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Abstract
Background  Hofmann et al., in 1995, first described an articulating spacer made by cleaning and autoclaving the original 
femoral component, which is then re-implanted with a new tibial polyethylene. This systematic review aims to assess the 
state of existing evidence on the intraoperative autoclaving and re-use of an infected prosthesis, as a spacer, during a two-
stage revision following Periprosthetic Joint Infections (PJI).
Methods  A systematic review was conducted with methods described in the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses. OVID-MEDLINE®, EMBASE, Cochrane Library, SCOPUS, Web of Science, Google Scholar 
and PubMed were searched from 1995 to April 2020 to identify relevant studies.
Results  Fourteen studies were included in this systematic review: two prospective case series; six retrospective compara-
tive studies and six retrospective case series. The reviewed studies included 567 patients (571 knees): 394 patients treated 
with autoclaved components and 173 with a spacer made of new components. The cumulative re-infection rate in patients 
treated with re-used autoclaved components was 13.7% (54 re-infections in 394 patients), whereas in control patients the 
re-infection rate was 13.3% (23 re-infections in 173 patients). The final Range of Movement in patients treated using the 
autoclaved components as a spacer, compared with patients receiving static spacers, was significantly higher in three out of 
four comparative studies.
Conclusion  There is a moderate level of evidence that the intraoperative autoclaving and re-use of an infected prosthesis as 
a spacer, during a knee resection arthroplasty, is an effective procedure in the management of knee PJI.

Keywords  Periprosthetic joint infection · Total knee replacement · Two-stage revision strategy · Autoclaving · Re-use · 
Knee osteoarthritis

Introduction

Periprosthetic Joint Infection (PJI) is currently one of the 
most dreadful complications following total joint replace-
ment (TJR) [1].

It is reported that PJI is the third most common cause of 
Total Hip Arthroplasty (THA) failure and the leading rea-
son for Total Knee Arthroplasty (TKA) failure, accounting 
for 14.8% and 16.8% of all hip and knee revisions, respec-
tively [1–3]. Nonetheless, a substantial increase in the preva-
lence of PJI is expected in the next years, mainly due to the 
increasing volume of TJRs performed all over the world, the 
emergence of resistant microorganisms and the tendency to 
perform joint arthroplasty even in patients with extensive 
comorbidities [4–6, 44, 45].

PJIs have a significant impact on the patient’s health 
status and quality of life, since they may cause severe pain, 

 *	 Davide Bizzoca 
	 da.bizzoca@gmail.com

1	 Neuroscience and Sense Organs, Orthopaedic and Trauma 
UnitDepartment of Basic Medical SciencesSchool 
of Medicine, University of Bari Aldo Moro, AOU 
Consorziale “Policlinico”, Piazza Giulio Cesare 11, 
700124 Bari, Italy

2	 Upper Limb Unit. “F Miulli” Hospital, Acquaviva Delle 
Fonti, Bari, Italy

3	 PhD Course in Public Health, Clinical Medicine, 
and Oncology, University of Bari “Aldo Moro, Piazza Giulio 
Cesare 11, 70100 Bari, Italy

http://orcid.org/0000-0002-7516-2333
http://crossmark.crossref.org/dialog/?doi=10.1007/s12306-021-00722-x&domain=pdf


112	 MUSCULOSKELETAL SURGERY (2022) 106:111–125

1 3

a progressive restriction of movement, feelings of isola-
tion, depression, hopelessness and, if incorrectly managed, 
also a lethal epilogue [7, 8]. Thus, the Orthopedic commu-
nity is paying great attention to the study and the treatment 
of this disease.

PJI may be classified, according to Zimmerli et  al., 
into early, delayed and chronic infections [9]. Early PJIs 
occur within 3 months after TJR, whereas PJIs with onset 
between 3 and 24 months are classified as delayed infec-
tions and those occurring more than 24 months after TJR 
are classified as late [9].

In the management of chronic PJI, the two-stage revi-
sion strategy has evolved as the gold standard and pre-
ferred procedure, with a success rate exceeding 90% 
[10, 11]. In this procedure, the first step is the removal 
of infected prosthetic components and the concomitant 
implant of a cement spacer, followed by a period of tai-
lored systemic antibiotic therapy [10, 11]. The re-implan-
tation of revision components is then performed when 
the normalization of blood tests, synovial fluid analysis 
and local clinical signs of PJI are detected [10, 11]. Three 
meta-analyses have recently investigated the effectiveness 
of the two-stage surgical revision of the infected THA [8, 
12] and TKA [13], compared with one-stage revision strat-
egy, and both procedures resulted effective in the treatment 
of PJI in generally unselected patients [8, 12, 13].

Cement spacers are used in the first step of revision 
arthroplasty to maintain the joint space in distraction 
while providing high-dose local antibiotic delivery [11, 
14]. They could be classified as static and articulating 
antibiotic-loaded spacers; it is reported that there is no 
significant difference between a non-articulating and an 
articulating spacer, in the treatment of PJI.

Static spacers, however, prevent joint movements until 
the second stage, and thus increase patient discomfort and 
may cause soft tissue contracture [15]. Therefore, articu-
lating cement spacers have been developed to allow the 
patient to perform joint movements to some extent before 
the second-stage revision arthroplasty, therefore also pre-
venting soft tissue contracture [16, 17].

Different types of articulating spacers have been 
described, including metal-on-polyethylene, cement-on-
cement, or cement-on-polyethylene spacers [16, 17].

Hofmann et al. [18], in 1995, first described the treat-
ment of an infected TKA using an articulating spacer made 
by cleaning and autoclaving the original femoral compo-
nent. The autoclaved component was then re-implanted, 
with a new tibial polyethylene liner. These components 
are cemented into place using antibiotic-impregnated bone 
cement. To date, several studies have investigated the 
effectiveness of such a kind of spacer, but no randomized 
controlled trials have been conducted on these subjects.

This systematic review aims to assess the state of exist-
ing evidence on the intraoperative autoclaving and re-use of 
an infected prosthesis, as a spacer, during a knee resection 
arthroplasty performed for PJI.

Methods

The study was conducted with methods described in the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) [20, 21].

Search strategy

OVID-MEDLINE®, EMBASE, Cochrane Library, SCO-
PUS, Web of Science, Google Scholar and PubMed were 
searched from 1995 to April 2020 to identify relevant studies 
for further analysis.

The main keywords were: “autoclaved” or “autoclav-
ing” and “component” and “re-use”, or ‘periprosthetic 
joint infection’, or “total knee replacement”, or “total knee 
arthroplasty”, or “two-stage re-implantation”, or “articulat-
ing spacer”. A manual search of the reference lists of the 
selected publications was also performed, to identify addi-
tional studies for potential inclusion.

One review Author (BM) scanned the titles and abstracts. 
Potentially relevant articles were acquired for full-length 
text and Authors were contacted when the article was not 
available.

Eligibility criteria

Full-text articles alone published between December 1995 
and April 2020 were included. The review was restricted to 
articles published in English.

Inclusion criteria were: (1) all study designs; (2) detailed 
autoclaving procedure of the infected components; (3) suf-
ficient data presented to estimate the re-infection rate and to 
assess the final clinical outcome.

Exclusion criteria were: (1) less than one year of follow-
up, (2) re-use of components treated with other procedures 
than autoclaving and (3) lack of data about microorganism 
identification.

Data extraction

Information was extracted from each study by one review 
Author (DB) and checked by another Author (AS), includ-
ing: (1) characteristics of study participants (age, gender, 
duration of symptoms, microorganisms, follow-up) and 
the study inclusion and exclusion criteria; (2) autoclaving 
protocol of the infected components; (3) surgical therapy 
and antimicrobial treatment regimen; (4) treatment failure 
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definition; (5) number of patients meeting the inclusion cri-
teria; (6) outcomes and (7) re-infection rate. Disagreements 
were resolved by discussion between them.

Study quality and risk of bias of the studies

The quality of each included study was assessed according 
to the AAOS clinical practice guideline and review meth-
odology version 2, (available at www.​ortho​guides.​org). The 
following points were evaluated: sample size and features; 
description of inclusion end exclusion criteria; blinding of 
participants and personnel (in randomized studies); appro-
priate statistical analysis; references of the study; data evalu-
ation; the presence of bias; the presence of confounding fac-
tors; follow-up length.

Based on the depicted flaws and the study design, the 
quality of each study was defined as follows:

1.	 Prognostic study: high-quality study (< 1 flaw); moder-
ate-quality study (≥ 1 and < 2 flaws); low-quality study 
(≥ 2 and < 3 flaws) and very low-quality study (≥ 3 
flaws).

2.	 Diagnostic study: high-quality study (< 1 flaw); moder-
ate-quality study (≥ 1 and < 2 flaws); low-quality study 
(≥ 2 and < 3 flaws) and very low-quality study (≥ 3 
flaws).

3.	 Randomized study: high-quality study (< 2 flaws); 
moderate-quality study (≥ 2 and < 4 flaws); low-quality 
study (≥ 4 and < 6 flaws) and very low-quality study (≥ 6 
flaws).

4.	 Observational study: high-quality study (< 2 flaws); 
moderate-quality study (≥ 2 and < 4 flaws); low-quality 
study (≥ 4 and < 6 flaws) and very low-quality study (≥ 6 
flaws).

Two authors (L.M. and V. G.) independently evaluated 
all the studies. In case of disagreement between them, a new 
combined evaluation was performed.

The surgical procedures, the antibiotic regimen and the 
outcome definitions were evaluated in the included stud-
ies. Publication bias could not be assessed by a funnel plot 
considering the very low number of patients in each study.

Primary outcome, secondary outcome

The primary outcome was to assess the re-infection rate in 
patients undergoing a two-stage revision strategy for PJI, 
using an articular spacer made by autoclaving the infected 
components. The second aim was to assess the final and 
intermediate functional outcomes, in patients undergoing 
this procedure.

Summary measures

The cumulative re-infection rate was computed using 
extracted data from the relevant studies. It was defined as 
the number of re-infection during follow-up over the number 
of patients with chronic knee PJI treated with the two-stage 
revision strategy, using the autoclaved infected components 
as a spacer.

Results

Study selection

The OVID-MEDLINE®, EMBASE, Cochrane Library, 
SCOPUS, Web of Science, Google Scholar and PubMed 
database searches provided a total of 1,387 studies for poten-
tial inclusion in the review (Fig. 1). After adjusting for dupli-
cates, 1,009 studies remained. Of these, 975 studies were 
discarded after reading titles and reviewing abstracts. The 
Cochrane Library provided no relevant studies. Three addi-
tional abstracts were identified by checking the references 
of the relevant papers.

The full text of the remaining 34 studies was examined 
in greater detail. Of these, 23 studies did not meet the inclu-
sion criteria. Moreover, three additional studies, identified 
through a bibliographic cross-reference of the obtained 
articles, met the inclusion criteria. Therefore, fourteen stud-
ies were finally included in this systematic review [14–16, 
22–29, 33–35].

Study quality

The process of quality assessment, performed according to 
the AAOS clinical practice guideline and review methodol-
ogy version 2, depicted the following results: Four studies 
[15, 23–26] out of 14 (28.57%) were classified as moderate-
quality studies, whereas 10 studies [14, 16, 22, 24, 27–29, 
33–35] out of 14 (71.43%) were classified as high-quality 
studies (Table 2).

Due to the low number of patients included in each study, 
publication bias could not be assessed.

Study characteristics

The study characteristics are summarized in Table-1 and 
Table-2. Twelve retrospective studies and two prospective 
case series were included. Five hundred and sixty-seven 
patients (571 knees) were included in this review. The num-
ber of patients, gender, age, mean follow-up, microorganisms 

http://www.orthoguides.org
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identification, the time between first and second-step revi-
sion, outcomes at the follow-up and re-infection rates is 
reported in Table 1.

Table  2 shows the autoclaving protocol, articular 
spacer details (the type of femoral component, type of 
tibial insert and antibiotic-impregnated cement features) 
and the antibiotic treatment performed. In all the studies, 
the patients underwent a two-stage revision strategy for 
knee PJI, using a spacer made by autoclaving the infected 
components. In six studies out of fourteen (42.86%), the 
antibiotic-impregnated articular spacer was realized using 
an autoclaved femoral component and a new tibial poly-
ethylene insert [15–22, 26–28, 34, 35]; in four studies out 
of fourteen (28.57%), both the femoral component and 

the tibial insert were autoclaved and re-used [14, 23–25] 
and in four studies out of fourteen (28.57%), a metal-on-
cement spacer was implanted [16, 27, 29, 33].

All the patients received an antibiotic-impregnated 
cement in the spacer, as well as adequate antibiotic therapy 
for at least five to six weeks (Table-2) [14–16, 22–29]. The 
autoclaving protocol was specified only in four studies out 
of fourteen (28.57%) [16, 28, 29, 35]. Two studies out of 
fourteen (14.28%) indicated only the duration time of the 
autoclaving process [14, 35], whereas it was not detailed 
in the remaining studies [22–27, 33, 34]. In all the studies, 
the implant was mechanically cleaned of all cement and 
tissue before undergoing autoclaving.

Studies identified through database searching
OVID-MEDLINE (n=242)

EMBASE (n=168)
Cochrane Library (n=37)

SCOPUS (n=246)
Web of Science (n=143)
Google Scholar (n=286)

PubMed (n=265)

Records after duplicate removed 
(n=1,009)

Exclusion based on title
and abstract

(n=975)

Full-text articles assessed for eligibility 
n=( 34)

Additional included studies, 
identified through bibliographic

cross-reference of obtained
articles

=n( 3)

Studies included in qualitative and
quantitative synthesis 

( =n 14)

Exclusion based on:
language of studyother than 
English, studyidentified as 
oral or writtenpresentation 

from meeting,lack of
relevant patientinformation 
(such as precise information 
on microbial identification, 

detailed autoclaving 
procedure)

(n=23)

Fig. 1   PRISMA flow diagram
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The cumulative rate of re‑infection

The reviewed studies included 567 patients (571 knees): 
Three hundred and ninty-four patients treated with auto-
claved components and 173 with a spacer made by new 
components. The cumulative re-infection rate in patients 
treated with re-used autoclaved components was 13.7% (54 
re-infections in 394 patients), whereas in control patients, 
the re-infection rate was 13.3% (23 re-infections in 173 
patients).

Mobile versus static articular spacers

Patients treated with mobile articular spacers, made by auto-
claving the infected components, showed, after the spacer 
implantation, a significant higher ROM, compared with 
those treated with static spacers, in one out of four com-
parative studies reviewed [27].

The final ROM in patients treated using the autoclaved 
components as a spacer, compared with subjects receiving 
static spacers, was significantly higher in three out of four 
comparative studies [15, 24, 29]. However, at final follow-
up, the functional scores -i.e., Hospital for Special Surgery 
Knee Score (HSS), Knee Society Knee Score (KS) and Knee 
Society Functional Score (FS)-registered in patients treated 
with articular spacers, compared with static spacers group, 
showed no significant difference in all the reviewed com-
parative studies.

Discussion

Summary of evidence

PJI currently represents the leading cause of TKA failure and 
a further increase of prevalence is expected in future years  
[40–45]. Consequently, the management of an infected pros-
thesis is a hot topic in orthopedics.

Hofmann et al. [18], in 1995, first described the treatment 
of an infected TKA using an articulating spacer made by 
cleaning and autoclaving the original femoral component. 
This systematic review aims to assess the state of existing 
evidence on the intraoperative autoclaving and re-use of 
an infected prosthesis, as a spacer, during a knee resection 
arthroplasty performed for PJI.

The review results suggest that the intraoperative auto-
claving and re-use of an infected prosthesis as a spacer, dur-
ing a knee resection arthroplasty performed for PJI, is an 
effective strategy. Hence, a comparable re-infection rate was 
observed in patients managed with autoclaved components 
compared with patients treated with a new spacer. Moreover, 
patients receiving mobile articular spacers showed a better 
functional outcome at the final follow-up.Ta
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In this procedure, before undergoing autoclaving, the 
infected femoral component should be mechanically cleaned 
of all cement and tissue [30, 37–39]. The autoclave should 
be near the operating room to facilitate aseptic delivery to 
the sterile field; the use of a rigid, re-usable sterilization 
container system is recommended [30]. If a spore test (it 
takes approximately one hour after the cycle) is not able to 
be run before implant use, then the implant should receive 
the equivalent of full-cycle steam sterilization and not a flash 
sterilization cycle [30].

Patients treated using this procedure showed a compara-
ble re-infection rate to those undergoing a two-stage revi-
sion strategy, using a sterile cement spacer. The cumulative 
re-infection rate, at a minimum of two years follow-up, was 
13.7% in patients treated with an autoclaved prosthesis and 
13.3% in patients receiving a sterile cement spacer.

Pietsch et al. [25], in a prospective non-randomized trial 
on 33 patients with knee PJI undergoing two-stage revision 
using autoclaved both femoral component and polyethylene 
tibial insert, reported an infection rate of 9% (3 re-infections 
out of 33) at a mean 28-month follow-up.

Kanas et al. [35] have recently performed a prospective 
case series, recruiting 10 patients with knee PJI. All the 
patients were managed with TKA explantation, debride-
ment, and placement of an articulating antibiotic spacer 
consisting of the explanted and sterilized femoral component 
and a new polyethylene tibial insert [35]. Only 3 patients out 
of 10 were re-implanted, while the reaming 7 patients kept 
the spacer. At the final follow-up, a re-infection rate of 10% 
was observed [35].

In the retrospective comparative studies, the re-rein-
fection rates resulted not significantly different in patients 
treated with an autoclaved component with respect to those 
receiving new sterile spacers.

Emerson et al. [15], in a retrospective study comparing 
26 patients treated with autoclaved components to 22 with 
sterile static spacers, reported a re-infection rate of 7.7% in 
the autoclaved components group (2 patients out of 26), at 
3.8 years mean follow-up, and a re-infection rate of 9% (2 
patients out of 22), at 7.5 years mean follow-up, in patients 
receiving sterile spacers. The Authors specified that there 
was not the same organism, in the re-infected patients treated 
with mobile spacers made by autoclaving the infected com-
ponents [15].

Jamsen et al. [24] observed a re-infection rate of 9% (2 
patients out of 22), at 25 months mean follow-up, in patients 
treated with re-sterilized prosthesis components and a re-
infection rate of 25% (2 patients out of 8), at 48.9 months 
mean follow-up, in patients treated with cement spacers.

Kalore et al. [27] showed a 13.3% re-infection rate (2 
patients out of 15), at mean 73-month follow-up, in patients 
operated on with autoclaved femoral component, a re-infec-
tion rate of 6.25% (1 patient out of 16), at a mean 19-month Ta
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follow-up, in the group treated with a new femoral compo-
nent and a 9% re-infection rate (2 patients out of 22), at mean 
32-month follow-up, in subjects treated with silicone mold 
component spacers.

Chen et al. [29] reported a re-infection rate of 20% (2 
patients out of 10), at 32-month mean follow-up, in patients 
treated with autoclaved femoral component and tibial insert 
and a re-infection rate of 15% (one patient out of 8), at 
40.8 months mean follow-up, in those with sterile static 
spacers.

Nodzo et al. 2017 [33], in a retrospective comparative 
study including 140 patients with knee PJI, divided into 
three groups (i.e., autoclaved-group: 39 patients; prefabri-
cated spacer-group:58 patients and home-made mold spacer-
group: 43 patients), observed no statistically significant dif-
ference in the success rates between groups. A re-infection 
rate of 20.5% was observed in the autoclaved-group at the 
final follow-up.

This procedure has a good cost-effectiveness ratio, since 
it is reported that a spacer made by autoclaving the infected 
components has a direct cost of $932, whereas spacers made 
by new femoral component cost $3589 and molded cement 
spacers cost $3945 [27]. It is also reported that the temporar-
ily re-use of the femoral component can reduce the cost of 
the articulating spacer by approximately $1900/case, ver-
sus a new femoral component, and by approximately $1000/
case, versus a molded cement spacer [30]. Consequently, 
this technique is a safe and cost-effective option to improve 
patient function during revision for PJI.

The value of these recommendations has been also con-
firmed by the data deriving from an in vitro and in vivo 
study [30]. Lyons et al. recently showed that six cobalt-
chrome femurs components, explanted from patients with 
knee PJI, became sterile after autoclaving under a standard 
gravity-displacement cycle (132 °C, 27 PSIG, 10 min) [30].

Moreover, these Authors conducted an in vitro test on 
six sterile chrome cobalt femur implants (2 cementless, 4 
cemented), inoculated with different bacterial species. After 
that, three of these components were autoclaved on a stand-
ard gravity–displacement vacuum cycle (121 °C, 15 PSIG, 
45 min), while the remaining implants were maintained in 
a sterile environment at room temperature. All these com-
ponents were subjected to 5 min of sonication; the diluted 
sonicate of the autoclaved components showed no bacterial 
growth on an agar plate, whereas the control components, 
that did not undergo autoclaving treatment after inoculation, 
highlighted growth of multiple colonies of the original bac-
teria [30]. Finally, the biofilm in vitro test of three MRSA 
biofilm covered cobalt-chrome pieces that underwent auto-
clave treatment, showed a statistically significant reduction 
of relative biofilm compared to controls [30]. The biofilm 
burden reduction was also confirmed by Scanning Electron 
Microscope images [30].

Interestingly, Park et al. [36] have evaluated the role of 
sonication in depicting the sterility of an autoclaved femoral 
component explanted from an infected TKA. These authors 
found only two infected femoral components out of nine-
teen (10.53%) after sonification [36]. Hence, they concluded 
autoclaving of an infected femoral implant could be a good 
method for using the temporary articulating antibiotic spacer 
in two-stage revision arthroplasty [36].

Similar positive findings have been reported by Nodzo 
et  al., in a prospective observational study [33]. These 
authors cleaned and autoclaved both the explanted femoral 
and tibial components. Then, the autoclaved femoral com-
ponents were re-implanted, while the tibial ones were asepti-
cally packaged and sent to a microbiology lab for sonication 
and culture of the sonicate for 14 days; all the cleaned tibial 
components were negative for bacterial growth of the infect-
ing organism after final testing and analysis [33].

Unfortunately, the relatively low number of patients in 
our review, as well as the absence of randomized controlled 
trials among the reviewed articles, allow us to recommend 
a moderate level of evidence. Furthermore, it should be 
remarked that the Center for Disease Control (CDC), Asso-
ciation of Operating Room Nurses (AORN), health care 
institutions, implant companies and medical consult teams 
are hesitant to temporarily re-use implants for medical, legal 
and financial reasons [31, 32].

Moreover, other relevant concerns should be considered 
when performing this procedure, including a lack of guar-
antee of the re-used component sonication, the potential 
delayed surgical time because of the explanted component 
autoclaving and the off-label implant use, that might raise 
potential medicolegal issues.

It should be noted, however, that all the reviewed studies 
showed the re-use of the autoclaved component as a spacer 
is an effective procedure in the eradication of knee PJI.

Strengths and limitations

To our knowledge, this is the first systematic review, which 
aims to assess the role of intraoperative autoclaving and 
re-use of an infected prosthesis as a spacer during knee 
resection arthroplasty. However, its limitations need to be 
considered.

a.	 First, although fourteen studies were included in this 
review, no controlled trials were identified.

b.	 Most studies were retrospective case series; therefore, 
they were level IV studies.

c.	 The reviewed studies have a different length of follow-
up.

d.	 The included studies have a low number of patients. The 
patients’ characteristics, the autoclaving procedure the 
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cement spacer features differed across the reviewed stud-
ies.

e.	 The antibiotic treatment performed after the prosthesis 
removal was not standardized among the studies; this 
feature could significantly influence the outcomes of a 
two-stage revision strategy.

f.	 Several papers do not detail the adopted autoclaving pro-
tocol; it is impossible to assess if a different autoclaving 
protocol could influence the re-infection rate. Future 
studies are needed to define a standardized autoclaving 
protocol.

Conclusion

The intraoperative autoclaving and re-use of a removed 
infected prosthesis, as a spacer, during a knee resection 
arthroplasty performed for PJI is an effective procedure in 
the management of knee PJI. This procedure has a reported 
re-infection rate ranging from 2.27 to 37% and a cumula-
tive re-infection rate of 13.7% [14–16, 22–29, 33–35]; no 
significant differences between patients treated with auto-
claved components and those with sterile static spacers were 
founded in the reviewed comparative studies.

The final ROM in patients treated using the autoclaved 
components as a spacer, compared with patients receiving 
static spacers, was significantly higher in three out of four 
comparative studies.

However, no prospective randomized controlled trials 
have focused on this subject; therefore, the data showed in 
this review have a moderate level of evidence.
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