
and PSI to improve the accuracy of glenoid posi-
tioning in both anatomic and reverse TSA [25, 
39–41]. While the improvement in glenoid posi-
tion with computer-assisted navigation has been 
well documented, there is little direct data on the 
extent that the use of computer-assisted naviga-
tion helps with prosthesis survivorship or patient 
functional outcomes [42]. The Blueprint system 
was among the first to incorporate PSI guides to 
use within surgery based on CT models [39]. The 
Exactech system similarly was among the first to 
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a b

Fig. 40.2 (a and b) Computer-assisted navigation allows 
real-time intraoperative feedback to the surgeon to assist 
with component position and execute the preoperative 

plan. All figures are original and obtained with permission 
from Dr. Michael O’Brien, who is an author on this 
manuscript

generate “GPS”-guided instrumentation [43]. In 
this system, the surgeon plans the glenoid inter-
vention as in the computer program, and then 
sensors on the shoulder create virtual anatomic, 
real-time views of instrument and implant posi-
tion [43].

Computer-assisted navigation (CAN) may 
come with some drawbacks. There is a learning 
curve to the technique. In a case series of 16 
patients, it was demonstrated that navigation was 
aborted in 6 patients due to technical problems 
and that operating time was prolonged by 31 min 
compared to standard technique [44]. The addi-
tional operative time can decrease to 11 min after 
a sufficient learning curve has been reached and 
the surgeon becomes more proficient with the 
operative technique [45]. In addition, corocoid 
fractures have been described with placement of 
the navigation tracker on the corocoid process 
[46]. Computer-assisted navigation is gaining 
popularity but has not yet become widespread for 
use in TSA procedures [47, 48].

40.4  Future Directions 
and Surgeon Adaptation

Currently robotic-assisted TSA is not commer-
cially available, but it is an emerging technology 
[49]. In 2022, a cadaveric study on a novel TSA 
robotics platform by Darwood et  al. was pub-
lished in the Journal of Shoulder and Elbow 
Surgery [25]. The authors demonstrated this new 
robotics platform to be able to reliably produce 

patient-specific intraoperative guides and was 
designed to be portable [25]. This technology 
will require extensive in vivo trials. However, this 
does represent the beginning of adaptation of 
robotic technology to TSA.

Sherman and Wu studied the willingness of 
orthopedic surgeons to adopt a new innovation or 
technology using Rogers’ diffusion of innova-
tions principle which categorizes groups that 
adopt a new idea as innovators, early adopters, 
early majority, late majority, and laggards [50]. 
This study demonstrated a left shift in the total 
joint surgeon population compared to the general 
population suggesting orthopedic surgeons will 
embrace new technology and was independent of 
age or years in practice [51].

Factors driving the emergence of robotics for 
shoulder arthroplasty include a search for tech-
nology to provide better and more reproducible 
clinical outcomes. As robotic technology evolves, 
it will likely play a larger role in shoulder arthro-
plasty as it has in knee and hip arthroplasty as 
well as other fields in medicine.
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41The Subscapularis-Sparing 
Approach to Total Shoulder 
Arthroplasty

Corinne Sommi, Michael J. O’Brien, Felix H. Savoie III,  
and William F. Sherman

41.1  Introduction

Total shoulder arthroplasty (TSA) has become a 
highly effective option for many painful shoulder 
conditions as it not only alleviates pain but also 
restores joint function [1]. Patients experience 
significant, lasting improvements in studies of 
long-term implant survivorship and patient out-
comes [1–4]. Results of surgical treatment are, 
however, largely dependent on the integrity of the 
rotator cuff or at least a repairable cuff. If a rota-
tor cuff tear is suspected, a preoperative MRI is 
indicated for evaluation. The range of motion of 
the affected shoulder must also be considered 
prior to surgical intervention as the amount of 
loss of passive external rotation can dictate the 
best method of subscapularis reflection and 
repair. Techniques to mobilize the subscapularis 
include tenotomy (intra-tendinous incision), 
lesser tuberosity osteotomy with anatomic repair, 
lateral tendinous release with medial advance-
ment, and z lengthening [5].

The most common approach for shoulder 
arthroplasty is the deltopectoral approach 
described by Neer [6]. The advantages of the 
deltopectoral approach include preservation of 
the deltoid origin and insertion as well as the 
extensible nature of the approach for exposure 
[5]. Drawbacks to this approach include the need 
for posterior deltoid retraction as excessive pos-
terior deltoid retraction can hinder glenoid expo-
sure with risk to the cephalic vein, deltoid, or 
brachial plexus [5]. The deltopectoral approach 
with subscapularis takedown represents a stan-
dard approach to the glenohumeral joint with 
predominantly good outcomes reported in the 
literature [1].

After both tenotomy and lesser tuberosity 
osteotomy, the subscapularis is prone to failure 
and dysfunction [7–12]. This is apparent by lack 
of active terminal internal rotation [11].

The impact of subscapularis insufficiency 
includes instability that may lead to glenoid loos-
ening and revision surgery with a high failure and 
complication rate, especially in the active patient 
[13]. Subscapular insufficiency is a known com-
plication after takedown with insufficiency rates 
as high as 56% seen on CT postoperatively [5]. 
Miller et al. completed a retrospective review of 
41 patients who had undergone total shoulder 
replacement performed between 1995 and 2000 
and found that 66% of postoperative patients had 
subscapularis deficits, such as the patients’ abil-
ity to tuck in a shirt [11]. Ninety-one percent of 
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these patients experienced significant strength 
differences when comparing the operative limb 
to contralateral limb [11]. Schiebel et  al. per-
formed a study in 2007 investigating MRI results 
after arthroscopic vs open shoulder stabilizations 
and found that 70% of primary open stabiliza-
tions and 91% of revision stabilizations in young 
patients had subscapularis dysfunction and atro-
phy in the postoperative period [14].

Other causative factors in subscapularis dys-
function include poor tissue quality, inappropri-
ate physical therapy, and excessive tension due to 
oversize arthroplasty components [11]. The 
health of the subscapularis tendon may also be a 
contributor to pain and functional impairment in 
the postoperative state as in addition to failure of 
the reattachment of the tendon, neurologic atro-
phy and fatty infiltration of the muscle belly can 
occur [5, 15, 16]. Postoperative fatty atrophy of 
the subscapularis can occur after both subscapu-
laris tenotomy and lesser tuberosity osteotomy 
[3]. It is undetermined if fatty infiltration occurs 
secondary to the original takedown during the 
procedure or if the majority of the damage occurs 
during retraction or lengthening of the muscle 
and tendon, leading to nerve damage and later 
fatty infiltration.

Various techniques of subscapularis takedown 
and reattachment have attempted to decrease the 
trauma to and increase the healing potential of 
the subscapularis with a failure rate incidence 
reported in up to 40% of patients [4, 7–12].

Montgomery and Jobe utilized a technique to 
avoid taking down the subscapularis tendon dur-
ing capsulolabral repair by splitting the subscap-
ularis and repairing it with suture anchors [17]. 
However, there remains concern for the tendency 
of subscapularis detachment. Techniques were 
investigated with the goal of a mini-open 
approach that would allow shoulder replacement 
without taking down the entire tendon. After 
multiple cadaver dissections by Savoie et  al., a 
new technique was created for taking down only 
the inferior 30% to 50% of the subscapularis ten-
don and preserving the more critical upper part 
attached to the lesser tuberosity [18]. The authors 
conducted a prospective case series to evaluate 
this subscapularis-sparing approach. Fifty 
patients underwent humeral head replacement 

surgery through an upper subscapularis-sparing 
approach and postoperatively underwent mag-
netic resonance imaging, ultrasound evaluation, 
and clinical evaluations. All patients were fol-
lowed for at least 2 years postoperatively. Savoie 
et  al. found that all postoperative patients had 
subscapularis strength equal to the contralateral 
arm as measured by lift-off, belly-press, and bear 
hug tests. Not only were clinical exam findings 
comparable to the healthy extremity, but the aver-
age postoperative upper extremity scores such as 
the American Shoulder and Elbow Surgeons rat-
ing scale demonstrated statistically significant 
improvement from preoperative scores. In terms 
of postoperative imaging, all patients had an 
intact subscapularis tendon attachment without 
atrophy in the muscle belly as evaluated by either 
magnetic resonance imaging or ultrasound.

41.2  Operative Technique

The technique described by Savoie et  al. was 
originally described in 2015 [18].

Patients are positioned in the beach chair 
position and placed under general anesthesia in 
combination with an interscalene block. 
Prophylactic antibiotics are to be administered 
prior to incision. A 5–7  cm vertical incision is 
made utilizing a standard deltopectoral approach. 
The long head of the biceps is located at the top 
of the pectoralis major tendon, followed through 
the rotator interval, which is released, and the 
biceps is released off the superior labrum. The 
bicep is tenodesed to the pec major tendon at this 
time. The subscapularis tendon is identified, and 
a split is made in the lower muscle tendon raphe 
approximately 1/2 to 2/3 inferior to the superior 
border of the tendon (Fig. 41.1a and b). An elec-
trocautery is then used to follow a line straight 
down the humerus on the medial ridge of the 
biceps, grooved down to the pectoralis major 
insertion. The inferior 1/3 to 1/2 of the subscapu-
laris is elevated off the humerus from the raphe 
inferiorly in a subperiosteal manner (Fig. 41.2a 
and b). It is quite important to continue the 
release medially under and around any inferior 
humeral spurs, all the way posteriorly under the 
teres minor insertion. As the soft tissues are 
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a b

Fig. 41.1 (a) An illustration of the initial horizontal approach. (b) An anatomical view of the horizontal split

a b

Fig. 41.2 (a) An illustration of the reflected lower half of the subscapularis is shown here. (b) The longitudinal part of 
the incision is taken inferiorly following the medial ridge of the bicipital groove

released, the arm is continually and slowly exter-
nally rotated and abducted to allow exposure of 
the inferior humeral head. Once the dissection 
reaches the posterior aspect of the humerus, a 
Cobb retractor is used to “flip” the upper sub-
scapularis muscle over the superior aspect of the 
humeral head as the arm is continued to be 
abducted and externally rotated and the humeral 
head dislocated from the glenoid. A Chandler 
retractor is placed medially and a Hohmann 

retractor superiorly to protect the soft tissues and 
completely expose the humeral head (Fig. 41.3a 
and b). All inferior osteophytes are removed to 
allow adequate sizing of the implant. The 
humeral head may be either reamed for surface- 
type replacement or cut for humeral head 
replacement. In this approach, it is relatively 
easy to recreate the patient’s normal version due 
to the exposure of the humerus. The glenoid can 
be evaluated either via this subscapularis win-
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a b

Fig. 41.3 (a) The inferior flap is continued medially, exposing the degenerative humeral head. (b) The replaced 
humeral head is visualized

a b

Fig. 41.4 (a) The humerus is reduced; the preserved 
superior flap is visualized and the lower subscapularis 
prepared for repair. (b) Anatomic view of the left shoulder 

showing the intact upper subscapularis tendon post 
humeral head reduction

dow (our preference) or via the interval split as 
described by Lafosse and also by Zuckerman 
[19]. We usually do the glenoid first, and then the 
humerus is replaced according to the surgeon’s 
preference, either stemless or standard stem. 
Once the replacement is completed, the humeral 
head is reduced back into the glenoid space, 
allowing the intact superior ½ to 2/3 of the sub-
scapularis to remain in place. The preserved 
upper subscapularis tendon is easily visualized 

(Fig. 41.4a and b). The lower subscapularis ten-
don is repaired with either a large nonabsorbable 
suture or using a double-loaded suture anchor 
and a double-row repair technique (Fig.  41.5a 
and b) as well as interrupted polydioxanone 
sutures (PDS, J& J Ethicon) to reinforce the 
repair, both in the split raphe and at the distal 
tendon insertion. All patients were placed into a 
sling with an abduction pillow in the operating 
room prior to awakening from anesthesia.
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a b

Fig. 41.5 (a) An illustration of the completed repair is presented. (b) The repaired lower half of the subscapularis is 
visualized

41.3  Postoperative Care

Radiographs are taken in the recovery room 
confirming proper implant positioning, with no 
malposition due to limiting the exposure by 
preserving the subscapularis muscle. 
Postoperatively, passive range of motion and 
active external rotation exercises are started at 
1  week and active internal range of motion 
exercises started at 3 weeks with discontinua-
tion of the sling. Physical therapy can be pro-
gressed as tolerated beginning at 4 weeks with 
most patients resuming gym workouts at that 
time. Even with this aggressive rehabilitation 
program, patients can preserve and maintain 
subscapularis function.

41.4  Discussion

Subscapularis takedown provides excellent expo-
sure to the shoulder joint during TSA; however 
the subscapularis tendon-sparing approach has 
excellent clinical results and outcomes as well. 
The subscapularis-sparing approach however is 
clearly technically more difficult, especially in 
the stiffer, non-flexible shoulders [14]. The actual 

incidence of subscapular rupture after open sur-
gical takedown and subsequent repair is not pub-
lished in the literature. Throughout this 
discussion, it is important to recall that an intact 
subscapularis may not be necessary to achieve 
patient satisfaction with TSA.

Jackson et al. performed a case series investi-
gating subscapularis healing rates after tenotomy 
used during TSA [20]. The authors found that of 
15 patients in the study, 7 had a complete tear of 
the repaired subscapularis tendon based on ultra-
sound. These patients experienced significantly 
decreased strength with internal rotation testing 
and decreased Disabilities of the Arm, Shoulder, 
and Hand (DASH) scores. However,  subscapularis 
tear did not correlated with pain or patient- 
reported outcomes. Other pathologic possibilities 
leading to subscapularis dysfunction include 
devascularization or denervation of the subscapu-
laris from release or stretch of the cuff while try-
ing to give the patient normal offset [20].

Jobe developed the subscapularis split tech-
nique for open capsule-labral procedures in an 
attempt to maintain the functional integrity of the 
entire rotator cuff including the subscapularis, 
particularly in athletes [17]. During TSA, sub-
scapularis complete takedown classically has 
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been thought of as necessary to achieve appropri-
ate exposure though known to potentially create 
subscapularis failure. Multiple surgical tech-
niques have been described to avoid postoperative 
detachment or failure of the repaired subscapu-
laris tendon including lesser tuberosity osteotomy, 
varying suture patterns, and soft tissue reinforce-
ment techniques [2, 4, 14, 21–25]. For example, 
Lafosse et al. proposed TSA through the rotator 
interval without detaching any of the subscapu-
laris [19]. However, the authors were unable to 
remove inferior humeral spurs through the rotator 
interval [19]. Gerber also found good results in 
terms of postoperative subscapularis function 
with lesser tuberosity osteotomy [9, 14]. Despite 
these advances to prevent and treat subscapularis 
failure, it continues to be a source of instability, 
weakness, pain, and early failure in shoulder 
arthroplasty [10, 11, 14, 16, 26].

The subscapularis-sparing approach demon-
strated by Savoie et al. was created to avoid sub-
scapularis repair failures and fatty infiltration 
while letting patients undertake an accelerated 
rehabilitation program [18]. An initial dissection 
that later was discarded centered on approaching 
the shoulder from the axilla during the develop-
ment of the technique by Savoie et  al. This 
approach was deemed unsafe due to the excessive 
traction that could be placed on the axillary nerve 
during retraction. The finalized approach was to 
use one of the muscle tendon raphes present in 
the subscapularis as an entry point. Using the 
muscle tendon raphe of the subscapularis enables 
the surgeon to preserve the upper half of the sub-
scapularis while gaining full exposure to the 
humeral head. The upper portion of the subscap-
ularis provides 70% or more of the strength and 
function of the subscapular muscle-tendon unit 
and therefore is of utmost importance to maintain 
its integrity. The inferior subscapularis interval 
and approach to the shoulder may allow surgeons 
to remove the inferior humeral head spurs, per-
form a capsular release, and give access to the 
glenoid.

To summarize, key technical points in the 
approach include the following: (1) open the 
rotator interval by following the biceps tendon 
superiorly; (2) the initiating point for the inferior 

split is along the medial ridge of the bicipital 
groove; (3) the entire flap is then elevated as a 
unit subperiosteally around the humerus to the 
posterior aspect of the humeral shaft inferior to 
the humeral spurs to maintain soft tissue protec-
tion of the axillary nerve. The lower half could be 
repaired with an anchor(s) or with suture.

In conclusion, respecting and maintaining the 
superior half of the subscapularis gives patients a 
faster postoperative rehabilitation to build back 
function while decreasing unwanted poor out-
comes associated with subscapularis atrophy or 
detachment.
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