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Abstract Complications after revision shoulder arthroplasty
are similar to those in the primary setting which include
instability, fracture, bone loss, infection, nerve injury, and
loosening. Unlike in the primary setting, however, the rate of
complications for revisions is significantly greater and the
management is more complex because of overlapping com-
plications and limited treatment options. Furthermore, there is
a paucity of evidence-based literature to direct the manage-
ment options in these patients. The purposes of this review are
to broadly outline the major complications that are seen in
revision shoulder arthroplasty and to provide general princi-
ples on how to recognize and approach these complex cases.
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Introduction

With the growing number of shoulder arthroplasties in the
USA [1], complications that lead to the need for revision
arthroplasty are reasonably well defined. Complications after
revision shoulder arthroplasty are similar to the complications
seen after primary shoulder arthroplasty but are more fre-
quently encountered and difficult to manage. Sometimes de-
fining the cause of failure, especially if the main symptom is

pain, is complex and multifactorial. Overall, studies have
shown that revision arthroplasty has less predictable function-
al outcomes and increased complication rates compared to
primary shoulder arthroplasty [2–5].

Management depends on defining the complication and the
etiology and then taking stock of the remaining current anat-
omy in trying to apply either a surgical or nonsurgical solu-
tion. In these complex situations, surgery is not always the
best option given the high complication risks associated with a
re-revision setting. The situation is further complicated by the
fact that revision arthroplasty can either be a reverse or ana-
tomical prosthesis and the approach to each is unique. The
focus of this review is to break down some of the most
common issues after revision shoulder arthroplasty and assess
the management of these issues in a principled approach.

Complications of revision arthroplasty

Instability

With an anatomic prosthesis, instability is due to subscapularis
failure until proven otherwise after a revision. In the primary
setting, the most common rotator cuff tear is a subscapularis
tear. Miller et al. showed that the prevalence of postoperative
subscapularis tear is 6 % and that all patients in their study
required surgical repair [6]. However, this tear rate is likely
higher in the revision setting. Subscapularis muscle or tendon
disruption can lead to anterior displacement of the prosthesis
and poor functional outcomes and pain (Fig. 1). Posterior
instability is less common than anterior instability after
arthroplasty and in most cases is related to preoperative
glenoid erosion and posterior subluxation. The classification
proposed by Walch et al. defined different glenoid morphol-
ogies in primary glenohumeral arthritis and found this pathol-
ogy to correlate with excessive retroversion and humeral
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subluxation [7]. Sanchez-Sotelo et al. reported the results of
33 shoulders (hemiarthroplasty in seven and TSA in 26) with
recurrent instability and their outcomes. In this particular
group, the authors noted 19 shoulders had anterior instability
and 14 shoulders had posterior instability. The majority of the
instability was attributed to abnormal capsular tensioning or
rotator cuff dysfunction. Revision surgery was only able to
restore stability in nine of the 32 shoulders (28 %) and anterior
instability had a higher failure rate. The authors concluded that

instability after total shoulder arthroplasty (TSA) is a difficult
problem to manage and even with revision surgery, more than
half of the patients in this study remained unstable [8].
Component sizing can also play a role such that an undersized
component can lead to laxity of the soft tissues which can
compromise the tensioning of the components. Though, un-
less grossly undersized, this is rarely the cause of instability.

Instability after a reverse shoulder arthroplasty (RSA) also
may be related to soft tissue abnormalities, such as

Fig. 1 Case of a revision surgery for recurrent instability after
hemiarthroplasty for proximal humerus fracture and attempt at allograft
to the glenoid. a Presentation films with preoperative AP and axillary
radiographs demonstrating a cemented hemiarthroplasty with tuberosity
resorption and anterior humeral subluxation. b Revision to RSA was
complicated by proximal humerus comminution after osteotomy for
cemented implant extraction. Femoral strut allograft with cerclage wires

and a long, cemented stem was placed. Positive cultures for P. acnes
noted after 14 days of incubation with negative preoperative and
intraoperative markers. cOne year and d 3 years follow-up demonstrating
prosthesis in good position with the incorporation of femoral strut allo-
graft. Note the heterotopic bone formation at the inferior glenoid, but no
bone loss or “notching”. eAcceptable functional results at 3 years follow-
up with one out of ten pain on VAS
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subscapularis insufficiency or inadequate deltoid or rotator
cuff tensioning. Also, component positioning, such as exces-
sive anteroversion of the stem, can contribute to instability.
Implant design has also been implicated in scapular notching
and instability in terms of the position of the baseplate relative
to the center of rotation and neck-shaft angle of the prosthesis
[9, 10]. Chalmers et al., however, found that the most common
risk factors for early dislocation after RSAwere subscapularis
deficiency, previous surgery, male gender, and a BMI >30
[11]. Edwards et al. also reported a significantly higher risk of
dislocation after the reverse shoulder arthroplasty if the
subscapularis tendon is not repaired at the time of primary
surgery [12]. Instability is a common cause for revision of a
reverse shoulder arthroplasty. Boileau et al. found that insta-
bility accounted for 48 % of all complications in those requir-
ing revision of a RSA [13].

Fracture

The incidence of periprosthetic humerus fracture can range
between 0.6 and 3 % in primary shoulder arthroplasty [14].
Revision arthroplasty places the patient at significantly higher
risk for intraoperative periprosthetic fracture because of inad-
equate bone stock. Significant risk factors include female sex,
osteopenia, and press-fit humeral implants [15, 16]. Typically,
fractures occur on the humeral shaft at the mid to distal
diaphysis. This can be due to excessive torsion of the shaft
in an attempt to expose the humeral head. It can also occur in
the proximal metaphyseal region due to excessive impaction
of components, extraction of implants, or during retraction to
expose the glenoid [14, 17•, 18].

Postoperative periprosthetic fractures of the humerus are
classified using theWright and Cofield classification, which is
based on the location of the fracture relative to the tip of the
humeral prosthesis. Type A fractures are centered near the tip
of the stem and extends proximally. Type B fractures are
centered at the tip of the stem and extend distally. Type C
fractures are distal to the tip of the stem [15, 17•].

Bone loss

In revision cases, bone loss can be unpredictable and occurs
on both the glenoid and humeral sides. Some common causes
of bone loss include osteolysis from polyethelene wear, re-
moval of cemented or press-fitted implants where bone is lost
with active removal of cement or from bone on-growth,
glenoid erosion in the setting of a hemiarthroplasty, and tu-
berosity nonunion and resorption after treatment of a proximal
humerus fracture (Fig. 1). In the revision setting, bone loss
poses significant problems for fixation of a cemented glenoid,
reverse baseplate, or humeral stems [19, 20, 21••, 22, 23].

Infection

The incidence of infection in primary total shoulder
arthroplasty is reported to be between 0.4 and 2.9 % while
for reverse total shoulder arthroplasty, rates range from 1 to
10 % [21••]. In revision shoulder arthroplasty, the rate of
infection has been reported to be as high as 15.4 % [24–26].
Patients at risk for infection include those with diabetes
mellitus, rheumatoid arthritis, corticosteroid use, and previous
shoulder surgery. Classifying infection after revision surgery
is similar to the primary setting, but the system must also
account for positive cultures at the time of revision surgery
when preoperative workup is negative. Sperling et al. pro-
posed a classification that includes this particular scenario and
considered it a type 1 infection. Type 2 infections are identi-
fied within 30 days after surgery and are considered acute.
Type 3 infections are acute hematogenous infection identified
more than 30 days after surgery. Type 4 infections are chronic
infections [27]. In the scenario of late culture positivity with
organisms of low virulence, Mook et al. proposed a modified
classification with the addition of the acronym FACP (failed
arthroplasty with positive cultures) [26].

Type 1 infections are particularly problematic given the
culture results are not available until the final culture readings
at least 14 days after surgery (the minimum recommended
incubation period for Propionibacterium acnes (P. acnes), a
characteristic organism for shoulder arthroplasty infections).
Management is therefore complicated with the prosthesis
already in position. Clinical and laboratory indicators of in-
fection are subtle or absent, and purulence is rarely observed
intraoperatively, making P. acnes difficult to diagnose [26,
28]. Additionally, the growth of bacteria does not appear to
always represent infection [29]. Levy et al. studied 55 patients
undergoing primary total shoulder arthroplasty by taking cul-
ture at the time of surgery. Forty-one percent of these patients
grew out P. acnes. The implication of these results is not
totally clear; however, the data may imply that these low
virulence bacteria may colonize the native joint and not be a
cause of infection in some if not many cases [30].

Nerve injury

Iatrogenic nerve injury can occur in a number of ways during
revision cases because of increased soft-tissue scarring after
multiple surgeries and poorly defined tissue planes. Direct
injury can occur during dissection, cement extrusion in the
humeral shaft leading to nerve injury has also been reported
[31], but the most common etiology is likely secondary to
brachial plexus traction.

In the setting of revision cases, these traction injuries are
more frequently encountered then in primary arthroplasty due
to the length of the procedure and prolonged retraction. Nagda
et al. used intraoperative nerve monitoring during shoulder
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arthroplasty and stated that placing the arm in position of
extreme extension, external rotation, and abduction/
adduction should be limited to reduce nerve compromise.
They found that patients with prior surgery and limited exter-
nal rotation were at increased risk of nerve injury, though
nerve monitoring is not needed routinely [32] Lynch et al.
used neuromonitoring during shoulder arthroplasty and found
alerts frequently involving the axillary and musculocutaneous
nerves. This can be attributed to the stretch placed on the
brachial plexus during humeral positioning and traction
during glenoid exposure [33]. Ladderman et al. found
the prevalence of acute postoperative nerve injury to be
significantly more frequent in RSA than in anatomic TSA
due to arm lengthening in RSA [34]. In the majority of
these cases, however, neurapraxia is the cause and with
conservative management, symptoms will completely
resolve with time.

Loosening

There is limited literature on loosening of components in the
revision setting, and therefore, we need to extrapolate the
literature for loosening in the setting of primary shoulder
arthroplasties. The most common cause for revision of a
TSA is glenoid component loosening. Factors that contribute
to glenoid loosening include infection, component malposi-
tion, component design [35–39], glenohumeral instability
[40], and excessive radial mismatch of the glenoid and hu-
meral component [41, 42]. Radiolucent lines surrounding the
glenoid component can indicate, but does not necessarily
suggest, loosening. As defined by Nagels et al., radiolucency
2 mm or more or a shift in the component suggests radiologic
loosening [43].

In reverse shoulder arthroplasty, baseplate loosening and
migration can be due to osteolysis from polyethylene wear
debris produced by scapular notching. This is encountered in
the Grammont-style prosthesis due to the medialized center of
rotation and can be seen in 68 % of cases [44].

Loosening of the humeral stem is a less common finding
than glenoid loosening in shoulder arthroplasty. Humeral
loosening alone infrequently requires revision, with glenoid
loosening usually a concomitant issue [45]. Radiolucent lines
are frequently seen at the tip of the humeral prosthesis with the
use of press-fit stems [46, 47]. However, the clinical outcomes
do not always seem to correlate with the presence of radiolu-
cencies around the humeral component [47–50]. Cuff et al.
found that 3 % of patients with reverse shoulder arthroplasties
had asymptomatic humeral stem loosening at a minimum of
5 years follow-up [51]. Humeral component loosening is seen
more frequently in reverse total shoulder arthroplasties than in
anatomic shoulder arthroplasties due to the semiconstrained
design of the prosthesis, offering more stress at the bone-stem
interface [52].

Management of complications

Instability

In the setting of an anatomic shoulder arthroplasty, anterior
instability is most commonly caused by subscapularis disrup-
tion. Direct repair can be attempted if healthy tissue is still
present. However, in a patient that underwent multiple surger-
ies, poor tissue quality is often encountered. Augmentation
and reconstruction of the subscapularis has been described
using Achilles allograft, though risk of limited range of mo-
tion and further instability can be seen [53, 54]. In the subset
of patients with static anterior instability, outcomes after a
pectoralis major transfer are often poor and unpredictable
[55, 56]. Posterior instability due to capsular laxity can be
managed with capsular plication. Or, if soft tissue imbalance is
present with tight anterior structures causing posterior insta-
bility then release of the subscapularis, anterior capsule, or the
upper portion of the pectoralis major can be performed [57].
Revision surgery for posterior instability has a higher success
rate than anterior instability, though both types of procedures
have moderate success rates overall [8].

Dislocation after a RSA should initially be managed by
closed reduction and sling immobilization with restriction of
adduction, extension, and internal rotation for a brief period of
time. If this first-line treatment fails, evaluation of implant
position and soft-tissue tensioning should be conducted.
Inferior soft-tissue impingement can likely be the cause of
instability, and removal of this tissue is often necessary,
though in the revision setting, heterotopic bone and scarring
can make this difficult. When revision surgery is required,
placement of a larger glenosphere to provide adequate ten-
sioning or the use of a larger, more constrained humeral
component may be needed [58].

Recurrent instability cases may need salvage procedures to
provide adequate stability, pain relief, and function. With
rotator cuff insufficiency in anatomic TSA, revision to a
RSA is often the best option since the design is
semiconstrained and relies less on the rotator cuff and capsule.
Typically, those who receive RSA as a revision arthroplasty
have higher complication rates than those who receive it as a
primary arthroplasty [59]; however, revisions for instability
have generally better outcomes [22] (Fig. 1). Resection
arthroplasty can also be done as a salvage procedure for pain
relief in those with recurrent instability, but patients typically
have poor range of motion and function.

Fracture

Intraoperative fracture

Intraoperative fracture of either the humerus or glenoid often
requires a change of course. After a glenoid fracture, it is
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important to assess whether there is enough bone stock for
placement of a glenoid component for an anatomical
arthroplasty or whether conversion to a reverse arthroplasty
is necessary. Fixation can be readily established with a base-
plate due to the long centralized screw that can bypass either
deficient or fractured bone and obtain purchase in the scapula
[23, 60].

Intraoperative humeral fractures can be more challenging.
If a greater tuberosity fracture occurs (as it often does in
explanting a previous stem) with the hope of placing an
anatomical TSA, it is critical to determine if the fracture is
repairable and if the attached rotator cuff is functional. If not,
conversion to a RSA is necessary. Therefore, it is essential to
have all of the implant options available in the operating room
during these complex revision shoulder arthroplasty cases.
Van Thiel et al. described using a vertical humeral osteotomy
for stem extraction. In their study, no perioperative or postop-
erative fractures were seen at an average of 41 months of
follow-up [61].

Humeral fracture can also occur during implantation of
the stem. In this case, it is important to make sure the
stem is stable. Often wiring is sufficient—but sometimes
cementing the stem is necessary. Fractures below the tip
need longer exposure, open reduction and internal fixation
(ORIF) with cerclage wires or a plate (or strut grafting)
with a long, press-fit revision stem (ideally). There are
few of these on the market, and therefore, a long,
cemented stem may be needed. The surgeon must be
cognizant of cement leakage when revising humeral shaft
fractures, which can prevent fracture healing or can injure
the radial nerve.

Postoperative fracture

Nonoperative management of the humerus can be carried out
with nondisplaced fractures with a well-fixed prosthesis or
fractures distal to the tip of the humeral stem with acceptable
radiographic alignment. Acceptable radiographic alignment is
defined as within 20° of anterior/posterior angulation, 30° of
varus/valgus alignment, and 20° of rotational alignment [62].
Nonoperative treatment can be carried out with a humeral
fracture brace in these circumstances. ORIF should be
considered for type C fractures that do not meet accept-
able radiographic alignment criteria. ORIF should also be
considered for displaced, unstable fractures centered at the
tip with a well-fixed humeral implant due to high non-
union rates when treated nonoperatively [62]. Fractures
proximal to the tip with humeral stem loosening should
be treated with a revision to a long-stem prosthesis that
bypasses the fracture site by two cortical diameters.
Treatment can be augmented with strut graft and cerclage
wires [63].

Bone loss

Glenoid bone loss

Preoperative planning in the setting of glenoid bone loss
includes the use of CT scan with 3D reconstruction or 3D
scapula models to assess the extent of bone loss and available
glenoid bony anatomy. This can offer insight to proper pin
placement for glenoid implantation and positioning. The use
of preoperative three-dimensional surgical simulation and
patient-specific instrumentation can also be helpful [64–66].

Intraoperatively, adequate bone stock can determine
whether glenoid reimplantation can be considered or if bone
grafting is required. The classification by Antuna et al. is
commonly used to assess intraoperative glenoid bone loss
and whether reimplantation is possible or not in anatomical
total shoulder arthroplasty [2]. Management of significant
glenoid bone loss requires either autogenic or allogenic,
morselized or structural bone graft. Iliac crest autograft is used
in the revision setting because autograft humeral head is not
available. For small, contained glenoid defects, morselized
autologous iliac crest bone graft or allograft cancellous chips
can be used. Glenoid bone loss that requires structural grafts
are those that have unacceptable version or inclination and
where significant medialization of the joint line is present.
Sources for structural grafts include a tricortical iliac crest
autograft and femoral head allograft.

Removal of a glenoid component without reimplantation or
bone grafting has been described with some success [3],
though this has been shown to be inferior to reimplantation
of a glenoid component in terms of pain relief and function
[24, 67]. The glenoid can also be managed with a single-stage
bone graft with or without reimplantation in anatomic TSA or
RSA [19]. Scalise and Iannotti found that all 11 of their
patients that underwent bone graft without reimplantation
had significant subsidence and resorption though this did not
correlate with clinical outcome scores [68]. One study showed
that single-stage bone grafting with reimplantation of a
glenoid component in three revision TSAs did not require
further surgical intervention or show signs of loosening at a
mean follow-up of 45 months [69]. However, a recent retro-
spective multicenter study showed that glenoids with large
bone defects treated with bone graft and reimplantation for
loosening had a 17 % revision rate due to recurrent loosening
[70]. Two-stage reimplantation with bone graft has been re-
ported [71, 72]. The timing of bone graft incorporation and
subsequent reimplantation of the glenoid component is un-
clear, however [73]. Antuna et al. found that three total shoul-
der arthroplasties that underwent two-stage reimplantation at
an average of 20 months after bone graft insertion had satis-
factory pain reduction and no evidence of component loosen-
ing at a mean of 2.6 years of follow-up [2]. For reverse
arthroplasty, there is typically enough bone to place a
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baseplate in a revision setting, though bone graft may be
needed in some cases [23, 60, 74, 75].

Humeral bone loss

Treatment of proximal humeral loss has included
hemiarthroplasty, resection arthroplasty, and most commonly
and effectively—a reverse shoulder arthroplasty.
Hemiarthroplasty alone has higher failure rates in association
with extensive proximal humerus bone loss; therefore,
allograft-prosthesis composites have been used to address this
issue (Fig. 1). Reports have shown good results using a RSA
composite with proximal humeral allograft, though long-term
studies are needed to determine the longevity of this construct
[20]. Concerns using proximal humeral bone allograft include
increased cost, donor-to-host infection, increased operative
times, failure of graft incorporation, and graft resorption. A
recent prospective study evaluated the use of RSAwithout the
use of proximal humeral allograft in patients with proximal
humerus loss [76]. Compared with other studies using allo-
graft, they found better results in ASES scores and active
forward flexion. They suggested that addition of allograft to
the reverse prosthesis does not offer significant advantages or
does not improve clinical or radiographic outcomes.

Infection

Treatment options for periprosthetic joint infection include
antibiotic suppression, tissue debridement with retention of
prosthesis, resection arthroplasty, single vs. two-stage pros-
thesis exchange, and arthrodesis [25]. Antibiotic suppression
alone typically has high failure rates [77]. It can be considered
for severely ill patients and those unwilling to undergo further
surgery. Prosthesis retention and debridement can be consid-
ered if infection has been detected early, though failure rates
can reach up to 50 % [78]. Resection arthroplasty can be
reserved for the elderly, severely ill patient where the goal is
to mainly relieve pain, as this treatment option can leave the
patient with poor shoulder function and motion [79]. Single-
stage implant exchange can be considered, though it is not as
popular as two-stage exchange, which is based on the man-
agement of infected total hip and knee arthroplasties. The
pros thes i s o f an t ib io t i c - loaded acry l i c cement
(PROSTALAC) implant can be used for the eradication of
infection and successful two-stage implantation in shoulder
arthroplasty. A retrospective, multicenter study found that
infection was eradicated in 82 % of patients using the
PROSTALAC implant, while 57 % underwent successful
two-stage reimplantation [79]. Ince et al. managed 16 patients
with infected shoulder arthroplasties with a single-stage meth-
od and found no recurrence of infection [80]. Sperling et al.
treated three patients with prosthetic infection using a two-
stage method and found no recurrence of infection. They also

found that one of the two patients treated with a single-stage
exchange had reinfection [81]. Cuff et al. compared outcomes
of single vs. two-stage exchange with conversion to a reverse
total shoulder arthroplasty and found no difference in out-
comes between the two methods. They believed successful
eradication of infection between the twomethods were a result
of the quality of the debridement since RSAwas anticipated,
and there was little concern for resecting suspicious rotator
cuff, capsule, and bone tissue [82].

Positive cultures obtained after revision surgery when pre-
operative workup for infection is negative have been a focus
of recent studies, as guidelines are not clearly defined. Grosso
et al. treated patients with unexpected positive intraoperative
cultures with a one-stage revision and no postoperative anti-
biotics and found low reinfection rates (5.9 %) [83]. Another
study supported ignoring or monitoring unexpected intraop-
erative positive cultures of low virulence and negative preop-
erative workup in healthy patients [84]. Recently, Pottinger
et al. found preoperative and intraoperative risk factors that
correlate with positive cultures during revision surgery. They
included male sex, osteolysis, membrane formation, and
cloudy fluid. This information might help guide decision-
making in prosthesis removal or retention and the need for
immediate antibiotic therapy [85]. A recent study evaluated
the role of open biopsy prior to reimplantation in a staged
procedure. They found that four out of 18 patients had persis-
tent infection. Reimplantation in these patients was delayed
with repeat I&D, antibiotic spacer exchange, and IV antibi-
otics for 6 weeks until cultures were negative. All patients
were free of infection at a 2-year follow-up implicating the
possibility of decreasing persistent infection rates using an
open biopsy prior to final reimplantation, though a larger,
long-termed study is needed. Also, the harmful effects of
additional surgery and higher costs seen with this added
procedure need to be considered [86].

Nerve injury

Nerve conduction studies and electromyography should be
used if a nerve injury is suspected postoperatively. They
should be obtained 10–21 days postoperatively because these
studies are unable to differentiate between axonal loss vs.
demyelination [21••]. Injury as a result of neurapraxia resolves
with time; however, surgical exploration of the affected nerve
may be considered if no recovery is seen by EMG analysis
3 months postoperatively [41]. The majority of postoperative
nerve injury, however, is due to neurapraxia that mainly
requires conservative management and close monitoring.
Lynch et al. found no nerve injuries requiring surgical explo-
ration in 18 shoulder arthroplasties and with all injuries due to
a neurapraxia or first-degree injury that resolved spontaneous-
ly [33]. Therefore, in the setting of neurapraxia, surgical
intervention is not necessary.
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Loosening

The management of loosening is similar to that in the
primary setting. First, it is necessary to determine if the
patients’ symptoms are truly related to loosening. Start-
up pain or pain at the extremes of motion is often
noted. Second, because a re-revision has significant risk
and increasing limited options, an extensive preoperative
workup and discussion with the patient is imperative as
the results are unpredictable and may only improve
patient function in the most limited of circumstances.
Serial standardized radiographs should be obtained to
assess progression of radiolucent lines and to correlate
with clinical symptoms. A bone scan is a valuable tool
in assessing loosening along with a diagnostic arthros-
copy. Loosening on the glenoid side is easily treated
with conversion to a reverse—the key is determining
the extent of bone loss preoperatively with a CT scan
using 3D reconstruction and assessing intraoperatively
after glenoid removal. Management in this setting is
discussed above. Humeral loosening is extremely un-
common but is easily managed by increasing the size
of a press-fit stem after sufficient reaming or cementing.
A stem can also be cemented back into the remaining
stable mantle—“tap out, tap in” technique.

Conclusions

Complications after revision shoulder arthroplasty are more
frequently seen and more difficult to manage than in the
primary setting. Defining the cause of failure is critical but is
complicated due to multiple underlying etiologies that are
often present. Management depends on patient factors, the
type of prosthesis, and available anatomy. Multiple
approaches to these complications have been described in
the literature, though results are varied and the evidence is
limited. Longer-termed studies are needed to assess patient
satisfaction, function, and pain relief. Adhering to basic prin-
ciples of arthroplasty surgery is the key to good decision-
making in these difficult cases.
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