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Preface

Shoulder arthroplasty has evolved dramatically over the past 50 years and 
with this evolution so has our ability to treat increasingly complex pathology. 
Similarly, the tools that the shoulder arthroplasty surgeon can utilize to treat 
the complex list of problems have also expanded. Choosing the “right size 
hammer for the correct size nail” and using it appropriately and safely has 
now become one of the most challenging aspects of shoulder arthroplasty. 
Lack of knowledge of options or the correct usage of the increasing array of 
arthroplasty options can have a detrimental effect on the increasing numbers 
of patients that can be helped by a shoulder replacement. As the numbers of 
primary shoulder arthroplasties increase, so will the number of revision 
arthroplasties. The introduction of the reverse shoulder arthroplasty in the 
United States in the early 2000s has dramatically increased the overall num-
ber of primary shoulder arthroplasties performed per year, and as a result 
revision arthroplasty has also risen dramatically. Strategies and surgical tech-
niques to manage complicated revisions are available in the literature but are 
not available in one location requiring surgeons to search articles and videos 
to find appropriate techniques to address some of these most challenging 
cases. The goal of this book is to put the most up-to-date information on a 
variety of complicated topics of shoulder arthroplasty in one location.

I am grateful to have recruited a group of experts in the field of shoulder 
arthroplasty to put together a series of manuscripts outlining the most current 
treatment strategies for the most complicated situations requiring a primary 
or revision shoulder arthroplasty. The initial chapters of the book focus on the 
diagnosis and management of complex primary shoulder arthroplasty includ-
ing the treatment of severe humeral and glenoid bone loss, the use of com-
puter-assisted planning and patient-specific instrumentation, stemless 
implants in severe deformity and post-traumatic arthritis. The second section 
focuses on revision arthroplasty strategies including the workup of a painful 
arthroplasty, treatment of a failed hemiarthroplasty, anatomic and reverse 
total shoulder arthroplasty as well as the management of infected or unstable 
implants. The final section focuses on revision arthroplasty surgical tech-
niques including initial surgical approach, bone grafting techniques, humeral 
removal techniques and the utility of arthroscopy with failed implants. The 
authors have synthesized a tremendous amount of material to make clear rec-
ommendations regarding the best strategies based upon data as well as includ-
ing their own personal “pearls of wisdom” as they are all experts in the field. 
I want to thank each author individually for the time and effort taken to 
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 complete this project. I hope the readers will find this book a primary resource 
of information for managing these complicated and challenging problems.

There are many resources available for strategies to use shoulder arthro-
plasty to treat simple cases of osteoarthritis, proximal humeral fractures or 
rotator cuff arthropathy but very few that take the next step. This book is an 
attempt to take that next step providing an educational foundation for the 
complex and revision cases. We are complimenting the education in this book 
with an annual shoulder arthroplasty meeting that will expand on all of the 
topics in this book including live surgery and video instruction. The first 
Advanced Shoulder ArthroPlasty (ASAP) Meeting (https://asapmeeting.org) 
will be held in Park City, Utah, on January 10–12, 2019 and will be held 
annually or biennially complementing the material in this book. We hope you 
will decide to attend the meeting or future meetings to further your education, 
thereby improving the care provided by you to your patients.

Salt Lake City, UT, USA Robert Z. Tashjian, MD

Preface

https://asapmeeting.org
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Evaluation of Humeral 
and Glenoid Bone Deformity 
in Glenohumeral Arthritis

Brian F. Grogan and Charles M. Jobin

 Introduction

Glenohumeral arthritis is the sequela of a vari-
ety of pathologic shoulder processes, most 
commonly degenerative osteoarthritis, but may 
also be secondary to post-traumatic conditions, 
inflammatory arthritis, rotator cuff tear arthrop-
athy, and postsurgical conditions most com-
monly post-capsulorrhaphy arthritis. Patients 
with glenohumeral arthritis commonly demon-
strate patterns of bony deformity on the glenoid 
and humerus that are caused by the etiology of 
the arthritis. For example, osteoarthritis com-
monly presents with posterior glenoid wear, 
secondary glenoid retroversion, and posterior 
humeral head subluxation, while inflammatory 
arthritis routinely causes concentric glenoid 
wear with central glenoid erosion. A thorough 
history and physical, as well as laboratory and 
radiographic workup, are keys to understanding 
the etiology of arthritis and understanding the 
secondary bony deformity of the glenohumeral 
joint. Understanding the etiology and pattern of 

glenoid bone wear helps the surgeon formulate 
a successful treatment plan and surgical goals 
to address the pathoanatomy and improve the 
durability of shoulder arthroplasty. The evalu-
ation of humeral and glenoid bone deformity 
in glenohumeral arthritis has profound surgical 
implications and is fundamental to successful 
shoulder arthroplasty.

 Glenoid Deformity in Osteoarthritis

Glenoid deformity and glenohumeral subluxation 
are commonly seen in the setting of primary osteo-
arthritis of the glenohumeral joint. The glenoid 
wear tends to occur posteriorly and may be best 
viewed on axial radiographs or computed tomog-
raphy (CT) axial images. Glenoid erosion, as first 
characterized by Walch, is noted to be either central 
or posterior, with varying degrees of wear and pos-
terior subluxation of the humerus [1, 2] (Fig. 1.1). 
The original Walch classification is based on axial 
CT scan images. Glenoid morphology is classi-
fied as Type A1 if the humeral head is centered 
and glenoid wearing is minimal. A centered 
humeral head is defined as 45–55% subluxation, 
where 50% subluxation is defined as a perfectly 
centered humerus on the glenoid without anterior 
or posterior subluxation. This subluxation index 
method of measuring glenohumeral subluxation is 
useful to define severity of subluxation. Type A2 
glenoids feature a humeral head that is centered 
and glenoid wear significantly  medialized. Wear 
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Wisconsin School of Medicine and Public Health, 
New York, NY, USA
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in A2 glenoids, as compared to A1, is defined as 
wearing medial to a line connecting the anterior 
and posterior native glenoid rims that transect the 
humeral head [3]. Type B1 glenoid wear demon-
strates posterior subluxation of the humeral head 
as well as narrowing of the posterior joint space, 
subchondral sclerosis, and osteophyte forma-
tion. Type B2 morphology is characterized by the 
biconcave glenoid, with posterior humeral sub-
luxation as well as increased posterior glenoid 
erosion creating a biconcave appearance of the 
glenoid on axial CT images. The B2 biconcave 
glenoid has two glenoid convex surfaces that are 
termed the neoglenoid which is created from wear 
of the humeral head and the paleoglenoid that is 
the native anterior glenoid face that is untouched 
by the humeral head wear. Walch Type C glenoids 
are dysplastic and retroverted >25° when using the 
Friedman method to measure glenoid retroversion 
where the angle is measured between the center-
line of the scapular axis and a line connecting the 
anterior and posterior glenoid rims (Fig. 1.2) [4]. 
By definition, Type C glenoid retroversion is not a 
result of glenoid erosion.

The Walch classification has been modified 
and expanded to more precisely categorize gle-
noid wear patterns in order to help guide surgi-
cal treatment and predict outcomes. Walch and 
coauthors have proposed the addition of Types 
B0, B3, and D [3, 5, 6] (Fig. 1.3). The B0 glenoid 
is defined by static posterior subluxation of the 

humeral head before the development of poste-
rior bone erosion of the glenoid. The B0 glenoid 
has been defined as the pre-osteoarthritic poste-
rior subluxation of the humeral head (PPSHH) 
[6]. The B3 glenoid as defined by Walch is 
monoconcave, perhaps the end stage of a B2 gle-
noid, where progression of neoglenoid wear has 
eroded thru the anterior paleoglenoid and cre-
ated a monoconcave neoglenoid ≥15° retrover-
sion and ≥70% posterior humeral subluxation. 
Measurement of posterior humeral subluxation 
utilizes the scapular axis method originally 
described by Kidder measuring the percentage 
of humeral width that is posterior to the scapu-
lar axis line (Fig.  1.4) [3, 4]. This B3 glenoid 
may represent a progression of the B2 glenoid, 
featuring an expansion of the neoglenoid surface 
anteriorly to completely engulf the paleoglenoid 
to the point where the paleoglenoid is worn away 
and the glenoid face becomes a monoconcavity 
with >15° retroversion [5]. With B3 erosion, the 
humeral head demonstrates posterior sublux-
ation relative to the scapular plane but appears 
concentric when referenced to the glenoid plane. 
The D glenoid exhibits any level of glenoid ante-
version with humeral head subluxation of less 
than 40–45%, representing anterior subluxation 
[3]. Other authors have also added to the initial 
Walch classification describing B3 and C2 gle-
noid morphologies. As defined by Iannotti, and 
based on measurements using 3D CT scans, the 

Fig. 1.1 Walch classification of glenoid morphology. Morphologic types of the glenoid in primary glenohumeral osteo-
arthritis as initially described by Walch. (Adapted from Walch et al. [1])

B. F. Grogan and C. M. Jobin
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B3 glenoid has high pathologic retroversion, 
normal premorbid version, and acquired cen-
tral and posterior bone loss [8]. Features of the 
C2 glenoid include dysplasia, high pathologic 

retroversion, high premorbid retroversion, and 
acquired posterior bone loss; it may also have a 
biconcave appearance similar to the traditional 
Walch B2 glenoid.

Fig. 1.2 Friedman method to measure glenoid version. 
The Friedman method utilizes an axial CT image at the 
mid glenoid with retroversion measured utilizing the 

angle between the scapular axis and the plane of the gle-
noid (α). (Adapted from Friedman et al. [4])

Fig. 1.3 Expanded Walch classification of glenoid morphology. Expanded classification of morphologic types of the 
glenoid in primary glenohumeral osteoarthritis as described by Walch. (Adapted from Bercik et al. [3])

1 Evaluation of Humeral and Glenoid Bone Deformity in Glenohumeral Arthritis
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 Glenoid Deformity in Inflammatory 
Arthropathy

Concentric and central glenoid erosion may 
result from a number of pathologic conditions 
but is most commonly associated with inflam-
matory arthropathies. Characterizing the amount 
of glenoid joint line medialization secondary to 
wear is important, as it may have implications 
to consider anatomic or reverse shoulder arthro-
plasty and the use of specialized components, 
augmented components, or bone grafts to make 
up for the loss of bone stock and to restore the 
premorbid lateralized joint line. In the setting 
of rheumatoid arthritis, the Lévigne classifica-
tion identifies three stages of glenoid wear [9] 
(Fig. 1.5). On a true anteroposterior radiograph 
of the shoulder, Stage 1 wear is defined by intact 
or minimally deformed subchondral bone. Stage 

E

C I

A

D

H

G

Fig. 1.4 Posterior humeral subluxation. Humeral head 
subluxation can be assessed as a percentage of the 
humeral head width that is subluxed posterior to the 
scapular axis on an axial CT image of the mid-glenoid. A 
line is drawn from the medial tip of the scapula through 
the center of the glenoid, also called the Friedman line 
(line ED). Another line is drawn perpendicular to the 
Friedman line such that it passes through the widest por-
tion of the humeral head. Humeral head subluxation is 
then calculated at the percentage of the humeral head 
that lies posterior to the Friedman line. In this example, 
the subluxation (HI/GI) is 80%. (Adapted from Mizuno 
et al. [7])

Fig. 1.5 Lévigne classification of glenoid medial wear. 
Lévigne classification of glenoid medial wear utilizes the 
AP radiograph and the visible glenohumeral joint line 
relative to the base or “foot” of the coracoid. Stage 1: sub-

chondral bone intact or minimally deformed. Stage 2: 
wear reaching the foot of the coracoid. Stage 3: wear 
beyond the foot of the coracoid. (Adapted from Lévigne 
and Franceschi [9])

B. F. Grogan and C. M. Jobin
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2 wear is present when wearing reaches the foot 
of the coracoid, and Stage 3 wear is marked 
by wearing extending medial to the foot of the 
coracoid.

 Glenoid Deformity in Rotator Cuff 
Tear Arthropathy

Superior glenoid bone loss inflammatory arthrop-
athies are most often seen in the setting of rotator 
cuff tear arthropathy. The original Favard classi-
fication identified four types of erosion but was 
later expanded with a fifth type (Fig. 1.6) [10]. 
Type E0 is superior humeral head migration 
without erosion of the glenoid. Type E1 shows 
concentric erosion of the glenoid, while Type 
E2 has erosion of the superior aspect of the gle-
noid alone. Type E3 is marked by superior ero-
sion extending all the way to the inferior aspect 
of the glenoid. Finally, Type E4 is inferior wear 
of the glenoid. An alternative method of classify-
ing osseous abnormalities associated with rotator 
cuff tear arthropathy was developed by Hamada 
and later modified by Walch (Fig. 1.7) [11–13]. 
The Hamada classification of rotator cuff tear 
arthropathy includes Grade 1 radiographic 

changes if the acromiohumeral interval (AHI) is 
maintained. Grade 2 is demonstrated by narrow-
ing of the AHI to ≤5 mm. Grade 3 radiographs 
show superior migration of the humeral head 
creating a concavity or acetabularization of the 
undersurface of the acromion. Walch subdivided 
Grade 4 into Grade 4A, marked by narrowed gle-
nohumeral joint space without acetabularization 
of the acromion, and Grade 4B with narrowed 
glenohumeral joint space as well as acetabular-
ization of the acromion [13]. Grade 5 demon-
strates collapse of the humeral head.

 Glenoid Deformity in Revision 
Arthroplasty

In the setting of revision shoulder arthroplasty, 
significant glenoid bone loss may exist from 
osteolysis, loose and migrating components, and 
during the removal of glenoid implants. Residual 
glenoid defects have been categorized by Cofield 
based on location and severity [14]. An initial 
classification determines if the missing bone is 
primarily central (Type I), peripheral (Type II), or 
combined central and peripheral (Type III). The 
glenoid bone loss has then secondarily assigned 

E 0 E 1 E 2 E 3 E 4

Fig. 1.6 Favard classification of superior-inferior glenoid 
wear patterns. The type of glenoid erosion according to 
the Favard classification is characterized by the degree 
and location of glenoid wear in the sagittal scapular plane. 
Type E0 is a native glenoid without wear, E1 has central 

wear, E2 has superior quadrant glenoid wear without wear 
below the glenoid equator, E3 is a progression of superior 
E2 wear to include the entire glenoid face, and E4 has 
inferior glenoid quadrant wear. (Adapted from Lévigne 
et al. [10])

1 Evaluation of Humeral and Glenoid Bone Deformity in Glenohumeral Arthritis
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a severity of mild, moderate, or severe based on 
the degree of the glenoid surface affected. If only 
one-third of the glenoid face is affected, then the 
severity is mild. If two-thirds is affected, then the 
severity is moderate, and if more than two-thirds, 
it is severe. This classification was modified by 
Williams and Iannotti (Fig. 1.8) to communicate 
whether or not the glenoid vault (V) was con-
tained (V+) or eroded or (V-) in Type I, as well as 
differentiate symmetric and asymmetric defects 
in Types II and III [15].

Kocsis described an additional classification 
of glenoid bone loss in the revision setting [16]. 
Using anteroposterior (AP) and axial radiographs 
or corresponding coronal and axial CT scans, 
three types of glenoid bone loss were described 
using as reference points the most medial point of 
the spinoglenoid notch and the most lateral edge 
of the base of the coracoid. Type I bone loss is 
characterized by the depth of the glenoid erosion 
lateral to the base of the coracoid. Type II gle-
noids erode to a medial location between the lat-

eral edge of the coracoid base and the level of the 
spinoglenoid notch. Finally, the Type III glenoids 
have bone loss that extends medial to the level of 
the spinoglenoid notch.

 Measurement of Glenoid Version 
and Inclination

To supplement the classifications of glenoid wear 
and bone loss, there are various measurement 
techniques to quantitate glenoid inclination, gle-
noid version, glenoid vault depth, and sublux-
ation of the humeral head. Taken together, these 
descriptive and quantitative measures may assist 
in predicting prognosis, developing surgical tac-
tics, and anticipating challenges specific to each 
type of glenoid bone loss. However, it is important 
when comparing studies to recognize that while 
they may use similar terms, like glenoid retrover-
sion, the method of measurement may be different 
between studies in subtle but significant ways.

Stage I Stage II Stage III

Stage VStage IVbStage IVa

Fig. 1.7 Hamada classification of rotator cuff tear 
arthropathy. The Hamada classification relies on the devel-
opment of proximal humeral migration on AP radiographs 
with the development of acetabularization of the acromion 

and femoralization of the proximal humerus. (Adapted 
from https://www.omicsonline.org/OMCRimages/2161-
0533-3-159-g004.html)

B. F. Grogan and C. M. Jobin
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Perhaps the most commonly used method to 
measure the version of the glenoid in the axial 
plane was popularized by Friedman [4]. On the 
axial cut of a 2D CT scan, a line is drawn between 
the anterior and posterior margins of the glenoid. 
A second line, known as Friedman’s line, is then 
drawn from the most medial aspect of the scap-
ula to the midpoint of the glenoid face. Glenoid 
version is defined as the angular difference 
between the glenoid line and a line perpendicular 
to Friedman’s line (Fig. 1.2). The biconcave, or 
Walch B2, glenoid presents a unique challenge to 
Freidman’s method as there are two faces of the 
glenoid with different versions. To standardize 
measurement, Walch proposed the term “paleo-
glenoid” to represent the original glenoid prior to 
wear, a “neoglenoid” to describe the new concav-
ity caused by posterior erosion, and an “interme-
diate glenoid” to refer to a combined version of 
the paleo- and neo-glenoids [17] (Fig.  1.9). By 
convention, version measurements are most often 

made using the intermediate glenoid to standard-
ize reporting.

Glenoid version has also been measured uti-
lizing the geometry of the scapular body and 
vault rather than using Friedman’s line. The 
scapular body line represents the axis of the 
scapular body, and not the most medial edge of 
the scapula, viewed on an axial 2D CT scan [18, 
19]. Depending on the unique osteology of the 
individual patient, the scapular body line may or 
may not run parallel or coincide with Friedman’s 
line. A study comparing these two methods dem-
onstrated a significant difference of −7.3° of ret-
roversion using the scapular body line compared 
to −10.4° of retroversion using Friedman’s line 
[17]. Hoenecke reported similar findings using 
the scapular blade axis, which is defined as a 
line between the medial boarder of the scapula 
and the most medial aspect of the glenoid vault 
as seen on axial 2D CT scan images through the 
middle of the glenoid [20].

Fig. 1.8 Classification of glenoid bone loss during revi-
sion arthroplasty. Modification of Antuna classification of 
glenoid bone loss as described by Williams and Iannotti. 
Glenoid bone loss is graded on location (central, periph-

eral, and combined) and severity (<1/3rd, <2/3rd, >2/3rd), 
if the loss is symmetric or asymmetric as well as if the 
glenoid vault (V) is contained (V+) or eroded through 
(V−). (Adapted from Williams and Iannotti [15])

1 Evaluation of Humeral and Glenoid Bone Deformity in Glenohumeral Arthritis
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Glenoid inclination may be measured in the 
coronal plane between the glenoid face and an 
scapular axis. Churchill measured glenoid incli-
nation using preserved anatomic specimens and 
a custom jig [21]. He utilized a line passing from 
the center of the glenoid to the junction of the 
scapular spine and the medial border of the scap-
ula (a coronal view of Friedman’s line). The angle 
between a line perpendicular to Friedman’s line 
and a line from the superior to inferior glenoid rim 
was reported as glenoid inclination. Maurer simi-
larly described three angles to define glenoid incli-
nation on AP radiographs and coronal CT scans 
(Fig.  1.10). The α angle is measured between a 
line connecting the superior and inferior glenoid 
rim and a line of the scapular spine. The β angle 
is measured by the same line connecting the supe-
rior and inferior glenoid rim to a line on the floor 
of the supraspinatus fossa. Angle γ is measured 
by the same line connecting the superior and infe-
rior glenoid rim to a line on the lateral boarder 
of the scapula [22]. Angle β was shown to be the 
most reproducible and resilient to small scapular 

a b

c d

Fig. 1.9 The B2 neoglenoid, paleoglenoid, and interme-
diate glenoid. The B2 biconcave glenoid (a) has two sur-
faces with differing versions. The paleoglenoid (b) can be 
described as the premorbid glenoid surface prior to wear. 

The intermediate glenoid (c) is the combination of the 
paleoglenoid and neoglenoid. The neoglenoid (d) repre-
sents the face of the glenoid created from wear by the 
humerus. (Adapted from Rouleau et al. [17])

Fig. 1.10 Measurement of glenoid inclination on radio-
graphs. The measurement of glenoid inclination relative 
to the scapula in an AP radiograph was defined by Maurer 
et al. The glenoid fossa line (AB) connects the superior 
and inferior rims of the glenoid. Angle α is between the 
spine of the scapula (line a) and glenoid fossa line (AB). 
Angle β is between the floor of the supraspinatus fossa 
(line b) and the glenoid fossa line (AB). Angle γ is between 
the lateral margin of the scapula (line c) and the glenoid 
fossa line (AB). (Adapted from Maurer et al. [22])

B. F. Grogan and C. M. Jobin
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rotations commonly seen during clinical practice 
with variations in patient positioning during x-ray. 
Daggett, however, demonstrated that the β angle 
may vary with imaging technique demonstrating 
the potential need for three-dimensional (3D) CT 
analysis for reproducible inclination measure-
ments [23]. Using 3D CT software measurement 
of glenoid inclination as the gold standard, β angle 
was shown to have a mean variance of 3° on AP 
radiographs of the shoulder, 10° on unformatted 
CT scan images in the coronal plane, and 1° on 
coronal CT scan images reformatted in the plane 
of the scapula. Another useful coronal measure-
ment of inclination, relative to reverse shoulder 
placement baseplate positioning, is the “reverse 
shoulder angle.” The reverse shoulder angle is 
formed by a line along the supraspinatus fossa 
and a line from the inferior aspect of the glenoid 
to the point of intersection of the supraspinatus 
fossa line with the glenoid face [24] (Fig. 1.11). 

The reverse shoulder angle helps assess for supe-
rior wear and superior inclination at the inferior 
two-thirds of the glenoid where a baseplate would 
commonly be implanted.

 Measurement of Glenoid Vault 
Depth

Glenoid vault depth is measured as an impor-
tant variable to determine adequate bone stock 
for successful glenoid component implantation. 
Glenoid vault depth is defined as the depth of a 
glenoid face centerline perpendicular to the gle-
noid face and extending to the medial cortex of 
the glenoid vault. A cadaveric study by Bicos 
demonstrated an average glenoid vault depth 
of 29.3  mm in specimens without significant 
degenerative changes or glenoid bone loss [25]. 
Frankle studied the standard centerline as well 
as a second spine centerline, which begins at the 
anatomic center of the glenoid and extends medi-
ally along the scapular spine [26]. Measurements 
were taken based on CT scans of normal and 
abnormal glenoids with subjective erosion. In 
normal glenoids, the standard centerline depth 
was 28.6 ± 4.1 mm, and the spine centerline was 
42.7 ± 19.1 mm. However, in abnormal glenoids 
with erosion, the standard centerline and spine 
centerline depths were significantly decreased at 
19.6 ± 9.1 mm and 34.9 ± 17.0 mm, respectively.

 Measurement of Humeral 
Subluxation

Posterior subluxation of the humeral head is 
commonly noted in cases of glenohumeral joint 
osteoarthritis. Various methods of measuring the 
degree of humeral head subluxation have been 
proposed relative to the scapular axis or glenoid 
axis. Subluxation posteriorly of the humeral head 
may be acquired from posterior bone wear or 
innate to congenital glenoid retroversion. The 
exact nature of the relationship between gle-
noid version, glenoid attritional bone loss, and 

Fig. 1.11 Comparison of the “β Angle” and “reverse 
shoulder angle.” Comparison of glenoid inclination mea-
surement using the β angle (red) and the reverse shoulder 
angle (green). The reverse shoulder angle accounts for 
inclination of the area of glenoid (inferior two-thirds) where 
a baseplate component would be implanted during reverse 
shoulder replacement. (Adapted from Seidl et al. [24])

1 Evaluation of Humeral and Glenoid Bone Deformity in Glenohumeral Arthritis
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humeral head subluxation remains the subject of 
debate, but work by Sabesan et al. suggests that 
glenoid retroversion is more closely correlated 
with humeral head subluxation relative to the 
scapula than the subluxation of the humeral head 
relative to the glenoid [27].

To measure scapulohumeral subluxation, 
Waters described measurement of posterior sub-
luxation of the humeral head on axial CT images 
through the middle of the glenoid by taking a lin-
ear measurement of the amount of the humeral 
head anterior to the scapular line (Friedman’s 
line). This distance is then divided by the great-
est diameter of the humeral head perpendicular 
to the scapular line and then multiplied by 100. 
The resulting number represents the percentage 
of the humeral head anterior to Friedman’s line 
[28]. Mizuno reported using a very similar tech-
nique; however, the measurement was reported 
as the percentage of the humeral head posterior 
to Friedman’s line, which may be more intui-
tive when discussing posterior subluxation [7] 
(Fig. 1.4) and is referred to as the humeral sub-
luxation index [29] or the scapula axis method 
[8]. Alternatively, the position of the humeral 
head relative to the scapula can be quantified by 
measuring the distance from the scapular center-
line to the center of rotation of a best-fit sphere 
imposed upon the humeral head. The distance 
is reported as the humeral-scapular alignment 
(HSA) [27].

Several methods have also been described to 
characterize glenohumeral subluxation. Papilion 
obtained axial imaging of the glenoid and drew a 
line from the anterior to posterior glenoid rims. A 
second perpendicular line bisecting the first line 
was then extended laterally, and measurement rel-
ative to the center of the humeral head was made 
[30]. This distance is reported as the humeral-
glenoid alignment (HGA), and helps adjust for 
humeral head deformity and osteophytes [27]. 
Walch used axial CT images and the same per-
pendicular glenoid face line cited by Papilion, but 
instead reported the percentage the anteroposte-
rior diameter of the humeral head posterior to 
this line [1] (Fig. 1.12). This measurement is also 
analogous to a method reported by Kidder who 
measured glenohumeral subluxation, referring to 

it as the Mediatrice method. Comparing humeral 
subluxation relative to the scapula axis or glenoid 
axis, the Mediatrice glenoid axis method was 
shown to have better interobserver and intraob-
server reliability [32].

 Conclusion

Assessment of glenoid and humeral bone defor-
mity is critical to understand the pathoanatomy 
of glenohumeral arthritis. The patterns and types 
of glenoid wear and the degree of version, incli-
nation, and humeral subluxation likely affect the 
success of a shoulder arthroplasty and its dura-
bility. In general, CT evaluation of glenoid bone 
deformity is common practice and is superior to 
x-ray evaluation alone. Likewise, 3D-corrected 
CT measurements are improved over 2D CT 
imaging. Better assessment and universal charac-
terization of glenoid deformity will likely assist 
future research on optimizing outcomes after 
shoulder replacement.
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and Patient-Specific 
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Over the past several decades, degenerative condi-
tions of the glenohumeral joint have successfully 
been treated with anatomic and reverse total shoul-
der arthroplasty, with predictable improvement in 
pain and functional scores [1–4]. Historically, one 
of the most challenging aspects of the procedure 
has been accurate glenoid component insertion. 
While the ideal position for placement of a glenoid 
component in anatomic or reverse shoulder arthro-
plasty has not been clearly established, multiple 
studies have shown that malposition outside certain 
parameters leads to increased risk of loosening 
and/or implant failure [5–11]. There are multiple 
challenges and variables affecting accurate glenoid 
component implantation such as patient position-
ing, body habitus, anatomic variations in native 
glenoid and scapular morphology, joint contrac-
tures, glenoid exposure, glenoid bone erosion, gle-
noid defect from prior surgery, and loss of reliable 
anatomic landmarks [12–15]. Functional outcome 
and implant longevity in shoulder arthroplasty can 
be significantly influenced by glenoid component 
position and fixation. Malposition of the glenoid 
component in anatomic TSA has been reported to 
be associated with poor function, early loosening, 

and shoulder instability and is the leading cause of 
long-term clinical failure [7, 11, 16–18]. Baseplate 
malpositioning in RSA is associated with instabil-
ity, decreased impingement-free range of motion, 
scapular notching, acromion fractures, and in some 
cases catastrophic failure [19–26].

In anatomic total shoulder arthroplasty, the 
risk of glenoid component loosening is signifi-
cantly increased if placed in greater than 10–15° 
of retroversion [7, 11, 16]. Asymmetric reaming 
of the anterior “high side” of the glenoid, wedge 
or stepped augmented glenoid, or bone grafting 
can be used to correct highly retroverted glenoids 
to less than 10–15° of retroversion [7, 16, 27–29]. 
However, the amount of correction can be diffi-
cult to judge intraoperatively, and excessive high 
side reaming can lead to violation of the sub-
chondral bone potentially increasing the risk of 
glenoid component settling or loosening [30–32]. 
Glenoid component peg perforation of the gle-
noid vault is another potential complication of 
dealing with significant glenoid retroversion and 
wear, with uncertain consequences [27, 30, 31, 
33]. In reverse shoulder arthroplasty, placement 
of a baseplate with a superior tilt can result in 
increased baseplate micromotion and loosening, 
while 20° of superior inclination can block eleva-
tion [20–23]. Often the greatest challenges in gle-
noid component placement during reverse 
shoulder arthroplasty relate to management of 
severe glenoid bone deficiencies, where glenoid 
bone available for secure fixation is limited [34].
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Accuracy of glenoid component insertion 
can be improved with proper preoperative and 
intraoperative assessment of glenoid morphol-
ogy. For most surgeons, preoperative planning 
for shoulder arthroplasty begins with detailed 
evaluation of standard two-dimensional radio-
graphs. The Grashey view is typically used for 
evaluation of coronal glenoid wear pattern and 
inclination, while a good quality axillary view 
can be used for assessment of axial glenoid wear 
pattern, glenoid version, and humeral head sub-
luxation. Historically measurements of glenoid 
version were performed using only axillary 
radiographs. Nyffeler et  al. demonstrated that 
measurement of glenoid version using axillary 
radiographs had poor intraobserver reliability 
and, when compared to CT scans, glenoid retro-
version was overestimated in 86% of specimens 
studied [35].

Friedman et al. was the first one to propose a 
technique for evaluation of glenoid retroversion 
in patients with glenohumeral osteoarthritis using 
computed tomography. Friedman’s CT technique 
was an improvement over standard radiographic 
measurement and became the gold standard for 
glenoid version measurement; however, several 
limitations affecting accuracy of measurement 
remained [36]. Multiple studies have since 
showed that 2D CT-based version measurements 
were influenced by orientation of the patient in 
the scanner, coronal and sagittal orientation of 
the scapula, orientation of the CT slice in relation 
to the glenoid surface, and the location of version 
measurement along the superior-inferior axis of 
the glenoid [35, 37–42]. Accuracy of 2D 
CT-based glenoid version and inclination mea-
surement was shown to improve by correcting 
axial reconstruction images to the plane perpen-
dicular to the plane of the scapula [39, 41]. 
Further advances in imaging technology allowed 
for 3D analysis of the scapula as a free body inde-
pendent of its orientation in the CT scanner, and 
subsequently 3D measurements of glenoid ver-
sion and inclination have been shown to have the 
highest accuracy and greatest intrarater and inter-
rater agreement [38, 40, 43–48]. Additionally, 3D 
imaging allows for improved evaluation of gle-
noid bone loss, scapular neck morphology, and 

estimation of prosthetic fit and facilitates surgical 
decision-making [43].

The evolution of 3D imaging leads to the devel-
opment of virtual planning software allowing for 
simulated 3D implantation of glenoid compo-
nents. The initial integration of such virtual plan-
ning software in shoulder arthroplasty utilized 
computer-assisted intraoperative navigation [49–
53]. While multiple studies demonstrated improve-
ment in accuracy of glenoid component placement 
in both anatomic and reverse TSA using computer-
assisted intraoperative navigation, issues related to 
increased operative time, cumbersome array setup, 
additional soft tissue dissection and exposure, iat-
rogenic fractures related to pins used for array 
fixation, inaccurate registration of anatomic land-
marks, and additional up-front capital cost have 
led to decreased utilization of navigation until its 
recent reintroduction [51–54].

Striving toward achieving maximum accuracy 
of glenoid component placement without the added 
issues of cost and increased operative time seen 
with computer navigation, patient-specific instru-
mentation (PSI) was introduced as an attractive 
alternative to navigation with similar goals. The 
placement of a single PSI guide typically requires 
minimal additional time and no secondary expo-
sures for array placement. Common to all available 
PSI for shoulder arthroplasty is guided placement 
of the central axis for the glenoid component. Since 
all glenoid components, RSA and TSA alike, are 
implanted with preparation centered on a single 
axis, creation of a single PSI intraoperative drill 
guide can help reproduce the virtual plan for com-
ponent implantation. PSI now allows surgeons to 
reliably reproduce a preoperative virtual plan dur-
ing surgery with high levels of accuracy.

Multiple validation studies have tested the abil-
ity of PSI to accurately reproduce the 3D preopera-
tive virtual plan and have compared the accuracy of 
3D planning and PSI to 2D and 3D planning using 
standard instrumentation [12, 15, 43, 45–48, 54–
65]. There have been several studies evaluating the 
ability of PSI to accurately reproduce the preopera-
tive 3D virtual plan. Walch et  al. evaluated the 
accuracy of TSA 3D planning and PSI on 18 cadav-
eric scapulae. Postimplantation CT was used to 
determine the accuracy of guide pin placement and 
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demonstrated a 1.5 mm entry point error, 1.64° ver-
sion error, and 1.42° inclination error. Quantitative 
analysis demonstrated good correlation between 
preoperative planned and postoperative achieved 
guide pin position [48]. Levy et al. showed that PSI 
guides were highly accurate in reproducing the vir-
tual 3D preoperative plan for central drill pathway 
in reverse shoulder arthroplasty for 14 cadaveric 
shoulders. The accuracy for entry point was 
1.2  mm, inferior tilt 1.2°, and version 2.6° [12]. 
Dallalana et al. studied the accuracy of PSI in 20 
patients (10 TSA patients and 10 RSA patients) 
using preoperative 3D digital templating with cus-
tom-made guides. Final glenoid component posi-
tion was evaluated using post-op CT scans. Mean 
glenoid implant deviation in version and inclina-
tion were 1.8° and 1.3°, respectively, while mean 
deviation in anterior-posterior and superior-inferior 
planes were 0.5 mm and 0.8 mm, respectively [56]. 
Gauci et al. concluded that the use of 3D preopera-
tive planning and patient-specific instrumentation 
provided reproducible glenoid component posi-
tioning in 17 patients undergoing TSA. Mean devi-
ation in the position of guide wire entry point was 
<1 mm in both vertical and horizontal planes, while 
mean errors in inclination and version were 1.8° 
and 3.4°, respectively [58].

Most recently Berhouet et al. compared accu-
racy of virtual 3D glenosphere component 
implantation by uploading 30 shoulder CT scans 
acquired from patients with primary osteoarthri-
tis or cuff tear arthropathy who were scheduled to 
undergo shoulder arthroplasty into a virtual plan-
ning program. Two surgeons performed “blind 
3D surgery” – only being able to visualize gle-
noid surface, coracoid, and lateral acromion  – 
while one surgeon performed “visible 3D 
surgery,” being able to visualize the entire scap-
ula. Their results were compared for the ability to 
correct the glenoid version and tilt to neutral 
angle of 0, achieve at least 50% baseplate contact 
with the glenoid, position the baseplate as inferi-
orly as possible on the glenoid, and avoid glenoid 
vault perforation by the central keel of the base-
plate. The ability to use the entire scapula as a 
reference (“visible 3D surgery”) allowed for 
improved accuracy in achieving near neutral gle-
noid version and inclination and decreased the 

incidence of glenoid vault perforation when com-
pared to “blind 3D surgery” [55].

Improved accuracy of 3D planning and PSI 
over 2D planning and standard instrumentation 
has been repeatedly demonstrated in clinical and 
laboratory studies [55]. Hendel et  al. evaluated 
TSA glenoid component placement in 31 patients 
randomized into 3D/PSI group and conventional 
2D CT/standard instrumentation group by com-
paring desired preoperative implant position and 
actual postoperative implant position. The aver-
age deviation in implant version was 6.9° in the 
standard 2D group and 4.3° in 3D/PSI group. 
Utilization of 3D/PSI in patients with retrover-
sion in excess of 16° demonstrated deviation in 
postoperative implant version of only 1.2° com-
pared to standard 2D group with 10° postopera-
tive implant version [60].

Heylen et al. showed that 3D planning and PSI 
reduced variability in glenoid component inclina-
tion while avoiding extreme inclination errors. 
Two groups of 18 patients (6 TSA and 12 RSA) 
were compared – one using 3D planning with PSI 
and one using standard pre-op planning and stan-
dard instrumentation. For patients undergoing 
TSA, the goal was to place the glenoid compo-
nent in neutral (0°) of inclination, while 10° of 
inferior inclination was chosen as optimal incli-
nation for patients undergoing RSA.  Pre- and 
postoperative inclination represented by the beta 
angle (angle between the floor of the supraspina-
tus fossa and the line connecting the superior and 
inferior poles of the glenoid fossa) was measured 
on AP radiographs by two independent observ-
ers. In patients who underwent TSA, the average 
beta angle was 74° using PSI and 86° for the non-
PSI groups. In patients who underwent RSA, the 
average beta angle was 83° using PSI and 90° for 
the non-PSI groups. The authors concluded that 
the risk of extreme glenoid component inclina-
tion errors in TSA and RSA was significantly 
reduced with the use of 3D planning and PSI 
when compared to standard preoperative plan-
ning and instrumentation [61].

Throckmorton et  al. performed a multi-sur-
geon study in 70 cadaveric specimens with radio-
graphic evidence of glenohumeral arthritis 
assessing accuracy of 3D planning and PSI 
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guides compared to 3D planning and standard 
instrumentation for anatomic and reverse 
TSA. Five different surgeons of varying experi-
ence levels participated in the study. Thirty-six 
specimens underwent anatomic TSA (18 with 
and 18 without PSI), and 34 specimens under-
went reverse TSA (17 with and 17 without PSI). 
All specimens had postoperative CT to evaluate 
accuracy of glenoid component placement. PSI 
guides were more accurate than standard instru-
mentation in TSA group with an average 5-degree 
deviation in version and 3-degree deviation in 
inclination when compared to standard instru-
mentation with 8-degree deviation in version and 
7-degree deviation in inclination. There was no 
statistically significant difference in glenoid posi-
tion for reverse TSA group when comparing PSI 
to standard instrumentation [64].

Iannotti et al. showed that the use of 3D plan-
ning software and reusable transfer device 
improved accuracy of guide pin positioning for 
TSA in nine bone models from patients with gle-
nohumeral arthritis when compared to standard 
instrumentation alone. The reusable transfer 
device marked the desired location and trajectory 
of the guide pin on a plastic model of the patients’ 
glenoid created from the preoperative 3D plan-
ning file and replicated that position on the opera-
tive glenoid model. Postoperative CT scan was 
performed with 3D reconstruction to evaluate 
deviation from the preoperative plan in terms of 
pin trajectory and location. Clinically, important 
deviation from the preoperative plan was defined 
as greater than or equal to a 5-degree deviation in 
version or inclination or greater than or equal to 
3  mm in  location (distance from the planned 
location) [47].

Recently, Lau et al. questioned the accuracy of 
PSI in shoulder arthroplasty reported in litera-
ture. A consecutive series of 11 patients (7 TSA 
and 4 reverse TSA) underwent implantation of 
glenoid component using PSI with targeted 0° of 
glenoid version and inclination in TSA and 10° 
of inferior tilt in reverse TSA. Post-op CT was 
used to evaluate accuracy of component place-
ment. Significant variability from target version 
and inclination was seen in both TSA and reverse 
TSA groups. For TSA the mean version was 

8° +/− 10 retroversion and 1 +/− 4° of inclina-
tion, while mean 10 +/− 10° of retroversion and 
−1  +/−  5° of inclination were seen in reverse 
TSA group [62]. The validity of this study is 
questionable considering the overwhelming evi-
dence for improved accuracy with the use of PSI 
presented in a number of recent studies.

Currently, companies offering 3D glenoid com-
ponent planning and patient-specific instrumenta-
tion options in the United States are DJO Global 
Match Point System™, Zimmer PSI Shoulder 
System™, Tornier Blueprint™ 3D Planning and 
PSI, Zimmer Biomet Signature™ Personalized 
Patient Care Glenoid System, OrthoVis and DePuy 
Glenoid Intelligent Reusable Instrument System, 
and Arthrex Virtual Implant Positioning™ (VIP) 
System. All of the abovementioned systems except 
Arthrex utilize a single use 3D-printed guide for 
central guide pin placement. The Arthrex VIP sys-
tem utilizes a reusable calibrator device which 
transfers the desired location and trajectory of the 
guide pin from a 3D-printed glenoid model to the 
operative glenoid. Apart from the commercially 
available PSI guides, Lewis et  al. tested a novel 
custom machined acrylic pin array guide for cen-
tral guide pin placement with a goal of 5° of gle-
noid component retroversion and 0° of inclination. 
The guide consisted of an array of adjustable pins 
that were set according to 3D preoperative plan and 
provided replication of planned entry for the cen-
tral guide pin. Lower version and inclination errors 
were seen with the use of pin array when compared 
to standard techniques without the guide [63].

Highlighting the importance of preoperative 
templating and planning using 3D virtual soft-
ware, and understanding of 3D glenoid morphol-
ogy and calling into question the need for a PSI 
guide in order to achieve the desired implant 
position, Iannotti et al. showed that there was no 
significant difference in accuracy of implant 
placement between groups using 3D planning 
alone and 3D planning with PSI. In this study, 46 
patients with primary glenohumeral arthritis 
were randomly assigned into 3D CT preoperative 
templating group with either standard or modular 
reusable PSI instrumentation and compared this 
group with non-randomized 17 patients with pri-
mary glenohumeral arthritis with 2D imaging 
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and standard instrumentation. The accuracy of 
postoperative implant position when compared to 
preoperative plan was assessed via metal sup-
pression CTs in all patients. 3D templating with 
or without PSI resulted in significant improve-
ment in achieving desired implant position within 
5° of inclination or 10° of version when com-
pared to 2D imaging and standard instrumenta-
tion. While 3D templating alone improved the 
accuracy of implant placement for experienced 
fellowship-trained shoulder surgeons, 3D tem-
plating along with PSI may still be of benefit for 
less experienced surgeons in achieving desired 
implant position [45].

With increasing severity of glenoid deformity, 
it becomes more difficult to achieve desired gle-
noid implant position. In TSA, posterior glenoid 
wear associated with posterior subluxation and 
medialization (Walch B2 and B3 glenoids) pres-
ents a challenge that requires careful correction of 
pathologic deformity while avoiding subchondral 
bone violation and glenoid vault perforation. 
Intraoperative referencing off of paleoglenoid 
using standard instrumentation can place the cen-
tral axis guide pin in native anatomic version; 
however, the accuracy of this method decreases if 
there is less than 20% of paleoglenoid remaining 
[66]. Thus, 3D templating and PSI have a better 
justified role in these cases of severe glenoid retro-
version and bone loss. 3D planning can help to 
better appreciate the glenoid morphology and 
appreciate the anatomy of the glenoid vault. It can 
assist in understanding the ability to completely or 
partially correct pathologic glenoid version, size 
glenoid implants, and localize peripheral peg per-
foration and gain a better understanding of the 
subchondral bone limits that may occur while 
reaming and preparing the glenoid [48, 58, 67, 68].

In a randomized clinical trial, Hendel et  al. 
demonstrated that the greatest benefit of 3D pre-
operative templating and PSI in achieving desired 
implant position was seen in patients with retro-
version in excess of 16° [60]. The use of aug-
mented glenoid components has been suggested 
in order to correct the glenoid version while min-
imizing glenoid bone removal, limit the reaming 
depth, and increase glenoid component support 
in cases of severe glenoid deformity [69–73]. 3D 

planning has been considered nearly essential for 
accurate sizing of the thickness of the augmented 
glenoid component, which can be a difficult 
assessment intraoperatively.

The use of 3D planning and PSI can also opti-
mize glenoid baseplate position in reverse shoul-
der arthroplasty cases with severe glenoid bone 
loss [12, 55–57]. 3D visualization and templating 
help in the correction of glenoid version and 
inclination, identification of optimal glenoid 
bone stock, calculation of baseplate bone contact 
onto host bone, estimation of joint-line medial-
ization, need for glenoid bone grafting, determi-
nation of optimal screw length and trajectory, and 
estimation of bony impingement points during 
ROM [74].

Eraly et al. assessed angular accuracy of gle-
noid component placement and total baseplate 
intraosseous screw length with postoperative CTs 
in ten cadaveric shoulders with maximal glenoid 
bone loss using 3D planning, patient-specific 
positioning guides, and custom glenoid base-
plates. Five specimens were implanted using 
patient-specific implanting guide, while the 
remaining five were implanted without the guide. 
PSI guide group had significant reduction in base-
plate angular deviation from preoperative plan, 
while average total intraosseous screw length was 
89% of the planned in the PSI group compared to 
52% in the group without the guide [57].

3D imaging, virtual planning, and PSI allow 
for improved accuracy of glenoid component 
positioning for both TSA and reverse TSA when 
compared to 2D imaging and standard instru-
mentation. Continued technological innovation 
will lead to improvement in the ability of PSI to 
precisely replicate the preoperative virtual plan 
while controlling many intraoperative variables. 
In reverse shoulder arthroplasty, the ability to 
control screw length and position with PSI is 
critical in avoiding complications associated with 
suprascapular nerve injury and scapular spine 
stress fractures. PSI guides which can precisely 
control the depth and orientation of reaming as 
well as trajectory and depth of screws in base-
plate fixation are currently being trialed. 
Additionally, advances in templating software 
will likely facilitate better understanding of 
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impingement-free range of motion and allow for 
more comprehensive virtual assessment of gleno-
humeral joint function. Decreasing costs and 
increasing speed of PSI manufacturing will lead 
to increased availability and utilization that will 
hopefully translate to improved accuracy of gle-
noid component implantation and ultimately 
improved clinical outcomes of shoulder arthro-
plasty. Ultimately, utilization of templating soft-
ware and PSI may be limited by technological 
errors related to 3D imaging or manufacturing or 
intraoperative issues related to difficult exposure, 
PSI guide placement, and other unforeseen cir-
cumstances. In such cases where the surgeon 
does not feel the plan is accurate or properly rep-
resents the patient anatomy or where patient 
anatomy or inadequate exposure makes the use of 
PSI instruments difficult, intraoperative judg-
ment must be made not to utilize the technology.

 Author’s Preferred Technique 
for Surgical Planning

All patients undergoing shoulder arthroplasty 
have preoperative radiographic evaluation using 
plain x-rays and computed tomography (CT) 
scans. All CT scans are ordered with 2D axial, 
coronal, sagittal, as well as 3D reconstructions. 
Surgical planning is initiated using these images. 
This involves measurement of the humeral head 
diameter on the axial and coronal reconstructions 
and maximal humeral canal diameter at the distal 
region of the humeral stem. The projected length 
of the glenoid vault at the mid-glenoid using 
axial images is determined, and assessment of 
overall glenoid wear pattern and humeral head 
subluxation is performed. This helps to facilitate 
implant sizing and selection, as well as optimiza-
tion of implant placement. The decision to use 
virtual planning software and PSI is generally 
based on the severity of glenoid wear, patient size 
(smaller patients in which margin for error is 
low), or other deformities which may make intra-
operative anatomic landmark referencing diffi-
cult. In cases of severe glenoid wear, the use of 
virtual planning and patient-specific instruments 
(PSI) allows for the anticipation of glenoid com-

ponent size and optimization of glenoid compo-
nent position and fixation. Preoperative goals are 
created prior to initiating virtual planning.

For anatomic total shoulder arthroplasty, the 
planning goal is achievement of complete glenoid 
component seating. For concentrically worn gle-
noids with normal glenoid version, this often 
requires minimal glenoid reaming. However, in the 
cases of eccentric glenoid wear or cases of high 
degrees of retroversion, corrections can be virtually 
planned. During virtual planning, toggling between 
2D axial, coronal, and sagittal images is critical to 
ensure that subchondral bone is not violated during 
glenoid preparation. In cases of high degrees of 
glenoid retroversion, a goal of partial correction to 
approximately 10° of retroversion is often utilized. 
The glenoid size, subchondral bone density lines, 
and degree of version correction all play an impor-
tant role. In the majority of anatomic TSA cases, 
only minimal correction of inclination is made in 
order to avoid excessive superior inclination. Peg 
placement is also evaluated once the optimal gle-
noid component position is achieved. When using a 
peripheral enhanced fixation glenoid (currently 
author’s preferred anatomic glenoid implant), peg 
perforation is of little concern as the peg design 
may facilitate bicortical fixation of the glenoid 
component by capturing the medial glenoid cortex 
with the peg bristles.

In reverse shoulder arthroplasty, the primary 
goal of surgical planning is to achieve maximal 
fixation of the glenoid baseplate with a secondary 
goal of maximizing impingement-free arc of 
motion. In cases of normal glenoids or minimal 
glenoid wear, the anatomic glenoid center line 
can be used to achieve bicortical fixation with a 
center screw baseplate. Maximization of 
impingement-free motion can then be achieved 
using a lateralized center of rotation glenosphere 
and proper soft tissue balancing. However, in 
cases of severe glenoid bone loss, optimal gle-
noid baseplate fixation may not be possible using 
the anatomic glenoid center line. In these cases, 
the alternative center line can be used, antevert-
ing the baseplate, aiming toward the column of 
the bone where the base of the coracoid and scap-
ular spine unites. The use of a system with a lat-
eralized sphere is recommended if using the 
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alternate center line to avoid impingement. While 
virtual planning the reaming process, the goal is 
typically to achieve at least 50% baseplate sup-
port on the native glenoid. Humeral head auto-
graft can then be shaped to match the deficiency, 
and the baseplate peripheral screws can secure 
the graft. A glenosphere with a lip is selected 
such that the lip can be rotated to cover the bone 
graft. By impacting the glenosphere onto the 
bone graft, compression of the graft is achieved, 
and load sharing of fixation is enhanced. Virtual 
planning for RSA facilitates anticipating base-
plate support, central screw trajectory, optimal 
length and orientation of the locking screws, and 
size and orientation of the graft in order to achieve 
the best possible baseplate fixation. Since the PSI 
guide does not control the depth of reaming, 
screenshots of the virtual appearance of the gle-
noid during the reaming process are created and 
printed out for viewing during the procedure.

Challenges to intraoperative PSI use are some-
what system specific. Surgical exposure to facili-
tate guide placement is critical, as incomplete 
seating of the PSI guide can result in an inaccu-
rate drill path. The trajectory of the drill path 
must be unobstructed without touching retrac-

tors. In general, apart from additional exposure 
required for PSI reference, the same principles of 
glenoid exposure apply whether a PSI is used or 
not. Glenoid exposure is facilitated by the use of 
small thin retractors, and when the humeral head 
obstructs the trajectory of the drill guide, a burr 
can be used to create a trough in the humeral head 
along the path of the drill.

DJO Match Point (Austin, TX) is the author’s 
preferred PSI system, and its accuracy has been 
validated in prior studies. Match Point has a user-
friendly virtual planning interface which allows 
for both TSA and RSA planning. It allows for 
planning of implant position, orientation, ream-
ing depth, implant seating, peg position, central 
screw position, peripheral locking screw position 
and length, bone graft, and glenosphere size and 
orientation. The PSI guide comes with a 3D gle-
noid model for reference and additional confir-
mation of accuracy prior to use. Furthermore, the 
3D model can be used to select the portion of the 
humeral head for bone graft during grafting pro-
cedures. Match Point PSI guide is easy to use and 
can be easily secured to the glenoid face with 
minimal additional glenoid exposure and a high 
level of accuracy (Table 2.1).

Table 2.1 Summary of validation studies for PSI

Author Participants
Type of 
study

Variation in 
inclination

Variation in 
version Entry point accuracy Year

Walch [48] 18 Cadaveric 1.42° ± 1.37° 1.64° ± 1.01° 1.05 mm 2015
Levy [12] 14 Cadaveric 1.2° ± 1.2° 2.6° ± 1.7° 1.2 mm 2104
Dallalana [56] 20 In vivo 1.8° ± 1.9° 1.3° ± 1.0° 0.5 ± 0.3 mm 

(horizontal)
0.8 ± 0.5 mm 
(vertical)

2016

Gauci [58] 17 In vivo 1.8° 3.4° 0.1 mm (horizontal)
0.8 mm (vertical)

2016

Berhouet [55] 30 Virtual 0.3° 0.1° not available 2017
Hendel [60] 31 In vivo 2.9° 4.3° 2.4 mm 2012
Throckmorton 
[64]

70 Cadaveric 3.0° ± 2.8° 5.0° ± 4.5° 2 mm 2015

Iannotti [47] 9 Sawbones 2.8° ± 2.1° 3.1° ± 2.6° 1.2 ± 0.7 mm 2014
Lau [62] 11 In vivo 1° ± 4° (anatomic)

1° ± 5° (reverse)
8° ± 10° 
(anatomic)
10° ± 10° 
(reverse)

Not available 2017

Lewis [63] 9 Sawbones 3° ± 2° 3° ± 2° Not available 2015
Iannotti [45] 46 In vivo 3.1° 4.0° 1.1 mm (horizontal)

0.9 mm (vertical)
2015

Eraly [57] 10 Cadaveric 1.2 ± 1.2 1.8 ± 1.2 1.3 mm 2016
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Stemless Shoulder Arthroplasty 
in Treating Severe Deformity

Bandar Assiry, Mitch Armstrong, 
and Ryan T. Bicknell

 Advances in Humeral Arthroplasty

Since the development of early shoulder 
 arthroplasty implants, significant advancements 
have been made in design, materials, indications, 
and technique. Initial prosthetic options were 
limited to monoblock stems, which created dif-
ficulty in accurately recreating a patient’s ana-
tomical variations. With continued development, 
stemmed implants are now in their fourth genera-
tion of design [5], and the development of mod-
ularity in these newer stem designs has greatly 
assisted in improving anatomical restoration. As 
a result, these implants have provided a satisfac-
tory solution to a variety of glenohumeral pathol-
ogies, demonstrating improvements in clinical 
outcomes, range of motion, and pain [6].

 Humeral Complications

Unfortunately, shoulder arthroplasty is not without 
complications with rates ranging from 0% to 62% 
[7]. Complications are more frequently encoun-
tered on the glenoid side, with loosening being 

the most commonly reported complication [8]. 
However, humeral stem-specific complications 
are also encountered, which include intraoperative 
fracture, loosening, stress shielding, osteolysis, 
and traumatic periprosthetic humeral fracture [5, 
9]. The rate of intraoperative humeral fracture after 
anatomic TSA is reported to be 1.5% [10]. Rates 
of postoperative periprosthetic humeral shaft frac-
ture are reported between 1.6% and 2.4% [11, 12]. 
Stem-related complications are found particularly 
in the revision setting and have been shown to 
result in inferior clinical results [9]. Stem-related 
problems during revision arthroplasty include stem 
extraction difficulty, requirement of removal of 
cement mantle, and intraoperative fracture result-
ing in proximal humeral bone loss [5]. Difficulty in 
stemmed humeral implantation resulting in a com-
plication can also occur in primary arthroplasty. 
Complications are more frequent in complex situ-
ations involving distortion of proximal humeral 
anatomy such as malunion, post-traumatic arthri-
tis, deformity secondary to advanced arthritis, 
congenital abnormalities, and in situ hardware, 
such as intramedullary devices or plates/screws  
[5, 13, 14].

 Stemless Arthroplasty

Stemless arthroplasty has arisen in an effort 
to avoid many of these humeral complications 
during implantation or removal of a stemmed 
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implant. Stemless implants also provide the theo-
retical advantage of decreased surgical times, 
less blood loss, and bone preservation [15].

Stemless implants have been available for 
the past 13  years. The Biomet Total Evolutive 
Shoulder System (TESS, Biomet, Warsaw, IN, 
USA) was the first stemless implant available for 
use in Europe in 2004 (Fig. 3.1.). Since this time, 
a variety of stemless humeral implants are now 
available worldwide (Table  3.1). Each implant 
has specific design features, but the overall stem-
less design concept is shared.

The stemless design allows for an implant 
that is entirely contained within the metaphy-
sis, which allows for implant placement irre-
spective of humeral diaphyseal anatomy [10] or 
large differences in the humeral shaft-head off-
set or angles. In the setting of post-traumatic 

Fig. 3.1 Total Evolutive Shoulder System (Zimmer- 
Biomet Inc.)

Table 3.1 Stemless shoulder arthroplasty systems currently available

Implant Type Outcome
TESS – Biomet 
Total Evolutive 
Shoulder 
System

Anatomic 
and reverse

31 implants followed over mean of 94.7 months. 93.5% survivorship. Revision rate 
was 9.7%. All implants showed solid osteointegration of the corolla. Significant 
improvement in clinical outcome scores. Constant score from 14.7 to 68.8 
(p < 0.001) [12]
63 implants followed over 3 years. Five cases experienced intraoperative lateral 
cortex fracture during implantation, all of which healed. No other complications 
noted. No loosening at final follow-up [9]

Nano – Biomet 
Comprehensive 
Nano

Anatomic No published data on long-term results available

Sidus – Zimmer Anatomic No published data on long-term results available
Simplicity – 
Wright Medical

Anatomic 157 patients followed over 2 years. Reported improvements noted with range of 
motion, strength, and patient-reported outcome scores. No complications noted with 
humeral component [5]

Eclipse – 
Arthrex

Anatomic 43 patients followed prospectively for 9 years. Constant scores improved to 79 
(p < 0.001). ROM improved (p < 0.05). Humeral implant-related complication rate 
0%. No loosening noted. Overall humeral-sided complication rate 9.3% (rotator cuff 
deficiency, resorption of GT, fracture, infection) [13]

Affinis – 
Mathys Affinis 
Short

Anatomic Only system to use a ceramic head. 96 patients in series. Only 12 available at  
final 2-year follow-up. Improvements noted in ROM and outcome scores.  
No intraoperative complications noted. No cases of humeral component loosening 
[14]

SMR – Lima 
SMR Stemless

Convertible No published data on long-term results available

Easytech – FX 
Solutions

Convertible No published data on long-term results available.

Global 
Icon – Depuy- 
Synthes

Anatomic No published data on long-term results available
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proximal humeral deformity, utilizing a stem-
less implant allows for restoration of the gleno-
humeral center of rotation independent of the 
humeral canal position and avoidance of tuber-
osity osteotomies [13, 15]. Theoretically, a bet-
ter restoration of the center of rotation may 
lead to a better proprioceptive feedback of the 
rotator cuff muscles, but Maier et  al. showed 
that there was no significant proprioceptive 
difference between the stemless and stemmed 
design [16].

 Indications

Indications for the use of stemless anatomic 
humeral arthroplasty include the same indica-
tions for the use of stemmed humeral implants. 
These include osteoarthritis, rheumatoid 
arthritis, post-traumatic arthritis, osteonecro-
sis, instability arthropathy, and post-infec-
tious arthropathy [10, 17]. Similarly, stemless 
reverse arthroplasty is indicated for rotator cuff 
arthropathy and massive irreparable rotator cuff 
tears with pseudoparalysis in the elderly. These 
implants are of particular benefit in the setting of 
proximal humeral deformities as they are placed 
within the metaphysis independent of diaphy-
seal position. Similarly, they offer advantages 
in postfracture canal sclerosis, in situ hardware, 
and tuberosity malunion by avoiding either the 
bone or metal [15, 17].

 Contraindications

Similar to stemmed shoulder arthroplasty, 
contraindications include active infection, 
neuropathic (Charcot) arthropathy, instabil-
ity, and rotator cuff arthropathy [10, 11, 17]. 
Contraindications specific to stemless anatomic 
shoulder arthroplasty include acute proximal 
humerus fractures, metaphyseal bone loss, 
osteopenia, osteoporosis, metaphyseal cysts, 
and metabolic bone disease.

 Stemless for Deformity

Shoulder arthroplasty in cases of proximal 
humeral deformity can be a challenge. In cases 
of distorted metaphyseal and/or diaphyseal 
anatomy, inserting a stem may prove impos-
sible due to considerable angulation and nar-
rowing or obstruction of the medullary canal. 
In some cases, a tuberosity osteotomy can 
facilitate  insertion of a stemmed implant. In 
one study, a greater tuberosity osteotomy was 
required in 11–60% of cases, and patients who 
required a tuberosity osteotomy had poorer 
results [15, 18]. Therefore, the authors rec-
ommended adapting the prosthesis to the dis-
torted anatomy by using a modular prosthesis. 
But in some cases, the anatomy is altered so 
much that the modular stemmed implant can-
not fit all malunion types. Ballas et  al. [15]
conducted a retrospective study of 27 patients 
who had stemless arthroplasty for proximal 
humerus malunion, with a mean follow-up of 
44  months. In all patients, the prosthesis was 
implanted without the need for tuberosity oste-
otomy. The Constant score improved from 27 
to 62 (p ≤ 0.001), active anterior elevation from 
81° to 129° (p ≤ 0.001), and external rotation 
from 5° to 40° (p ≤  0.001) with no evidence 
of radiological loosening. They concluded that 
the use of a stemless anatomic shoulder arthro-
plasty avoids the need for tuberosity osteotomy 
and certain surgical difficulties, even in cases of 
severe tuberosity malunion, and leads to good 
functional outcomes in the short term.

 Surgical Technique

In the setting of proximal humeral deformity, 
a complete series of x-rays (true AP, axillary, 
and lateral), as well as CT scan, is essential. We 
prefer using CT scans with 3-D reconstructions 
including humeral subtraction views. This allows 
for the required preoperative planning and thor-
ough understanding of the deformity.

3 Stemless Shoulder Arthroplasty in Treating Severe Deformity



30

For an anesthetic, the combination of an inter-
scalene regional block with a general anesthetic 
is preferred. Appropriate muscle relaxation is 
required, particularly since deformity cases are 
often stiff and exposure can be difficult. We 
secure the patient to the operating room table 
in a low beach-chair position (approximately 
40°) utilizing a pneumatic arm holder for arm 
positioning.

We use a standard deltopectoral approach as 
this provides good exposure to both the proximal 
humerus and glenoid. It is also easily extensile 
distally if necessary. A tenodesis of the long head 
of the biceps is performed to the insertional fibers 
of the pectoralis major. The release of the sub-
scapularis through either a peel or lesser tuber-
osity osteotomy is used. We prefer to utilize an 
LT osteotomy in most cases, although care is 
taken to be minimalistic with the amount of bone 
osteotomized. This involves using a shallow oste-
otomy starting at the medial border of the bicipi-
tal groove and exiting the LT just lateral to the 
anatomic neck, so as not to violate the anatomic 
neck of the humerus. The most medial portion of 
the subscapularis and capsule is then peeled off. 
A traditional peel is preferred when the shoulder 
has an extreme loss of external rotation and when 
bone quality is in question. Through sequential 
release of the inferior capsule under tension 
from the humeral neck and external rotation of 
the humeral shaft, the humeral head and neck are 
exposed. Osteophytes are then removed to iden-
tify the humeral anatomical neck. It is impor-
tant to confirm that the rotator cuff muscles are 
intact if performing an anatomic total shoulder 
arthroplasty.

The humeral head is dislocated from the gle-
noid in an anterior direction, and the anatomical 
neck is carefully marked out. We prefer to per-
form the humeral osteotomy using a freehand 
technique, but other options include intramedul-
lary or extramedullary alignment guides. In the 
setting of proximal humeral deformity, a free-
hand technique will be used as cut guides are 
unable to properly account for the deformity. A 
thorough understanding of the deformity through 
a review of three-dimensional imaging is impera-
tive at this stage. In general, the anatomic neck 

 osteotomy will recreate the patient’s neck-shaft 
angle as well as version. However, in severe 
deformity, the anatomic neck axis can be quite 
distorted. The freedom allotted by a stemless 
component that does not rely on the humeral 
canal can enable humeral head replacement 
while maintaining the greater and lesser tuberos-
ity anatomy, and hence the rotator cuff integrity, 
despite severe deformity. The osteotomized head 
or more commonly the cut surface remaining on 
the proximal humerus after the head is removed 
can then be used to estimate the size of the 
humeral head arthroplasty (Fig. 3.2).

An evaluation of the metaphyseal bone is then 
performed. Churchill et al. {Churchill:2014, JW} 
described the “thumb test” to provide a guide in 
making a decision on bone quality. If the metaph-
yseal bone is easily compressed with thumb pres-
sure, the bone stock may not be sufficient for 
adequate support of a stemless humeral compo-
nent (Fig. 3.3).

At this point, if indicated, glenoid preparation 
and resurfacing are then carried out in the usual 
manner. Considerable attention toward protec-
tion of the osteotomized proximal humerus is 

Fig. 3.2 The cut surface remaining on the proximal 
humerus after the head is removed along the anatomic 
axis of the humerus

B. Assiry et al.



31

required as vigorous retraction can damage the 
more fragile metaphyseal bone, which can be a 
contraindication to proceeding with a stemless 
arthroplasty if the implant is unable to maintain 
circumferential stability within the metaphysis. 
We find that the use of a broad, malleable pos-
terior glenoid retractor can facilitate retraction 
of the humeral head and offer adequate protec-
tion of the humeral osteotomy as it distributes the 
“retraction force” over a broad area of the proxi-
mal humerus.

For the humeral preparation, there are tech-
nical differences depending on the particu-
lar implant, but in general the implant is sized 
based upon the osteotomized humeral footprint 
(Fig. 3.4). Generally, preference is given to using 
as large of a humeral implant as possible, in 
order to engage the more dense cancellous bone 
toward the periphery of the proximal humerus. 
Once the size is determined, preparation of 
the metaphyseal bone is completed in order to 
accept the stemless implant. This requires a 
somewhat different exposure than with a tradi-
tional stemmed humeral component, since the 
instruments require insertion perpendicular to 
the cut anatomic axis of the humeral head, as 
opposed to being in line with the humeral shaft. 
This exposure is often facilitated by external 
rotation, flexion, and adduction of the  shoulder. 

Humeral preparation is often completed with a 
humeral punch and/or drill (Fig. 3.5). Depending 
on the design, this punch often does not need 
to be completely inserted, since the humeral 
anchor acts as its own punch in many cases. The 

Fig. 3.3 The thumb test, used to provide a guide in mak-
ing a decision on bone quality

Fig. 3.4 The implant is sized based upon the osteoto-
mized humeral footprint

Fig. 3.5 Humeral preparation is often completed with a 
humeral punch and/or drill
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humeral anchor is then impacted into the pre-
pared metaphyseal bone relying upon a press 
fit (Fig.  3.6). Trial heads can then be used to 
determine the appropriate balance and stability. 
Humeral head orientation (inclination and ver-
sion) is based entirely on the initial anatomic 
neck cut, so if that is not accurate, reorienting the 
humeral head position is not possible. Head size 
can be adjusted similarly to stemmed humeral 
arthroplasty. Soft tissue tension can be adjusted 
through the use of different head sizes, but off-
set heads are not available in most systems. 
These are not thought to be necessary, since the 
humeral anchor can be placed at the center of 
rotation of the humeral head, as it is constrained 
by the humeral canal as in stemmed humeral 
arthroplasty. The final humeral head implant is 
then secured to the base plate through impaction 
of a Morse taper (Fig. 3.7). We do not typically 
use intraoperative fluoroscopy, if the anatomy 
is clearly visible. However, in severe deformity, 
this can be helpful.

The glenohumeral joint is then thoroughly 
irrigated and the subscapularis is repaired. When 
managing the subscapularis repair, it is neces-
sary to pre-drill and pass sutures prior to impact-
ing the stemless implant. We place transosseous 
sutures through bone tunnels that start laterally 
in the dense bone of the bicipital groove and exit 
through the humeral head anatomic neck cut sur-
face. In some designs, these sutures can even be 
placed through slots in the humeral anchor. This 
typically involves use of four bone tunnels, with 
a double stranded #5 high strength suture through 
the second-from-top tunnel, which goes around the 
thickest middle portion of the LT osteotomy and is 
tied with a Nice knot. The remaining three tunnels 
utilize #2 high strength sutures tied with modified 
Mason-Allen stitches. We also place an additional 
#2 high strength suture to repair the lateral aspect 
of the rotator interval between the upper subscapu-
laris and the anterior supraspinatus. In the setting 
of stemless reverse shoulder arthroplasty, we only 
repair the subscapularis if there is appropriate 
length available for this. We do not typically utilize 

Fig. 3.6 The humeral anchor is then impacted into the 
prepared metaphyseal bone relying upon a press fit

Fig. 3.7 The final humeral head implant is then secured 
to the base plate through impaction of a Morse taper
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a subdeltoid hemovac drain. Postoperative rehabili-
tation is similar to that used for a stemmed implant.

 Outcomes

Recent literature comparing stemless to stemmed 
humeral implants for anatomic arthroplasty, 
including mid- to long-term follow-up, has 
shown equivocal clinical outcomes, pain control, 
ROM, and revision rates, raising the question of 
the necessity of the humeral stem [2, 13, 19, 20]. 
Churchill et  al. [21] reported a prospective mul-
ticenter study of 157 patients who underwent 
stemless arthroplasty followed for a minimum of 
2  years. All shoulder outcome measures signifi-
cantly improved at the 3-, 6-, 12-, and 24-month 
intervals, compared with baseline. At 2 years, the 
mean adjusted Constant, SST, and ASES scores 
improved from 56% to 104% (p < 0.0001), from 
4 points to 11 points (p < 0.0001), and from 38 
points to 92 points (p < 0.0001), respectively. The 
mean forward elevation improved from 103 ± 27 
to 147 ± 24 (p < 0.0001) and the mean external 
rotation from 31  ±  20 to 56  ±  15 (p  <  0.0001). 
The mean strength in elevation improved from 
5.7 to 7.1 kg (p < 0.0001), and the mean visual 
analog scale pain score decreased from 5.9 to 0.5 
(p < 0.0001). Collin et al. [6] reported a prospective 
study of stemless TSA in 47 patients. At a mean 
follow-up of 35 months, the mean Constant score 
was 69 points (mean gain of 36 points), and the 
mean anterior flexion was 131° (mean gain of 48°). 
In four cases, the primary fixation was deemed 
insufficient for a stemless implant intraoperatively. 
Radiographic assessment showed no signs of 
early migration or loosening at 4 years. However, 
periprosthetic radiolucent lines were observed at 
the upper zones in 17 shoulders. However, CT 
scans were performed on eight patients, and none 
revealed signs of loosening. Hawi et al. [13] evalu-
ated clinical outcomes in 49 shoulders, 9  years 
after stemless shoulder arthroplasty. The Constant 
score improved from 52% to 79% (p < 0.0001). 
The active range of motion also increased for flex-
ion from 101° to 118° (p = 0.022), for abduction 
from 79° to 105° (p = 0.02), and for external rota-
tion from 21° to 43° (p < 0.0001). No revisions 

due to loosening or countersinking of the humeral 
implant were observed. Habermeyer et  al. [22] 
prospectively evaluated stemless shoulder arthro-
plasties in 78 patients with a mean age of 58 years 
at a mean follow-up of 72 months. The Constant 
score improved from 38% to 75% (p < 0.0001). 
Active range of motion improved for flexion from 
114° to 141°, abduction from 74° to 130°, and 
external rotation from 25° to 44° (p  <  0.0001). 
The overall complication rate was 12.8%, with an 
overall revision rate of 9%. None of the stemless 
implants were revised for loosening.

Several studies have compared outcomes of 
a stemless implant with those of a conventional 
stemmed implant after anatomic arthroplasty. 
Uschok et  al. [20] evaluated 40 patients with 
primary osteoarthritis of the shoulder in a pro-
spective randomized trial. Group 1 included 20 
patients who received a stemless total shoulder 
arthroplasty and group 2 included 20 patients who 
received a stemmed total shoulder arthroplasty. 
The Constant score improved in both groups from 
54 and 26, respectively, to 66 and 66, respectively, 
at 2  years and improved to 73 and 70, respec-
tively, at 5 years. The Constant score improved at 
2 years and 5 years in both groups, with no differ-
ence between groups. No humeral implant com-
plications were observed in group 1 (stemless). 
In group 2 (stemmed), a fracture of the greater 
tuberosity resulted in traumatic loosening of the 
humeral implant. Razmjou et al. [23] conducted 
a prospective longitudinal study of 74 patients, 
comparing three different implants: the Neer II, 
Bigliani-Flatow, and stemless TESS.  No differ-
ence was seen in clinical outcome scores, satisfac-
tion, or strength. The ASES score improved from 
the baseline score of 29 to 86 (Neer II), 34 to 82 
(Bigliani-Flatow), and 41 to 82 (TESS) at 2-year 
follow-up. No humeral radiolucent lines were 
seen in the TESS group, compared with 18% [24] 
of the Neer II group and 8% [24] of the Bigliani-
Flatow group. Berth et  al. [25] randomized 82 
patients to either a standard stemmed or a stem-
less anatomic shoulder arthroplasty. Both groups 
yielded significant improvements over preop-
erative values. There was no difference between 
groups with respect to the Constant score, DASH 
score, and active range of motion. As well, the 
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mean hospital stay after surgery did not differ 
between groups. In contrast, the mean operative 
time (p < 0.002) and blood loss (p < 0.026) were 
significantly higher in the stemmed than in the 
stemless group. One humeral-sided complication, 
consisting of a greater tuberosity fracture, was 
seen in the stemmed group and no complications 
occurred in the stemless group.

 Stemless Reverse Shoulder 
Arthroplasty

Reverse shoulder arthroplasty has changed the 
treatment of a variety of shoulder pathologies, 
including severe deformity. Similar to anatomic 
shoulder arthroplasty, reverse shoulder arthroplasty 
has evolved, and stemless implants are available, 
potentially offering similar benefits (Fig.  3.8). 
However, it is unclear whether the promising 
short- and midterm outcomes of stemless anatomic 
arthroplasty can be extrapolated to stemless reverse 
shoulder arthroplasty, since the differences in 
design, force directions, and magnitudes are drasti-
cally different in reverse shoulder arthroplasty.

Ballas and Beguin reported on 56 stemless 
reverse implants with a mean 59 months follow-
 up [26]. They found improvements in outcome 
scores (Constant and Oxford shoulder) and 
range of motion. They reported no incidence of 
humeral component loosening, but one patient 
required conversion to a conventional stemmed 
reverse prosthesis for recurrent instability. 
Another patient developed significant osteolysis 
around the greater tuberosity although displace-
ment of the humeral component did not occur. 
Teissier et al. reported a prospective series of 91 
stemless reverse implants with a mean follow-
up of 41  months [27]. Patient satisfaction was 
reported as good or excellent in 96%. They also 
showed good improvement in outcome scores 
(Constant and ASES) and range of motion. There 
were no cases of humeral component loosen-
ing. Engelhardt et  al. reported a series of 67 
reverse implants, 56 of which were stemless, 
with a short-term mean follow-up of 17 months 
[28]. The outcome scores (Constant and DASH) 
were reported as good, however were not sepa-
rated into stemmed and stemless. They found 
no cases of humeral loosening in the cuff tear 
arthropathy group (58 cases) but 1 case of stem-
less humeral loosening in the revision surgery 
group (9 cases). Although, the revision group 
was underrepresented, the authors cautioned 
against using a stemless reverse implant in revi-
sion cases where metaphyseal bone could be 
compromised. Kadum et al. reported 17 stemless 
reverse implants with a short-term mean follow-
up of 14 months [29]. Their outcomes were not 
stratified by implant type (stemmed, stemless, 
anatomic, and reverse). They reported one case 
of failure of a stemless humeral implant, which 
was converted to a stemmed implant. No other 
humeral components had any evidence of radiolu-
cent lines or loosening. Kadum et al. reported 40 
shoulders followed for an average of 39 months 
[30]. Although there were large inequalities in 
the groups and relatively low numbers, the out-
comes between stemmed and stemless implants 
were similar. However, they noted two early revi-
sions in the stemless group due to displacement 
of the humeral implant. Moroder et al. published 
[31] a case-control series of 24 patients with cuff 

Fig. 3.8 A stemless reverse shoulder arthroplasty 
(Comprehensive Nano, Zimmer-Biomet Inc.)
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tear arthropathy treated with a stemless reverse 
arthroplasty, who were matched against 24 con-
trols treated with a stemmed reverse arthroplasty. 
Follow-up was an average 35  months. No sig-
nificant difference was found in outcome score 
(Constant, ASES, pain), satisfaction, range of 
motion, or strength. No cases of humeral compo-
nent loosening were noted in either group.

Overall, the literature shows promising results 
in the short to midterm with a stemless reverse 
arthroplasty. There are more reported failures 
of this type of humeral implant compared to the 
stemmed version, but studies are limited, and no 
studies have elucidated specific indications or 
risks for failure. There have been no randomized 
stemmed vs. stemless studies for a reverse arthro-
plasty. Therefore, although early results seem 
promising, there is much work to be done in this 
area before a stemless reverse shoulder arthro-
plasty can be deemed to be safe and reliable with 
predictable outcomes.

 Conclusions

Stemless shoulder arthroplasty offers many 
potential advantages including greater versatil-
ity in matching native anatomy, bone preserva-
tion, and less difficult revision surgery. These 
advantages may offer particular benefits in the 
setting of severe proximal humeral deformity. 
The currently available short- to midterm results 
are promising but much more research is needed 
to determine long-term survival. For stemless 
reverse arthroplasty, the limited reported out-
comes appear similar to the stemmed reverse 
implants. However, there may be a higher fail-
ure rate, and the specific indications and risks for 
failure have not been identified.
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Anatomic Shoulder Arthroplasty 
in the Setting of Glenoid Bony 
Erosion (Walch B2-, B3-, 
and C-Type Glenoids)

Jay D. Keener

 Introduction

Anatomic total shoulder arthroplasty (TSA) has 
been shown to be a reliable surgery for pain relief, 
improvement of shoulder function, and quality of 
life. The presence of biconcave glenoid deformity 
poses a significant reconstructive challenge for a 
shoulder surgeon as this deformity has been asso-
ciated with poorer clinical outcomes and a higher 
rate of complications. Reconstructive options are 
largely dictated by the severity of the glenoid 
deformity and the degree of preoperative humeral 
head subluxation; however, other factors such as 
patient age and activity level and rotator cuff mus-
cle health must be considered in choosing the 
optimal treatment option for these patients.

Recent research has better defined the mor-
phologic changes seen in these shoulders includ-
ing adaptive bony changes. The role of 
computerized tomography (CT) scans has been 
extensively studied in attempts to better define 
these deformities. Additionally, software pro-
grams, which reformat CT scan images, can gen-
erate three-dimensional bony reconstructions, 
now allowing real-time computer simulation of 
surgery with generation of patient-specific instru-
mentation when needed. This chapter will review 
the relevant pathologic anatomic considerations, 

diagnostic imaging options, and anatomic TSA 
reconstructive options for shoulders with bicon-
cave glenoid deformities.

 Etiology and Incidence

Walch et al. originally classified glenoid morphol-
ogy based on the pattern of glenoid bone wear and 
the presence or absence of humeral head sublux-
ation [1]. Arthritis with a posteriorly subluxated 
humeral head was designated as a B-type glenoid 
and further classified as B1 or B2 deformity based 
on the degree on bone erosion (Fig.  4.1). In his 
original series of 113 subjects, 32% of arthritic 
shoulders were classified as B type. Type B1 defor-
mities (17% incidence) were associated with poste-
rior humeral head subluxation and posterior joint 
space narrowing. Type B2 deformities (15%) dem-
onstrated posterior glenoid bone erosion producing 
a posterior cupula and a resultant biconcave appear-
ance of the glenoid. Type C deformities were origi-
nally classified as a retroversion deformity of 
greater than 25° as measured by the Friedman 
method, not caused from glenoid erosion. Type C 
glenoids were felt to be dysplastic in origin. The 
authors noted increased retroversion of B-type 
shoulders (mean 18°) but did not feel that retrover-
sion explained the biconcavity of the glenoid. CT 
scan analysis of the same cohort suggested that 
 subluxation was responsible for glenoid erosive 
changes [2]. The authors concluded that posterior 
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subluxation did not correlate with glenoid 
retroversion.

The incidence of posterior glenoid erosion is 
in the range of 30–40% of shoulders with primary 
osteoarthritis [1, 3]. The etiology of posterior gle-
noid erosion in the setting of primary osteoarthritis 
is unknown. Multiple authors have noted a lack of 
correlation between glenoid retroversion and the 
degree of humeral head subluxation and subsequent 
glenoid wear [1, 4, 5]. This suggests that retrover-
sion does not create subluxation but rather results 
from subluxation and the subsequent abnormal 
wear over time. Ricchetti et  al. using the glenoid 
vault model demonstrated the premorbid glenoid 
version of osteoarthritic shoulders was similar to 
normal controls [6, 7]. The concept of abnormal pre-
morbid glenoid version for B2 shoulder is debated, 
however. Knowles et al. showed the native version 
of the paleoglenoid region in B2 arthritic shoulders 
was more retroverted (mean 14°) compared to nor-

mal controls (mean 5°), suggesting these shoulders 
may possess an intrinsic predisposition toward pos-
terior subluxation [8]. Walch described the patho-
logic condition of static posterior humeral head 
subluxation as a precursor to the development of 
arthritis with a posterior glenoid wear pattern [9]. 
This condition is felt to be distinct from acquired 
posterior instability or glenoid dysplasia but is 
rather acquired over time. It has been theorized that 
the static posterior humeral head subluxation that 
precedes the development of posterior glenoid wear 
is a result of various static and dynamic soft tissue 
parameters that have yet to be elucidated [10].

 Evaluation

The clinical evaluation begins with assessment of 
shoulder active and passive range of motion (ROM) 
and rotator cuff strength. Standard radiographs are 

A1

A2

B1

B2

B3

C

D

Fig. 4.1 Modified Walch classification of glenoid mor-
phology in primary glenohumeral osteoarthritis. (a) 
Schematic representation of the modified Walch classifi-
cation of glenoid morphology. The B-type glenoids are 

associated with posterior subluxation and variable 
amounts of posterior glenoid erosion. (Reference: Bercik 
et al. [27]. Fig. 2, page 1602)
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generally adequate to both determine the severity 
of arthritis and properly classify the glenoid mor-
phology. These include a standard shoulder series 
including an anteroposterior view, true anteropos-
terior view, scapular Y, and axillary views. The 
axillary view is important to identify posterior 
humeral head subluxation and identify abnormal 
patterns of glenoid wear but is not accurate in quan-
tifying the glenoid version and inclination angles.

For shoulders with significant glenoid wear 
secondary to osteoarthritis, a CT scan is recom-
mended. CT scans allow for detailed analysis of 
glenoid deformity and humeral head subluxation 
and also allow assessment of fatty muscle infil-
tration and atrophy of the rotator cuff muscula-
ture. Fine cuts (1 mm or less) are recommended 
to allow for three-dimensional rendering of the 
bony anatomy. If possible, the scanning protocol 

should include the entire scapula. Because the 
gantry angle of the CT is oriented in reference to 
the body, the gantry is off axis in relation to the 
glenohumeral joint. Several studies have demon-
strated improved accuracy in measuring glenoid 
version and inclination of three-dimensional CT 
scan images compared to two-dimensional 
images [11–14]. One study demonstrated that 
uncorrected two-dimensional images overesti-
mate glenoid retroversion by 2–5° and glenoid 
inclination by a mean of 21° compared to two- 
dimensional images with a corrected gantry angle 
[12]. Using corrected two-dimensional images, 
the glenoid version is assessed by the Friedman 
method on axial images either using the interme-
diate glenoid line (a line connecting the anterior 
paleoglenoid to the posterior neoglenoid edges) 
or the neoglenoid surface (Fig. 4.2). The percent 
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Fig. 4.2 Definitions of glenoid radiographic measures 
for the biconcave glenoid. Axial view (CT scan) of the 
shoulder. (a) Retroversion according to the Friedman line 
(ED): AB represents the paleoglenoid, BC represents the 
neoglenoid, and AC is the intermediate glenoid. (b) 
Subluxation with regard to the scapular body (scapular 
axis) or Friedman line (ED): the percentage of humeral 
head posterior to that line (HI/GI) is assessed at the lon-
gest anteroposterior diameter of the head on a line perpen-
dicular to the scapular axis. (c) Subluxation with regard to 

the glenoid axis (mediatrice line) defined as DK, drawn as 
a perpendicular line to the intermediate glenoid (AC) 
passing in its middle (subluxation/glenoid): the percent-
age of humeral head posterior to that line is measured at 
the largest anteroposterior diameter (KL/JL). (d) Depth of 
glenoid erosion: CF depth magnitude (mm) corresponds 
to the perpendicular distance between the posterior border 
of the glenoid erosion and the paleoglenoid reference line 
(AF). (Reference: Walch et al. [38]. Fig. 1, page 1527)
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humeral head subluxation is usually expressed in 
relation to the scapular plane, which is an exten-
sion of the Friedman scapular line across the 
humeral head using the axial image with the larg-
est diameter of the humeral head.

In recent years, automated software programs 
have become increasingly more popular to quan-
tify glenoid bony deformity. These programs will 
generate a three-dimensional model of the scapula 
and humeral head. The computer will then calcu-
late a mean glenoid version and percent humeral 
head subluxation based upon the bony anatomy 
in reference to the scapular plane (Fig. 4.3). The 
majority of these programs also allow simulation 
of surgery by superimposing prosthetic compo-
nents onto the bony anatomy. These programs 
allow precise calculation of implant size and seat-
ing based on variable amounts of glenoid version 
correction and reaming. When needed, patient-
specific instrumentation (PSI) guides can be gen-
erated and implemented in the operating room in 
an attempt to recreate the surgical plan executed 
with the computer software. The use of CT scan 
in the setting glenohumeral osteoarthritis has 
greatly improved our understanding of complex 
bony deformities. One study showed significantly 
improved accuracy in recreating the optimal 
implant placement following templating with 3D 
CT scan imaging compared to 2D imaging [15]. 
The addition of PSI has been shown to further 

improve the accuracy of ideal glenoid implant 
positioning [16–18]. Randomized clinical trials 
have demonstrated improved accuracy of glenoid 
component placement and version corrected with 
the use of PSI in glenoids with variable deformi-
ties compared to standard surgical techniques [19, 
20].

 Characteristic Features: B2/B3 
Glenoid

There are several characteristic features that 
define the deformity associated with biconcave 
(B2) glenoid arthritic shoulders. Asymmetric 
cartilage wear due to posterior humeral head sub-
luxation occurs initially. Over time the posterior 
glenoid bone erodes producing the classic bicon-
cave glenoid deformity consisting of the anterior 
(paleoglenoid) and posterior (neoglenoid) glenoid 
surfaces (Fig. 4.4). The acquired glenoid retrover-
sion abnormality produced is highly  variable with 
mean values in most series between 16° and 23° 
[1, 3, 6, 7]. The pattern of glenoid wear occurs in 
the posteroinferior direction rather than straight 
posterior [3, 21, 22]. Knowles et al. demonstrated 
the direction of the line of glenoid erosion was 
toward the 8 o’clock position for a right shoulder 
oriented a mean of 28° from the superoinferior 
axis and was remarkably consistent across defor-

Glenoid Retroversion: 22° Glenoid Inclination Inf: 5° Posterior Humerus subluxation: 77 %

Fig. 4.3 3D reconstruction of a right shoulder with auto-
mated calculation of glenoid variables. Proprietary soft-
ware 3D reconstruction of B2 glenoid with automated 
calculation of glenoid version, glenoid inclination, and 

glenoid subluxation. The humeral head in green repre-
sents the amount of head posterior to the defined scapular 
axis; the humeral head in blue represents the amount of 
head anterior to the scapular axis
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mity severities [21]. In a review of 55 shoulders, 
the proportionate size of the neoglenoid was quite 
variable and occupied a mean of 44% of the gle-
noid surface area. The biconcave deformity and 
resultant posterior bone erosion will vary based 
on the severity of the deformity; however, the 
severity of maximal bone erosion is consistently 
directed to the posteroinferior glenoid (Fig. 4.4). 
The erosion depth has been shown to be a mean 
of 4–5 mm in both radiographic and clinical stud-
ies [3, 22, 23]. Adaptive changes to the glenoid 
and humeral head surface features and bone den-
sity are common. The radius of curvature of the 
neoglenoid (mean 37 mm) has been shown to be 
flatter than the paleoglenoid (mean 34 mm), both 
of which are greater than the humeral head (mean 
32 mm) [21]. Knowles et al. demonstrated signifi-
cantly greater bone density and less subchondral 
bone porosity in the neoglenoid compared to the 
paleoglenoid [24]. This was distinctly differ-
ent than the uniform bone density changes that 
were seen in arthritic shoulders with symmetric 
erosion.

The severity of humeral subluxation in shoul-
ders with a B2/B3 deformity is variable and has 

been described in a variety of manners. This vari-
ability is a result of both deformity severity and the 
reported methods of subluxation calculation. 
Subluxation values will depend if the humeral 
head position is referenced from the scapular plane 
(humeroscapular) or perpendicular to the glenoid 
center (humeroglenoid) (Fig.  4.2). Furthermore, 
variable morphology of the glenoscapular anat-
omy (the orientation and shape of the glenoid vault 
in relation to the scapular body) has been shown to 
affect calculated version and subluxation measure-
ments [4]. Sabesan et al. demonstrated that humer-
oscapular subluxation values were significantly 
different than glenoscapular subluxation values in 
arthritic shoulders [25]. In this series, there was a 
strong correlation between glenoid retroversion 
deformity and humeral head subluxation in rela-
tion to the centerline of the scapula (humeroscapu-
lar relationship). When utilizing the glenoscapular 
plane, there was variable correlation between gle-
noid version and subluxation. For the B3 glenoid, 
progressive erosion results in a humeral head that 
is consistently centered in the glenoid plane but 
remains posteriorly subluxated in reference to the 
scapular plane [26].

a b

Fig. 4.4 Orientation of the glenoid wear pattern in bicon-
cave glenoid deformities. (a) A 2D axial CT scan view of 
a right shoulder demonstrating an asymmetric type B2 
glenoid. (b) Sagittal view of a 3D reconstruction demon-

strating a B2 glenoid with posteroinferior erosion. The 
neoglenoid (NG) and paleoglenoid (PG) are depicted. 
(Reference: Knowles et al. [21]. Fig. 1, page 504)
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Recently, the type B3 glenoid has been described 
(Fig. 4.1). With this wear pattern, the posterior gle-
noid is progressively worn to a monoconcave pat-
tern. Bercik et al. stated these shoulders possessed 
a retroversion of at least 15° or least 70% posterior 
humeral head subluxation in the presence of sig-
nificant posterior glenoid wear [27]. Chan et al. in 
a CT scan analysis of B3 glenoids noted a mean 
retroversion angle of 24°, a mean superior inclina-
tion of 8°, and a mean posterior subluxation of 80% 
in reference to the scapular plane [26]. These 
authors noted the joint line to be medialized a mean 
of 14 mm further suggesting that the B3 glenoid 
represents a continuum of the B2 glenoid as a result 
of further glenoid erosion. With progressive ero-
sion the native paleoglenoid disappears as the neo-
glenoid enlarges. Interestingly, the humeral head 
appears to become more centered with the B3 
deformity. Recentering of the humeral head can be 
misleading in this situation however, as it is seen 
primarily in reference to the glenoid plane and not 
the scapular plane [7, 26]. Iannotti et  al., further 
describing the B3 glenoid using the vault model, 
suggested the premorbid version of the glenoid to 
be within normal range and also demonstrated 
increased medial wear of the joint line compared to 
B2 deformities [7].

Adaptive changes to the arthritic humeral 
head are common. Marginal osteophytosis along 
the anatomic neck is frequently seen and var-
ies in size. Over time the humeral head flattens, 
and the subchondral bone becomes more dense. 
Flattening of the humeral head results in an 
increased diameter without a significant change 
in head thickness. Knowles et  al. demonstrated 
an increase in the radius of curvature of arthritic 
humeral heads (mean 59 mm) compared to nor-
mal controls (mean 49 mm) [28]. Unlike the gle-
noid, adaptive changes to the humeral head were 
similar across all Walch glenoid types.

 Treatment Options

 Defining Surgical Goals

Placement of an anatomic shoulder arthroplasty 
in the setting of a glenoid deformity is challeng-

ing and requires precise understanding of the 
type and magnitude of deformity, which will vary 
greatly between shoulders. The goals of surgery 
in this setting are to place the prosthetic compo-
nents in an anatomic manner that will provide 
adequate implant seating and good joint stability 
in a durable fashion [29]. Because of the adaptive 
soft tissue and bony changes seen in these shoul-
ders, soft tissue balancing must be combined 
with reorientation of the abnormal glenoid ver-
sion to an acceptable degree. In general, the goals 
of glenoid implant placement are to correct 
pathologic glenoid version to within 10° of neu-
tral version, achieve a minimum glenoid implant 
face support of 80%, and avoid implant perfora-
tion at the medial glenoid vault. Correction of 
version is based upon theoretical concerns of the 
effects of excessive eccentric loading upon gle-
noid fixation [30–34], malalignment-induced 
cement mantle fatigue [31, 35, 36], as well as 
limited clinical data, suggesting increased risk of 
the development of radiographic lucencies [37, 
38] with excessively retroverted glenoid implants.

On the humeral side, the version angle of the 
humeral osteotomy should either recreate the 
native humeral version or perform a slight ante-
version correction (to 20–30°). It should be noted 
that humeral anteversion correction has not been 
shown to improve prosthetic implant stability in 
the setting of experimental posterior glenoid loss 
[29, 39]. The methods chosen to achieve these 
stated goals will depend upon the magnitude of 
the glenoid deformity, the severity of humeral 
head subluxation, patient-related factors (age, 
activity level, and shoulder range of motion), and 
surgeon preferences.

 Partial Glenoid Version Correction 
(High-Side Reaming)

Partial correction of excessive glenoid retroversion 
in the setting of B2 glenoid through high- side 
reaming has long been an accepted method of 
treating these deformities. The goal of this surgery 
is to reorient the glenoid into an acceptable version 
angle. The potential benefits of high-side reaming 
relate to its simplicity by avoiding the use of 
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augmented components or bone grafting. However, 
given the limited bone stock of the glenoid vault 
and the magnitude of deformities often 
encountered, there are limits to the severity of 
glenoid deformities that can be treated with this 
technique. The potential negative consequences of 
high-side reaming are significant. Excessive 
reaming will medialize the joint line and affect soft 
tissue tension, rotator cuff function, and 
glenohumeral stability. Currently, it is unknown 
what effect glenoid version correction has upon 
the adaptive soft tissue changes that have occurred 
in these shoulders. Additionally, clinical data is 
lacking regarding the ideal glenoid component 
position for proper soft tissue balancing in 
shoulders with glenoid erosion. Reaming will 
violate variable amounts of glenoid cortical bone 
and expose the weaker trabecular bone depending 
on the severity of the deformity [3, 36, 40, 41]. 
Reaming may also require downsizing the glenoid 
component to match the size of the glenoid face 
and risks perforation of the medial glenoid vault 
with the pegs/keels [42, 43]. This latter risk is 
somewhat dependent on the shape and morphology 
of the glenoid implant design (peripheral versus 
in-line pegs).

Partial correction through high-side reaming 
is most accurately performed after surgical plan-
ning using CT software. The challenge for the 
surgeon is to execute the surgical plan with accu-
racy at the time of surgery. Iannotti et  al. have 
shown that even when a deformity is within cor-
rectable limits, it is not always technically possi-
ble even in the hands of an experienced surgeon 
[44]. When necessary, the use of PSI instruments 
can properly orient and guide the glenoid prepa-
ration based upon bony landmarks. Given the 
shape and dimensions of the glenoid, one can 
predict the amount of glenoid version correction 
achievable with reaming. In general, 1  mm of 
anterior high-side glenoid reaming anteverts the 
glenoid by 2°. Chen demonstrated that for every 
5° angular reaming correction increment, the 
mean reaming depth increased by 1.4 mm [41]. 
The limits of reaming are debatable and dictated 
somewhat by the size of the glenoid and available 
bone stock and the willingness to breach cortical 
bone. Cadaveric studies have suggested the maxi-

mal amount of corrective reaming of the glenoid 
to be 10–15° before excessive bone loss and/or 
medial implant perforation occurs when attempt-
ing to correct to neutral version [42, 43, 45]. For 
these reasons, acquired retroversion deformity 
greater than 20–25° represent the upper limit of 
deformity that can be corrected with high-side 
reaming alone if the acceptance of some degree 
of residual retroversion is tolerable. Breaching 
the anterior glenoid surface cortical bone is com-
mon with corrective reaming, which will com-
promise the quality of the remaining bone. Chen 
et  al. showed significantly decreased remaining 
bone quality (approximately 15–20% decreased 
bone density) of the anterior glenoid after correc-
tive reaming of 10° and 15° compared to 0° and 
5° reaming [41]. Another clinical study examined 
corrective reaming of B2 glenoids (mean retro-
version 18°, range 8–43°) in vivo with the goals 
of partial correction to achieve a minimum of 
80% glenoid component support and a version 
angle to within 10° of the paleoglenoid [3]. In 
this series, 47% of the glenoids were not able to 
be 100% seated, and compromise of more than 
50% of the subchondral cortical bone was neces-
sary in 30% of shoulders to achieve adequate 
support. A biomechanical study by Wang et  al. 
compared the performance of cemented all- 
polyethylene glenoid placed with eccentric ream-
ing to a wedge-shaped augmented glenoid 
component [46]. A 12° posterior glenoid defect 
was created. An 8° augmented implant was com-
pared to a standard glenoid placed with eccentric 
reaming to neutral version. The standard implant 
had less micromotion and catastrophic fixation 
failure after cyclical loading compared to the 
augmented component.

Figure 4.5 illustrates a case of corrective high- 
side reaming for a severe B2 glenoid deformity 
(29° intermediate glenoid line retroversion on 
corrected 2D CT scan axial slice at the mid- 
glenoid) performed with a freehand technique in 
a 52-year-old female. Exposure to the glenoid is 
facilitated by removal of anterior glenoid osteo-
phytes and/or the anterior glenoid rim. The geo-
metric center of the glenoid is marked with 
cautery. The junction of the anterior glenoid vault 
and the scapular body is palpated to determine 
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Fig. 4.5 Stepwise performance of partial glenoid version 
correction with high-side reaming. (a) True AP view of 
the left shoulder of a 52-year-old with glenohumeral 
arthritis. (b) Axillary view demonstrating posterior gle-
noid wear and humeral head subluxation. (c) Two- 
dimensional axial CT slice in which the gantry angle has 
been corrected to the plane of the scapula. The patient has 
a type B3 glenoid. Glenoid retroversion measures 29°. (d) 
Intraoperative view of the same shoulder. A burr is used to 
remove some anterior glenoid osteophyte and improve 
exposure. (e) A 2.0 mm drill is used to sound the depth of 
the glenoid vault at the desired version correction angle 
which is facilitated by palpating the junction of the ante-

rior glenoid and scapular body. (f) The central peg tunnel 
is drilled at the desired version correction angle. (g) A gle-
noid reamer is used to ream the high (anterior) glenoid 
bone to the desired version angle. Approximately 5–6 mm 
of bone is removed anteriorly. (h) The anterior glenoid is 
reamed medially at the same angle until there is support of 
a minimum of 80% of the glenoid face. (i) The glenoid is 
cemented once the desired seating is determined. (j) True 
AP view of the same shoulder 2  years postoperatively. 
Nonprogressive radiolucent line is seen around the infe-
rior peg. (k) Axillary view of the same shoulder. The 
humeral head is well-centered
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Fig. 4.5 (continued)
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the position of the maximum glenoid vault depth. 
A 2 mm drill is used to sound the glenoid vault 
depth at the desired version correction angle (in 
this case approximately 15° or 6–7 mm high-side 
reaming). The central tunnel is drilled at the same 
starting point and correction angle as determined 
by the sounding drill. The glenoid face is reamed 
until roughly 80–90% glenoid implant face sup-
port is achieved. Alternatively, glenoid reaming 
can be performed over a central guide pin placed 
either freehand or with the aid of a PSI guide. In 
this case, the cortical bone is breached anteriorly 
to achieve adequate seating at the desired correc-
tion angle. This case illustrates the upper limits of 
deformity that can be treated with corrective 
high-side reaming alone.

One goal of anatomic shoulder arthroplasty is 
to achieve a well-centered humeral head. In some 
cases, due to joint line medialization, excessive 
posterior subluxation of the humeral head is seen 
during intraoperative trialing. It is important in 
these shoulders to emphasize stability trailing 
with various head size options after placement 
of the glenoid component to avoid postopera-
tive instability. Options to augment stability are 
to upsize the humeral head size or thickness, 
placement of plication sutures in the posterior 
capsule or to dial an eccentric humeral head to 
an anterior offset position. The latter technique 
has been shown to increase the resistance to pos-
terior humeral head translation and improve joint 
loading in cadaveric shoulders with simulated 

glenoid retroversion deformities (Fig. 4.6) [47]. 
With this technique, restoration of the normal 
head to tuberosity relationship is important to 
optimize rotator cuff function. A clinical study 
of 33 shoulder arthroplasties showed significant 
improvement in humeral head centering (ref-
erenced from the glenoid center) compared to 
preoperative radiographs (mean 10.4% preopera-
tive vs. 0.9% postoperative subluxation) utiliz-
ing anterior eccentric humeral head placement 
[48]. A potential downside of a reversed offset 
humeral head is the potential for increased pres-
sure on the subscapularis repair from the ante-
rior overhang of the humeral head. However, the 
single published series related to this technique 
noted no instances of subscapularis clinical fail-
ure postoperatively [48].

 Posterior Glenoid Bone Grafting

Another option for managing posterior glenoid 
bone loss during anatomic shoulder arthroplasty 
is the placement of structural bone graft. Bone 
grafting is generally indicated in patients with 
more severe acquired retroversion deformi-
ties (20–30°) where high-side reaming alone to 
achieve the desired goal of version correction is 
either not sufficient or not desired. Because of the 
increased popularity of reverse shoulder arthro-
plasty in these situations, posterior bone grafting 
is usually recommended for patients that are con-
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Fig. 4.5 (continued)
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sidered either too young or active for RSA. The 
potential benefits of bone grafting are restoration 
of an acceptable version angle without exces-
sive reaming and medialization of the joint line. 
This will potentially augment glenohumeral sta-
bility and rotator cuff function. Limitations of 
this procedure are related to concerns for lack 
of bone graft incorporation or graft resorption. 
Additionally, technical expertise is required for 
this procedure.

Ideally autologous bone graft from the humeral 
head is commonly utilized. The articular surface 
of the humeral head mates well with the radius 
of curvature of the neoglenoid. The appropriate 
size and thickness are determined following par-
tial reaming of the native glenoid (Fig. 4.7). The 
neoglenoid cortical bone is perforated at several 
points with a small drill or pin to facilitate heal-
ing of the graft. The graft is fixated with small 
screws (2.4 or 2.7  mm) which are countersunk 
under the trabecular surface. Multiple screws 
provide increased compression and fixation of 
the graft. Final reaming of the grafted surface is 
performed prior to implant placement.

Figure 4.7 illustrates a technique of partial 
glenoid version correction with high-side ream-
ing combined with placement of a posterior gle-
noid autologous bone graft. In this case severe B2 
deformity with glenoid retroversion of 38° and 

posterior humeral head subluxation of 93% is 
seen in this 51-year-old male. Initially corrective 
high-side reaming of the anterior glenoid is per-
formed free hand with an estimated correction of 
15–20°. After reaming, the posterior third of the 
glenoid remains unsupported. To prevent further 
medialization and bone loss from reaming, a 
bone graft is placed in the posterior glenoid. The 
graft is fashioned from the resected humeral. 
Generally, the radius of curvature of the anterior 
humeral head matches that of the posterior neo-
glenoid. The graft is reduced and held in place 
with two K-wires. The graft is then fixated with 
three 2.4  mm screws with small heads. The 
screws are countersunk into the graft surface, and 
the graft is gently reamed flush with the central 
and anterior glenoid-reamed surface. The postop-
erative radiographs show good graft placement 
and recentering of the humeral head. In this case, 
the eccentric humeral head is dialed into an ante-
rior or reversed offset position to counterbalance 
posterior humeral subluxation.

 Augmented Glenoid Implants

Much like glenoid bone grafting, augmented glenoid 
implants are indicated for deformities considered 
too large for corrective reaming to obtain the desired 

a b

Fig. 4.6 Reverse offset humeral head. (a) Axillary view 
of the right shoulder with a B3 glenoid deformity. Note 
the significant posterior subluxation of the humerus in 
relation to the scapular plane as defined by the Friedman 
line. (b) Axillary view following anatomic shoulder 

arthroplasty with a reverse (anterior) offset humeral head 
and partial corrective anterior glenoid reaming. Note the 
improved alignment of the prosthetic humeral head in 
relation to the scapular plane
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Fig. 4.7 B2 glenoid managed with posterior glenoid 
bone graft. (a) True AP view of the right shoulder of a 
57-year-old male with advanced glenohumeral osteoar-
thritis. (b) Axillary view of the same shoulder demonstrat-
ing severe posterior humeral head subluxation and a 
biconcave glenoid (B2 deformity). (c) Three-dimensional 
software analysis of a CT scan of the same shoulder. 
Glenoid retroversion measures 38°. (d) Intraoperative pic-
ture of the same shoulder. Placement of an autologous 

bone graft from the humeral head fashioned to the size of 
the defect. (e) The graft has been fixation with screws bur-
ied under the surface of the bone. Final glenoid reaming 
has been performed for adequate seating of the implant. 
(f) Postoperative true AP film of the same shoulder dem-
onstrating fixation of the graft. (g) Postoperative axillary 
view demonstrating full seating of the glenoid implant 
and improved position of the humeral head

a b

c
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Fig. 4.7 (continued)
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glenoid version. The use of augmented glenoids can 
also be utilized in smaller deformities if corrective 
reaming is not preferred. The advantages of 
augments include the ability to correct glenoid 
version with minimal reaming and without 
medialization of the joint line. This will optimize 
glenohumeral stability and rotator cuff function and 
maximize the size of the articular surface.

Augmented polyethylene glenoid implants 
have become increasingly popular in recent 
years, and early clinical results are promising. 
However, the available clinical data is only short 
term, and longevity compared to standard 
implants is unknown. Additionally, depending on 
the shape and size of the augment and the desired 
final version, variable amounts of bone must be 

removed to accommodate the implant. Basic sci-
ence data have revealed several relative advan-
tages of various augment designs. Computer 
modeling demonstrated less bone resection with 
a posterior wedge-shaped augment compared to a 
full-wedge and posterior-step augment with bet-
ter bone density in the residual glenoid for B2 
deformities (Fig. 4.8) [49]. Another study com-
pared the volume of bone removed with com-
puter simulated corrective reaming and placement 
of a standard, full-wedge and posterior-step aug-
mented glenoids [50]. In this series of B2 gle-
noids, the mean retroversion angle was 21°, and 
the mean area of the neoglenoid was 65% of the 
glenoid surface. The authors noted the least volu-
metric and linear bone resection with a full- 
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Fig. 4.8 Quantitative 
measurement of bone 
removal with various 
augmented designs. (a) 
Models of three specific 
posterior glenoid 
augment designs. Green 
= full-wedge, blue = 
posterior-wedge, and red 
= stepped design 
implant. Each design is 
available in different 
dimensions allowing 
correction of variable 
deformity severities. (b) 
The volume of the bone 
removed with a 
posterior-wedge implant 
was significantly less 
than the other designs at 
correction to 0° version. 
(Reference: Knowles 
et al. [49]. Fig. 1 (page 
1219) and Fig. 5A (page 
1222))
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wedge- shaped augment. The standard glenoid 
implant removed the most bone and left the high-
est percent of trabecular bone supporting the 
implant surface. Sabesan et  al. compared stan-
dard glenoid to augmented implants in a com-
puter simulation model of 29 shoulders with 
acquired posterior glenoid loss (mean retrover-
sion of 21°, range 4.5° to 43°) where pathologic 
version was corrected to neutral [23]. They found 
that a greater amount of correction could be 
obtained with less reaming and medialization 
with augmented (mean 3.8  mm) components 
compared to standard glenoids (mean 8.3 mm).

In addition to lower amounts of bone resection, 
augmented glenoids have been shown to reduce 
the volume of residual bone with excessive strain 
compared to standard implants placed with cor-
rective reaming in a finite element model [51]. 
Another study comparing standard glenoid and 
augmented implants placed in varying degrees 
of retroversion reported greater bone stress 
when implants were placed in greater retrover-
sion and the least stress with augmented wedged 
implants [52]. Additionally, the fatigue life of the 
cement was best in neutrally implanted glenoids. 
Posterior-step augments have compared favorably 
biomechanically to wedge augments and standard 
implants with compressive posterior loading pro-
ducing less lift-off of the anterior aspect of the 
implant [53].

 Outcomes

There are multiple studies examining the out-
comes of anatomic shoulder arthroplasty in 
patients with a B2 or posteriorly eroded glenoid. 
It is generally felt that these shoulders have an 
inferior outcome and higher rate of complica-
tions than shoulders without advanced glenoid 
wear or with a concentric wear pattern. In their 
classic study, Iannotti and Norris noted lower 
ASES scores, greater pain, and decreased exter-
nal rotation ROM in shoulders with posterior 
subluxation following anatomic TSA [54] with 
conventional implants. More recently, an analysis 
of the long-term survivorship of pegged glenoid 
implants found severe glenoid erosion patterns 

(A2, B2, and C) to be associated with a higher 
rate of glenoid loosening [55].

 Partial Glenoid Version Correction

Partial glenoid version correction via high-side 
reaming has produced good outcomes at short- 
term follow-up, but this technique should be lim-
ited to mild to moderate glenoid deformities. As 
mentioned previously, one of the primary goals 
of surgery is to correct glenoid version to within 
10° of neutral to minimize eccentric loading and 
cement stress across the glenoid implant. Gerber 
et al. reported the results of 23 shoulders (mean 
age of 60 years) with static posterior subluxation 
of the humeral head [5]. Nine shoulders were 
classified as B1, five as B2, and nine as type C 
glenoids. The mean preoperative glenoid retro-
version was 18° (range 8–40°), and posterior sub-
luxation as defined from the glenoid center was 
71% (range 65–81%). Attempts were made to 
correct version to within 10° of neutral version 
with high-side reaming alone. In 21 of 23 shoul-
ders, the humeral head was considered recentered 
at a mean of 42 months follow-up. The corrected 
glenoid retroversion was between 0° and 15° 
(mean 9°) in 20 of 23 shoulders determined by 
CT scan. Increased preoperative version corre-
lated with poorer postoperative shoulder func-
tional scores; however, postoperative version was 
not correlated to outcomes. There were no 
reported complications in this series. Habermeyer 
also reported that posterior humeral head sublux-
ation could be corrected with eccentric reaming 
and TSA [56]. The authors defined humeral head 
subluxation as a head center more than 5  mm 
from the glenoid center on axillary radiographs. 
In their series, 22 of 49 shoulders with a Walch 
B-type glenoid had posterior decentering that 
was corrected in all cases with eccentric glenoid 
reaming at a mean of 2 years follow-up. Similar 
to other studies, postoperative shoulder function 
(Constant score) was lower for shoulders with 
preoperative humeral subluxation compared to 
those with concentric wear.

A recent study compared the results of ana-
tomic TSAs placed with the glenoid component 

4 Anatomic Shoulder Arthroplasty in the Setting of Glenoid Bony Erosion (Walch B2-, B3-, and C-Type…



52

placed in less than 15° of retroversion to those 
placed at 15° or greater retroversion [57]. The 
authors used a minimalistic bone preserving 
technique where the glenoid was reamed only to 
create a concentric surface rather than to correct 
version to a desired degree. Intraoperative stabil-
ity was augmented with anterior offset of the 
humeral head and soft tissue procedures when 
needed. The authors noted similar clinical out-
comes (SST score), similar rates of glenoid 
lucencies, and no differences in humeral head 
centering at short-term follow-up (mean 
2.5 years). Contrary to these findings, Ho et al. 
reported a series of 66 anatomic TSAs treated 
with corrective reaming and placement of a 
hybrid bone ingrowth polyethylene glenoid [37]. 
Preoperative imaging allowed characterization of 
glenoid retroversion into three groups (<15°, 
between 15° and 25°, and >25°). At a mean of 
3.8 years follow-up, the authors noted good clini-
cal results. Radiographic glenoid lucencies cor-
related with length of follow-up, preoperative 
glenoid retroversion, and the severity of residual 
glenoid component retroversion. After control-
ling for length of follow-up, only postoperative 
glenoid retroversion of >15° correlated with and 
increased risk of progressive central peg lucen-
cies which were seen in 30% of the cohort. A 
recent study by Orvets et  al. examined the out-
comes of 59 arthritic shoulders with a Walch B2 
glenoid deformity managed with eccentric gle-
noid reaming and placement of a cemented 
pegged glenoid component [58]. The mean pre-
operative glenoid retroversion was 18° (range 
−1° to 36°), and the mean posterior humeral sub-
luxation was 67%. At a mean follow-up of 
50 months, the mean ASES, VAS pain, and SST 
scores were 84, 1.4, and 9.1, respectively. There 
were no revisions due postoperative instability or 
glenoid loosening. Radiographic follow-up at a 
mean of 31  months demonstrated 38 shoulders 
with no glenoid lucencies, 13 with grade 1, 1 
with grade 2, and 5 with grade 3 lucencies. No 
glenoids were considered radiographically loose. 
The progression of radiolucencies was not differ-
ent between shoulders with a preoperative gle-
noid version of 20° or less compared to more 
than 20°.

A series by Walch et al. has described some of 
the limitations and pitfalls of eccentric reaming 
for arthritic glenoids with a biconcave deformity 
[38]. In a series of 92 anatomic TSAs followed for 
mean of 77 (14–180 months), there were signifi-
cant complications which correlated with the 
severity of the glenoid deformity. In this series, 
attempts were made to asymmetrically ream the 
glenoid to within 10° of neutral version, and in 
seven cases posterior glenoid bone grafting was 
performed. Revision surgery was required in 16% 
of shoulders, and 21% of the glenoids had radio-
graphic loosening. Prosthetic instability was cor-
related with neoglenoid retroversion (33° vs. 25°) 
and posterior humeral subluxation (>80%) as 
defined by the scapular plane. Radiographic loos-
ening was correlated with the duration of follow-
up and higher intermediate glenoid retroversion. 
Overall, complications were correlated with a 
greater degree of neoglenoid retroversion, the 
authors designating a value of 27° of higher to be 
clinically significant. This subgroup accounted 
for 73% of the total complications in this cohort, 
and when the deformity was above this threshold, 
the risk for complications was 44%.

 Posterior Glenoid Bone Grafting

Glenoid bone grafting has long been advocated 
as a treatment option for shoulders with severe 
posterior glenoid wear; however, the popularity 
of this surgery has been limited by variable 
reports of successful incorporation of bone grafts. 
Short-time results have been encouraging; how-
ever, longer follow-up has shown some concern 
for glenoid survivorship. Neer reported the use of 
large structural autografts was needed in approxi-
mately 4% of shoulder arthroplasties when severe 
glenoid defects were noted [59]. At a mean of 
4.4 years follow-up, 17 of 19 shoulders had satis-
factory or good clinical results, and none of the 
glenoid implants were felt to be clinically loose. 
The Mayo Clinic experience showed reasonable 
results at midterm follow-up (mean 5.3  years) 
with the use of autologous bone grafting in 28 
anatomic shoulder arthroplasties [60]. In this 
series, all but three glenoid components were 
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either cemented metal-backed implants (n = 15) 
or uncemented metal ingrowth (n = 8) implants. 
Good to satisfactory clinical results using Neer’s 
criteria were seen in 23 of 28 shoulders. 
Radiographic loosening was noted in three shoul-
ders; however, 15 additional shoulders had either 
incomplete (n = 11) or complete (n = 4) radiolu-
cencies. Another study from the same institution 
reported the results of 25 shoulders followed up 
for a mean of 7.6 years [61] treated with autolo-
gous bone grafting from the humeral head. Half 
of the implants were metal-backed, and the oth-
ers were all-polyethylene. Twenty-three of 25 
shoulders had good or satisfactory clinical 
results. Ten glenoid implants were at risk for 
loosening including six shoulders with glenoid 
subsidence and six with graft resorption or failure 
of healing.

Sabesan et al. reported the results of 12 shoul-
ders with severe posterior glenoid bone loss 
(mean retroversion of 44°) managed with TSA 
and autologous bone grafting [62]. Ten of 12 
patients had good or excellent Penn scores at a 
mean of 53 months follow-up. Ten shoulders had 
complete graft incorporation, two had partial 
graft resorption, and two were revised (one from 
failure of graft fixation and another due to infec-
tion). Recently, Nicholson reported good clinical 
results in 28 shoulders with severe posterior gle-
noid erosion treated with anatomic TSA and an 
autologous bone graft from the humeral head 
[63]. Glenoid retroversion and subluxation were 
analyzed with radiographs only. The mean ver-
sion of 28° was corrected to 4° following surgery, 
and the humeral head was recentered in all cases. 
The mean ASES score improved from 39 to 90 
points at a mean of 4 years follow-up. The graft 
was fully incorporated in all shoulders, and three 
shoulders had at least one broken screw. No pro-
gressive radiolucencies were noted, and two 
shoulders had radiolucency around a single gle-
noid peg.

 Augmented Glenoid Implants

In recent years the use of augmented implants 
has grown in popularity as a method of correct-

ing abnormal glenoid version without signifi-
cant reaming and medialization of the glenoid. 
Initial designs showed relatively high rates of 
radiographic complications [64] and low com-
ponent survivorship [65]. Recent studies, with 
only short periods of follow-up, have produced 
encouraging early clinical and radiographic 
results. A recent study reported the results of 21 
arthritic shoulders with posterior glenoid bone 
loss treated with a stepped design augmented 
glenoid component [66]. The mean preoperative 
version was 20.8° (range 12–37°), and mean 
posterior bone loss was 4.7 mm. At a minimum 
of 2-year follow-up, good clinical results were 
seen with no complications or revisions. The 
corrected glenoid retroversion angle was a mean 
of 9° (range 0–32°). Humeral subluxation was 
reliably corrected on plain radiographs. Twenty-
four percent of the glenoids had low-grade 
radiolucent lines, but none were progressive. 
Another study reported the results of the same 
stepped design posterior augment in 22 shoul-
ders followed for a mean of 36 months [67]. The 
mean preoperative retroversion was 23.5° (range 
16–37°). Significant improvements in shoulder 
ROM and clinical scores were noted. 
Radiographically, the mean Lazarus glenoid 
lucency score was 0.5 with 12 shoulders demon-
strating complete osseous integration of the cen-
tral peg fins and only 1 shoulder with progressive 
lucency around the central peg. In this series, 
two shoulders developed postoperative instabil-
ity. Wright et al. compared the results of a stan-
dard polyethylene glenoid component (n = 24) 
to age- and gender-matched arthritic shoulders 
(n = 24) with posterior bone erosion treated with 
a wedge-shaped augmented implant [68]. At 
2 years follow-up, both groups showed improve-
ments in shoulder function scores that were not 
statistically different. Sixty percent of the aug-
mented glenoid had a radiolucent line with a 
mean total radiolucency score of 1.1, whereas 
33% of the nonaugmented group had a radiolu-
cent line with a mean radiolucency score of 
0.44. One augmented glenoid was considered 
radiographically loose. There were no shoulders 
with posterior subluxation in the augmented 
group.

4 Anatomic Shoulder Arthroplasty in the Setting of Glenoid Bony Erosion (Walch B2-, B3-, and C-Type…



54

 Authors Preferred Method 
of Treatment

The factors important for the choice of surgical 
technique and/or implants to manage an arthritic 
shoulder with posterior glenoid wear include the 
glenoid type, the severity of retroversion defor-
mity (and resultant bone loss), the severity of 
posterior humeral head subluxation, the age of 
the patient, and preoperative active range of 
motion of the shoulder. All shoulders with poste-
rior glenoid erosion receive a preoperative CT 
scan to quantify the bony anatomy and for surgi-
cal planning. The author believes that the  majority 
of B2-type glenoids with an intermediate glenoid 
retroversion of 20° or less can be managed with 
high-side reaming alone with a goal of correcting 
with 10° of neutral version. In these cases, an 
intraoperative determination of the need for pos-
terior capsule plication and/or reverse offset of 
the humeral head is performed individually. 
These shoulders can also be managed with poste-
rior augmented glenoids based on surgeon pref-
erence. Occasionally, more severe deformities 
can be managed with high-side reaming alone, 
but this technique is reserved for very young 
patients (< age 55). In more severe-type B2/B3 
shoulders with a retroversion deformity between 
20° and 30°, or in B3 shoulders in which more 
severe medialization is noted, alternative tech-
niques are utilized. If the patient is over 65 or has 
active elevation of 90° or less, the author prefers 
to place a reverse shoulder arthroplasty. If the 
patient is under 60–65  years of age and has 
greater than 90° of elevation, the authors prefer a 
technique of partial correction with limited high- 
side reaming (to prevent excessive medialization 
and bone loss) combined with placement of an 
autologous glenoid autograft. Alternatively, these 
shoulders can be managed with a larger posterior 
augment.

 Conclusions

Anatomic TSA remains a successful treatment 
options for arthritic shoulders with posterior gle-
noid wear. The development of a successful treat-

ment strategy depends on an accurate assessment 
and quantification of the bony deformity. Recent 
advances in CT scan software allow accurate 
assessment of magnitude of bony deformity and 
associated humeral head subluxation and real- 
time recreation of surgical planning. The general 
goals of surgery are to correct pathologic glenoid 
retroversion to within 10° of neutral, obtain at 
least 80% glenoid component seating, and recen-
ter the humeral head in the transverse plane. The 
correction of severe deformities may be aided by 
the selective use of patient-specific instrumenta-
tion. The primary options for anatomic TSA 
should be based upon the severity of glenoid ret-
roversion and associated bone loss and include 
partial glenoid version correction, placement of 
the posterior glenoid bone graft, or the use of a 
posterior augmented glenoid. Each of these strat-
egies has relative advantages and disadvantages. 
Given the limits of partial glenoid version correc-
tion, clinicians should become familiar with 
adjunct techniques to treat more severe glenoid 
deformities. Further research is needed to define 
the success and durability of these treatments 
over time.
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Severe Glenoid Erosion (B2, B3, C, 
E2, E3) Treated with RSA

Francesco Ascione and Howard D. Routman

 Introduction

Severe glenoid erosion or deficiency is a chal-
lenge in shoulder arthroplasty that is frequently 
encountered in patients with arthritis and is more 
commonly an indication for the surgeon to per-
form reverse shoulder arthroplasty (RSA) instead 
of total shoulder arthroplasty (TSA). Severe gle-
noid bone loss can occur in many situations, 
including osteoarthritis, rheumatoid arthritis, 
rotator cuff tear arthropathy, fractures, chronic 
instability, congenital deformities, tumors, and 
revision arthroplasty.

Acquired glenoid bone defects may necessi-
tate altering surgical technique to make implanta-
tion of the baseplate possible and ultimately 
achieve a successful glenoid in RSA.  Standard 
surgical techniques can be modified to accommo-
date acquired osseous defects of the glenoid. The 
current options in RSA to address glenoid-sided 
bone loss include complete or partial correction 
of deformity by reaming, the use of either 

allograft or autograft, the use of augmented gle-
noid components, or a combination of the above. 
The importance of adequate preoperative imag-
ing with 3D CT scanning cannot be overempha-
sized as severe glenoid deformity when 
encountered at the time of surgery is frequently 
difficult to visually assess in an accurate manner. 
In addition, preoperative imaging allows the sur-
geon to visualize the deformity with great detail 
and may allow the surgeon to utilize software to 
simulate the proposed surgery on a computer, 
understand the limits of the current bone stock, 
manufacture guides using 3D printing techniques 
that can be used at the time of surgery, and even 
prepare a surgical plan that can be executed at the 
time of surgery using intraoperative navigation 
systems.

Neer et al. [50] described the combination of 
severe rotator cuff tearing and an arthritic condi-
tion of the glenohumeral joint known as classic 
cuff tear arthropathy. The mechanical factors 
associated with massive rotator cuff tears lead to 
unbalanced muscle forces, and an accelerated 
process of further cuff destruction and arthropa-
thy, with a combination of superior and posterior 
erosion of the glenoid as the most common pat-
tern of bone loss.

In osteoarthritis of the shoulder, a different set 
of circumstances affects the expected pattern of 
glenoid erosion. This disease process is generally 
considered to be protective of the rotator cuff, and 
the compressive effects of the surrounding mus-
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culature combined with stronger internal than 
external rotators can lead to predictable patterns 
of glenoid bone loss. As osteoarthritis advances, 
it can result in progressive posterior glenoid bone 
loss, erosive changes with retroversion of the gle-
noid, loss of normal glenoid vault anatomy, and 
posterior subluxation of the humeral head.

The understanding of the frequency and sever-
ity of glenoid morphologic alterations in patients 
undergoing RSA is improving, as recent technol-
ogies have allowed a better assessment of the gle-
noid [9, 39, 40]. In RSA, glenoid bone erosion is 
encountered frequently in patients with rotator 
cuff tear arthropathy, which is the primary indica-
tion for RSA. Acquired glenoid bone defects are 
present in nearly 39% of this patient population 
[15, 17, 39]. Whereas bone deficiency may occur 
in any location on the glenoid, it most commonly 
occurs on the posterior (18%) and superior (9%) 
portions of all patients undergoing RSA and 
includes global erosions in 6% and anterior ero-
sions in 4% of patients [17, 39].

 Classifications of the Glenoid 
in Glenohumeral Osteoarthritis 
and Rotator Cuff Arthropathy

Osteoarthritis is the most common indication for 
TSA and frequently results in glenoid bone loss 
(Fig. 5.1). Walch et al. [66] classified such glenoid 
defects as follows: A1, minor concentric erosion; 
A2, concentric and centrally major erosion (cen-
tered humeral head, resultant strengths equally dis-
tributed against the surface of the glenoid); B1, 
posteriorly subluxated (no bony erosion, asymmet-
ric distributed loads); B2, posteriorly eroded and 
subluxated (excessive retroversion, posterior cupula 
with an unusual biconcave aspect of the glenoid); 
and C, retroverted (more than 25°, dysplastic origin, 
well- centered or slightly posteriorly subluxated 
head). Recently, Bercik et al. [4] proposed several 
revisions to the original classification. They added 
B3 and D glenoids and a more precise definition of 
the A2 glenoid, which demonstrated improved 
interobserver and intraobserver reliability. The B3 

Fig. 5.1 The Walch classification (new)
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glenoid was defined as a monoconcave and posteri-
orly worn glenoid with at least 15° of retroversion 
or at least 70% posterior humeral head subluxation 
or both. They defined the D glenoid as one with any 
level of glenoid anteversion or with humeral head 
subluxation of less than 40% and A2 as “cupula” 
glenoids in which a line drawn from the anterior to 
posterior rims of the native glenoid transects the 
humeral head. This more precise definition of the 
A2 glenoid better differentiated it from the A1.

Favard et  al. [15] created a classification 
scheme to describe glenoid wear in patients with 
rotator cuff arthropathy. The five grades included 
E0, the head of the humerus migrated upward 
without erosion of the glenoid; E1, concentric 
glenoid wear; E2, superior wear; E3, superior 
and inferior glenoid erosion; and E4, glenoid ero-
sion predominantly in the inferior pole (Fig. 5.2).

Lévigne and Franceschi [43] proposed a clas-
sification system of stages to describe glenoid 
wear due to rheumatoid arthritis, a less common 

indication for reverse shoulder arthroplasty. The 
stages are as follows: Stage 1, intact or minimally 
deformed subchondral bone; Stage 2, wear 
reaches the foot of the coracoid; and Stage 3, 
wear goes beyond the foot of the coracoid.

Visotsky et al. [65] proposed a biomechanical 
classification of cuff tear arthropathy and relative 
glenoid degree and direction of bone erosion 
called the Seebauer classification. Four distinct 
groups were formed based on the biomechanics, 
clinical outcomes of arthroplasty, the degree of 
superior migration from the center of rotation, and 
the amount of instability of the center of rotation.

 Glenoid Defects in Glenohumeral 
Arthritis

Glenoid version changes that occur in the 
arthritic shoulder frequently can be associated 
with abnormal subluxation of the humeral head 

Fig. 5.2 The Favard classification
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relative to the glenoid. Decision-making in 
shoulder arthroplasty needs to account for this, 
particularly in OA with posterior subluxation, or 
early failure of the glenoid component can occur. 
A posterior subluxation (index >65%) has been 
reported to contribute to early glenoid loosening 
in TSA [20].

Static posterior subluxation present preopera-
tively can recur despite glenoid version reorienta-
tion at the time of surgery. The amount of this 
translation is proportional to the degree of gle-
noid retroversion. This is true regardless of 
whether increased retroversion is due to posterior 
glenoid bone loss or increased retroversion is due 
to dysplasia. The B2 subtype, or biconcave gle-
noid, is characterized by a normal anterior gle-
noid (paleoglenoid) that represents the native 
glenoid fossa and varying amounts of posterior 
bone loss [49]. The humeral head translates pos-
teriorly to articulate with the new posterior con-
cavity (neoglenoid). The anterior-posterior 
dimension and depth of this concavity are highly 
variable (the intermediate glenoid). In the classic 
B2 glenoid, the anterior 50% of the native gle-
noid fossa is preserved. Alternatively, some 
shoulders have less than 10% of the native ante-
rior glenoid remaining, making the surgical treat-
ment of this glenoid subtype challenging [5, 20, 
33]. When minimal anterior glenoid remains, the 
biconcavity is less pronounced, and the glenoid 
appears to have more uniform retroversion. The 
humeral head also appears to be more centered. 
In some cases, this morphology resembles a C 
glenoid. The wide variation in pathologic condi-
tions among B2 glenoids makes it difficult to 
compare the treatment methods or outcome of 
any one specific surgical procedure in the overall 
management of the B2 glenoid.

The vault model can be used to differentiate a 
B2 glenoid with these characteristics from a C 
glenoid with congenital retroversion [60]. 
Researchers have shown it has a highly consistent 
and conserved three-dimensional (3D) shape 
across individuals and can be used to estimate 
native glenoid version and inclination in both 
non-pathologic and pathologic shoulders [19, 
60]. A pathologic glenoid with acquired bone 
loss, such as a B2 glenoid, will have a vault 

 version measurement within the range of normal, 
whereas a pathologic glenoid with developmen-
tal or congenital retroversion, such as a C gle-
noid, will have a vault version measurement that 
shows increased retroversion. Determining the 
premorbid glenoid version has important surgical 
implications. High retroversion in the pathologic 
B2 glenoid should be corrected during arthro-
plasty. This may not be the case in the pathologic 
C glenoid, in which high retroversion is typical of 
normal premorbid anatomy.

The B3 glenoid may form via one of two 
mechanisms. The B2 glenoid may convert into a 
B3 glenoid as increased erosion completely 
destroys the paleoglenoid. Alternatively, persis-
tent posterior subluxation may preferentially 
erode the posterior glenoid, leading to significant 
retroversion without an interval biconcave period. 
The development of anterior osteophytes also 
contributes to the retroverted appearance of the 
B3 glenoid in either situation. The limit of 15° or 
more of retroversion was set to define the B3 gle-
noid because researchers have shown that eccen-
tric reaming in glenoids with that amount of 
retroversion does not allow for proper implanta-
tion of an anatomic glenoid without perforating 
the glenoid walls [11, 21, 53].

 Diagnosis and Assessment 
of the Severely Eroded Glenoid

For a normal glenoid, plain radiographs, includ-
ing anteroposterior (Grashey) and axillary views, 
may be sufficient, and the evaluation of the gle-
noid should start with or without two- dimensional 
(2D) computed tomography (CT) scans. Frankle 
et  al. [17] reported no significant differences 
among radiographic images, 2D CT-scan tech-
niques, and 3D CT-scan techniques for differenti-
ating between normal and abnormal glenoid 
morphology. During RSA surgical planning, 
using radiographs and CT scans is helpful to fur-
ther assess the version and posterior subluxation. 
For the abnormal glenoid, the 2D techniques 
became insufficient to further differentiate sub-
classes of abnormal glenoid deformity. The 3D 
models have been shown to be more accurate for 
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identifying the localized erosions and guiding 
surgical decision-making. If the abnormality 
becomes obvious, 3D CT reconstruction models 
should be considered to further define the loca-
tion and severity of erosion and to help to guide 
placement of the central fixation of the baseplate 
into adequate bone for initial fixation [60]. 
Researchers have reported that 2D CT scans por-
tray glenoid version less reliably than 3D recon-
structions that analyze the scapula as a free body 
[4, 9, 40]. These 3D reconstructions provide cor-
rected axial 2D images that are strictly in the 
scapular plane regardless of patient orientation, 
allowing for more accurate assessments of ver-
sion and subluxation. In the future, 3D recon-
structions will probably become the standard of 
care because their benefits are not only academic 
but may lead to better clinical results [34].

The glenoid vault model is a 3D virtual tool 
that can be used to determine premorbid glenoid 
anatomy. The vault model has been shown to 
accurately predict premorbid glenoid version, 
inclination, and joint-line position [19, 60]. It 
can also help the surgeon identify the extent and 
location of bone loss in the B2 glenoid. The sur-
geon can use this information to place the gle-
noid component in the location and orientation 
that best restores native glenoid version and 
inclination. This information also can help the 
surgeon select the optimal implant to restore 
native glenoid anatomy while avoiding peg per-
foration [31, 60].

 TSA Versus RSA for the Severely 
Eroded Glenoid

In primary, non-constrained shoulder arthroplasty, 
glenoid bone erosion has been shown to nega-
tively affect outcomes, regardless of technique 
[25, 30, 33, 44, 47, 67, 68]. Researchers have 
reported failure rates of up to ten times that of pri-
mary arthroplasty without glenoid bone loss [5, 
10, 20, 28, 33, 47, 62]. Moreover, resurfacing the 
moderately to severely deficient glenoid using 
structural bone grafting is technically difficult and 
characterized by a relatively high rate of compli-
cations as well [28, 51]. Iannotti and Norris [33] 

found that patients with posterior subluxation of 
the humeral head and posterior glenoid erosion 
had lower final American Shoulder and Elbow 
Surgeons (ASES) scores, increased pain, and 
decreased active external rotation after TSA or 
hemiarthroplasty than other patients in their study.

Glenoid component loosening is the most com-
mon cause of failure of anatomic shoulder replace-
ment and revision surgery [5, 14, 16, 18, 25, 30, 
46, 47, 62]. Researchers have shown a correlation 
with glenoid loosening and eccentric loading of 
the humeral head secondary to posterior glenoid 
wear, retroversion, and posterior humeral sublux-
ation. According to Ho et al. [29], glenoid retro-
version of greater than 15° can increase the odds 
of developing osteolysis around the central gle-
noid peg in TSA. Placing the glenoid in 15° of ret-
roversion significantly decreases glenohumeral 
contact area, increases contact pressure, and 
decreases inferior and posterior glenohumeral 
forces, resulting in eccentric loading of the glenoid 
component and possibly leading to wear and loos-
ening [61].

Some patients have combinations of acquired 
central and posterior bone loss. These deformi-
ties do not fit into any one Walch classification 
category and present as the most challenging 
cases for standard shoulder arthroplasty. Walch 
et al. ([67], J Shoulder Elbow Surg) reported 94 
anatomic TSAs in patients with a biconcave gle-
noid and demonstrated acceptable objective and 
subjective results but an unacceptably high rate 
of complications: loosening (20.6%), posterior 
instability (5.5%), and revision (16.3%) at the 
6-year follow-up. When preoperative glenoid ret-
roversion was greater than 27°, the risk of loosen-
ing or instability after anatomic TSA was 44%, 
demonstrating the preoperative version was the 
strongest predictor of glenoid loosening and 
recurrent posterior humeral head subluxation in 
patients treated with anatomic TSA and a 
 standard glenoid component. Similarly, 60% of 
the postoperative dislocations occurred when 
preoperative subluxation of the humeral head 
was greater than 80%. In another study, Walch 
et al. ([68], J Bone Joint Surg Am) studied loosen-
ing patterns of keeled glenoid components after 
TSA for primary osteoarthritis and noted an 
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increased rate of posterior tilting and loosening 
of the glenoid component in patients with preop-
erative static posterior subluxation.

RSA is now being utilized as a primary treat-
ment alternative for the posterior-superior-eroded 
glenoid in osteoarthritis as a result of the high rate 
of failure of posterior bone grafting and the inabil-
ity to durably correct posterior instability of the 
humeral head during anatomic arthroplasty. One 
of the greatest advantages of RSA for large gle-
noid deficiencies is that it allows reconstruction of 
the glenoid with large structural grafts that can be 
fixed to the native bone with baseplate screws and 
an extended peg, screw, or cage traversing the 
graft into native bone. This theoretically allows a 
high rate of graft union regardless of whether the 
graft is an autograft or allograft. Compared with 
anatomic TSA, the RSA presents a favorable 
environment for glenoid graft incorporation. 
Immediate graft fixation and compression are 
obtained by the combination of the long-peg base-
plate and screws in the native scapula, and com-
pression forces (after 30° of abduction) are 
favorable to graft healing and incorporation.

The semi-constrained design of an RSA implant 
may provide a solution to the static posterior insta-
bility of the humeral head in some patients with gle-
nohumeral arthritis. Several factors inherent in the 
RSA design increase the constraint of the shoulder 
relative to that of an anatomic TSA and make stabil-
ity and proper soft tissue tension attainable making 
RSA a viable option. In addition, when attempting 
to achieve glenoid component stability, the rigid 
screw fixation of the glenoid baseplate used for 
RSA may be advantageous compared with the 
cemented polyethylene glenoid component typi-
cally used for anatomic TSA.  Finally, the greater 
surface contact area between the glenosphere and 
humeral polyethylene cup in conjunction with the 
reversal of the articulation neutralizes the destabiliz-
ing force of the deltoid.

 RSA Utilized for Glenoid Bone Loss

Reverse shoulder arthroplasty, for some sur-
geons, has become the treatment of choice in 
severe glenoid defects, with or without glenoid 

bone grafting, regardless of the preoperative sta-
tus of the cuff. Mizuno et al. [49] reported good 
results with RSA in patients with a B2 glenoid 
and osteoarthritis with an intact rotator cuff. They 
included 27 patients with a mean preoperative 
retroversion of 32° and mean humeral head sub-
luxation of 87%. Seventeen patients had RSA 
without bone graft, and ten had a bone graft to 
address posterior glenoid bone loss. Bone graft-
ing was performed when glenoid version could 
not be corrected to less than 10° with asymmetric 
reaming or when bone loss resulted in an unsup-
ported baseplate of greater than 20%. At a mean 
follow-up of 54  months, patients had improved 
functional outcomes without recurrence of poste-
rior instability. They also observed no correlation 
between initial glenoid retroversion or posterior 
subluxation and the postoperative clinical out-
comes. Reverse shoulder arthroplasty for bone 
loss is a particularly attractive choice for older 
and less active patients. Managing this patho-
logic condition in younger or more active patients 
remains difficult.

Klein et al. [39] compared outcomes of RSA 
in patients with and without glenoid bone loss. 
Of the 56 patients considered to have abnormal 
glenoids due to bone loss, 22 required a bone 
graft (21 autograft humeral heads, 1 allograft 
femoral head). No differences were observed in 
clinical outcomes at the 2-year follow-up between 
normal and abnormal glenoids; patients with 
acquired glenoid bone defects may accommodate 
bone loss and, therefore, have clinical outcomes 
comparable to those in patients with normal gle-
noid morphology. They reported no evidence of 
graft failure on postoperative radiographs regard-
less of the level and location of bone loss. Despite 
the challenges presented by bone loss, clinical 
results in all outcomes measured were not 
 statistically or clinically different from those 
achieved by the group with normal glenoid 
morphology.

The challenge with RSA and glenoid bone 
loss lies with obtaining predictable and sustain-
able glenoid component fixation and restoring 
the joint line to optimize soft tissue tensioning 
[64]. In the setting of acquired glenoid bone 
defects, initial fixation of the baseplate is of para-
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mount importance to the surgeon’s ability to suc-
cessfully implant a glenoid component. Surgical 
techniques in glenoid component fixation should 
attempt to maximize fixation by using the best 
centerline and bone stock available and maximiz-
ing the length of peripheral screws, even when 
bone loss is present. For posterior, global, and 
anterior erosions, the surgical centerline for base-
plate implantation is shorter, resulting in a lack of 
bone stock for fixation. If fixation of the glenoid 
component is questionable, an alternative direc-
tion of glenoid component placement should be 
considered. The additional alternative scapular 
centerline along the scapular spine is an alterna-
tive axis for glenoid component fixation [17] and 
is defined as the point that originated in the center 
of the glenoid aligned with the scapular spine, 
not perpendicular to the native glenoid surface. 
The goal is to implant the baseplate within 10° of 
neutral version in relation to the native glenoid 
which is typically anteverted while utilizing the 
alternative scapular centerline. In the coronal 
plane, the baseplate should be neutral or slightly 
inferiorly tilted relative to the floor of the supra-
spinatus fossa (i.e., the central fixation parallel to 
the line of the supraspinatus fossa). It is not typi-
cally used in a normal glenoid because this 
requires implanting the component at an ante-
verted angle relative to the glenoid surface; how-
ever, Frankle et al. [17] reported no higher rate of 
dislocations, and the fixation provides sufficient 
bone for central devices. A similar observation 
was made with regard to peripheral screw place-
ment. Caution should be employed if not utiliz-
ing a lateralized glenosphere system, as was done 
in the Frankle et  al. series, as a medialized 
Grammont style sphere with an alternate center-
line baseplate may lead to impingement and sub-
sequent instability.

Adverse consequences can also occur from 
implanting an RSA in patients with severely 
eroded glenoids if bone loss is not corrected. 
Excessive medialization of the baseplate can lead 
to inferomedial and anteroposterior impinge-
ment, causing scapular notching that results in 
bone erosion, and polyethylene wear, as well as 
limitation of external and internal rotation and 
decrease of deltoid wrapping also potentially 

leading to instability (Fig.  5.3). Not correcting 
superior glenoid bone loss (i.e., Favard types E2 
and E3) can lead to superior tilt and failure of the 
baseplate, increased scapular impingement, 
instability, inferior scapular notching, and medial 
polyethylene wear [27, 41]. Biomechanically, 
superior tilt increases destabilizing shear forces 
and decreases the stabilizing compressive forces 
experienced by the RSA glenoid component dur-
ing deltoid contraction, potentially leading to 
early loosening [23, 24]. In osteoarthritis with 
severe retroversion and biconcavity (i.e., Walch 
type B2 glenoid) or excessive hypoplastic gle-
noid retroversion (type C glenoid), not correcting 
posterior bone loss can lead to retroversion of the 
baseplate, reduced external rotation, posterior 
scapular notching, and posteromedial polyethyl-
ene wear [42, 45].

 Technical Options and Results 
for Treating Eroded Glenoids

Numerous investigators have suggested strategies 
for addressing glenoid bone loss in RSA [1, 7, 13, 
17, 39, 49, 52, 56]. However, few researchers have 
examined the clinical results [7, 51]. Techniques 
that preserve subchondral glenoid bone and mini-
mize glenoid reaming are now being used, and 
they may be superior and provide long-term fixa-
tion. Surgical solutions addressing the glenoid in 
RSA have been adapted from primary shoulder 
arthroplasty and include asymmetric reaming, bone 
grafting, combined asymmetric reaming and bone 
grafting, and augmented baseplate components.

Large structural grafts from the humeral head 
or iliac crest have been used to reconstruct poste-
rior, superior, and anterior defects. Screws used 
for baseplate fixation can be used to secure the 
graft. More recently, extended-length fixation 
baseplates have been used to assist fixation to the 
native scapula beyond the structural graft. 
Advantages of this technique include maintain-
ing proper joint lateralization and preserving gle-
noid bone stock. Disadvantages include the 
technical difficulty, fixation failure, and graft 
resorption that could secondarily lead to compo-
nent loosening.
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Norris et  al. [52] reported a technique for 
managing glenoid bone loss using the reverse 
prosthesis and bulk tricortical autologous iliac 
crest bone graft. The authors describe preparing 
the baseplate directly on the iliac crest and then 
removing it from the crest with the graft attached. 
The same authors also describe a technique to 
manage severe posterior bone loss in patients 
with intact rotator cuff osteoarthritis using a 
humeral head graft [26]. This technique involves 
“shaping” the humeral head autograft to match 
the neoglenoid retroversion with the goal of cor-
recting retroversion and restoring glenoid bone. 
Results in patients with B2, B3, and C glenoids 
were comparable to those observed for TSA in 

patients with glenohumeral arthritis and A1, A2, 
and B1 glenoids and similar to results reported by 
Mizuno et  al., demonstrating no episodes of 
instability or subluxation when RSA is performed 
for B2 glenoids, lending further support to the 
idea that the semi-constrained design of RSA 
prevents and protects from this mode of failure 
often seen with treatment using anatomic shoul-
der replacement.

Neyton et al. [51] reviewed the cases of nine 
patients with a Grammont-type RSA who under-
went glenoid bone grafting for severe bone loss. 
At a minimum 2-year follow-up, no incidence of 
radiographic loosening had occurred, pain relief 
was good, postoperative functional scores were 

Fig. 5.3 Loss of wrap and instability
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low (mean Constant score = 53 points), and six 
patients had radiographic evidence of inferior 
scapular notching.

Boileau et al. [6] described a similar harvest-
ing technique using a humeral head autograft as 
Norris et al. [52] described from the iliac crest to 
achieve bony lateralization of the center of rota-
tion in RSA (BIO-RSA) . They used a 7- to 
10-mm graft and extended central fixation on the 
baseplate to achieve central fixation in the native 
scapula. Screws through the baseplate achieved 
fixation, as well. They achieved a 98% incorpora-
tion rate, with no loosening or revisions 
28 months postoperatively, and reported a 19% 
notching rate for 42 patients, recommending 
implanting the baseplate in a lower position.

Boileau et al. [7] reported results of an angled 
BIO-RSA technique for eroded glenoids. The 
technique was used to not only lateralize but also 
correct version and inclination associated with 
severe glenoid erosion. The humeral head auto-
graft may be symmetrical (BIO-RSA) or asym-
metrical (angled BIO-RSA), depending on the 
presence, amount, and orientation of glenoid 
deficiency. Purpose-designed instrumentation is 
used to harvest the graft from the humeral head 
so that it is trapezoidal to match the glenoid bone 
defect. Potential advantages of this technique 
include flexibility to reconstruct multiplanar 
deformity (i.e., to correct baseplate version and 
inclination), restoration of glenoid bone stock, 
and the ability to lateralize the center of rotation. 
Glenoid loosening occurred in three (5%) patients 
in the first 6 months after the operation and was 
revised with iliac crest bone graft. One failure 
occurred secondary to a technical mistake: per-
sistent superior inclination. Radiographs and CT 
images demonstrated union between the cancel-
lous bone graft and the surface of the native gle-
noid in 94% (51 of 54) of the patients. At final 
follow-up, 13 (25%) patients had grade 1 to 3 
scapular notching, and no patients had grade 4 
inferior scapular notching. The correction of gle-
noid orientation was significant in both inclina-
tion and version measured using the multiplanar 
mode in the scapular plane. In the patients with 
combined vertical and horizontal glenoid bone 
loss, the angled BIO-RSA technique allowed 

simultaneous correction of both the posterior and 
superior defects, which is one of the main advan-
tages of using a cancellous bone graft. Other 
advantages of the angled BIO-RSA technique 
include minimal donor-site morbidity compared 
with structural iliac crest graft [8, 28, 37, 52, 54], 
no potential for disease transmission compared 
with allograft [31], and no additional cost com-
pared with allograft or augmented baseplate [22, 
35, 56]; however, it cannot be used for revision of 
a previous arthroplasty, when necrosis is present, 
or when the humeral head is absent. In addition, 
the use of humeral head autograft for baseplate 
fixation is dependent on humeral head bone qual-
ity, which can be variably porotic in the patient 
population in which RSA is typically performed.

Jones et al. [36] recently reported on allograft 
bone grafting in the setting of RSA. They demon-
strated a higher rate of structural graft incorpora-
tion in RSA for autografts than allografts (86% 
complete or partial incorporation for autografts 
versus 66% for allografts) in a series that included 
revision cases. The graft was fully incorporated 
in 51.7% of the cohort, partially incorporated in 
29.3%, and not incorporated in 19.5%, and it was 
considered to have radiographically loose base-
plates determined by lucency around the screws 
or a change in the position of the baseplate over 
time in 13.6%. How much graft incorporation is 
necessary for stability of the implant is unknown, 
and using radiographs to assess how much graft 
remains is difficult. Some of the unincorporated 
graft could certainly be providing stability and 
could explain why, although a significant amount 
of resorption of some grafts appears to occur, 
very few patients had clinical symptoms and 
needed revision surgery.

Melis et al. [48] examined 37 anatomic TSAs 
requiring revisions to RSA; of these, 29 required 
a bone graft consisting of a structural iliac crest 
or cancellous autograft, and 3 allografts were 
used. At the mean follow-up of 47 months, 76% 
of the grafts were incorporated. A postoperative 
complication rate of 30% with a 22% repeat revi-
sion rate was reported. Recurrent glenoid loosen-
ing occurred in three of these patients and was 
considered to be related to using a short peg in 
the baseplate that did not extend past the graft 
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into the native bone. Reimplantation with a long 
central fixation baseplate was performed in two 
patients. The authors did not differentiate 
between the results of patients with allografts and 
with autografts.

Bateman and Donald [3] reported using a 
hybrid grafting technique consisting of an 
allograft femoral neck packed with cancellous 
autograft in five patients (five cases). They used 
extended central fixation in all cases and reported 
no loosening or implant failures at the minimum 
12-month follow-up. All grafts incorporated as 
early as 6 months. Bone grafting remains a fre-
quently recommended technique for addressing 
severe glenoid wear with RSA.  Indications for 
bone grafting and the best technique remain to be 
defined.

Despite these efforts, substantial glenoid bone 
loss present at the time of either primary or revi-
sion TSA has been associated with inferior out-
comes [10, 12, 17, 28, 33, 51, 55]. Using bone 
grafting is generally associated with a high per-
centage of radiolucency, glenoid component fail-
ure, graft failures, and instability [2, 54, 59, 63].

In comparison to bone grafting, augmented 
baseplates have been considered less flexible 
because the degree of correction that the aug-
mented baseplate can achieve is based on the 
geometry of the manufactured implant. Some 
augmented baseplates can allow for correction of 
deformity in multiple planes, and newer designs 
of off-the-shelf augmented baseplates do allow 
for more difficult correction. In addition, patient- 
specific augmented baseplates have been custom- 
fabricated and used to correct complex 
multiplanar deformity associated with severe 
bone loss, although the process to build such an 
implant is more complicated and expensive. In 
addition, it does not offer the possibility to recon-
struct the glenoid bone stock.

Augmented glenoid components in RSA are 
commercially available, have been biomechani-
cally studied, are favored because of the relative 
ease of insertion compared to more complex 
grafting techniques, do not require incorporation 
of a structural graft for success, and the designs 
continue to evolve [22, 32, 38, 56, 58]. Limited 
clinical data is available on augmented compo-

nents in RSA currently although they may be a 
viable alternative to asymmetric reaming, bone 
grafting, or combined asymmetric reaming and 
bone grafting in the setting of moderate to severe 
glenoid erosion. They are typically inserted using 
an off- axis reaming technique relative to the 
plane of the deformity that preserves cortical 
bone and maintains a greater implant-to-bone 
contact area, potentially improving long-term 
glenoid fixation. Eliminating a structural graft 
using the augmented baseplate also eliminates 
concern for resorption of the graft or nonunion of 
the graft with subsequent baseplate loosening. A 
posterior augmented baseplate also can preserve 
anterior bone, correct version, and restore the 
native joint line.

Roche et  al. [56, 69] compared fixation of 
standard and superior augmented glenoid base-
plates. A superior glenoid defect was created and 
was corrected with either eccentric reaming with 
implantation of a standard glenoid baseplate or 
off-axis reaming with implantation of a superior 
augment glenoid baseplate. No differences in 
baseplate displacement were observed before or 
after cyclic loading between groups.

 Authors Preferred Surgical 
Indications and Technique 
for Severely Eroded B2, B3, C, E2, 
and E3 Glenoids

The author’s current technique for management 
of glenoid deformity relies heavily on adequate 
preoperative imaging using a 3D CT in all cases 
where deformity is suspected. E0 and E1 defor-
mity is treated with standard glenoid preparation 
with minimal reaming and no use of bone graft. 
E2 and E3 glenoids are treated with minimal 
reaming and either a 10° superior or a combined 
posterior-superior augment that corrects 8° of 
posterior and 10° of superior deformity. The sur-
gical goal is to preserve the patient’s native bone 
stock and ream as little as possible. E3 glenoid 
deformity that medializes the joint line to the 
level of the coracoid is treated with autograft 
reconstruction using the convexity of the patient’s 
native humeral head as the ideal graft. While cor-
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rection to neutral glenoid version is the ultimate 
goal, 10–15° of residual glenoid component ret-
roversion or anteversion is not considered cata-
strophic and acceptable in our hands as long as 
intraoperatively the surgeon can confirm that 
there is no scapular or coracoid contact with 
range of motion of the humerus via palpation. 
Superior inclination should be avoided, but up to 
15° of inferior inclination can be accepted if the 
only other option is to ream away good cortical 
bone. B2 glenoid management is broken down 
into shallow B2 and deep (medialized) B2 
glenoid deformities. Our first and preferred 
option is to lightly ream eccentrically and correct 
the deformity to a degree and use an off- the- shelf 
augmented product, targeting 60% back-side 
contact on good-quality bone as an acceptable 
amount, and correction of the deformity to within 
10–15° (ideally within 10°) of neutral. This is 
usually achievable in patients with shallow B2 
deformity with preserved paleoglenoids, and 
with the use of preoperative planning software 
and intraoperative navigation, both the final ver-
sion and back-side contact can be confidently 
planned and intraoperatively confirmed. This is 
the most common deformity type seen and the 
most common reconstructive technique required 
in our hands. If the B2 deformity is too deep and 
this reaming will result in severe destruction of 
the bone and adequate back-side contact is a con-
cern (based on preoperative planning), humeral 
head autograft is considered, if it is available. If 
the autologous humeral head is not available, 
femoral head allograft has been more reliably 
obtainable at our institution and is therefore our 
allograft of choice. Initial reaming to create a 
smooth prepared surface and initial fixation are 
contemplated using K-wires off-axis. Gentle 
reaming of the graft/glenoid construct is then 
done to allow for good bone implant contact. 
Primary fixation of the graft is usually achieved 
with the extended central fixation of the implant 
into the native scapula, and multiple screws are 
used for compression into the native scapula and 
stability of the construct. C-type glenoids are for-
tunately rare and need to be handled with extreme 
care as there can be very little and poor-quality 
bone to work with. Preoperative planning is 

essential in these cases, and they frequently 
require a combination of grafting and augmented 
components or custom-made glenoids.

Revision arthroplasty with cavitary defects 
can be managed with aggressive cancellous 
allograft impaction grafting into the vault and 
longer central and peripheral fixation with com-
pression of the graft. Non-contained defects in 
younger patients are managed with autograft iliac 
crest, and in older patients, allograft femoral 
head is utilized, always obtaining fixation in the 
native glenoid with the central fixation and usu-
ally using more than the normal amount of screws 
on the baseplate.

Full glenoid exposure is necessary to be able 
to visualize and palpate the glenoid neck to assess 
the “zero axis.” More recently, the use of intraop-
erative navigation has allowed for a much more 
simplified, no-K-wire-based approach that has 
provided intraoperative feedback of drill and 
reamer orientation and a precise reconstruction. 
For virtually every case, using preoperative plan-
ning is critical to understanding the deformity 
pattern, and using software to simulate your final 
reconstruction provides a high level of confi-
dence going into the operating room. It is rare to 
have to troubleshoot the glenoid intraoperatively 
if a good preoperative plan is in place using 
software.

 Rehabilitation

Boileau et  al. [7] reported very little difference 
between rehabilitation protocols used for the graft 
augmented RSA and standard RSA. Patients were 
discharged 1 or 2 days after surgery. During the 
first 4–6 weeks, they wore a sling with or without 
an abduction pillow. Self-directed rehabilitation 
started immediately and included five 5-minute 
sessions each day of pendulum, elbow, wrist, and 
hand exercises performed without the sling. 
Patients were also allowed to remove the sling for 
hygiene. They were encouraged to immediately 
use the hand for activities of daily living, such as 
eating, drinking, holding a newspaper or a book, 
typewriting, and dressing. However, no active lift-
ing was allowed. After 4–6 weeks, sling use was 
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discontinued, formal rehabilitation with a physio-
therapist started, physical therapy consisting of 
gradual range of motion and progressive strength-
ening exercises was initiated, and progression of 
activities as tolerated was allowed. Aquatherapy 
in a swimming pool was recommended. Heavy 
lifting was prohibited until 12 weeks after surgery 
to ensure solid bony union of the graft was 
obtained. Return to all types of activities, includ-
ing gardening or leisure sports, was permitted 
after 3–6 months.

Conversely, Romano et  al. [57] used a more 
cautious rehabilitation protocol for this “high- 
care” category of patients who were treated with 
eccentric reaming, bone graft, or augmented 
baseplates and reported satisfactory clinical and 
radiological results. The required duration of 
immobilization and the need for a structured 
therapy program after RSA remains a topic of 
debate, with some surgeons minimizing or elimi-
nating both of these postoperative treatments and 
others continuing to apply a formal protocol. Our 
current protocol for grafted and non-grafted cases 
is the same, with a 3-week window of sling 
immobilization without swathe. During this time, 
we instruct patients that shoulder extension 
should be avoided and that ideally the position of 
the arm should be so that they can easily see their 
elbow (avoiding extension behind the body). 
Patients are encouraged to perform gentle pendu-
lum exercises when the regional anesthetic has 
worn off for 5 min, five times a day, as well as 
simple active hand and elbow ROM (elbow flex-
ion, extension, pronation, supination, and fist-
ing). Patients are encouraged to remove the sling 
for simple seated activities such as eating, hold-
ing a book, and brushing their teeth during this 
first 3-week window. After 3 weeks, the sling is 
removed, and patients are encouraged to use the 
arm more freely but to avoid lifting anything 
heavier than a cup of coffee for the first 2 months. 
After 2  months, activity is gradually increased 
with a restriction on the most vigorous parts of 
golf and tennis (golf bunker shots and overhead 
tennis shots) until 5  months. Occupational and 
physical therapists are utilized during the first 
week after surgery to confirm that the patient is 
performing the pendulum program correctly, and 

after this first week, for most patients there is no 
supervised program used at our center.

 Conclusions

Severe glenoid erosion includes a broad spectrum 
of pathologic conditions and is a frequent prob-
lem encountered by shoulder surgeons perform-
ing arthroplasty, with many proposed techniques 
to manage this condition. Varying amounts of 
bone loss produce distinctly different types of 
deformity. Meticulous preoperative planning is 
important to determine the best surgical approach. 
In cases of complex or extreme bone loss, RSA 
offers a reliable solution that is particularly 
attractive for older and less active patients, and its 
use is supported by the demonstration of unreli-
able results using TSA in the same group of 
patients. Familiarity with the full spectrum of 
treatment options will allow the surgeon to make 
the best decision for patients when these patterns 
of deformity are encountered. This procedure 
remains technically demanding regardless of the 
technique performed to accommodate bone loss.
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The approach to treating proximal humerus frac-
ture sequelae involves understanding how patient 
complaints relate to the pathoanatomy. Lifestyle 
limitations that result from pain and loss of func-
tion and lifestyle demands define the treatment 
strategy. The incidence of proximal humerus frac-
tures accounts for approximately 5–8% of all frac-
tures, with over 80% treated non-operatively [1–3]. 
However, operative treatment rates have increased 
with the advent of newer technologies like locked 
platting and reverse shoulder arthroplasty [4, 5]. 
Furthermore, with the increase in extreme sports 
and predominance of snowboarding over skiing, 
higher-energy fractures are becoming more fre-
quent in the younger population, and fragility frac-
tures may increase with the aging population in the 
USA. As a result, the sequelae of proximal humerus 
fractures are increasing.

Osteoporosis, diabetes, smoking, and other 
comorbidities influence the rates of healing of 
proximal humeral fractures, and patients with 
these conditions are at a high risk for treatment 
failure or avascular necrosis with humeral bone 
collapse [2]. Metaphyseal comminution and sur-

gical neck translation of greater than 30% are 
some of the anatomic factors that influence the 
rate of nonunion which has been reported to be 
between 1.1% and 10% [3].

An in-depth understanding of the pathoanat-
omy is essential to select the optimal treatment, 
and algorithms based upon clinical outcomes can 
assist the physician. When evaluating a malunion, 
the mechanism that created the injury may have 
influence over the deficit the injury creates. Was it 
simply a failure of conservative management? Did 
the patient do well for a period of time and only 
become symptomatic many years later? If the mal-
union followed surgical treatment, are implant fac-
tors or other technical considerations responsible 
for the current deformity? How do the scapular 
dynamics contribute to the patient’s function? 
Furthermore, did neurovascular injury, patient 
compliance, or other host factors play a role?

The status of the humeral head and tuberosi-
ties must be carefully evaluated. Ideally, if the 
head has collapsed but the tuberosities are in a 
relatively good position, success can be achieved 
by accepting the deformity and implanting a new 
joint surface, facilitated by implants that do not 
require diaphyseal fixation (Fig. 6.1). But what if 
a tuberosity osteotomy must be performed or 
another deformity must be corrected to implant 
an anatomic prosthesis (Fig. 6.2a, b)? The status 
of the greater and lesser tuberosities and their 
corresponding rotator cuff muscles is of para-
mount importance to shoulder function; if there 
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Fig. 6.1 The x-rays demonstrate a type 1 fracture (a–d) sequela which resulted from a valgus impacted fracture. The 
tuberosities are in a good position; therefore this can be managed with a stemless total shoulder implant (e–h)

a b

c d
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Fig. 6.1 (continued)
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is any doubt about the health of the cuff or the 
relative position of the tuberosities, the treatment 
may need to vary accordingly (Fig. 6.3a, b).

Nonunions of the proximal humerus require the 
same considered approach (Fig. 6.4). What factors 
led to the nonunion? Are host factors to be blamed? 
Is it failure of non-operative management? Was the 
surgical treatment appropriate? Was there exces-
sive motion at the implant or inadequate immobili-
zation? If pain is the main issue, is the hardware 
prominent? And in cases of either malunion or non-
union, was there an infection work-up performed 
to rule out other concomitant problems?

Surgical malunions or hardware failure may 
require staged operations. For patients with previ-
ous shoulder surgery, there must be a high index of 
suspicion for occult infection/colonization. 
Asymmetric blushing (Fig.  6.5a, b) on the skin 
adjacent to surgical incisions and chronic axillary 
nodes are frequent cutaneous manifestations of a 
subclinical infection. Traditional infection mark-
ers like sedimentation rate, CRP, and elevated 

WBC are rarely elevated, but pain is a frequent 
symptom. Propionibacterium acnes (P. acnes), 
Staphylococcus, and Streptococcus species are 
normal flora in high density around the neck and 
shoulder girdle. Moreover, these facultative anaer-
obes create a biofilm that adheres to foreign mate-
rial and blocks the host defenses. Consequently, it is 
crucial to remove as much implant and suture bur-
den as possible at the time of any revision operation 
or to stage any significant revision. Sutures and 
anchors should be removed and cultures obtained.

Some patients may decompensate after doing 
well for many years; the treating physician should 
obtain the injury films and all treatment records if 
possible. A careful neurovascular examination is 
imperative to rule out associated plexus or axillary 
nerve/vessel injuries, especially if there was a dislo-
cation or displacement of the fracture fragments 
medial to the conjoined tendon. An EMG and vas-
cular study may be necessary as injuries to the axil-
lary nerve and brachial plexus are common, even 
with low-energy trauma, and axillary artery injuries 

a b

Fig. 6.2 (a) Demonstrates a malunion that would be a 
challenging anatomic reconstruction without a tuberosity 
osteotomy; (b) demonstrates a malunion with heterotopic 

ossification and malrotation. Both would be considered 
type 4 sequela as neither would do well with an anatomic 
replacement or osteotomy
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a b

c

Fig. 6.3 (a) Coronal and (b) sagittal images demonstrat-
ing significant post-traumatic arthropathy with only mini-
mal angular deformity. For a younger patient, anatomic 
arthroplasty may be appropriate, but for the elderly 

patient, reverse shoulder arthroplasty may be the treat-
ment of choice due to the attenuated rotator cuff. (c) 
Sagittal image demonstrates atrophy and fatty infiltration 
of the supraspinatus and infraspinatus

are easily overlooked (Fig. 6.6). Rotational defor-
mities of the proximal humerus or greater tuberos-
ity can lead to suprascapular nerve entrapment, 
resulting in pain and weakness. Ultimately, the phy-
sician must understand the patient’s goals: is it pain 

relief, improvement in function, or both? And what 
is realistic for both the patient and the surgeon?

Location of the scar and choice of surgical 
approach may have resulted in deltoid dehiscence 
or devascularization; nerve injury may be 
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Fig. 6.4 These images demonstrate a type 3 fracture 
sequela on AP, Grashey, outlet, and axillary views (a–d); 
immediate post-op image shows a reverse shoulder arthro-

plasty skewering the fracture (e), and 1 year post-op 
images show a healed nonunion (f–h)

a b

c d
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 suggested by overall shoulder asymmetry. 
Alcoholism, diabetes, smoking, obesity, or osteo-
porosis may have been factors in the initial 
trauma as well as the outcome of the treatment 
[1–5]. Less common factors like metal allergy or 
infection may have contributed to failure of the 
previous operative treatment (Fig. 6.7).

A classification scheme to categorize the frac-
ture sequelae and guide the treatment is useful 
because these patients are often younger and more 
active than patients treated for osteoarthritis; 
intracapsular injuries may have different conse-
quences than extracapsular injuries. Furthermore, 
with increased life expectancy and increased utili-
zation of locking plates, physicians will be caring 
for older patients with greater hardware complica-
tions [1, 11–14]. While no classification supplants 
good clinical judgment, it can provide a founda-
tion for critical decisions [1, 11–15]. However, 
small case series with ill- defined, heterogeneous 
pathology have made it challenging to standard-
ize treatment [6–12, 16–51]. Therefore, simply 
describing the injury as a “nonunion” or a “mal-
union” is not enough: How old is the patient, and 
what are the comorbidities? What does the rotator 
cuff look like with advanced imaging? What is the 
status of the greater tuberosity? The viability of 
the greater tuberosity is of great importance and 
may dictate the treatment options [1, 2, 12, 34].

The complexity and variation of the anatomy 
of proximal humeral fracture sequelae have made 

a b

Fig. 6.5 (a) Subtle cutaneous streaking that can be indicative of an indolent P. acnes infection; (b) not so subtle redness 
consistent with infection

Fig. 6.6 An elderly woman suffered a proximal humerus 
fracture with an unrecognized brachial plexus injury. This 
Grashey image demonstrates ptosis of the shoulder, loss 
of humeral reduction, and hardware malposition with 
screw protrusion
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Fig. 6.7 A 60-year-old female patient referred primary 
for pain. She smokes two packs per day and has a nickel 
allergy, and operative cultures demonstrated P. acnes 
infection which contributed to her nonunion on the right 

side (a–c) and a malunion on the left (d); she was treated 
with arthroscopic hardware removal and 8 weeks of oral 
antibiotics. Her pain resolved and she has not sought fur-
ther treatment (currently 3 years post-op (e, f))

a b

c d
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shoulder arthroplasty an unpredictable option; 
moreover few studies demonstrate excellent clin-
ical outcomes for the non-arthroplasty treatment 
[6–9, 19–35, 37, 38]. The ideal sequelae classifi-
cation should help the surgeon choose an appro-
priate surgical option based upon simple 
radiographic data, providing both the surgeon 
and the patient with some expectation of out-
come; the system advocated here was borne out 
of a systematic retrospective review of treatment 
of sequelae with diligent follow-up and relies 
upon radiographs only and no advanced imaging 
(Fig. 6.8) [13, 14].

While an MRI or CT scan may be required to 
help the surgeon understand the distorted anat-
omy or evaluate the trophicity of the rotator cuff, 
with a standard series of x-rays (a Grashey, an 
anteroposterior, an axillary, and an outlet lateral 
x-ray), the surgeon evaluates the gross appear-

ance and location of the humeral head, tuberosi-
ties, and humeral shaft. If the patient has had 
previous surgery, what kind of hardware remains, 
and how should it be removed or left behind: 
plate, screws, and arthroplasty? Is there hardware 
penetration into the joint [19, 21]? What does the 
location of the tuberosity indicate, i.e., anatomic, 
nonunion with retraction, or malunion to the 
shaft of the humerus or glenoid? Superior tuber-
osity displacement can limit abduction either 
mechanically blocking motion or by limiting the 
mechanical advantage of the rotator cuff; poste-
rior tuberosity displacement can block external 
rotation and weaken the external rotators. Is this 
the result of a missed dislocation, and what are 
the current deformities? Is there a surgical neck 
nonunion or significant malunion or deformity of 
the fragments? The suprascapular nerve could be 
entrapped by a malunion, causing pain. Is there 

e f
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cephalic collapse or avascular necrosis (AVN)? If 
so, does the articular surface remain spherical?

What follows is an approach to classifying 
and treating fracture sequelae based upon five 
types (Fig.  6.8). As with any classification sys-
tem, it represents only a guideline, and all treat-
ment must be individualized to the patient. Type 
1 sequela is characterized by AVN or cephalic 
collapse on the plain radiographs; the greater 
tuberosity must be healed to the humerus in 
a near anatomic height and orientation. This 
pattern results from valgus impacted or varus 
fractures with cephalic collapse (Fig.  6.1a–d). 
Arthroscopic capsular releases may be an option 
for young patients who present with stiffness 
but minimal to moderate arthritis, provided that 
the humeral head remains spherical and the gle-
noid is not biconcave. Arthroplasty with either 
a “stemless” or a modular, adaptable prosthesis 
is the more reliable solution for those patients 
that have more significant arthropathy or asso-

ciated glenoid changes, provided the prosthesis 
can be implanted without further damage to the 
greater tuberosity (Fig.  6.1). Tauber and Resch 
 recommended that if there were greater than 
1 cm of posterior displacement of the tuberosity, 
and the patient were young without significant 
risk factors (smoking, diabetes, etc.), a corrective 
oblique osteotomy with a large surface area and 
periosteal sleeve may be successfully performed 
with cerclage fixation, as they found that better 
tuberosity alignment resulted in better function 
and pain relief (Fig.  6.9a–c) [34, 35]. Specific 
fracture stems that enhance tuberosity fixation 
and allow for bone grafting may improve results; 
however (Fig.  6.9d), Cofield’s series demon-
strated a 20% complication rate and significantly 
worse range of motion if a tuberosity osteotomy 
was performed [37, 38].

Short metaphyseal filling implants may be 
preferable to resurfacing or stemless ones for 
patients with significant AVN (Fig.  6.10a–d), 

a b

c d

Fig. 6.8 Fracture sequela classification system. (a) Type 
1 sequela: valgus impacted or varus fracture with cephalic 
collapse or necrosis; intracapsular/impacted injury. (b) 
Type 2: a chronic missed dislocation; intracapsular/ 
impacted injury. (c) Type 3: surgical neck non-union with 

an intact or healed greater tuberosity; extracapsular/ dis-
impacted injury. (d) Type 4 fracture sequela: severe tuber-
osity malunion or non-union, massive hardware failure, or 
failure of a previous prosthesis for fracture; extracapsular/ 
disimpacted injury
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Fig. 6.9 A 50-year-old manual laborer underwent a dero-
tational osteotomy with locking plate fixation for a proxi-
mal humeral malunion 1 year after his injury. Pre-op (a) 
and post-op (b, c). Case courtesy of Jesse McCarron. (d) 
A younger patient treated with a fracture-specific stem 

that provides for enhanced tuberosity fixation. (e) 
Demonstrates the intraoperative photograph of tuberosity 
osteotomy, reconstruction, and bone grafting; (f) is one 
year follow up showing a healed tuberosity

a b

c d
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as there may be little cancellous bone left for 
purchase; moreover, the underlying necrotic 
bone could serve as a source of chronic pain if 
it is not adequately removed or decompressed 
(Fig. 6.10e–h) [1].

If the greater tuberosity is in a normal rela-
tionship with the acromion, then place the pros-
thesis so that the head is in a normal or anatomic 
position; small cemented stems can provide an 
extra degree of freedom, allowing the surgeon to 
“float” the implant in the correct position. The 
prosthesis must be inserted with minimal insult 
to the surrounding soft tissues because rotator 
cuff integrity influences outcome (minimal fatty 
infiltration and an acromial-humeral distance of 
>7 mm) [14, 23, 28, 30, 39].

Type 2 sequela results from a chronic missed 
dislocation (Fig. 6.8b). Good to excellent results 
can be achieved with a standard prosthesis for 
most cases of a chronic posterior dislocation [12, 
13, 16, 17, 19, 26, 33, 45]. However, resurfacing 
may be inadequate due to changes on the glenoid; 
therefore soft tissue plication or alteration of 
stem version may be necessary to prevent recur-

rent prosthetic dislocation. If very large compo-
nents are required to address a patulous, 
redundant soft tissue envelope, if the patient is 
elderly, or there is glenoid bone loss, a reverse 
shoulder arthroplasty (RSA) potentially with gle-
noid bone grafting will lead to more reliable out-
comes (Fig.  6.11). Moreover, the constraint of 
RSA is the preferred option for chronic anterior 
dislocations.

A type 3 sequela, surgical neck nonunion, 
most often results from an initial failure to treat 
the patient operatively (Fig.  6.4). If the x-rays 
show an intact greater tuberosity or one that is 
healed to the proximal fragment, and an arthropa-
thy is not present, the nonunion should be 
addressed with non-prosthetic options if the 
proximal fragment is well vascularized. Bone 
peg autograft (Fig. 6.12a) or fibular or ulnar strut 
allograft (Fig. 6.12b) with plate fixation is a rea-
sonable treatment option, whereby the head is 
impacted onto the graft and compressed with a 
locking plate or blade plate [11, 13, 36]. Prosthetic 
options should be considered if there is cephalic 
necrosis or minimal proximal osseous structure; 
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Fig. 6.10 Type 1 sequela with AVN of the head and an older shaft fracture (a, b); placement of a modular prosthesis 
(c, d); post-traumatic AVN (e, f) that was inadequately treated as diseased bone remained behind (g, h)

a b

c

d e
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in which case the head can be “shish-ka-bobed” 
by a low-profile anatomic fracture stem, for a 
young patient, or by a reverse prosthesis for an 
elderly one (Fig.  6.4) [1, 14, 43, 49]. Occult 
infection or inadequate hardware may lead to 
failure of operative treatment; if so, revision fixa-
tion with bone grafting may be appropriate, but 
the surgeon should assume that there is an infec-
tion until proven otherwise. Similarly in these 

revision cases, the proximal bone is often com-
promised requiring arthroplasty as the solution.

Severe tuberosity malunion or nonunion, mas-
sive hardware failure, or failure of a previous 
prosthesis for fracture is the hallmark of a type 4 
sequela (Fig.  6.13). Very often, non-prosthetic 
management is unrealistic because of accompa-
nying soft tissue contractures or loss of rotator 
cuff function due to tuberosity complications. 

f g

h

Fig. 6.10 (continued)
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Fig. 6.11 Type 2 sequela with locked posterior dislocation (a–c); an older patient was treated with semi-constrained 
arthroplasty with good results (d–f)

a b

c d
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The x-rays may show that the tuberosities are 
healed to the posterior aspect of the head or are 
resorbed; hardware may be loose, eroding into 
the glenoid, or demonstrating implant failure. 
Anatomic reconstruction should be reserved for 
the very young and may require specialized 
implants or a staged approach. Complication 
rates are highest for conversion of a previous 
hemiarthroplasty with tuberosity failure to a 
reverse arthroplasty or resection [47–49]. Reverse 
shoulder arthroplasty may be the only option, and 
concomitant latissimus dorsi and teres major 
transfer may be necessary to restore external 
rotation [23, 29, 47, 48].

Extreme caution must be observed with con-
version of a failed hemiarthroplasty to a reverse 
due to high complication rates, especially insta-
bility (Fig. 6.14). Because the contracted soft tis-
sues (especially posteriorly and inferiorly) act as 
a fulcrum to dislocate the reverse when the arm is 
brought into extension (as exemplified by the het-
erotopic ossification seen in images Fig.  6.14c 
and d), the approach requires extensive soft tissue 

mobilization and may require constrained 
implants. Furthermore, it is incumbent upon the 
surgeon to obtain scaled radiographs of the con-
tralateral limb to estimate appropriate humeral 
length intraoperatively. Neurovascular structures 
that are encased in scar are at heightened risk for 
injury; intraoperative nerve monitoring, coracoid 
osteotomy, and preoperative angiography may all 
be useful adjuncts to enhance the safety of the 
operation. And while “convertible” prostheses 
may enable retention of the humeral stem, this 
option may be obviated by improper placement at 
the index procedure, and the surgeon should be 
prepared to explant the stem at the time of the 
revision.

The focus of the treatment of type 4 fracture 
sequela should be pain relief, as functional gains 
may be limited, especially with prosthetic revi-
sion, and the physician must emphasize this as 
part of the discussion of the realistic goals and 
expected outcomes of intervention. If possible, 
modular, adaptable implants that enable the sur-
geon to adapt to the patient’s anatomy may pro-

e f
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a

b

Fig. 6.12 Schematic of 
bone peg autograft for 
the treatment of type 3 
sequela (a); patient 
treated with fibular strut 
allograft (b)
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Fig. 6.13 Type 4 sequela with combined nonunion and malunion treated with RSA (a–d); type 4 treated with conver-
sion to RSA (e–h)

a b

c d
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vide good results with minimal surgical trauma 
(Fig. 6.15). Furthermore, staged operations may 
be necessary to reduce complications related to 
occult infection. Open or arthroscopic capsular 
release with biopsies to remove suture and hard-
ware and obtain cultures with empiric antibiotic 
treatment may be the preferred approach to 
decrease the risk of chronic infection after arthro-
plasty is performed. For some patients, this initial 

stage may provide enough relief to delay defini-
tive treatment.

If the cultures are positive but the hardware 
and sutures were effectively removed at the time 
of the arthroscopy, antibiotic treatment should 
be continued in conjunction with input from 
infectious disease. Depending on the patient’s 
symptoms, a second stage could be delayed 
indefinitely. However, it may be necessary to 
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Fig. 6.14 An elderly patient was treated with a hemiar-
throplasty for a four-part proximal humerus fracture and 
presented with a dislocation (a, b); revision to a reverse 
was complicated by a dislocation because the posterior 

soft tissues were inadequately released (c, d); subsequent 
revision included extensive soft tissue resection and 
placement of a constrained liner (e, f)

a b

c d
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consider application of a cement spacer prior to 
revision arthroplasty if the cultures are positive 
and hardware remains, as is typically the case 
with a hemiarthroplasty.

Lastly, type 5 fracture sequelae are isolated 
GT nonunions or malunions (Fig. 6.16). Posterior 
tuberosity displacement can block external rota-
tion; superior tuberosity displacement can limit 
abduction either mechanically or by limiting the 
mechanical advantage of the rotator cuff 
(Fig. 6.16c). Treatment, again, must be individu-
alized to the patient. Younger patients may bene-
fit from osteotomy and repair of the fragment; 
smaller fractures may be treated arthroscopically; 
larger ones may benefit from direct lateral 
approaches. In cases where loss of external rota-
tion is a major complaint, muscle transfers like a 
L’Episcopo or lower trapezius transfer may be 
indicated. Elderly patients, however, may require 
a reverse shoulder arthroplasty with or without 
accompanying arthritis (Fig. 6.16d–h).

As the incidence of proximal humerus frac-
tures increases, so too will the prevalence of 
proximal humeral fracture sequelae across a 
broad age range. By focusing on realistic goals 
and symptomatic management, a treatment 
plan can be guided by the following: (1) if 
there was previous surgery, (2) if there was 
hardware placed, (3) the extent of proximal 
humeral anatomy distortion, (4) the tuberos-
ity-diaphysis continuity, and (5) the necessity 
for a greater tuberosity osteotomy. An uncon-
strained total shoulder replacement can yield 
predictable functional results, provided that 
there is tuberosity- diaphysis continuity and 
minimal proximal deformity (types 1 and 2 
fracture sequelae); chronic dislocations likely 
require semi- constrained implants. The sur-
geon should adapt both the technique and the 
prosthesis to accommodate the distorted anat-
omy, not the other way around. By maximiz-
ing the head offset to cover the tuberosity, 
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Fig. 6.15 A 75-year-old woman who did well with non- 
operative treatment for 3 years, but she presented with a 
type 4 fracture sequela as the pain began to affect her 

 (a–d); reverse shoulder arthroplasty with a modular, 
adaptable prosthesis was used for the reconstruction, 
allowing the implant to sit in the proximal defect (e–h)

a b

c d
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little to no head cut may be required if the 
prosthesis can be passed directly through the 
head fragment. The stem can be cemented in a 
valgus or lateralized position. Don’t hesitate 
to use c-arm and a curette to “sound” the 
humeral canal prior to broaching or reaming. 
Elderly patients, those with extreme stiffness 
or rotator cuff deficiency, may benefit from 
RSA for type 1 sequelae, but they should be 
advised that while their pain relief will be 
good, their functional outcomes, especially 

with respect to external rotation, will likely 
pale compared to arthroplasty in a non-sequela 
patient [52].

For the type 2 sequela, a total shoulder will 
provide better pain relief than attempts at reduc-
tion and stabilization if the dislocation is over 
10  months old. For a posterior dislocation, the 
stem should be placed in low to neutral retrover-
sion and the patient placed in a neutral or external 
rotation brace for at least 6  weeks to minimize 
the risk of recurrent posterior instability [16, 17, 

Fig. 6.16 (a) A Grashey x-ray demonstrating a type 5 
fracture sequela; (b) CT scan showing a posterior mal-
union of the greater tuberosity; (c) an AP x-ray showing a 
greater tuberosity nonunion that can mechanically block 

motion as well as indicate the loss of the attachment of the 
external rotators; (d–h) CT scan and x-rays demonstrating 
a greater tuberosity nonunion that was treated with reverse 
shoulder arthroplasty

a

b

c

d
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26, 33, 45]. Elderly patients are likely best treated 
with a RSA to avoid instability.

Intramedullary peg bone graft with iliac crest 
autograft or strut allograft and osteosynthesis to 
focus on enhancing the biology is recommended 
for type 3 fracture sequelae (surgical neck non-
union) because displaced, non-impacted, extra-

capsular fractures occur in this watershed area. 
Recent data suggests that bone grafting may not 
be necessary to achieve good results in terms of 
union and functional outcomes with locking plate 
fixation [53]. If there is a tuberosity-diaphysis 
discontinuity (type 3 fracture sequelae) and/or a 
severe distortion of the anatomy (type 4 fracture 
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sequelae), anatomic or unconstrained shoulder 
replacement with a greater tuberosity osteotomy 
yields poor functional results. A type 3 fracture 
sequela is a relative contraindication to a non- 
constrained shoulder prosthesis [1, 6, 11, 12, 18, 
24, 27, 39, 40, 42, 46]. However, a “low-profile” 
anatomic fracture prosthesis that allows bone 
grafting or RSA may be indicated if there is 
osteoarthritis or AVN of the proximal segment or 
simply in an elderly patient with a low chance for 
healing of the nonunited fracture if it is fixated 
[47, 49]. The placement of copious bone graft 
between the epiphysis and the diaphysis may 
improve osteosynthesis, although a reverse 
arthroplasty may be necessary for elderly patients 
[8, 14]. Loss or fracture of the tuberosities can 
lead to higher rates of instability if reverse shoul-
der arthroplasty is chosen [54].

In type 4 fracture sequelae (severe tuberosity 
malunion or nonunion or major surgery), reverse 
shoulder arthroplasty reliably restores forward 
flexion and abduction and provides better pain 
relief than non-constrained options because of 
the severe distortion of the anatomy but may 
require a staged approach [14, 23, 25, 32, 47].

Utilization of a RSA may have a lower compli-
cation rate for type 4 (10%) when compared to 
RSA for type 3 sequelae (40%) [54–57]. A proxi-
mal humeral allograft-reverse shoulder composite, 
as described by Levy and Frankle, should be con-
sidered in cases of severe proximal humeral bone 
loss; furthermore, Sanchez-Sotelo has reported 
excellent survivability with a low complication rate 
(15%) [48, 58]. For the patient with loss of both 
deltoid and rotator cuff function or severe brachial 
plexus damage, a shoulder fusion might be the only 
available option [35, 59]. Type 5 sequelae should 
be managed based upon the viability of the remain-
ing bone and rotator cuff as determined by an MRI 
or CT scan. Osteotomy and repair may be consid-
ered for younger patients, while reverse shoulder 
arthroplasty is likely the most predictable treatment 
in the elderly. Regardless of the treatment chosen, 
patients must be aware that operative intervention 
for a proximal humerus fracture carries a higher 
risk for the development of a complication; there-
fore surgeons and patients must be realistic about 
the expectations of treatment.
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 Treatment of Deltoid Deficiency 
and Paralysis in Shoulder 
Arthroplasty

Deltoid deficiency and paralysis can be devastat-
ing to shoulder function. The deltoid is the pow-
erhouse of the shoulder and provides over 50% of 
the abduction power for the shoulder in the scap-
ular plane [1]. With improvements in shoulder 
arthroplasty technology, reconstruction of the 
deltoid in conjunction with arthroplasty is a via-
ble option for restoration of shoulder function. 
The purpose of this chapter is to describe the epi-
demiology of deltoid deficiency, historical treat-
ment options, current reconstructive options with 
arthroplasty, and their respective outcomes.

 Epidemiology

The leading cause of deltoid paralysis is axillary 
nerve injury, either from a posttraumatic or iat-
rogenic etiology [2–5]. Deltoid paralysis or 
deficiency can also occur in the setting of a bra-
chial plexus palsy, cervical disc pathology, 
peripheral compressive neuropathy, injury to the 
muscle belly, or infection [4, 6]. Loss of deltoid 
function can result in significant dysfunction as 

the deltoid provides abduction strength and sta-
bilizes the glenohumeral joint [7]. In patients 
without a deltoid but with an intact rotator cuff, 
relatively good function can be maintained with 
minimal pain but easy fatigability [8]. However, 
in patients with osteoarthritis of the glenohu-
meral joint or with a concurrent massive rotator 
cuff tear, reconstruction of the deltoid in addi-
tion to shoulder arthroplasty may be the only 
option for pain relief and improved function 
(Fig. 7.1).

 Historical Perspective

Traditionally, treatment for deltoid paralysis 
included glenohumeral arthrodesis which offered 
restoration of abduction but loss of passive gle-
nohumeral motion and a high complication rate, 
including fractures, pseudarthrosis, and subse-
quent revision surgery [9, 10]. Due to the high 
complication rate and the permanence of the pro-
cedure, glenohumeral arthrodesis should be con-
sidered a salvage option. With improvements in 
shoulder arthroplasty, restoration of deltoid func-
tion in conjunction with a shoulder replacement 
may offer better function for patients with deltoid 
paralysis.
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 Current Options for Deltoid 
Deficiency

There are two techniques to reconstruct the del-
toid: nerve reinnervation or tendon transfer. By 
reconstructing the deltoid or restoring its func-
tion, there are more options with shoulder 
arthroplasty.

 Axillary Nerve Reinnervation 
for Deltoid Deficiency

For the injured axillary nerve, there are different 
ways to reinnervate depending on the injury. 
Primary repair of axillary nerve is an option if the 
defect length is not too great and the nerve can be 
reapproximated in a tension-free repair. If the 

a b

c d

Fig. 7.1 Patient with proximal humerus malunion and 
deltoid palsy who was reconstructed with pedicled pecto-
ralis major tendon and reverse shoulder arthroplasty. (a) 
Anteroposterior radiograph of the left shoulder showing 
proximal humerus malunion. (b) Axillary radiograph of 
the left shoulder showing proximal humerus malunion. (c) 

Three-dimensional reconstruction of proximal humerus 
malunion. (d) Postoperative radiograph of pedicled pecto-
ralis major tendon transfer (note the cortical fixation 
device on the underside of the clavicle and acromion) and 
reverse shoulder arthroplasty
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distance is too far for primary repair, nerve graft-
ing may be utilized.

Another option is nerve transfer. Witoonchart 
et al. published on a nerve transfer to the deltoid 
using the motor branch radial nerve [11, 12]. The 
nerve branch from the radial nerve innervating the 
long head of triceps is identified, mobilized, and 
transferred to the anterior branch of the axillary 
nerve. Proximity of this radial nerve branch to the 
axillary nerve may actually be shorter than some 
nerve grafts. Outcomes show improvements in 
shoulder range of motion with abduction >90° 
with M4 strength and improved DASH scores 
with no elbow extension weakness [12, 13].

Short-term results comparing nerve grafting 
to nerve transfers show that both groups improve 
deltoid function but still associate a disability to 
the affected shoulder [14]. The main advantage 
of the radial-to-axillary nerve transfer compared 
to interposition nerve grafting is the closer prox-
imity of the donor nerve to the target muscle, 
which results in earlier reinnervation.

These nerve transfers, however, can have a 
long recovery with varied outcomes. Initial del-
toid muscle function does not happen until 
6–8 months following surgery with useful shoul-
der function recovering up to 1.5–2 years postop-
eratively [12, 13]. Nerve repairs, similarly, have 
varied results and must be conducted within a 
certain time frame after nerve injury. Recovery of 
deltoid muscle function must be confirmed prior 
to reverse shoulder arthroplasty.

 Outcomes After Nerve Reinnervation 
and Shoulder Arthroplasty

Salazar et al. reported on one patient with rotator 
cuff deficiency and axillary nerve palsy who 
underwent a reverse shoulder arthroplasty after a 
radial-to-axillary nerve transfer [15]. After maxi-
mal restoration of deltoid function, the patient 
underwent reverse shoulder arthroplasty 18 
months after the nerve transfer. Postoperative 
results after arthroplasty yielded significant 
improvements in range of motion as well as 
improved DASH and ASES scores.

 Deltoid Reconstruction with Tendon 
Transfer

Muscle tendon transfers offer an alternative to 
nerve repair or transfers. Advantages of a tendon 
transfer include a shorter healing time without a 
time-sensitive window of treatment (Table 7.1). 
Postoperative immobilization for a tendon trans-
fer can coincide with immobilization for shoul-
der arthroplasty, thus expediting the overall 
recovery process if arthroplasty and tendon 
transfer are done in a single-stage procedure. 
Tendon transfer options for deltoid reconstruc-
tion include a trapezius transfer, a pedicled pec-
toralis major transfer, or a pedicled latissimus 
dorsi transfer.

The trapezius tendon transfer was first 
described with the use of a fascia lata graft to 
extend the trapezius insertion to the deltoid 
tuberosity [9]. The use of the allograft resulted 
in gradual stretching, and the trapezius trans-
fer was modified with the use of a bone block 
from the trapezius scapular spine insertion to 
attach to the humerus [16]. The procedure was 
later further modified by mobilizing the upper 
and middle trapezius tendons proximally; ele-
vating the trapezius insertions along the lateral 
portion of the clavicle, the acromioclavicular 
joint, and the acromion; and transferring to the 
proximal humerus [9, 17]. This last modifica-

Table 7.1 Comparison of nerve restoration and tendon 
transfer for deltoid dysfunction or deficiency

Nerve 
reinnervation Tendon transfer

Indications Nerve injury to 
axillary nerve

Nerve injury to 
axillary nerve
Deltoid muscle 
injury or resection
Brachial plexus 
palsy

Restoration 
of abduction

Yes Yes

Time-
sensitive

Yes No

Single-stage 
procedure 
with RSA

No (must confirm 
restoration of 
deltoid function 
prior to RSA)

Yes (immobilization 
time for RSA similar 
to that of tendon 
transfer)
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tion offered a more proximal release and a 
more distal transfer, providing better mechani-
cal advantage for the deltoid.

Results of upper trapezius tendon transfer 
without RSA in the setting of brachial plexus 
injury show overall good results and high patient 
satisfaction [9, 16, 18]. Poor outcomes were 
associated with concurrent rotator cuff tears or 
baseline glenohumeral joint instability [16]. 
Average reported gain of motion was between 
45° and 60° of abduction with resolution of pre-
operative glenohumeral subluxation and high 
patient satisfaction [18–20].

The second option for deltoid reconstruction 
with tendon transfer is a pedicled latissimus 
transfer [21–23]. The latissimus muscle is located 
at its insertion on the humerus and traced proxi-
mally to its origin on the thoracic and lumbar ver-
tebrae. The neurovascular bundle is located on 
the underside of the muscle with numerous vas-
cular tributaries to the muscle that need to be 
appropriately cauterized for hemostasis. The 
pedicle for the latissimus is relatively long, and 
muscle can be rotated on the pedicle to cover 
nearly the entire deltoid (Fig. 7.2).

Muramatsu et al. reported on a pedicled latis-
simus dorsi transfer without RSA for deltoid 

reconstruction in patients with musculoskeletal 
tumors requiring deltoid muscle excision. In 
these patients, the rotator cuff remained intact. 
All four patients had greater than 160° of shoul-
der abduction [22]. Itoh et al. reported abduction 
greater than 90° in their ten patients with latissi-
mus dorsi transfer for deltoid pathology without 
RSA and noted the importance of the rotator cuff 
for good results [21].

The third option for deltoid reconstruction 
with tendon transfer is a pedicled pectoralis 
major transfer. Resch et al. described this proce-
dure in 2008, where the clavicular origin and a 
portion of the sternal origin of the pectoralis 
muscle are elevated and the pectoralis flipped on 
its neurovascular pedicle, where the underside 
becomes the topside, and is reattached to the lat-
eral clavicle and anterior acromion [24] 
(Fig.  7.3). The pectoralis insertion can also be 
elevated and distalized for better muscle tension. 
Resch et  al. reported statistically significant 
improvements in shoulder abduction, shoulder 
forward elevation, and Constant scores. Smaller 
case series have also reported restoration of 
shoulder joint stability, deltoid muscle contour, 
abduction, and forward flexion with the pedicled 
deltoid flap [25, 26].

a b c

Fig. 7.2 Pedicled latissimus dorsi transfer for deltoid 
dysfunction. (a) Latissimus dorsi muscle with a broad 
muscular origin and narrow tendinous insertion at top left. 

(b) Neurovascular pedicle of latissimus dorsi (asterisk). 
(c) Latissimus dorsi muscle rotated over its pedicle (aster-
isk) to cover the entire deltoid
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 Outcomes After Tendon Transfer 
and Shoulder Arthroplasty

Elhassan et  al. provided the initial report of 31 
patients who underwent pedicled pectoralis 
major tendon in conjunction with reverse shoul-
der arthroplasty [27]. All patients had chronic 
deltoid paralysis due to axillary nerve injury with 
symptomatic glenohumeral arthritis and rotator 
cuff deficiency. With an average follow-up of 
37 months, overall subjective shoulder value in 
patients improved from 7% to 53%, DASH scores 
improved from 54 to 33, forward elevation 
improved from 11° to 83° (range 50–110°, 
p < 0.05), and external rotation improved from 3° 
to 16° (range 5–30°, p < 0.05). Complications in 
this series included two acromion fractures, three 
seromas that resolved spontaneously, and two 
patients that had proximal partial detachment of 

the transfer, but the patients were overall satisfied 
and elected not to have further surgery.

Two case studies of a pedicled latissimus dorsi 
transfer for deltoid deficiency have also been 
reported, although only one of these cases had 
the transfer and arthroplasty procedures con-
ducted in single-stage fashion rather than in a 
stepwise fashion [28, 29]. Goel et al. reported on 
one patient who underwent a concurrent reverse 
shoulder arthroplasty with latissimus dorsi pedi-
cle flap. At 1 year after the procedure, the patient 
had restoration of shoulder range of motion with 
forward elevation to 135°, external rotation to 
20°, and internal rotation to L2 with no evidence 
of latissimus dorsi muscle denervation on EMG 
and a well-seated implant on radiographs [29]. 
Dosari et al. reported on a RSA in a delayed fash-
ion 5 months after a latissimus pedicled transfer 
with good restoration of shoulder range of motion 
and pain relief [28].

 Authors’ Preferred Treatment 
Strategy

The senior author’s treatment algorithm includes 
clinical and electromyelogram confirmation of 
axillary nerve dysfunction correlating with MRI 
confirmation of deltoid muscle atrophy. On phys-
ical exam, at least the anterior and middle heads, 
with or without posterior head, of the deltoid are 
confirmed to be paralyzed. The dysfunction 
needs to have been present for a minimum of 18 
months without nerve repair, nerve reconstruc-
tion intervention, or clinical improvement. If 
there was a nerve repair or reconstruction, proof 
of continued nerve dysfunction must be con-
firmed at 18 months after the nerve procedure. 
Additionally, the patient must have symptomatic 
glenohumeral arthritis with concurrent rotator 
cuff dysfunction.

For younger, more active patients, a glenohu-
meral arthrodesis may be appropriate. Or if nerve 
injury was within 6–8 months, nerve transfers to 
restore nerve function may be appropriate. 
However, as mentioned above, we have not per-
formed a nerve transfer after reverse shoulder 
arthroplasty for deltoid paralysis because these 

a

b

Fig. 7.3 Anatomy for pedicled pectoralis major transfer. 
(a) Anatomy of the anterior deltoid and pectoralis major. 
(b) Pectoralis major (upper 2/3) elevated to expose the 
neurovascular bundle on the underside of the muscle. Also 
shows the broad coverage of the deltoid offered by the 
pedicled pectoralis transfer
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patients almost always get referred after the 
18-month time frame. If there is improvement in 
sequential EMG studies, it may be prudent to 
delay reconstruction until axillary nerve function 
has definitively plateaued. Again, shoulder 
arthroplasty with a pedicled pectoralis tendon 
should be considered a salvage procedure, espe-
cially in young, active individuals.

If this option is chosen, patients are counseled 
on postoperative functional and activity expecta-
tions with respect to a reverse shoulder arthro-
plasty in addition to the deformity from pectoralis 
transfer. If the patient cannot actively externally 
rotate past neutral, a tendon transfer for external 
rotation, either lower trapezius tendon or latissi-
mus dorsi tendon, is done at the same time.

 Authors’ Preferred Pedicled 
Pectoralis Muscle Surgical Technique

The senior author’s preferred technique was 
recently described [27]. The main reasons we 
favor the pedicled pectoralis transfer over the 
latissimus transfer are due to anatomy and syner-
gistic function. The anatomy of shoulder girdle is 
such that the pectoralis lies adjacent to deltoid 
and the surgery can be done through the same 
anterior approach. The patient can be positioned 
in the beach chair during the pectoralis transfer 
versus the need for lateral positioning during the 
latissimus transfer. Anatomy of the pedicled pec-
toralis transfer requires minimal dissection of the 
neurovascular pedicle, which is in contrast to the 
latissimus transfer, where the muscle requires 
extensive dissection proximally to the level of the 
axillary vascular pedicle. Additionally, in terms 
of synergistic function, the upper part of the pec-
toralis major spontaneously contracts during 
shoulder flexion, especially if the forearm is posi-
tioned in pronation.

The surgical technique for pedicled pectora-
lis transfer with reverse shoulder arthroplasty is 
performed as follows. Briefly, the patient is 
placed either in a beach chair or modified lateral 
decubitus position. The incision is performed 
starting 2 cm distal and inferior to the sternocla-
vicular joint, extending from the sternum supe-

riorly along the lower border of the clavicle 
toward the acromioclavicular joint and then dis-
tally toward the deltoid insertion via the delto-
pectoral interval. Full-thickness skin flaps are 
raised to expose pectoralis major muscle. The 
three parts of the muscle are identified: the cla-
vicular head, the upper sternal head, and the 
lower part of the sternal head. Harvesting of the 
pectoralis major is based on its neurovascular 
bundles with the clavicular head and upper ster-
nal head sharing a different neurovascular bun-
dle than the lower sternal head. The transfer of 
the pedicle flap is begun by detaching the upper 
part of the sternal head and the entirety of the 
clavicular head from the sternum and clavicle 
with careful attention to preserve its neurovas-
cular pedicle. The pedicle is located distal to the 
mid-clavicle, and the muscle belly must be ele-
vated prior to dissection of the muscle from the 
bone distal to the mid-clavicle. Once the muscle 
is detached from its origin, the insertion into the 
humerus is detached and the muscle elevated, 
allowing for visualization and mobilization of 
the pedicle proximally to the level of the axil-
lary artery and vein (Fig.  7.3b–d). Once the 
muscle has been mobilized and prepared, it is 
protected with moist gauze during the RSA.

The RSA is then performed in the standard 
fashion. In preparation to perform the pedicled 
pectoralis transfer, the anterior atrophic deltoid is 
excised, and the lateral one-third of the clavicle 
and anterior aspect of the acromion are debrided. 
Multiple #2 nonabsorbable sutures are placed 
through transosseous tunnels in the prepared 
clavicle and acromion. The pectoralis muscle is 
then flipped (like turning a page in a book) so that 
the most medial portion is transposed laterally. 
While keeping the shoulder in approximately 60° 
of flexion, the proximal aspect is repaired to the 
clavicle and acromion, and the distal tendon is 
repaired using cortical button fixation with soft 
tissue reinforcement. A drain is placed prior to a 
layered subcuticular incision closure.

Postoperatively, the patient has pre-made cus-
tom shoulder brace that is aimed to position the 
shoulder in 60° of flexion with resting internal 
rotation. If tendon transfer is performed for exter-
nal rotation, then the brace is adjusted to have 60° 

J. Lee and B. Elhassan



111

of flexion in addition to 40° of external rotation. 
The patient is strictly in the brace for 8 weeks fol-
lowed by active-assisted range of motion for 
another 8 weeks. After these 4 months, the patient 
is started on gentle strengthening for 8 weeks fol-
lowed by activity as tolerated with a limitation of 
15 pounds maximum in any direction. Passive 
stretching of the shoulder in any direction should 
be avoided for at least 5 months after surgery to 
avoid damaging the muscle transfer.

 Conclusion

In patients with deltoid deficiency or paralysis, 
reconstruction of the deltoid with either nerve 
restoration or tendon transfer yields good results 
for restoring motion and stability. This can be 
combined with shoulder arthroplasty in patients 
with glenohumeral joint or rotator cuff pathology 
with promising results for pain relief and func-
tional shoulder improvement.
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 Introduction

Arthritis affects more than 54 million (~23%) 
adults in the United States and results in pain, 
loss of function, and significant disability [1]. 
Arthroplasty is an effective treatment for end- 
stage arthritis, providing pain relief, increased 
range of motion, and improved quality of life. 
Although, the number of shoulder arthroplasty 
procedures is still small compared to hip and 
knee arthroplasty [2], the past few decades have 
seen a surge in the number of primary and revi-
sion shoulder arthroplasty cases. For instance, 
between 2000 and 2008, the number of shoulder 
arthroplasties in the United States increased 12% 
per year [3]. This increase in utilization is mainly 
due to an aging population, better diagnostic 
modalities, improvement in implant material and 
design, expanded indications, and more wide-
spread surgical training in shoulder replacement 
[3–5]. According to national trends, the utiliza-
tion of hemiarthroplasties is falling drastically, 
while the utilization of reverse total shoulder 
arthroplasty increases yearly since its introduc-
tion to US market in 2004 [6, 7].

Increasing utilization and expanding indica-
tions of total shoulder arthroplasty (TSA) have 
huge implications for the future burden of revi-
sion arthroplasty [5]. While several studies have 
shown that surgeon and hospital case volume 
have a direct correlation with the outcome and 
complications after shoulder arthroplasty, still, 
the majority of shoulder arthroplasties are done 
by low-volume surgeons [8]. Expanding indica-
tions for arthroplasty, especially to younger 
patients, is going to increase the burden and com-
plexity of revision arthroplasty in the future [9, 
10]. Denard et al. studied the long-term outcome 
of shoulder arthroplasty in patients under 55 years 
of age and reported 98% implant survival at 
5 years but only 63% survival at 10 years [11].

Because of the projected revision burden, an 
understanding of the work-up, diagnosis, and 
management of the failed shoulder arthroplasty is 
critical for the shoulder and elbow surgeon caring 
for this complex patient population. This section 
of chapters will review the etiology, diagnosis, 
and management of painful shoulder arthroplasty 
and report evidence-based and systematic 
approaches to common challenges.

 Painful Shoulder Arthroplasty

Shoulder arthroplasty provides predictable pain 
relief, improved function, and good longevity for 
the majority of patients [12–16]. Carter et  al. 
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[17] performed a systematic review of 20 studies 
with a total of 1576 TSAs and showed signifi-
cant improvement in pain level and generic and 
shoulder- specific patient-reported outcomes. 
Despite these impressive results, pain after 
shoulder arthroplasty is not uncommon. For 
example, Deshmukh et al. [14] reported on 320 
TSA patients at a minimum of 10 years follow-
up and, despite low revision rates (6.9%), 
reported some level of persistent pain in 32% of 
patients.

The painful shoulder has been cited as the 
most common reason for revision shoulder 
arthroplasty [18]. Hasan et al. [8] reviewed 141 
shoulder arthroplasties who were evaluated for 
unsatisfactory results and found that 82% had 
pain and 74% had stiffness. In their cohort, major 
factors that were associated with failed arthro-
plasty included instability, glenoid loosening, 
component malposition, tuberosity malunion, 
rotator cuff tear, glenoid erosion, and infection.

 Etiology of Painful Shoulder 
Arthroplasty

Although having pain immediately after surgery 
is expected, persistent pain or development of 
new pain after recovering from surgery is consid-
ered abnormal and warrants further investigation. 
Because of the non-weight-bearing nature of the 
shoulder joint and high capacity of the upper 
extremity to compensate for loss of motion, many 
patients with a less than optimal result may delay 
their presentation and/or choose not to have revi-
sion surgery. Regardless, persistent pain after 
shoulder arthroplasty should trigger a compre-
hensive work-up to address both the patients’ 
concerns and need for revision surgery.

A systematic approach to a painful arthro-
plasty requires the surgeon to consider early- and 
late-onset causes for a failed shoulder arthro-
plasty (Table 8.1). Unfortunately, there is no uni-
versal definition of “early” or “late” timing of 
presentation. As a general rule, if a patient did not 
have a pain-free period after surgery, early-onset 
etiologies should be given more consideration in 
the work-up as opposed to a patient whose shoul-

der becomes painful after functioning well for 
several years. Some complications, such as insta-
bility, can happen at any time in postoperative 
course and may have different mechanical causes. 
While early-onset instability can be associated 
with implant malposition, poor soft tissue bal-
ancing, or traumatic subscapularis failure, late- 
onset instability might be a result of implant 
failure, polyethylene wear, or attritional rotator 
cuff tear.

The causes of a painful shoulder arthroplasty 
may vary based on patient demographics, pri-
mary etiology for surgery, and the type of implant 
(Table 8.2). For instance, glenoid erosion is the 
most common cited cause of failure of hemiar-
throplasty for osteoarthritis [8], while tuberosity 
nonunion or malunion is the most common cause 
of failure after hemiarthroplasty for proximal 
humerus fracture [21]. While stiffness and gle-
noid loosening are the most common cause of 
failure in anatomic TSA [18], instability is the 
number one cause of revision after reverse TSA 
[22]. Bohsali et al. [19] reviewed the complica-
tion rates after shoulder arthroplasty in the past 
decade and reported that the overall rate of com-
plications is trending down from 14.7% to 11.0%. 
Some etiologies such as scapular stress fracture 
are unique to reverse TSA and commonly happen 
in osteoporotic female patients [23]. Surgeons 
should adopt an individualized approach to the 
work-up of the painful shoulder arthroplasty to 
take into account patient history, physical exami-
nation, radiographs, laboratory testing, and 
implant-specific characteristics.

Table 8.1 Etiology of painful shoulder arthroplasty

Early onset Late onset
Acute infection Subacute/chronic 

infection
Hematoma Rotator cuff failure
Stiffness Aseptic loosening
Nerve injury Heterotopic ossification
Scapular fracture (reverse 
TSA)

Glenoid erosion (Hemi)

Subscapularis failure Implant failure
Deltoid detachment Instability
Metal allergy Periprosthetic fracture
Instability
Periprosthetic fracture
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 Diagnosis of Painful Shoulder 
Arthroplasty

 History

A complete and focused history is perhaps the 
most important part of the work-up of a painful 
shoulder arthroplasty. The history should start 
with delineating the nature, severity, and ana-
tomic location of the pain, its relationship with 
joint movement, and the timing of symptoms in 
relation to surgery. Any associated symptoms 
including stiffness, mechanical symptoms of 
clicking and popping, sense of instability, numb-
ness or weakness in the upper extremity, neck 
pain, and radicular pain should be recorded. 
Although typical signs of infection are rare in 
shoulder periprosthetic infection, patients should 
be asked about constitutional symptoms includ-
ing fever, chills, and night sweats and any diffi-
culty with wound healing, excessive drainage, 
and being on prolonged antibiotics postopera-
tively. Information about the postoperative 
course, rehabilitation regimen, and history of a 
fall or direct trauma to the upper extremity are 
very valuable. Past medical history including dia-
betes, osteoporosis, coagulopathy, and prior 
infection as well as information regarding use of 
certain medications, such as chronic antibiotics, 
corticosteroids, systemic immunosuppressors, 
and anticoagulant medication, should be 
obtained. History of prior surgeries both before 
and after the index arthroplasty, recent dental 
work, urologic or GI procedure, and details of 

each surgery such as date, name of the surgeon, 
and hospital should be collected in case operative 
reports need to be obtained for revision surgery.

 Physical Examination

Inspection is the first step to a thorough physical 
examination and requires complete exposure of 
the shoulder girdle. The examiner should look for 
asymmetry, muscle atrophy, deltoid detachment 
and locations of prior incisions, delayed wound 
healing, and signs of infection (erythema, swell-
ing, or drainage). Palpation is the next step and 
involves an evaluation for tenderness around the 
incision, glenohumeral joint line, acromioclavic-
ular and sternoclavicular joints, and posterior 
border of the acromion and scapular spine. The 
evaluation of motion in all planes should be con-
ducted, and the examiner should pay particular 
attention to whether passive range of motion and 
active range of motion are equal to one another. If 
passive range of motion and active range of 
motion are equally limited, possible causes 
include extensive scar formation or mechanical 
impingement from the implant or bony abnor-
malities. If passive motion is preserved but active 
motion is limited, muscle weakness, tendon rup-
ture, or nerve deficit should be considered. 
Patients should be asked to reproduce mechani-
cal symptoms such as crepitation or clicking, if 
possible. A neurovascular examination should be 
performed to assess nerve function and vascular 
perfusion of the upper extremity.

Table 8.2 Common causes of complication after shoulder arthroplasty for each type of implant

HA

aTSA rTSAFor OA
For proximal humerus 
fracture

Complication rate (short to 
mid- term) [19, 20]

2.9–17% 5.0–64.0% 10.3% 16.1%

Complications Glenoid 
erosion
Rotator cuff 
failure
Nerve injury
Infection

Tuberosity nonunion/
malunion
Technical error in implant 
height and version
Nerve injury
Infection

Implant loosening
Instability
Periprosthetic 
fracture
Rotator cuff tear
Nerve injury
Infection

Instability
Scapular fracture
Periprosthetic 
fracture
Nerve injury
Infection
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 Imaging

The goal of imaging in the assessment of a pain-
ful shoulder arthroplasty is to assess bone, soft 
tissue, implants, and their relationships [24] 
(Table 8.3). Plain X-ray and computed tomogra-
phy (CT) scan are main modalities in assessing 
bone quality, fractures, tuberosity healing, 
implant position, dislocation, and loosening. 
When it comes to soft tissue assessment, ultra-
sound (US) and CT arthrogram are modalities of 
choice to assess soft tissue reaction, fluid collec-
tion, and integrity of rotator cuff tendon and mus-
cles around the shoulder. In our experience, the 
utility of magnetic resonance imaging (MRI) is 
limited due to artifact caused by the metallic 
implant and limited soft tissue evaluation even 
with metal subtraction imaging.

 X-Ray

Plain radiographs are inexpensive, readily avail-
able in most clinical settings, and provide infor-
mation about the bone, soft tissue, and implants. 
Therefore, they are the initial modality of choice 
for evaluation of a painful shoulder arthroplasty 
[25, 26]. Radiographic studies should, at mini-
mum, include anteroposterior (AP), true AP or 

Grashey, and axillary views. Images should be 
taken as such that the glenohumeral joint, medial 
border of the scapula and entirety of the implant, 
including the humeral stem is visible. Generally, 
changes are subtle, and comparisons between 
serial radiographs enhance the examiner’s ability 
to discern bone loss and implant loosening or 
migration [26].

The AP and true AP views allow evaluation of 
overall bone quality, focal bone resorption, frac-
ture or notching, and presence of heterotopic 
ossification. On the humeral side, implant align-
ment, humeral head size, tuberosity height, 
cement mantle, and osteolysis are evaluated for 
“overstuffing” [27], possible stem loosening, or 
subsidence (Fig. 8.1). The axillary view is useful 
to assess glenoid version, anteroposterior rela-
tionship of the implant to the glenoid, and implant 
subluxation or dislocation (Fig. 8.2). The axillary 
view is also useful to assess the position and pos-
sible displacement of the lesser tuberosity oste-
otomy (Fig.  8.3). Examiner should specifically 
look for acromial and scapular spine fractures in 
a painful reverse total shoulder arthroplasty and 
compare preoperative and postoperative radio-
graphs for evidence of displacement.

Radiographs are also important tool for pre-
operative planning. They are used to assess over-
all bone stock, amount of joint line medialization, 

Table 8.3 Imaging modalities in assessing bone, soft tissue, and implant in painful shoulder arthroplasty

Imaging Bone Soft tissue Implant
XRAY Bone quality

Bone resorption
Glenoid erosion
Tuberosity malunion
Periprosthetic fracture
Scapular fracture
Overstuffing
Notching

Swelling
Air in the joint
Foreign body
Heterotopic ossification

Implant loosening
Implant failure/dissociation
Subluxation/dislocation

US – Joint effusion
Hematoma
Deltoid detachment
Rotator cuff integrity

–

CT/CT arthrogram/MARS CT Bone quality
Humeral bone loss
Glenoid erosion
Fracture healing
Tuberosity position
Periprosthetic fracture
Scapular fracture

Integrity of soft tissue envelop
Muscle atrophy
Calcification
Air in the joint
Foreign body

Implant integrity
Implant loosening
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location of tuberosities, and presence and loca-
tion of heterotopic ossifications. We know that 
under- or over-tensioning of the deltoid may lead 
to instability or possible scapular spine fracture 
in reverse arthroplasty implants. Avascular 
necrosis, malunion, or proximal humerus bone 
loss makes it difficult to assess bony landmarks 
and the amount of lengthening based on the 
affected shoulder. Bilateral full-length arm X-ray 
with a scale included in the image will provide 

an objective preoperative tool to accurately mea-
sure arm lengthening and optimize soft tissue 
tensioning [28].

 Ultrasound

Ultrasound is another low-cost modality that 
allows evaluation of soft tissue derangements 
including rotator cuff tear, muscle detachment or 
atrophy, and fluid collections around the implant 
[29]. Ultrasound is not affected by metal artifact 
from the implant and allows dynamic evaluation 
of the joint [25]. The feasibility of ultrasound in 
evaluating posterior-superior rotator cuff tears or 
subscapularis failure in shoulder arthroplasty has 
been established [29]. Ultrasound is also com-
monly used in the guided diagnostic aspiration of 
the painful shoulder arthroplasty. The main limi-
tations of ultrasound are its dependence on the 
experience and skill of the operator, difficulty in 
patients with large body habitus, and the inability 
to assess bone and implant loosening.

 CT Scan

CT scan plays an important role as an advanced 
imaging modality in the evaluation of the painful 
shoulder arthroplasty. CT scan provides granular 
evaluation of bone stock, implant loosening, and 
migration [30]. CT arthrogram can be used to 
assess rotator cuff integrity and glenoid implant 
loosening [31]. Mallo et  al. [32] studied the 
accuracy of CT arthrography to assess implant 
loosening in the setting of painful shoulder 
arthroplasty and found that this technique can 
underestimate glenoid loosening and cautioned 
against its use. Application of CT to quantify 
glenoid loosening in anatomic TSA was limited 
due to metal artifact generated by the humeral 
head implant [33]. New metal artifact reduction 
protocols have improved the quality of CT 
images [34] and, along with simple patient posi-
tioning techniques [30], have made reproducible 
evaluation of glenoid loosening possible [35]. 
Metal artifact reduction protocols have their own 
limitations, and, although they visually create 

Fig. 8.1 78-year-old male who presented 1  year after 
pain and stiffness following reverse total shoulder arthro-
plasty with AP and axillary X-ray revealing a failed base-
plate due to aseptic loosening
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better images with less streaking, they can affect 
sizing of the metal implant and the quality of tra-
becular bone images [36, 37]. Using 3D recon-
struction of CT images in recent year has become 
a powerful tool for preoperative planning for 
revision surgery.

 MRI

MRI has high soft tissue resolution, but, given its 
high cost and vulnerability to metal artifact, its 
use has been limited in evaluation of painful 
shoulder arthroplasty [24]. The main advantage 
of MRI in the setting of arthroplasty, especially 
if metal artifact reduction protocols are applied, 
[38] is its ability to assess for rotator cuff tear-
ing, rotator cuff muscle atrophy, brachial plexus 
injury, and surrounding soft tissue injury [39]. 
Sperling et al. [40] reported that, despite metal 

artifact, MRI was able to correctly identify 10 
out of 11 cases that had a full-thickness rotator 
cuff tear and 8 of 10 who did not have a rotator 
cuff tear after shoulder arthroplasty. With these 
findings, selective application of MRI with metal 
artifact reduction protocols in patients who are 
high risk for a rotator cuff tear might be 
justified.

 Nuclear Medicine

Application of nuclear medicine in work-up of 
the painful shoulder arthroplasty has focused on 
prosthetic joint infection, assessment of implant 
loosening, and occult fracture [24]. X-ray imag-
ing is usually negative in early stages of infec-
tion, implant loosening, and stress fracture, and 
ability to detect a biologic response is valuable 
and can lead to early diagnosis. The challenges of 

Fig. 8.2 74-year-old female who underwent a reverse 
total shoulder arthroplasty presented 6 months later with 
pain, inability to raise the arm, and deformity of the upper 

arm. Radiographs show anterosuperior dislocation of the 
prosthesis
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conventional technetium bone scan are its lack of 
specificity in diagnosing prosthetic shoulder 
infection [25]. Because of their nonspecific 
nature, the role of nuclear medicine scans in the 
work-up of the painful shoulder arthroplasty 
remains undetermined.

 Electromyography (EMG)

Nerve injury is reported in 0.1–4.3% of shoul-
der arthroplasties with the majority involving 
the axillary nerve. There is a high rate of spon-
taneous recovery in the first 3 months postop-
eratively [41–43]. Involvement of the brachial 
plexus, radial nerve, and ulnar nerve has also 
been reported with far less frequency [18]. In 
reverse TSA, excess arm lengthening >2  cm 
and placement of arm in extreme positions dur-
ing the surgery may stretch brachial plexus and 
lead to nerve injury [44, 45]. Ladermann et al. 
[46] reported that prevalence of nerve injury 
detected by EMG at 3.6 weeks was 10.5 times 
higher after reverse than anatomic TSA. If neu-
rologic recovery did not start by 12 weeks after 
surgery, an EMG study is warranted to assess 
integrity and function of the upper extremity 
nerves.

 Laboratory Studies

Infection is one of the important differential 
diagnoses in any painful shoulder arthroplasty, 
and, at minimum, laboratory markers includ-
ing white blood cell count and inflammatory 
markers such as erythrocyte sedimentation 
rate (ESR) and C-reactive protein (CRP) 
should be ordered to screen for infection. 
Unfortunately, most periprosthetic shoulder 
infections are caused by indolent organisms, 
and laboratory markers are commonly normal 
[47, 48]. There is poor correlation between 
positive intraoperative cultures and elevated 
laboratory markers in failed arthroplasty cases 
[49]. Villacis et  al. showed that WBC count 
had poor sensitivity and only predicted 7% of 
cases with positive cultures [50]. In a cohort of 
193 revision shoulder arthroplasties, Pottinger 
et  al. [51] showed that only 17% of patients 
with positive culture for Propionibacterium 
acnes had elevated ESR levels. Similarly, 
Grosso et al. [52] reported 33% sensitivity for 
CRP in detecting positive cultures in revision 

Fig. 8.3 72-year-old male who presented 6 weeks after 
an anatomic total shoulder arthroplasty with a failed lesser 
tuberosity osteotomy repair resulting in subscapularis 
dysfunction and implant subluxation
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shoulder arthroplasty. Preoperative inflamma-
tory markers and WBC count are  commonly 
normal in painful shoulder arthroplasty, but 
positive results are useful and in most cases 
should be taken seriously. Chalmers et  al. 
looked at a large national insurance database 
and identified patients who developed infec-
tion 1 year following revision shoulder arthro-
plasty and found that besides male gender 
(OR =  3.8, P  <  0.001), elevated preoperative 
ESR significantly increased the odds of devel-
oping infection following revision arthroplasty 
(OR  =  2.4, P  <  0.05) [53]. Analysis of cyto-
kine profiles of the serum and joint aspirate 
such as IL-6 and α-defensin has shown prom-
ising results [54–56], but their application 
have been limited due to cost, lack of sensitiv-
ity for blood samples [48], limited availability, 
and lack of a well- developed infection work-
up algorithm to interpret results.

 Allergy Testing

Metal allergy is a poorly understood cause of 
painful arthroplasty. Data available on this topic 
in the hip and knee literature is inconclusive. 
Bravo et  al. compared 161 total knee arthro-
plasty cases with positive metal allergy history 
(56 patients had positive skin test) with 161 
matched controls with no history of metal 
allergy [57]. After 5.3 years of follow-up, there 
were no differences in pain level, complications, 
or revision rate among any of the groups. The 
most commonly reported allergy is to nickel, 
and there is limited data available to assess the 
extent of this problem in shoulder arthroplasty. 
Ko et al. [58] reported ten female patients who 
presented with persistent pain on average 
2  months after surgery and found that eight 
cases were positive for nickel allergy and two 
were positive for cobalt allergy. The challenge is 
the unclear relevance of skin testing to deep tis-
sue reaction to metal implants and lack of con-

sistency and standardization of blood testing for 
metal allergy [59]. Morwood et al. reviewed the 
current literature on shoulder arthroplasty in 
patients with metal allergy and found no evi-
dence supporting routine preoperative testing 
for metal allergy [60]. They recommend screen-
ing patients for history of metal/jewelry hyper-
sensitivity and change the implant system to 
nickel-/cobalt-free implants in patients with 
positive history. In the setting of a painful shoul-
der arthroplasty, it is reasonable to screen 
patients for possible metal allergy using either 
skin patch or lymphocyte transformation test 
after other causes such as infection or mechani-
cal failure are ruled out.

 Joint Aspiration

Aspiration of joint fluid can be an effective 
means to directly collect fluid for culture from a 
painful shoulder arthroplasty, but its utility for 
diagnosis of periprosthetic infection has not yet 
been established. Blind aspiration of a shoulder 
arthroplasty may fail due to distorted anatomy 
and postoperative scar formation [61]. Image-
guided aspiration may have better success rates 
in targeting loculated fluid around the implant 
and can also lavage the joint in cases of a dry tap. 
Even when aspirations are successful, it is 
unclear whether they correlate with tissue cul-
tures [62]. Dilisio et al. [63] compared the results 
of fluoroscopically guided joint aspiration with 
arthroscopically obtained tissue biopsies in 19 
patients with painful shoulder arthroplasty and 
showed sensitivity of 16.7% and negative pre-
dictive values of 58.3%. The accuracy of the 
synovial fluid cell count for diagnosing peripros-
thetic joint infection in the shoulder is much 
lower than hip and knee arthroplasty. We recom-
mend preoperative aspiration to be attempted 
under sterile conditions in all patients with atrau-
matic, painful shoulder arthroplasty. Although 
the majority of arthroplasty aspirations will 
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result in a dry tap or a negative result, positive 
aspiration has high specificity for infection. 
Overall, even with a negative aspiration, infec-
tion cannot be ruled out in the setting of a painful 
shoulder arthroplasty.

 Examination Under Anesthesia (EUA)

Examination under anesthesia in the setting of 
painful shoulder arthroplasty can provide useful 
information about implant loosening, frank or sub-
clinical instability, and possible bony and soft tis-
sue impingement. Surgeons can utilize live 
fluoroscopy to gain a better understanding of the 
stability of the implant prior to undertaking an 
arthroscopic or open surgery. Gee et  al. [64] 
reported cases of posterior instability after TSA 
that failed conservative management and was eval-
uated with EUA and addressed through arthroscopic 
capsular imbrication. The surgeon should be mind-
ful of the possibility of iatrogenic periprosthetic 
fracture, dislocation, or nerve injury during manip-
ulation of a stiff or unstable shoulder arthroplasty.

 Arthroscopic Evaluation and Tissue 
Biopsy

When a patient presents with an unexplained 
painful shoulder arthroplasty and negative 
infection work-up, an arthroscopic evaluation of 
the joint will allow for assessment of bony and 
soft tissue structures, glenoid component fixa-
tion, and the opportunity to obtain synovial fluid 
and multiple tissue biopsies. One study showed 
that diagnostic arthroscopy has a much higher 
success rate in identifying pathogens than joint 
aspiration [63]. Tashjian et al. [65], in their anal-
ysis of 17 patients with failed shoulder arthro-
plasty, showed that sensitivity and specificity of 
pre- revision biopsies taken arthroscopically or 
open in predicting final cultures at the time of 
revision were 90% and 86%, respectively. Also 

assessment of implant stability through arthros-
copy is more accurate than CT arthrogram [32].

 Diagnostic Injections

Although stiffness, glenoid loosening, and insta-
bility are commonly cited causes of painful 
shoulder arthroplasty, the source of the patient’s 
pain can be challenging to identify. Diagnostic 
injections of local anesthetic in the subacromial 
space or AC joint can provide insight into the 
source of pain. The use of diagnostic injections 
after shoulder arthroplasty is controversial due to 
the potential risk of causing a periprosthetic joint 
infection.

 Authors’ Preferred Work-Up for Painful 
Arthroplasty
Painful shoulder arthroplasty represents a wide 
range of pathologies with a long list of etiologies. 
There is little consensus in the literature on how 
this complex entity should be evaluated and what 
set of laboratory tests, imaging studies, or diag-
nostic procedures should be ordered to reach a 
final diagnosis. Moreover, it is common that 
majority, if not all, of the preoperative diagnostic 
tests are negative, leaving clinicians without a 
clear explanation for a patient’s continued pain 
and dysfunction. Our preferred approach is 
shown in Flowchart 8.1.

 Summary

This chapter provides an overview of the diag-
nostic approaches to the painful shoulder arthro-
plasty. The diagnostic evaluation includes a 
comprehensive history, physical examination, 
laboratory evaluation, and review of diagnostic 
studies. The chapters that follow will further 
evaluate the causes of pain and dysfunction after 
shoulder arthroplasty with a focus on diagnostic 
algorithms and management options.

8 General Approach to the Painful Shoulder Arthroplasty
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Management of the Failed 
Hemiarthroplasty

Manesha Lankachandra and Anand M. Murthi

Hemiarthroplasty has a long and varied history in 
the treatment of different shoulder pathologies. 
Neer’s first description of shoulder arthroplasty 
in 1955 involved replacement of the humeral 
head with a Vitallium implant for seven cases of 
severe proximal humeral fracture [1]. This 
unconstrained, monoblock prosthesis offered 
better pain relief and function when compared to 
the resection arthroplasty of that time. Over the 
past 70 years, the indications for shoulder hemi-
arthroplasty have grown and changed, from com-
minuted and unreconstructable proximal humerus 
fractures and their sequelae to osteoarthritis in 
young, active patients to patterns of nonconcen-
tric glenoid wear in patients who are not candi-
dates for reverse total shoulder arthroplasty.

Despite its increasingly common use, the fail-
ure rate of hemiarthroplasty is high, in both 
arthritis and fracture settings. The most common 
causes of hemiarthroplasty failure include pros-
thesis instability, glenoid erosion, rotator cuff 
dysfunction, and, in the case of fracture, tuberos-
ity malposition and resorption.

Hemiarthroplasty has been used instead of 
total shoulder arthroplasty in patients with osteo-
arthritis because of concern over early glenoid 
loosening, especially in younger and more active 
patients. Although early results for hemiarthro-

plasty were promising in this subset of patients, 
multiple studies have shown unsatisfactory 
results. Especially as time of follow-up increases, 
durability and patient satisfaction decrease. 
Levine et al. [2] reported a series of 28 patients 
followed for an average of 17  years. Eight of 
these patients underwent revision, and the overall 
Neer satisfaction rating was 25% [2]. Sandow 
et al. compared long-term outcomes of anatomic 
total shoulder arthroplasty and hemiarthroplasty 
after a minimum of 10 years and found that none 
of the patients in the hemiarthroplasty group 
were pain-free at final follow-up with a revision 
rate of 31% [3].

The most common cause for revision in 
hemiarthroplasty patients is painful glenoid 
arthritis. The radiographic finding of glenoid 
erosion is routinely found after shoulder hemi-
arthroplasty. Recently in a review of 118 shoul-
ders, Herschel et  al. found some degree of 
glenoid erosion in all but 13 shoulders [4]. In a 
review of both total shoulder arthroplasty and 
hemiarthroplasty in the setting of rheumatoid 
arthritis, Sperling et al. found glenoid erosion in 
58 of 59 shoulders [5]. When this finding mani-
fests as painful glenoid arthritis, it often leads to 
a deterioration in functional outcome and 
requires revision surgery [4–6].

Radiographic findings in patients with gle-
noid erosion show characteristic wear patterns 
ranging from mild erosion into subchondral 
bone to medialization of subchondral bone with 
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 hemispheric deformation up to and beyond the 
level of the coracoid. The role of factors such 
as implant positioning is unclear in terms of 
the degree of erosion and its clinical findings, 
although it is generally thought that better preop-
erative bone stock and better glenoid condition 
are protective [4].

Rotator cuff dysfunction in hemiarthroplasty 
patients manifests as anterosuperior escape with 
coracoacromial arch incompetence. Clinically, 
this is evident as functional decline and progres-
sive loss of active motion. In severe cases, physi-
cal exam can show subcutaneous displacement of 
the prosthesis (Fig. 9.1). A recent series showed 
rotator cuff insufficiency and instability as a rea-
son for revision in 127 of 157 patients undergo-
ing revision surgery [7]. As with glenoid erosion, 
it is unclear what factors such as implant posi-
tioning have on the natural history of rotator cuff 
wear in these patients, though overstuffing, 
increased lateral offset, and large humeral head 
are certain contributors. In our own experience, 
we have most commonly revised hemiarthroplas-
ties due to rotator cuff insufficiency and resulting 

loss of function (Figs.  9.2, 9.3, 9.4 and 9.5). 
These patients had characteristic proximal migra-
tion of their prosthesis on radiographs and physi-
cal examination, and both cases showed 

Fig. 9.1 Photograph shows proximal migration and sub-
cutaneous displacement of a hemiarthroplasty implant

Fig. 9.2 Anteroposterior x-ray of a failed hemiarthro-
plasty with proximal migration of the implant and clinical 
rotator cuff insufficiency

Fig. 9.3 Anteroposterior x-ray of a failed hemiarthro-
plasty revised to a reverse total shoulder arthroplasty
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pseudoparalysis. They were both revised to 
reverse total shoulder arthroplasty with good 
results of pain relief and improved function.

In patients who have undergone hemiarthro-
plasty for fracture, the status of the rotator cuff is 
closely tied to the position and function of the 
tuberosities [8]. This can present as both initial 
tuberosity malposition or tuberosity detachment 
and subsequent migration and resorption. 
Tuberosity malposition and loss of fixation are 
also related to initial implant position and poor 
bone quality. Prevention is paramount. Careful 
tuberosity reconstruction with cerclage tech-
niques is useful to prevent these complications.

Multiple studies have shown that tuberosity 
malposition correlates with an unsatisfactory 
result, including stiffness, weakness, and persis-
tent pain. In a series of 66 patients, Boileau et al. 
found that final tuberosity malposition occurred 
in 33 patients and correlated with an unsatisfac-
tory clinic result [9]. In a study of 167 patients, 
Kralinger et al. found the only factor significantly 
influencing the outcome was healing of the tuber-
osity in an anatomical position. Patients in whom 
the tuberosity healed with displacement were 
only slightly better than those in whom it did not 
heal or resorbed [10].

A tuberosity that remains displaced can lead 
to decreased range of movement because of bony 
impingement, causing a mechanical block to 
motion as well as pain. Nonanatomic stresses on 
the attached rotator cuff can also cause pain and 
weakness. Unsurprisingly, revision surgery per-
formed for soft tissue concerns yields worse out-
comes than does revision surgery for glenoid 
erosion [11].

The options for revision implants with a failed 
hemiarthroplasty are an anatomic total shoulder 
arthroplasty (TSA), a reverse total shoulder 
arthroplasty (RSA), and, rarely, another hemiar-
throplasty with or without glenoid interposition. 
This decision depends largely on the status of the 
rotator cuff. If the cuff is deficient, then anatomic 
total shoulder arthroplasty is contraindicated. 
Because the indication for each of these proce-
dures is based on two different clinical scenarios, 
it is difficult to compare reverse total shoulder 
arthroplasty and anatomic shoulder arthroplasty 

Fig. 9.4 Anteroposterior x-ray of a failed hemiarthro-
plasty with proximal migration of the implant and clinical 
rotator cuff insufficiency

Fig. 9.5 Anteroposterior x-ray of a failed hemiarthro-
plasty revised to a reverse total shoulder arthroplasty
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in this setting. Other factors that can influence the 
decision between anatomic and reverse total 
shoulder arthroplasty include the age of the 
patient, the pattern of glenoid bone loss (concen-
tric versus eccentric and contained versus uncon-
tained), and the modularity and status of the 
humeral implant (loose or well fixed).

Studies done prior to the widespread popularity 
of reverse total shoulder arthroplasty showed gen-
erally poor results with revision of failed hemiar-
throplasty to anatomic total shoulder arthroplasty. 
In a series of 16 patients who underwent revision 
from hemiarthroplasty to anatomic total shoulder 
arthroplasty, Carroll et  al. observed an unsatis-
factory result in 7 based on Neer’s criteria [12]. 
Sperling et  al. reported unsatisfactory results 
in 7 of 18 revision patients [13]. The patients in 
the study by Carroll et  al. were mostly treated 
with hemiarthroplasty initially for  osteoarthritis, 
whereas those in the Sperling et  al. study were 
more often treated with hemiarthroplasty for frac-
ture, but results in both groups of patients were 
variable and sometimes unpredictable.

As the popularity of reverse total shoulder 
arthroplasty has increased and its indications 
have expanded, so too has its use in the revision 
setting. There is a paucity of data regarding revi-
sion of hemiarthroplasty to reverse total shoulder 
arthroplasty, but most studies show reasonable 
clinical outcomes with satisfactory pain relief 
and functional improvement. Levy et al. reported 
significant improvement in pain and function for 
19 patients treated with RSA for failed hemiar-
throplasty due to osteoarthritis and cuff defi-
ciency. The complication rate in this series was 
relatively high, with six shoulders having pros-
thesis-related complications including failure of 
the polyethylene and baseplate loosening. The 
rate of prosthesis complications was significantly 
higher in patients with severe bone loss of the 
glenoid and humerus [14]. In another study, Levy 
et al. showed significant improvement in range of 
motion and patient satisfaction in patients treated 
with RSA after failure of hemiarthroplasty for 
fracture. The complication rate in this group of 
patients was 28%. Poorer outcomes were again 
associated with severe proximal humeral bone 
deficiency [15].

Faced with the question of glenoid erosion, 
there are multiple options for reconstruction. 
Many of these are designed for revision in the 
setting of prior TSA, with glenoid bone loss 
related to a cemented polyethylene glenoid com-
ponent. The pattern of bone loss in failed hemiar-
throplasty usually reflects wear-related erosion 
rather than the cavitary bone loss associated with 
polyethylene wear generally seen with failed 
TSA. Nonetheless, the medialization seen in both 
scenarios often requires some type of additional 
mechanical support beyond that of a standard 
implant. In the setting of extreme bone loss, most 
surgeons choose to use an RSA versus an ana-
tomic TSA because the rigid fixation of an RSA 
baseplate allows improved implant stability. 
Multiple studies have demonstrated the failures 
of traditional TSA glenoid fixation in cases of 
nonconcentric or severe wear [16–18].

The exact indications for glenoid bone graft-
ing or a custom implant are not entirely clear, but 
in general, if there is less than 50% backside cov-
erage of an RSA baseplate, some type of addi-
tional fixation is used. Wagner et al. reported on 
the use of both structural and nonstructural grafts 
in patients undergoing revision shoulder arthro-
plasty. As in other similar studies, they reported 
moderate levels of improvement. Factors related 
to failure were varied. Structural versus nonstruc-
tural bone graft did not affect outcomes [19].

Another option for treatment of large glenoid 
defects is the use of patient-specific implants that 
have been designed to fill glenoid defects. This 
“vault reconstruction system” involves making a 
preoperative plan based on a patient’s three-
dimensional CT scan with a customized implant 
and instrumentation. Our experience with this 
type of implant has been largely with failed TSA 
and the resulting cavitary bone loss, but it is 
described in cases of failed hemiarthroplasty as 
well. The benefits of this system are that there is 
no need for structural or nonstructural bone graft 
and the implant is designed to rigidly fixate to 
whatever bony support is left in the native gle-
noid. This system relies heavily on the accuracy 
of the preoperative CT scan [20].

Indications for component removal can include 
loosening, malposition or mechanical failure and 
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instability, or infection. Hemiarthroplasty pros-
theses are often cemented, and the presence of 
any of these complications can necessitate the 
removal of the humeral component and cement 
mantel. If it’s not possible to remove the pros-
thesis through the prior proximal humeral oste-
otomy, both humeral windows and longitudinal 
splits have been described to gain access to and 
release the implant [21–23].

If the humeral component is well fixed and in 
acceptable position, it is sometimes possible to 
keep the previous humeral implant and take 
advantage of modular systems that allow for con-
version from a hemiarthroplasty or anatomic 
total shoulder arthroplasty to reverse total shoul-
der design. Wieser et al. found that patients who 
did not have to undergo stem exchange had less 
operative time and less blood loss as well as 
fewer intraoperative complications than those 
who did have to undergo stem removal [24]. This 
is logical, but it also underlies the importance of 
being prepared for and adapting to, within rea-
son, whatever implant was initially used. Data 
regarding the functional outcomes of patients 
who undergo modular conversion of hemiarthro-
plasty to total or reverse total shoulder arthro-
plasty is limited, but overall function appears 
improved [25].

 Authors’ Preferred Algorithm

In these situations the authors prefer to maximize 
bone preservation and understand that revision 
surgery is usually dependent on the status of the 
rotator cuff and its functional use after surgery. If 
the shoulder is cuff or tuberosity deficient, then 
conversion to reverse shoulder replacement is 
necessary. If the patient is healthy and relatively 
young with an intact rotator cuff and arthritic gle-
noid, then conversion from hemiarthroplasty to 
total shoulder replacement is warranted. However, 
intraoperative factors are also important, such as 
the quality of the subscapularis tendon, which 
will require a second detachment and secure 
repair. Also, the quality and quantity of glenoid 
bone are important and are crucial to revision sur-
gery. A stable polyethylene glenoid with good 

fixation is paramount to success. The authors will 
always consent these patients for both conversion 
to total shoulder and reverse shoulder replace-
ment in cases where stable glenoid fixation and 
subscapularis repair are not possible. The use of 
platform humeral stems for conversion to reverse 
shoulder replacement is purely an intraoperative 
decision as the stem positioning, especially 
height, may make it difficult if not impossible to 
implant the glenoid baseplate/sphere. Therefore, 
the removal of the entire hemiarthroplasty stem is 
often performed with revision humeral neck cut 
and possibly a humeral osteotomy as well. 
Furthermore, glenoid bone grafting may be neces-
sary either bulk allograft (utilizing femoral head 
allograft) or demineralized bone matrix and can-
cellous chips for contained cavitary defects. On 
the humeral side, cortical strut grafts (medial and/
or lateral) may be applied to support weakened 
humeral shaft bone after revision humeral replace-
ment with shaft bone loss.

 Conclusions

Revision of the failed hemiarthroplasty is a com-
plex multifactorial problem in shoulder surgery. 
The correct diagnosis for failure must be made, 
and then proper history, physical examination, 
and imaging studies must be done. Revision sur-
gery must be carefully planned with all support 
instrumentation and prostheses available to enable 
the surgeon to obtain a good functional outcome.
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 Introduction

Total shoulder arthroplasty is now the third most 
commonly performed joint replacement surgery 
in the United States, behind the hip and knee [1]. 
Over the past 20 years, there has been a rapid and 
exponential increase in the number of total shoul-
der replacements performed. During the 1990s, 
annual total shoulder arthroplasty rates were less 
than 10,000 per year; however, in 2011, roughly 
67,000 shoulder arthroplasties were performed 
[1, 2]. The most common indication for an ana-
tomic total shoulder arthroplasty (aTSA) is osteo-
arthritis of the glenohumeral joint, with an intact 
rotator cuff and adequate glenoid bone stock [3].

As the prevalence of aTSA continues to 
increase, a wide spectrum of potential failure 
mechanisms can be expected to occur. Knowing 
the common modes of aTSA failure, how they 
are diagnosed, and how to manage the different 
failure mechanisms is important not only in man-
aging these complex cases but also preventing 
them from occurring. This chapter will review 
the most common mechanisms of aTSA failure, 
discuss the various diagnostic tools, and review 
the literature for evidence regarding the best 
method for revision surgery. Recommendations 

for treatment including a decision algorithm will 
be reviewed (Fig. 10.1).

 Mechanisms for Failure

Bohsali et al. have twice performed a systematic 
review of the literature regarding aTSA complica-
tions. Their first review covered publications from 
1996 to 2005 and included over 30 studies with 
more than 2500 patients [5]; their second review of 
the literature is from 2006 to 2015 and included 
another 30 studies and over 3300 patients [6]. 
While the overall rates of complications appear to 
be declining, component failure, specifically of the 
glenoid, continues to be a significant problem 
affecting implant longevity.

 Component Failure

The most common mechanism of failure after 
aTSA is component loosening and wear and frac-
ture [5–7]. Prosthetic loosening accounts for 
roughly 39% of all complications, affecting 4–6.3% 
of all shoulders [5, 6]. The mode and cause of com-
ponent failure is important to understand as these 
factors will ultimately affect treatment decisions.

 Glenoid Component Failure
The glenoid is the most common site of failure 
(Fig. 10.2) [5, 6]. Glenoid component loosening 
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was found to account for 32–37.7% of all compli-
cations, with 3.9–5.3% of all patients experienc-
ing some degree of loosening [5, 6]. Individual 
studies have reported glenoid loosening rates as 
low as 1.1% [8] up to 14% [9]. It is important to 
note that glenoid loosening may be asymptom-
atic, not requiring further treatment but only 
observation. In a systematic review of glenoid 
failure in aTSA, Papadonikolakis et al. found that 
the annualized rate of asymptomatic loosening 
was 7.3%, while symptomatic loosening was 
lower at only 1.2% and revision even lower at 
0.8% [7]. They did not find a correlation between 
asymptomatic loosening and revision (r = 0.03), 
although symptomatic loosening was correlated 
with revision (r = 0.77) [7]. Thus, asymptomatic 
loosening may be carefully followed without the 
need for further workup or treatment. The vari-
ability in the literature may be partially explained 
by a number of design factors that have been 
linked with glenoid component survival.

There have been numerous reports of inferior 
outcomes of metal-backed and metal ingrowth 
glenoids compared to all-polyethylene compo-
nents due to increased loosening and implant 
fractures (Fig. 10.3) [10–14]. Rates of loosening 
of metal-backed components have been reported 
as 5–42% [10–15]. Fractures of metal-backed 

implants have been reported to occur in 9.4–21% 
of cases [11–13]. In addition, biomechanical 
testing has also favored cemented all-polyethyl-
ene components over metal-backed for initial 
fixation strength and micromotion [16]. 
Consequently, early designs of true metal-
backed glenoids have largely been abandoned 
[10, 11]. However, the success of ingrowth com-
ponents in total hip arthroplasty as well as on the 
humeral side of the shoulder makes the addition 
of an ingrowth component to the glenoid allur-
ing. Thus, newer designs combining a central 
ingrowth peg with peripherally cemented pegs 
attempt to combine the best of both worlds 
(Comprehensive Total Shoulder System, Zimmer 
Biomet, Warsaw, IN). Long-term data regarding 
the success or failure of this implant is currently 
unavailable.

Another design component that may play a 
role in longevity is radial mismatch or confor-
mity between the glenoid and humeral head. 
Decreasing radial mismatch or increasing confor-
mity limits contact stresses at the humeral inter-
face, decreasing glenoid polyethylene wear and 
improving joint stability; it also decreases the 
ability for humeral head translation leading to 
increased contact stresses at the bone-implant 
interface and the potential for component loosen-

Failed
TSA

Irreparable RCT

Inadequate
glenoid
bone stock

Adequate glenoid
bone stock

Functional deltoid

Resect glenoid
if loose and/or
convert to CTA
hemiarthroplasty

Physical therapy,
NSAIDs,
injections

Revise
to RTSA

Intact rotator cuff

Humeral
component
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Revise
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to RTSARevise glenoid

Resect glenoid ±
bone graft to defect

Glenoid
component
loose

Noncontained
defect,
inadequate
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Contained
defect, good
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Fig. 10.1 Treatment algorithm for management of the failed anatomic total shoulder arthroplasty without infection or 
fracture. (Revised and reused with permission from JAAOS [4])
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ing [17, 18]. Thus, some radial mismatch, with a 
glenoid radius of curvature greater than that of 
the humeral head, may be desirable to balance 
the risks of wear and instability to the risk of 
loosening. In a multicenter case series review of 
1542 aTSAs using all-polyethylene, cemented, 
flat-backed glenoids (Tornier Aequalis) followed 
for 24–110 months, Walch et al. found that gleno-
humeral radial mismatch between 5.5 and 10 mm 
resulted in the least amount of radiolucent 
changes and mismatch of 4.5–7 mm was associ-
ated with better active external rotation of the 
arm at the side [17]. However, a biomechanical 
study of a cementless, metal-backed, round, 
posterior- curved, central screw glenoid implant 
(Multiplex; ESKA, Lübeck, Germany) by Suárez 
et al. found that increasing mismatch from 0 mm 
to 6 mm led to significantly increased micromo-
tion at the bone-implant interface. The authors 
contributed this finding to increased humeral 
head translation resulting in the rocking-horse 
phenomenon [18]. While some relative micromo-
tion between the bone and the component of less 
than 150  μm allows for bone ingrowth in a 
cementless design, too much is detrimental and 
may be one reason for early component failure in 
metal-backed designs [18, 19]. Additional 
research is needed to understand the optimal 
radial mismatch for aTSA which will likely affect 
the method of glenoid fixation.

Currently used cemented glenoids are 
designed with a keel or a peg on the backside for 
fixation into the glenoid. This is another area of 
design debate. Early results suggested that keeled 
designs were at a higher risk for developing 
radiolucency and ultimate failure. However, more 
recent data has shown that mid- to long-term 
results are equivalent for radiolucencies sur-
rounding the implant and the need for revision 
[20, 21].

The degree of glenoid component retrover-
sion at implantation may also play a role in 
long-term survivorship with most authors rec-
ommending techniques that restore glenoid ver-
sion under 10 degrees of retroversion. However, 
data supporting such a recommendation is 
unclear. A biomechanical model demonstrated 
greater than 10° of retroversion dramatically 
increased eccentric load on the posterior implant 

a

b

c

Fig. 10.2 Failed all-polyethylene glenoid. AP radiograph 
(a) demonstrating a loose glenoid component. Glenoid 
component showing posterior superior wear after removal 
including articulating surface (b) and backside (c)
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Fig. 10.3 Failed metal-backed glenoid. AP (a) and lat-
eral (b) radiographs demonstrating a failed glenoid com-
ponent. Intraoperative photo demonstrating metal debris 

in situ (c) and after debridement (d). Glenoid component 
showing anterior superior wear after removal including 
articulating surface (e) and backside (f)

a c

b

d

[22]. Clinically, a 2013 study examined 66 
aTSAs from 2 to 7  years postoperatively and 
correlated over 15° of component retroversion 
with a significant increase in osteolysis around 
the center peg of a press fit, bone ingrowth 
design, although this was not related to worse 
patient outcomes or an increased rate of reop-
eration [23]. Conversely presented in 2017, 
researchers using the same glenoid at a different 
facility compared 21 aTSA glenoids implanted 
with 15° or greater of retroversion to 50 
implanted in less than 15° between 18 and 

36  months postoperatively and found no 
 significant difference between groups regarding 
osteolysis, outcomes, or reoperation [24].

 Humeral Component Failure
The humeral component in aTSA loosens infre-
quently. According to Bohsali et al., the rate of 
humeral loosening is decreasing from roughly 
6.5% of all complications or 1% of all aTSAs in 
the decade preceding 2005 down to 1.5% or 
0.1%, respectively, in the decade up to 2015 [5, 
6]. There is limited evidence from a small (n = 40 
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aTSAs) level IV study suggesting cemented 
humeral stems may loosen less frequently than 
press fit [25]. If loosening occurs, the underlying 
etiology is an important factor to be addressed 
during treatment. Causes include glenoid poly-
ethylene wear leading to osteolysis, infection, 
and fracture [6]. Infection should be ruled out 
prior to consideration of other etiologies. 
Improper component positioning or failure to 
restore anatomic humeral anatomy may be the 
major source of humeral component failure.

 Soft Tissue Dysfunction

Capsular integrity and a competent rotator cuff 
are critical to the success of aTSA; therefore, soft 
tissue dysfunction is the second most common 
cause of aTSA failure [5, 6]. Instability was iden-
tified by Bohsali et al. as the second most com-

mon aTSA complication, after component 
failure, albeit with a decreasing incidence from 
30% of all complications or 4.9% of all aTSAs 
down to 10.1% and 1.0% from 1996 to 2015 [5, 
6]. Tearing of the rotator cuff has a more stable 
prevalence, accounting for roughly 7.7–9% of 
complications (0.9–1.3% of all aTSAs) [5, 6].

The subscapularis tendon is particularly at 
risk as it is usually taken down to gain access to 
the joint to perform the procedure and subse-
quently repaired. Rates of subscapularis failure 
after aTSA range from 1% to 6% [8, 26] attribut-
ing to over half of all rotator cuff dysfunction 
[5]. Failure of the repair or general subscapularis 
dysfunction can have devastating consequences 
to the aTSA patient including anterior instabil-
ity, pain, internal rotation weakness, and overall 
poor shoulder function. Such complications have 
been associated with lengthening procedures of 
the tendon, an oversized humeral component, 

e f

Fig.10. 3 (continued)
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poor tissue quality, and early, excessive 
 postoperative external rotation or resisted inter-
nal rotation [6, 26].

The superior rotator cuff musculature, 
including the supraspinatus and infraspinatus, 
is also at risk of tearing after aTSA. This may 
be due to poor tissue quality or continued 
degeneration, muscular atrophy, superior gle-
noid tilt, or an oversized humeral head [6]. 
Tearing of the tendons can lead to superior 
migration of the humeral head, loss of motion 
and strength for overhead activities, pain, and 
poor function.

Posterior capsular insufficiency can result in 
pain and posterior instability. This is associated 
with significant glenoid retroversion, which 
results in stretching of the posterior capsule as 
the humeral head rests in a subluxated position 
[27]. Correcting the glenoid retroversion and bal-
ancing of the soft tissue tension, such as using 
posterior capsulorrhaphy, at the index procedure 
can help decrease this risk [28, 29].

 Fractures

The third most common cause for aTSA fail-
ure is fracture. Periprosthetic fractures have 
also shown a declining incidence from 11% to 
6.7% of all complications, now affecting 
0.69% of all aTSA patients down from 1.8% 
[5, 6]. Higher Charlson comorbidity index 
scores and female sex have been associated 
with higher risk for periprosthetic fractures 
[30]. Fracture is often associated with loosen-
ing of the stem, and stem loosening is associ-
ated with infection. Therefore periprosthetic 
fractures should be considered for an infection 
workup prior to revision.

 Infection

Infection is a devastating complication after 
aTSA. The rate of infection has been reported to 
range from 0.7% to 2.3% [5, 8, 9, 15, 31–33]. 
Bohsali et  al.’s reviews found that rate of 
 infection has remained stable at 4.6–4.9% of all 

complications or 0.51–0.7% of all aTSAs [5, 6]. 
A National Inpatient Sample report by 
Padegimas et  al. found a similar incidence of 
0.98% [33]. Infections significantly increase the 
financial burden for hospital systems and payors 
[33]. The risk of infection is increased with 
nutritional deficits, male sex, drug abuse, blood 
transfusion, and increasing body mass index 
[33, 34].

 Miscellaneous

Other reasons for failed aTSA are much less 
common. Poor range of motion can result from 
arthrofibrosis or excessive heterotopic ossifica-
tion (HO). Studies looking at HO after aTSA 
have reported rates of 15–45% [35, 36]. Although 
seen on imaging with some frequency, HO rarely 
affects the glenohumeral joint or results in func-
tional deficits [36, 37]. Another source of failure 
is nerve injury. This may manifest in the form of 
complex regional pain syndrome, pain of 
unknown origin, or muscle weakness with atro-
phy including deltoid dysfunction. Nerve injury 
may affect 0.63–0.8% of all shoulders undergo-
ing aTSA [5, 6].

 Treatment Options and Outcomes 
for the Failed Anatomic Total 
Shoulder

Treatment of a failed aTSA is dependent on the 
mode of failure. As previously discussed, failure 
can be a result of rotator cuff insufficiency, com-
ponent malpositioning, fracture, infection, and 
soft tissue dysfunction, all of which can result in 
pain, instability, and loosening. Therefore, revi-
sion surgery, if indicated, must take into account 
the underlying pathology in order to optimize 
outcomes.

 Treatment for Component Failure

The glenoid component is the most common site 
of failure. Indications for revision surgery include 
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pain or mechanical symptoms of the shoulder 
due to glenohumeral joint instability or a loose 
glenoid component with subsidence and/or tilt-
ing. While intrinsic factors such as radial mis-
match between the glenoid and humeral 
component and normal wear resulting in osteoly-
sis can contribute to loosening, other causes such 
as rotator cuff insufficiency and infection should 
be investigated prior to revision surgery [38, 39]. 
Rotator cuff insufficiency, joint instability, and 
infection can be the primary cause or occur in 
conjunction with glenoid loosening. Addressing 
not just the primary cause but the associated 
pathologies is of utmost importance in gaining a 
satisfactory outcome.

 Glenoid Reimplantation Versus 
Hemiarthroplasty (Bone Grafting 
and Glenoid Removal)
A failed glenoid may require surgical removal 
with revision to another aTSA (glenoid reimplan-
tation), conversion to a hemiarthroplasty, or con-
version to a reverse total shoulder arthroplasty 
(rTSA). Reimplantation with a new glenoid is a 
good option provided that there is adequate bone 
stock of the glenoid vault. This can be completed 
as a single- or two-stage revision with or without 
bone grafting. Conversion to a hemiarthroplasty 
can likewise be done with or without bone graft-
ing. Revision to rTSA will be discussed in a later 
section of this chapter.

Regardless of the chosen revision option, first 
the failed glenoid must be removed. In the setting 
of a loose glenoid, this is typically quite simple to 
perform. Any broken pieces should be removed, 
and a synovectomy to remove wear particles is 
frequently necessary. Should revision surgery be 
undertaken for glenoid malpositioning or polyeth-
ylene wear in the setting of good glenoid fixation, 
removal may be more intensive. It is helpful to 
know the manufacturer of the implanted system, 
as many have developed specialized tools to sim-
plify component removal. For an all- polyethylene 
glenoid (Fig. 10.4), removal begins by cutting the 
implant into quadrants with a straight, sharp osteo-
tome. Each quadrant can then be disassociated 
from the bony glenoid with the use of a curved 
osteotome between the bone and the cement or 

between the cement and the glenoid. This will 
leave the pegs or keel from the glenoid as well 
as cement remaining in the bone. For a trabecular 
metal ingrowth component, a similar strategy is 
typically successful. For a true metal- backed gle-
noid, start with screw removal followed by the use 
of a small, curved or flexible osteotome between 
the implant and bone in a progressive fashion. 
Confirm that you have appropriate screw drivers 
available as these are usually flat-headed screws 
to lie behind the poly. Depending on the revision 
planned, it is only necessary to remove as much 
or as little of the remaining implant and cement as 
is necessary for fixation of the new implant. Care 
should be taken to preserve as much bone stock as 
possible. It is often possible to drill, burr, or ream 
through the remaining polyethylene, cement, 
or trabecular metal only where it is impeding 
placement of a new component. Care should be 
taken to collect any debris when using this tech-
nique. This can be done by placing lap sponges 
or a viscous substance, such as sterile ultrasound 
gel, to protect the peripheral tissues and collect 
the debris. Sponges can then be removed, while 
gel can be suctioned. Should conversion to a 
hemiarthroplasty be done, it may be necessary 
to perform a more thorough cement removal to 
prevent its articulation with a metal humeral head 
and subsequent metal wear. If there is concern for 
infection, all foreign bodies should be removed 
which typically requires the use of small curettes 
and osteotomes (e.g., ¼″) to dislodge cement and 
remaining polyethylene components from the gle-
noid. This may lead to significantly greater bone 
loss.

After implant removal and debridement, there 
are several reconstructive techniques available to 
restore anatomic version and offset to allow for 
appropriate tensioning of the rotator cuff muscles 
and improve function and stability in the 
aTSA.  Eccentric reaming can help restore ana-
tomic version of the glenoid if correction of only 
10–15° is required [40]. Further correction could 
narrow and compromise the glenoid vault and 
subsequent glenoid screw or peg fixation while 
also decreasing offset by further medializing the 
joint line [41]. While correction of glenoid ver-
sion to neutral has been advocated as the appro-
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priate technique, more recent literature suggests 
that retroversion may not be as detrimental as 
previously thought [24]. Regardless, in the set-
ting of revision surgery, where bone loss is often 

encountered and the glenoid has already been 
reamed during the primary procedure, an attempt 
to neutralize version via reaming alone may fur-
ther complicate matters. Loss of support from 

a b

c d

Fig. 10.4 Removal of a well-fixed all-polyethylene gle-
noid including glenoid exposure (a) and in  vivo break-
down (b). After glenoid removal, if polyethylene pegs are 
well fixed, they may be left in place (c) and drilled through 

for fixation of a new reverse glenoid baseplate as was 
done in this case. The glenoid component is thus removed 
in parts (d)
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violation of the subchondral plate may lead to 
instability of the glenoid component and ultimate 
failure [5]. Therefore, care must be taken to pre-
serve as much bone stock as possible. Bone graft, 
cancellous or corticocancellous, can be used to 
fill bony defects and provide structural support 
for the new glenoid. Alternatively, posterior aug-
ments can also be used to compensate for bone 
loss and help restore anatomic version and offset 
with minimal reaming [42]. When indicated, 
eccentric reaming may be preferable over a pos-
teriorly augmented glenoid because of the possi-
bility of accelerated implant loosening when 
comparing angled augmented glenoid implants to 
a neutral version glenoid component [43]. The 
new glenoid is often cemented and should use 
third-generation cementation techniques [44]. A 
previous pegged glenoid can be replaced with a 
new pegged or keeled implant depending on the 
condition of the peg holes, while a failed keeled 
component is revised to another keeled glenoid 
[41]. It is desirable to have at least 50–60% of the 
new glenoid supported by native glenoid [45].

Hemiarthroplasty with bone graft is an option 
if the glenoid has significant bone loss [46, 47]. It 
can be the definitive treatment for an appropri-
ately selected patient or serve as the first stage in 
a two-stage reimplantation. If the cortical walls 
of the glenoid vault are relatively intact, allograft 
cancellous chips can be used to fill any void [46]. 
Alternatively, an autogenous iliac crest bone graft 
or femoral head structural allograft can be used to 
augment the glenoid and prevent medialization of 
the joint line by positioning the cortical surface 
laterally to provide structural support [46, 47]. 
The graft can be impacted with cancellous bone 
packed behind and around the graft or secured 
with cortical screws. Care should be taken to 
position and direct the screws away from the lat-
eral surface to prevent metal-on-metal wear in 
the setting of conversion to hemiarthroplasty and 
to allow adequate space for glenoid reimplanta-
tion if planned. Complications include failure of 
graft incorporation, graft resorption, and subsid-
ence. Subsidence was observed to be more severe 
with structural graft versus cancellous graft 
which may be a result of the stiffer structural 
graft in combination with a lack of cortical rim 

and underlying bony support from the native gle-
noid [46]. Complete loss of the glenoid vault 
down to or beyond the scapular confluence 
 (intersection of the coracoid, spine, and body) 
may preclude the ability to bone graft and require 
conversion to a hemiarthroplasty.

Hemiarthroplasty without bone grafting 
should be reserved as a salvage option when 
addressing a failed glenoid that cannot be recon-
structed [41]. During this procedure the glenoid 
can be reamed (ream and run technique) to a 
slightly larger radius of curvature than the 
humeral head implant to allow a more congruent 
joint surface. However, in cases of significant 
bone loss, this may be difficult if not impossible 
to perform and result only in further medializa-
tion of the joint line. In these instances, only gle-
noid removal may be possible.

Outcomes for Glenoid Reimplantation 
Versus Hemiarthroplasty with Bone 
Grafting
Glenoid loosening treated with either reimplan-
tation of a new glenoid component or glenoid 
removal and bone grafting without glenoid 
reimplantation was previously investigated by 
Cheung et  al. (2008) [48]. There was signifi-
cant improvement in pain for both groups. Pain 
improvement occurred in 73% of the new glenoid 
group (N = 33) versus 54% in the bone grafting 
group (N  =  35). This difference did not reach 
significance (p  =  0.65). Average follow-up was 
3.8 years for the new glenoid group and 6.2 years 
in the bone grafting group. There was also no sig-
nificant difference in range of motion when com-
paring preoperative to postoperative exam except 
for forward elevation in the group treated with a 
new glenoid (p = 0.0387). The rate of survival- 
free reoperation at 5 years was 91% in the new 
glenoid group versus 78% in the bone grafting, 
which was not found to be significant (p = 0.3). 
Interestingly, 20 shoulders had a late positive 
culture, with Propionibacterium acnes being the 
most common organism isolated. The authors 
concluded that revision surgery for a loose gle-
noid component using reimplantation or bone 
grafting can often provide pain relief and patient 
satisfaction. Deutsch et al. found that reimplanta-
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tion of a new glenoid resulted in statistically sig-
nificant pain relief and increased external rotation 
compared to conversion to hemiarthroplasty [45]. 
These authors noted that rotator cuff integrity and 
glenohumeral joint stability were important com-
ponents to improve outcomes in terms of motion, 
function, and pain [45].

Aibinder et al. reported outcomes for glenoid 
loosening revision surgery comparing the same 
techniques (reimplantation of a new glenoid com-
ponent (N = 20) versus glenoid removal and bone 
grafting without glenoid reimplantation (N = 11)) 
with a mean follow-up of 8.3 years [49]. The rate 
of survival-free reoperation at 10 years was 79% 
in the new glenoid group versus 84% in the bone 
grafting group, which was not found to be signifi-
cant (p = 0.5). There was a trend for reoperation in 
patients with preoperative instability (5/8). Pain 
relief occurred in 26/31 shoulders regardless of 
treatment type. Active elevation and external rota-
tion improved in both groups. The authors con-
cluded that reimplantation of a glenoid component 
is reasonable in an active patient with a sufficient 
glenoid bone stock, an intact rotator cuff, and a 
stable glenohumeral articulation. If a new glenoid 
cannot be secured, conversion to a hemiarthro-
plasty is also reasonable (Fig. 10.5).

 Treatment of the Failed Metal-Backed 
Glenoid
For a modular metal-backed glenoid with wear or 
disassociation of the polyethylene component, 
poly exchange may be possible. For such a sce-
nario, preoperative planning is of utmost impor-
tance. The treating surgeon will need to know the 
manufacturer and exact version of the patient’s 
current implants in order to determine surgical 
technique for exchange as well as new compo-
nent availability. Cheung et  al. (2007) reported 
their results on 12 shoulders (11 Smith & Nephew 
Richards, Memphis, TN; 1 Kirschner Medical, 
Fair Lawn, NJ) that underwent component 
exchange prior to 2002. Only four shoulders had 
a satisfactory result including the only two 
patients with an intact rotator cuff and stable 
shoulder. For a successful modular component 
revision, the integrity of the rotator cuff and gle-
nohumeral stability are of prime importance [50].

 Treatment for Soft Tissue Dysfunction

 Subscapularis Tendon Repair 
and Reconstruction
The subscapularis tendon is most susceptible to 
injury as previously discussed. Treatment options 
are determined by the chronicity of the tear. For 
acute injuries, early repair with gentle mobiliza-
tion is the best treatment option if there is quality 
tendon present [26]. For chronic tears or poor 
tendon quality, augmentation has been described 
[26, 51–54].

Pectoralis major tendon transfer has been 
described with limited success. Deprey attempted 
such a reconstruction while also decreasing the 
humeral head size to allow subscapularis repair 
with limited functional gains ([52] as cited in 
[51]). Elhassan et  al. also reported poor func-
tional outcome scores in patients after pectoralis 
major tendon transfer for chronic subscapularis 
insufficiency after aTSA [53]. Patients with pre-
operative anterior subluxation were associated 
with even worse outcomes. This may be due to 
the difference in vector of the pectoralis major 
tendon, which is an anterior chest wall structure, 
versus the vector of the subscapularis as a poste-
rior chest wall structure. As a result, the pectora-
lis major tendon transfer may act as a static 
buttress to improve stability rather than a 
dynamic constraint that can also improve func-
tion [53].

The use of a static bone Achilles tendon 
allograft has also been described to achieve sta-
bility [26]. Moeckel et  al. treated 7 patients 
with anterior instability after shoulder replace-
ment [54]. All were treated with primary repair; 
3 required a second revision surgery using 
Achilles tendon allograft. Stability was eventu-
ally achieved for all shoulders, although func-
tional outcomes were not reported. Thus, given 
the lack of reliable outcomes, subscapularis 
reconstruction should only be considered if the 
patient is symptomatic and unwilling or unable 
to undergo the more reliable procedure, conver-
sion to rTSA. Prevention, with meticulous 
repair and soft tissue handling of the subscapu-
laris tendon during the index procedure, is 
imperative.
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 Posterosuperior Rotator Cuff Repair
Supraspinatus and infraspinatus tendon tears 
can result in weakness in forward elevation and 
external rotation. Massive disruption of the 

superior rotator cuff will lead to superior 
humeral head migration and is more likely to be 
treated surgically given the associated loss in 
shoulder function. Initially, conservative 
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Fig. 10.5 A failed aTSA due to glenoid wear and loosen-
ing as seen on AP (a) and lateral (b) radiographs. The 
patient had an intact rotator cuff and wished to continue 

manual labor activities. Therefore, the patient was con-
verted to a hemiarthroplasty as seen on AP (c) and lateral 
(d) radiographs
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 treatment should be utilized for minimal symp-
toms. Primary open rotator cuff repair was 
reported by Hattrup et al. with only 4/18 consid-
ered successful [55]. Pain relief was reliable 
after repair but restoration of active motion was 
poor. As a result, the authors recommended 
careful repair of the rotator cuff during the index 
arthroplasty and appropriate postoperative ther-
apy to prevent future tears. Early repair did not 
improve functional results.

 Instability
Instability of a failed aTSA can occur anteriorly or 
posteriorly and is typically due to soft tissue imbal-
ance or component malposition [56, 57]. Superior 
instability is usually a result of massive tear of the 
posterosuperior  rotator cuff as previously discussed. 
Component positioning should always be evaluated, 
and strong consideration for revision should be 
made if malpositioning is present. Treatment with 
surgical revision and maintenance of an anatomic 
design may result in only modest success. Sanchez-
Sotelo et al. reported restoration of stability in only 9 
of 32 unstable aTSAs or hemiarthroplasties (with an 
unsatisfactory Neer rating in 23) treated with revi-
sion aTSA or hemiarthroplasty for component loos-
ening, component malposition, and/or soft tissue 
dysfunction [57].

Treatment and Outcomes for Anterior 
Instability
The most common causes for anterior instability 
after an aTSA are subscapularis rupture or insuf-
ficiency and excessive anteversion of the humeral 
and/or glenoid components. As previously dis-
cussed, revision surgery for chronic subscapularis 
insufficiency provides poor results. Unfortunately, 
results are still poor when an aTSA with anterior 
instability is revised to another aTSA. Sanchez-
Sotelo et al. reported results of 19 aTSAs present-
ing with anterior instability treated with 
subscapularis repair and component revision with 
head exchange [57]. Only 5 of the 19 shoulders 
were stable on follow- up. Ahrens et al. reported 
similarly poor results where revision surgery con-
sisted of pectoralis major tendon transfer and 
component revision ([58] as cited by [51]). 
Approximately half (17/35) of the shoulders had 

recurrent instability. Three of the shoulders under-
went subsequent revision to a rTSA and achieved 
stability. These results are likely confounded by 
subscapularis insufficiency. Isolated component 
malpositioning with an intact subscapularis may 
have led to improved outcomes with component 
revision; however evidence- based studies are not 
available at this time.

Treatment and Outcomes for Posterior 
Instability
One potential cause of posterior instability is ret-
roversion of the glenoid component. A preopera-
tive biconcave or dysplastic glenoid (Walch 
classification B2, B3, C) may be a predisposing 
factor for posterior instability secondary to retro-
verted glenoid placement during the primary pro-
cedure [56]. One theory to address posterior 
instability due to glenoid retroversion is through 
isolated revision of the humeral component to a 
relatively more anteverted position, creating a 
more combined anteversion. However, this 
method was brought into question by a cadaveric 
model that failed to show a significant difference 
in shoulder stability when a humeral head in ana-
tomic version was compared to one in 15° of rela-
tive anteversion on a glenoid implanted at 15° of 
retroversion [59]. Alternatively, creating anterior 
offset of the humeral component has also been 
proposed to address posterior instability and 
shows promise. In a cadaveric model, researchers 
demonstrated that anterior offset of the humeral 
head resulted in an increased resistance to poste-
rior humeral head translation, shifted joint contact 
pressures anteriorly, and increased joint contact 
[60]. Subsequent 3D finite analysis confirmed 
these findings at increasing degrees of glenoid ret-
roversion [61]. These outcomes provide a poten-
tial rationale for using such a technique during 
revision of aTSA for instability with a retroverted 
glenoid component and intact rotator cuff.

Other causes of posterior instability 
include posterior capsular laxity or deficiency. 
Concomitant posterior capsulorrhaphy with 
primary aTSA is one method recommended to 
prevent instability [62]. However, there is lim-
ited literature, with inconsistent results, regard-
ing the use of this technique during revision of 
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aTSA for posterior instability. Sanchez-Sotelo 
et al. showed modest results in 8 of 14 posteriorly 
unstable aTSAs treated with such a technique 
including posterior capsular plication and case-
based component revision [57]. Ahrens et  al. 
reported a series of 29 shoulders treated simi-
larly: 15 achieved good results and 4 were revised 
to an rTSA with good stability ([58] as cited by 
[51]). Gee et al. reported a case of arthroscopic 
posterior capsulorrhaphy in a patient presenting 
with atraumatic posterior instability after aTSA 
using two suture anchors to imbricate the poste-
rior capsule; the patient had no further symptoms 
of instability or pain at 2-year follow-up [63].

 Treatment for Fracture

 Periprosthetic Humerus Fracture
Treatment of periprosthetic fracture is deter-
mined by the fracture location, displacement, and 
stability of the component. The Wright and 
Cofield classification may help guide treatment. 
Type A fractures occur near the tip of the humeral 
stem and extend proximally. Type B fractures 
occur near the tip of the stem and extend distally. 
Type C fractures are located distal to the stem 
[51]. A thorough history should be performed to 
determine if any preexisting pathology may 
affect surgical management, such as infection, 
component loosening, symptomatic osteolysis, 
or rotator cuff dysfunction.

Non-operative treatment is indicated for mini-
mally or non-displaced fractures with a well- fixed 
stem or patients with significant medical comor-
bidities precluding surgery. Criteria for closed 
treatment are defined as less than 30° of varus/
valgus angulation, 20° of flexion/extension, 20° 
of rotation, and 3  cm of shortening. Typically, 
type C fractures with a well-fixed component can 
be considered for closed treatment. A well-fixed 
type B fracture can undergo a trial of non-opera-
tive treatment; however these fractures are at high 
risk for failure. One study reported that 4 of 5 
well-fixed prostheses with type B fractures 
 initially treated closed eventually required sur-
gery [64]. Close follow-up is important for all 
fractures to ensure that alignment is maintained in 

the fracture brace or orthosis. Loss of alignment, 
intolerance to bracing, failure to achieve fracture 
union within 3 months, and signs of stem subsid-
ence or loosening are indications for surgical 
management.

Surgical Management
Type A Fractures Type A fractures with a 
loose stem should be treated with revision to a 
long stem implant. The tip of the stem should 
bypass the fracture by 2 to 3 cortical diameters, 
if possible [64, 65]. Cortical strut allograft can 
be used if more bony support is required. The 
fracture should be treated with AO principles 
and techniques when possible, with the goal of 
achieving compression and stability at the frac-
ture site. Fixation can be achieved using cer-
clage wires alone [66] or in combination with 
plate and screws. Variable angled unicortical 
screws can be used proximally in conjunction 
with cerclage cables to obtain fixation around 
the stem. As for all fractures, a locking plate 
should be strongly considered in osteoporotic 
bone.

Treatment of type A fractures with a well- 
fixed stem is controversial with concern that a 
well-fixed stem on radiographs may actually be 
loose. Fractures with a well-fixed stem and 
acceptable alignment can be treated closed. 
Displaced fractures can be treated with open 
reduction internal fixation (ORIF). However, 
Steinmann and Cheung recommended using the 
treatment algorithm of a loose stem even if the 
stem appears well fixed if there is substantial 
overlap of the fracture and humeral stem in 
conjunction with fracture displacement greater 
than 2 mm and 20° of angulation in any plane 
[67].

Type B Fractures Treatment of type B fractures 
with a loose stem is treated similarly to type A 
fractures. A proximally coated long stem implant 
can be used. Cementation of the distal canal can 
be considered to improve fixation at the tip of the 
long stem revision prosthesis. Care should be 
taken to avoid extrusion of cement.
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Treatment for type B fractures with a well- 
fixed stem can be considered for closed treat-
ment, although is considered at high risk for 
failure [64]. Surgical fixation involves ORIF 
using cerclage wires and plates with screws [68]. 
Allograft strut and bone graft can be used as 
needed.

Type C Fractures Treatment of type C frac-
tures with a loose stem is less common with loos-
ening likely present prior to injury. As previously 
mentioned, obtaining a good history is important 
to elicit any symptoms suggestive of preexisting 
loosening. A single-stage revision with ORIF and 
conversion to a long stem is reasonable for a 
loose stem with sufficient distal bone. However, a 
staged procedure with ORIF followed by stem 
revision can be considered to allow fracture heal-
ing and reconstitution of the distal bone stock.

Surgical management of type C fractures with 
a well-fixed stem involves isolated ORIF using 
AO principles.

Outcomes of Periprosthetic Humerus 
Fractures
Kumar et al. reported the largest series (16) inves-
tigating postoperative humerus fractures, 10 of 
which received surgical intervention [64]. The 
average time to union was 278 days for the frac-
ture fixation group versus 180 days for the non- 
operative group. As a result, they recommended a 
trial of closed treatment of fractures with a well- 
fixed stem, and non-operative criterion is met. 
Despite achieving union for all fractures, 9 of 16 
reported unsatisfactory results using the Neer 
 criteria. Loss of motion was determined to be 
most responsible for the dissatisfaction. Similarly 
Wright and Cofield found 6 of 9 patients  
(5 treated closed, 2 treated with ORIF using 
screws and cerclage wires, 2 treated with revision 
arthroplasty) to have unsatisfactory results 
despite obtaining union in 8 patients [69] The 
average time to union was 4–6 months. In con-
trast, Worland et al. reported a series of 6 patients 
(1 closed treatment, 1 ORIF, 1 revision arthro-
plasty), all of which healed with satisfactory 
results [65]. The average time to union was 
3.3  months. Overall, complication rates were 

high including hardware failure, delayed union, 
frozen shoulder, infection, and axillary and radial 
nerve neuropraxia [68].

 Treatment for Infection

There is minimal data specific to the treatment of 
an infected aTSA. Evidence- based treatment 
strategies are often adopted from the total hip and 
knee arthroplasty literature. As a result, chronic-
ity of infection and time from index surgery often 
determine the surgical management of a con-
firmed periprosthetic shoulder infection. Current 
literature does not show any significant differ-
ences in successful eradication when treating an 
acute (within 3  months of index surgery), sub-
acute (between 3 and 12 months from index sur-
gery), or late infection (presenting over 1  year 
from index surgery) [70]. Differentiating an acute 
versus chronic infection is difficult and depen-
dent on patient reliability and history.

 Surgical Management
Segawa et al. proposed a classification based on 
clinical presentation in total knee arthroplasty that 
has been extrapolated to guide surgical treatment 
of periprosthetic shoulder infection [71, 72].

Type I Periprosthetic Shoulder Infections
Type I infections have a positive culture after 
revision surgery for aseptic loosening in a shoul-
der without previous diagnosis of infection. 
These patients are treated with an organism- 
specific antibiotic only [71]. There is limited data 
regarding recommendations for length of antibi-
otic treatment.

Type II Periprosthetic Shoulder Infections
Type II infections occur within 30 days of the pri-
mary procedure. Immediate surgical debridement 
and prosthetic retention are preferred in addition to 
postoperative intravenous antibiotics.

Type III Periprosthetic Shoulder Infections
Type III infections are acute hematogenous infec-
tions in a well-functioning joint greater than 
30 days from index surgery. Treatment is contro-
versial and determined by surgeon preference. 
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Options include surgical debridement with pros-
thetic retention, single stage prosthesis revision, 
or two-stage revision starting with hardware 
removal and placement of an antibiotic cement 
spacer followed by reimplantation surgery. 
Explantation can be difficult with a well-fixed 
implant and requires a meticulous approach. 
Small flexible osteotomes should be available for 
implant extraction and cement removal. Humeral 
osteotomy, similar to an extended trochanteric 
osteotomy, can be used to safely remove a well-
fixed humeral component followed by fixation 
using a cerclage technique and possible allograft 
augmentation [73]. One- stage revision is reason-
able with a well fixed prosthesis and low viru-
lence organism [74]. A course of postoperative 
intravenous antibiotics with a multidisciplinary 
approach (infectious disease and microbiology) 
is recommended regardless of prosthetic reten-
tion or removal [75].

In the setting of two-stage revision, reimplan-
tation should be delayed for 8–12  weeks. 
Inflammatory markers should return to normal 
after an antibiotic holiday. Reimplantation can be 
more difficult secondary to loss of bone stock and 
difficult exposure from soft tissue contractures 
and scarring.

Type IV Periprosthetic Shoulder Infections
Type IV infections are chronic and should be 
treated with surgical debridement, two- stage 
revision, and a course of intravenous antibiotics. 
Surgical debridement should be thorough with 
removal of all necrotic tissue and cement present. 
Reimplantation, if possible, should may be 
attempted after completion of the antibiotic 
course presuming inflammatory markers return 
to normal following an antibiotic holiday.

Resection arthroplasty may be indicated if 
there is massive bone loss, continued infection, 
or the patient is medically unable to tolerate pros-
thesis reimplantation.

 Outcomes for Surgical Treatment 
of Infections
A recent systematic review evaluated the out-
comes for surgical treatment of periprosthetic 
infections after shoulder arthroplasty [70]. 
Greater than 90% success rate for eradicating 

infection was found for resection arthroplasty 
(93.3%), antibiotic spacer-only (90.3%), single- 
stage excluding unexpected positive cultures 
(91.7%), and two-stage revisions (93.8%). 
Success decreased to 90.1% for single-stage revi-
sion surgery when a subset of patients who 
required revision surgery were included. These 
patients were presumed to have an aseptic etiol-
ogy during the time of revision but then had an 
unexpected positive intraoperative culture. 
Irrigation and debridement with implant reten-
tion had only a 69% success rate. However, 
implant retention also resulted in the best postop-
erative range of motion in all planes (abduction, 
forward elevation, and external rotation). Single- 
stage revisions provided statistically greater 
abduction when compared to two-stage revisions. 
Single-stage revisions also demonstrated a trend 
(p = 0.06) for higher constant scores compared to 
two-stage revisions [70]. A more recent study 
reported less encouraging results with 19 shoul-
ders that underwent two-stage revision that 
resulted in a recurrent infection rate of 26% 
(5/19). Noninfectious complication rates were 
16% (3/19), which included aseptic loosening 
and fracture. The authors noted that these patients 
had multiple operations prior to their two-stage 
revision [76].

 Revision to Reverse Total Shoulder 
Arthroplasty

Successful treatment of a failed aTSA hinges 
upon restoring stability to the glenohumeral joint 
such that muscular forces can restore motion and 
strength to the shoulder. Many of the previously 
mentioned treatment challenges can be addressed 
with conversion to a rTSA (Fig. 10.6).

In the case of aTSA failure due to glenoid 
component loosening, fracture, or wear, there is 
typically inadequate bone stock to support reim-
plantation of an anatomic, cemented glenoid. 
Doing so risks a significant decrease in offset, 
which can result in instability, early failure, 
repeat loosening, and poor outcomes. For an 
rTSA glenoid baseplate, bony fixation is achieved 
through ingrowth rather than cementing, a degree 
of medialization is well tolerated and preferred in 
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some designs, and placement can vary based on 
glenoid characteristics. Secure early fixation and 
optimal placement for bone ingrowth can be cho-
sen by directing the central screw to the best 

remaining bone stock at the scapular spine, base 
of the coracoid, or scapular pillar [19]. According 
to a biomechanical study, as little as 50% bony 
support of the baseplate is adequate for secure 

a c

b

d

Fig. 10.6 A failed aTSA due to glenoid wear and loosen-
ing of both the humeral and glenoid components as seen 
on AP (a) and lateral (b) radiographs. Due to glenoid bone 

loss, the patient was converted to an rTSA as seen on AP 
(c) and lateral (d) radiographs
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early fixation [77]. One must often be willing to 
accept a baseplate in a superior position to allow 
for secure fixation. Implant systems that allow a 
degree of glenosphere eccentricity on the 
 baseplate can then be used to move the articula-
tion inferiorly.

In the senior author’s experience (JMW), a 
minimum of 20  mm of glenoid depth prior to 
reaming is needed for stability of the central post/
screw on most implant systems. This can be 
determined with the use of a small diameter drill 
bit and depth gauge or Lindemann drill to sound 
the bone and find the optimal location for post- 
placement and backside bony coverage. If bony 
support is felt to be questionable, either bone 
grafting or augmentation may be utilized. In the 
setting of revision aTSA to rTSA, bone grafting 
can be accomplished with iliac crest autograft or 
femoral head allograft fitted to the medial aspect 
of the baseplate and secured with an extended 
central post or screw in addition to peripheral 
screws. Specialized designs exist to simplify the 
technique (BIO-RSA, Tornier, Wright; Memphis, 
TN). This should lateralize the joint line to a 
more anatomic position. Variability in the litera-
ture exists as to whether or not doing so improves 
clinical outcomes such as external rotation after 
primary rTSA [78–80]. Alternatively, metal- 
augmented baseplates are being developed for 
use and have shown early promise [81, 82].

Despite these options, glenoid bone stock 
may still be insufficient to support a baseplate. 
Complete loss of the walls of the glenoid vault 
with a large, cavitary, unconfined defect can be 
encountered. In these instances, it is unlikely 
that any form of bone grafting or augmentation 
will allow for secure baseplate fixation. A hemi-
arthroplasty, possibly with an extended articu-
lating surface, may be the patient’s only option 
in these cases.

Soft tissue dysfunction due to rotator cuff tear, 
with anterior or superior instability, is a standard 
operative indication for primary rTSA [83]. 
Outcomes of primary reverse total shoulder have 
been shown to be independent of subscapularis 
integrity [84]. It is also indicated in the setting of 
failed aTSA for these diagnoses as well as in the 
setting of posterior subluxation or instability 

from glenoid deformity. The versatility of a 
reverse baseplate location on the remaining gle-
noid, as described above, makes it an excellent 
option in these settings.

Conversion to a reverse arthroplasty requires 
not only revision of the glenoid component but 
also of the humeral component. Older designs 
may necessitate complete humerus removal and 
exchange if no modular component exists to 
switch from a humeral head to a humeral tray and 
polyethylene. Newer modular designs may allow 
for a simple exchange presuming the humeral 
stem is well-positioned and not loose [85]. 
However, if the shoulder is unable to be reduced 
without excessive force, the humeral stem may 
need to be removed such that the humerus can be 
cut down and stem seated in a lower position to 
allow reduction. Alternately, some implant sys-
tems allow the tray to be placed in an eccentric 
position which may allow reduction.

 Outcomes for Revision to Reverse 
Total Shoulder Arthroplasty

Melis reported an 86% satisfaction rate from a 
multicenter cohort study for patients undergoing 
aTSA revision to rTSA for glenoid loosening 
[86]. Eight of 37 shoulders required a reoperation 
for complications including glenosphere loosen-
ing, anterior instability, and humeral subsidence. 
Repeat revision to a hemiarthroplasty or resection 
arthroplasty was performed in 2 patients. Shields 
and Wiater performed a retrospective study of 
their patient population undergoing conversion of 
an aTSA to rTSA for component loosening or 
rotator cuff tear compared to a cohort undergoing 
primary rTSA [83]. Both groups had significant 
improvements in VAS pain scores and ASES 
functional scores that were not significantly dif-
ferent. However, patient satisfaction (74% versus 
90%) and subjective shoulder values (63 ± 30 ver-
sus 79 ± 21) were significantly lower for the revi-
sion group. The authors conjectured that this 
difference in subjective outcomes despite similar 
functional outcomes may be a result of patient 
expectation and psychology associated with revi-
sion surgery in addition to reoperation patients in 
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the revision group. In addition to lower subjective 
scores, complications were also significantly 
higher in the revision group (31%) versus the pri-
mary cohort (13%). Given the high rate of com-
plications associated with aTSA revision to rTSA, 
patients should be counseled on postoperative 
complications and high rates of reoperation when 
converting a failed aTSA to rTSA.

 Conclusion

Management of the failed aTSA is one of the 
most challenging problems a shoulder surgeon 
will face. Causes of failure are complex and 
often multifactorial including component fail-
ure, soft tissue dysfunction, fracture, infection, 
and a variety of miscellaneous issues. Treatment 
must address not only the primary cause of fail-
ure but any additional complications or under-
lying issues. Recognition is the first step to 
success. Understanding the needs of the individ-
ual patient and appropriately tailoring treatment 
is the second step. While revision to another 
aTSA has been described, results are poor if the 
patient is not carefully selected or the shoulder 
unsuitable for such a revision, meaning unstable 
or sporting a torn rotator cuff. Most patients that 
require revision of a failed aTSA will ultimately 
undergo conversion surgery to either a hemiar-
throplasty or an rTSA.  Hemiarthroplasty may 
reliably reduce pain but may not offer a highly 
functional outcome depending on the patient’s 
needs and desires. Reverse TSA has the poten-
tial to successfully address a wide range of eti-
ologies. However, complication rates are high. 
Regardless of the management choice, both the 
patient and the surgeon should be prepared for the 
range of potential outcomes and complications.
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 Introduction

Reverse shoulder arthroplasty (RSA) was 
approved by the Food and Drug Administration 
in the United States in November of 2003. Since 
that time, utilization of this technique has 
increased substantially [1–4]. While anatomic 
shoulder arthroplasty has shown strong durability 
and functional results [5], this procedure relies on 
a functional rotator cuff. The RSA implant was 
originally designed to function in the setting of 
rotator cuff deficiency and an incongruent gleno-
humeral joint [6]. However, as results of the RSA 
implant showed success, the indications and utili-
zation expanded. There has been increased utili-
zation in proximal humerus fractures especially 
with poor bone quality and unreliable fixation of 
the tuberosities [7–9], failed previous shoulder 
reconstruction [10, 11], and rheumatoid arthritis 
[12–14].

As the incidence of RSA increases with 
expanding indications, management of the failed 
RSA will become increasingly important. The 
purpose of this chapter is to:

• Describe the initial evaluation of a patient 
with a failed RSA.

• Present the appropriate diagnostic testing.
• Describe the common mechanisms of failure 

for RSA.
• Define surgical strategies for management of 

the failed RSA for each mechanism of 
failure.

 Presentation

The first step in evaluation of a patient with a 
painful RSA is a careful history of the patient’s 
symptoms. Distinguishing whether the chief 
complaint is pain, loss of function, or both is 
important for both preoperative planning and 
management of patient expectations. Any ante-
cedent trauma, whether low or high energy, 
should be noted. Patients should be asked directly 
about any potential systemic infectious history. 
Additionally, patient factors that may confer an 
increased risk of infection (previous surgery, 
immune-modulating agents, poor glycemic con-
trol in diabetics, etc.) should be defined. Any 
early complications of the index surgery (persis-
tent wound drainage, early dislocation, etc.) 
should be assessed. If the failed RSA was per-
formed at an outside institution, obtaining the 
records of the patient’s initial presentation and 
details of the index surgical procedure is impor-
tant for preoperative planning.
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Physical examination should include evalua-
tion of the previous incisions for noting the prior 
surgical approach as well as assessing the quality 
of the incisional tissue. Any deformity or muscu-
lar atrophy should be determined on initial 
inspection as well. A thorough evaluation of the 
patient’s neurovascular status is important to note 
with particular emphasis on axillary nerve dys-
function. While complete deltoid dysfunction is a 
contraindication to RSA placement, recent analy-
sis by Gulotta et al. suggests that more subtle and 
common anterior deltoid insufficiency may not 
be an absolute contraindication to RSA utiliza-
tion [15]. Complete deltoid dysfunction or axil-
lary nerve palsy should be identified as either an 
iatrogenic injury from surgery or a persistent 
palsy from a trauma. Following initial clinical 
assessment, a thorough diagnostic evaluation 
should be undertaken.

 Diagnostic Evaluation

Standard anteroposterior (AP), true AP, scapular 
Y, and axillary radiographs are the first diagnos-
tic test of choice. The AP radiographs can be used 
to assess for periprosthetic fracture (Fig.  11.1) 
[16], implant dislocation (Fig.  11.2), humeral 

loosening, glenoid loosening (Fig. 11.3), scapu-
lar notching (Fig.  11.4) [17], or catastrophic 
implant failure. Humeral shortening between the 
two implants can be measured on comparative 
bilateral measured humeral radiographs as 
described by Läderman et al. [18]. Additionally, 

Fig. 11.1 Periprosthetic fracture after RSA

Fig. 11.2 Dislocation after RSA

Fig. 11.3 Glenoid loosening after RSA
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comparative AP shoulder radiographs with neu-
tral shoulder rotation can be utilized for evalua-
tion of medialization by comparing the horizontal 
acromiohumeral distance (the distance between 
the lateral edge of the acromion and the intra-
medullary humeral axis) [19].

Shoulder computed tomography (CT) is an 
important tool to assess the overall bone stock of 
the RSA implant. Medialization of the glenoid 
component, the amount of bone available on the 
glenoid and humeral side, and the orientation of 
the implants can be assessed. Additionally, three-
dimensional CT can be utilized in conjunction 
with patient-specific guides in complex RSA as 
described by Walch et  al. [20]. While magnetic 
resonance imaging (MRI) can be used to assess 
any atrophy of the rotator cuff, this may be lim-
ited by metal artifact, and CT can also be used to 
assess the quality of the rotator cuff [21]. In the 
setting of a patient who had preservation (through 
a superior approach) or repair of the subscapu-
laris with the index RSA, ultrasound can be uti-
lized to assess for subsequent subscapularis 
failure [22]. Finally, for those patients in whom 
an axillary nerve injury is suspected, electromy-
ography should be performed to determine sever-

ity of injury [23, 24]. These patients should be 
monitored for return of axillary nerve function 
from 6 months to 1 year from the initial injury 
before revision RSA is planned if possible.

In addition to radiographic evaluation, sero-
logic evaluation by complete blood count, eryth-
rocyte sedimentation rate (ESR), and C-reactive 
protein (CRP) can be utilized in the setting of 
suspected latent infection. It is important to rec-
ognize the limitations of these tests in diagnosis 
of shoulder periprosthetic joint infection (PJI) as 
the sensitivity and specificity of ESR is 21–42% 
and 65–93% while the sensitivity and specificity 
of CRP is 0–63% and 73–95% [25]. While serum 
interleukin-6 has shown 97% sensitivity in diag-
nosis of hip and knee PJI [26], it has shown 
 limited utility in diagnosis of shoulder PJI with a 
sensitivity of 12–14% [27, 28]. For patients in 
which there is a high suspicion of PJI preopera-
tively, aspiration should be attempted as part of 
surgical planning; however the limitations of 
arthrocentesis must also be considered [29–31]. 
If suspicion is high and all evaluation for PJI has 
been negative, arthroscopic tissue biopsy is an 
option that has shown 100% sensitivity and spec-
ificity in a case series of 19 patients [31]. 
Additionally, open biopsy may have a role in 
determining clearance of infection before reim-
plantation [32].

 Mechanisms of Failure and Surgical 
Planning

 Infection

Infection rate after RSA ranges from 1.3% to 12% 
[6, 33–38] compared to 0.98% [39] for the general 
shoulder arthroplasty population. Postoperative 
PJI is defined as either early (within 3 months of 
the index surgery) or late (beyond 3 months of the 
index surgery). Early PJI has traditionally been 
treated with surgical debridement with mixed 
results. Coste et al. found a re-revision rate of 63% 
in patients treated with an isolated debridement; 
however this was without controlling for time to 
diagnosis or treatment [40]. In analyses focusing 
on early PJI, debridement was sufficient at 

Fig. 11.4 Scapular notching after RSA
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 achieving remission of infection but ineffective in 
the setting of late diagnosis [29, 41, 42].

Regarding late infection, both one- and two-
stage revisions have been described. For one-
stage revision, advocates reference low recurrence 
rates and concern over both glenoid- and humeral-
sided bone loss with two-stage revision [43, 44]. 
Beekman et  al. reported 2-year results of 11 
patients (3 early, 8 late) treated by one-stage revi-
sion of all components with only one recurrence 
[44]. However, in the setting of late PJI, the stan-
dard of care remains two-stage revision as this 
has shown more widely reproducible results [29, 
45–48]. Regarding technique of two-stage revi-
sion, there are both stemmed and stemless antibi-
otic spacers. Institutionally, outcomes of both a 
stemmed and stemless antibiotic spacer popula-
tion were evaluated with 22 stemless implants 
(Fig.  11.5) placed and 15 stemmed implants 
(Fig. 11.6) placed [49]. There was no significant 
difference in operative time, complication rates, 
or outcomes among these two groups, and there 
were no reinfections in the 27/37 that went on to 
reimplantation [49]. It must be noted that this 

antibiotic spacer data is for all PJI patients, not 
simply those who had an index RSA.

 Dislocation/Instability

Dislocation rate after RSA has been reported 
between 2.9% and 15.8% [50–52]. Male patients, 
malunions, revision RSA, and increased body 
mass index (BMI) have all been described as risk 
factors for dislocation [50–52]. Conversely, 
patients undergoing primary RSA for cuff tear 
arthropathy have a low rate of dislocation (0.4%) 
[50]. Institutionally, 510 RSAs were analyzed 
(393 primaries and 117 revisions) with 15 dislo-
cations identified. All of these 15 patients failed 
closed reduction in isolation and required a return 
to the operating room with 10 undergoing an 
increase in constraint of the components through 
a combination of humeral stem augment  
(2 patients), increasing the polyethylene size  
(6 patients), increasing the glenosphere size  
(2 patients), or utilization of a retentive polyeth-
ylene (2 patients) [50]. This stands in contrast to 
previous analyses by Chalmers et  al. [51] and 
Teusink et al. [53] that identified a 44% and 62% 
success rate respectively with closed reduction. 
In our experience, dislocation after RSA requires Fig. 11.5 Stemless antibiotic spacer

Fig. 11.6 Stemmed antibiotic spacer
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operative intervention often with an increase in 
the constraint of the implants.

The authors’ personal experience with insta-
bility management after RSA takes into consider-
ation multiple factors. Surgeon must carefully 
reassess the index operation’s preoperative imag-
ing and intraoperative decision-making to define 
possible errors in judgment or technique. Of 
course this assumes there is not an infectious eti-
ology. Timing of instability relative to the index 
operation as well as associated activity is relevant 
in the decision process as well. Assuming the 
shoulder is not reducible in the office, then an 
evaluation under anesthesia and fluoroscopy is 
deemed necessary. Under general anesthesia one 
can easily assess the ability to reduce the shoul-
der, direction of instability, and ease of recurrent 
instability. The incision utilized previously is 
again utilized if it is deemed acceptable. Upon 
identification of the components, assessment is 
made as to the implants used for positioning, 
size, impingement, and range of motion. Almost 
universally the glenosphere size is increased, and 
lateralization of the glenoid component is consid-
ered if the system allows for such modularity. On 
the humeral side using a thicker polyethylene 
liner and possibly a retentive liner may be neces-
sary. In cases where there are gross errors in 
baseplate placement (too high, superior inclina-
tion) or humeral component placement (version, 
seating of the stem), then revision of these com-
ponents will be considered; however the risk-
benefit ratio of an extensively more involved 
intervention must be considered. Finally upon 
completion of this algorithmic approach, meticu-
lous hemostasis is ensured to minimize the risk of 
instability associated with hematoma formation. 
In addition the strict adherence to abduction pil-
low use postoperatively for 4  weeks can help 
with residual subtle intraoperative instability.

 Humeral-Sided Failure

Boileau et al. found humeral-sided failure of RSA 
to be more common than glenoid-sided failure 
(21% compared to 3%) [19]. This is attributed to 
medialization of the center of rotation of the gle-

nohumeral joint thus shifting stress to the humeral 
implant rather than the glenosphere [19, 54]. In 
humeral-sided failure, there are two subcatego-
ries: those with humeral component loosening 
and those with a well-fixed humeral component.

Humeral loosening after RSA is uncommon 
radiographically [55] but is more common in 
those with proximal humeral bone loss secondary 
to greater tuberosity lysis [19, 54, 56]. In those 
with a loose humeral component, explantation 
should not require osteotomy. However, the 
accompanying proximal humeral bone loss must 
be accounted for during the revision. In smaller 
humeral defects (<5 cm), this can be accounted 
for by utilization of a cement collar proximally or 
proximal humeral augmented implants [54]. In 
larger humeral defects (>5  cm), reconstruction 
with humeral allograft and a long-stem revision 
(Fig. 11.7) has been described by Chacon et al. 
[57] and utilized by Boileau et  al. [54]. The 
implant is typically cemented into the graft prox-
imally and press-fit distally in this technique. 
Chacon et al. reported good or excellent results in 
76% of their patients, satisfactory results in 20%, 
and unsatisfactory results in only 4% of their 
patients [57].

Fig. 11.7 Humeral reconstruction with allograft and 
long-stem revision
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The authors’ personal preference for allograft 
reconstruction of proximal humerus is to use 
proximal humeral allograft as this better restores 
the humeral anatomy. In a similar fashion to 
Chacon et  al. [57], the authors first cut the 
humeral head on the allograft at the anatomic 
neck. Next, the authors remove any cancellous 
bone from the allograft canal. Appropriate height 
is determined by inspecting the remaining 
amount of diaphyseal bone and estimating how 
much of the proximal portion requires replace-
ment. A step cut is then made in the allograft 
leaving a 5 cm strip of cortex laterally and 1 cm 
of bone medially. Soft tissue is removed from the 
allograft with the exception of the native sub-
scapularis insertion for potential repair of the 
native subscapularis to it. The overlapping lateral 
graft is then secured to the native humeral diaph-
ysis with cable fixation. An intramedullary guide 
is utilized to determine appropriate version. The 
authors use a long-stem implant that spans at 
least 2 to 3 cortical diameters into the native 
humeral diaphysis. The decision of whether or 
not to use cement is based on the quality of 
remaining native bone.

Patients with a humeral implant that is malposi-
tioned but well-fixed have the increased morbidity 
of extraction of the humeral component. In order 
to limit the risk of iatrogenic humeral fracture, 
multiple techniques have been described. Boileau 
et al. [19] and Van Thiel et al. [58] describe a lat-
eral humeral osteotomy performed lateral to the 
bicipital groove. Sahota et al. [59] describe utiliza-
tion of a rectangular anterior humeral window 
1 cm wide made 3 cm distal to the humeral neck 
cut. Institutionally, we prefer an episiotomy if pos-
sible, if not we utilize a window as described by 
Sahota et al. [59] or Wright et al. [60].

The authors’ personal preference for removal 
of a well-fixed humeral stem is similar in fashion 
to the technique described by Wright et al. [60]. 
The first step is to extend the deltopectoral 
approach into the proximal portion of the antero-
lateral approach. The pectoralis major insertion is 
maintained with the window. The brachialis 
attachment is maintained with the exception of 
the lateral portion in an effort to maintain vascu-
larity to the humeral window. A high-speed burr 

is then used to make a series of holes from the 
proximal humerus down to the distal aspect of 
the cement mantle or stem on the anterolateral 
cortex. A 2.5 mm drill is then utilized to make a 
series of holes 1–1.5 cm medially as the hinge for 
the window. These drill holes should be approxi-
mately 0.5  cm apart. The lateral burr holes are 
then connected with a narrow blade oscillating 
saw connecting the proximal humerus to the dis-
tal aspect of the cement mantle or implant. Then 
multiple curved osteotomes are placed in this lat-
eral split to open the humeral window around the 
medial hinge and thus expose the canal. After 
clearing the cement, extracting the stem, and pre-
paring the canal, a new implant is introduced. 
The author’s preferred technique is to utilize a 
long stemmed, cementless implant. The implant 
should bypass the distal aspect of the window by 
at least 2 cortical diameters. A cemented implant 
will only be utilized in cases of poor bone quality. 
The humeral window is fixed with fiberwire or 
Dacron sutures through the lateral aspect of the 
window and the lateral cortex. If the fixation of 
the humeral window is compromised or the bone 
quality poor, closure of the window can be aug-
mented with strut allograft placed on the lateral 
aspect of the window and secured with cables. 
When passing cables, it is important to pass 
under the radial nerve.

 Glenoid-Sided Failure

Glenoid-sided failure is less common than 
humeral-sided failure and is often a result of com-
ponent malpositioning [19, 54, 61, 62]. A gleno-
sphere with superior inclination or superior 
placement is subject to an increase in shear forces 
that negatively impact fixation [19, 54, 61, 62]. If 
the patient had a substantial glenoid defect at the 
time of index RSA that required grafting, poor 
index fixation into the native bone and/or resultant 
graft resorption may lend itself to accelerated 
loosening of the glenoid component [19, 54].

Glenoid-sided failure is often associated with 
bony defect behind the glenoid component [63]. 
In patients with smaller bony defects, the defect 
can be bypassed by placement of the central 
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screw along the scapular center line as described 
by Klein et al. [64]. This technique can be aug-
mented by use of either a longer central screw or 
larger diameter peripheral locking screws [65–
67]. Central glenoid bone defects with an intact 
glenoid rim can be treated with cancellous impac-
tion grafting [68, 69]. If the central defect is 
large, structural graft may be helpful to prevent 
medialization of the revised glenoid baseplate 
[68]. Those with a peripheral or uncontained 
defect can be treated with a structural graft such 
as tricortical iliac crest graft as described by 
Norris et  al. [70] and Boileau et  al. [54]. 
Additionally, either allograft cancellous chips or 
structural allograft are options for large uncon-
tained defects, as described by Scalise and 
Iannotti [71], without the donor site morbidity 
associated with iliac crest graft harvest.

The authors’ preferred method for contained 
defects is to impact cancellous allograft into the 
defect. The authors’ preferred method for 
uncontained defects is to use structural 
allograft. The authors do not prefer tricortical 
iliac crest autograft because of donor site mor-
bidity. The authors shape the graft for place-
ment into the defect with an oscillating saw, 
high-speed burr, and rongeur. This is contoured 
to fit the defect. The graft is then impacted into 
the defect. If impaction does not hold the graft 
in place securely during baseplate placement, 
the graft is provisionally secured with k-wire 
fixation. The graft is then fixed into the glenoid 
by the screws from the baseplate if possible. If 
the graft is not able to be captured primarily by 
the fixation of the glenoid baseplate, ancillary 
fixation with 3.5 mm cortical screws is utilized. 
Implant positioning in the revision setting is 
based off of the inferior rim of the glenoid and 
scapular neck. A long post is utilized in patients 
that have poor glenoid bone stock in order to 
gain more secure fixation into the scapular 
body. Determination of graft thickness can be 
difficult in the setting of severe bone loss. 
Boileau et  al. demonstrated improved radio-
graphic and clinical results in this setting with 
utilization of an angled bony-increased offset 
reverse shoulder  arthroplasty [72].

Additionally, early experience with aug-
mented glenoid baseplates has recently been 
described [73, 74]. Early clinical results for 
patients treated with an augmented glenoid base-
plate have found lower rates of scapular notch-
ing, lower complication rates, and similar 
patient-reported outcomes compared to those 
treated with glenoid bone grafting [74]. The 
authors follow a more conservative rehabilita-
tion strategy with bone grafting, generally hold-
ing glenohumeral motion for 4  weeks to allow 
for early bony integration followed by initiation 
of our typical rehab protocol in a delayed 
fashion.

 Conclusions

Utilization of RSA is increasing [1–4] as indica-
tions have expanded to include proximal humerus 
fractures especially with poor bone quality and 
unreliable fixation of the tuberosities [7–9], failed 
previous shoulder reconstruction [10, 11], and 
rheumatoid arthritis [12–14]. As the incidence of 
RSA increases with expanding indications, man-
agement of the failed RSA will become increas-
ingly important. An evidence-based algorithmic 
approach to initial examination, diagnostic evalu-
ation, and surgical management of a failed RSA 
will help optimize outcomes of this difficult clin-
ical problem.
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 Introduction

The number of total shoulder arthroplasties per-
formed in the United States is rapidly increasing 
[1, 2]. A recent review of the NIS database esti-
mated that the number of primary shoulder 
arthroplasties in the United States more than tri-
pled from 2002 to 2011 [2]. During this same 
time period, the incidence of infection after pri-
mary total shoulder arthroplasty (TSA) remained 
constant, at just under 1% [2]. This number is 
consistent with other published data showing the 
infection rate in primary TSA ranging from 0.7% 
to 1.8%, accounting for approximately 3–5% of 
all complications after unconstrained TSA [3, 4]. 
Infection in the setting of reverse total shoulder 
arthroplasty (RSA) has been reported to be higher 
than that for unconstrained TSA. Zumstein et al. 
performed a systematic review of 21 studies (782 
patients) and reported a deep infection rate of 
3.8% (2.9% primary, 5.8% revision) at a mini-
mum 2-year follow-up after RSA [5]. In 2011, 
Trappey et  al. found a 3% infection rate after 
RSA in their cohort of 284 patients [6]. Recently, 
Walch et al. have challenged these findings, not-
ing a decreased infection rate (0.9% versus 4%) 
when comparing a recent series of RSA cases to 
a series from the early use of the prosthesis [7]. 

They conclude that surgeon experience likely 
plays a key role in this complication. Though the 
incidence of infection after shoulder arthroplasty 
remains low, periprosthetic joint infection (PJI) 
continues to be a burden to patients, surgeons, 
hospitals, and the healthcare system, with a 
median institutional cost of $17,163.57 for each 
shoulder PJI hospitalization, based on estimates 
from the Hospital Cost Utilization Project 
(HCUP) data from 2011 [2].

Despite an increasing number of infected 
shoulder arthroplasties, the diagnosis and manage-
ment of this problem is still evolving. Recent lit-
erature has demonstrated that the most common 
cultured organisms are Propionibacterium acnes 
(P. acnes) and coagulase-negative Staphylococcus 
species. The indolent nature of these organisms 
makes clinical presentation subtle and diagnosis 
elusive. Standard diagnostic testing used for hip 
and knee PJI do not perform as well in the shoul-
der, most commonly from lower sensitivity of 
these tests in the shoulder. After diagnosis is made, 
there is a lack of evidence available to guide deci-
sion-making on optimal treatment. This chapter 
will review the diagnosis and management of the 
infected shoulder arthroplasty, particularly indo-
lent infections, including patient evaluation and 
diagnostic strategies, along with current manage-
ment options and outcomes.
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 Diagnosis

 History and Physical Examination

Infections in total joint arthroplasty (TJA) are 
often classified by chronicity as acute (less than 
3 months after surgery), subacute (3–12 months 
after surgery), and late/chronic (more than 1 year 
after surgery) [3, 8]. Infections caused by non-
virulent organisms, such as P. acnes, are typically 
present since the time of primary arthroplasty but 
are often chronic by the time of diagnosis, as the 
paucity of clinical signs of infection leads to a 
delay in diagnosis. For this reason, the surgeon 
needs to be vigilant and maintain a high index of 
suspicion for infection in any patient with persis-
tent pain after shoulder arthroplasty.

A thorough history and focused shoulder 
examination is critical to diagnosing infection 
after shoulder arthroplasty. The physician should 
inquire about fever, warmth at the incision, ery-
thema, and purulent drainage from the wound. 
Most often, however, these symptoms are not 
present with shoulder infections given the indo-
lent nature of the infecting organisms, particu-
larly P. acnes. Key portions of the history when 
evaluating a potential PJI of the shoulder include 
duration of pain relief before recurrence of symp-
toms, postoperative stiffness, hematoma forma-
tion, postoperative wound drainage, history of 
multiple previous shoulder surgeries, use of anti-
biotics, and smoking history. Hematoma forma-
tion after shoulder arthroplasty, particularly if 
necessitating an irrigation and debridement pro-
cedure, has been associated with the develop-
ment of positive cultures and subsequent deep 
infection [9]. Smoking history has also been 
directly associated with shoulder PJI.  A recent 
study evaluated infection risk associated with 
smoking and found a hazard ratio of 7.27 for 
patients who had smoked within 1 month of their 
shoulder arthroplasty. Interestingly, patients who 
were former smokers (no smoking within 1 
month of surgery) still had a 4.5 times greater 
chance of developing a postoperative deep infec-
tion following shoulder arthroplasty when com-
pared to non-smokers [10]. Werthel et  al. also 
recently found that patients who had a non-

arthroplasty shoulder surgery prior to shoulder 
arthroplasty developed deep infections twice as 
often [11]. Finally, the overall health of the 
patient is also important, as periprosthetic shoul-
der infections occur more commonly in patients 
with chronic systemic diseases and those who 
cannot mount an immune response. A recent 
study by Bala and colleagues showed that patients 
who were HIV positive had a higher risk of 
developing a shoulder PJI compared to healthy 
controls [12].

Pain is the most common complaint of patients 
with an infected shoulder arthroplasty [13–16]. 
Determining the onset, duration, and frequency 
may help determine the chronicity of the infec-
tion. The pattern of pain may also help distin-
guish infection from other aseptic causes of pain 
such as loosening or instability. Patients may 
describe pain that is present in the immediate 
postoperative period and does not improve over 
time in the setting of shoulder PJI, or they may 
have a period of initial improvement after surgery 
followed by the development of pain. While loos-
ening or instability typically causes pain with 
activity only, patients with infection often report 
pain at rest or describe it as constant but worse 
with activity. Excessive stiffness can be associ-
ated with pain and with infection [14, 15]. 
Patients may note inability to regain motion after 
surgery, and this stiffness can increase symptoms 
of pain.

Physical examination of the shoulder should 
start with inspection of the patient’s prior 
incision(s). Overtly concerning signs include 
redness or cellulitis, swelling, purulent drainage, 
or a chronic sinus tract. Most often the incision(s) 
will look benign in a low-grade or subclinical 
infection. Specifically, P. acnes infections are 
very rarely associated with purulent drainage 
[17–19] or abnormal-appearing wounds but 
occasionally present with a non-blanching, ery-
thematous rash. Signs of muscle atrophy, particu-
larly in the deltoid and rotator cuff muscles, 
should also be noted as possible evidence of 
another problem, such as a rotator cuff tear or 
nerve injury. Tenderness can be noted when pal-
pating about the shoulder, particularly along the 
glenohumeral joint line. Range of motion of the 
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shoulder will demonstrate signs of stiffness, 
which is typically present in all planes. End-
range pain is usually associated with loss of 
motion. Discrepancies in passive and active range 
of motion should also be determined and can 
raise concern for an associated rotator cuff or 
nerve injury. Strength testing of the shoulder will 
also bring out evidence of a possible rotator cuff 
problem or nerve injury.

 Diagnostic Testing

Currently, there is no single diagnostic test that is 
reliable enough to detect shoulder PJI, particu-
larly in the setting of an indolent infection. The 
diagnosis can be challenging in this setting and 
must utilize a combination of pre- and intraoper-
ative laboratory tests and imaging modalities. 
The most common preoperative tests that are 
obtained include serum markers; paticularly 
white blood cell (WBC) count, C-reactive protein 
(CRP), and Erythrocyte sedimentation rate 
(ESR); joint aspiration, plain radiographs, 
advanced imaging studies [3]. Recent studies 
have also looked into the utility of synovial mark-
ers, including leukocyte esterase, alpha-defensin, 
and several cytokines in the diagnosis of shoulder 
PJI [20–24]. Intraoperatively, if revision surgery 
is indicated, multiple tissue specimens should be 
obtained from around the prosthetic components 
for analysis by both microbiology and 
pathology.

In the early postoperative period, serum CRP 
and ESR may normally be elevated rendering 
them less useful. It is not known when these lev-
els normalize after shoulder arthroplasty; how-
ever, in the hip and knee literature, it has been 
reported that CRP typically peaks on the second 
postoperative day and normalizes within 2 weeks 
of an uncomplicated surgery [25, 26]. ESR 
declines more slowly, and one or both may 
remain elevated for longer periods in patient with 
inflammatory arthropathy, such as rheumatoid 
arthritis. In this subset of patients with inflamma-
tory disease, it is important to consider a rise 
from baseline, as they often have a CRP/ESR that 
is elevated above normal limits even in the 

absence of surgery or infection. Though serum 
CRP and ESR have been shown to have a high 
negative predictive value in hip and knee arthro-
plasty, this cannot be extrapolated to the shoul-
der. Both tests are inconsistently elevated in the 
presence of shoulder PJI, likely due to the indo-
lent nature of the most commonly isolated organ-
isms. Topolski et  al. and Kelly and Hobgood 
demonstrated a large percentage of patients with 
positive intraoperative cultures at revision sur-
gery that had negative preoperative serum mark-
ers, including WBC count, ESR, and CRP [27, 
28]. Nodzo and colleagues also recently found 
that serum ESR and CRP elevation was signifi-
cantly less common in the setting of P. acnes-
associated shoulder PJI compared to P. acnes hip 
and knee PJI at the same institution [29]. Serum 
interleukin-6 (IL-6) has received attention in hip 
and knee PJI due to increased sensitivity and 
specificity in diagnosis [30] and has subsequently 
been evaluated in the shoulder. Villacis et al. pro-
spectively evaluated the utility of serum IL-6 lev-
els and showed that there was no difference in 
IL-6 between infected and non-infected shoulder 
arthroplasties. They also showed that the sensi-
tivity, specificity, positive predictive value, nega-
tive predictive value, and accuracy were 14%, 
95%, 67%, 61%, and 62%, respectively [21]. 
This compares to sensitivity, specificity, positive 
predictive value, negative predictive value, and 
accuracy for serum WBC of 7%, 95%, 50%, 
59%, and 59%; for ESR of 21%, 65%, 30%, 
54%, and 47%; and for CRP of 0%, 95%, 0%, 
57%, and 56%, in the same study. Similarly, in 
the study by Grosso et al., the sensitivity of serum 
IL-6 was 12%, and the specificity was 93%, mak-
ing it less sensitive than ESR and CRP (42% and 
46%, respectively) in their series [23]. While an 
elevated serum ESR, CRP, or WBC should raise 
concern for a potential PJI of the shoulder, a neg-
ative result does not rule out an infected arthro-
plasty. Based on the lack of additional benefit, 
serum IL-6 is not a recommended tool for the 
work-up of shoulder PJI.

A variety of imaging studies have been used 
to aid in the diagnosis of shoulder PJI.  Plain 
radiographs are always obtained when evaluat-
ing a painful shoulder arthroplasty and can often 
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be helpful in the diagnosis of shoulder PJI.  In 
particular, it is important to examine the images 
for any signs of radiolucency around that implant 
or gross loosening of one or both components 
that could be attributable to infection. Of partic-
ular concern is implant radiolucencies or loosen-
ing that develops in the early years after the 
index procedure. Periosteal new bone formation 
can also be seen in the setting of shoulder PJI. CT 
can confirm evidence of implant radiolucencies 
or loosening seen on plain radiographs or detect 
more subtle signs of these findings that cannot be 
seen on plain radiographs, particularly when 
using metal artifact reduction techniques. 
Ultrasound and MRI have been used for detec-
tion of a fluid collection if there is clinical con-
cern. Ultrasound may be a better test as the 
presence of a significant metal artifact may make 
MRI difficult to interpret [14]. PET scan has 
been shown to be helpful in diagnosis of PJI of 
the hip [14, 31], but no literature exists evaluat-
ing its use for detection of shoulder PJI. A tech-
netium Tc-99 bone scan and indium 
In-111-labeled WBC scan have been used for 
diagnosis of hip and knee PJI and may be useful 
in a limited role for the shoulder if other testing 
is equivocal [26].

Aspiration can be attempted as another part of 
the diagnostic work-up of shoulder PJI. The vol-
ume of fluid aspirated, however, can often pre-
clude performing multiple synovial fluid tests 
due to less synovial fluid production with indo-
lent shoulder PJI when compared to the knee and 
hip. Successful shoulder aspiration rates have 
been reported from 38.8% to 56% [8, 32]. If aspi-
ration is successful, it is critical that the patient is 
not currently on any antibiotics that may cause a 
false negative result and that the aspirate is cul-
tured for an appropriate length of time. Patients 
should be off of antibiotics for a minimum of 
2–3 weeks to obtain an accurate culture [26], and 
a culture should be held anaerobically for 14 days 
to increase the likelihood of detecting less viru-
lent bacteria, like P. acnes, although incubation 
times of up to 21 days have been reported for P. 
acnes [14, 33–35]. Synovial fluid WBC with dif-
ferential from the aspirate has been shown to be 
useful in the diagnosis of hip and knee PJI; how-

ever, no literature with regard to cut-off levels for 
shoulder PJI is currently available.

Several recent studies have evaluated the util-
ity of synovial fluid biomarkers for diagnosing 
PJI of the shoulder. Synovial IL-6 was prospec-
tively evaluated by Frangiamore et al. in a study 
of 35 painful shoulder arthroplasties undergoing 
revision surgery. Using receiver operating char-
acteristic curve analysis, a cutoff value of 
359.3  pg/mL led to sensitivity, specificity, and 
positive and negative likelihood ratios of 87%, 
90%, 8.45, and 0.15, respectively. Seven patients 
with negative preoperative work-up were later 
diagnosed with infection based on multiple posi-
tive intraoperative cultures, and the synovial IL-6 
level was elevated in five of them, with a mean 
level of 1400  pg/mL.  Levels were also signifi-
cantly elevated in patients with P. acnes-positive 
cultures [22]. In a similarly modeled study, 
Frangiamore et al. evaluated synovial α-defensin 
(Synovasure, CD Diagnostics) in 33 painful 
shoulder arthroplasties undergoing revision sur-
gery. Sensitivity, specificity, and positive and 
negative likelihood ratios were 63%, 95%, 12.1, 
and 0.38, respectively, and α-defensin was sig-
nificantly elevated in patients with P. acnes-posi-
tive cultures and moderately correlated with the 
number of positive intraoperative cultures [36]. 
Nearly all culture-positive cases in these two 
studies were P. acnes, coagulase-negative 
Staphylococcus, or another indolent organism. 
Following these single synovial biomarker stud-
ies, Frangiamore et al. prospectively evaluated a 
multiplex assay of 9 synovial fluid cytokines in 
75 cases of revision shoulder arthroplasty. When 
evaluating the individual cytokines in this study, 
the authors found that synovial IL-1B, IL-6, IL-8, 
and IL-10 showed the best combined sensitivity 
and specificity for predicting infection 
(Table  12.1). However, cytokine combinations 
were also assessed for diagnostic performance, 
and a 3-cytokine statistical model using IL-6, 
TNF-alpha, and IL-2 was found to have better 
diagnostic test characteristics than any individual 
synovial cytokine alone (Table  12.1). A nomo-
gram was developed from the model to predict 
likelihood of infection for a given patient based 
on their specific cytokine levels [24].
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Leukocyte esterase is another synovial fluid 
diagnostic test that has shown promising results 
in hip and knee PJI [37, 38]. However, Nelson 
et  al. evaluated its utility in the shoulder and 
showed sensitivity, specificity, and positive and 
negative predictive values of only 30%, 67%, 
43%, and 83%. In addition, aspirates that contain 
blood must be centrifuged prior to leukocyte 
esterase testing, and 29% of the time, even after 
centrifuging, the aspirate was too bloody for 
analysis [20]. The authors did not recommend 
routine use of this test in the shoulder.

If work-up of a painful shoulder arthroplasty 
is negative for infection but there is no other indi-
cation for revision surgery and the concern for 
PJI remains high, arthroscopic tissue biopsy may 
be considered. Multiple tissue samples can be 
taken from around the components, as well as 
from the joint capsule, for culture and other 
causes of pain can also be evaluated, including 
component loosening and rotator cuff deficiency. 
Dilisio et al. retrospectively evaluated 19 patients 
with painful shoulder arthroplasties who under-
went arthroscopic biopsy prior to revision sur-
gery, 7 (41%) of which grew P. acnes. The 
sensitivity, specificity, and positive and negative 
predictive values were all 100%, and all 
arthroscopic cultures matched with cultures taken 
during the revision surgery [39]

If a patient is taken to the operating room for 
revision surgery, intraoperative frozen sections 
and cultures should be obtained. It is important, 
as described previously, that the patient be off 
antibiotics for 2–3  weeks prior to surgery. 
Historically, an intraoperative gram stain was 
used to determine if bacteria were present at the 
time of revision; however, its value has been 
called into question [40–42], and its routine use 
is no longer recommended. Appropriate cultures 
should be sent and incubated for an adequate 
length of time, including aerobic and anaerobic 
cultures (incubate up to 21  days), fungal 
(4  weeks), and mycobacterium (8  weeks) [14]. 
As noted above, we recommend holding cultures 
anaerobically for 14 days to increase the likeli-
hood of detecting less virulent bacteria, as the 
most commonly cultured organisms during revi-
sion shoulder arthroplasty are P. acnes and coag-
ulase-negative Staphylococcus species in recent 
studies [22, 24, 36]. Intraoperative cultures have 
been reported to be negative in otherwise clini-
cally confirmed cases of infected shoulder arthro-
plasty in some earlier studies [8, 15, 43], which is 
likely due to insufficient tissue samples, inade-
quate culture length, or remaining on or failing to 
discontinue antibiotics early enough before sur-
gery. Recommendations from recent literature 
are to obtain 4–5 tissue  specimens for culture at 

Table 12.1 Synovial fluid cytokine diagnostic test characteristics for infection

Cytokine AUCa Optimal cut-offa (pg/mL) Sensitivity Specificity PPV NPV LR+ LR−
IL-6 0.87 453.6 0.82 0.87 0.79 0.89 6.4 0.20
GM-CSF 0.70 1.5 0.54 0.85 0.68 0.75 3.6 0.55
IFN-γ 0.69 4.9 0.60 0.80 0.62 0.78 3.0 0.50
IL-1β 0.80 3.6 0.71 0.87 0.77 0.84 5.6 0.33
IL-12 0.60 6.0 0.36 0.94 0.77 0.71 5.6 0.69
IL-2 0.70 1.6 0.54 0.87 0.71 0.76 4.2 0.53
IL-8 0.78 1502.4 0.71 0.79 0.67 0.82 3.4 0.36
IL-10 0.76 28.1 0.72 0.82 0.69 0.84 4.0 0.34
TNF-α 0.60 4.5 0.92 0.33 0.43 0.88 1.4 0.24
Combinedb 0.87 0.4 0.80 0.93 0.87 0.89 12.0 0.21

Used with permission from Frangiamore et al. [24]
+ positive, − negative, AUC area under the curve, GM-CSF granulocyte-macrophage colony-stimulating factor, IFN 
interferon, IL interleukin, LR likelihood ratio, NPV negative predictive value, PPV positive predictive value, TNF tumor 
necrosis factor
aAUC and optimal cutoff were determined using receiver operating characteristics curves. Sensitivity, specificity, PPV, 
NPV, LR+, LR− were determined from the receiver operating characteristic curve analysis
bRepresents the diagnostic test characteristics of the combined 3-cytokine (IL-6, TNF-α, IL-2) model found to have the 
optimal predictive power
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the time of revision surgery [35, 44]. Tissue sam-
ples should ideally be taken from the joint cap-
sule, from the prosthesis-bone interface around 
both the humeral and glenoid components, and 
from the intramedullary canal of the humerus. 
Some of this tissue should also be sent for histol-
ogy. Intraoperative frozen section is another 
important diagnostic test for infection, with a cri-
terion of more than five polymorphonuclear leu-
kocytes (PMNs) per high-power field (400x) 
typically considered positive for PJI in hip and 
knee arthroplasty [8, 14, 27, 28, 45]. However, 
this threshold may not be sensitive enough for 
detecting indolent bacteria in the shoulder, with a 
recent study investigating the use of alternate cri-
teria. Grosso et  al. evaluated 45 patients who 
underwent frozen section histology during revi-
sion shoulder arthroplasty, including 18 P. acnes 
infections and 12 infections from other organ-
isms. Using a standard threshold of 5 PMNs per 
high-power field, the sensitivity was 50% for P. 
acnes infections and 67% for other infections, 
while the specificity was 100%. Using a new 
threshold of 10 PMNs total in the 5 densest high-
power fields, the sensitivity for P. acnes infec-
tions improved to 72% and for other infections 
improved to 75%, while the specificity remained 
100% [46].

Implant sonication fluid culture has also been 
evaluated with the hopes of improving diagnostic 
accuracy by culturing the biofilms from explanted 
prosthetic components [34]. Piper et  al. showed 
that sonication fluid culture significantly improved 
sensitivity for diagnosis of shoulder PJI from 
54.5% to 66.7%, when compared to periprosthetic 
tissue culture. However, this sensitivity still 
remained relatively low for culture, and a more 
recent study by Grosso et al. found no additional 
benefit to sonication cultures over standard intraop-
erative cultures for diagnosing shoulder PJI [47]. 
Based on the results of these two studies, and the 
increased laboratory support needed to perform 
this test, implant sonication is not used routinely 
for diagnosis of shoulder PJI at our institution.

Currently there is no clinical practice guideline 
available for the work-up and diagnosis and no 
agreed-upon diagnostic criteria for PJI of the 
shoulder. The Musculoskeletal Infection Society 

(MSIS) has defined consensus criteria for PJI of 
the hip and knee but acknowledged that in low-
grade infections, which predominate in the shoul-
der, several of these criteria may not be routinely 
met [48, 49] (Table 12.2). In our practice, serum 
ESR and CRP are obtained in the painful shoulder 
arthroplasty, and joint aspiration is attempted. If 
the synovial fluid sample is a large enough volume 
to send for multiple tests, synovial alpha-defensin 
and synovial WBC with differential can also be 
obtained. At the time of surgery, intraoperative tis-
sue specimens and another synovial fluid sample 
should be obtained and sent for culture and frozen 
section histology. Frozen sections may help guide 
decision-making on performing a one- versus two-
stage revision, with positive frozen sections a 
potential indicator of a more aggressive infection 
that requires two-stage revision. We routinely 
obtain four to five tissue specimens for culture 
during revision shoulder arthroplasty from the 
joint capsule and periprosthetic humeral and gle-
noid tissue and hold each for aerobic and anaero-
bic culture for a period of 14 days.

Table 12.2 Definition of periprosthetic joint infection 
according to the 2013 International Consensus Group

PJI is present when one of the major criteria exists or 
three out of five minor criteria exist
Major criteria Two positive periprosthetic cultures 

with phenotypically identical 
organisms, or
A sinus tract communicating with the 
joint, or

Minor criteria 1.  Elevated serum C-reactive protein 
(CRP) and erythrocyte 
sedimentation rate (ESR)

2.  Elevated synovial fluid white blood 
cell (WBC) count or ++change on 
leukocyte esterase test strip

3.  Elevated synovial fluid 
polymorphonuclear neutrophil 
percentage (PMN%)

4.  Positive histological analysis of 
periprosthetic tissue

5. A single positive culture

Used with permission from Parvizi and Gehrke [49]
Declaration: The consensus group wishes to state that PJI 
may be present without meeting these criteria, specifically 
in the case of less virulent organisms (e.g., 
Propionibacterium acnes). Thus, the clinicians are urged 
to exercise their judgment and clinical acumen in reaching 
the diagnosis of PJI

R. L. Eschbaugh et al.



173

 Diagnostic Considerations  
with P. Acnes

P. acnes is a relatively slow-growing organism 
that can be difficult to isolate in routine cultures 
with standard incubation periods and can remain 
in the soft tissues even after adequate antisepsis. 
Lee et  al. showed that after skin preparation, 
punch biopsies of seven of ten male volunteers 
were culture positive for P. acnes [50]. Matsen 
et al. showed that three of ten male patients had P. 
acnes growth from deep tissues during primary 
arthroplasty after skin preparation and intrave-
nous antibiotics [51].

Many have recognized the need to incubate 
cultures for longer than standard incubation times 
of 5 days and to utilize both aerobic and anaero-
bic culture techniques, in order to improve the 
ability to detect P. acnes. Butler-Wu et al. recom-
mended holding cultures for 13  days, as those 
that grew after this point were considered to be 
contaminants. They also noted that holding only 
the anaerobic cultures for prolonged incubation 
periods would have missed 29.4% of P. acnes 
isolates and suggest holding both aerobic and 
anaerobic cultures for this time frame [52]. More 
recently, Matsen et al. found that a culture proto-
col of obtaining four deep tissue specimens and 
culturing them for a minimum of 17 days in three 
different media (aerobic, anaerobic, and broth) 
had a 95% chance of detecting all P. acnes cul-
tures in a cohort of patients undergoing revision 
shoulder arthroplasty [44]. Other factors have 
also been shown to impact P. acnes recovery, 
including preoperative antibiotic hold at the time 
of revision shoulder arthroplasty (increases P. 
acnes recovery) and specimen type (intraopera-
tive tissue specimens have higher P. acnes recov-
ery than fluid) [17, 35, 44, 53]. Ahsan et al. also 
demonstrated the uneven distribution of P. acnes 
within culture-positive revision shoulder arthro-
plasty cases, emphasizing the importance of tak-
ing an adequate number of culture samples at the 
time of revision surgery to avoid missing detec-
tion of P. acnes that may be present [53].

P. acnes-positive cultures have been reported 
in patients undergoing first time open shoulder 
surgery in multiple recent studies. Levy et al. cul-

tured aspirates and tissue specimens in 55 con-
secutive patients undergoing primary shoulder 
arthroplasty and noted that 41.8% of patients 
were culture-positive for P. acnes. No patient 
developed a postoperative infection, though the 
authors treated culture-positive patients with 4 
weeks of oral antibiotics and also suggested that 
P. acnes may be implicated as a possible cause 
for glenohumeral osteoarthritis based on the high 
positive culture rate [54]. Other recent studies, 
however, using strict specimen collection proto-
cols and/or control specimens suggest that P. 
acnes-positive cultures during first time shoulder 
surgery may be less common and at least a por-
tion of them likely represent contaminants. 
Maccioni et al. utilized a strict specimen collec-
tion protocol in 32 patients undergoing primary 
shoulder arthroplasty in which 5 capsule/
synovium specimens were sent for culture and a 
sixth was sent for histopathology and noted that 
only 3 patients (9.4%) grew P. acnes, with only 1 
showing growth on more than 1 specimen. 
Histopathology was negative for infection in all 
positive culture cases [55]. Mook and Garrigues 
also recently reported a 17.1% (14/82) rate of 
positive P. acnes cultures in patients undergoing 
first time open shoulder surgery, with most cases 
representing an isolated result (three capsule 
specimens taken per case) that grew late. In addi-
tion, a sterile gauze sponge was sent as a control 
culture specimen in all of the prospectively 
enrolled patients in the study and had a 13.0% 
(7/54) rate of positive culture (5/7 positive cul-
tures grew P. acnes). Taken together, these stud-
ies suggest a contamination rate with P. 
acnes-positive cultures, likely due to the increased 
incubation times for these specimens and the 
increased handling of samples as a result of the 
longer culture times [56].

In the setting of revision shoulder arthroplasty, 
interpretation of a positive P. acnes culture result 
should be made in the context of the overall clini-
cal picture. This should take into account other 
positive preoperative and intraoperative markers 
for infection, including traditional serum markers 
(ESR and CRP) and intraoperative frozen section 
findings, as well as newer synovial fluid biomark-
ers, if available, and the characteristics of the 
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positive culture result(s) themselves, such as the 
timing of the first positive culture and the number 
of positive culture results relative to the overall 
number of cultures taken. Such data taken together 
can help determine whether a positive culture is 
likely to represent a false-positive result consis-
tent with contamination or a true positive finding 
that is concerning for infection. A recent study by 
Frangiamore et al. highlights this approach. In 46 
patients who underwent revision shoulder arthro-
plasty and had at least one positive P. acnes cul-
ture, cases were classified into one of two groups 
based on culture results and other perioperative 
findings of infection: a probable true positive cul-
ture group and a probable contaminant group. 
Time to P. acnes growth in culture was found to 
be significantly shorter in the probable true posi-
tive culture group compared with the probable 
contaminant group (median of 5 days compared 
with 9 days). There were also significantly fewer 
days to P. acnes culture growth among cases with 
a higher number of positive cultures and a higher 
proportion of positive cultures, regardless of 
group classification [57].

 Treatment

 Treatment Options

There is no well-defined algorithm to guide treat-
ment for PJI of the shoulder. Treatment should 
proceed with the goals of eradicating infection, 
improving shoulder function, and decreasing 
pain. A variety of patient-specific factors can 
help to guide the treating surgeon toward the 
appropriate treatment. These factors include the 
results of preoperative testing, chronicity of the 
infection, organism isolated, implant fixation, 
medical status of the patient, status of the soft tis-
sues (rotator cuff, axillary nerve, and deltoid), 
and remaining bone stock. Treatment options for 
shoulder PJI include long-term antibiotic sup-
pression, irrigation and debridement with implant 
retention, one-stage exchange arthroplasty with 
antibiotic-impregnated cement, two-stage 
exchange with antibiotic-impregnated cement 
spacer, resection arthroplasty with or without 

placement of a permanent antibiotic spacer, 
arthrodesis, and amputation [8, 15, 16, 19, 27, 28, 
32, 35, 43, 45, 58–67].

In the hip and knee literature, a comprehen-
sive periprosthetic infection (PJI) classification 
has been utilized to guide treatment. This classi-
fication is based on the time of onset of the infec-
tion following surgery and involves four types: 
Type 1 is the presence of positive cultures at the 
time of revision arthroplasty, type 2 is an acute 
infection detected within 30 days of arthroplasty, 
type 3 is an acute hematogenous infection that 
may occur at any time, and type 4 is a chronic 
infection [68]. Given the subtler appearance of 
shoulder PJI, it is sometimes difficult to apply 
this classification to shoulder PJI. For the ease of 
organization and to give a general framework, 
these criteria can be applied loosely to the 
shoulder.

Nonsurgical treatment of shoulder PJI is most 
often reserved for patients who are not candidates 
for surgery due to multiple medical comorbidi-
ties. There is also a group of patients who feel 
that their symptoms do not justify another sur-
gery. For this subgroup of patients, long-term 
antibiotic suppression is an option. Long-term 
antibiotic suppression can be a reasonable option 
given the indolent nature of the infections and the 
lack of host immune response. There is no high-
quality data regarding the outcomes of long-term 
suppressive antibiotics in the shoulder. Many 
antibiotics have been shown to be active against 
P. acnes isolated from orthopedic implants [69], 
and antibiotic selection and treatment should be 
co-managed along with an infectious disease 
specialist.

Surgery is the mainstay of treatment for those 
patients who are willing and able to undergo one 
or more additional operations. If an infection is 
diagnosed in the early postoperative period or 
develops as an acute hematogenous infection, 
treatment with irrigation and debridement along 
with component retention can be an appropriate 
treatment strategy. When chosen, it is important 
to perform a thorough and aggressive debride-
ment of all tissues that appear to be involved in 
the disease process. If the humeral component is 
modular, separation of the head from the stem 
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will yield improved exposure of the glenoid and 
the ability to culture at the modular interface. In 
cases where RSA is in place, exchange of the 
polyethylene liner and glenosphere will accom-
plish the same goals. Following surgery, the 
patient should be placed on culture-specific IV 
antibiotics through a peripherally inserted central 
catheter (PICC) for a period of 6 weeks [70]. This 
is often followed by oral antibiotic therapy with 
the guidance of infectious disease. In the case of 
culture-negative infection, an antibiotic covering 
P. acnes should be used. Dennison et  al. retro-
spectively reviewed ten shoulders in nine patients 
who underwent irrigation and debridement with 
component retention for acute postoperative or 
acute delayed onset hematogenous shoulder 
PJI. The assumption was made that because the 
diagnosis occurred within 6 weeks of the devel-
opment of infection, no biofilm would be present 
and irrigation and debridement would be suffi-
cient. Seven of the ten shoulders in this study 
retained components after irrigation and debride-
ment at a mean of 4.1 years’ follow-up. Five of 
the seven shoulders with retained components 
were placed on long-term suppressive antibiotics. 
Function was maintained in the shoulders that 
retained their prosthesis with forward elevation 
greater than 110° and external rotation greater 
than 40° in all shoulders. Deep infection recurred 
in the other three shoulders, and resection arthro-
plasty was subsequently performed [71].

Unfortunately, the majority of infections after 
shoulder arthroplasty are subclinical or subtle for 
long periods of time before a diagnosis is made 
because of the indolent nature of the common 
infecting organisms. Patients with chronic, indo-
lent infection may also present after failure of a 
more conservative treatment option. In these situ-
ations, removal of the prosthesis is required to 
eradicate the infection. One- or two-stage reim-
plantation of components is the goal when the 
clinical scenario allows; however, in special situ-
ations resection arthroplasty alone can be used as 
the definitive procedure. The goal of the initial 
implant removal should be removal of the 
implant, aggressive debridement of bone and soft 
tissue, and removal of all cement or other foreign 
material [32, 35, 45, 58, 64, 66, 67]. A variety of 

instrumentation should be available for cement 
removal as well as for removal of the implant. 
Specialized sonic devices and fine-tipped, high-
speed burrs can be used along with instruments 
such as reamers, rongeurs, curettes, saws, and 
osteotomes to aid in removal. Identification of the 
prosthesis prior to surgery with the help of previ-
ous documentation or radiographs is helpful, as 
many companies have removal tools developed 
for their particular implant. Fluoroscopic guid-
ance is helpful during cement and component 
removal to visualize surrounding bone to avoid 
cortical perforations or fractures. In some cases, 
a longitudinal unicortical osteotomy (episiot-
omy) or a cortical window is needed to aid in 
implant removal. The episiotomy cut should be 
made the length of the stem and lateral to the 
bicipital groove to minimize the risk of unin-
tended humeral fracture during implant removal. 
The split can be gently hinged open to loosen the 
stem and remove cement, or if needed, the split 
can be converted to a cortical window and secured 
back at the end of the case with a monofilament 
cerclage [72]. Depending on the clinical picture, 
removal of the implant with irrigation and 
debridement could be the definitive procedure. 
The other options are placement of an antibiotic 
spacer or reimplantation at the time of removal or 
in staged fashion.

Resection arthroplasty is reserved for patients 
with recalcitrant infections after failed shoulder 
arthroplasties, patients who do not have enough 
bone stock remaining to support a prosthesis or 
with a severe neurologic deficit that precludes a 
functional prosthesis, or those with medical 
comorbidities that prevent further operations. 
This technique should be used as a salvage option 
only as functional results are very poor, although 
significant pain relief can be obtained [32, 59–61, 
73, 74]. Muh and colleagues reviewed 26 patients 
who underwent resection arthroplasty for failed 
primary total shoulder arthroplasty and found 
significantly improved pain scores and no change 
in function. They noted that forward flexion 
tended to be better in patients who had an ana-
tomic implant removed when compared with 
those who had a RSA removed [74]. Rispoli 
 followed 18 patients with resection arthroplasty 
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(13 for infected arthroplasty) and reported sig-
nificant pain relief in all, though 5 still had mod-
erate to severe pain. Patients had significant 
functional limitations, with mean elevation of 
70° and mean external rotation of 31°, Simple 
Shoulder Test (SST) score of 3.1, and American 
Shoulder and Elbow Surgeons (ASES) score of 
36 [60]. Despite low functional scores, Stevens 
et al. found that patients tend to be satisfied after 
resection in salvage situations, with 86% saying 
that would undergo the procedure again [73].

Permanent placement of an antibiotic cement 
spacer can be performed for the same indications 
as resection arthroplasty. An additional subset of 
patients may be satisfied with the pain relief and 
function of a spacer initially placed as part of a 
two-stage protocol and may not wish to undergo 
the second-stage reimplantation. A study of nine 
patients with antibiotic spacers who elected not 
to undergo reimplantation because of satisfaction 
with the spacer reported satisfaction in all nine 
patients, no or mild pain, and adequate perfor-
mance of ADLs. Mean abduction was 75°, mean 
external rotation was 25°, and QDASH scores 
were 37.5 [16].

While removal of the implant can provide pain 
relief, the most predictable means of achieving 
satisfactory functional outcomes is by reimplan-
tation either in one or two stages. One-stage 
exchange involves placement of a new prosthesis 
at the time of irrigation and debridement. Patients 
who undergo one-stage exchange arthroplasty 
are also treated with approximately 6 weeks of 
culture-specific intravenous antibiotics through a 
PICC line. This treatment option is best for 
patients who are infected with less virulent organ-
isms, such as P. acnes [35, 75], and also com-
monly occurs in the setting of unexpected positive 
culture results following one-stage revision 
shoulder arthroplasty [17, 27, 28, 76, 77]. In this 
clinical scenario, a one-stage revision shoulder 
arthroplasty is performed due to an aseptic indi-
cation, with a lack of overt clinical findings of 
infection and negative perioperative diagnostic 
tests, but postoperative growth of intraoperative 
cultures occurs. Growth of P. acnes or other indo-
lent bacteria is common in the setting of unex-
pected positive culture results.

Two-stage exchange arthroplasty consists of 
implant removal with irrigation and debridement 
with antibiotic cement spacer placement fol-
lowed by a course of intravenous antibiotics and 
delayed reimplantation (Fig.  12.1). Based upon 
the hip and knee literature, two-stage revision is 
the most commonly accepted treatment of PJI of 
the shoulder, particularly in a more virulent 
organism. Placement of the intra-articular cement 
spacer serves to maintain length to prevent soft 
tissue contracture, as well as provide high con-
centrations of antibiotics to the area of resection. 
If the spacer provides adequate stability to the 
joint, the patient may perform gentle range of 
motion exercises to further prevent contracture. 
The antibiotic-impregnated cement spacer can be 
molded by the surgeon at the time of surgery with 
or without custom molds, or newer prefabricated 
designs can be used (Fig. 12.1). Antibiotic con-
centrations have varied across studies, but recom-
mended amounts have ranged from 1.2 to 4.8 
grams of tobramycin, 40 milligrams to 4.8 grams 
of gentamicin, 1–6 grams of vancomycin, and 
4.5–6 grams of cefazolin per 40 grams of poly-
methylmethacrylate powder [16, 59, 65, 78].

For a two-stage exchange, the treating surgeon 
must ensure that the infection has been eradi-
cated. After completion of antibiotic therapy, the 
patient is usually given a 4–6-week period off of 
antibiotics prior to placement of a new prosthe-
sis. Serum lab evaluation (ESR, CRP) is again 
undertaken, and joint aspiration is performed 
after this antibiotic-free period to confirm the 
laboratory studies have normalized and the joint 
aspirate is negative [66]. As in the initial resec-
tion surgery, intraoperative tissue samples should 
be obtained for culture and pathology, including 
frozen section, prior to reimplantation [66]. If 
there are concerning signs that an infection is still 
present, such as positive preoperative bloodwork 
or aspirate or positive intraoperative frozen sec-
tion, a repeat debridement procedure with 
 placement of a new antibiotic spacer should be 
performed.

If the infection has been cleared, the choice of 
prosthesis is made based on the status of the bone, 
rotator cuff, and deltoid. An anatomic TSA or 
hemiarthroplasty may be possible if glenoid bone 
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Fig. 12.1 (a) Anteroposterior (AP) radiograph of a left 
reverse total shoulder arthroplasty 1 year after surgery 
with signs of radiolucencies around both the glenoid and 
humeral component, worrisome for loosening. 
Preoperative work-up for infection showed elevated ESR 
and CRP, and the patient was taken for revision surgery 
with high suspicion for infection. Intraoperative frozen 
section tissue specimens demonstrated acute inflamma-
tion concerning for infection, and intraoperative cultures 
subsequently grew out P. acnes (7/9 cultures positive). 
The patient underwent two-stage exchange, with (b) 
placement of a temporary antibiotic-impregnated cement 

spacer and a 6-week course of IV antibiotics. (c) 
Preoperative three-dimensional CT scan was obtained 
prior to reimplantation surgery and demonstrated a central 
contained glenoid defect at the prior center peg site. (d–f) 
Preoperative planning software was utilized to plan the 
implant position prior to reimplantation surgery. (g) AP 
radiograph following reimplantation with a reverse total 
shoulder arthroplasty. Cancellous allograft bone chips 
were used to fill the central contained glenoid defect, and 
the humeral component was secured with antibiotic-con-
taining cement

a

d

e

f

b c
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stock is sufficient and the rotator cuff and deltoid 
are functional and intact. Hemiarthroplasty or 
RSA should be utilized in cases where glenoid 
deficiency precludes placement of an anatomic 
glenoid component and/or soft tissue defects, par-
ticularly rotator cuff deficiency, are present. RSA 
may provide the most reliable functional outcome, 
particularly in the setting of rotator cuff deficiency 
and advanced glenoid bone loss. Preoperative 
computed tomography (CT) may be useful for sur-
gical planning in order to better evaluate the degree 
of glenoid bone loss that is present (Fig. 12.1).

Arthrodesis, although rarely performed, is an 
option in those with axillary nerve or brachial 
plexus injuries or combined loss of the rotator 
cuff and deltoid. Functional outcome is typically 
better than resection arthroplasty as it provides a 
stable platform for distal function; however, it is 
a technically demanding procedure given the 
bone loss typically present after implant removal. 
Scalise and Iannotti reported on a series of seven 
patients who underwent arthrodeses after failed 
arthroplasty and noted the need for a vascularized 
fibula in three patients and subsequent operations 
to obtain union in four [79].

 Treatment Outcomes of One- 
and Two-Stage Exchange

Evaluating treatment outcomes for shoulder PJI 
is somewhat difficult given the small amount of 
literature available and its heterogeneity. Most 
studies report on revision arthroplasty utilizing 
non-standardized treatment protocols with vari-
able follow-up lengths. The evidence that is 
available is primarily retrospective case series, 
typically involving a small number of patients. A 
few comparative studies are available at this 
point, but there is yet to be any prospective data 
published. Comparing results of one- and two-
stage revision approaches is difficult due to the 
lack of uniform criteria across studies in choos-
ing each approach and in the definitions of 
PJI.  Functional outcomes are also difficult to 
compare since the majority of the data available 
is based upon revision to hemiarthroplasty, with 
only more recent data including revision to 
RSA. Given the limited data, it is difficult to draw 
conclusions on specific treatment methods. 
Below we summarize outcomes for one- and 
two-stage exchange.

g

Fig. 12.1 (continued)
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 One-Stage Exchange
Hsu and colleagues recently compared outcomes 
of one-stage exchange in P. acnes culture-posi-
tive (>1 culture positive) revisions (27 cases) to a 
control group of one-stage revisions with no cul-
ture growth or an isolated positive P. acnes cul-
ture (28 cases). At the time of revision surgery, 
five sets of cultures were obtained prior to admin-
istration of antibiotics, irrigation and debride-
ment, and exchange arthroplasty in all patients. 
In their treatment protocol, all patients with mul-
tiple positive P. acnes cultures were given a 
6-week course of IV antibiotics followed by 
6 months of oral antibiotics. The control group of 
patients discontinued antibiotics at 3 weeks after 
cultures were final. At a mean follow-up of 
47.8  months, the Simple Shoulder Test (SST) 
scores improved in both groups with no signifi-
cant difference in pain, stiffness, or component 
loosening between the two groups. There were 
no recurrent infections in the 27 culture-positive 
shoulders [35].

Ince et  al. reported on their experience with 
one-stage exchange for the treatment of infected 
shoulder arthroplasty [63]. Sixteen cases were 
performed, and 15 were converted to a hemiar-
throplasty and 1 to a RSA. All revision implants 
were cemented with antibiotic-impregnated 
cement. The two most common isolated organ-
isms were a Staphylococcus species (8 shoulders) 
or a Propionibacterium species (4). Mean course 
of antibiotic therapy was only 8.6  days (range, 
5–14) and was stopped once the CRP began to 
decline. Nine patients were available for follow-
up at a mean of 5.8 years (range, 1.1–13.25). Six 
patients were satisfied with their outcome. Mean 
shoulder abduction was only 51.6°. The mean 
Constant score was 33.6 and the mean UCLA 
score was 18.3 (maximum score, 35). There were 
three cases not in the final follow-up that required 
revision surgery: one for a periprosthetic frac-
ture, one for an acromial pseudarthrosis, and one 
for recurrent instability. There were no recurrent 
infections, and the authors concluded that eradi-
cation of infection is possible with a one-stage 
exchange [63].

More recently, Beekman et  al. reported on a 
series of 11 cases of one-stage revisions per-
formed for infected reverse TSA [62]. All patients 
were revised to a cemented RSA with antibiotic-
impregnated cement. No primary reverse TSA 
was loose at the time of revision surgery. The iso-
lated organisms were P. acnes (7 shoulders), 
coagulase-negative Staphylococcus (5), methicil-
lin-resistant Staphylococcus aureus (1), and 
Escherichia coli (1), including two multibacterial 
infections. A minimum of 3 days of IV antibiotic 
therapy was given to all patients, and the mini-
mum overall course of antibiotic treatment (com-
bined IV and oral) was 3  months. Antibiotics 
were stopped when the ESR and CRP normalized 
for 6  weeks. Mean follow-up was 24  months 
(range, 12–36). There was one recurrent infection 
that persisted despite a subsequent two-stage 
exchange. The organism was Propionibacterium 
species, and the patient was ultimately cleared of 
the infection after placement of a long-term 
spacer. Overall, the mean Constant score was 55 
at final follow-up [62]. Klatte et al. evaluated 35 
patients treated with single-stage revision to vari-
ous implants and a mean of 10.6 days of antibiot-
ics. Two patients (5.7%) developed recurrent 
infection and were treated with resection arthro-
plasty. Mean Constant scores were 43.3 for hemi-
arthroplasties, 56.0 for bipolar hemiarthroplasties, 
and 61 for RSAs [75]

 Two-Stage Exchange
Two-stage exchange is still the most commonly 
recommended treatment option available in 
shoulder PJI, though this is mostly extrapolated 
from the success of this treatment option in the 
hip and knee literature. With many cases of 
shoulder PJI due to chronic, indolent infections, a 
two-stage exchange may not be necessary in all 
instances, but further data is needed to determine 
the criteria for performing a one- versus a two-
stage exchange.

Strickland et  al. evaluated 19 shoulders that 
were treated with two-stage exchange for a deep 
shoulder prosthetic infection [8]. Four cases had 
previously been treated with either long-term 
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antibiotic suppression (2) or irrigation and 
debridement with implant retention (2) and had 
failed to eradicate the infection. All patients 
underwent placement of an antibiotic-impreg-
nated spacer after implant removal and received 
4–6  weeks of organism-specific IV antibiotic 
therapy. The most common isolated organisms 
were either P. acnes or coagulase-negative 
Staphylococcus (10 shoulders) and Staphylococcus 
aureus (3). Mean time to reimplantation was 
11  weeks (range, 6–31) after resection and was 
either with hemiarthroplasty (13) or TSA (5). 
Mean follow-up was 35 months (range, 24–80), 
with mean shoulder elevation to 89°, mean exter-
nal rotation to 43°, and mean internal rotation to 
L5. Pain was significantly improved (p = 0.0001) 
postoperatively, but results were rated as unsatis-
factory in 13/19 (68%) shoulders. There were 14 
complications and 5 further operations following 
reimplantation, including 2 irrigation and debride-
ments and a resection arthroplasty in a patient 
with continued infection. The infection was con-
sidered cleared in 12/19 (63%) shoulders. Seven 
recurrent infections were defined based on six 
patients requiring long-term antibiotics due to 
continued concern for infection and the one 
patient who required a resection arthroplasty [8].

Coffey et al. reported on their experience with 
two-stage exchange for infected shoulder arthro-
plasty and native septic arthritis using a commer-
cially produced antibiotic-impregnated spacer 
[65]. The series consisted of 16 shoulders, 11 of 
which were infected shoulder prostheses. This 
included six hemiarthroplasties, three RSA, and 
two standard TSA. An organism was isolated in 
12 of 16 cases, including 3 with methicillin-resis-
tant Staphylococcus aureus, 3 with Staphylococcus 
epidermidis, and 1 with P. acnes. All patients 
underwent placement of a commercially manu-
factured gentamycin-impregnated spacer after 
implant removal and received culture-specific IV 
antibiotic therapy postoperatively. Mean IV anti-
biotic treatment was 5.6  weeks (range, 2–6). 
Reimplantation occurred when the patient’s 
serum IL-6 level was decreasing or had normal-
ized at a mean of 11.2 weeks (range, 6–30) after 
implant removal and spacer placement. Nine 
shoulders were reimplanted with a RSA and two 

with a standard TSA, and one shoulder underwent 
arthrodesis because of deltoid deficiency. Four 
patients refused revision and retained their antibi-
otic spacer. Mean follow-up was 20.5  months 
(range, 12–30) after spacer placement. Pain was 
improved, with mean active forward flexion 
increased from 65° before spacer placement to 
110° at final follow-up and mean active external 
rotation increased from −5° to 20°. The mean 
UCLA score was 26, the mean Simple Shoulder 
Test (SST) score was 6.6, the mean ASES score 
was 74, and the mean Constant score was 57 at 
final follow-up. None of the postoperative out-
come measures were separated out by preopera-
tive etiology (infected shoulder arthroplasty 
versus native septic arthritis) or final revision 
implant. There were no recurrent  infections [65].

Sabesan et al. evaluated the outcomes of two-
stage exchange in the treatment of infected shoul-
der arthroplasty, in which reimplantation was 
with a reverse TSA [64]. Twenty-seven shoulders 
were identified that had undergone two-stage 
reimplantation for a shoulder PJI, with 17 revised 
to a RSA.  The most common isolated bacteria 
were a Staphylococcus species (7 shoulders) and 
P. acnes (5). Patients received organism-specific 
IV antibiotic therapy for a mean of 6.3  weeks 
(range, 4–54) postoperatively and had a median of 
4.0 months (range, 1.8–61) between explant and 
reimplantation. Mean follow-up was 46.2 months 
(range, 22–80). There was one recurrent infection 
from P. acnes that was ultimately cleared with a 
second two-stage exchange. Mean Penn shoulder 
score was significantly improved from preopera-
tive levels at final follow-up (24.9–66.4), with 
mean forward flexion of 123° and mean external 
rotation of 26°. Seven complications developed 
postoperatively, requiring seven additional sur-
geries. One postoperative hematoma developed 
that required irrigation and debridement. Five sur-
geries were performed for instability with poly-
ethylene exchange or revision of the glenosphere. 
The other additional surgery was the repeat two-
stage exchange for recurrent infection [64].

Recently, two more retrospective studies have 
evaluated two-stage exchange for shoulder 
PJI. Buchalter and colleagues reviewed 19 patients 
with a mean time from index procedure to revision 
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of 40  months. Diagnosis was made based upon 
serum lab studies, clinical presentation, and aspi-
ration. A standard two-stage protocol was under-
taken with resection and antibiotic spacer 
placement. All patients were given 6  weeks of 
intravenous antibiotics, and infectious disease was 
consulted. Reimplantation was undertaken when 
the patient had been found to have cleared the 
infection based upon lab studies and aspiration. A 
deep infection recurred in 26% of the 19 patients. 
Overall complication rate was 42% with two 
patients having aseptic loosening, one with frac-
ture, and five developing recurrent infections. 
Forward elevation significantly improved after 
two-stage revision, but external rotation did not 
improve. The authors found that patients infected 
with P. acnes had poorer outcomes than those who 
did not isolate P. acnes [67]. In another retrospec-
tive review, Assenmacher et al. reviewed 35 shoul-
ders with PJI treated with two-stage exchange. The 
organisms isolated from the shoulder were P. 
acnes in 13 cases, Staphylococcus epidermidis in 
12, and methicillin-resistant Staphylococcus 
aureus in 2. No growth was obtained in four of the 
cases. VAS pain scores were significantly improved 
from a mean of 4.4 to 2 out of 5. Mean forward 
elevation improved from 64° to 118°. Mean ER 
improved from 14° to 41°. Outcome was excellent 
in 10, satisfactory in 12, and unsatisfactory in 13 
on the Neer modified rating scale. Function and 
pain did not change depending on prosthesis 
implanted. There were six reinfections, three due 
to P. acnes, two from Staphylococcus epidermidis, 
and one from polymicrobial with methicillin-
resistant Staphylococcus aureus and Enterococcus. 
While infection was eradicated in 85% of patients 
using two-stage revision, the rate of unsatisfactory 
results was nearly 40% [58].

 Comparative Studies
Several studies have directly compared treatment 
methods. Verhelst et  al. evaluated 11 patients 
treated with resection arthroplasty and 10 patients 
with permanent spacers and noted no difference 
in recurrence rate or functional outcomes [59]. 
Codd et al. compared resection arthroplasty in 5 
patients to reimplantation in 13 patients. Pain 
relief was similar in the two groups, though ele-

vation was 66° compared to 117°, external rota-
tion was 27° compared to 38°, and internal 
rotation was to the sacrum compared to L2 [32]. 
Stine compared permanent spacers to two-stage 
exchange in 30 patients. There were no recurrent 
infections and no differences in functional out-
comes [66]. Cuff et  al. compared one-stage 
exchange in 10 patients to two-stage exchange in 
12 patients. There were no recurrent infections 
and no differences in functional outcomes 
between groups; however, there were 11 compli-
cations in 7 shoulders [45]. More recently, Stone 
et  al. retrospectively compared one- and two-
stage exchange in 79 patients with shoulder PJI 
but evaluated patients in 3 groups, those that 
underwent an incomplete one-stage exchange 
with some component retention (15 patients), 
those that underwent a complete one-stage 
exchange (45 patients), and those that underwent 
a two-stage exchange (19 patients). There was no 
difference in noninfectious complications, pain, 
and functional improvement between groups; but 
one-stage incomplete exchange and growth of 
either S. aureus or coagulase-negative staph spe-
cies were found to be significantly associated 
with reoperation for infection [80]. Nelson et al. 
also recently performed a systematic review of 
outcomes in the treatment of shoulder PJI, evalu-
ating a total of 669 patients across 30 studies. P. 
acnes was the most commonly reported bacteria 
in the included studies. They found no significant 
differences in eradication rates of PJI in one- and 
two-stage exchange surgeries and resection 
arthroplasties (all >90%), while antibiotic sup-
pression (50%) and irrigation and debridement 
with implant retention (68.6%) had significantly 
worse PJI eradication rates (Table 12.3) [81].

 Studies with Unexpected Positive 
Culture Results
Several studies have evaluated outcomes in case 
with unexpected positive culture results. Topolski 
et al. reported on 75 cases of revision arthroplasty 
with unexpected positive cultures. Fifty-four of 
75 were treated with standard postoperative 
 antibiotics. Ten patients underwent a second 
 revision surgery, only one of which was for a 
documented recurrent infection, though seven of 
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the ten had positive cultures at the time of the 
second revision [27]. Kelly and Hobgood evalu-
ated eight patients with unexpected positive cul-
tures and noted that two of eight developed a late 
infection. They recommended placing all revi-
sions on oral antibiotics until cultures are nega-
tive and that culture-positive patients should be 
treated with 6  weeks of IV antibiotics [28]. 
Grosso et al. similarly reviewed 17 patients with 
unexpected positive cultures who were not 
treated with prolonged antibiotic therapy and 
noted recurrent infection in 1 of 17. There was no 
difference in recurrence rate or functional out-
comes in these patients compared to one- and 
two-stage revisions for infection [82]. In the larg-
est series to date, Foruria et  al. evaluated the 
results of 107 consecutive cases of revision 
shoulder arthroplasty without preoperative or 
intraoperative signs of infection that were found 
to have at least one positive intraoperative cul-
ture. Sixty-eight (64%) of the cases grew P. 
acnes. Following one-stage revision, 53 cases 
were treated with an extended course of antibiot-
ics, while 54 were not. At mean follow-up of 
5.6 years, 11/107 (10%) cases had a subsequent 
positive culture result either by aspirate or during 
a second revision surgery that matched the cul-
ture result of the original revision surgery. Ten of 
the cases were P. acnes positive. Treatment with 
antibiotics did not appear to lower the risk of hav-
ing a second positive culture result [77].

 Authors Preferred Management
Currently, our preferred management approach 
for a chronic PJI of the shoulder is a two-stage 
reimplantation when one or more perioperative 
signs of infection are present, particularly posi-
tive serum ESR and CRP, positive preoperative 
synovial aspirate, positive intraoperative gross 
findings of infection, and positive intraoperative 
frozen sections. However, many patients with a 
chronic indolent infection may have none of 
these positive perioperative signs of infection 
and, therefore, undergo a one-stage revision 
shoulder arthroplasty for an aseptic indication. 
We, therefore, routinely maintain all presumed 
aseptic revision shoulder arthroplasty cases on 
oral antibiotics postoperatively until all cultures 
are negative, due to the possibility of postopera-
tive growth of intraoperative cultures. In this sce-
nario, cases found to have multiple positive 
intraoperative cultures are treated with 6 weeks 
of IV antibiotic therapy, with transition to a more 
extended course of oral antibiotics based on the 
clinical presentation. If only one intraoperative 
culture turns positive, no further antibiotic ther-
apy may be needed if the clinical picture is sug-
gestive of a probable contaminant result. This is 
particularly true if the culture growth is late and 
all prior components were removed at revision 
surgery; however, retention of some of the prior 
components may still be an indication for postop-
erative antibiotic treatment.

Table 12.3 Infection outcomes by treatment regimen

Antibiotics 
only

Resection or 
arthrodesis

I&D, 
implant 
retention

Antibiotic 
spacer

One-stage 
revision 
(+UPC)

One-stage 
revision 
(−UPC)

Two-stage 
revision

Total 8 90 35 31 282 72 97
Successful 
treatment

4 84 24 28 254 66 91

% Cured 50% 93.3% 68.6% 90.3% 90.1% 91.7% 93.8%
Failed 
treatment

4 6 11 3 28 6 6

% Failed 50% 6.7% 31.4% 9.7% 9.9% 8.3% 6.2%

Used with permission from Nelson et. al. [81]
Data pooled from the following references: [1, 3, 5–7, 9, 10, 17, 22–24, 28, 29, 34, 41, 43–45, 50–57]
I&D irrigation and débridement, +UPC included unexpected positive cultures as one-stage revisions, −UPC excluding 
unexpected positive cultures
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 Conclusions

Diagnosis and treatment of infection after shoul-
der arthroplasty is a complex and challenging 
problem. Evaluation of a persistently painful 
shoulder arthroplasty should start with a thor-
ough history and physical examination and a high 
index of suspicion for infection by the treating 
surgeon. Serum laboratory studies and other stan-
dard diagnostic tests have been shown to be less 
sensitive in the shoulder than in the hip and knee 
but can still play a role in diagnosis if a positive 
result is obtained. Newer synovial biomarker 
tests have shown promise for diagnosing shoul-
der PJI. Most studies on outcomes of treatment 
for infected shoulder arthroplasty report results 
on only a small number of patients, often with 
varying treatment protocols. This lack of unifor-
mity in treatment approach, as well as in reported 
outcome measures, makes it difficult to draw 
definitive conclusions on specific treatment 
methods. As the most common clinical scenario 
in shoulder PJI is a chronic infection involving an 
indolent organism, further data is particularly 
needed to better define the indications and out-
comes in cases of one- and two-stage exchange. 
Improved diagnostic testing to better identify P. 
acnes and other less virulent organisms preopera-
tively or intraoperatively may help to more 
clearly define indications for one- versus two-
stage exchange, as well as the need for postopera-
tive antibiotic therapy in the setting of a presumed 
aseptic one-stage revision with unexpected posi-
tive culture results.

This chapter highlights the lack of precise 
algorithms for both diagnosis and treatment of 
shoulder PJI.  Essential to development of such 
algorithms is arriving at a consensus definition 
for shoulder PJI, based on a combination of pre-
operative and intraoperative findings and intraop-
erative culture results. The evaluation and 
management of the painful shoulder arthroplasty 
remains highly variable and needs to be standard-
ized in such areas as preoperative surgical site 
preparation, choice and timing of intraoperative 
antibiotics during revision surgery, number and 

type of intraoperative cultures obtained during 
revision surgery, culture methods and length of 
time for culture incubation, and choice and length 
of postoperative antibiotic therapy. A consensus 
definition of PJI and a standardized approach to 
evaluation and management will aid in develop-
ing and interpreting future research studies and 
will ultimately lead to more refined diagnostic 
algorithms and clinical treatment pathways. 
Currently, decision-making for each patient 
should be based on the results of preoperative 
testing, time since the index arthroplasty, the 
infecting organism, patient comorbidities, the 
status of implant fixation, glenoid and humeral 
bone stock, and the status of the deltoid and 
 rotator cuff.
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Diagnosis, Management, 
and Prevention of the Unstable 
Shoulder Arthroplasty

Alexander Martusiewicz and Aaron Chamberlain

 Background

The native shoulder has various structures that 
contribute to joint stability depending on the 
magnitude of load [1]. Shoulder arthroplasty 
alters many of these restraints, so careful atten-
tion must be directed to implant size, position, 
and balancing of soft tissues during replacement 
surgery. Maintaining stability can be difficult, 
and instability remains the number one combined 
complication after total and reverse shoulder 
arthroplasty. Total shoulder arthroplasty (TSA) 
has reported rates of instability ranging from 
1.0% to 31% [2–4]. Reverse shoulder arthro-
plasty (RSA) has a 2.7–4.7% incidence of insta-
bility despite its more constrained design [5, 6].

An unstable shoulder arthroplasty is one of the 
most difficult complications to manage as noted 
from the high rate of recurrent instability. Even 
after revision surgery for instability, over two- 
thirds of patients can have recurrent symptoms 
[7]. When revision surgery is limited to a soft tis-
sue repair, only 24% have excellent or satisfactory 
results [7]. After component revision, the rate of 
satisfactory results only improves to 48% [8].

The goal of this chapter is to discuss risk fac-
tors for instability and how to prevent the compli-
cation with appropriate preoperative planning 

and intraoperative decision-making during shoul-
der arthroplasty. The chapter will also review 
how to accurately diagnose instability after 
arthroplasty, determine its etiology, and institute 
appropriate management.

 Diagnosis of Instability

A recent review of studies in the past decade 
showed the overall incidence of instability after 
arthroplasty has decreased, but it is still common 
[4]. Subtype analysis revealed that instability was 
the most common complication after RSA and 
the third most common after anatomic TSA (fol-
lowed by glenoid loosening and glenoid wear) 
[4]. Most authors acknowledge that the most 
important factor in prevention of instability dur-
ing the index procedure is to utilize meticulous 
technique. However, when symptoms present, a 
thorough history and physical exam with appro-
priate imaging is necessary to diagnose and 
understand the etiology of instability.

Several different factors may contribute to an 
unstable arthroplasty. Soft tissue imbalance is a 
major cause of instability after anatomic TSA 
and present in most cases, but component malpo-
sition also plays a role [5, 7, 9]. Superior and 
inferior instability can be due to cuff deficiency 
(in TSA) or inappropriate restoration of humeral 
length and soft tissue tension after RSA.
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Factors associated with anterior and posterior 
instability are less well established. Capsular dis-
ruption and subscapularis insufficiency can con-
tribute to anterior instability after anatomic 
TSA. Humeral component version and head off-
set can also affect sagittal plane stability. 
Although there is an overlap in factors contribut-
ing to instability in anatomic and reverse shoul-
der arthroplasty, there are additional 
implant-specific factors that contribute to insta-
bility in reverse shoulder arthroplasty such as 
adduction impingement and acromiohumeral 
impingement leading to leveraging of the humeral 
component away from the glenosphere.

Identifying risk factors for instability preop-
eratively is one of the most important steps in 
prevention. In 2016 Boileau et  al. found that 
humeral or glenoid bone loss and soft tissue defi-
ciency were risk factors for instability after RSA 
[10]. A shortened humerus due to fracture or 
deformity could lead to failure in restoring 
humeral length. Excessive medialization in the 
setting of a glenoid bone defect can also lead to 
instability. Soft tissue pathology such as subscap-
ularis or rotator cuff deficiency and deltoid atro-
phy were also contributing factors [10]. The rate 
of instability is three times higher for reverse 
shoulder arthroplasty performed in the revision 
setting compared to primary reverse shoulder 
arthroplasty [11].

Clinical signs and symptoms of instability 
may be obvious such as in the case of a locked 
dislocation, but instability can also present with 
less obvious findings. There may be subtle 
mechanical symptoms with pain or exam find-
ings consistent with decreased range of motion 
and strength [7, 12]. Several authors also stress 
the importance of physical exam maneuvers to 
assess translation or dislocation with directional 
force [7, 12]. An exaggerated sulcus, anterior 
apprehension, or a positive load and shift can 
help make the diagnosis.

Radiographic evaluation of the shoulder should 
include AP, true AP (Grashey), axillary, and scap-
ular-Y views to assess the overall position of the 
prosthetic components. An axillary view is essen-
tial in evaluating glenoid wear and subluxation 
tendencies of the humerus relative to the glenoid. 

This information can inform the surgeon as to 
whether there is sufficient glenoid bone stock to 
accommodate an anatomic glenoid prosthesis. 
Understanding preoperative subluxation provides 
context as to the relative risk of subluxation ten-
dency after anatomic TSA. In cases of severe gle-
noid wear and/or subluxation, a reverse shoulder 
arthroplasty should be considered. Contralateral 
measured humerus x-rays can be helpful with 
inferior instability to confirm arm lengths in the 
setting of RSA as failure to restore humeral length 
is a known risk for recurrent instability [13].

Advanced imaging such as CT arthrogram or 
ultrasound can be used to evaluate the integrity of 
the rotator cuff after anatomic TSA.  These 
modalities can quantify tear size, quality of soft 
tissues, and atrophy of rotator cuff muscle bel-
lies. Ultrasound, which is not affected by metallic 
artifact, can also assess biceps tendon abnormali-
ties, subacromial or subdeltoid bursitis after 
shoulder arthroplasty [14]. CT scans provide 
additional detail when analyzing bony deformity 
and heterotopic ossification which may lead to 
impingement and component wear.

 Management of Instability 
in Anatomic Total Shoulder 
Arthroplasty

After accurately diagnosing the type of shoulder 
instability, management is based on its direction 
and etiology. Classifying the direction of instabil-
ity guides the treatment algorithm. Most common 
directions of instability are anterior, posterior, and 
superior (anterosuperior escape). Inferior instabil-
ity has also been described after a hemiarthro-
plasty was implanted inferiorly [15]. As previously 
described, most cases of instability have factors 
relating to improper soft tissue balancing and 
component malposition. Both these factors should 
be scrutinized and corrected as necessary.

 Anterior Instability

Anterior instability occurs in 0.9% of cases after 
TSA and often occurs as a result of an acute event 
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[3]. Subscapularis rupture or insufficiency often 
plays a role and can be due to several factors. 
Overstuffing the joint with an inappropriately 
large humeral head can cause excessive tension 
on the subscapularis repair leading to failure. 
Excessive anteversion (less than 20° of retrover-
sion) or anteriorly directed offset of the humeral 
head can also increase tension on the subscapu-
laris [1]. Miller reported that previous 
z- lengthening or medialization of the subscsapu-
laris repair is also a risk factor for rupture [16]. 
The choice of subscapularis management tech-
nique performed at the index procedure may 
affect risk of subscapularis deficiency. Most com-
monly the subscapularis is managed with a tenot-
omy, peel technique, or lesser tuberosity 
osteotomy. While there is no Level I evidence that 
conclusively demonstrates superior clinical out-
comes of any of these techniques, biomechanical 
studies have shown a lesser tuberosity osteotomy 
to have a higher load to failure compared to tenot-
omy. Variable rates of subscapularis tenotomy 
repair failures have been reported in the literature 
ranging up to 40%. However, this did not corre-
late with clinical exam. Lower rates of tenotomy 
repair failure have been published using transos-
seous repair techniques (30% failure) at 4 years’ 
follow-up. In a Level I study, Lapner et al. found 
no difference in subscapularis strength in the 
Western Ontario Osteoarthritis of the Shoulder 
Index (WOOS) or American Shoulder and Elbow 
Surgeons (ASES) scores at 24 months postopera-
tively. More recent studies have found a higher 
rate of a normal lift-off test after LTO (90%) com-
pared to subscapularis peel (70%).

Less commonly, anterior deltoid dysfunction 
can be a contributing factor to anterior instability. 
This can be due to muscle-tendon injury or injury 
to the axillary nerve [1]. Failure to correct exces-
sive anterior glenoid erosion or polyethylene 
wear may also play a role, especially in cases of 
post-instability arthropathy.

Early described techniques to manage anterior 
instability after TSA utilized MERSILENE tape 
or an allograft Achilles tendon augmentation 
[12]. A static restraint is created by securing a 
bone-tendon allograft from the glenoid neck to 
the humeral head; however, outcome data is lim-

ited. Ianotti et al. subsequently described capsu-
lar reconstruction using ITB with successful 
outcomes in seven patients [17]. Sanchez-Sotelo 
reported on a combination of component revi-
sion, cuff repair, capsular plication, and interval 
closure [17]. Three of seven shoulders with ante-
rior instability required a reoperation for recur-
rence of the problem. Anterior instability was 
also associated with a higher failure rate com-
pared to posterior instability. Of the 19 shoulders 
considered failures (56%), 14 were treated for 
anterior instability [17].

Dynamic tendon transfers have been described 
to manage anterior stability. One tendon transfer 
that has been well described is that of the pecto-
ralis major tendon. Variations of a pectoralis 
major transfer include transfers superficial or 
deep to the conjoint tendon as well as complete 
or split transfers (including only one head of the 
insertion). Konrad et al. performed a biomechani-
cal analysis comparing transfer of the pectoralis 
major either above or below the conjoint tendon 
[18]. The tendon transfer deep to the conjoint ten-
don restored glenohumeral kinematics that more 
closely resembled a subscapularis intact shoulder 
[18]. Ahrens et al. repaired the subscapularis and 
transferred the pectoralis in the setting of an 
unstable TSA [19]. More than half of the 33 
unstable shoulders had recurrent instability. 
However the three shoulders converted to a 
reverse shoulder arthroplasty did not have recur-
rent symptoms. Similarly Elhassan et al. reported 
poor results with pectoralis major transfer for 
anterior instability in TSA, thus advocating for a 
reliable and predictable solution: reverse shoul-
der arthroplasty [20].

 Authors’ Recommendation: Anterior 
Instability After Anatomic TSA

One of the most common reasons for anterior 
instability after anatomic TSA is related to sub-
scapularis insufficiency. The decision regarding 
revision subscapularis repair vs revision to reverse 
shoulder arthroplasty should be based on the eti-
ology of instability, patient’s age, and comorbidi-
ties. In the case of an acute subscapularis repair 
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disruption in the setting of viable subscapularis 
tissue within 6 weeks of the index procedure, revi-
sion repair should be considered. The recommen-
dation for revision repair is strengthened if there 
is anterior subluxation noted on axillary radio-
graphs. Humeral head exchange or component 
revision should also be optimized at the time of 
revision repair especially if an oversized humeral 
head prosthesis was placed originally. In an 
elderly patient or in anterior instability related to 
chronic subscapularis deficiency, a reverse shoul-
der arthroplasty provides a reliable outcome and 
would be the primary recommendation.

Given the lack of convincing data supporting 
capsular reconstruction, capsular plication, and 
pectoralis major tendon transfer, these proce-
dures should be reserved for an increasingly 
young population where revision subscapularis 
repair is not possible but the patient is a poor can-
didate for a reverse shoulder arthroplasty. 
However, given its increased durability and pre-
dictable outcomes, the reverse shoulder arthro-
plasty should be considered even in appropriately 
indicated younger populations.

 Posterior Instability

Posterior instability occurs at about the same fre-
quency as anterior instability (1% incidence) [3]. 
Posterior instability after anatomic TSA most 
commonly occurs early in the postoperative 
period. However, it may also occur chronically in 
shoulders that exhibit preoperative posterior sub-
luxation. B-type glenoid wear patterns are associ-
ated with an increased risk of posterior instability 
after TSA. Patients with osteoarthritis often have 
posterior glenoid erosion with contracture and 
tightening of the anterior capsule and subscapu-
laris. The combination of increased glenoid retro-
version and posterior humeral head translation 
can predispose patients to posterior instability 
[13]. Sanchez-Sotelo reported on a cohort of 14 
patients with posterior instability. A combination 
of posterior cuff dysfunction, component malpo-
sition, posterior bone loss, and capsular laxity 
were identified as risk factors predisposing to 
posterior instability in this group [7].

In terms of component positioning, excessive 
humeral retroversion (greater than 45°) and/or 
glenoid retroversion (greater than 20°) has been 
associated with posterior instability [1]. 
Subscapularis contracture or lateral malunion of 
the lesser tuberosity can also cause a posteriorly 
directed force on the humeral head. This high-
lights the importance of releases around the sub-
scapularis for mobilization and anatomic 
reduction of the lesser tuberosity.

To address posterior instability, soft tissue ten-
sion and component position must again be evalu-
ated. If implant version is outside the parameters 
above, component revision should be performed. 
In the setting of minor humeral version differ-
ences, compensatory relative humeral anteversion 
has been shown to be ineffective at significantly 
altering the center of rotation or address posterior 
instability [17]. Anteriorly offsetting the eccentric 
humeral head centers the prosthetic humeral head 
on the prosthetic glenoid and has been shown to 
increase the force and energy required to displace 
the prosthesis posteriorly [21]. Hsu et al. reported 
on a small cohort of patients who were noted to 
have posterior decentering of the humeral head by 
placing the eccentricity of the humeral head pros-
thesis in an anterior position rather than in the 
normal posterior offset.

Posterior capsular plication is a beneficial 
technique to address persistent posterior instabil-
ity. When noted intraoperatively, removal of the 
prosthetic humeral head with lateral translation 
of the humerus will expose the posterior capsule. 
Multiple nonabsorbable sutures can then be 
placed with a figure-of-eight technique while the 
humerus is translated. The lateral translation is 
then released, and the sutures are tied to allow 
adequate tensioning of the posterior capsule. 
Alentorn-Geli showed restoration of soft tissue 
balance in 71% of shoulders with persistent intra-
operative posterior instability [22]. Gee also 
describes arthroscopic capsular plication using 
two suture anchors as a sole treatment of poste-
rior instability [23]. The technique restored soft 
tissue balance in 27 of the 38 shoulders (71%). 
The remaining 11 shoulders had evidence of 
residual posterior subluxation, two of which 
 dislocated [23].
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With respect to the glenoid, there are several 
techniques to correct version and improve stabil-
ity. A high-side (anterior) ream, bone graft, or an 
augmented glenoid can all be used to restore ana-
tomic or near-anatomic glenoid retroversion. 
Published data describing outcomes using these 
techniques is limited in quantity and follow-up. 
Techniques have also been described in which an 
arthroscopic technique is used to place a bone 
block posteriorly to improve stability [24]. Again, 
clinical outcomes data using this technique is very 
limited.

If a subscapularis contracture is present, 
mobilization can be improved by performing a 
thorough 360° release of all scar tissue and gle-
nohumeral ligaments around the tendon [25]. 
There is also an option for a z-lengthening of 
the tendon, although this can predispose injury 
to the tissue [26]. When severe internal anterior 
contracture is noted, medializatino of the 
repaired insertion of the subscapularis (in the 
setting of a subscapularis peel) will decrease the 
posteriorly directed force on the humeral head.

Prior to closure, humeral translation relative to 
the glenoid should be evaluated. If there is greater 
than 50% translation without “bounce back,” the 
rotator interval can be closed with a lateral suture 
to increase stability.

Despite treatment with stem revision, glenoid 
grafting, and posterior plication, Sanchez-Sotelo 
reported persistent instability in 36% of patients [7]. 
Although these outcomes are improved compared 
to anterior instability, it reiterates the difficulty in 
treating this complication. Postoperative immobili-
zation in external rotation can also help the poste-
rior soft tissues heal in appropriate tension [27].

 Author’s Recommendation: Posterior 
Instability After Anatomic TSA

It is important to follow a consistent algorithm in 
cases with posterior instability. Intraoperatively, 
component positioning should be optimized. 
Partial or complete correction of glenoid retro-
version with a high-side reaming or glenoid 
implant technique (bone graft or augmented 
prosthesis) should be performed first.

The humeral components should then be opti-
mized with appropriate head size selection. 
Stability can then be tested with trial components 
in place. If needed, the height of the humeral head 
can be increased slightly; however, care should be 
taken to avoid “overstuffing” as this will cause 
excessive strain on the rotator cuff. If persistent 
posterior instability persists, the authors will then 
dial the eccentricity of the humeral head prosthe-
sis anteriorly (opposite the normal posterior ana-
tomic offset) in order to translate the center of 
rotation anteriorly and center the humeral head 
prosthesis on the glenoid prosthesis.

If posterior instability is persistent after gle-
noid and humeral head parameters are optimized, 
posterior capsular plication stiches are then 
placed as described above. Stability is trialed 
once more, and if there is subtle posterior transla-
tion, this can be addressed with rotator interval 
closure. If there remains some concern for insta-
bility, one should consider immobilizing the 
shoulder in a relatively externally rotated posi-
tion and may consider altering postoperative 
rehabilitation to avoid forward elevation for a 
period of up to 6 weeks. If there is excessive pos-
terior translation without “bounce back” noted at 
the time of surgery, a reverse shoulder arthro-
plasty is a reliable and predictable option in the 
appropriately indicated patient.

 Superior Instability (Anterosuperior 
Escape)

Superior (anterosuperior escape) is the most 
common direction of shoulder instability after 
total shoulder arthroplasty, occurring with a 3% 
incidence [27]. Rotator cuff deficiency is the pri-
mary factor that affects superior instability. 
Although significant rotator cuff tears are the 
most common cause, Young et al. found that fatty 
infiltration of the infraspinatus was associated 
with proximal migration of the humeral implant 
in TSA [28]. There is also a correlation with tear 
size and the risk of proximal migration [29].

Other factors that contribute to anterosuperior 
escape include coracoacromial arch insufficiency, 
anterior deltoid dysfunction, and failure of tuber-
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osity union after fracture. Superior humeral head 
malposition or “overstuffing” with a large 
humeral head can also increase stress on the rota-
tor cuff and cause eventual tearing.

Managing superior instability involves soft 
tissue reconstruction and component modifica-
tion. Achilles allograft reconstruction of the cora-
coacromial (CA) arch is a reported technique, but 
outcome data is limited [13]. Galatz reported 
good success with subcoracoid pectoralis major 
transfer in the setting of anterosuperior escape 
[30]. However, the most predictable revision is to 
reverse shoulder arthroplasty with 78% excellent 
or good results and consistent improvements with 
forward elevation from 50° to 130° [31].

Since the introduction of the reverse shoulder 
arthroplasty (RSA) in the United States after FDA 
approval in 2003, it has been demonstrated to be a 
reliable solution for instability secondary to cuff 
deficiency after TSA. The increased constraint of 
the implant and the option to increase length and 
offset make it an especially attractive option [32]. 
Abdel initially reported good short- term results 
[33]. Of 33 unstable anatomic shoulder arthro-
plasties, 31 maintained stability after conversion 
to reverse at 3.5 years. The other two dislocated at 
2.5  weeks and 3  months postoperatively. They 
also demonstrated consistent improvements in 
forward elevation, averaging over 50°. Hernandez 
showed similar results with 87% and 79% survi-
vorship free from dislocation at 2 and 5 years, 
respectively [32]. Patients with a BMI > 35 and a 
prior hemiarthroplasty were also found to be at 
increased risk for persistent instability [32].

Conversion to RSA is an excellent tool to 
address cuff deficiency after TSA and its associ-
ated instability. However, attention must be 
directed to ensure correct implant placement, as 
instability is the most common complication 
after reverse shoulder arthroplasty [4].

 Authors’ Recommendation: 
Anterosuperior Instability  
After Anatomic TSA

Anterosuperior instability after TSA is most 
commonly due to rotator cuff failure. This may 

include failure of the subscapularis repair and/or 
a disruption of the posterosuperior cuff. In the 
setting of significant posterosuperior cuff failure 
with or without subscapularis deficiency, there 
are not many surgical options that provide reli-
able and predictable management for anterosupe-
rior escape. In this setting, the authors recommend 
a reverse shoulder arthroplasty as it is most likely 
to produce a reliable, predictable outcome given 
its inherent stabilizing constraint and distaliza-
tion of the humerus as described above.

 Inferior Instability

Inferior instability most frequently occurs as a com-
plication of acute fracture treatment [1]. Excessive 
shortening of the humeral shaft and low placement 
of the humeral component result in inappropriate 
deltoid tensioning. This leads to relative dysfunc-
tion of the deltoid in maintaining axial stability of 
the implant. Less commonly an axillary nerve palsy 
or rotator interval defect may also contribute.

To address inferior instability, revising the 
humeral stem to the proper height is critical.

Intraoperatively the pectoralis major tendon 
can serve as a landmark for humeral height. The 
superior border of this tendon lies on average 
5.64 cm from the top of the humeral head [34]. 
Lo also advises the use of intraoperative fluoros-
copy to confirm appropriate height and position-
ing of the humeral component. The Gothic arch 
technique can be useful in assessing the anatomic 
relationship of the humeral neck to the scapular 
neck [27]. The relative height of the greater 
tuberosity to the humeral head can also be used 
as an intraoperative landmark (8 mm +/− 3 mm) 
[35]. Ideally, after implant placement, the 
humeral head should translate with traction to a 
point in the upper one-third of the glenoid [13].

 Management of Instability 
in Reverse Shoulder Arthroplasty

Although published dislocation rates after reverse 
total shoulder arthroplasty have decreased from 
15% to 3% over the past decade, various factors 
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can still be modified to avoid the complication [4, 
36–38]. Appropriate implant version and offset 
and arm length are critical for implant stability. 
Kohan et al. reported the two main etiologies for 
instability were inappropriate soft tissue balanc-
ing and instability due to impingement or liner 
failure. After 3 months, 80% of dislocated RSAs 
dislocated due to adduction impingement with 
evidence of either heterotopic ossification or 
asymmetric polyethylene wear [5].

Padegimas reported revision reverse total 
shoulder arthroplasty (odds ratio of 7.5) and a 
higher body mass index (odds ratio of 1.09) to be 
independent risk factors for RSA dislocations 
[38]. Their results were also consistent with pre-
vious studies that male sex, revision surgery, and 
subscapularis insufficiency were risks factors for 
instability after RSA [38].

Initial closed reduction in the setting of early 
instability has modest success rates of 44–62% and 
can be initially attempted, but if instability persists, 
it should be addressed operatively [37, 39].

 Impingement

Impingement after RSA can occur in several 
locations including posterior, anterior, and infe-
rior, all of which should be thoroughly evaluated 
during revision for an unstable RSA. Incomplete 
resection of osteophytes, especially posteriorly 
where access can be more difficult, may cause 
the implant to lever. Non-united tuberosity frag-
ments posteriorly can also be a source of impinge-
ment as well. Acromial impingement may also 
occur in high-offset implants with minimal 
lengthening. Implants with a valgus neck-shaft 
angle, particularly in thin patients, can cause 
adduction impingement. Inferior impingement 
with adduction can lead to instability and is com-
monly a result of inferior heterotopic ossification 
along the axillary border of the scapula and gle-
noid neck as well as inferior scar tissue.

In any arthroplasty, impingement can be 
addressed by increasing the angle at which bone 
or implant contact occurs to cause levering. 
Appropriate excision of osteophytes or hetero-
topic ossification should be the initial focus. 

Component positioning should then be evaluated. 
Inferior placement and/or lateralization of the 
glenosphere center of rotation can prevent adduc-
tion impingement along the inferior glenoid 
neck. Inferior placement can also increase the 
distance from the acromion to avoid proximal 
impingement. Care should be taken with signifi-
cantly reducing the neck-shaft angle of the 
humerus as this will limit impingement but will 
also increase instability due to the biomechanics 
of the implant.

Glenospheres with increased diameter can 
also provide improved stability and range of 
motion as long as the humeral cup depth- diameter 
ratio is favorable [40]. Differences in glenosphere 
offset and polyethylene component morphology 
have also been shown to effect notching (adduc-
tion impingement) [41]. A lateral-based prosthe-
sis will decrease the rate of notching compared to 
a Grammont style design [42]. Depending on 
whether the impingement is proximal or in 
adduction, choosing a humeral implant with an 
appropriate neck-shaft angle can prevent the 
implant from engaging the area of concern.

 Deltoid Dysfunction

A reverse shoulder arthroplasty functions through 
optimizing the deltoid moment arm. Implant 
malposition that negates this principle or any 
insult to the deltoid can lead to instability in 
RSA.

Suboptimal deltoid tensioning is often a result 
of incorrect surgical technique. Insufficient 
lengthening, superior baseplate tilt, or excessive 
glenoid medialization may all be contributing 
factors [4]. Addressing these issues involves 
revising component position.

Deltoid dysfunction can also occur from intra-
operative injury to the axillary nerve or iatrogenic 
trauma that causes the deltoid to rupture. A dis-
placed acromial fracture and subsequently dis-
placed os acromiale are variations. Depending on 
the magnitude of injury, repair can be considered; 
however, given the unpredictable results of surgi-
cal management of these fractures, these injuries 
are typically treated conservatively.
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An axillary nerve injury is an infrequent but 
devastating complication. Appropriate retractor 
placement at every stage of the operation is criti-
cal to protect the nerve. Checking the tension of 
the nerve, especially during glenoid exposure and 
after implant placement, is crucial. Prevention is 
key in avoiding this complication.

 Subscapularis Status

Management of the subscapularis remains con-
troversial as it relates to anterior instability in 
RSA.  Some data suggests that dislocations are 
more common with prior surgery or an irrepara-
ble subscapularis [43]. Other data suggests that 
the state of the subscapularis does not contribute 
to stability in the setting of a RSA [44]. Further 
studies are needed to truly discern if a subscapu-
laris repair would minimize instability after RSA.

 Alternative Revision Options

Although suboptimal, resection arthroplasty can 
be used as a salvage operation for refractory 
instability after RSA.  A constrained fixed- 
fulcrum RSA is also an option [45]. This type of 
implant causes concern for increased strain at 
bone/cement/implant interfaces, as well as sub-
optimal function and range of motion. Evidence 
is limited, but initial results show reasonable 
function in patients with epilepsy and recurrent 
instability after RSA [45].

 Postoperative Rehabiliation

In order to optimize soft tissue healing and pre-
vent recurrent instability, postoperative rehabili-
tation should be modified after revision RSA for 
instability. Depending on the direction of insta-
bility, the arm may be positioned in relative inter-
nal or external rotation utilizing a customized 
brace or sling [28]. An intraoperative range of 
motion assessment (as permitted by repair) can 
provide information on adjustment of the postop-
erative rehabilitation program. This can guide 

range of motion limitations to allow appropriate 
soft tissue healing [2]. Delaying motion and 
strengthening exercises may also be appropriate 
depending on the stability of the final implant.

 Prevention of Instability 
in Shoulder Arthroplasty

As previously discussed, managing instability 
can be a difficult task due to the incidence of 
recurrence. In shoulder arthroplasty, foresight is 
key. In anatomic total shoulder arthroplasty, 
meticulous dissection should be the initial focus. 
Protecting the rotator cuff during the humeral 
head osteotomy and subsequently during glenoid 
exposure is also critical.

When placing implants, appropriate version 
and size should be verified. Excessive humeral 
anteversion can lead to anterior instability and 
place excess tension on the subscapularis repair. 
Extreme retroversion can also lead to posterior 
instability. Placing an oversized humeral head 
can strain the rotator cuff and lead to an unstable 
shoulder arthroplasty if rotator cuff deficiency 
results. If excess translation is present while 
 trialing implants, corrective version may be help-
ful to maintain a stable construct [13]. Adjusting 
the direction of humeral head offset is also useful 
to help improve stability [21].

Appropriate humeral head height can be con-
firmed by using various soft tissue landmarks 
during trialing implants. The greater tuberosity 
and pectoralis major can be used as intraopera-
tive landmarks. The superior border of the pecto-
ralis major tendon lies on average 5.64 cm from 
the top of the humeral head [34].

Appropriate correction of glenoid deformity 
should also be evaluated. Preoperative planning 
with two-dimensional corrected CT scans or 
three-dimensional templating software can help 
improve glenoid component positioning and 
deformity correction [46]. These modern tools 
are invaluable in assessing bone loss and wear 
patterns that would otherwise be underestimated 
at the time of surgery. Depending on the defor-
mity present, previously discussed techniques 
such as a corrective glenoid reaming, bone grafts, 
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or augments may be utilized. CT-guided planning 
can help execute superior-inferior placement of 
the glenoid prosthesis as well by differentiating 
osteophytes from native glenoid anatomy.

After humeral and glenoid component place-
ment, translation and range of motion should be 
evaluated. The rotator interval can be closed with 
a lateral suture if there is excessive (greater than 
50%) translation. If there is persistent instability 
or implant gapping, capsular plication of the pos-
terior capsule can be helpful in addition to verify-
ing component position.

In reverse shoulder arthroplasty, many of the 
same principles apply. Complete osteophyte 
excision and correct component version are keys 
to avoid impingement and premature implant 
gapping. Balancing length and offset on both the 
glenoid and humeral sides are important to estab-
lish appropriate deltoid tension. Prior to closure, 
trialing implants through the planes of motion 
should be performed at the end of every surgery. 
There should be reasonable tension in the short 
head of the biceps and coracobrachialis. There 
should be minimal gapping with axial traction. 
There should be no instability with direct lateral 
translation of the proximal humeral implant by 
placing a finger on the medial calcar and trying to 
dislocate the humerus laterally. If instability is 
present, spacers or constrained liners can be uti-
lized. If instability persists prior to completing 
the RSA, the aforementioned principles should 
be re-evaluated.

 Conclusion

The incidence of instability after shoulder arthro-
plasty has decreased over time but is still a poten-
tial complication. A thorough history and physical 
exam can help diagnose the direction and etiology. 
Advanced imaging may also be helpful in diagno-
sis and planning for revision surgery. Several tech-
niques have been developed to address failed 
anatomic total shoulder arthroplasty due to insta-
bility, but a properly positioned RSA has the most 
predictable results in restoring function. Most sur-
geons agree that meticulous technique and implant 
positioning during index surgery is the most 

important factor in preventing the complication. 
Adjusting the implant position and correcting soft 
tissue imbalance after trialing implants can help 
avoid an unstable shoulder arthroplasty.
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Treatment of Periprosthetic 
Fractures of the Shoulder

Benjamin J. Lindbloom, Michael C. Cusick, 
and Mark A. Mighell

 Introduction

Periprosthetic fractures of the humerus can be a 
devastating complication following shoulder 
arthroplasty. Although they occur relatively 
infrequently, with an incidence of 0.6–3%, they 
are often challenging to treat. [1, 2] Most frac-
tures occur intraoperatively and are more com-
monly seen in total shoulder arthroplasty than 
hemiarthroplasty due to maneuvering for glenoid 
exposure. Risk factors for periprosthetic fractures 
include osteopenia, advanced age, female sex, 
and rheumatoid arthritis [2, 3]. As the indications 
for arthroplasty continue to expand and frequency 
of shoulder arthroplasty increases, an under-
standing of periprosthetic shoulder fractures and 
how to treat them becomes critical. Good clinical 
outcomes and osseous healing can be accom-
plished following appropriate treatment of peri-
prosthetic humeral fractures.

 Classification

Several classification systems have been intro-
duced in the description of periprosthetic 
humerus fractures. Perhaps the most widely uti-
lized classification system was introduced in 
1995 by Wright and Cofield [4]. This classifica-
tion primarily describes the fracture based on its 
location relative to the humeral stem. Type A 
fractures begin around the humeral stem and 
extend proximally. Type B fractures begin around 
the stem and extend distal to the tip. Type C frac-
tures both begin and remain distal to the stem tip. 
One study demonstrated poor interobserver reli-
ability (kappa coefficients of 0.24 for first 
attempts and 0.50) but good intraobserver reli-
ability (kappa coefficient 0.69) [5]. Another com-
mon concern with the Wright and Cofield 
classification raised by clinicians is its lack of 
description of how well-fixed the stem is and the 
quality and quantity of the remaining bone.

Campbell et  al. categorized periprosthetic 
proximal humerus fractures based on fracture 
location in four specific regions. Region 1 were 
fractures involving the greater or lesser tuberos-
ity. Region 2 were fractures occurring in the 
humeral metaphysis and surgical neck. Region 3 
involved the proximal humeral diaphysis and 
region 4 the mid- and distal diaphysis. Fracture 
location was classified by the most distal extent 
of the fracture line.
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The morphology and features of the fracture 
are also important considerations for treatment 
and prognosis. Transverse and short oblique frac-
tures have less intrinsic fracture stability and less 
surface area available for healing, resulting in a 
higher incidence of non-union than long oblique 
or spiral fractures. A fracture gap larger than 
2 mm is also associated with higher incidence of 
non-union in periprosthetic humerus fractures.

It is important to consider the bone stock 
remaining when a periprosthetic humerus frac-
ture occurs. Campbell et al. described their sys-
tem of evaluating the presence of osteopenia on 
the preoperative plain radiographs [6]. The 
authors calculated the ratio of the combined 
width of the mid-diaphyseal cortices to the diam-
eter of the diaphysis. The bone is described as 
normal if the ratio was greater than 50%, mild 
osteopenia if ratio was 25% to 50%, and severe 
osteopenia if the ratio was less than 25%. 
Remaining bone quality is important in consider-
ing the final construct. For example, locking 
screws, orthogonal plating constructs, and 
allograft bone plates may be considered in 
patients with osteopenic bone as they provide 
greater rigidity and support.

Another critical consideration is the stability 
of the implant. While the ultimate determination 
of whether the implant remains well-fixed is 
made intraoperatively, several radiographic fea-
tures have been described to help the surgeon 
anticipate the stability based off the preoperative 
radiographs. Sperling et al. described eight radio-
graphic zones surrounding a press-fit humeral 
implant and determined the humeral component 
was “at risk” for clinical component loosening 
when a lucent line 2 mm or greater was present in 
three or more of the eight zones [7]. Humeral 
components are also considered loose when there 
is tilt or subsidence of the component [8]. 
Sanchez-Sotelo et  al. demonstrated these same 
parameters can be used in cemented humeral 
components as well with good accuracy [9].

At our institution, we feel that although frac-
ture location is the focus of the two main classifi-
cations discussed, the most important clinical 

parameters to consider remain implant stability 
and quality of bone stock. These two consider-
ations have a great impact on implant consider-
ation, operative approach, and fixation construct, 
as will be discussed in the next section.

 Treatment

Treatment of periprosthetic humerus fractures 
involves careful consideration of the fracture 
characteristics, bone stock, implant stability, and 
patient factors. Non-operative treatment with a 
fracture brace or orthosis may be used to treat 
periprosthetic fractures that are minimally dis-
placed or nondisplaced in the setting of a well- 
fixed prosthesis [6, 10]. Satisfactory alignment of 
humerus fractures is defined as within 20° of 
flexion/extension, 30° of varus/valgus, and 20° of 
rotational alignment [11].

Operative treatment strategies can be stratified 
generally by considering the regions involved in 
the fracture. Campbell et al. described four frac-
ture regions [6]. Region 1 are isolated fractures of 
the greater and/or lesser tuberosities. These frac-
tures are fixed with cerclage sutures or wires to 
securely fix the tuberosities back to a standard 
“fracture-type” humeral stem. Region 2 are frac-
tures that occur in the metaphyseal flare below 
the tuberosities. Region 2 fractures are treated 
with intramedullary fixation with a standard or 
long humeral stem implant that extends at least 
three cortical widths distal to the fracture. Region 
3 occurs in the proximal diaphyseal region. These 
can be treated with intramedullary fixation with a 
long humeral stem implant. Bone stock must also 
be considered in these fractures, and often times 
these fractures may require allograft bone proxi-
mally in the form of an allograft prosthetic com-
posite or an allograft bone strut with supplemental 
plate and cerclage fixation. Region 4 fractures 
occur in the mid- or distal humeral diaphysis. In 
region 4 fractures, which are often distal to the 
stem of the humeral component, the stability of 
the implant is the primary consideration. In the 
setting of a loose prosthetic, revision with a long 
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stem implant plus the potential for allograft bone 
and plate supplementation similar to the treat-
ment described for region 3 is required. If the 
prosthetic remains well-fixed in a region 4 
 fracture, then the fracture may be reconstructed 
using plate osteosynthesis with periprosthetic 
“stem skiving” cortical screws, unicortical lock-
ing screws, and/or cerclage wires which may be 
used to obtain fixation in the proximal fragment 
[5]. (Reference the Anderson paper)

Operative approach must be determined by 
the surgeon upon considering the fracture charac-
teristics and planned fixation construct. The 
anterolateral approach is extensile, allows the 
patient to be positioned supine with some eleva-
tion of the head, and allows for access to the 
shoulder joint to revise a potentially loose pros-
thetic. The posterior approach to the proximal 
humerus allows for direct visualization of the 
radial nerve, facilitates the possible use of a ster-
ile tourniquet, and is well suited for fixing region 
4 fractures that occur distal to a well-fixed stem. 
The main drawback of the posterior approach is 
difficulties and risks associated with prone or lat-
eral positioning and the lack of ability to perform 
a revision of the arthroplasty and access the 
shoulder joint.

Fixation constructs also have many consider-
ations when applied to the treatment of peripros-
thetic humerus fractures. The question of whether 
to use a single plate or using smaller plates 
applied orthogonally to allow for more options 
for points of fixation should be considered, espe-
cially in patients with poor bone stock or patients 
with a large diameter stem in place. Allograft cor-
tical bone plates may also be a useful adjuvant 
with screws or cerclage fixation to restore or rein-
force poor bone stock. Although allograft bone is 
useful in settings of bone loss, it does carry a 
slightly increased risk of infection. As a result, if 
there is not substantial bone loss and optimizing 
the fracture healing biology is the goal, we prefer 
autograft bone grafting. When placing cerclage 
fixation around the humerus, always pass from 
lateral to medial and be conscious of the course 
of the radial nerve in the surgical field to avoid 

injury. There are certain “safe zones” for placing 
cerclage fixation around the humerus: (1) above 
the level of the surgical neck near the tuberosi-
ties, as one is above the axillary nerve, and (2) at 
the level of the latissimus dorsi tendon, as it is 
between the axillary and radial nerves. At other 
levels, care and consideration must be given to 
elevate the periosteum and not entrap soft tissues 
with cerclage fixation to minimize the risk of 
injury to neurovascular structures. Retractors 
must also be placed carefully, and long-levered 
retractors such as Homans should not be placed 
laterally distal to the deltoid tuberosity on the 
humerus due to the course of the radial nerve.

In cases where the prosthetic is also loose, 
there are many considerations for revision arthro-
plasty to treat periprosthetic humerus fractures. A 
cemented allograft prosthetic composite may be 
constructed on the back table in cases of extensive 
proximal bone loss. To decrease the effects of 
rotational forces, step cuts are made in the native 
diaphyseal humerus and allograft. Interdigitation 
of the host and allograft segments will improve 
the stability of the allograft prosthetic construct.

 Conclusion

Periprosthetic fractures about total shoulder 
arthroplasty are an infrequent but difficult sce-
nario encountered by the shoulder surgeon. Many 
occur intraoperatively and can be addressed dur-
ing the index operation, but an increasing number 
of traumatic periprosthetic fractures are occur-
ring as the prevalence of shoulder arthroplasty 
increases. It is crucial to the treating surgeon to 
understand and appropriately classify the frac-
ture, evaluate the bone quality, and estimate 
implant stability in order to appropriately plan 
their operative strategy and approach. The treat-
ment for these fractures includes non-operative 
treatment, open reduction internal fixation, and 
revision arthroplasty. With the appropriate treat-
ments, satisfactory outcomes and reliable healing 
can be achieved in the majority of these fractures 
(Figs. 14.1, 14.2, and 14.3).

14 Treatment of Periprosthetic Fractures of the Shoulder



202

 Author’s Preferred Methods

 Fracture of Tuberosity Occurring 
During Revision or Primary 
Arthroplasty

When periprosthetic tuberosity fractures occur 
intraoperatively, they must be identified, and the 
fracture fragments must be controlled and well- 
fixed to the final construct. At our institution, we 
will switch to a fracture-type stemmed reverse 
humeral prosthetic. Three large structural sutures 
(we use Arthrex FiberTape) are placed in the poste-
rior rotator cuff (infraspinatus and teres minor) at 
the tendon-osseous junction in a simple configura-
tion. A fourth suture is placed in the anterior supra-
spinatus to use as a traction stitch to assist with 
reduction. Prior to placing the final stem, an ante-
rior to posterior 2.0 mm drill hole is placed just lat-
eral to the biceps groove and inferior to the surgical 
neck. Using a Hewson suture passer, FiberTape and 
FiberWire sutures are placed through the humerus 
to serve as vertical limb fixation sutures. The stem 
and humeral component are then impacted. The 
prosthesis is reduced, and then the tuberosity is 

Type A

Type B

Type C

Fig. 14.1 Wright and Cofield classification of peripros-
thetic humerus fractures

a b c d

Fig. 14.2 Campbell et al. classification based on four locations
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reduced to the prosthesis and fixed with the three 
sutures. The vertical limb two sutures are then 
passed anterior to posterior for one and posterior to 
anterior for the other, creating a “figure-of-eight” 
tension band fixation laterally with the vertical 
limb sutures. These are tightly tied with the arm 
positioned in shoulder abduction. This abduction 
position is critical, because when the arm is then 
lowered, the sutures become even tighter and com-
press the greater tuberosity fragment, further secur-
ing it. We will use our typical shoulder immobilizer 
for 4 weeks following this and avoid any pendulum 
range of motion exercises.

 Midshaft Fracture Requiring Revision 
to Long-Stemmed Component

In fractures that occur in the midshaft and require 
revision to a long-stemmed component, there can 
be challenges with maintaining an adequate fracture 

reduction while placing the long-stemmed implant. 
For these fractures at our institution, we position 
the patient supine and elevate the radiolucent por-
tion of the bed 30°. The C-arm is positioned to 
come in from the head of the patient. We utilize a 
deltopectoral approach and extend it into an 
anterolateral approach to the humerus. In these 
situations, we prefer to get a provisional reduction 
and stability at the fracture site prior to placing the 
long stem. Often times this stability can be 
achieved with tibial cortical strut allografts, which 
can be utilized as “bone plates” and affixed with 
cortical screws to the proximal and distal fracture 
fragments. In addition to stabilizing the fracture, 
this technique can help by providing additional 
bone stock in poor quality bone or bone loss situa-
tions. Another technique involves bridge plating 
the fracture with unicortical  locking fixation. This 
can be performed with either large fragment 
4.5  mm plates or orthogonal small fragment 
3.5  mm plates. Following final long- stemmed 
placement, stem skiving cortical screws may be 
employed within the plate to increase the rigidity 
of the final construct.

 Supracondylar Fracture Occurring 
Distal to a Well-fixed Stem

For supracondylar or distal humerus shaft frac-
tures occurring below a well-fixed stem, we will 
typically position the patient lateral with a bean-
bag and the arm over a post to perform a posterior 
paratricipital or triceps splitting approach. We 
prefer the added rigidity of parallel plating for 
these fractures, especially if there is intra- 
articular extension into the distal humerus. The 
limitation of this approach is that it does not 
allow for any revision of the prosthesis, if it turns 
out to not be well-fixed.

 1. Case examples from Dr Mighell/Dr Frankle 
(Monahos, Shiela Schumacker)
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Salvage Options for Failed 
Arthroplasty: Arthrodesis 
and Resection

Jason Scalise

 Introduction

Shoulder arthroplasty, including hemiarthro-
plasty, anatomic total shoulder arthroplasty 
(TSA), and reverse total shoulder arthroplasty 
(RSA) have been proven to be effective treatment 
options for glenohumeral arthritis. There has 
been rapid adoption of these techniques over the 
last 15 years such that the incidence of these pro-
cedures worldwide has risen substantially [1, 2]. 
As a result the incidence of failed arthroplasty 
has also risen and will continue to rise in the 
future.

In many cases, the reason or reasons for the 
failed arthroplasty can be addressed during revi-
sion surgery at which time new prosthetic com-
ponents are inserted. In the setting of a failed 
shoulder arthroplasty, every consideration should 
be made to maintain the functionality of the gle-
nohumeral joint; however, in cases with severe 
glenohumeral bone loss, loss of the deltoid mus-
cle and rotator cuff, or the presence of recalci-
trant infection, the likelihood of a successful 
outcome with a revision arthroplasty may be 
unacceptably low. In these circumstances, gleno-
humeral arthrodesis or resection arthroplasty 
may become the only other surgical option.

 Arthrodesis

Failure of a shoulder arthroplasty often leads to 
poor functional outcomes if not addressed. Pain 
and loss of sufficient motion to allow for some 
activities of daily living can occur. With the 
advent of reverse shoulder arthroplasty, many 
patients have been successfully revised to this 
style of construct that has resulted in acceptable 
outcomes in several series [3–8].

However, in some circumstances, revision to a 
new arthroplasty construct may not be a viable 
alternative. Such circumstances can include com-
plete deltoid dysfunction, inability to eradicate 
infection, insufficient bone stock to allow stable 
implantation of a shoulder arthroplasty, or other 
concomitant neuromuscular disorders that would 
prevent durable shoulder stability or function. 
Although glenohumeral arthrodesis remains a 
proven and durable technique to restore function 
in select patients with a native shoulder, those 
outcomes are not comparable to arthrodesis in 
the setting of failed arthroplasty [9]. Poor-quality 
bone stock, sometimes massive bone loss, and 
poor soft tissue envelopes all make successful 
salvage with arthrodesis more challenging when 
in the setting of a failed arthroplasty.

The primary indication for an arthrodesis in 
the setting of failed arthroplasty is for the allevia-
tion of pain while still allowing for some waist-
to-shoulder level elevation. A successful 
arthrodesis can result in durable pain relief and 
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provide a stable platform for upper extremity use 
[10–12]. Younger patients that are wishing to per-
form additional but moderately laborious activi-
ties with the involved extremity may therefore be 
candidates for arthrodesis consideration.

The decision to consider arthrodesis after 
failed arthroplasty is usually coupled with the 
presence of severe deltoid dysfunction given that 
the option of revision to RSA is compromised. 
Complete deltoid dysfunction may be seen in 
injury to the axillary nerve, brachial plexopa-
thies, primary muscle dysfunction, or dehiscence 
from its origin. It should be noted, however, that 
in the presence of partial deltoid function, accept-
able outcomes for RSA have been reported [13, 
14] and that the decision to consider arthrodesis 
or resection would be consigned to situations 
where complete or near-complete deltoid func-
tional loss is present.

Persistent prosthetic sepsis in some patients is 
a contraindication for implantation of prosthetic 
components. In this setting and typically after 
multiple failed attempts at infection treatment, 
arthrodesis remains a salvage option assuming 
the infection is treated and no longer active. 
Recalcitrant prosthetic instability following 
unconstrained or reverse total shoulder arthro-
plasty is a very challenging problem. When soft 

tissue stabilization procedures or revision arthro-
plasty have been exhausted, arthrodesis may be 
indicated (Fig. 15.1).

Factors relevant to the decision to proceed with 
arthrodesis will include the health status of the 
patient, postoperative expectations of the patient, 
the feasibility that a fusion can be obtained, and 
the ability of the patient to cooperate with the post-
operative rehabilitation program. The most impor-
tant contraindication to glenohumeral arthrodesis 
following failed total shoulder arthroplasty is 
when other reasonable reconstructive options 
exist. This underscores the salvage nature of 
arthrodesis in the treatment of failed glenohumeral 
arthroplasty and that all practical reconstructive 
options should be first considered. Patients with 
progressive neurological disorders that may result 
in paralysis of the trapezius, serratus anterior, or 
levator scapulae muscles represent a contraindica-
tion to arthrodesis as the fused shoulder relies 
upon these muscles to move the extremity through 
the scapulothoracic articulation.

Patients whose overall health status would 
preclude them from the substantial operative pro-
cedure are also discouraged from arthrodesis. In 
many cases arthrodesis for failed prosthetic 
arthroplasty requires more than one procedure to 
achieve bony fusion [3, 10, 12].

Fig. 15.1 Radiographs of a failed, painful prosthetic replacement in a 53-year-old police officer. Complete deltoid 
deficiency was present following multiple surgeries and an initial shotgun injury

J. Scalise



207

 Technique

The surgeon and patient should recognize that 
glenohumeral arthrodesis for failed prosthetic 
replacement is a technically demanding proce-
dure. Prosthesis and cement extraction along 
with proper bone grafting techniques and correct 
arm positioning all are pertinent. A complete set 
of radiographs of shoulder and humerus to the 
elbow must be obtained. One should also evalu-
ate the soft tissues surrounding the shoulder for 
the need for flap coverage when the soft tissue 
envelope is compromised.

The need for and type of bone graft should be 
determined preoperatively. In cases with intact 
proximal humerus tuberosities, non-vascularized 
bone graft can be sufficient so long as the native 
humeral bone can be placed into direct contact 
with the decorticated glenoid fossa. In these cases 
there is still a need for bulk structural graft sub-
strate that cannot typically be accommodated 
from the patient’s iliac crest alone. Often, one 
large femoral head is sufficient for this purpose. 
Cancellous autograft can be obtained from the 
iliac crest. In some severe cases, where the tuber-
osities are missing or not attached to the humeral 
shaft and a large portion of the proximal humerus 
is deficient, a vascularized fibular autograft is 
required and can provide a reconstructive solu-
tion for this level of bone loss. In many respects, 
these situations resemble the reconstructive chal-
lenges found in tumor cases about the shoulder.

The patient is positioned in a beach-chair con-
figuration, while the operative shoulder is brought 
over the edge of the table allowing full range of 
motion of the shoulder and global surgical access. 
If iliac crest bone graft is to be obtained, the hip 
area must also be appropriately draped. If vascu-
larized fibula is needed, both legs are prepped 
from the groin to the toes. Saphenous vein graft 
harvest may be required in some cases.

The incision is made over the spine of the 
scapula, curving anteriorly over the acromion. 
Often, the scar from previous deltopectoral inci-
sions can be incorporated as the distal extent of 
the incision. After the deltopectoral interval is 
developed to the clavicle, the anterior and middle 

portions of the deltoid are detached subperioste-
ally from the clavicle and acromion and then 
reflected distally, thus exposing the entire proxi-
mal humerus. The prosthetic components are 
now removed and the remaining bone stock and 
soft tissue defects evaluated. Scar in the surgical 
bed is resected to expose the bone surfaces and 
allow apposition of those surfaces. The entire 
glenoid fossa, rim, and vault walls need be 
exposed to define the best placement of the graft 
material.

 Position of Extremity

The optimal position of the arthrodesed extrem-
ity is debated. In fusion for failed arthroplasty, 
the position that will allow proper function needs 
to be balanced with the position of the remaining 
humeral and glenoid bone to optimize bone con-
tact, stability, and ultimately union of the fusion. 
Given this balance of objectives, the position of 
fusion is a range of 10–20° of abduction, 10–20° 
flexion, and 35–45° internal rotation. This posi-
tion will generally allow the patient to reach their 
mouth, waist, back pocket, and contralateral 
shoulder, facilitating activities of daily living. In 
patients with a larger body habitus, larger degrees 
of forward flexion or abduction will still allow for 
the patient to comfortably bring the arm to the 
side of their body and will allow for greater 
degrees of active forward elevation. When there 
is sufficient humeral bone remaining (intact 
tuberosities) provisional fixation using large 
3 mm crossed Steinmann pins through the acro-
mion, proximal humerus and glenoid can allow 
for a gentle range of motion trial to ensure that 
the arm can come to the side, to the groin, and to 
the mouth or forehead. When the optimal posi-
tion is achieved, definitive fixation can be placed.

If the tuberosities are intact, they can be 
shaped with minimal bone removal to fit the gle-
noid. The presence of intact tuberosities and their 
blood supply enhances the potential for fusion. 
Fixation of the tuberosities to the glenoid should 
be with separate fixation using large cancellous 
screws. 4.5  mm screws with washers provide 
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interfragmentary stability and compression of the 
tuberosities to the glenoid. Larger screws for the 
tuberosity fixation may risk fragmentation. Soft 
tissue from the underside of the acromion should 
be removed and its undersurface gently planed to 
provide a flat surface for fusion. After initial fixa-
tion with screws, the structural allograft may be 
cut to fit between the tuberosities and the acro-
mion and the humeral shaft. 6.5 mm terminally 
threaded screws with washers can then be used to 
provide strong, independent fixation of the 
humerus graft composite to the glenoid. A large 
fragment pelvic reconstruction plate may be con-
toured to the spine of the scapula, the acromion, 
bone graft, and the humeral shaft distally 
(Fig. 15.2). A 12- or 14-hole plate is commonly 
used given the extent of contouring required and 
length needed to span the fusion mass. Although 
a minimum of three screws on either side of the 
fusion site should be used for stability, the inter-
fragmentary compression screws are critical to 
the integrity of this construct as the plate func-
tions largely in a neutralization role. Therefore, a 
wide distribution of screws enhances the strength 
of the construct. Where feasible, screws engaging 
the plate can also engage the humerus, graft, and 
glenoid. Use of intraoperative fluoroscopy is 
important to confirm screw position as well as the 
final construct.

The use of bone graft supplements such as 
demineralized bone matrix and/or recombinant 
bone morphogenic protein to enhance the fusion 
mass can be considered when the quantity or 

quality of native, viable bone is minimal (as can 
be encountered in such salvage scenarios). 
However, these should not be considered substi-
tutes to robust compression and stability that is 
obtained with adherence to proper fixation 
techniques.

 Vascularized Fibula Graft

When a vascularized fibula autograft is neces-
sary, it is ideal to utilize two surgical teams. 
During the harvesting of the graft, the reconstruc-
tive team may focus on the prosthesis extraction 
and preparing the bone bed. The bone gap is mea-
sured with traction on the arm to achieve normal 
or near-normal arm length. The fibula graft is 
harvested giving at least 6 centimeters more bone 
length than the measured bone deficiency (top of 
the glenoid fossa to the proximal end of the 
humeral shaft). The humeral canal is prepared so 
that the fibula can be placed within the medullary 
canal and at least two cortical (4.5 mm) screws 
are placed into the humeral shaft transfixing the 
fibula. The optimal arm position is determined, 
and the angle that of the proximal fibula is used to 
carve a tunnel in the glenoid so that it is doweled 
into the glenoid vault or has close side-to-side 
contact with the glenoid vault. Two 4.5 mm corti-
cal screws are placed into the proximal fibula and 
then into the glenoid vault in lag fashion. Smaller-
diameter screws (e.g., 3.5 mm) should be consid-
ered if the size of the fibula is small so as to 

a b c

Fig. 15.2 (a) Intraoperative photograph demonstrating 
initial fixation of the humerus to the glenoid. (b) Large 
fragment reconstruction plate is shown fixing the humeral 
shaft to the acromion and scapula spine. The bulk allograft 

(asterisk) is shown between the plate and proximal 
humeral shaft. (c) Postoperative radiograph demonstrat-
ing the arthrodesis construct
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minimize the risk of fracturing the fibula. A large 
fragment pelvic reconstruction plate is contoured 
to fit the spine of the acromion and humerus dis-
tally and then fixed with screws. The fibula is 
then vascularized by the microvascular team. 
After vascularization, cancellous bone graft is 
used at both the proximal and distal osteosynthe-
sis sites.

Postoperatively, the shoulder is immobilized 
in a brace that will hold the new arm position or 
spica cast for 12–16 weeks or until radiographic 
evidence of fusion is present. After the fusion has 
been established, scapular range of motion and 
strengthening exercises are initiated. If there is 
lack of bony healing at 3–4 months after surgery, 
there should be regrafting before there is failure 
of the hardware and loss of fixation.

 Results

Given the salvage nature of an arthrodesis after 
failed shoulder arthroplasty, results of this proce-
dure should be viewed as having limited goals. 
Providing pain relief and a stable platform for 
elbow and hand function are the primary goals of 
glenohumeral arthrodesis, as well as allowing 
some active elevation of the shoulder through 
scapula motion.

Arthrodesis has been recommended in set-
tings when revision prosthetic arthroplasty is not 
indicated. However, peer-reviewed data specific 
to arthrodesis following failed prosthetic arthro-
plasty are limited. As this procedure is performed 
with relative infrequency, many of the results of 
this procedure are contained in reports of fusions 
performed for variable indications within heter-
ogenous populations.

In 1 series of 43 shoulder arthrodeses, 2 were 
performed following removal of failed shoulder 
prostheses [15]. In one of these patients, deltoid 
dysfunction from axillary nerve palsy and subse-
quent glenoid component dislocation represented 
the indication for arthrodesis. Pseudarthrosis was 
observed in one patient in whom bone graft was 
not used. The authors suggest that the use of bone 
graft in the setting of such substantial bone loss 
can help avoid nonunion. In another report of 15 

fusion cases, 2 were for failed prosthetic arthro-
plasty with the only nonunion in the series result-
ing in 1 of these 2 patients.[16]. The results of 57 
glenohumeral arthrodesis were reviewed in 
another series in which two procedures were per-
formed for failed TSA [17]. One of these patients 
experienced a nonunion and required revision sur-
gery and bone grafting before fusion was obtained.

In one of the few dedicated series of patients 
that reported the results of arthrodesis for failed 
arthroplasty, eight shoulder fusion procedures 
were performed [10]. All patients had undergone 
multiple surgeries before their arthrodesis sur-
gery. Three patients included vascularized fibular 
bone graft procedures due to massive bone loss 
with the other five patients needing structural 
allograft or iliac crest autograft or both. Two non-
unions were seen in this group with four patients 
requiring two or more procedures to obtain 
fusion. Functional outcome improvement was 
reported in 7/8 patients.

Both surgeon and patient need be aware that 
multiple surgeries may be necessary to obtain 
fusion after prosthetic removal but that functional 
improvements can be achieved when compared 
to their pre-arthrodesis state.

 Resection Arthroplasty

Removal of a failed shoulder arthroplasty without 
further reconstruction can be considered a viable 
option in some select patients. Functional out-
comes of a resection arthroplasty may be less pre-
dictable [18–22]. However, patients with a 
relatively poor health status or with sufficiently 
low functional demands may represent candidates 
for this procedure. In some cases, these patients 
who have undergone multiple prior surgeries are 
wishing to avoid further procedures that have 
extended rehabilitation times and still may have 
relatively high risks of poor outcomes. This option 
is an alternative which is technically more 
approachable and avoids the prospect of compli-
cations such as nonunion or hardware failure.

Chronic infection that has been resistant to 
previous attempts at eradication can also 
 represent an opportunity for select patients to 

15 Salvage Options for Failed Arthroplasty: Arthrodesis and Resection



210

consider resection arthroplasty [18, 22]. In those 
patients in whom deltoid function still exists yet 
the ability or desire to revise the shoulder with 
another arthroplasty option such as hemiarthro-
plasty or RSA is deemed unwarranted, the results 
of some series have demonstrated acceptable 
results with resection arthroplasty when proper 
deltoid strengthening programs are instituted and 
coupled with appropriate patient selection and 
expectations.

As in arthrodesis, the primary goal for resec-
tion arthroplasty is pain relief. These patients 
typically have low functional demands and, in 
some cases, cognitive deficits. Deep infections 
around the shoulder that have been recalcitrant to 
all reasonable treatments are often an indication 
for resection arthroplasty, and like arthrodesis, 
resection arthroplasty should be considered a sal-
vage procedure. The objective is therefore to pro-
vide a straightforward procedure that results in 
the improvement of pain and allows the patient to 
avoid complex treatments or rehabilitation regi-
mens postoperatively.

 Technique

Patients are placed in a beach-chair position. 
Previous incision planes are used if possible. If a 
draining sinus is present, the incision is crafted so 
as to allow excision of the sinus tract and skin. 
The previous implants are removed including all 
cement and other foreign materials if infection is 
present so as to minimize the chance of infection 
recurrence. Devitalized or infected bone is also 
removed. The glenoid vault is similarly debrided, 
and exposure is typically generous in these situa-
tions. After thorough debridement and irrigation, 
any remnants of the anterior capsule or subscapu-
laris can be secured to the anterior humerus in 
order to help promote anterior stability.

Patients are placed in a simple sling, and pen-
dulum exercises may begin in 2 weeks. If a func-
tional deltoid is present, gentle but progressive 
deltoid strengthening can begin once comfort 
allows. Improvements in deltoid strength and 
control may in time result in modest functional 
gains for patients.

 Results

Several series have been reported for resection 
arthroplasty in this setting. Pain was reduced in one 
series 10 of 11 patients having a resection arthro-
plasty for failed shoulder arthroplasty despite also 
having very limited shoulder function [23]. In a dif-
ferent investigation, six of seven patients resulted 
in substantial or near-complete pain relief after 
resection arthroplasty despite limited functional 
results of that shoulder (average preoperative pain 
score decreased from 7.8 to 3.3 on a10-point visual 
analog scale) [21]. In yet another study, seven 
patients were reviewed in which all of the patients 
had sufficient function to perform basic activities 
of daily living and also had improvements in com-
fort allowing them to conclude that resection 
arthroplasty was an option in select patients who 
are otherwise poor candidates for other reconstruc-
tive efforts [18]. At follow-up, average forward 
flexion was 28° (range, 0–80), and average external 
rotation was 8° (range, −20 to −40); mean ASES 
scores after resection were 49.75 ± 26.1 (Fig. 15.3).

 Conclusion

Both arthrodesis and resection arthroplasty in the 
setting of failed arthroplasty are considered sal-
vage procedures for those patients in whom other 
reasonable reconstructive efforts are unwarranted. 
Appropriate patient selection and expectations 
combined with adherence to technical details are 
critical to the success of these surgical options. 
Arthrodesis is a technically challenging proce-
dure and is complicated by relatively high rates of 
nonunion of the fusion site especially with 
increasing degrees of humeral bone loss. A suc-
cessful arthrodesis, however, can provide durable 
pain relief, sufficient chest-level function, and a 
stable platform for patients to maintain some 
activity with their arm along with acceptable clin-
ical outcomes. Resection  arthroplasty is often 
indicated for a different population of patients in 
whom low functional demands combined with a 
desire to limit additional procedural and rehabili-
tation needs can result in adequate pain relief fol-
lowing implant extraction.
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 Introduction

The first documented shoulder arthroplasty was 
completed for treatment of tuberculous arthritis in 
1893 [1]. Since that time, advances in knowledge, 
surgical technique, shoulder implant technology, 
implant availability, and increasingly favorable 
outcomes have improved the surgeon’s ability to 
care for a wide variety of shoulder pathologies. 
Moreover, the total number of shoulder arthro-
plasties performed has grown (11% increase from 
2000 to 2008) to meet the demand of an aging 
population that is living longer with increasing 
incidence of advanced shoulder arthritis [2–4]. 
Additionally, the increased utilization of shoulder 
arthroplasty has been fueled by increased avail-
ability and expanding indications for reverse 
shoulder arthroplasty following its 2003 FDA 
approval for use in the United States [3].

Similar to other areas of joint reconstruction, 
shoulder replacements do not last forever. With 
revision as an endpoint, long-term implant sur-
vival rates for total shoulder arthroplasty are 
around 95% at 5 years, 90–95% at 10 years, and 
79–92% at 15 years [5–7]. While recent implant 
survival data has been encouraging, the overall 
increase in shoulder arthroplasty utilization has 
resulted in an increased total number of compli-

cations requiring revision surgery. Five- and 
10-year revision rates previously have been 
reported as 2–20% and 3–27%, respectively [8–
13]. In a review of the National Hospital 
Discharge Survey database from 2001–2010, 
Schwartz et al. noted a fourfold increase in revi-
sion shoulder arthroplasty during that decade 
[14]. The demand for revision shoulder arthro-
plasty is expected to continue to rise in the com-
ing years [15]. Therefore, we must be ready to 
take on the challenges of revision surgery.

The indications for reoperation often are mul-
tifactorial and include soft tissue-related failures 
(rotator cuff tears or instability, stiffness or adhe-
sions), bone failures (fractures, malunion, non-
union), prosthetic failures (loosening, malposition, 
polyethylene wear), and infection [16–21]. 
Revision arthroplasty is technically more demand-
ing and inherently fraught with more complica-
tions than primary arthroplasty [22–26]. Revision 
arthroplasty also has less predictable outcomes 
[27, 28] and results in inferior outcomes com-
pared to primary arthroplasty [11, 24, 26, 29–34]. 
This is due in part to altered anatomy, muscle con-
tractures, scar tissue and adhesions, bone loss, 
soft tissue deficiency, patient comorbidities, 
increased age at the time of revision surgery, and 
increased blood loss/transfusion requirements 
[11, 24, 26, 29–34].

The ability to recognize the causes of failure 
unique to each case is essential to successful 
treatment of these patients. Moreover, a thorough 
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understanding of surgical exposures and opera-
tive techniques to address a given cause of failure 
is critical in order to optimize patient outcomes. 
The focus of this chapter will be on the preopera-
tive work-up of a failed arthroplasty and how this 
directs the technique of operative exposure.

 Preoperative Assessment

Revision shoulder arthroplasty should be consid-
ered only after a comprehensive preoperative eval-
uation is completed. A thorough history should 
include an understanding of the original diagnosis 
and indication for the index procedure. Additionally, 
a review of previous operative notes and the post-
operative course of care is mandatory. 
Documentation of the previous surgical approaches, 
implants used, rehabilitation regimen, response to 
therapy, and patient compliance should be per-
formed as well in order to understand what tech-
niques were used and the response to treatment. 
Early postoperative wound healing problems 
should be noted. The current physical status of the 
shoulder should be evaluated including the healing 
status of the prior incisions, overall skin problems 
of the shoulder (acne, erythema, swelling), range of 
motion, strength, stability, and neurovascular sta-
tus. Complaints regarding function, pain, instabil-
ity, and weakness are documented. A discussion 
about the patient’s goals and expectations for the 
revision surgery should be performed. Finally, 
comprehensive examination of the entire upper 
extremity including cervical spine, scapulothoracic 
articulation, and ipsilateral chest is required.

The laboratory work-up should include an 
evaluation of inflammatory markers (sedimenta-
tion rate, C-reactive protein) even if there is not a 
concern for underlying infection (such as fevers, 
chills, erythema, warmth, or history of previous 
infection), as well as a complete metabolic panel 
to identify metabolic bone disease. If concern for 
infection persists, aspiration should be consid-
ered with synovial fluid held for at least 14 days 
to identify Propionibacterium acnes [35, 36]. A 
complete set of shoulder radiographs including 
an axillary view should be obtained and  compared 
to previous radiographs looking for component 

malposition, subsidence, osteolysis and loosen-
ing, and fracture. Advanced imaging including 
ultrasounds and CT scans may be considered to 
evaluate the rotator cuff and to assess for the 
presence of soft tissue deficiencies and bone loss. 
Typically, MRI is of little use due to metal arti-
fact although metal suppression techniques are 
being developed to improve the utility of MRI 
post-arthroplasty. The results of these studies will 
guide one’s operative plan if surgery is indicated. 
In the case of suspected nerve injury, an EMG/
nerve conduction study should be completed to 
document existing neurologic lesions and to plan 
for possible nerve or tendon transfers. Finally, a 
medical evaluation and clearance should be per-
formed to optimize patient comorbidities prior to 
surgical intervention.

 Revision Arthroplasty Surgical 
Technique

As with any surgery, preparation for the operat-
ing room begins prior to incision. Confirmation is 
required that revision instruments and implants 
are available. Typical instruments and equipment 
include implant extraction tools, flexible and 
rigid osteotomes, small microsagittal saws, burrs, 
drills, cables or cable systems, and allografts 
(struts and bulk) (Table  16.1). Fluoroscopy 

Table 16.1 Planning for the OR

Pick list
System-specific trays (for primary and revision 
implants)
Revision implants
Universal extraction kits
Osteotomes (rigid and flexible)
Drill and drill bit rack
High-speed burr
Sagittal saw
Cables
Allografts
Fluoroscopy
Heavy permanent suture
Bovie and/or bipolar cautery
Hewson suture passer
Cement extraction instrumentation
Cement and cement restrictors
Culture swabs and specimen tubes
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should be available. If vascular or soft tissue defi-
ciencies may be encountered, consultation and 
coordination with appropriate services should be 
performed so that they are available and ready to 
intervene at the time surgery is required. Revision 
surgery is associated with a higher complication 
rate, including neurologic injury. Therefore, 
nerve monitoring can be utilized at the time of 
surgery as well as based upon surgeon 
preference.

The author’s preferred patient position is a 
45-degree beach chair position with appropriate 
padding of bony prominences and flexion about 
the knees to protect the sciatic nerve (Fig. 16.1a). 
The skin is prepared with an alcohol or Betadine 
wash and then with a chlorhexidine  gluconate-based 
solution. The extremity is draped with the use of 
Ioban antimicrobial adhesive drapes (3  M, St. 
Paul, MN) to seal off the sterile field.

Old incisions should be utilized if possible, 
but the skin of the shoulder region is well vascu-
larized, and adjacent incisions can be made with 
low risk for wound healing problems. The old 
incision can be extended for improved exposure 
and to aid dissection in native tissue where the 
anatomy has not been distorted. If the previous 
approach was not through the deltopectoral inter-
val, a new anterior incision just proximal to the 
coracoid extending distally along the anterior 
portion of the deltoid to its insertion on the 
humerus should be utilized. Most of the goals of 
revision arthroplasty can be accomplished 
through the deltopectoral interval alone. Once 
through the skin, old suture may direct your path 
to the deltopectoral interval. Careful dissection of 
the soft tissues is of critically important to 
decrease the risk of wound breakdown or deltoid 
denervation/dysfunction, both of which are criti-
cal to the success of revision surgery maximizing 
function and stability.

The coracoid is the lighthouse of the shoulder 
and can be used as a guide to orient the surgeon 
to the proximal extent of the deltopectoral inter-
val, particularly if the cephalic vein is absent or 
difficult to identify (Fig. 16.1b). If the cephalic 
vein cannot be safely dissected from surrounding 
scar, ligate the vein to maintain hemostasis and a 
dry operative field. The exposure is carried the 

full length of the incision to the base of the 
wound. Proximally, the clavicle should be easily 
palpable, and distally, the insertion of the deltoid 
is exposed. Initial dissection medial to the cora-
coid is minimized. The tissue plane between the 
deltoid and pectoralis is often scarred. The mus-
cle bellies can be differentiated by contraction of 
the muscles using the bovie. Often the proximal 
extent of the interval has been left untouched by 
prior surgeons and can be a region to initiate dis-
section. Using cautery, the interval can be dis-
sected from proximal to distal using a rake or 
Senn retractor on the deltoid to maintain tension 
in the tissue. The conjoined tendon should be the 
structure that is next approached during the dis-
section understanding that it is commonly scarred 
laterally so lateral dissection through the interval 
is important to avoid inadvertent injury to the 
conjoined tendon and nearby neurovascular 
structures.

Upon developing the deltopectoral interval, 
one should focus on developing the subdeltoid 
and subacromial spaces. The clavipectoral fascia 
lateral to the conjoined tendon is incised from the 
pectoralis major tendon to the coracoacromial 
ligament (Fig. 16.1c). The subscapularis is deep 
to the clavipectoral fascia and should not be 
injured when incising the clavipectoral fascia. A 
Mayo scissor is spread under the CA ligament in 
the subacromial space to start the adhesion release 
in the subacromial space (Fig. 16.1d). A Browne 
deltoid retractor is placed into the subacromial 
space between the acromion and supraspinatus if 
one is still intact. Care is taken to not place the 
retractor through the rotator interval potentially 
injuring the posterosuperior rotator cuff.

At this point, the arm may be placed in slight 
abduction and internal rotation, which helps 
identify the anterior deltoid. While some have 
found it easiest to first develop the subdeltoid 
space distally, adhesion release from proximal to 
distal by starting in the subacromial space and 
sweeping down distally to the deltoid insertion 
with blunt dissection or a Cobb elevator can also 
be performed and is our preference. If the leading 
edge of the deltoid is tightly adhered to the 
humerus, a knife or bovie is used parallel and in 
contact with the humerus to start the elevation of 
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Fig. 16.1 (a) Patient is positioned 45° from horizontal in 
the lazy beach chair position. The arm may be secured 
with an arm positioner or rested on a Mayo stand. The 
anticipated incision is marked out, in this case over the 
previous incision. The end of the previous incision is 
marked to identify the extent of previous incision in case 
it needs to be extended for improved exposure and/or 
releases. (b) After incision and dissection through subcu-
taneous tissues, an army navy retractor placed just super-
ficial to the coracoid. In this image, the scissor is pointing 
at the coracoid, which guides development of the delto-
pectoral interval distally as you carefully dissect through 
scar. The scarred cephalic vein (arrow) was retracted later-
ally. The + sign identifies the conjoined tendon in this 
image. (c) After taking down remaining clavipectoral fas-
cia and scar tissue lateral to the conjoined tendon, blunt 
dissection of the subcoracoid space is performed. The 
axillary nerve should be identified in this space between 
the conjoined tendon (star) superficially and the subscapu-
laris musculotendinous unit deep if it is still intact. (d) 
The subacromial space is developed by inserting scissors 
beneath the coracoacromial ligament (triangle) and by 
spreading into the subacromial space. Once this space is 
developed, the dissection can be continued distally into 
the subdeltoid space, taking down adhesions to the poste-

rior aspect of the proximal humerus to allow for place-
ment of a deltoid retractor. (e, f) After the rotator interval 
is opened and subscapularis taken down, a Cobb elevator 
is placed along the inferior humeral neck to assist with 
humeral releases and dislocation. (g) The axillary nerve 
seen here at the tip of the clamp should again be identified 
before proceeding with glenoid exposure and synovium/
scar removal. The nerve is being identified posterior to the 
conjoined tendon and inferior to the subscapularis as it is 
passing posteriorly. (h) The subscapularis is grasped in 
this picture to allow for dissection of the subscapularis 
from the underlying capsule, beginning the releases and 
debridement around the glenoid. (i) After the space 
between the capsule and subscapularis has been devel-
oped and with a blunt Hohmann retractor placed between 
the subscapularis posteriorly and the axillary nerve anteri-
orly to protect the nerve, the capsule is released down to 
the glenoid vault. This accomplishes an inferior release 
often allowing the humerus to fall posteriorly thereby 
improving glenoid visualization. (j) To improve subscap-
ularis excursion and exposure of glenoid, a Cobb elevator 
is carefully placed along the anterior glenoid to facilitate 
release of adhesions. The subscapularis is marked with the 
arrow. The capsule is marked with the star

a
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the deltoid taking care to avoid cutting the del-
toid, the axillary nerve, or the rotator cuff. The 
anterior insertion of the deltoid can be released to 
facilitate exposure if needed. However, deltoid 
release should be done as a last resort and should 
be repaired at the end of the case to maximize 
deltoid function. The deltoid can be released 
from the clavicle, acromioclavicular joint, and 
acromion (and repaired again at the end of the 
procedure) to facilitate exposure in extreme cases 
although this has not been required in the authors’ 
practice. In cases in which the rotator cuff is 
intact, the coracoacromial (CA) ligament can be 

partially incised to improve exposure; however 
complete release should be avoided in uncon-
strained arthroplasty to avoid anterosuperior 
escape [17, 37, 38]. The CA ligament can be sec-
tioned without consequence in the setting of 
reverse total shoulder arthroplasty.

The subcoracoid space should be developed 
next. First, the coracoid and the conjoined tendon 
are identified. The pectoralis major is often 
scarred to the conjoined tendon; therefore careful 
dissection between these structures should be 
performed to facilitate improved exposure and 
motion. Next, the plane between the conjoined 

g
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Fig. 16.1 (continued)
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tendon and subscapularis muscle-tendon unit is 
developed allowing the axillary nerve to be 
 identified and protected. Adduction and internal 
rotation of the shoulder as well as elbow flexion 
can facilitate exposure between the subscapularis 
and the conjoined tendon by relieving tension on 
the conjoined. Caution should be taken with this 
dissection due to the presence of significant scar, 
adhesions, and suture material from prior sub-
scapularis repairs that often complicate these 
revision cases.

When the subscapularis is intact, the deep sur-
face of the conjoined tendon can be freed with 
careful dissection taking care not to dissect medial 
to avoid neurovascular injury. When the subscapu-
laris is ruptured, the dissection of the deep surface 
of the conjoined is more difficult. The authors like 
to start at the base of the coracoid to identify any 
residual capsule or tendon. If possible, a traction 
stitch or Kocher is placed to allow for lateral trac-
tion of the subscapularis. If no plane is identifi-
able, consideration is made for brachial plexus 
dissection to identify the axillary nerve at Erb’s 
point medial to conjoined tendon to allow safe 
releases and scar/capsular excision. Alternative 
strategies besides going to a plexus exploration 
include (1) identifying the lower border of the sub-
scapularis and working proximally as the lower 
border can often be healed despite superior border 
failure or (2) not identifying the nerve anterior the 
subscapularis but identifying it inferiorly during 
glenoid exposure. There is usually scar at the infe-
rior border, but remnant of the circumflex vessels 
can guide the dissection medially if lower border 
dissection is performed. Care should be used to 
not enter the conjoined tendon as the musculocuta-
neous nerve is a risk at this level. If the nerve is 
only identified inferior to the glenoid, dissection 
should be carried lateral to medial from the 
released capsule from the humerus to the inferior 
edge of the glenoid separating capsule superfi-
cially from the axillary nerve.

Release and/or lengthening of the conjoined 
tendon is sometimes necessary to improve visual-
ization, particularly in chronic anterior dislocated 
shoulders. Release of the conjoined tendon also 
is performed for emergency access to the axillary 
artery in the case of a vascular injury. Surgeons 

performing revision arthroplasty should be famil-
iar with this exposure. The easiest method of 
release is to remove from the coracoid either with 
fleck of bone at the tip or cutting directly off the 
coracoid sharply with a bovie. The tendons can 
then be repaired using #5 high-strength suture in 
a Krackow fashion in the proximal 1.5 cm of the 
tendons and repair through a drill hole in the 
remaining coracoid tied over a bone bridge.

With the all three spaces developed, it is time 
to address the intra-articular pathology. The 
author’s preferred technique is to identify the 
bicipital groove and open the rotator interval to 
the level of the glenoid while inspecting the sur-
rounding structures. Identification of the rotator 
interval can be challenging in revisions as the 
anterior and superior cuff blend as a single sheet 
of tissue. Knowing the subscapularis upper bor-
der exits inferior to the coracoid will assist in 
identifying the interval and avoid violation of the 
supraspinatus or subscapularis muscles or ten-
dons. The subscapularis is then taken down in the 
surgeon’s preferred manner. A plane should be 
developed between any residual capsule and the 
subscapularis tendon and muscle belly either 
before or after subscapularis mobilization.

Aggressive humeral-sided releases are needed 
for exposure and postoperative range of motion. 
The muscular insertion of the subscapularis and 
the inferior capsule need to be released past 6 
o’clock inferiorly on the humerus. In addition to 
releasing the upper border of the pectoralis major 
tendon, one can release the latissimus dorsi ten-
don release to aid exposure. Humeral releases are 
aided by external rotation, adduction, and for-
ward flexion of the humerus and by placing a 
retractor (Darrach) along the humeral neck. Any 
residual rotator interval is released at this time as 
the medial rotator cuff interval tissue can tether 
the supraspinatus to the subscapularis limited 
posterior displacement of the humeral head 
(Fig. 16.1e, f).

With a retractor in the subacromial space, 
along the humeral neck, and in the glenohumeral 
joint, the arm is externally rotated and extended 
to perform a surgical dislocation. Care should be 
taken during this maneuver to not fracture the 
greater tuberosity or tear the posterosuperior 
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rotator cuff. If there is significant difficulty, 
 further releases should be performed. At this 
stage, the humeral implants can be removed with 
several techniques, which will be discussed in 
later sections of this book. However, if humeral 
osteotomies or bone windows are required, one 
may need to release the pectoralis major and del-
toid insertions to improve visualization and to 
plan the osteotomies.

After the humerus is removed, glenoid expo-
sure is performed. A Fukuda or double-pronged 
Bankart retractor is placed posterior to the glenoid 
to help move the proximal humerus lateral and 
posterior thereby improving one’s visualization of 
the anterior and inferior capsule. The arm is 
placed into neutral rotation for the initial glenoid-
sided releases. A blunt Hohmann can also be 
placed between the axillary nerve and any resid-
ual capsule/subscapularis to protect the nerve 
after it has been identified as seen in Fig. 16.1g. 
The plane between the capsule and overlying sub-
scapularis is developed. While protecting the axil-
lary nerve, the capsule can be split to the inferior 
glenoid to complete the inferior release. Once 
complete, the blunt Hohmann can be repositioned 
into the joint along the inferior glenoid. The ante-
rior capsule can then be released from the overly-
ing subscapularis and the anterior glenoid to 
complete the anterior releases as seen in 
Fig.  16.1h. A double-pronged Bankart retractor 
can then be placed along the anterior glenoid neck 
for optimal exposure. At this point all four sur-
faces of the subscapularis have been released, and 
excursion is checked. Repeating the rotator inter-
val, superficial and deep dissections, and releases 
may be required to ensure maximal excursion.

Arm abduction and external rotation will 
allow the retractors to push the humeral head 
posteriorly in order to improve glenoid visualiza-
tion. Excessive arm abduction should be avoided 
as this can place the brachial plexus on stretch 
leading to a palsy. Synovium and hypertrophic 
tissue should be excised to facilitate glenoid 
exposure. Removal of inferior scar tissues while 
protecting the axillary nerve will improve post-
operative restoration of arm elevation (Fig. 16.1i).

Any residual adhesion along the capsule and 
anterior glenoid neck can be carefully released 

with Cobb elevators to improve subscapularis 
excursion, mobility, and glenoid exposure 
(Fig. 16.1j). Releasing the subscapularis from its 
fossa along the anterior neck of the glenoid is safe 
with a low risk for neurovascular injury. Posterior 
capsule can be released to improve posterior 
humeral excursion if needed to improve visualiza-
tion of the glenoid. We caution against release of 
any structures such as insertion of intact teres 
minor or posterior capsule if it is not interfering 
with exposure in order to maintain and optimize 
function and stability postoperatively.

In revision arthroplasty, it is often necessary to 
extend the incision distally along the anterolat-
eral approach to the humerus to facilitate expo-
sure. As such, care should be taken preoperatively 
to prep and drape the entire arm so that access to 
the mid to distal arm is available. Earlier, we dis-
cussed the potential need for pectoralis major 
release for improved exposure and/or exposure of 
the neurovascular structures in the event of injury. 
However, one may also need to release the pecto-
ralis major in preparation of humeral osteotomies 
for implant removal. Using bovie cautery, the 
pectoralis major can be released from the bone 
leaving a 5 mm stump of insertion on the humerus 
to facilitate soft tissue repair upon closure with 
ethibond or other nonabsorbable suture. The 
extension along the anterolateral approach to the 
humerus may also be necessary in the event of 
periprosthetic fracture and revision to a long-
stem prosthesis with plate, screws, strut grafts, 
and/or cables.

There are several other approaches to the shoul-
der that can be used for revision shoulder arthro-
plasty, either by choice or because of previous 
incisions. These include a deltoid splitting, poste-
rior Judet, or an extended superior deltopectoral 
approach with clavicular osteotomy. However, the 
authors have not found them to be easier or neces-
sary to expose the shoulder completely for the pur-
poses of revision shoulder arthroplasty, resection 
arthroplasty, or fusion. In the setting of failed prox-
imal humerus fracture treated with lateral locking 
plates or hemiarthroplasty through a deltoid split-
ting technique, we have found it more difficult to 
identify and  protect the axillary nerve as well as 
expose the glenohumeral joint for preparation and 
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completion of revision shoulder arthroplasty if the 
prior deltoid split is used. Ultimately, it has been 
the authors’ experience that meticulous dissection 
and exposure through the deltopectoral approach in 
a stepwise fashion as described above allow for 
safe and adequate exposure to perform revision 
arthroplasty based on the reason for failure identi-
fied in the preoperative work-up.

 Summary

The demand for revision arthroplasty will rise 
over the next decade with increased utilization of 
shoulder arthroplasty. Recent experiences with 
revision shoulder arthroplasty illustrate less pre-
dictable and inferior outcomes with these chal-
lenging procedures. Identifying the cause of 
arthroplasty failure and developing a surgical 
plan are critical for success in these cases. 
Application of a systematic approach to the sur-
gical exposure is critical in the complex cases in 
order to optimize results and avoid 
complications.
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Management of Large Glenoid 
Defects: Bone Grafts 
and Augmented Components

Peter N. Chalmers

 Introduction

There were over 100,000 shoulder arthroplasties 
in the United States from 2011 to 2012 [1]. 
Shoulder arthroplasty is becoming more common 
[2]. As it becomes more common and as experi-
ence and comfort with the procedure grow, rates 
of revision arthroplasty are increasing [3]. These 
procedures often involve substantial bone loss 
and often require either structural bone grafting 
or an augmented component [4]. For instance, 
although baseplate loosening is uncommon [5], 
when it does occur, deltoid tension leads to proxi-
mal migration of a fixed angle construct that cuts 
through the glenoid vault before compromising 
baseplate stability and is thus associated with 
challenging loss of glenoid bone stock [6]. 
Glenoid bone defects must be addressed to 
achieve optimal component position and stability 
and to avoid issues postoperatively [7–10]. For 
instance, superior glenoid component malposi-
tioning may contribute to inferior impingement, 
notching, and instability [11], while medial gle-
noid component malpositioning may contribute 
to inadequate soft tissue tensioning[10] with 
reverse total shoulder arthroplasty (RTSA). 
Shoulder surgeons must therefore be familiar 

with the evaluation and treatment of glenoid bone 
defects in the setting of shoulder arthroplasty.

Preoperative planning is crucial in the setting 
of a glenoid bone defect. A thorough preoperative 
assessment is crucial to identify the best treat-
ment option. This includes a full history to under-
stand prior traumas, prior non-operative 
treatments, and prior operative treatments. If pos-
sible, prior operative reports should be obtained 
to determine prior implants and the dimensions 
of these prior failed implants. In particular, TSA 
has increasingly incorporated flanged central peg 
glenoid components that require drilling a larger 
central hole that can be the beginning of a cavi-
tary defect. In RTSA the central post/screw is 
typically 8–9  mm but increasingly contains a 
shoulder section that is up to 15 mm in diameter. 
Many RTSA components also involve a large 
central screw that is up to 9.5 mm in diameter. 
Removal of these components can leave a sub-
stantial defect (Fig.  17.1). As glenoid compo-
nents have evolved to improve fixation, their ease 
of revision may be worsening. A full examination 
should be performed including inspection of 
prior incisions, range of motion, strength, neuro-
vascular testing, palpation for tenderness, and 
provocative tests. In all patients with prior surgi-
cal procedures, the possibility of infection should 
be considered and appropriately evaluated. 
Chapter 5 reviews the diagnosis of infection in 
the setting of shoulder arthroplasty. Infection is 
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an absolute contraindication to most glenoid 
reconstruction options.

The evaluation of these defects is complex and 
usually requires a three-dimensional computed 
tomographic scan in addition to high-quality tri-
ple-orthogonal plain radiographs. Often the 
deformity is biplanar, and the surgeon must use 
the remaining native anatomy to determine the 
pre-deformity anatomy (Fig. 17.2). Existing soft-
ware allows the virtual implantation of compo-
nents for preoperative planning [12], and future 
software will likely produce an estimate of the 
pre-deformity anatomy based upon statistical 

a

c d

b

Fig. 17.1 These anteroposterior (a) and axillary (b) 
radiographs and axial (c) and coronal (d) computed tomo-
graphic arthrogram images demonstrate the severity of 

bone loss frequently encountered in the setting of glenoid 
loosening and TSA

Fig. 17.2 This coronal computed tomographic image 
demonstrates a substantial superior bone defect in the set-
ting of a primary RTSA.  The triangle demonstrates the 
likely defect
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shape modeling [13]. These advances will be cru-
cial as glenoid bone loss implies an alteration of 
the normal glenohumeral spatial relationship and 
a likely resultant soft tissue imbalance [7–10]. 
However, with a distortion of CT images by 
metal artifact, preoperative glenoid deformities 
in revision arthroplasty can be difficult to fully 
assess.

A variety of options exist to reconstruct osse-
ous glenoid deficiencies, including eccentric 
reaming [14], augmented glenoid components [8, 
15, 16], and bone grafting techniques [6, 9, 10, 
15, 17–29]. There remains substantial contro-
versy regarding the optimal technique 
(Table  17.1) [18, 25–27, 29]. The shoulder 
 surgeon must master each of these options as gle-
noid reconstruction is often the most difficult and 
least forgiving portion of shoulder arthroplasty as 
bone stock is limited, exposure is challenging, 
and landmarks can be difficult to reliably iden-
tify. Glenoid exposure is covered in depth in 
Chap. 9 and thus will not be addressed in this 
chapter. However, most of the techniques dis-
cussed require excellent glenoid exposure. This 
usually requires a full view of the anterior, poste-
rior, and especially inferior glenoid rims as well 

as exposure of the scapular spine and the ability 
to finger palpate along the anterior surface of the 
vault. Without sufficient exposure and hemosta-
sis, none of the techniques described below are 
possible.

 Anatomic Total Shoulder 
Arthroplasty

Historically, bone grafting techniques were used 
in the setting of revision to an anatomic TSA. The 
results of glenoid bone grafting in the setting of 
revision anatomic shoulder arthroplasty have 
been disappointing [20], with subsidence rates 
ranging from 20% [28] to nearly 50% [22]. Many 
surgeons have thus abandoned glenoid bone 
grafting in revision TSA in favor of RTSA, and 
thus these techniques will not be discussed here 
[20, 22, 28]. In primary TSA, the most common 
deformity is glenoid retroversion, posterior 
humeral subluxation, and wear of the posterior 
glenoid into a double concavity. In this defor-
mity, the surgeon uses the original, pre-deformity 
“paleoglenoid” to reconstruct the new, post-
deformity “neoglenoid” to the same level as the 

Table 17.1 Advantages and disadvantages of each technique

Option Advantages Disadvantages
Femoral head allograft BIORSA Ease and speed of graft  

sculpting
Readily available graft
Easily customizable

Allograft
Nonstructural
Baseplate does not rest on native 
scapula

Iliac crest autograft BIORSA Structural
Autograft

Donor-site morbidity
Baseplate does not rest on native 
scapula

Femoral neck Allograft/cancellous 
autograft

Autograft
Structural

Cortical allograft
Baseplate does not rest on native 
scapula
Less customizable

Structural grafting Center point with native landmarks
Autograft
Structural
Baseplate can rest on native  
scapula

Technically challenging
Time-consuming

Augmented baseplate Obviates graft-related issues
Purpose-designed instrumentation
Baseplate rests against native  
scapula

Does not restore native bone stock
Less customizable
Potentially biomechanically inferior
Increased cost

BIORSA bony increased offset reverse shoulder arthroplasty
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“paleoglenoid.” Both bone grafting [30] and aug-
mented component strategies [16, 31–35] are 
available to address this pathology. These are dis-
cussed in depth in Chap. 4.

 Reverse Total Shoulder 
Arthroplasty

Glenoid bone defects are common in the setting 
of revision to RTSA. For instance, in one of the 
largest published series of revision RTSAs, 78% 
underwent glenoid bone grafting [6]. These 
defects vary in their extent and location, and the 
optimal reconstruction technique may be defect-
dependent [18, 36, 37]. Prior surgeons have clas-
sified these defects as either central or peripheral 
and either as contained and uncontained [38]. 
Revision to RTSA is often associated with more 
global defects [17, 18, 27]. The most common 
indication for revision to RTSA from TSA is 
loosening of the glenoid component [6] which is 
also frequently associated with rotator cuff insuf-
ficiency, superior migration, and superior-pre-
dominant bone loss. In the setting of a native 
glenoid, most surgeons will aim for 10° of infe-
rior inclination relative to the glenoid to avoid 
adduction impingement and to minimize notch-
ing and instability. In the setting of revision 
RTSA, superior glenoid bone loss is common; 
therefore if the baseplate is oriented in the plane 
of the glenoid, the baseplate will be superiorly 
inclined, which can lead to compromised range 
of motion, impingement, instability, and notch-
ing. Alternatively, in revision to RTSA, the infe-
rior glenoid rim may have been compromised 
and may thus not provide optimal baseplate sup-
port. In this setting, the surgeon can consider the 
alternate center line method, which seeks to place 
the central post/screw within the scapular spine 
[25]. However, surgeons must be wary with this 
technique as it can increase the risk for adduction 
impingement, notching, and instability, and thus 
this technique may only be appropriate with a lat-
eralized baseplates or glenosphere. In addition, 
fixation into the spine with a post may lead to a 
compromise of the scapular spine with scapular 
spine fractures or scapular body fractures 

(Fig. 17.3), which can lead to secondary loss of 
fixation of the baseplate, and thus this technique 
may only be appropriate with a central screw. 
Ultimately, baseplate position is a compromise as 
the surgeon seeks to achieve both initial stability 
and to minimize the long-term risk loosening 
while maximizing range of motion and minimiz-
ing impingement, instability, and notching.

 Bone Grafting

Although largely abandoned in the setting of revi-
sion anatomic TSA, the results of glenoid bone 
grafting in the setting of RTSA have been encour-
aging, likely because of the stability of the initial 
glenoid component fixation [18, 25–27, 29]. These 
results have led to expanded indications for RTSA 
[6, 17, 18, 39]. However, substantial controversy 
remains about how best to apply this technique, 
and midterm survival of the glenoid component in 
the setting of bone grafting is likely inferior to 
when bone grafting is not necessary [18]. Potential 
graft sources include humeral head autograft 
(which is usually not available in revision arthro-
plasty settings) [10, 27], iliac crest autograft [6, 26, 
27], cancellous autograft [6, 9], cancellous 
allograft [20], femoral neck allograft [9, 36], and 
femoral head allograft [19, 25]. Cancellous 
allograft is only appropriate with a contained 
defect, and it has been the author’s experience that 
most defects in revision to RTSA are uncontained 
defects that necessitate structural grafts. The opti-
mal graft choice may be host- and defect-depen-
dent  – in particular, when the biology of the 
remaining native bone is questionable, such as 
with failure of incorporation of a prior graft, his-
tory of nonunion, or prior radiation, consideration 
could be given to the use of autograft [6].

A variety of techniques exist for glenoid bone 
grafting. The ideal technique would allow the 
surgeon to address both contained and uncon-
tained defects while providing good initial stabil-
ity, optimizing graft incorporation, easing future 
revisions, minimizing cost, and minimizing 
donor-site morbidity. One of the most commonly 
utilized techniques is Boileau’s bony increased 
offset reverse shoulder arthroplasty (BIORSA) 
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technique (Fig. 17.4) [10]. While this technique 
was originally described using humeral head 
autograft, it can also be applied using a femoral 
head allograft. In this technique, purpose-
designed instrumentation is available. First, a pin 
is placed centrally in the allograft head using a 
centering guide. A combined reamer/bell saw 
assembly is then utilized to create a 1-cm-thick 

donut-shaped graft. A central hole is created 
using the same dimension as the central peg for 
the baseplate. The graft is then separated from the 
remainder of the femoral head using a side-cut-
ting guide. If a thicker graft is desired, the slot 
created by the bell saw can be used as a template 
for an oscillating saw before the undercut is cre-
ated. The graft can then be shaped to meet the 

a

c

b

Fig. 17.3 These coronal (a), sagittal (b), and axial (c) computed tomographic cuts demonstrate a postoperative scapula 
fracture with placement of the central peg within the scapular spine
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defect. Because the graft is entirely cancellous, it 
often undergoes some deformation during impac-
tion to allow it to better conform to the deformity. 
This graft can then be loaded into the central post 
of the baseplate and implanted en bloc. Baseplate 
screws then fixate graft, baseplate, and hose bone 
together because the graft underlies the screw 
holes within the baseplate. Advantages of the 
technique include the relative speed and ease of 
creation of the graft because of the available 
instrumentation, the ease of implantation because 

the graft can be implanted with the baseplate, the 
readily available graft, and the customizability of 
the technique. Disadvantages of the technique 
include the use of allograft and the nonstructural 
nature of the graft. Finally, unless the donut graft 
is aggressively trimmed into a “U” shape, with 
this technique no portion of the baseplate rests on 
native glenoid.

A roughly similar technique of en bloc implan-
tation can be applied with iliac crest autograft. 
First, the outer table of the crest is approached. It 
is then prepared for ba0seplate implantation as 
though it were a glenoid by drilling for the cen-
tral post/screw and reaming. The baseplate is 
then implanted, and then the crest/baseplate con-
struct is harvested using an oscillating saw [17]. 
After harvest, the graft backside (i.e., the inner 
table of the crest) must then be carefully shaped 
to match the defect with a burr. Because the graft 
is cortical, this process is time-consuming and 
challenging. Advantages of this technique include 
the use of structural graft and the use of autograft. 
Disadvantages include that, again unless the graft 
is aggressively trimmed into a “U” shape, no por-
tion of the baseplate rests on native scapula and 
that this technique introduces donor-site 
morbidity.

Another option is to utilize the femoral neck 
portion of the allograft instead of the femoral 
head portion. This technique was initially 
described for global defects in which all rims of 
the glenoid are missing [9]. In this technique, the 
central pin is placed, and the remaining native 
glenoid is reamed at the desired angle. The femo-
ral neck is cut from the head and is slid down 
over the central pin. The central cavity is then 
packed with cancellous autograft. The baseplate 
is then implanted such that the central peg/screw 
reaches native glenoid and compresses the graft 
between the baseplate and native glenoid. 
Advantages of this technique include the unique 
utilization of allograft and autograft, the ability to 
determine graft and baseplate position based 
upon the native anatomy, and the structural nature 
of the graft. Disadvantages include the use of cor-
tical allograft with questionable ability to incor-
porate, that no portion of the baseplate rests on 
the native glenoid, and the relative inflexibility of 

a

b

Fig. 17.4 These coronal (a) and axial (b) computed 
tomographic images demonstrate a completely incorpo-
rated femoral head allograft placed using a BIORSA 
technique
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the technique. In particular in cases with severe 
defect eccentricity, a graft centered around the 
baseplate may not be optimal.

The final option is to use free structural femo-
ral head allograft or iliac crest autograft. In the 
described technique [40], the defect is first decor-
ticated with a high-speed burr and perforated 
with a Kirschner wire (K-wire) multiple times. 
The central pin is then placed in the optimal loca-
tion to achieve neutral version and 10° of inferior 
inclination relative to the pre-deformity anatomy. 
The graft is then cut with an oscillating saw to 
roughly match the defect. A slot is then created in 
the graft so that it can be slide down over the pin. 
The graft is then painstakingly sculpted to match 
the defect. The graft is then placed over the pin 
and secured with multiple K-wires around its 
borders. The glenoid-graft construct is then 
reamed, and a central hole for the post/screw is 
drilled. The baseplate is then placed such that a 
portion of the baseplate rests on the native scap-
ula and such that a minimum of 5 mm of the cen-
tral post/screw is fixated into the native scapula. 
The baseplate and graft are then secured with 
multiple screws. Advantages of this technique 
include that the center point can be selected prior 
to graft implantation before native landmarks are 
obscured, that is, it can use autograft, that it can 
employ a structural graft, that a portion of the 
baseplate can rest on native glenoid, and that the 
technique has the flexibility to address a wide 
variety of defects. Disadvantages of this tech-
nique include the technical challenge it presents 
to the surgeon and the time-consuming nature of 
graft sculpting (Fig. 17.5).

 Results

Relatively few published outcomes are available 
for glenoid bone grafting. Those generally dem-
onstrate remarkably high rates of graft incorpora-
tion between 76% [6] and 98%, [10] although 
incorporation may not be possible to accurately 
judge radiographically [41]. In the largest pub-
lished series to date, Wagner et al. reported upon 
40 patients who underwent glenoid bone grafting 
as part of revision RTSA with a mean follow-up 

of 3.1 years with an 18% revision rate and only 
76% survival at 5 years, although these patients 
still had significant pain relief, improved range of 
motion, and increased satisfaction with their 
shoulders. In their series risk factors for loosen-
ing included increased body mass index, lateral-
ized center of rotation, prior TSA (vs. 
hemiarthroplasty), and smoking status. Of note, 
these authors also categorized their grafts as 
either structural or corticocancellous and noted 
that 75% of their failures are corticocancellous 
[18], suggesting that structural bone grafting may 
be preferable to achieve baseplate stability [37]. 
In the second largest series published to date, 
Melis et  al. reported upon 29 patients followed 
for a minimum of 2 years who revision from a 
TSA to an RTSA with a glenoid bone graft with 
either iliac crest autograft or femoral head 
allograft. These authors reported a low 8% gle-
noid loosening rate but found their clinical results 
to be disappointing with a mean final Constant 
score of 55 [6]. Kelly et al. reported 12 patients 
who underwent revision to RTSA with iliac crest 
autografting with a minimum of 2-year follow-up 

Fig. 17.5 This postoperative radiograph demonstrates a 
fully incorporated structural autograft with supplemental 
superior fixation
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with only a single case of loosening related to 
failure of the graft to incorporate and significant 
improvements in patient-reported outcomes, 
although with a “considerable” complication rate 
[17]. Bateman et  al. reported upon ten patients 
with a minimum of 2-year follow-up who under-
went revision RTSA with femoral neck allograft 
with 100% graft incorporation and baseplate sur-
vival [9]. To date, the free structural head allograft 
technique described above has only been reported 
in the setting of primary RTSA with humeral 
head autograft but with the ability to achieve cor-
rection over up to 35° with a 93% chance of base-
plate survival and a 100% chance of graft 
incorporation at 2-year minimum follow-up and 
with significant improvements in active forward 
elevation, pain, and function with a low compli-
cation rate [40].

 Augmented Components

The alternative to bone grafting for the restora-
tion of glenoid bone loss is to use an augmented 
component [15]. Very few published outcomes 
are currently available regarding these compo-
nents. Only two systems currently have aug-
mented baseplates available in the United States, 
and one was released within the past year. 
Currently, these are available as either fully 
angled or only half-angled depending upon the 
system. In addition, lateralization wedges are 
available. Finally, only combined two-plane 
deformity wedge is available for posterosuperior 
defects. These implants offer several potential 
improvements over glenoid bone grafting. First, 
because no graft is necessary, these components 
obviate graft-related issues such as disease trans-
mission with allografts, donor-site morbidity 
with autograft, and incorporation with both 
allograft and autograft. Even if the graft does 
incorporate at the graft-host junction, it remains 
unclear whether a large allograft ever becomes 
completely replaced with host osteocytes via 
creeping substitution in an elderly individual. 
Second, because these implants are available 
with purpose-designed instrumentation to 
machine the glenoid to match the implant, they 

may be more easily implanted. Certainly they 
avoid the operative time and potential complica-
tions related to graft harvest, graft shaping, and 
graft fixation. Third, in many bone graft tech-
niques, the baseplate does not rest against native 
bone, which may compromise stability until the 
graft incorporates. However, augmented base-
plates also have several theoretical disadvan-
tages. First, bone grafts have the potential to 
restore native bone stock and ease future revi-
sions, while augmented base plates do not and 
may thus make future revisions more challeng-
ing. Second, while bone graft sizes can be cus-
tomized to fit the defect, augmented baseplates 
are only offered in a limited variety of shapes and 
sizes, and thus intraoperatively native bone must 
be removed until the native defect matches the 
baseplate instead of vice versa with a bone graft. 
Third, bone grafts may be biomechanically supe-
rior. Once a graft incorporates, then stresses are 
dissipated at the bone-implant junction instead of 
the graft-bone junction, and thus forces are 
reduced as the length of the lever arm from the 
center of rotation is reduced. However, with an 
augmented baseplate, these torques are perma-
nently increased. Fourth, augmented baseplates 
come at an increased cost as compared to 
autograft.

The surgical technique for implantation for an 
augmented baseplate is implant specific. While to 
date only two augmented baseplates are avail-
able, within the coming years, likely many manu-
facturers will develop and release similar 
components, and the instrumentation and tech-
nique will likely differ for each. Generally, 
regardless of the instrumentation and specific 
implant, the surgeon must respect similar con-
cepts to glenoid bone grafting regarding compo-
nent positioning to maximize initial stability and 
long-term biomechanics while minimizing 
impingement and instability.

To date, only two series have described the 
results of augmented baseplates, and both are in 
the setting of primary RTSA. In 39 patients fol-
lowed for a mean of 28  months, the patients 
reported significant improvement in functional 
outcome scores with no complications [15]. In 
the second series, 39 patients who underwent 
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 primary RTSA with an augmented baseplate 
were followed for a minimum of 2  years, with 
significant improvements, although with signifi-
cantly better outcome scores and elevation 
motion with posterior as compared to superior 
augments [8]. Likely in the future as the use of 
these components becomes more widespread, 
multiple outcome series will become available.

 Postoperative Protocol

If initial baseplate stability is solid intraopera-
tively, the author’s postoperative protocol does 
not differ between revision RTSA with a bone 
graft and primary RTSA without a bone graft. 
Patients are immobilized in a sling for the first 
2 weeks postoperatively. At 2 weeks they discon-
tinue sling use and begin to use the arm in their 
daily lives. They begin a home exercise program 
with pulleys. Patients are instructed not to put 
more than three to five pounds on the arm with 
either push or pull for the first 6  weeks. At 
6  weeks, if radiographs demonstrate a stable 
baseplate, restrictions are lifted, and patients 
begin wall climbs, Jackins’ exercises, passive 
external rotation exercises, and passive internal 
rotation exercises. At 3 months patients incorpo-
rate bands into their Jackins’ exercises and begin 
hitch hiker’s exercises, progressing to a resis-
tance band as tolerated. For those patients who 
require physical therapy, they progress from pas-
sive to active assisted to active range of motion as 
tolerated with a goal of 120° of active forward 
elevation and 30° of active adducted external 
rotation by 6  weeks postoperatively. Isometric 
gentle strengthening begins at 6 weeks with con-
centric, closed chain anterior deltoid strengthen-
ing, open chain external rotator strengthening, 
and scapular stabilization exercises. However, 
patients are instructed to hold off on bands and 
weights until 3 months postoperatively. Patients 
can generally begin light athletic activities at 
3 months and higher-level activities at 4 months. 
In cases where baseplate stability is uncertain, 
the author generally immobilizes patients in a 
sling for 6 weeks postoperatively and then begins 
the protocol above in a delayed fashion.

 Complications

Generally, complications with revision to RTSA 
are extremely frequent, [42] with major complica-
tions occurring in 33% of cases. When all compli-
cations, including minor medical complications, 
are carefully measured, rates are as high as 70% 
[43]. The most frequently encountered complica-
tions include humeral or scapular fracture, infec-
tion, failure of graft incorporation, component 
impingement and instability, and baseplate loos-
ening. While most of these complications are 
treatable, patients should be counseled preopera-
tively regarding the high frequency of periopera-
tive complications. In addition, patients must be 
counseled that even a minor trauma such as a fall 
in the acute postoperative period can be cata-
strophic for a complex reconstruction.

 Conclusions

Revision to RTSA with a concomitant glenoid 
bone defect is becoming increasingly common, 
and thus surgeons should be familiar with the 
evaluation and treatment options for these 
defects. A variety of bone grafts have been uti-
lized, and each has advantages and disadvan-
tages. These procedures are technically 
challenging, the complication rate is high, and 
the results are inferior to shoulder arthroplasty 
performed in the setting of normal glenoid bone. 
However, these procedures still lead to signifi-
cant improvements in pain and function as com-
pared preoperatively, and most patients are 
satisfied with the outcome if appropriately coun-
seled preoperatively.
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Management of Large Humeral 
Defects: Bone Grafts 
and Augmented Components

William R. Aibinder and Joaquin Sanchez-Sotelo

 Introduction

Revision shoulder arthroplasty can be particularly 
challenging in the presence of substantial proxi-
mal humeral bone loss. Bone deficiency of the 
proximal humerus after arthroplasty may occur 
due progressive osteolysis or stress shielding, 
uncontrolled bone loss or fracture at the time of 
component removal, or infection. It may have also 
been present at the time of the index failed shoul-
der arthroplasty, especially when performed for 
oncologic indications or sequels of trauma [1–5].

Management of extensive bone loss in the set-
ting of revision shoulder arthroplasty is challeng-
ing due to several factors. First, there is an 
absence of metaphyseal bone for component fix-
ation, which leads to an increased reliance on 
diaphyseal support. In these circumstances, the 
surgeon may feel tempted to implant the humeral 
component deeper, which will effectively shorten 
the overall length of the reconstruction and 
potentially facilitate dislocation. Second, the 

attachment sites for the rotator cuff, and in longer 
defects the deltoid and the pectoralis, may be 
compromised; poor active motion in all planes 
and instability may be the result. Finally, the lack 
of bulk of the proximal humeral metaphysis (and 
in particular the greater tuberosity) may contrib-
ute to loss of the wrapping effect on the deltoid 
[2, 4, 6, 7].

In the primary setting, proximal humeral bone 
loss is known to compromise stability at the time 
of reverse arthroplasty. Raiss et  al. reported a 
34% dislocation rate in 32 primary RSA per-
formed for proximal humeral nonunion [4]. 
Intraoperative humeral head and tuberosity resec-
tion was a statistically significant risk factor for 
prosthetic dislocation. In the revision setting for 
failed hemiarthroplasty for fracture with tuberos-
ity failure, Levy et  al. reported a trend toward 
improved functional outcomes with proximal 
humerus allograft reconstruction with RSA com-
pared to RSA alone [6].

Currently, the majority of the revision proce-
dures performed for shoulders with proximal 
humeral bone loss are performed using reverse 
components, since anatomic hemiarthroplasty or 
total shoulder arthroplasty has an unacceptably 
high rate of a failure. This chapter will summarize 
a few concepts related to the management of large 
humeral defects at the time of revision reverse 
arthroplasty using one of two techniques: a proxi-
mal humerus allograft-prosthetic  component 
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(APC) or proximal humeral prostheses with large 
metal replacement humeral bodies.

 Options for Massive Proximal 
Humeral Bone Loss and Reported 
Outcomes

Oftentimes, moderate proximal humerus defi-
ciencies may be reconstructed using standard 
reverse arthroplasty components at the time of 
revision surgery. When restoration of substantial 
length is anticipated, the glenoid baseplate is 
implanted flush with the inferior glenoid rim, and 
an eccentric larger-diameter glenosphere may be 
implanted with as much eccentricity as possible 
facing inferiorly in order to restore extra length 
on the glenoid side. In addition, humeral length 
may be gained by using the thickest possible 
humeral bearing; certain reverse systems provide 
more limited thickness of the humeral bearing, 
but some provide up to 22 mm. In addition, the 
humeral component may be cemented proud 
intentionally in order to restore some length. 
However, when humeral bone loss is beyond the 
ability of current standard implant systems, three 
main options exist to address massive proximal 
humeral bone loss: (1) osteoarticular allografts 
[8–11], (2) allograft-prosthetic composites 

(APCs) [1, 3, 12–14], and (3) large modular 
proximal humeral prostheses [7, 10, 15–19].

Osteoarticular allografts were originally devel-
oped for the management of proximal humeral 
bone loss as a consequence of resection of malig-
nancies. They were particularly appealing for 
younger patients with an intact glenoid, and they 
provide the ability to reattach the deltoid and cuff 
musculature [11]. Unfortunately, the articulating 
portion of the humeral head collapses over time in 
a number of individuals. Other reported complica-
tions include nonunion, instability, and allograft 
fracture [8–10]. This reconstructive technique is 
seldom used for revision surgery.

Allograft-prosthetic composites (APCs) pro-
vide several perceived benefits, such as the abil-
ity to use standard implants, restore the length, 
offset an overall geometry of the proximal 
humerus, and attach the patient’s native tissues to 
allograft tendon stumps in the bone in an effort to 
improve stability and function (Fig.  18.1). 
Potential complications and concerns with APCs 
include graft incorporation and resorption as well 
as the potential for disease transmission and 
infection. Chacon et al. reported on 25 shoulders 
with an average of 5.4 cm of humeral bone loss 
that were treated using an RSA with an APC [3]. 
The authors reported a 21% rate of incomplete 
graft incorporation with 17% resorption. 

Fig. 18.1 Schematic 
drawing demonstrating 
the use of an APC with 
the use of standard 
implants, restoration of 
the normal anatomy and 
geometry of the 
proximal humerus, and 
attachment of native 
tissue to the allograft 
tendon stumps
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Nonetheless, the literature has proven that host- 
allograft union is achievable [5, 20]. In a recent 
study, the senior author (J.S.S.) reported on 26 
reverse shoulder arthroplasties implanted with a 
proximal humerus allograft in an APC fashion 
[14]. The cohort included 8 primary cases and 18 
revisions. At a mean follow-up time of 4 years, 
there were significant improvements in pain and 
range of motion, with an overall postoperative 
active elevation of 98° (114° in primary cases). 
The mean time to graft-to-host union was 
7 months. There were 2 (8%) asymptomatic non-
unions in the revision setting and 2 (8%) cases of 
graft resorption and fragmentation, 1 of which 
occurred in the setting of infection.

Modular segmental proximal humeral replace-
ment is another attractive option (Fig.  18.2). 
Historically, these prostheses were largely used in 
the setting of tumor resection and implantation of 
an anatomic tumor endoprosthesis [7, 10, 15–18]. 
The primary goal was often to preserve hand, 
wrist, and elbow function, with the humerus serv-

ing as a stable platform with limited active motion. 
Due to the absence of proximal soft tissue attach-
ment sites in early implants, there was a high rate 
of instability with limited shoulder function. Bos 
et al. reported instability in 10 of 18 (56%) cases 
with either subluxation or frank dislocation [15]. 
Cannon et al. reported proximal migration of the 
prosthesis in 22 of 83 (27%) cases [16]. 
Additionally, the authors noted that function was 
limited with a mean forward elevation of only 41°. 
Kumar et al. reported on 100 patients, 47 of which 
were alive at final follow- up, with most patients 
unable to perform overhead activities [17].

The advent of reverse shoulder arthroplasty 
designs that allow the use of metal modular 
 segmental proximal humerus replacement has led 
to improved clinical shoulder function. 
Streitbuerger et al. reported on the use of a reverse 
design proximal humeral replacement [19]. When 
the axillary nerve function could be preserved, the 
mean active forward elevation was 84°, which is 
better than that reported for anatomic implants. 
However, the improved range of motion did not 
correlate with overall improved functional scores. 
We recently reviewed our outcomes using a mod-
ern proximal humeral metal replacement reverse 
system (SRS, Zimmer-Biomet, Warsaw, IN, 
USA). This particular system allows for the use of 
plates with ingrowth surfaces for the attachment 
of host soft tissues to metal segments, although 
the rate at which soft tissues heal to these metal 
surfaces is largely unknown. The study reviewed 
23 consecutive primary and revision SRSs with a 
minimum of 2-year follow-up. The mean postop-
erative forward elevation was 109° with statisti-
cally significant improvement in pain scores. 
Instability was rare, with dislocation occurring 
only in one shoulder. There were, however, 4 
cases (17%) of humeral component loosening, 3 
of which had already required revision surgery at 
the time of the review (Fig. 18.3). Two additional 
shoulders were complicated by a periprosthetic 
fracture. The average amount of proximal humeral 
bone replaced by metal augmentation was 47 mm 
(range, 42–62 mm).

There remains a paucity of data to help guide 
decision-making between the use of modular seg-
mental metal proximal humerus implants and 

Fig. 18.2 A modular segmental proximal humeral 
replacement in a 77-year-old female with a failed ana-
tomic total shoulder arthroplasty and proximal humeral 
bone deficiency
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allograft-prosthetic components in the manage-
ment of proximal humeral bone deficiency. 
Comparative studies, in particular, are lacking 

(Table 18.1). We continue to use both options in 
our practice, and—as mentioned previously—we 
favor modular segmental metal prosthesis for 
shorter defect and patients with associated comor-
bidities that compromise allograft healing, whereas 
reverse APC is selected for shoulders with longer 
defects and substantial need for associated soft tis-
sue reattachments. Other considerations for the 
selection of one modality over the alternative are 
summarized in Table 18.2. The general indications 
and contraindications for revision shoulder arthro-
plasty apply when performing a revision procedure 
using either one of these techniques.

 Allograft-Prosthetic Composite

 Preoperative Planning

Preoperative planning aids with anticipating the 
correct length of the allograft needed to restore 
appropriate humeral length. A well-centered, 
full-length humerus radiograph with a magnifica-
tion marker is extremely useful. A radiograph of 
the opposite intact humerus with magnification 
markers should be considered, although in 
 revision procedures with associated soft tissue 

Fig. 18.3 Radiograph of a loose humeral SRS stem in a 
patient who was revised to a reverse APC

Table 18.1 Comparative analysis of reverse APC and modular segmental metal replacement reverse in primary and 
revision cases: reported Mayo Clinic experience

Reverse APC [14]
Reverse modular segmental metal 
replacement (currently unpublished)

Shoulders 26 34
Primary vs. revision 8 vs. 18 17 vs. 17
Elevation 98° 109°
External rotation 31° 34°
Reoperations Five

  Revision APC for allograft fracture 
following trauma

  Larger glenosphere and thicker 
polyethylene bearing for periprosthetic 
dislocation

  Irrigation and debridement for infection
  Internal fixation for periprosthetic fracture
  Autogenous bone grafting of host-graft 

junction for delayed union

Eight
  Humeral body lengthening for 

periprosthetic dislocation
  Irrigation and debridement for infection  

(2 shoulders)
  APC for periprosthetic fracture  

(2 shoulders)
  APC for humeral component loosening
  Revision SRS with cemented humeral 

stem for humeral component loosening  
(2 shoulders)

Additional 
complications

Postoperative hematoma (1) Minimally displaced periprosthetic fracture 
treated nonoperatively (1)
Humeral loosening (1)

W. R. Aibinder and J. Sanchez-Sotelo



241

contractures, it may not be possible to restore the 
length of the arm to normal. The final length of 
the allograft will need to be determined at the 
time of trialing.

 Exposure

The exposure for performing a revision reverse 
shoulder arthroplasty with a proximal humerus 
allograft often requires an extensile approach. 
Our preference is to utilize the deltopectoral 
interval proximally and split the brachialis dis-
tally. It is important to mobilize the deltoid later-
ally, not only to gain adequate exposure but also 
to allow space for the bulk of the proximal 
humerus allograft. Throughout the exposure, care 
must be taken to protect the axillary, musculocu-
taneous, and radial nerves. Based on the site of 
the humeral defect, the distal third of the humeral 
shaft may need to be exposed for plate fixation. 
Ideally, five to six screws are preferred to achieve 
good purchase in the distal segment for secure 
plate fixation. If that is the case, the radial nerve 
is isolated and protected. The radial nerve can be 
identified at the interval between the brachialis 
and brachioradialis muscles. The brachialis is 
then divided with 20% of the muscle width 
remaining laterally.

Soft tissue structures are identified and tagged 
if intact, including the subscapularis and pectora-
lis major tendons and posterior rotator cuff (infra-

spinatus and teres minor tendons). If indicated, 
the latissimus dorsi and teres major tendons are 
identified, divided, and tagged for later transfer to 
provide active external rotation. The long head of 
the biceps tendon, if present, is tagged for teno-
desis at the end of the procedure. Once the expo-
sure is finalized, failed implants are removed 
according to the techniques described in other 
chapters of this book, and tissue samples are 
obtained for pathologic analysis and cultures.

 Glenoid Component Implantation

Once all soft tissue structures are appropriately 
tagged, neurovascular structures are protected, 
and adequate humeral exposure is achieved, 
attention is directed at the glenoid. Exposure is 
generally straightforward in the presence of mas-
sive humeral bone loss. Surgeon preference dic-
tates retractor placement. The inferior rim of the 
glenoid is identified while protecting the axillary 
nerve. The glenoid baseplate is implanted with 
slight inferior tilt and flush with the inferior rim, 
after reaming to allow adequate contact with 
healthy cancellous bone. Care should be taken 
when reaming following tumor resection and in 
the treatment of post-traumatic sequelae, as the 
absence of subchondral sclerosis often results in 
soft glenoid bone stock. Similarly, following 
failed arthroplasty and component removal, bone 
grafting procedures or the use of augmented 

Table 18.2 Factors that favor allograft-prosthetic composite or modular segmental metal replacement prostheses

Reverse APC
Reverse modular segmental metal 
replacement

Graft availability − +
Implant availability Can be done with any standard 

implant
Needs dedicated implant system 
available

Length of deficiency Longer defects Shorter defects
Need to reattach major muscle- tendon 
structures

+++ +

Compromised bone healing (radiation, 
chemotherapy, others)

− +

Ability to accommodate bulk under 
deltoid

Ample
Need to recreate deltoid 
wrapping

Limited
  Contracture
  Narrow body frame

Duration/complexity of surgery Longer
More difficult

Shorter
Simpler

Distal exposure +++ +
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components may be required as well. The gleno-
sphere is then placed with diameter and offset 
based on surgeon preference, need for lateraliza-
tion, and system-specific determinations.

 Humeral Allograft Preparation

The proximal humerus allograft is prepared on 
the back table. An osteotomy of the proximal 
humerus is performed along the anatomic neck. 
This may be performed with a freehand tech-
nique or the use of either an intramedullary or 
extramedullary cutting guide in the appropriate 
amount of version. System-specific reamers and 
broaches are then used to prepare the humeral 
canal. It is imperative to preserve enough cancel-
lous bone to allow for optimal cementation tech-
nique. The medial bone near the neck region is 
removed to prevent impingement with adduction. 
The tendon stumps from the graft are preserved if 
they are to be used for soft tissue attachment to 
native tissue; otherwise, they are sharply excised 
(Fig. 18.4).

The allograft is then cut to the correct length 
based on the preoperative plan and intraoperative 
trialing. Several techniques can be utilized for 
intraoperative trialing. The allograft with a trial 
broach and humeral bearing is reduced to the gle-
nosphere in the surgical field. The deltoid is 
draped over the allograft. The resection level is 
determined based on the overlap with the native 
remaining humerus with traction applied. 
Alternatively, a long-stem broach and humeral 
bearing can be loosely placed into the distal 
canal, the joint is reduced, and the amount of 
proximal exposed broach is measured with an 
appropriate amount of traction applied to the 
extremity. In the setting of tumor surgery, the 
length of the allograft may be determined based 
on the resected specimen measured intraopera-
tively. The distal portion of the humeral allograft 
is resected. The remaining bone is saved in the 
event that strut grafting is required. When there is 
a short distal segment of remaining host bone, an 
intussusception technique may be performed to 
increase the stability of the construct. This typi-
cally requires widening the canal of the graft 

while thinning the proximal end of the remaining 
host bone, although occasionally it is best to 
intussuscept the allograft into an enlarged native 
humerus.

 Humeral Component Implantation 
and Graft-to-Host Fixation

We believe it is critical to achieve excellent con-
tact, compression, and stability between the graft 
and host in order to reliably obtain healing. A 
cement restrictor is placed into the canal of the 
host bone if the humeral stem will bypass the 
graft-host junction. This level of insertion of the 
cement restrictor is determined based on intraop-
erative trialing.

The graft and host bone ends are modified with 
the use of burrs and saws to create perfectly oppos-
ing surfaces. Once perfect apposition has been 

Fig. 18.4 Trial broach and a prepare proximal humeral 
allograft with all soft tissue removed
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achieved, a 3.5  mm large fragment locking- 
compression plate is applied, with the goal of 5–6 
holes distal to the graft-host interface. A trial 
broach is generally left in place in order to avoid 
any screws placed into the canal in positions that 
might and impede later component implantation 
(Fig. 18.5). The plate is pre-bent at the interface to 
optimize compression and avoid deforming forces. 
Clamps maintain plate positioning. Fully threaded 
cancellous screws are preferred in the allograft 
segment. A screw is loosely placed into the most 
proximal hole in compression mode. A nerve hook 
is used to pull the plate distally, and a screw is 
placed distally in compression mode, as well. Both 
screws are sequentially tightened, and compres-
sion is confirmed at the interface. The remaining 
holes are then filled with locking and non-locking 
screws, as indicated. If the broach prevents screw 
placement proximally, a circumferential wire 
through the plate may be used at that level instead.

The real humeral component is then cemented 
in the appropriate version, usually 30° of retro-

version. Trialing of the humeral bearing is per-
formed once the cement is cured. Humeral 
bearing thickness is determined based on appro-
priate soft tissue tension, ease of relocation, and 
range of motion. If a glenosphere trial has been 
used, the real glenosphere is then impacted. The 
humeral polyethylene bearing is then inserted as 
well (Fig. 18.6).

When the remaining distal humerus bone 
stock is severely compromised, it may be neces-
sary to consider replacement of the whole 
humerus. This can be done using either a whole 
humerus graft with a reverse arthroplasty on the 
shoulder side and a total elbow arthroplasty on 
the elbow side, or alternatively it can be done 
using a modular segmental metal prosthesis that 
articulates with the glenosphere on the shoulder 
side and articulates with the ulnar component of 
an elbow arthroplasty on the elbow side. This is 
only considered in our practice if the remaining 

Fig. 18.5 Plate and screw fixation of the graft-host junc-
tion in compression mode with the trial broach in place

Fig. 18.6 Intraoperative photograph demonstrating 
implantation of the real humeral component with the 
humeral bearing polyethylene after compression plating 
of the graft-to-host interface
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distal bone stock will not allow secure plate fixa-
tion using one or two plates with a minimum of 
three or four screws in native bone.

 Tendon Repairs or Transfers

Once the real components are in place, attention 
is then turned to the soft tissue repairs. Prior to 
relocating the joint, multiple nonabsorbable 
sutures are placed into the native posterosuperior 
rotator cuff and the posterosuperior allograft ten-
don if needed (Fig.  18.7). If native rotator cuff 
tissue is absent, consideration is given to transfer-
ring the latissimus dorsi and teres major tendons 
to the posterosuperior allograft tendon. The joint 
can then be relocated, and these posterior sutures 
are tied with the arm in abduction and external 
rotation. If native subscapularis tendon tissue 
remained and can be repaired to the allograft tis-
sue, our preference is to perform a repair with the 
goal of improving stability and strength in inter-
nal rotation. If the native tendon is absent, con-
sideration is given to transferring the pectoralis 
major tendon to the subscapularis allograft 
stump. This is primarily important in this cohort 
of patients where proximal humeral bone loss 
leads to an increased risk of dislocation [4]. In 
large humeral defects or tumor resections where 
the insertion of the deltoid muscle is involved, the 
native deltoid tendon can be approximated to the 
allograft deltoid tendon. Lastly, the long head of 

the biceps tendon, if present, is tenodesed to the 
conjoined tendon.

 Rehabilitation

Our preference is to immobilize these shoulders 
using a sling with a small abduction pillow and 
the arm in about 30° of internal rotation. Most 
shoulders are immobilized for 6 weeks. At that 
time, a program of passive- followed by active- 
assisted range of motion is initiated. Isometrics 
are added at week 10 and elastic band strength 
training at week 12. Progress through physical 
therapy is slowed in patients with an anticipated 
higher risk of postoperative instability (very large 
defects, need for deltoid repair to the allograft, 
lack of anterior soft tissue-restraining structures, 
poor patient compliance).

 Potential Pitfalls

When performing an RSA with an APC, either in 
the primary or revision settings, it is imperative 
to avoid iatrogenic neurovascular injury. This is 
particularly relevant for the axillary and radial 
nerves to optimize function postoperatively [19].

Determining the appropriate humeral length is 
crucial. Meticulous care is taken during preoper-
ative planning and during intraoperative trialing 
to perform an appropriate resection length. This 
optimizes lateral deltoid tension which leads to 
better stability and function. Care must be taken 
not to overlengthen the arm in patients with com-
promised soft tissue envelopes, since a perma-
nent stretch of the brachial plexus can become a 
complication extremely difficult to overcome.

Additionally, it is imperative to precisely 
shape the graft-host interface to create perfect 
end-to-end bony contact. This helps facilitate 
excellent compression and a stable construct 
(Fig. 18.8). Nonetheless, historically, plate fixa-
tion of allograft in the humerus has had a higher 
rate of failure compared to intramedullary fixa-
tion [3, 20]. Prebending the plate, confirming 
excellent bony contact, utilizing multiple points 
of fixation (5–6) on either side of the interface, 

Fig. 18.7 Sutures are placed in the native posterosupe-
rior cuff tissue and in the allograft tendon stump prior to 
joint relocation
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and using large modern compression plates 
improve the likelihood of union [14].

Failure to repair the soft tissues or perform 
tendon transfers may lead to an unstable shoulder 
with a risk of dislocation and decrease expected 
clinical outcomes, especially in terms of active 
motion and strength.

 Modular Proximal Humerus 
Segmental Prosthesis

 Preoperative Planning

A thorough understanding of the expected humeral 
bone defect helps formulate an effective operative 
plan. The use of templates allows the surgeon to 
determine the various combinations of proximal 
bodies and intercalary segments that may be 
required to restore humeral length. As mentioned 
in the section on APC, full-length bilateral humeral 
radiographs with magnifier markers are extremely 
useful to restore length and avoid instability.

 Exposure

An extended deltopectoral approach is usually 
sufficient for exposure when performing a proxi-
mal humeral replacement. As only the proximal 
end of the remaining native humeral canal needs 
to be exposed, the extent of the distal dissection 
is limited to exposing the upper 1–2 centimeters 
of remaining native humerus. Care is taken to 
protect adjacent neurovascular structures through 
the exposure.

Similar to when performing an APC, 
detached soft tissue structures are tagged for 
later attachment. These may include the sub-
scapularis, posterosuperior rotator cuff, pecto-
ralis, and latissimus/teres major. Occasionally, 
the deltoid insertion is compromised by the 
magnitude of the bone defect and must there-
fore be reattached to the either the implant or 
the remaining bone if possible at the end of the 
procedure. The long head of the biceps tendon 
is tagged for tenodesis at the end of the proce-
dure as well.

Fig. 18.8 Two-year postoperative anteroposterior and lateral radiographs of a 69-year-old male treated with a reverse 
shoulder arthroplasty with an APC
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 Humeral Preparation

Controversy remains about the use of cemented 
or cementless fixation for modular segmental 
metal humerus prosthesis. The stems of the sys-
tem we use are textured for ingrowth, so that 
cementless application may be considered. 
However, we have had a relatively high loosening 
rate with cementless implantation and thus have a 
low threshold to cement this prosthesis. Cemented 
fixation is particularly recommended when revis-
ing a failed previously cemented humeral compo-
nent, for very large defects where the length of 
the body will exceed the length of the implanted 
stem, as well as in patients with poor bone qual-
ity. For cementless application, the medullary 
canal of the native humerus is reamed sequen-
tially until slight cortical chatter is felt. When 
planning for cement fixation, similar to with the 
technique described for an APC, some cancellous 
endosteal bone should ideally be preserved if 
present to facilitate cement interdigitation. Some 
systems provide reamers to create a perfectly flat 
bone surface to allow the metallic body to rest on 
and load the entirety of the bone. Broaching is 
then performed to finalize the preparation of the 
native humerus. In our practice using only one 
implant system, we have experienced a higher 
failure rate with cementless fixation, so our pref-
erence has become to cement most of these 
implants; this may not apply to alternative 
implant systems. Our preference is to use a stem 
length that will be equal or longer than the modu-
lar metal replacement segment.

 Glenoid Component Implantation

Glenoid preparation is identical to that described 
in the section on APC technique.

 Humeral Component Trialing 
and Implantation

The length and offset of the modular segments of 
the prosthesis is then selected based on preopera-
tive planning and intraoperative trialing. In our 

preferred system, the humeral broach will accept 
the modular bodies and intercalary segments. 
Bodies of several lengths and offsets may be used 
for trialing; if a body with the desired offset and 
maximum length is not enough to restore the 
overall length, segmental intercalary modules are 
added (Fig. 18.9). Trial reduction is performed to 
assess stability, soft tissue tension, range of 
motion, impingement, and ease of closure.

Once the desired combination of modules has 
been selected, the real modules are opened and 
assembled on the back table (Fig. 18.10). The real 
humeral component is then implanted with or 
without cement at the same height and version as 
selected through trialing. Most of the times, the 
humeral component is implanted in 30° of retro-
version, which is the version we prefer for the 
majority of reverse shoulder arthroplasty proce-
dures in our practice. Once the humeral compo-
nent has been implanted (and the cement is hard 

Fig. 18.9 Intraoperative photograph demonstrating trial-
ing of the large proximal body and intercalary segments to 
assess the length and stability of the shoulder
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in cases of cemented fixation), the humeral bear-
ing thickness may be changed to fine tune soft tis-
sue tension. Once satisfactory, the real component 
is impacted and the shoulder is reduced.

 Tendon Repairs or Transfers

Some newer modular implants allow for tissue 
attachment augments that can be secured to 
the  proximal body or intercalary segments 
(Fig. 18.11). In these instances, the subscapularis 
and posterosuperior cuff can be attached through 
suture holes in these augments (Fig. 18.12). The 
latissimus and pectoralis can also be utilized to 
augment stability and rotation of the humerus if 
indicated. It is imperative to repair the deltoid 
tendon if it was detached during the procedure. 

In  our aforementioned series, soft tissue recon-
struction was performed in 12 shoulders, 2 of 
which required reattachment of the deltoid ten-
don. The ability to repair soft tissue, however, did 
not correlate with the function or complications 
in our series of patients, and the ability of the soft 
tissues around the shoulder to reliably heal to 
these metal surfaces remains largely unknown.

 Rehabilitation

The rehabilitation of these shoulders follows the 
same general lines described on the section on 
reverse APC.

 Potential Pitfalls

When performing an RSA with a large metal 
 augment for significant proximal humeral bone 

Fig. 18.10 Intraoperative photograph demonstrating the 
use of a proximal body and larger intercalary segment to 
restore humeral length with the use of a modular segmen-
tal proximal humeral replacement. Note the lateralization 
to allow for an effective wrapping of the deltoid

Fig. 18.11 Tissue attachment augments can be secured 
to the proximal body to allow for soft tissue repair
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deficiency, it is important to use effective and 
accurate preoperative templating to anticipate 
the appropriate implant sizes needed to restore 
humeral length. All potential complications 
related to poor restoration of length described 
for reverse APC (dislocation if too short, poor 
motion and brachial plexopathy if too long) also 
apply to the proximal humeral modular metal 
replacements. As with any revision arthroplasty 
procedure, preserving axillary nerve function is 
key as well.

Given the absence of the bulk of the proximal 
humerus to assist in the draping effect of the del-
toid, appropriate lateral offset must be achieved 
with the combination of a lateralized glenosphere 
if needed, a proximal body with the correct off-
set, and possibly a thicker humeral bearing. 

A  scrutinized assessment of the stability of the 
shoulder is essential.

Lastly, secure stem fixation is necessary. Any 
evidence of substantial osteoporosis, metabolic 
disorders impairing bone formation, osteomala-
cia, or any other condition that affects bone qual-
ity should caution the surgeon, especially when 
utilizing larger proximal body segments. In these 
instances, consideration should be given to the 
use of cement fixation.

 Conclusion

Revision shoulder arthroplasty in the presence of 
substantial proximal humeral bone loss can be 
challenging. Reverse implants are almost univer-
sally selected currently in these circumstances, 
since stability and function are extremely diffi-
cult to restore with anatomic components. The 
absence of proximal humeral bone translates into 
poor implant support, risk of humeral shortening, 
lack of attachment sites for crucial soft tissue 
structures, and loss of the wrapping effect of the 
greater tuberosity on the deltoid.

Moderate bone loss can occasionally be man-
aged with implantation of a large glenosphere 
with substantial inferior eccentricity, combined 
with an ultra-thick humeral bearing or proud 
implantation of the humeral component. Larger 
defects require specialized reconstructive tech-
niques. Allograft-prosthetic composites are 
favored for larger defects in situations where soft 
tissue reattachment is critical (Fig.  18.13). 
Proximal modular metal segmental replacements 
are favored for smaller defects, patients with 
impaired bone healing, and patients with a nar-
rower body frame or severe contracture. Cemented 
fixation is recommended for the majority of APCs 
and modular segmental metal replacements. 
Rehabilitation must compromise motion for sta-
bility. Reasonable outcomes have been reported 
with both techniques; the  complication rate is 
substantial but acceptable for salvage procedures 
of difficult reconstructive shoulder problems.

Fig. 18.12 Intraoperative photograph demonstrating 
attachment of the posterosuperior rotator cuff to the aug-
ment on the proximal body of an SRS implant
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Humeral Windows, Osteotomies, 
and Episiotomies

Michael Charles and Gregory P. Nicholson

 Introduction

Shoulder arthroplasty has seen a rapid increase 
over the last two decades in both inpatient and 
outpatient procedures [1] to nearly 50,000 cases a 
year [2]. The annual growth of primary total 
shoulder arthroplasty cases (9.4%) was only 
exceeded by the growth in revision cases (12.4%) 
[2]. Revision arthroplasty cases present the sur-
geon with several challenges that often lead to 
increased complication rates [3–5]. One particu-
lar challenge in revision arthroplasty is the man-
agement of the humeral component. A 
retrospective study of 1112 total shoulder arthro-
plasties (TSA) found that 75% of the revision 
cases were related to glenoid wear/loosening and 
instability, while the humeral component was the 
primary cause in 0.3% of cases [6]. Despite that 
primary humeral loosening varies from 0% to 
1.6% [7] in the literature, the humeral implant 
must be addressed in many revision cases whether 
to address malposition (version and height), con-
version from anatomic to reverse prosthesis, or 
glenoid exposure [3, 8–11]. Extensive bone 

ingrowth and stable cement mantles with humeral 
implants can make extraction difficult. Humeral 
fracture rates in revision arthroplasty range from 
2.4% to 24% [3–5, 12, 13]. Risk factors for intra-
operative fractures include female sex, history of 
instability, and a prior hemiarthroplasty [3, 13]. A 
majority of these occur during the removal of the 
previous humeral prosthesis. Despite recent 
trends of using shorter stem and stemless 
implants, which theoretically allows an easier 
revision [14], the majority of stems still extend 
beyond the metaphysis. This chapter is designed 
to highlight the current treatment strategies to 
remove a well-fixed humeral implant through 
either (1) humeral osteotomy/episiotomy or (2) 
humeral window.

 General/Universal Proximal 
Techniques

As in any revision case, infectious workup 
including laboratories, aspirations, and cultures 
are performed when appropriate. The approach is 
an extensile approach of the previous incision. 
Most commonly, the deltopectoral approach is 
used as this can be easily extended into the 
anterolateral approach to the midshaft and distal 
humerus as needed. Extensive release of any 
adhesions in the subacromial and subdeltoid 
spaces is performed. Treatment of the subscapu-
laris is per the surgeon’s preference; our senior 
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author prefers a tenotomy, allowing for possible 
lengthening in contracted patients. Adequate cap-
sular releases are performed to allow dislocation 
of the humerus.

Preparing the humeral implant for extraction 
should begin with removal of residual soft tissue 
or fibrosis along prosthetic head/neck junction. 
After removal of the humeral head in modular 
implants, one can use standard and flexible osteo-
tomes and curettes to loosen the most proximal 
aspects of the stem. It is preferred to use ¼ inch 
standard osteotomes around the proximal pros-
thesis in a circular fashion. This “de-bonds” the 
implant from the proximal cancellous bone. It is 
very helpful to know the shape or geometry of the 
existing implant to facilitate this step. This initial 
step is very important to remove any adhesions 
connecting the stem to the tuberosities to avoid 
fracture. In shorter metaphyseal stems, this step 
can be all that is required to allow extraction of 
humeral prosthesis. In longer and flanged [15] 
stems, more distal strategies are required.

 Humeral Osteotomy/Episiotomies

Humeral stem fixation can be achieved through 
cementing or press fit with and without coating 
for bone ingrowth [16]. In either case, the stabil-
ity is reliant on hoop stresses and interdigitation 
of bone/cement/implant interfaces. Thus, the key 
to removing an implant is the disruption of the 
hoop stresses and “de-bonding” these interfaces. 
The simplest and least invasive approach is the 
vertical humeral osteotomy (VHO) [17] or 
humeral episiotomy and is the preferred tech-
nique of the senior author (GPN). The surgical 
steps are as follows:

 1. Electrocautery is used to expose the proximal 
humerus from the neck cut beginning just lat-
eral to the biceps groove and extending 
approximately 10 cm distal. This VHO does 
not go below the tip of the standard length 
stem. In this way a long stem implant is not 
required at revision implantation. The osteot-
omy path will be between the insertion of the 

pectoralis major medially and the deltoid 
insertion laterally. See Fig. 19.1.

 2. A micro-oscillating saw is used to create the 
unicortical osteotomy. It is important that the 
bone and the cement mantle are perforated 
with this cut. If the implant is press fit and 
uncemented, the osteotomy is carried down to 
the implant.
 (a) A variation of this technique is to drill a 

2.5 mm hole at the most distal aspect of 
the proposed osteotomy. This is to prevent 
the propagation of the osteotomy distally.

 3. Successive osteotomes are inserted to “flex” 
open the osteotomy site. Recommended are 
the ½ and ¾ inch osteotomes to gently widen 
the gap and de-bond the implant. The osteo-
tome is gently twisted to expand the osteot-
omy. This should result in a visible gap in both 
the bone and cement. See Fig. 19.2.

Biceps
Groove

Osteotomy

Deltoid

Pectoralis

Fig. 19.1 Osteotomy is carried 10  cm distal sparing 
insertions of the deltoid and pectoralis major muscles
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 4. A footed impactor is placed at the medial 
aspect of the proximal neck of the prosthesis, 
and the implant is then malleted free. Make 
sure that as the implant moves, it does not 
impact or have residual attachments to the 
tuberosities. If the implant is not mobile, the 
osteotomy can be extended distally with the 
oscillating saw and the sequence repeated.

 5. After removal of the implant, removal of 
residual cement can be performed through a 
combination of osteotomes, rongeurs, and 
ultrasonic devices. If it is not an infection 
case, incomplete removal of mantle is accept-
able as you can still cement a smaller stem 
into the previous mantle.

 6. Two looped 18 gauge Luque wires are then 
passed around the shaft and lightly tightened to 
re-create cortical apposition at osteotomy site.
 (a) In the cases of poor bone quality or bone 

stock, allograft struts can be added.
 (b) The latissimus dorsi tendon insertion is a 

safe area of the proximal humerus to pass 
cerclages around the humerus as it is dis-
tal to the axillary nerve and the radial 
nerve is still medial to the humeral shaft.

 7. Ream the humeral canal and place trial stem 
with humeral head protector. This can protect 
the humerus during glenoid preparation and 
insertion.

 8. As the new humeral stem is implanted, the 
Luque wires are tightened again and the final 
humeral stem position stabilized by cement or 
press fit. See Fig. 19.3.

In the larger series by our senior author, none 
of 23 patients who were available for final fol-
low-up at 41 months had sustained perioperative 
or postoperative fractures [18]. The patients’ 
average American Shoulder Elbow Society 
(ASES) score was 64.7 (contralateral was 76.9) 
but varied greatly due to a diverse etiology of the 
revision. There was no loosening of implants and 
no revision surgeries related to the humerus. 
Similar outcomes were found by Johnston et al. 
[19], with a 13-patient cohort followed up at an 
average of 30  months. In their study using the 
same technique, no intraoperative fractures 
occurred, and there was no evidence of non-union 
or implant loosening at final follow-up [19]. The 
lower ASES scores are on par with other publica-
tions that demonstrate, despite significant pain 
relief and improvement of function, revision 
arthroplasties have inferior results to primary 
cases [5, 9, 10].

 Humeral Windows

Drawing from the success of femoral osteoto-
mies, many early revision approaches included a 
more invasive bone window to allow greater 
exposure to the implant and cement mantle. 
Sperling and Cofield [12] best described the use 
of anterior and medial bone windows to loosen 
prosthesis.

Fig. 19.2 Visible gap in bone and cement at the osteot-
omy site

Fig. 19.3 Final stabilization of osteotomy with Luque 
wires
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 1. The approach can be made through either a 
deltopectoral approach or anteromedial expo-
sure (with partial deltoid release off the clavi-
cle and acromion).

 2. Size of the humeral window is determined by 
length of the implant and cement mantle.

 3. Electrocautery is used to dissect out desired 
window site, and this could include partial 
release of muscle insertions.
 (a) Variations on this technique try to main-

tain tendinous insertions.
 4. Unlike the VHO/episiotomy, the bone cuts are 

made vertically and horizontally to allow 
complete removal a rectangle of bone or creat-
ing a hinge to elevate the bone flap up. In this 
technique the window or bone flap will typi-
cally extend distal to the tip of the existing 
stem. This will require a longer stem implant 
to extend distally beyond this level at revision. 
See Fig. 19.4.

 (a) Medial windows involve the calcar of the 
humeral metaphysis. This should be avoided 
in cases with a metaphyseal-based stem.

 5. The prosthesis is then removed again with 
either footed impactor, implant-specific back-
slap, or vice grip and backslap setup. After the 
window is completed and the stem remains 
well fixed, curve the osteotome can be used to 
circumferentially loosen the cement mantle/
implant [15].

 6. Additional cement is then removed. 
Provisional fixation and stabilization with 
trial stem are used to allow glenoid prepara-
tion and implantation.

 7. The bone window is then stabilized with Luque 
wires, heavy sutures, or osteosynthesis. In the 
cases of poor bone quality or bone stock, allograft 
struts can be placed over the window site.

 8. Final implantation can be done via press fit 
(with additional bone grafting) or cementing.

Latissimus dorsi

Teres major

MAYO
©2003MAYO

©2003

Pectoralis major

Deltoid

Fig. 19.4 Humeral 
window locations. 
(Courtesy of Sperling 
and Cofield [12])
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The study by Sperling and Cofield [12] 
included 20 patients who required the bone win-
dows (16 anterior, 3 medial, 1 required both) for 
revision arthroplasty. Four of their patients had 
intraoperative fractures related to implant 
removal despite the window. Three of their 
patients failed to heal their humeral window site. 
Despite these complications at an average of 
3.3  years, there was no clinical loosening of 
implants. In a smaller cohort of flanged humeral 
implants undergoing revision arthroplasty, five of 
six patients required a window [15]. Of the 5 
patients, 1 sustained an intraoperative fracture 
(20%) versus 3 fractures in the 37 non-flanged 
stem cohort (8.1%).

Vascularized windows are a variation of 
humeral windows that try to maintain soft tissue 
attachment and thus preserve blood supply to 
anterior bone. Wright [20] describes a technique 
in which a 3 mm strip of the anterolateral humerus 
is exposed distal to the standard deltopectoral 
approach. Drill holes about 5 mm apart are then 
placed just lateral to the bicep groove and medi-
ally 1–1.5 cm. The lateral and inferomedial holes 
are then connected with a saw or osteotome. This 
creates a vascularized hinge with the periosteum, 
pectoralis, and brachialis all attached to the flap 
of bone. The author reports of 25 cases, most 
healed within 8 weeks, but they had one fracture 
propagate distal to the window and 6 cases where 
the window became comminuted [20]. Another 
common vascularized window is the pectoralis 
major pedicled bone window described by 
Gohlke and Rolf [21]. In this variation the pecto-
ralis is preserved to the bone window, and the 
deltoid insertion is spared. Again the size of the 

window is dependent on the size of the primary 
stem/mantle (Fig.  19.5) and is stabilized with 
cerclage wiring. In their cohort of 34 patients 
with an average follow-up of 31.5 months, there 
were no fractures, and age- and gender-adjusted 
Constant scores improved from 17.5% to 63% 
[21]. In longer-term follow-up, the same senior 
author (FG) demonstrated a concerning trend of 
24 of 50 patients at a mean of 7 years had pro-
gressive humeral radiolucencies (6 were com-
pletely loose with migration) [22]. The cohort 
still had moderate outcomes with average 
adjusted Constant score of 56.7 ± 19.7.

 Conclusion

Even when not the main cause of the revision, 
addressing the humeral stem remains a major 
challenge to the shoulder surgeon. The evolution 
of modular stems has allowed retention of 
humeral implant, which has decreased the time, 
blood loss, and intraoperative complications 
associated with humeral revision [23]. Despite 
the numerous publications regarding revision 
arthroplasty [5, 8, 10, 11, 13, 24, 25], especially 
the use of reverse prosthesis in revision [26], few 
publications discuss their surgical technique in 
humeral stem removal. A recent retrospective 
review compared the two major procedures used 
to revise stable humeral stems. Sahota et al. [27] 
compared 26 patients who were revised with 
bone windows to 19 patients revised with humeral 
osteotomy. There were a total of six intraopera-
tive fractures in the window group, and one in the 
osteotomy group. Despite this difference, all the 

a b c d e

Fig. 19.5 Bone cuts for pectoralis major pedicled bone window. (Courtesy of Gohlke and Rolf [21])
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fractures healed, and there were no cases of mal-
union or loosening in either group. This study 
demonstrates that either technique can be used to 
safely remove a humeral prosthesis. Table 19.1 is 
a summary of the advantages and disadvantages 
of both major techniques in humeral stem 
revision.
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Arthroscopic Treatment 
of the Failed Shoulder 
Arthroplasty

Ian A. Power and Thomas W. Throckmorton

 Introduction

Since the introduction of Neer’s shoulder pros-
thesis in the 1950s [1], the use of total shoulder 
arthroplasty (TSA) has steadily increased. One 
study indicated that since 1990, the use of TSA 
has increased more than 550% [2], with approxi-
mately 53,000 individuals having TSA in the 
United States [3]. Padegimas et al. [4] found an 
8% increase in patients 55  years of age and 
younger between 2002 and 2011 and predicted 
that demand for TSA in younger patients will 
increase by more than 300% by 2030. Expanding 
indications for TSA have driven this increase, 
and current indications include arthritis, commi-
nuted proximal humeral fractures, rotator cuff 
arthropathy, and osteonecrosis [5]. As the num-
ber of TSAs increases, the number of revision 
procedures also can be expected to increase.

Complications following shoulder arthro-
plasty fall broadly into categories of bone-related 
or soft-tissue pathology [6]. Pain and decreased 
range of motion are the two most common pre-
senting symptoms [7]. Anatomic shoulder arthro-
plasty, specifically, has a reported complication 
rate of almost 23%, with 11% of patients requir-
ing revision surgery [8]. Complications may 

manifest as pain, loss or limitation of range of 
motion, or instability. Patients may have symp-
toms following the initial surgery, or symptoms 
may occur after an initial period of improvement. 
Causes of failure include technical issues from 
the index procedure, pain, component loosening, 
rotator cuff tear, fracture, or a combination of 
problems [9]. Loosening of the glenoid compo-
nent is one of the most common causes of failure, 
accounting for 12.4% of all complications and an 
average rate of 1.2% per year. Surgical revision 
occurs in two-thirds of these patients [10].

Traditionally, treatment of failed shoulder 
arthroplasty has been limited to open procedures; 
however, as experience and comfort with shoulder 
arthroscopy have evolved, there has been growing 
interest in adapting its use to management of 
problems that occur after shoulder replacement. 
Shoulder arthroscopy after shoulder arthroplasty 
was first described to evaluate glenoid component 
loosening in patients with pain and loss of motion 
[11]. It has since been demonstrated to be useful 
for other problems following shoulder arthro-
plasty, most commonly for diagnostic purposes. 
One review found that almost half of patients who 
had arthroscopy after shoulder arthroplasty even-
tually went on to have open revision surgery [7]. 
The most common indications for arthroscopy 
include evaluation for pain without loss of motion, 
soft-tissue biopsy to rule out infection, evaluation 
of the rotator cuff, or evaluation for loosening of 
the glenoid component. Several pathologies can 
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be treated  successfully with arthroscopy, includ-
ing rotator cuff impingement syndrome, loose 
bodies, rotator cuff tears, a loose glenoid compo-
nent, and arthrofibrosis [6, 7].

 Diagnostic Arthroscopy

Arthroscopy has been used after hip and knee 
arthroplasty for the diagnosis and treatment of 
infection, arthrofibrosis, and impinging hypertro-
phic synovitis. Arthroscopy is a useful diagnostic 
tool after shoulder arthroscopy, too, because arti-
fact from the metal implants mitigates the utility 
of MRI and/or CT [7].

Hersch et  al. [12] found that diagnostic 
arthroscopy was required in almost half of 
patients undergoing revision shoulder arthro-
plasty because of inconclusive radiographs and 
clinical examinations for motion and stability. 
Physical therapy and anti-inflammatory medica-
tions also had failed to relieve symptoms in these 
patients. Diagnostic arthroscopy can be helpful 
when arthrogram or ultrasound is normal and has 
been shown to demonstrate malpositioning, such 
as glenoid component malrotation, or loosening 
of the glenoid and/or humeral components [11, 
12]. Several methods for determining loosening 
arthroscopically have been described, including 
movement of 2 mm or more of the glenoid and 
placement of a probe between the glenoid and the 
bone and lifting of the component [11, 13]. While 
arthroscopic examination may demonstrate gle-
noid loosening, it will not detect microscopic 
loosening or humeral component loosening. 
Additionally, there is a small risk of postopera-
tive periprosthetic infection following arthros-
copy [11, 12]. Garberina and Williams [14] used 
arthroscopy to identify dissociation of a polyeth-
ylene component in a reverse total shoulder 
arthroplasty; the definitive diagnosis allowed 
open revision in the same surgical setting.

The largest series of diagnostic arthroscopy 
for failed shoulder arthroplasty includes 29 
patients [6]. In 15 patients, a preoperative diag-
nosis could not be made before arthroscopy. 
Seven patients were suspected to have arthrofi-
brosis, and arthroscopy was used to rule out any 

other cause of loss of motion. Six of these seven 
shoulders were successfully treated with 
arthroscopic lysis of adhesions, and the remain-
ing patient was treated with an open procedure. 
Constant scores in this group improved, although 
they remained below the group mean score. 
Range of motion was significantly improved as 
well. In only 1 of the 29 patients could an identi-
fiable pain source not be determined, although 
even this patient’s pain resolved following diag-
nostic arthroscopy.

 Glenoid Component Removal

Glenoid loosening is another common complica-
tion after total shoulder replacement and typi-
cally occurs after an asymptomatic period [8, 
15]. O’Driscoll et al. [13] described arthroscopic 
removal of the glenoid component in five patients 
with implant loosening who were unable to have 
new components implanted or were unable to 
undergo open revision surgery. This method 
included the use of osteotomes to section the gle-
noid into pieces, which were then individually 
removed through arthroscopic portals. This 
allowed successful removal of the glenoid com-
ponent and, therefore, a conversion to hemiar-
throplasty. Three of the five patients had improved 
motion and complete pain relief, while the other 
two had relatively unchanged motion and modest 
pain relief. There were no reoperations or com-
plications; however, there was damage to the 
articular humeral surface despite taking precau-
tions, making a humeral head exchange neces-
sary if future reimplantation of a glenoid is 
needed. The use of an arthroscopic burr also has 
been described to help remove the glenoid. 
Additionally, impaction bone grafting can be 
accomplished arthroscopically [16]. The concern 
with arthroscopic glenoid component removal is 
that residual microscopic debris may cause intra-
articular inflammation [13].

A significant advantage of arthroscopic gle-
noid removal is the ability to obtain intraopera-
tive cultures to rule out septic loosening at the 
same time. While reimplantation would remain a 
two-stage procedure, proponents of this approach 

I. A. Power and T. W. Throckmorton



261

cite the avoidance of an additional open exposure 
and relative preservation of the subscapularis 
 tendon [17].

 Periprosthetic Joint Infection

Periprosthetic shoulder infections may occur 
either early or late in the postoperative period, 
and patients often present with unexplained pain. 
Periprosthetic shoulder infections differ from 
infections after total hip and knee arthroplasty in 
that inflammatory indices and synovial cultures 
often are normal. Arthroscopic tissue biopsy has 
been shown to be useful in these situations. In 
particular, arthroscopic tissue biopsy has been 
advocated in patients presenting with a painful 
shoulder arthroplasty who have normal labora-
tory values, negative synovial aspirate cultures 
appropriately held for 14 days, and even negative 
intraoperative histology [18].

Arthroscopic tissue biopsy has been shown to 
be useful for the diagnosis of periprosthetic 
shoulder infections, specifically for identifying P. 
acnes. When cultures of arthroscopic tissue 
biopsy were compared to cultures of open tissue 
biopsy in a revision setting, cultures of the 
arthroscopic biopsies had 100% sensitivity, spec-
ificity, and positive and negative predictive values 
[19]. These results were significantly better than 
fluoroscopically guided shoulder joint aspira-
tions, which had a sensitivity of 16.7%. Some of 
this difference may be explained by the intracel-
lular and fastidious nature of P. acnes, which 
makes it difficult to culture. While the accuracy 
of arthroscopic biopsy is likely not 100%, it is 
superior to aspiration in determining septic 
arthritis before a revision and may help guide 
planning [19, 20].

In our practice, we believe arthroscopic tissue 
biopsy is reasonable in patients with no other 
identifiable cause for pain and limited motion, 
even in the setting of a normal infectious work-
up; however, the surgeon should have a high level 
of suspicion before performing diagnostic 
arthroscopy in these patients [21]. Periprosthetic 
shoulder infection remains very difficult to diag-
nose and define, and arthroscopic tissue biopsy, 

while potentially useful, should not be viewed as 
the ultimate diagnostic test in a painful shoulder 
arthroplasty. Other variables, including surgeon 
judgment, are still critical because the diagnosis 
of an infected shoulder arthroplasty remains pri-
marily clinical.

 Subacromial Impingement

Freedman et  al. [22] were the first to describe 
arthroscopic acromioplasty for subacromial 
impingement following shoulder arthroplasty. 
They retrospectively reviewed six patients with a 
type II or III acromion with subacromial outlet 
narrowing and clinical impingement signs. These 
patients had diagnostic lidocaine injections, and 
5 of 6 improved significantly, with pain scores 
decreasing from 7.5 to 1.6 and UCLA end-result 
scores of good or excellent following surgical 
debridement. Our experience with subacromial 
decompression in this setting without clear dem-
onstration of rotator cuff pathology has not been 
satisfying. As such, we generally recommend 
workup with a CT arthrogram for evaluation of 
the rotator cuff to provide correlation with the 
clinical examination.

 Rotator Cuff Repair

When rotator cuff deficiency develops following 
shoulder arthroplasty, it can lead to loss of 
motion, instability, and pain. TSA performed in 
the setting of isolated supraspinatus tears, and to 
a lesser extent subscapularis tears, may not affect 
postoperative outcome, while moderate to severe 
fatty degeneration of the infraspinatus is associ-
ated with poor results [23]. While anatomic 
shoulder arthroplasty may do well with repair of 
a small rotator cuff tear at the time of primary 
surgery, larger tears treated this way or tears that 
develop following arthroplasty often are symp-
tomatic [24, 25]. When rotator cuff repairs are 
performed concominantly with TSA for partial 
and full-thickness tears, up to 31% may have a 
poor result, and patients with a preoperative acro-
miohumeral interval of less than 8 mm have been 
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shown to have an increased rate of reoperation 
(p = 0.003) [26]. While repair of existing rotator 
cuff tears involving the supraspinatus at the pri-
mary arthroplasty may lead to good results, repair 
of tears following shoulder arthroplasty has been 
shown to have poor results, with difficulty regain-
ing motion or improving pain. About half of 
patients undergoing repair also require humeral 
component exchange, further complicating 
recovery and rehabilitation [14, 23, 24].

Hersch and Dines [12] noted that most patients 
with failed shoulder arthroplasty who were treated 
with arthroscopy had full-thickness rotator cuff 
tears or subacromial impingement, as well as 
scarring of the long head of the biceps with ten-
donitis. While most of the rotator cuff tears were 
treated with open repair, all patients had signifi-
cant improvements in range of motion and 
Hospital for Special Surgery (HSS) scores. Worse 
results occurred in patients with rheumatoid 
arthritis along with a rotator cuff tear or adhesive 
capsulitis. One complication, a periprosthetic 
fracture, was recognized and treated intraopera-
tively and healed with a good outcome. During 
diagnostic arthroscopy of 29 patients, Tytherleigh-
Strong et al. [6] identified 4 rotator cuff tears, 3 of 
which had good results after treatment with 
debridement or subacromial decompression. At 
present, we prefer an arthroscopic repair for 
symptomatic small tears. For medium-sized tears, 
particularly in younger patients, we tend to favor 
an open repair with downsizing of the humeral 
head component. For large and massive tears, we 
typically manage this situation with conversion to 
reverse arthroplasty in most patients.

Biceps tenodesis at the time of the index TSA 
has been shown to improve treatment success 
(OR 2.97, CI 1.00–8.85, p = 0.05) [27], as well as 
improve pain relief and Constant scores [28]. For 
patients with anterior shoulder pain and persis-
tent biceps pathology following shoulder arthro-
plasty in whom conservative treatment has failed, 
arthroscopic debridement of the remaining biceps 
tendon and arthroscopic or mini-open tenodesis 
have been shown to be successful at relieving 
these symptoms [29]. Because of this, our current 
practice is to routinely perform a biceps tenode-
sis at the time of primary arthroplasty.

 Arthrofibrosis

Arthroscopic lysis of adhesions and capsular 
release have been advocated for postoperative 
stiffness following hemiarthroplasty for four-part 
proximal humeral fractures. Given the high like-
lihood of tuberosity migration (24%) and mal-
union or nonunion (53%) in these fractures, some 
prolonged immobilization has been recom-
mended to improve healing, followed by 
arthroscopic treatment to regain motion if needed, 
especially in younger, more active patients, who 
may be relatively easily treated with arthroscopy 
rather than open revision surgery [30]. In addi-
tion to hemiarthroplasty, patients with TSA with 
adhesive capsulitis who failed to regain motion 
despite adequate rehabilitation and no evidence 
of rotator cuff tear may benefit from arthroscopic 
capsular release [6, 12]. Our experience with 
arthroscopic treatment for arthrofibrosis is that 
roughly one-third of patients make significant 
motion gains, but two-thirds are either unchanged 
or do not make significant improvements after 
capsular release and manipulation under anesthe-
sia. It should be noted that many of these patients 
have an underlying collagen disorder, such as 
Sjögren syndrome, which may predispose to a 
more stubborn form of stiffness.

 Instability

Instability also is a frequently reported complica-
tion of shoulder arthroplasty [10, 31]. Two case 
reports described success with arthroscopic treat-
ment of instability after arthroplasty [32, 33]. One 
reported the treatment of atraumatic posterior 
shoulder instability following standard shoulder 
arthroplasty. The patient had good preoperative 
range of motion and no signs of complication or 
infection but exhibited posterior laxity and insta-
bility postoperatively, including several disloca-
tions that required sedation and reduction. 
Arthroscopic examination confirmed a patulous 
posterior capsule, and suture anchors were used to 
perform a capsular imbrication. The patient had a 
good outcome with some decreased range of 
motion [33]. The second case report described the 
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use of arthroscopy to assist with reduction of a 
chronic traumatic dislocation of a reverse shoul-
der arthroplasty [32]. After a failed closed reduc-
tion, arthroscopic debridement of scar tissue 
allowed reduction, with a stable postoperative 
course. Aside from these case reports, arthroscopic 
treatment of instability following shoulder arthro-
plasty has been less successful [33].

Open approaches to address instability after 
anatomic shoulder arthroplasty also have been 
reported. One retrospective review [34] evaluated 
a cohort of 33 patients with instability, more than 
half of whom had anterosuperior or direct ante-
rior instability, with the remaining patients hav-
ing posterior instability. Of those eventually 
treated with open revision, two-thirds had soft-
tissue imbalance, and one-third also involved 
component malpositioning. Only 28% of patients 
achieved a stable shoulder, and two-thirds had 
unsatisfactory results. Those with anterior insta-
bility had worse outcomes than those with poste-
rior instability. The authors highlighted the 
importance of maintaining the subscapularis 
 tendon for anterior instability and the role of 
 posterior bone loss in posterior instability. Endres 

and Warner also described use of a coracoid 
transfer to address instability after anatomic TSA 
in a small series [35]. Given the results and high 
failure rate of solutions for post-arthroplasty 
instability, it may be appropriate to view open 
revision as a salvage procedure. In our practice, 
we rarely use arthroscopy in the treatment of 
instability following shoulder arthroplasty except 
in acute rotator cuff failure (Fig. 20.1).

 Techniques

When performing arthroscopy in a shoulder joint 
with a prosthesis, there are several technical con-
siderations. Before arthroscopy, a final aspiration 
under sterile conditions can be considered before 
administration of perioperative antibiotics [12]. 
If tissue cultures are to be obtained, antibiotics 
may be held until those are taken.

As is typical in shoulder arthroscopy, portal 
placement is paramount. The standard posterior 
portal is made blindly, with other portals made 
using an outside-in technique and blunt trocars to 
minimize iatrogenic damage [12]. For evaluation 

a

c d

bFig. 20.1 A 43-year-old 
man with acute 
subscapularis failure 
following anatomic total 
shoulder arthroplasty 
resulting in anterior 
instability and loss of 
forward elevation. (a) 
Radiograph. (b) MRI. 
(c) Because of his young 
age, he had arthroscopic 
repair of the 
subscapularis (arrow) 
with clinical and 
radiographic (d) 
recompensation and 
restoration of forward 
elevation
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of reverse shoulder arthroplasty, the initial poste-
rior portal should be made superior to the glenoid 
to avoid damage to the humeral bearing surface. 
Anterior and lateral portals are then established 
with an outside-in technique [14]. To minimize 
iatrogenic damage to the metallic and polyethyl-
ene components, the arm can be held internally 
rotated. The use of traction to distract the gleno-
humeral joint also is helpful.

Several other challenges arise when perform-
ing shoulder arthroscopy in the setting of arthro-
plasty. One of these is the glare and/or reflection 
of camera light from the highly polished prosthe-
sis. This requires the surgeon to look away with 
the arthroscope from the humeral component. 
Additionally, postoperative scar tissue and arthro-
fibrosis limit the working area. This requires 
careful dissection with an electrocautery probe to 
release the capsule and allow improved visualiza-
tion [6]. Maintaining relative hypotension and 
appropriate pump pressure also can be helpful in 
this regard.

We perform all of our standard arthroscopy 
and arthroplasty procedures with the patient in 
the beach chair position and use this for post-
arthroplasty arthroscopy as well. Twelve pounds 
of traction is applied to the arm to distract the 
joint and allow better visualization (Fig.  20.2). 
This also typically avoids the need to work 
through the rotator interval to establish an intra-
articular view and is useful to establish anterior 
and posterior portals to allow visualization from 
multiple angles. If biopsies are taken for culture, 

we use the protocol described by Dilisio et al. in 
which clean grasping instruments are used to take 
at least three specimens from tissue directly in 
contact with the arthroplasty components [19]. 
Any suspicious material in the subacromial space 
also is biopsied in the same way, and all cultures 
are sent for a 2-week incubation. We do not 
 routinely obtain intraoperative pathologic 
consultation.

Arthroscopic glenoid component removal has 
been described by O’Driscoll and is indicated in 
our practice for an uninfected, loose, painful gle-
noid implant, preferably with an intact rotator 
cuff and a functional range of motion [13]. After 
adequate arthroscopic visualization is obtained, a 
small (4 mm) curved osteotome is advanced 
through the anterior portal to section the polyeth-
ylene component into three or four pieces 
(Fig.  20.3). These can then be retrieved with a 
grasper. Large cavitary defects can be bone 
grafted with crushed cancellous allograft as 
needed. Postoperative rehabilitation consists 
generally of sling immobilization for 2  weeks 
with gradual progression of active motion in the 
absence of any additional repairs.

Appropriate preoperative consideration must 
be given to the type of glenoid implant that is 
being removed. In particular, ingrowth compo-
nents with anchor peg central posts often are not 

Fig. 20.2 With the patient in the beach chair position, 12 
pounds of traction is placed on the arm for distraction of 
the glenohumeral joint to improve intra-articular 
visualization

Fig. 20.3 Arthroscopic image showing a small osteo-
tome being used through the anterior portal to cut the all-
polyethylene glenoid component into several pieces to 
allow arthroscopic removal
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suitable for this technique because the central 
post can be exceedingly difficult to remove 
arthroscopically. We have had better success with 
this procedure when it is reserved for radiograph-
ically loose, all-polyethylene glenoid compo-
nents that have a clear shift in position or 
circumferential radiolucent line. Overall, when 
performed for this relatively narrow indication, 
this is a fairly reliable procedure that can poten-
tially avoid future arthroplasty revision. However, 
the presence of any associated problems such as 
infection, component malposition, or rotator cuff 
failure generally obviates this procedure in favor 
of revision arthroplasty to fully address the 
patient’s pathology [36].

 Conclusion

Evaluation of the painful or stiff shoulder after 
arthroplasty should include clinical examination, 
laboratory tests, and radiographs to identify com-
ponent loosening or malposition, infection, 
impingement, arthrofibrosis, loose bodies, rotator 
cuff tears, and instability. Additionally, advanced 
imaging, including CT, MRI, and ultrasound, 
should be obtained to rule out component loosen-
ing, malposition, or rotator cuff tearing. Despite 
these tests, there may be no conclusive diagnosis 
of a painful or dysfunctional shoulder arthro-
plasty. In these circumstances, diagnostic arthros-
copy can be helpful to provide additional 
information to formulate a diagnosis, especially 
in ruling in or out a periprosthetic infection [7, 
11, 12, 18, 19]. Glenoid loosening also can be 
diagnosed, and, in limited circumstances, it can 
be treated with arthroscopic glenoid component 
removal [13, 17]. In addition, loose bodies, sub-
acromial impingement, arthrofibrosis, scarring of 
the long head of biceps tendon, and occasionally 
rotator cuff tears can be identified and treated [6, 
22]. The main drawback of diagnostic arthros-
copy in these situations is the possible need for 
additional surgery; however, this is countered by 
the minimal risk posed by the procedure and the 
avoidance of repeated violations of the subscapu-
laris. Before diagnostic arthroscopy is done, the 
surgeon should have exhausted all nonoperative 

diagnostic measures and have a clear understand-
ing of the treatment goals and must recognize the 
technical difficulties of arthroscopy in the setting 
of implanted prosthetic components.
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