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Background: The treatment of septic arthritis, caused by either hematogenous seeding, injections, or
surgery, can be challenging. Staged reverse shoulder arthroplasty (RSA) with temporary implantation of
an antibiotic-loaded spacer is widely accepted but still discussed controversially. This study investigated
the shoulder-specific bacterial spectrum, infection control rate, functional outcome, and infection-free
survival rate after staged RSA in the mid- to long-term follow-up. It was hypothesized that staged RSA
would show a high infection-free survival rate.
Methods: A total of 39 patients treated with staged RSA for primary septic arthritis (n ¼ 8), secondary
infection (n ¼ 8), or periprosthetic infection (n ¼ 23) were retrospectively included. The infection control
rate was calculated based on cultures taken intraoperatively at spacer removal and RSA implantation.
Infection-free survival was defined as no revision due to infection. The minimum follow-up period for
functional outcome assessment was 2 years (n ¼ 14; mean, 76 months; range, 31-128 months).
Results: Cutibacterium (26%) and coagulase-negative staphylococci (23%) were the predominant path-
ogens. The infection control rate was 90%. The cumulative infection-free survival rate was 91% after 128
months. Follow-up examinations showed a mean Constant score of 48 (range, 7-85), a mean QuickDASH
(short version of Disabilities of the Arm, Shoulder and Hand questionnaire) score of 40.0 (range,
11.4-93.3), and a mean pain score of 1.6 (range, 0-7).
Conclusion: Staged RSA implantation was confirmed to be a reliable treatment option for primary,
secondary, and periprosthetic infections of the shoulder. The infection control rate and infection-free
survival rate are satisfactory. However, patients and surgeons must be aware of functional impairment
even after successful treatment of infections.

© 2020 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
Infections of the shoulder (SIs) have a reported incidence of
0.3%-6%. These joint infections come along with serious morbidity
and death.5,6,21,26 Chronic SIs appear as primary septic arthritis of
the native joint, as secondary infections of an operated joint, or as
periprosthetic infections. The clinical presentation of SIs is multi-
faceted, and definitions and treatment modalities are inconsistent.
Next to the patient's history and clinical findings such as erythema,
purulence, or even the presence of a sinus tract, preoperative
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diagnosis of an SI relies on blood infection markers, imaging, and
joint aspiration.20

Although under debate, the most common pathogens for SIs are
Cutibacterium and coagulase-negative Staphylococci.16,24,27 These
bacteria are able to form biofilms, and thus, SIs might cause only
mild symptoms, also regarded as low-grade infections.1,22,23

Therefore, it is not bewildering that the definition of “infection” is
constantly refined.18,25 Still, the gold standard for the definition of
joint infection is repeated pathogen detection frommultiple-tissue
sampling.16,17,19

Hence, SI often remains a postoperative diagnosis. Even with
negative tissue sample findings, there are cases inwhich a SI cannot
ultimately be ruled out. In these cases, a SI rather appears to be
“unlikely” as described by the latest shoulder-specific peri-
prosthetic infection scoring system introduced by the International
Consensus Meeting (ICM) in 2018.11
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Joint preservation by either arthroscopic or, in selected cases,
open d�ebridement should be the aim of the treatment of primary
and secondary SIs. Nonetheless, if joint-preserving attempts fail or
if pannus infiltrates the cartilage and/or bone, sufficient
d�ebridement includes sacrificing the joint surfaces.

After meticulous d�ebridement of the articular surface and
eradication of the infection, the joint can only be restored by
arthroplasty. In these cases, a 2-stage procedure is a reasonable
treatment option.12 The 2-stage procedure comprises infection
control by removal of indwelling hardware, soft-tissue and bony
d�ebridement with implantation of an antibiotic-loaded spacer, and
joint reconstruction with a prosthesis for pain resolution and
restoration of function.

The aim of this study was to investigate our treatment regimen
with staged reverse shoulder arthroplasty (RSA) after spacer im-
plantation for the treatment of SIs. We describe (1) the specific
bacterial spectrum of SIs, (2) the infection control rate with staged
RSA, (3) the functional outcome, and (4) the infection-free survival
rate after prosthesis implantation. It was hypothesized that staged
RSA would show a high infection-free survival rate.

Materials and methods

Patients

Using a retrospective study design, we identified 41 patients
who underwent staged reverse total shoulder arthroplasty after
temporary implantation of a spacer for the treatment of SIs be-
tween 2007 and 2015. Two patients with implantation of an
anatomic prosthesis at joint reconstruction were excluded; thus,
this study comprised 39 patients with staged RSA.

The mean age was 72 years (range, 45-85 years). Women
comprised 69% of patients. The mean body mass index (BMI) was
28.1 kg/m2 (range, 18.3-47.5 kg/m2). Of the patients, 30% were
obese (BMI > 30 kg/m2). Diabetes mellitus was present in 21% of
patients, and rheumatic disease was noted in 9%. One patient (3%)
was classified as American Society of Anesthesiologists (ASA) class
1; 38%, ASA class 2; and 59%, ASA class 3. A periprosthetic infection
was diagnosed in 59% of patients, whereas primary and secondary
infections were diagnosed in 21% each. One of the primary SIs was
iatrogenic by cortisone infiltration. Among patients with secondary
infections, 6 (75%) underwent osteosynthesis after fracture of the
proximal humerus and 2 underwent rotator cuff surgery. The mean
duration from surgery to spacer implantation was 24.5 months
(range, 2-127 months).

Table I provides differences in the distributions of common risk
factors for infection (diabetes mellitus, smoker, age, and BMI). In
the subgroup with ASA class 3, the percentage of patients with
primary infection was higher than the percentage with secondary
infection (P ¼ .030) but not the percentage with periprosthetic
infection (P ¼ .105). Furthermore, the ASA class was not different
between secondary and periprosthetic infections (P ¼ .947).
Table I
Distribution of risk factors in patients with primary, secondary, and periprosthetic infect

Risk factor Type of infectio

Primary Secondary

Rheumatoid arthritis 12.5 0.0
Diabetes mellitus 12.5 25.0
Smoker 0.0 12.5
ASA class 3 100.0 50.0
BMI > 30 kg/m2 12.5 39.1

ASA, American Society of Anesthesiologists; BMI, body mass index.
* Statistically significant.
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Definition of infection

Infection was retrospectively diagnosed based on the ICM 2018
infection scoring system by the patient's history and clinical ex-
amination findings, as well as the following blood markers: C-
reactive protein (CRP) level, white blood cell count, and erythrocyte
sedimentation rate (ESR). In selected cases, preoperative joint
aspiration was performed and the aspirate was evaluated. Tissue
samples for culture and histopathologic assessment at spacer im-
plantation were also obtained. According to ICM criteria, 44% of
cases were considered definite infection; 20%, probable infection;
5%, possible infection; and 31%, infection unlikely.11 However, these
patients were included because the clinical presentationwas highly
suggestive of infection (eg, fever and chills) or because of positive
microbiological culture findings obtained during previous surgery.
According to the ICM 2018 criteria for prosthesis implantation
following prior septic arthritis a 2-stage procedure was indicated.12

Treatment protocol

A deltopectoral approach was used in all cases. All hardware and
sutures were removed, followed by soft-tissue and bone
d�ebridement. Tissue samples were collected for cultures and his-
topathologic evaluation. Irrigation was performed by means of a
pulsatile pressure lavage. Then, a handmade spacer around a bent
Steinmann pin was implanted using gentamicin-impregnated Pal-
acos bone cement (Palacos RþG; Heraeus Medical, Wehrheim,
Germany). In 35 cases (90%), vancomycin was added by manual
mixing; in 1 case, premixed bone cement containing gentamicin
and clindamycin (Copal GþC; Heraeus Medical) was used instead.
Tailored antibiotics as recommended by antimicrobial stewardship
were given for �14 days intravenously, followed by oral adminis-
tration. The mean duration of the spacer interval was 13 weeks
(range, 4-55 weeks). The time of spacer removal and RSA implan-
tation was dependent on wound healing and the course of blood
infection parameters. Stem fixation was performed using
gentamicin-impregnated Palacos (Palacos RþG). The type of pros-
thesis used was the Aequalis Reversed II prosthesis (Wright, Mid-
dlesex, UK) in all but 1 patient, who needed a nickel-free coated
Aequalis Reversed FX prosthesis.

Infection control

Infection control was defined as no bacterial growth from the
tissue samples collected at RSA implantation by at least 5 biopsies.

Functional outcome

Follow-up examinations were conducted at a minimum follow-
up of 2 years after RSA implantation. These included active range of
motion, strength measurement in 90� of abduction and 30� of
anteversion (IsoBex; MDS, Oberburg, Switzerland), a visual analog
ion

n, % Difference between groups:
P value (Fisher exact test)

Periprosthetic

8.7 >.999
22.7 >.999
13.6 .800
47.8 .029*
62.5 .132
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scale (VAS) score for pain (from 0, indicating no pain, to 10, indi-
cating worst pain), the Constant score, and the QuickDASH (short
version of Disabilities of the Arm, Shoulder and Hand question-
naire) score.3,8

Infection-free survival

Infection-free survival was evaluated by data either from the last
presentation to our clinic or at follow-up examinations. Infection-
free survival was defined as no revision or, in case of revision,
absence of infection following the surgical report. Data on com-
plications after RSA other than septic failure were also tabulated.

Statistical analysis

Statistical analysis was performed with SPSS Statistics (IBM,
Armonk, NY, USA) and Excel (Microsoft, Redmond, WA, USA). The
confidence level was 95%. P < .05 was considered significant. The
Mann-Whitney U test was used for normally distributed nonpaired
samples. The Welch test was used for nonenormally distributed
nonpaired samples. The t test was used for normally distributed
paired samples. The Wilcoxon test was used for nonenormally
distributed paired samples. The Fisher exact test was performed
to compare parametric data. The infection-free survival rate was
calculated by Kaplan-Meier analysis. Groups were compared by use
of the log-rank test.

Results

Shoulder-specific bacterial spectrum

Cutibacterium (26%) and coagulase-negative Staphylococci (23%)
were the predominant pathogens (Table II).

Infection control rate

The infection control rate was 90%. In 4 cases, cultures from RSA
showed bacterial growth: Cutibacterium and Kocuria varians in 1
case each and Staphylococcus epidermidis in 2 cases. One of these
patients underwent revision for periprosthetic infection 44months
after RSA. The remaining 3 patients with failed infection control, as
defined in this study, remained free of re-infection at 21, 31, and 99
months after RSA implantation.

Functional outcome

A total of 25 patients were lost to final follow-up: 8 died, 9 were
unable to present to our hospital, and 8 did not respond to
attempted contact. Therefore, for a major proportion of the pa-
tients, only the clinical and radiologic status assessed at the first
Table II
Detected pathogens at spacer implantation grouped by primary, secondary, and
periprosthetic infection

Primary infection
(n ¼ 5), % (n)

Secondary infection
(n ¼ 8), % (n)

Periprosthetic infection
(n ¼ 22), % (n)

CNS 20.0 (1) 37.5 (3) 18.2 (3)
Cutibacterium 12.5 (1) 31.8 (7)
Cutibacterium

and CNS
12.5 (1)

Staphylococcus
aureus

13.6 (2)

Other 13.6 (3)
None 80 (4) 37.5 (3) 31.8 (7)

CNS, coagulase-negative staphylococci.

961
clinical and radiologic controls was available. The mean follow-up
period was 76 months (range, 31-128 months). The mean pain
level was low, and the QuickDASH showed an overall score slightly
better than “moderate difficulties.” These results are presented in
Table III.

Infection-free survival rate

The Kaplan-Meier analysis of all 39 patients showed a cumula-
tive infection-free survival rate of 91%. There was no significant
difference between staged RSA for periprosthetic infection and that
for primary or secondary infection, as depicted in Figure 1 (P ¼
.288). Two patients had a re-infection: One patient underwent
revision 13 months after RSA because of septic loosening. Tissue
cultures at revision revealed the same germ, Staphylococcus vir-
idans, as detected during the spacer implantation. However, tissue
samples taken at the RSA implantation yielded no growth. The
other patient underwent revision for septic loosening 44 months
after RSA. At revision, the same germ was found as at primary RSA
implantation (Staphylococcus epidermidis). But again, septic loos-
ening occurred 14 days after a dental operation for an infected
tooth.

We observed 2 more aseptic complications: One acromial frac-
ture occurred 3 months after surgery without trauma. Conservative
treatment with an abduction brace was successful. One traumatic
periprosthetic humeral fracture occurred 4 years after surgery and
was successfully treated with osteosynthesis and RSA retention.

Discussion

This study evaluated themid- to long-term results of staged RSA
with temporary implantation of an antibiotic-loaded articulating
spacer for the treatment of primary, secondary, and periprosthetic
infections of the shoulder joint. The bacterial spectrum was com-
parable to that in previous reports in the literature, with Cuti-
bacterium and coagulase-negative Staphylococci being the
predominant pathogens.9,24 With the described treatment strategy,
we found a remarkably high infection control rate of 90% and a
good cumulative survival rate of 91%. In the group of 14 patients
with clinical follow-up, no re-infections were observed. However,
although we observed moderate patient satisfaction, functional
outcomes remained only satisfactory, mostly related to poor active
range of motion.

There are limitations to this study. Although we can report on a
long cumulative follow-up period of almost 11 years for infection-
free survival, only 79% of patients underwent a documented follow-
up assessment at >1 year and only 64% did so at >2 years. However,
with the inclusion of 39 patients, our study reports on more pa-
tients than other studies focusing on staged RSA implantation.
Jacquot et al13 published results on 14 patients undergoing 2-stage
total shoulder arthroplasty exchange, with an infection-free sur-
vival rate of 64% after a mean follow-up period of 36 months.
Sabesan et al24 investigated the outcomes of 17 patients with
staged RSA implantation after SIs and found an infection control
rate of 94% and an identical infection-free survival rate after a mean
follow-up period of 46 months.

In contrast to other protocols, primary and secondary SIs
following surgical interventions were included in our study. These
patients had a particularly high number of infections without
pathogen detection. Previous joint-preserving infection eradication
attempts with concomitant antibiotic therapy before spacer im-
plantation are the most likely explanation for the high number of
infections without pathogen detection. However, according to the
ICM 2018 publication, staged arthroplasty with implantation of a
temporary spacer is justified in patients with primary septic



Table III
Functional outcome in patients after staged RSA implantation with minimum
follow-up of 2 years

n Mean (range)

Abduction 18 64� (30�-170�)
Flexion 19 113� (20�-180�)
Extension 14 20� (0�-60�)
Internal rotation 13 56� (10�-90�)
External rotation 15 12� (0�-40�)
Strength 14 2.8 kg (1.0-5.9 kg)
Constant score 14 48 (7-85)
QuickDASH score 14 40.0 (11.4-93.2)
Pain score (VAS) 14 1.6 (0-7)

RSA, reverse shoulder arthroplasty; QuickDASH, short version of Disabilities of the
Arm, Shoulder and Hand questionnaire; VAS, visual analog scale.
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arthritis.12 The inclusion of these patients in this study is warranted
by 3 aspects: (1) Biofilm formation should also be considered in
primary infections because this has been described not only on
implant surfaces but also on necrotic bone.15 The predominant
germs encountered in our material are known for biofilm forma-
tion.1,22,23 (2) Although not assessed in this study, the soft-tissue
envelope after multiple joint-preserving surgical attempts is often
worse than in patients with infected total shoulder arthroplasties.
The demographic data and analysis of the numbers of surgical
procedures prior to spacer implantation revealed no significant
differences among primary, secondary, and periprosthetic in-
fections (Table I). (3) All articulating spacers were implanted with a
stem after d�ebridement and lavage of the humeral medullary canal.

Thus, the precondition for RSA might be comparable in these
patients. This is underlined by the comparison of infection-free
survival between the indication groups that showed no signifi-
cant difference. However, removal of implants during revision
surgery carries a high risk of periprosthetic humeral fracture and
secondary bone loss. Reimplantation in the case of severe bone
deficiency can be more demanding and may yield worse outcomes
in terms of postoperative complications (eg, implant loosening).

Infection control was evaluated based on intraoperative tissue
samples rather than a more complex diagnostic algorithm. So far, it
is unclear to what extent the rapidly decreasing release of antibi-
otics can influence the sensitivity of tissue cultures at reimplanta-
tion. Although derived from data on the hip and knee, other
Figure 1 Kaplan-Meier curve for infection-free survival rate after staged reverse shoulder art
secondary infection. The indicates survival for staged RSA after periprosthetic infection
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markers for ongoing infection during 2-stage arthroplasty ex-
change are even more controversial.4,10 Kusuma et al14 even re-
ported lower values of CRP and ESR for infection persistence during
2-stage exchange at the knee. In a previous study regarding 2-stage
exchange at the hip, we found lowdiagnostic value for the CRP level
and ESR for the evaluation of infection eradication.4 Histopatho-
logic tissue assessment at reimplantation is also of limited useful-
ness.4,7,14 Crucial for infection control after a 2-stage procedure is
re-infectionefree survival. In the current study, 2 re-infections
were observed. One patient had an early re-infection after RSA,
which should be considered a recurrence because the same path-
ogen was detected as at the 2-stage procedure. The reason for the
second failure remains unclear. Given the short interval to dental
surgery, new hematogenous spread seems plausible.

Because of the retrospective study design, we were not able to
collect data on preoperative function. Additionally, the rate of
follow-up with clinical examination is extremely low, at 35.9%.
Regardless, as reported by a few other studies focusing on staged
RSA, the functional outcome can be unsatisfactory. Although sig-
nificant increases in the Constant score and Penn score after 2-stage
RSA have been described, absolute postoperative scores are
consistently low: Jacquot et al13 reported a Constant score of 44,
and Sabesan et al24 reported a mean Penn score of 66.4. Grubhofer
et al9 found a postoperative absolute Constant score of 51.1 in their
subgroup analysis of 26 patients treated with RSA after 2-stage
exchange for periprosthetic SIs. Whereas the Constant score in-
cludes strength measurement, the QuickDASH is an exclusively
patient-reported measure. The QuickDASH score and pain level
showed reasonable subjective results. This discrepancy between
functional outcomes and subjective satisfaction is remarkable.
Therefore, it is mandatory to discuss limited expectations with the
patient prior to surgery. On the other hand, the major proportion of
our patients had severe comorbidities, such as a high ASA score,
diabetes, and obesity, which have a negative impact on the immune
response.2 If a joint-preserving approach fails, themain intention of
staged RSA is eradication of an infection that otherwise might well
spread and become a life-threatening disease.

Conclusion

Staged RSA implantation is a reliable treatment option for pri-
mary, secondary, and periprosthetic SIs. The infection control rate
hroplasty (RSA) implantation. The indicates survival after staged RSA for primary or
.
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and the infection-free survival rate are promising. However, func-
tion remains poor, although the pain level is low. Both the patient
and the surgeon should be aware of poor functional outcomes in a
higher proportion.
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