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Introduction

Arthroplasty as a treatment for painful disabling
conditions of the shoulder has undergone signifi-
cant development since the first shoulder hemiar-
throplasty (HA) performed by Neer in 1953 [1]
for proximal humeral fracture. The two major
advances in shoulder arthroplasty have been the
introduction of the glenoid component for total
shoulder arthroplasty (TSA) in 1974 [2] and the
concept of semi-constrained reverse shoulder
arthroplasty (RSA) popularised by Grammont
[3]. With these advances in implant design, the
indications for shoulder arthroplasty have
increased dramatically, as has the need for revi-
sion surgery [4].
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Management of the failed shoulder arthro-
plasty is challenging for the patient and surgeon.
There may be many reasons why a primary shoul-
der arthroplasty has not produced the desired suc-
cessful outcome. It is important that the shoulder
surgeon has a thorough understanding of the con-
cepts of revision shoulder arthroplasty to mini-
mise pitfalls and optimise outcomes.

This chapter considers the evaluation of a
failed shoulder arthroplasty, addresses the specific
indications for revision shoulder arthroplasty,
along with the surgical techniques for undertaking
such procedures and the likely outcomes.

Evaluation

Prior to revision surgery, the patient must be fully
evaluated with a detailed history, clinical exami-
nation and appropriate tests. Documenting previ-
ous shoulder surgery, perioperative events and
implants used provides invaluable information
for the revision arthroplasty surgeon. When
assessing the patient who presents with a failed
arthroplasty, the surgeon must make an assess-
ment of a number of key factors:

* Presence or absence of infection

e Component positioning and stability of the
joint

e Loosening of either humeral or glenoid
components
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e Wear of bearing surfaces — native or
prosthetic
* Integrity and function of the rotator cuff and

deltoid

Patient Complaints

Pain is by far the most common reason for a
patient to seek further treatment following shoul-
der arthroplasty. Pain may occur at rest, prevent
activities of daily living and disturb sleep.
Another common reason for revision is limited
function. There are many patients with failed
shoulder replacements that are willing to tolerate
some pain and shoulder dysfunction rather than
undergoing revision surgery. It is important to
discuss expected goals of revision surgery with
patients and balance them with the potential risks
when considering further surgery.

Physical Examination

Clinical examination should focus on assessment
of the soft tissue envelope of the shoulder, range
of motion and integrity of the rotator cuff and
anterior deltoid. Visual inspection should assess
for signs of infection, previous scars and wasting
of the deltoid and rotator cuff. Range of motion
should be assessed, passively and actively, and
the cuff strength determined. Loss of active
motion in the presence of preserved passive
motion may indicate deltoid failure, axillary
nerve palsy or severe cuff deficiency. The sub-
scapularis should be tested using the lift-off or
belly-press tests; rotator cuff integrity is crucial if
revision to an unconstrained implant is being
considered.

Imaging Studies

Radiographic evaluation should include a true
anteroposterior (AP) view, scapular Y view and
an axillary view. These should be critically
assessed for implant positioning, wear and evi-
dence of loosening. The AP view may show
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proximal migration of the proximal humerus
indicative of superior cuff failure. The axillary
view may reveal evidence of humeral head sub-
luxation and allows an initial assessment of the
glenoid version and bone stock. A computed
tomography (CT) scan is necessary to more
accurately assess glenoid and humeral version,
loosening of components and glenoid bone
stock. A CT arthrogram can provide more infor-
mation regarding the integrity of the surround-
ing soft tissues. In addition, the use of 3D
reformats has been shown to be superior in aid-
ing surgical decision-making in comparison to
2D scans [5]. Imaging of the rotator cuff may be
considered where there is uncertainty from the
clinical examination. Sperling et al. [6, 7]
assessed the role of specialised MRI (magnetic
resonance imaging) in painful shoulder arthro-
plasties undergoing revision surgery. MRI cor-
rectly predicted the presence of a cuff tear in 10
of 11 shoulders and the absence of a tear in 8 of
10. MRI also correctly predicted glenoid carti-
lage wear in eight of nine shoulders. The authors
suggest that MRI might be a useful technique to
determine the integrity of the rotator cuff and
residual cartilage in the painful shoulder arthro-
plasty. Ultrasound (US) offers a dynamic non-
invasive method to assess the rotator cuff
without distortion from the metal implants; a
few reports have shown it to be particularly use-
ful in evaluating the integrity of the subscapu-
laris after TSA [8].

Additional Tests

The possibility of infection should be considered
in every revision shoulder arthroplasty, even in
the absence of clinical symptoms and signs of
infection, because indolent infection is prevalent.
There are additional tests that may yield useful
information in the workup of a failed shoulder
arthroplasty; in particular blood investigations
including white blood cell count, C-reactive pro-
tein and erythrocyte sedimentation rate can pro-
vide an indicator of any infective process.

If there is any concern regarding an underly-
ing infection, then samples should be acquired
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for microbiological culture either by sterile joint
aspiration or arthroscopic biopsy, although false
positive rates are high [9]. All microbiology
specimens should be subjected to extended cul-
tures and enrichment medium regimes as advised
by a microbiologist to ensure the successful iden-
tification of any low-virulence organisms, such as
Propionibacterium acnes.

Indications for Revision

There are a number of reasons why patients may
require revision shoulder arthroplasty. In a review
of 47 studies with non-constrained shoulder
implants that were implanted for degenerative or
inflammatory conditions and had at least 2 years
follow-up, complications occurred in 906 out of
4,010 shoulders (22.6 %) [10]. Surgical revision
was needed in 11.2 % of cases, with at least one
of the implant components being changed in
7.9 % of cases. Most complications were on the
glenoid side: either bone wear in cases of hemiar-
throplasty (20.6 %) or loosening in cases of total
arthroplasty (14.3%). The cause of failure is
important for treatment strategies but also in pre-
dicting prognosis following revision surgery.
Dines et al. [11] reviewed 78 shoulders that
underwent revision shoulder arthroplasty; they
found that those undergoing revision for osseous
or component-related problems achieved better
results than those performed for soft tissue
deficiency.

Suboptimal Prosthesis Positioning

Neer first recognised that poor component posi-
tioning was a cause for failure and suboptimal
outcome following shoulder arthroplasty [12].
Humeral malpositioning and alterations of the
centre of rotation of the glenohumeral joint have
been found to be the most common surgical
errors in one of the largest series of failed shoul-
der arthroplasties [13]. The single most common
technical error in failed shoulder arthroplasty is
overly superior placement of the humeral compo-
nent in relation to the greater tuberosity [13].
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Anatomic reconstruction of the proximal
humerus with regard to the glenohumeral centre
of rotation and the relationship of the articular
surface to the rotator cuff insertion have been
shown to improve range of motion and shoulder
function and provide indirect evidence of
decreased glenoid loading and wear [14, 15]. In
particular glenohumeral offset and the position-
ing of the humeral articular surface just superior
to the greater tuberosity appear to be key in main-
taining optimal shoulder function [16, 17]. There
is a strong association between component mal-
position and postoperative superior humeral
migration (Fig. 10.1), glenoid loosening and
excessive glenoid wear [18-20].

Glenoid Failure

The single largest point of long-term failure in
shoulder arthroplasty is due to failure of the gle-
noid, either due to erosion in hemiarthroplasty
(HA) (Fig. 10.2) or excessive wear or loosening
of glenoid component [17-20]. The prevalence
of glenoid erosion has been estimated to approach
100% [21] with symptomatic glenoid erosion
being most common after HA performed for
arthritic conditions as opposed to arthroplasty for
proximal humeral fracture [13]. Resurfacing of
the glenoid has demonstrated improvements in
patient-reported outcome measures [22, 23];
however there is no long-term comparative data
on these groups of patients. Failure of the glenoid
component following TSA is considered to be the
most common reason for revision of shoulder
arthroplasty [18-20, 24].

The diagnosis of a loose glenoid component
relies on identifying progressive radiological
lucency surrounding the glenoid component in
the presence of pain. Lucent lines associated with
the glenoid component following TSA are
commonly reported, especially with the progres-
sion of time [25]. Torchia et al. [1] reported results
at 5-17 years postoperatively and showed that
early development of lucencies around the gle-
noid component on radiographs correlated to the
development of subsequent symptomatic glenoid
loosening. This particular series demonstrated
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Fig. 10.1 (a) Failed hemiarthroplasty with stem perforation, (b) Successful revision with a modular reverse geometry
prosthesis treated with a modular reverse geometry prosthesis

Fig. 10.2 Severe native glenoid wear post resurfacing
hemiarthroplasty

that at 12 years following surgery, 84 % of patients
had radiographic evidence of peri-glenoid lucen-
cies in the implant bone interface [26]. Nagels
et al. [27] defined radiological loosening as the
observation of a progressive lucency around the
glenoid component of 2 mm or more, spanning
the whole cement-bone interface or an apparent
shift in the position of the component. Deutsch
et al. [28] attempted to further classify the pres-
ence of radiological loosening by setting out the
following four features: circumferential radiolu-
cent line of at least 2 mm around the glenoid com-
ponent, progression of radiolucent lines on serial
radiographs, presence of cement fragmentation
and gross component migration.

It is important to note that lucent lines
around a glenoid component on plain radio-
graphs do not necessarily imply glenoid loosen-
ing [29]. The rate of clinical failure and revision
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TSA due to a loose glenoid is lower than the
rate of postoperative radiographic lucent lines
and no definite causal relationship has been
established.

The aetiology of glenoid loosening is multi-
factorial, including aseptic osteolysis, rotator
cuff insufficiency and the so-called rocking horse
phenomenon and infection. It is postulated that
eccentric loading of the glenoid by the humeral
head subjects the glenoid component to torque,
ultimately generating tensile stress at either the
bone-implant or bone-cement-implant interface,
with the end result of loosening. The degree of
eccentric loading has been found to be maximal
in a superior-inferior direction, which presum-
ably explains the rates of glenoid loosening
observed in patients with non-functional rotator
cuffs [25]. It has also been shown that glenoid
components implanted in a central position dem-
onstrate superior resistance to mechanical failure
in comparison to those glenoid components
implanted superiorly or inferiorly inclined or ret-
roverted positions [30].

Humeral Failure

Component loosening is much less common on
the humeral side compared to that of the glenoid
[31]. In a large study of 1,584 shoulder arthro-
plasties, the revision rate, for any cause, of the
humeral component was 8% at 10 years [31].
Humeral loosening may be due to aseptic osteol-
ysis but must raise the suspicion of infection.
Risk factors for humeral revision include younger
age, male gender, replacement due to posttrau-
matic arthritis and the use of a metal-backed gle-
noid component [31].

Instability

Shoulder subluxation or dislocation is a well-
recognised complication of anatomic TSA;
nearly 30% of all complications associated
with anatomic TSA relate to glenohumeral
instability [6]. The overall rate of instability
after TSA is 4.9 % of which 20 % of cases are
posterior. Sanchez-Sotelo et al. [32] reported
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on 33 shoulders with anterior (Fig. 10.3) or
posterior instability (Fig. 10.4). Based upon
radiographic, clinical, and intraoperative find-
ings, the authors attributed instability to abnor-
mal soft tissue tension in 21 shoulders,

component malpositioning in 1 shoulder and a
combination of factors in 11 cases. Excessive
posterior capsular laxity was implicated in 10
of the 14 shoulders with posterior instability, 1
of which also had excessive anterior capsular
tightness.

Fig. 10.3 Anterior instability post TSA

Fig. 10.4 Posterior instability following TSA
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The most common cause for anterior insta-
bility is attributed to rupture of the subscapu-
laris. However, posterior instability is most
likely multifactorial in nature including exces-
sive humeral retroversion, glenoid retroversion
and failure to balance the soft tissues. Moeckel
et al. [8] reported on three cases of posterior
instability and found that retroversion of the
glenoid and humeral component in combina-
tion with a tight subscapularis were causative
factors.

Rotator Cuff

In the context of unconstrained shoulder arthro-
plasty, rotator cuff deficiency can occur intra-
operatively or postoperatively. Risk factors for
intraoperative injury include excessive retro-
version of the humeral saw cut, which may
damage the supraspinatus and infraspinatus
[30] and excessive humeral head resection.
Chronic failure of the rotator cuff after HA or
TSA manifests as pain, lack of function and
superior migration of the humeral head. This
radiographic finding has been reported in up to
46 % of TSA procedures [5]. Whilst the true
incidence of revision for rotator cuff failure is
not well documented, there are an increasing
number of reports of revision to RSA for this
problem [33].

Infection

Infection is a rare (1 %) but devastating compli-
cation following shoulder arthroplasty [18].
Risk factors for infection include diabetes,
infection at a distant site, revision surgery, pre-
vious local radiotherapy, inflammatory arthrop-
athies, immunosuppression, advanced age and
malnutrition [18, 34]. Infection must be a con-
sideration in the evaluation of any patient with
postoperative shoulder pain, especially in the
context of radiographic evidence of loosening
[34]. A detailed discussion related to the
infected shoulder arthroplasty is covered in a
separate chapter.
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Surgical Techniques
and Considerations

Prior to commencing surgery, previous operative
reports should be accessed to confirm the index
surgical approach, operative findings and type of
implant that was used. The surgeon should be
familiar with the implant that is being revised and
have available any necessary instruments to assist
removal.

Surgical Exposure

The patient is set up in the beach-chair position
following general anaesthesia and an inter-
scalene nerve block. Perform an examination
under anaesthesia to determine degree of flexion,
abduction, and external and internal rotation.
Restriction in motion can direct the surgeon to
the releases required.

Previous incisions are incorporated if possible
although there should be a low threshold for a
new incision in the optimal position away from
the axilla to minimise contamination. The delto-
pectoral approach is generally recommended for
use during revision cases, given it is extensile, to
provide access to almost the entire humeral shaft
distally. This is particularly relevant in cases
where removal of a well-fixed humeral compo-
nent is necessary. An anteromedial approach to
the shoulder with detachment of the anterior del-
toid from its clavicular and anterior acromial ori-
gins has been described as a method of enhancing
exposure for difficult cases [35]. The surgeon
should be aware that the cephalic vein can often
no longer be relied upon as a landmark in revi-
sion surgery and that the delta-pectoral interval
may be difficult to find due to scarring. It is best
to start the dissection proximally adjacent to the
most medial aspect of the deltoid origin from the
clavicle. The superior 1-2 cm of pectoralis major
insertion should be released to facilitate
exposure.

There will frequently be dense adhesions on
the deep surface of deltoid and lateral border
of the conjoint tendon. Both surgical planes
will need to be carefully developed, affording
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significant care for the axillary and musculocuta-
neous nerves. First release the adhesions on the
lateral aspect of the conjoint tendon by starting
on the lateral aspect of the coracoid and working
distally, and subsequently develop the planes on
the anterior and superior aspects of subscapu-
laris. Develop the subcoracoid space, and retract
the conjoint tendon medially taking care not to
injure the musculocutaneous nerve [36] and bra-
chial plexus [37].

Next release the subacromial and subdeltoid
spaces with a combination of sharp and blunt dis-
section. Flexion and internal rotation of the arm
further exposes this tissue plane and allows prox-
imal dissection up into the subacromial space.
After the rotator cuff is identified, scar tissue is
excised. To complete and confirm the subdeltoid
release, use an index finger to sweep superiorly,
posteriorly, laterally and finally anteriorly. At this
point the deltoid should be fully separated and
mobile from the rotator cuff and the underlying
proximal humerus down to the level of the del-
toid insertion; this will allow easy insertion of
retractors to expose the subscapularis and rotator
interval.

Protection of the axillary nerve is necessary
throughout the procedure; it is found at the infe-
rior border of the subscapularis in the subcora-
coid space although identification may be difficult
in cases of severe scarring. The “tug test” [38]
can be useful to facilitate identification of the
axillary nerve; this is performed by placing a fin-
ger from one hand on the nerve as it passes infe-
rior to subscapularis and a finger from the other
hand under the deltoid on the anterior branch of
the nerve. The application of gentle pressure
from one end will allow the transmission to be
felt in the other end confirming the location of the
nerve as well as demonstrating undersurface
release of the deltoid. The long head of biceps
should be examined and if diseased or scarred
within the joint, then a tenotomy or tenodesis are
performed.

After complete extra-articular mobilisation,
the rotator interval is identified and opened. The
coracoacromial ligament overhangs the rotator
interval and therefore excision may improve
exposure. The method of subscapularis release is
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determined by the degree of limitation of external
rotation and the quality and thickness of the ten-
don. Typically, each centimetre increase of sub-
scapularis length increases external rotation by
approximately 20° [39]. The surgical options
include a standard subscapularis tenotomy with
capsular releases (for ER greater than 40°), sub-
scapularis release directly from its bony insertion
with subsequent medial reattachment (for ER
between 20 and 40°) and a Z-lengthening of the
tendon (for ER less than 20°).

The simplest and most familiar technique is a
subscapularis tenotomy with circumferential
release to increase tendon excursion and lateral
advancement. A vertical incision is made by the
use of a scalpel or electrocautery through the ten-
dinous portion of the subscapularis 1 cm medial
to its insertion on the lesser tuberosity to allow
for direct tissue repair. Attention is paid to ligate
or cauterise the anterior humeral circumflex
artery as it crosses the inferior aspect of the ten-
don, and the arm should be placed in external
rotation and adduction to further protect the axil-
lary nerve. Simple traction sutures are then
placed in the edge of the subscapularis tendon
along the line of the tenotomy to facilitate mobil-
isation. Once the subscapularis has been divided,
a circumferential release can be performed to
maximise the muscle-tendon unit excursion. This
release involves freeing its superior margin from
the coracoid (coracohumeral ligament), the pos-
terior surface from the anterior capsule and scap-
ular neck, the inferior border from the axillary
nerve and circumflex vessels and the anterior sur-
face from the conjoined tendon [40].

The second option for the subscapularis is to
dissect the tendon directly from its insertion on
the lesser tuberosity with a more medial
reattachment to effectively lengthen the muscle-
tendon unit (subscapularis “peel”’) The subscapu-
laris and capsule are dissected off the humerus as
a single unit after which a circumferential release
is performed as described above. Once the intra-
articular release is completed, the subscapularis
tendon is reattached to the humerus via trans-
osseous sutures or anchors.

Third, for tendons of sufficient quality and
thickness, a subscapularis Z-plasty to lengthen
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the subscapularis is an option, although this is
contraindicated if the tendon is thin and atrophic.
Subscapularis Z-plasty was originally described
for internal rotation contractures after surgery for
recurrent anterior instability [41, 42]. A modifi-
cation of this technique was described by Green
and Norris [43] in the setting of shoulder arthro-
plasty for glenohumeral arthritis after anterior
instability repair. Essentially the technique
involves carefully dividing the anterior half of the
subscapularis tendon at the margin of the lesser
tuberosity, leaving the posterior half of the ten-
don attached. The anterior half of the tendon is
then dissected medially to the level of the anterior
glenoid, and the anterior capsule is divided at this
level to create two tissue flaps. The lateral aspect
of the anterior flap is sutured to the medial edge
of the posterior flap to effectively lengthen the
subscapularis. Nicholson et al. [44] have
described a coronal Z-lengthening for internal
rotation contractures in the setting of shoulder
arthroplasty using the plane between the sub-
scapularis and capsule which are then sutured to
each other, creating an overlapping slide instead
of an end to end repair. It is important to be aware
that there are significant concerns regarding sub-
scapularis Z-plasty, namely, that the repair is
weak and that failure will lead to shoulder insta-
bility and that internal rotation strength is dimin-
ished. As a result of these issues, many authors
have moved away from performing subscapularis
Z-plasty.

The proximal humerus can now be dislocated
anteriorly giving access to the humeral head;
when doing so, care should be taken as to not use
excessive external rotation force that can lead to
an iatrogenic fracture or rotator cuff tear.

Humeral Component Revision

In most revision cases, the humeral component
will need to be removed. Furthermore, in the
majority of cases, the humeral stem is well fixed
either with cement or bone on-growth. For this
reason removal can be a challenging procedure
that requires experience and appropriate instru-
mentation to minimise the risk of fracture and

humeral bone defects. Occasionally the humeral
stem can be retained if the implant is modular
and only the glenoid requires revision. The most
common reason is when revising a HA to a TSA
or a TSA with a loose glenoid. There are also
modern platform systems now available that
allow conversion of an anatomic shoulder to a
reverse without exchange of the humeral
component.

In the first instance, scar tissue surrounding
the neck of the prosthesis is removed. If the
implant is modular, then the head is removed
using a tuning fork. The proximal bone-implant
or cement-implant interface is disrupted with the
use of fine high-speed burrs and narrow osteo-
tomes to facilitate implant removal (Fig. 10.5).
Some implants have a connector for the stem
with a slap-hammer adapter that will facilitate
stem removal. If this is not the case, then
a square-tipped impactor placed under the

Fig. 10.5 Use of high-speed burr to facilitated compo-
nent removal
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Fig. 10.6 Utilisation of impactor to facilitate humeral
component removal

infero-medial aspect of the neck is struck with a
mallet to try to extract the implant (Fig. 10.6). In
the situation where this does not work, and the
humeral component remains well fixed further
distally, then an anterior longitudinal humeral
osteotomy can be used to gain access to the
remaining humeral implant in a safe and con-
trolled manner [13]. Sperling and Cofield have
also described the application of a number of dif-
ferent humeral cortical “windows” to facilitate
the removal of a well-fixed humeral stem [31].
They describe anterior humeral windows
(Fig. 10.7) and advocate the use of a proximal
medial humeral window (Fig. 10.8) when revis-
ing a humeral component with only proximal
coating and a smooth distal stem. In contrast for
fully textured components, or those with a well-
fixed cement mantle, they recommend an anterior
cortical window, which can be subsequently
bypassed by a longer humeral revision stem.

Latissimus dorsi

Pectoralis major
Teres major

Deltoid

Fig. 10.7 Anterior humeral window [31]

Good rates of union were achieved through either
suture or wire cerclage fixation of the windows
and a stable construct achieved using a cemented
revision stem [31]. Pre-drilling in the line of the
proposed osteotomy is a useful technique to
avoid unwanted distal fracture propagation, and
cerclage wires can be positioned prior to revision
stem insertion for osteotomy fixation. The use of
distal humeral windows has also been described
for gaining access to the stem tip and distal
cement mantle [12]. Ultrasonic devices may aid
cement removal, but we would advocate caution
to the potential risk of thermal injury to the radial
nerve. Efforts to remove all cement in its entirety
are only necessary in the case of revision for
infection; in the absence of infection, a cement-
in-cement revision can be performed.

Larger proximal bony deficiencies pose an
additional challenge to the revision surgeon.
Reconstructive options include the use of an
allograft-prosthetic composite, a modular revision
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Fig. 10.8 Medial humeral window [31]

component system or custom tumour-type pros-
theses. Chacon et al. [45] reported high rates of
bone incorporation with the use of APC combined
with a reverse implant. The use of newer modular
proximal humeral prostheses is an attractive option
as it allows the resection level to be determined at
the time of surgery and intraoperative flexibility
via extensive component modularity (Fig. 10.1).

Glenoid Component Revision

Addressing the glenoid component is also very
challenging during revision shoulder arthro-
plasty. The mode of failure and glenoid bone
stock should be assessed prior to surgery. Large
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glenoid bony deficiencies frequently compromise
implant fixation in a revision setting and some-
times may preclude glenoid component place-
ment altogether [29]. In the case of an isolated
loose glenoid component in a patient who is too
frail to undergo major revision surgery,
arthroscopic extraction of the loose component
has been described with good postoperative
results in a small series of patients [46].

After the humeral side has been addressed, the
glenoid is exposed for revision. In the case of a
failed HA with minimal bone loss, the glenoid
can be replaced in the standard fashion. For an all
polyethylene glenoid that is well fixed, the com-
ponent can be cut into equal segments with a sag-
ittal saw (Fig. 10.9). This allows piecemeal
removal (Fig. 10.10) whilst minimising damage
to the underlying glenoid bone stock. The central
peg or keel can then be extracted using a rongeur,
and the remaining cement mantle can be removed
using osteotomes or a high-speed burr. Removal
of metal-backed components can be associated
with increased glenoid bone loss, so this should
be done cautiously in a manner that preserves as
much glenoid bone as possible. After removal of
the glenoid, gentle reaming of the glenoid surface
is performed to remove any fibrous tissue and to
expose healthy subchondral bone.

The glenoid should now be carefully inspected
to assess the location and extent of bone loss and
the feasibility of reimplantation. Defects have
been classified as central, peripheral and com-
bined, which in turn can be mild, moderate or
severe (Fig. 10.11). Deficiencies are classified as
mild if they involve less than a third of the gle-
noid rim or surface, moderate if they involve
between one- and two-thirds and severe if they
involve greater than two-thirds. Mild and moder-
ate deficiencies may be suitable for single-stage
reimplantation with or without bone grafting
whilst severe defects may preclude reimplanta-
tion. Superior outcomes have been observed
when bone grafting and glenoid implantation are
compared to cases where bone grafting alone is
performed [47]. Cheung et al. [48] performed
revision in 68 shoulders for glenoid loosening. In
33 patients, new glenoid implantation was
possible at the time of the revision procedure, and
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Fig. 10.9 Use of sagittal saw to remove polyethylene
glenoid

Fig. 10.10 Piecemeal removal of glenoid pegs

the remaining patients were revised to HA with
glenoid bone grafting. Benefits of glenoid reim-
plantation were increased in forward elevation
and greater patient satisfaction. The rate of
revision-free survival at 5 years was not signifi-
cantly different between the two groups. Overall,
the results suggested that a new glenoid compo-
nent should be implanted if structurally feasible.
Severe central or combined deficiencies may
preclude a new component being implanted. In
this situation, bone grafting using either cancel-
lous or corticocancellous bone should be per-
formed to restore glenoid bone stock and facilitate
potential future glenoid revision. Selective second-
stage glenoid component implantation is consid-
ered only in those patients who continue to report
pain once the first-stage graft has fully consoli-
dated [21, 47] Phipatanakul and Norris [21]
reported on 24 patients undergoing revision TSA
with removal of the glenoid component and bone
grafting. Eighteen patients had adequate pain
relief after the initial procedure, and four patients
achieved good pain relief after a second-stage gle-
noid implantation for persistent pain. Graft subsid-
ence was reported in 10 out of 20 cases (50 %)
although it did not preclude placement of a new
glenoid component during the second-stage revi-
sion. Overall, the investigators found bone grafting
of the glenoid beneficial in terms of pain relief as
well as enabling delayed glenoid implantation.
However, range of motion did not improve signifi-
cantly and graft subsidence rate was concerning.
The two available techniques for bone grafting
of a glenoid defect are corticocancellous impac-
tion grafting or the use of a structural cortical bone
graft. The type of defect, and whether it is con-
tained or un-contained, will determine the appro-
priateness of the use of these available techniques.
Central contained glenoid defects are typically
managed with cancellous bone graft, whilst
peripheral and combined defects are addressed
with a combination of cancellous and structural
bone graft. In cases with an isolated central gle-
noid deficiency, Neyton et al. [49] have described
a technique using a central bicortical graft with the
cortical aspect of the graft positioned laterally,
with further cancellous graft packed peripherally
and medially behind the cortical graft. In cases
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Fig. 10.11 Classification of
glenoid bone defects [47]

Central

Peripheral
(anterior
posterior)

Combined

with a peripheral deficiency, the same group
describes the use of a bicortical graft secured with
two cortical screws and then further cancellous
graft being packed into the now “contained” resid-
ual defect. The biggest problem with impaction
grafting alone is the risk of subsidence. Cancellous
allograft either in morcellized or structural form
has been associated with resorption and medializa-
tion of the humeral head [50]. When using struc-
tural grafts that are fixed with screws, placement
should be planned to avoid interference with the
glenoid component fixation. Although initial
results were encouraging with the use of bulk
allografts, longer-term follow-up has revealed evi-
dence of graft resorption on radiographs [34].

Management of Instability
Anterior instability most commonly arises from

failure of subscapularis, which is the main
restraint to anterior glenohumeral translation.

Mild

LIIC>
® (O (»

Severe

Moderate

Mobilisation and repair of a ruptured subscapu-
laris following shoulder arthroplasty patient is
entirely dependent on the chronicity of the ten-
don failure. Early intervention implies easier
mobilisation of the torn tendon from the anterior
glenoid neck and possible direct repair. However,
the subscapularis typically retracts quickly after
rupture making adequate mobilisation and repair
impossible. Pectoralis major transfer has been
described to augment deficient anterior structures
although results in the setting of TSA are associ-
ated with high failure rates [51]. More recently
more predictable results have been achieved with
conversion to reverse shoulder arthroplasty [52].

Surgical management of posterior instability
after shoulder arthroplasty has traditionally
involved improving component position and soft
tissue balance including release of tight anterior
structures and plication of the lax posterior cap-
sule [53, 54]. When considering shoulder arthro-
plasty revision for posterior instability, the
surgeon should have a thorough understanding of
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the factors that predispose to the problem to opti-
mise the chance of a successful outcome. Few
studies have reported on the results after revision
for posterior instability after shoulder arthro-
plasty. Furthermore, due to the limited number of
patients, these reports have combined anterior
and posterior instability cases making the results
more difficult to evaluate. Moeckel et al.[8]
reported on 7 cases of anterior instability and 3
cases of posterior instability in a series of 236
total shoulder arthroplasties. Revision surgery
restored stability in all seven of the anteriorly
unstable shoulders, whereas of the three with
posterior instability, only two were stable at fol-
low-up. The final patient failed two revisions and
eventually underwent component removal. In a
multicentre study performed by Ahrens et al. [55]
consisting of 29 patients with posterior instabil-
ity, revision surgery was successful in only 53 %
of cases. In the Mayo Clinic [32] series of revi-
sion procedures for instability, 8 of the 14 shoul-
ders with posterior instability underwent posterior
capsule plication. However, 7 of the 14 patients
required additional revision surgery in an attempt
to restore stability. The authors concluded that
surgical treatment of instability after shoulder
arthroplasty is associated with a moderately high
failure rate. The results of these studies suggest
that the surgical treatment of posterior instability
after shoulder arthroplasty with unconstrained
anatomic components is associated with a signifi-
cant failure rate, particularly when soft tissue
procedures alone are performed. On this basis,
RSA has emerged as an attractive revision
alternative.

Abdel et al. [52] published results on 33 unsta-
ble anatomic shoulder arthroplasties that were
revised to a reverse design of which two patients
had posterior instability. Outcomes evaluated
included visual analogue scores (VAS) for pain,
range of motion, shoulder stability and Neer rat-
ing. The mean age of the patients at the time of
revision surgery was 71 years. They were fol-
lowed for a mean of 42 months (range,
25-71 months) or until revision surgery (one
patient) or death (two patients). The average time
from the index arthroplasty to revision was
26 months. Pain scores improved significantly as
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did mean active forward elevation from 40 to 97°,
whereas there was no difference in internal or
external rotation. At last follow-up 31 shoulders
(94 %) were stable, the remaining two patients
experienced dislocations, one at 2.5 weeks post-
operatively and the other at 3 months postopera-
tively. According to the Neer rating system, there
were 13 excellent, 10 satisfactory and 10 unsatis-
factory results. The authors concluded that revi-
sion to a reverse prosthesis reliably restores
shoulder stability with improved pain and active
elevation although the overall results are inferior
to the outcome with RSA in cuff-tear arthropathy.
Whilst there is currently no literature available
directly comparing the results of revision for
instability using anatomic versus reverse tech-
niques, these studies suggest that revision to RSA
more predictably restores shoulder stability with
better clinical outcomes compared to revision
using anatomic components. It should be remem-
bered that this is a complex patient group and that
complication and revision rates remain high.

Revision to Reverse Shoulder
Arthroplasty

Rotator cuff dysfunction (involving either the
anterior or superior cuff) is a common cause of
failed anatomic shoulder arthroplasty. This is
associated with significant pain and loss of func-
tion. Revision surgeries using anatomic prosthe-
sis designs are often disappointing. For this
reason reverse shoulder arthroplasty (RSA) has
emerged as an attractive revision alternative in
dealing with a failed HA or TSA with cuff defi-
ciency with or without bone loss [56]. RSA pro-
vides increased stability due to greater constraint
and conformity enhanced by the increased ten-
sion within the deltoid muscle, which generates
greater compressive forces across the glenohu-
meral joint.

Once the glenoid component has been
removed, the glenoid should be carefully inspected
to assess the location and extent of bone loss.
Glenoid bone defects must be addressed to obtain
secure fixation of the reverse baseplate, and larger
defects may require structural bone grafts or may
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even preclude implantation of a component. The
guide pin is positioned in the appropriate location,
and reaming is kept to a minimum to maintain
subchondral bone and allow seating of the base-
plate. The baseplate is now secured in place in a
standard fashion with a combination of central
and peripheral screws. The glenosphere is inserted
using the largest available diameter to enhance
stability and lessen the chance of dislocation. The
humerus is brought into the wound, taking care
not to get caught on the glenosphere in doing so, a
trial liner is inserted on the trial humeral compo-
nent and the shoulder reduced and the stability
and tension assessed. The trials are now removed
and the definitive implants inserted.

Walker et al. [57] performed a retrospective
case series of 24 patients with failed TSA who
were treated with conversion to RSA. Indications
for conversion to RSA included failure of TSA
from glenohumeral instability in 19, mechanical
failure of the humeral or glenoid component in
10 and infection in 2. American Shoulder and
Elbow Surgeons score improved from 38.5 pre-
operatively to 67.5. Fourteen patients rated their
outcome as excellent, 3 as good, 3 as satisfactory
and 2 as unsatisfactory. The overall complication
rate was 22.7 %. The authors concluded that RSA
is an effective treatment for failed TSA by
decreasing pain and improving shoulder function
although RSA in the revision setting is associated
with a higher complication rate.

Patel et al. [15] considered the outcomes of 31
patients with a failed anatomic arthroplasty that
were revised to a RSA; their results showed sta-
tistically significant improvement in all outcome
measures. Improved function and pain relief were
reliably achieved with 82.2 % or patients report-
ing a satisfactory, good or excellent outcome; the
greatest improvement was noted in revision of
failed TSA [15]. The authors concluded that RSA
is a reliable salvage option for a challenging clin-
ical problem. Kelly et al. [16] also found a signifi-
cant improvement in function and pain when
using RSA as a revision tool, although a compli-
cation rate of 50 % was observed in those requir-
ing concomitant tri-cortical glenoid bone
grafting; 80 % of these patients remained either
satisfied or very satisfied with their outcome.
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Melis et al. [58] specifically considered the
outcome of RSA used to address aseptic glenoid
loosening in 37 patients, 78 % requiring an asso-
ciated structural bone graft in combination with
glenosphere insertion. In three cases early gle-
noid component loosening was observed due to
the use of baseplate with an insufficiently long
central peg to provide adequate primary fixation
to native glenoid bone. Two of these cases
required revision to a “long-pegged” baseplate,
going on to demonstrate successful radiological
graft incorporation, and one was converted to a
HA. Given the encouraging rates of graft incor-
poration that have been seen with RSA prosthe-
ses, some surgeons prefer to use RSA and bone
grafting as a revision tool to address a glenoid
bony deficiency even in the setting of an intact
rotator cuff.

Conclusion

Revision shoulder arthroplasty is challenging
for the patient and surgeon. Successful man-
agement of the failed shoulder arthroplasty
starts with a thorough assessment of the
patient, adequate imaging studies and exclu-
sion of infection. The mode of failure must be
clearly identified to direct the subsequent
treatment strategy. Patients should be coun-
selled carefully with regard to expected out-
comes and potential complications. The
surgeon should be clearly aware of the techni-
cal challenges presented by the exposure,
removal of humeral and glenoid components
and reimplantation. Soft tissue and bone defi-
ciencies may preclude revision to a further
anatomic implant, which has led to the
expanding role of RSA in the revision setting.
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