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QUESTION 1: Is there a role for an antibiotic spacer for the treatment of shoulder periprosthetic
joint infection (PJI)?
RECOMMENDATION: An antibiotic loaded cement spacer may be used as part of a shoulder two-stage exchange arthroplasty for local delivery
of high concentration of antibiotics. An antibiotic loaded cement spacer may be used as a deﬁnitive/permanent treatment option in select cases.
LEVEL OF EVIDENCE: Limited
DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)
RATIONALE
Antibiotic loaded cement spacers can be used in the management
of infected shoulder arthroplasty [1–4]. The antibiotic loaded cement
spacer delivers antibiotics to the local tissues, eliminates dead space,
maintains soft tissue tension and shoulder function and is used for
these reasons as a temporary spacer in two-stage reimplantation for
infected shoulder arthroplasty [2,3]. Less commonly, it can be considered as a permanent/deﬁnitive spacer if the patient declines further
surgery or if the patient is not a good surgical candidate for the
second stage of two-stage reimplantation (e.g., sick patient, signiﬁcant bone loss) [5–8].
The role of antibiotic loaded cement spacer in shoulder PJI has
been studied previously in retrospective cohort studies (Table 1). An
antibiotic loaded cement spacer is indicated as a temporary spacer
in the two-stage treatment of shoulder PJI in conjunction with intravenous antibiotics [2,3]. However, use as a deﬁnite/permanent spacer
has also been described as a treatment for patients who are a high
surgical risk or refuse second stage of two-stage treatment [5–7]. Jawa
et al. reported a retrospective review of 28 patients with infected
shoulder arthroplasty who were managed with antibiotic loaded
cement spacer [2]. Sixteen patients underwent a two-stage operation,
and twelve patients declined second stage procedure. Five patients
had recurrence of infection (18%), and 5 patients had severe pain
(18%) at ﬁnal follow up. Complications with the use of cement spacer
included dislocation (1 patient) and fracture (3 patients). Torrens et
al. reported a culture positive rate of 13.6% (3 shoulders) from 22 antibiotic loaded cement spacers retrieved during second stage reimplantation [9]. In contrast to studies by Jawa et al. and Torrens et al., other
investigators have reported lower rates of recurrence of infection
with antibiotic loaded cement spacer use. Pellegrini et al. reported
no recurrence of infection with a deﬁnitive antibiotic spacer in a
cohort of 19 low demand, elderly subjects who had infected shoulder

arthroplasties [6]. At a mean follow up of 8 years, all patients reported
satisfactory subjective and objective outcomes. One patient had
glenoid osteolysis with no adverse eﬀect on functional outcome.
Levy et al. retrospectively reviewed outcomes in 9 patients with
infected shoulder arthroplasty who elected to not have the second
stage reimplantation [7]. These patients had acceptable function
with their antibiotic spacers at a mean follow up of 25 months. There
was no recurrence of infection (0%) and only one patient (11%) was
unsatisﬁed with the results. Mahure et al. reported no recurrence of
infection (0%) in a retrospective case series of patients with shoulder
PJI who received an antibiotic loaded cement spacer as deﬁnitive
treatment after ﬁrst stage of the two-stage treatment [5,10]. In a retrospective study, Romano et al. reviewed 44 patients with infected
shoulder arthroplasty of which 32 patients had treatment with a
temporary or permanent antibiotic loaded spacer [11]. There was one
recurrence of infection in the deﬁnitive spacer group. Lee et al. used
an antibiotic loaded cement spacer for the ﬁrst stage implantation in
12 patients with infected shoulder arthroplasty. All patients received
intravenous antibiotics followed by the second stage treatment [12].
There was no recurrence of infection (0%) at mean follow up of 41
months. Improved functional outcomes with the use of antibiotic
loaded cement spacer was reported by Jerosch et al. in a retrospective review of 10 patients with shoulder PJI [13]. Patients were able
to perform physical therapy with the antibiotic spacer in situ, and
8 patients underwent second stage with no reported recurrence of
infection.
There is no consensus on the optimal class of antibiotics to be
used in spacer preparation. Heat stable antibiotics (vancomycin,
gentamycin and tobramycin) have been used alone or in combination. Spacer design and patient-speciﬁc anatomic features have also
been studied with regards to infection clearance and patient satis-
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TABLE 1. Studies examining the role of antibiotic loaded cement spacer in treatment of infected shoulder arthroplasty

Study

Number of Patients /
Shoulders (n) and
Follow-up (FU)

Antibiotics Used in
the Cement Spacer

Spacer Role

Recurrence of
Infection and Complications
Associated with Spacer

Jerosch and
Schneppenheim,
2003

n = 10
FU:6-30 mos (range)

No information

Temporary: 8
Permanent: 2

Recurrence: 0%

Themistocleous
et al., 2007

n=4
FU:22 mos

Tobramycin
Vancomycin

Temporary: 2
Permanent: 2

Recurrence: 0%

Coﬀey et al., 2010

n = 16
FU:20.5 mos

Gentamicin

Temporary: 12
Permanent: 4

Recurrence: 0%

Jawa et al., 2010

n = 28
FU= 27.6 mos

Tobramycin
Vancomycin

Temporary: 16
Permanent: 12

Recurrence: 5 (18% )
Dislocation: 1 (3.5%)
Fracture of spacer: 3 (11%)

Stine et al., 2010

n = 30
FU: 2.4 yrs

Tobramycin
Vancomycin

Temporary: 18
Permanent: 15

Recurrence: 0%

Romano et al.,
2012

n = 32
FU:2.4 yrs

No information

Temporary: 17
Permanent: 15

Recurrence: 3% (one in permanent
group)

Levy et al., 2014

n=9
FU:25 mos

Tobramycin
Vancomycin

Permanent

Recurrence: 0%

Mahure et al.,
2016

n=9
FU:4 yrs

Tobramycin
Vancomycin
Gentamycin

Permanent

Recurrence: 0%
Glenoid erosion: 2 (22%)
Periprosthetic fracture: 1 (11%)

Pellegrini et al.,
2017

n = 19
FU:8 yrs

Gentamycin,
Clindamycin,
Vancomycin

Permanent

Recurrence: 0%
Glenoid osteolysis (1; 5.3%)

Padegimas et al.,
2018

n = 37
FU:4 yrs

Tobramycin
Vancomycin

Temporary

Spacer revision: 1 (2.7%)
6 positive cultures at second stage but no
clinical signs of infection

n = 12
FU:40.8 mos

Vancomycin

Temporary: 9

n = 21

Tobramycin

Temporary

Lee et al., 2018
Torrens et al., 2018

faction. Padegimas et al. retrospectively compared stemless and
stemmed antibiotic spacers in a cohort of 37 patients with shoulder
PJI [14]. They found no diﬀerence between the two types of spacers
with respect to their ability to control infection and the percentage
transition (70% in both groups) to the second stage of a two-stage
procedure for infected shoulder arthroplasty. There is insuﬃcient
date to compare handmade versus commercial premade antibiotic
loaded cement spacers.
An antibiotic loaded cement spacer is a reasonable treatment
option as a temporary antibiotic spacer in conjunction with
intravenous antibiotics for the two-stage treatment of shoulder
PJI. The majority of studies report no recurrence of infection
after revision to second stage. Use of an antibiotic loaded cement
spacer as a deﬁnitive/permanent treatment can be considered for

Recurrence: 0%
Revision of spacer: 1
3 Positive cultures at second stage (13.6%)

a low demand, debilitated patient who is a poor surgical candidate for second stage reimplantation or in cases where patient
refuses second stage surgery. There is low rate of infection (5%)
with acceptable functional outcome, but glenoid osteolysis is a
concern with the use of cement spacer as a deﬁnitive treatment.
There is no consensus on the ideal class of antibiotic (vancomycin
versus aminoglycosides) to be used in cement spacers. There
is insuﬃcient data to compare hand-made versus commercial
premade antibiotic spacers.
Search Methods
In order to establish guidelines for the use of an antibiotic loaded
cement spacer in infected shoulder arthroplasty, a systematic review
of literature on PubMed and Embase was performed of all English
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literature till January 2018 to query, “(shoulder OR ‘upper extremity’)
AND (arthroplasty OR replacement) AND (infection OR infected)
AND (PROSTALAC OR ANTIBIOTIC SPACER). After excluding duplicates, a total of 34 articles were screened, and 16 studies focusing on
use of an antibiotic loaded cement spacer as a temporary or permanent spacer were extracted for further review. After applying ﬁnal
exclusion (“one-stage revision,” “antibiotic suppression”) and inclusion criteria, a full text review of the articles was conducted, and 12
articles were selected for ﬁnal analysis. All the articles evaluated the
role of antibiotic loaded cement spacer for the treatment of shoulder
PJI [2–14].
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QUESTION 2: What are the indications for one- versus two-stage exchange arthroplasty in the
management of acute shoulder periprosthetic joint infection (PJI)?
RECOMMENDATION: Unknown. Single-stage exchange for shoulder PJI had a statistically signiﬁcant lower reinfection rate and lower complication rate than two-stage exchange in aggregate; however, no studies exist directly comparing these treatments for acute shoulder PJI.
LEVEL OF EVIDENCE: Limited
DELEGATE VOTE: Agree: 96%, Disagree: 4%, Abstain: 0% (Unanimous, Strongest Consensus)
RATIONALE
A comprehensive literature review was performed to identify all
studies on revision shoulder arthroplasty for PJI. Terms used for the
search included “infection,” “shoulder replacement,” “arthroplasty,”
“1-stage,” “2-stage,” “reimplantation,” “prosthetic-related infection”
and included “resection,” “spacer” or “exchange” among others
using PubMed, Scopus and Embase through February 2018. Inclusion criteria for our systematic review were all English studies (Level
I-IV evidence) that reported on single or two-stage revision, infection eradication for revision shoulder arthroplasty with a minimum
follow up of twelve-months and minimum of ﬁve patients for
analysis. Exclusion criteria for our review were all non-English
studies, papers that exclude single or two-stage exchange, review
papers, case reports or technique articles without outcome data.
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) criteria were applied. Title and abstract screening was
conducted through 248 results; full text review was conducted with
66 results and produced 31 articles that met inclusion and exclusion
criteria for review.
Shoulder PJI is a devastating complication with signiﬁcant
morbidity. The incidence of PJI after primary shoulder arthroplasty
has reported ranges of 1-4% and up to 4-15% after revision arthroplasty

[1,2]. Historically, treatment for shoulder PJI has been inﬂuenced by
evidence from hip and knee arthroplasty infection management
experience [3,4]. Two-stage exchange arthroplasty with implant
removal, irrigation and debridement (I&D), and insertion of antibiotic spacer, followed by delayed re-implantation has been suggested
as gold standard for shoulder PJI [3]. However, single-stage exchange
has also been advocated to achieve similar infection control with a
single surgery [5–7]. The purpose for this review was to understand
the roles of single-stage and two-stage exchange revision in the
setting of acute shoulder PJI and compare the outcomes.
In this review, varying studies collected demographics, timing
of infection, associated pathogens, surgical treatment, antibiotics,
eradication rate for infection, surgical complications and functional
outcomes with two-year follow-up minimum. We identiﬁed 12 articles that evaluated one-stage exchange and 27 articles that evaluated
two-stage exchange.
While the deﬁnition and diagnosis of shoulder PJI is beyond the
scope of this review, it should be noted that the majority of papers
reported using preoperative laboratory values (including elevated
white blood cell count, C-reactive protein (CRP) and/or erythrocyte
sedimentation rate (ESR)), as well as joint aspiration and/or intra-

