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Abstract
Purpose  To assess the infection eradication rate when using two types of articulating spacers (prosthetic articulating spacers 
and all-cement articulating spacers) in two-stage revision of infected total knee arthroplasty (TKA).
Methods  We comprehensively searched PubMed, Embase, and the Cochrane Library databases and performed a systematic 
review and meta-analysis of retrospective comparative studies assessing two types of articulating spacers. A quality assess-
ment of the included studies was performed following the STROBE statement.
Results  Thirty retrospective studies, including a total of 821 knees, were identified. The pooled infection control rates in 
stage I were as follows: 0.98 (95% confidence interval [CI], 0.97 to 1.00) and 0.98 (95% CI, 0.96 to 0.99) for the prosthetic 
articulating spacer group and all-cement articulating spacer group, respectively. The pooled postoperative reinfection rate 
was 0.05 (95% CI, 0.03 to 0.08) for the prosthetic spacer group and 0.03 (95% CI, 0.01 to 0.06) for the all-cement spacer 
group. Results of the subgroup analyses showed that the weight of the antibiotic cement, antibiotic type, mean period of 
spacers in situ, postoperative antibiotic treatment period, and postoperative antibiotic treatment approach had no effect on 
the reinfection rates (p < 0.05).
Conclusions  Compared to all-cement articulating spacers, articulating spacers containing bio-inert materials have a similar 
infection control rate but a higher postoperative reinfection rate. Although the 95% CIs of reinfection rates in the two groups 
overlapped, our results indicate that articulating spacers containing bio-inert materials may be associated with higher rein-
fection rates and poorer clinical outcomes than all-cement articulating spacers.

Keywords  Total knee arthroplasty · Total knee replacement · Revision TKA · Periprosthetic infection · Articulating 
spacer · Bio-inert material

Introduction

Infection in total knee arthroplasty (TKA) is a devastating 
complication for patients and surgeons alike. Two-stage revi-
sion arthroplasty and 6-week systemic antibiotic use have 
been the gold standard treatment in recent years, with an 
infection control rate of approximately 85–95% [1–5].

A two-stage revision procedure involves removal of 
the prosthesis and implantation of a temporary, antibiotic-
impregnated cement spacer, including static spacers and 
articulating spacers [6]. However, static spacers may have 
some disadvantages, such as restricted mobility of the 
knee joint, high risk of thrombosis [7, 8], great difficulty 
in exposure at the time of second-stage reimplantation and 
a possibility of additional bone loss [9]. Attempts to over-
come these problems led to the development of articulating 
spacers.

Currently, two types of articulating spacers are com-
monly used. The first type is made entirely of cement (all-
cement spacers), and the second is made of antibiotic-loaded 
cement covered with bio-inert materials, such as plastic or 
metal (prosthetic spacers). Prosthetic spacers offer smoother 
articulating surfaces as well as better mobility in the interval 
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between the two procedures. They also have advantages of 
lower costs when reusing the original autoclaved femoral 
component. However, there are multiple concerns regard-
ing the possibility of microorganisms adhering to either 
a metallic or plastic prosthesis [10], which may lead to a 
lower infection control rate and higher reinfection rate after 
revision. A limited number of studies have concentrated 
on the clinical results of the infection control rate and the 
reinfection rate between prosthetic spacers and all-cement 
spacers. Spivey et al. [11] compared four types of articulat-
ing spacers, including metal-on-polyethylene, cement-on-
cement handmade, cement-on-cement prefabricated, and 
cement-on-cement moulded spacers. They examined the 
outcome scores, range of motion (ROM), reinfection rates, 
reimplantation rates, and complications. However, Spivey JC 
et al. did not evaluate the infection control rate or perform 
comprehensive subgroup analyses, which were performed 
in our study.

Infection eradication rates play an important role in influ-
encing the surgeon’s choice of spacer type. In this review, we 
compared articulating spacers containing bio-inert materi-
als (metal or plastic) with all-cement articulating spacers 
with respect to the infection control rates at stage I and the 
postoperative reinfection rates after revision. The aim of this 
review was to analyse to what extent the infection eradica-
tion rates differ between the two types of articulating spac-
ers. We hypothesized that the all-cement articulating spacer 
group would have higher infection eradication rates than 
the prosthetic spacer group because of the lack of foreign 
materials.

Materials and methods

This review meets the requirements of the Preferred 
Reporting Items for Systematic reviews and Meta-Analyses 
(PRISMA) statement [12]. The literature search strategy, 
inclusion and exclusion criteria, quality assessment, data 
extraction and methods of statistical analysis were in accord-
ance with the statement requirements.

Search strategy

A comprehensive search of the PubMed, Embase, and 
Cochrane Library databases was performed in July 2017. 
The following MeSH terms and their combinations were 
searched in the [Title/Abstract]: “total knee arthroplasty”, 
“TKA”, “total knee replacement”, “TKR”, “periprosthetic 
infection”, “PPI” and “spacer”. When multiple reports 
describing the same population were published, the most 
recent and complete report was considered eligible for 
inclusion.

Inclusion and exclusion criteria

Two reviewers (Yu and Luo) independently screened the title 
and abstract of retrieved articles and selected the relevant 
studies for full-text review. Studies were included in this 
meta-analysis if they (1) were published in English between 
2000 and July 1, 2017; (2) included the patients who under-
went two-stage revision for the first time using antibiotic-
loaded articulating cement spacers to treat a periprosthetic 
infection after TKA; (3) included patients using articulating 
cement spacers containing a bio-inert material or patients 
using all-cement articulating spacers; and (4) were inde-
pendent from other studies to prevent double weighting. 
Studies that met the following criteria were excluded: (1) 
designed as a review; (2) employed special antibiotics car-
riers; (3) patients were reported in other manuscripts; and 
(4) detailed data were not extractable.

Quality assessment

Methodological quality was defined as confidence that the 
study design and reporting were free of bias. The latest ver-
sion of the STROBE statement was used to assess the quality 
of the studies that were included [13]. Each included study 
was independently read and scored by two reviewers (He 
and Wu). Disagreements were discussed until a unanimous 
conclusion was reached.

Data extraction and statistical analysis

Two reviewers (Lai and Hu) independently extracted rel-
evant data from included studies according to pre-developed 
forms. The following items were extracted from each study: 
authors and publication year, total number of knees, basic 
information of patients (i.e., country, mean age and gender), 
spacer type, weight and type of antibiotics in cement, mean 
period of spacers in situ, the length and type of postopera-
tive antibiotic treatment, pathogens, the length of follow-up, 
infection control rate after the first stage and reinfection rate 
after the second stage, when available. The methods each 
included study performed to diagnose the infection in the 
first stage or after the second stage were also extracted.

Gender, mean ages and bacterial strains of the two 
groups were compared using a Chi square test performed 
by SPSS (Version 20.0, Chicago, IL, USA). The pooled 
infection control rates as well as the postoperative rein-
fection rates between two articulating spacer groups were 
analysed using R software (version 3.4.0). R software 
was also used for the subgroup analyses, including the 
weight of antibiotics in cement, the type of antibiotics 
in cement, the mean period of spacers in situ, the length 
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of postoperative antibiotic treatment and the approach of 
postoperative antibiotic treatment. Normality was assessed 
by Shapiro’s test. Statistical heterogeneity between studies 
was assessed using the Q statistic (Chi-square test) and I2 
statistic. An I2 test result greater than 50% indicated mod-
erate-to-high heterogeneity, and a random-effects model 
was subsequently used. Otherwise, a fixed-effects model 
was used. Egger’s test and funnel plots were used to screen 
for potential publication bias. A p value of 0.05 or lower 
was considered statistically significant, and all measures 
were reported with 95% confidence intervals (CIs).

Results

Search result and quality assessment

We completed the literature search on July 1, 2017. A flow 
chart of the search strategy is shown in Fig. 1. Thirty stud-
ies [9, 10, 14–41] with a total of 821 knees were eventu-
ally identified and included in the final analysis. Agreement 
between the two reviewers was 96% for study selection and 
90% for the quality assessment of the included studies. We 
evaluated the methodological quality of all included stud-
ies using the STROBE statement, and the results were con-
firmed by mutual consensus. The STROBE scores of the 

Fig. 1   Flowchart of the literature search
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included studies ranged from 12 to 18 points, with an aver-
age of 15 points. The results of the quality assessment are 
provided in Table 1.

Characteristics of eligible studies

The characteristics of the included studies are summarized 
in Table 1. Among these 30 retrospective studies, all-cement 
articulating spacers were used in 15 studies [10, 16, 20–23, 
25, 28, 34–36, 38–41], and prosthetic articulating spacers 
were used in 14 studies. One study performed by Kalore 
et al. [29] compared all-cement spacers with prosthetic 

spacers. Prosthetic articulating spacers mainly include two 
subtypes based on their components: one containing auto-
claved original components (AOC) and the other containing 
new components (NC).

The characteristics of the participants in the prosthetic 
spacer group and all-cement spacer group are shown in 
Table 2. Significant differences were found using the Chi-
square test in gender composition (χ2 = 71.52, p < 0.00001), 
the proportion of Gram-negative bacterial infection 
(χ2 = 5.97, p = 0.018) and the proportion of fungal infection 
(χ2 = 10.44, p = 0.001) between the two groups. These results 
suggest a potential bias that may influence the results. Other 

Table 1   Information of the included studies

The column “score” indicates the quality assessment of each study according to the STROBE statement
NI not identified, AOC autoclaved original components, NC new components, ACAS all-cement articulating spacer, NA data not available

Authors Country Knees Infection type Spacer type Mean age (y) Mean follow-
up (Mo)

Score

Classen et al. [18] Germany 23 NI AOC 66 47 17
Kim et al. [30] Korea 20 NI AOC 61.5 22.3 16
Lee and Choi [32] Korea 20 Chronic AOC 64.8 64.8 14
Choi et al. [17] USA 14 NI AOC/NC 64 43 16
Anderson et al. [14] USA 25 Chronic AOC 64 54 15
Huang et al. [26] Taiwan 21 NI AOC 68.7 52.2 14
Hofmann et al. [24] USA 50 Chronic AOC 67 74 18
Cuckler [19] England 44 Chronic AOC 68 64.8 15
Emerson et al. [9] USA 22 NI AOC 65.1 45.6 14
Lee et al. [31] Korea 20 Chronic AOC 71 29 18
Jämsen et al. [27] Finland 24 NI AOC 68 25 17
Brunnekreef et al. [15] Netherlands 26 NI NC 58 12 16
Meek et al. [33] Canada 47 NI NC N 41 18
Qiu et al. [37] China 10 NI AOC/NC 63 50 16
Kalore et al. [29] USA 16 Chronic NC 67.3 73 18

22 ACAS 61.1 32
15 AOC 63.6 19

Castelli et al. [16] Italy 50 NI ACAS 68 84 17
Jia et al. [28] China 21 NI ACAS 64.4 32.2 16
Garg et al. [22] India 36 Chronic ACAS 63 62 12
Van Thiel et al. [40] USA 60 NI ACAS 66 35 14
Shen et al. [38] China 17 NI ACAS 67 31 15
Park et al. [34] Korea 16 NI ACAS 60.2 29 17
Villanueva-Martínez et al. [41] Spain 30 NI ACAS 71 18 15
Hsu et al. [25] China 21 NI ACAS NA 58 15
Freeman et al. [21] USA 48 NI ACAS 64.9 62.2 16
Pascale and Pascale [35] Italy 14 NI ACAS 68 12 14
Pitto et al. [36] New Zealand 21 NI ACAS 67 24 15
Durbhakula et al. [20] USA 24 NI ACAS 72 33 15
Ocguder et al. [10] Turkey 17 NI ACAS 63 20 16
Ha et al. [23] Korea 12 Chronic ACAS 65.1 NA 14
Su et al. [39] Taiwan 15 NI ACAS 72 47.5 14
Total 821
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characteristics, including mean age, Gram-positive bacterial 
infection, drug-resistant pathogens and multiple pathogens, 
were not found to be significantly different between the two 
groups (p > 0.05).

Antibiotic treatment information was collected from all of 
the studies, if available, and the results are shown in Table 3.

Infection diagnosis information was also obtained from 
the included studies, and the results are shown in Table 4. 
The results suggest that all included studies differ as to how 
the infection was detected, which may potentially increase 
the risk of the bias.

Pooled infection control rate in stage I

Data from 15 studies were pooled to assess the infection 
control rate of the all-cement articulating spacer group. 
Among these studies, five studies [21–23, 34, 35] reported 
the highest infection control rate of 100%, while Kalore et al. 
[29] reported the lowest infection control rate of 91%. The 
pooled infection control rate was 0.98 (95% CI, 0.96 to 0.99, 
I2 = 31%), as shown in Fig. 2. For the prosthetic articulating 
spacer group, data from 13 studies [9, 14, 17–19, 24, 26, 27, 
29–32, 37] showed a pooled infection control rate of 0.98 
(95% CI, 0.97 to 1.00, I2 = 49%), as shown in Fig. 3. Eight 
studies [9, 14, 17, 18, 26, 27, 30, 31] reported the high-
est infection control rate of 100%, while Kalore et al. [29] 
reported the lowest rate of 87%. The results indicate that the 
infection control rate at stage I was not different between the 
prosthetic articulating spacer and all-cement spacer groups.

Pooled postoperative reinfection rate

The reinfection rates after knee arthroplasty were collected 
from 29 studies. In all 15 studies [10, 16, 20–23, 25, 28, 
34–36, 38–41] that assessed reinfection rates of all-cement 
articulating spacers, nine studies [19–21, 26, 33, 34, 36, 
37, 39] reported no reinfection, while Van Thiel et [40] and 
Ocguder et al. [10] reported high reinfection rates of 12%. 
The pooled postoperative reinfection rate was 0.03 (95% CI, 
0.01 to 0.06, I2 = 28%), as shown in Fig. 4. Among the 14 
studies that reported on groups with prosthetic spacers [9, 
14, 15, 17–19, 24, 26, 27, 30–33, 37], three studies [15, 19, 
37] reported no reinfection, while Choi et al. [17] reported 
high reinfection rates of 40%. The pooled reinfection rate 
was 0.05 (95% CI, 0.03 to 0.08, I2 = 44%), as shown in 
Fig. 5. In addition, the pooled reinfection rate of the pros-
thetic spacer group was higher than that of the all-cement 
group, although a similar 95% CI was noted.

Subgroup analysis outcomes

Considering that different antibiotic therapies may affect 
the reinfection rate. Subgroup analyses were conducted to 
determine whether the weight of antibiotic cement, type of 
antibiotic, mean length of the spacers in situ period, postop-
erative antibiotic treatment period, and postoperative anti-
biotic treatment approach of all included studies influenced 
the reinfection rate. The data are shown in Table 5. Subgroup 
analyses showed no significant differences between the two 
groups.

Assessment of publication bias

Begg’s funnel plot and Egger’s test were performed to assess 
the publication bias of the articles in this meta-analysis. The 
shapes of the funnel plot did not reveal notable asymmetry 
(Fig. 6), and all p values from the Egger’s tests were greater 
than 0.05, which provided statistical evidence of funnel plot 
symmetry. Thus, these results suggest that publication bias 
was not evident in this meta-analysis.

Discussion

Infected TKA remains one of the greatest challenges for 
orthopaedic surgeons. The purpose of the present study was 
to analyse the differences in the infection control rate and 
reinfection rate when using different types of articulating 
spacers to treat infected TKA.

The most important finding of the present study was that 
articulating spacers containing bio-inert materials resulted 
in a higher postoperative reinfection rate than all-cement 
articulating spacers, although the two types of articulating 

Table 2   Characteristics of participants

Group A: the all-cement spacers group; Group B: the prosthetic spac-
ers group; UA: information unavailable; NS: no significance

Group A Group B P value

Patients 416 393
Knees 424 397
Mean age (mean ± SD) 66.24 ± 3.27 64.62 ± 2.39 NS
Gender
 Female 220 242 < 0.01
 Male 127 151

UA 69 0
Pathogens
 Gram-positive 195 185 NS
 S. aureus 108 93 NS
 S. epidermidis 59 74 NS
 Streptococcus 28 18 NS

Gram-negative 30 13 0.018
Fungus 11 0 0.001
Unknown 58 41 NS
Drug-resistant 52 37 NS
Multiple 12 17 NS
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spacers had similar infection control rates in stage I. Based 
on several previous studies, we believe that such results are 
associated with the pathogenesis of biofilm formation in 
periprosthetic infections. Biofilms are formed when indi-
vidual planktonic bacteria adhere to a surface and begin to 
produce an extracellular polymeric slime matrix composed 
of polysaccharides, DNA and proteins [42]. Once formed, 
these matrices can resist antibiotics and the host immune 
system through various mechanisms [43]. Bacteria on the 
biofilm surface are continuously detached to become free-
floating bacteria, and the free-floating bacteria can also reat-
tach to the biofilm and become loosely bound, forming a 

cycle between free-floating bacteria and anchored bacteria 
[28] and leading to long-term periprosthetic infection or 
a high reinfection rate. Metallic or plastic surfaces of the 
devices are more prone to bacterial adherence and biofilm 
formation [43]. Therefore, prosthetic spacers with metal or 
polyethylene surfaces have higher risks of bacterial colo-
nization than all-cement spacers, as they provide a site for 
biofilm adherence. In addition, because of the presence of 
metallic and plastic components, the prosthetic spacers have 
a relatively smaller cement area for antibiotic release than 
all-cement spacers, which may lead to unsatisfactory anti-
bacterial effects. Studies have shown that antibiotic elution 

Table 3   Antibiotic treatment information

AOC autoclaved original components, NC new components, ACAS all-cement articulating spacers, NA data not available, S single type of antibi-
otic was employed, D two types of antibiotics were employed, T three types of antibiotics were employed; intravenous/oral, combined applica-
tion of intravenous antibiotics and oral antibiotics

Authors Spacer type Antibiotics in cement Mean period of spac-
ers in situ (weeks)

Postoperative antibiotic treatment

Weight Type Period (weeks) Approach

Classen et al. [18] AOC 0.8 g/40 g S 26 6 Intravenous/oral
Kim et al. [30] AOC 5 g/40 g D 13.2 10 Intravenous/oral
Lee and Choi [32] AOC 3.4 g/40 g D 20 6 Intravenous/oral
Choi et al. [17] AOC/NC 3.4 g/40 g D 24 6 Intravenous
Anderson et al. [14] AOC/NC 5.6 g/40 g D 11 6 Intravenous
Huang et al. [26] AOC 1 g/40 g S 20.7 6 Intravenous
Hofmann et al. [24] AOC 4.8 g/40 g S 12 6 Intravenous
Cuckler [19] AOC 4.8 g/40 g S 18 weeks–2 years 6 Intravenous
Emerson et al. [9] AOC 5.6 g/40 g D 6–12 6 parenteral
Lee et al. [31] AOC NA T 25 4 ~ 6 Intravenous
Jämsen et al. [27] AOC NA NA 24.3 5 Intravenous/oral
Brunnekreef et al. [15] NC NA NA 19 6 Intravenous/oral
Qiu et al. [37] AOC 1 g/40 g S 12 4 Intravenous
Meek et al. [33] NC NA NA NA 6 Intravenous
Kalore et al. [29] NC 2.5 g/40 g D 10.8 6 Intravenous

AOC 2.5 g/40 g D 23.2 6 Intravenous
ACAS 2.5 g/40 g D 19.6 6 Intravenous

Castelli et al. [16] ACAS 1.1 g/40 g S/D 16 6 NA
Jia et al. [28] ACAS 4 g/40 g D 11.5 4.9 NA
Garg et al. [22] ACAS 2.4 g/40 g T 18 m 10–12 NA
Van Thiel et al.[40] ACAS 4 g/40 g S/D 10.7 NA Intravenous
Shen et al. [38] ACAS 3.5 g/40 g D 31.2 6 Intravenous
Park et al. [34] ACAS 7.5 g/40 g T 13.2 6 Intravenous/oral
Villanueva-Martínez et al. [41] ACAS 3 g/40 g S/D 14 4–6 Intravenous
Hsu et al. [25] ACAS 1.2-2 g/40 g S/D 13.7 8.4 NA
Freeman et al. [21] ACAS 1.7–3.4 g/40 g D 12 6 Intravenous
Pascale and Pascale [35] ACAS 4–5 g/40 g NA 9 6 Intravenous
Pitto et al. [36] ACAS 0.8–1.8 g/40 g S 12 6 Intravenous
Durbhakula et al. [20] ACAS 3.4 g/40 g D 12 6 Intravenous
Ocguder et al. [10] ACAS NA S 16.8 6.8 Parenteral/oral
Ha et al. [23] ACAS 4–4.8 g/40 g S 9 4 ~ 8 Intravenous/oral
Su et al. [39] ACAS 2 g/40 g S 14 6.1 Intravenous/oral
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from polymethylmethacrylate (PMMA) is directly dependent 
on the surface area of the implant and the absolute amount of 
antibiotics in the cement [44]. With respect to the postopera-
tive reinfection rates, however, the confidence intervals were 
similar. Nevertheless, the results indicate a potentially higher 
risk of postoperative reinfection when using the articulating 
spacers containing bio-inert materials than when using all-
cement spacers. Additional studies are needed to strengthen 
this conclusion.

Spivey et al. [11] recently published a meta-analysis 
comparing 4 types of articulating spacers that included 34 
retrospective studies. Their results showed that there was no 
significant difference in the postoperative reinfection rate 
among all types of articulating spacers. Compared to their 
meta-analysis, our study established a series of more specific 
inclusion and exclusion criteria, which are mentioned above, 

to guarantee high rigour and low heterogeneity among the 
screened studies. Additionally, in our meta-analysis, sub-
group analyses were performed to evaluate the risk factors 
for postoperative reinfection (as shown in Table 5), and the 
results indicated that the different reinfection rates between 
the two groups were mainly caused by the type of articulat-
ing spacer. This result strengthened the reliability of our 
statistical outcomes and conclusions.

Choosing optimal spacers during certain stages has 
always been a focus as well as a difficult decision for two-
stage revision of infected TKA because patient function 
must be balanced with infection eradication. Multiple 
factors should be considered when choosing a spacer in 
clinical practice. An ideal articulating spacer should offer 
a high infection control rate, permit sufficient motion, 
minimize exposure issues at secondary reimplantation, 

Table 4   The methods each 
included study performed to 
diagnose the infection

JAC joint aspirates cultures, BT blood test, IB intraoperative biopsy, NM not clearly mentioned, CO clinical 
observation

Authors Diagnosis of 
periprosthetic infec-
tion

Diagnosis of infec-
tion in stage I

Diagnosis of postop-
erative reinfection after 
stage II

Classen et al. [18] JAC JAC; BT JAC
Kim et al. [30] IB; JAC; BT IB; JAC; BT IB; JAC; BT
Lee and Choi [32] IB; JAC; BT JAC; BT JAC; BT
Choi et al. [17] IB; JAC; BT IB; JAC; BT IB; JAC; BT
Anderson et al. [14] JAC; BT BT JAC; BT
Huang et al. [26] IB; JAC; BT IB; JAC; BT IB; JAC; BT
Hofmann et al. [24] IB; JAC; BT IB; BT IB; JAC; BT
Cuckler [19] JAC; BT BT NM
Emerson et al. [9] IB; JAC; BT BT IB; JAC; BT
Lee et al. [31] IB; JAC; BT IB; BT IB; JAC; BT
Jämsen et al. [27] IB; JAC; BT NM NM
Brunnekreef et al. [15] IB; JAC; BT NM NM
Meek et al. [33] IB; JAC; BT BT IB; JAC; BT
Qiu et al. [37] JAC; BT BT JAC; BT
Kalore et al. [29] NM BT BT
Castelli et al. [16] IB; JAC; BT BT IB; JAC; BT
Jia et al. [28] IB; JAC; BT JAC; BT IB; JAC; BT
Garg et al. [22] IB; JAC; BT BT NM
Van Thiel et al. [40] IB; JAC CO JAC
Shen et al. [38] IB; JAC; BT IB; BT NM
Park et al. [34] NM IB; BT BT
Villanueva-Martínez et al. [41] IB IB NM
Hsu et al. [25] NM BT JAC
Freeman et al. [21] IB; JAC; BT JAC; BT IB; JAC; BT
Pascale and Pascale [35] JAC; BT JAC NM
Pitto et al. [36] IB; JAC; BT IB; JAC IB; JAC; BT
Durbhakula et al. [20] IB; JAC; BT IB; JAC; BT IB; JAC; BT
Ocguder et al. [10] IB; JAC; BT BT IB; JAC; BT
Ha et al. [23] IB; JAC BT BT
Su et al. [39] IB BT CO
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and minimize dislocation, fracture, wound complications, 
and bone loss [29]. Considering these factors, articulat-
ing spacers appear to be better options than static spacers. 
Controversy exists regarding which type of articulating 
spacer is superior for ROM. Spivey et al. [11] found that 
metal-on-polyethylene spacers exhibited a significantly 
increased interim ROM compared to other articulating 
spacers (p < 0.003). This result differed from the stud-
ies by Kalore et al. [29] and Jämsen et al. [27], which 
found no difference in ROM among articulating spacers. 

Nevertheless, given that ROM is influenced by several fac-
tors, such as the surgeon’s skills, patient compliance, early 
rehabilitation, and especially preoperative ROM [38], the 
differing results were not entirely surprising. As mentioned 
above, all-cement spacers have a larger area for antibiotic 
elution that may play a role in reducing the reinfection 
rate, but potential wear debris from the cement-on-cement 
surface of spacers is a concern. Evans [44] suggested that 
cement-on-cement articulation has a high coefficient of 
friction that subsequently leads to increased wear debris 

Fig. 2   Forest plot showing the pooled infection control rate of all-cement articulating spacers

Fig. 3   Forest plot showing the pooled infection control rate of prosthetic articulating spacers
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and fragmentation. However, some studies have shown 
no significant difference between all-cement spacers and 
metal-on-polyethylene spacers in the wear at the interface 
[45]. Another concern is that the subluxation of articulat-
ing spacers may be associated with poor outcome scores 
after stage II. Lanting et al. [46] quantified, through his 
retrospective studies of 72 cases, the amount of subluxa-
tion with an articulating spacer and investigated its rela-
tionship to outcome following second-stage revision. And 
the results showed that knees that subluxated more than 
one standard deviation from the mean in the sagittal plane 

had lower Knee Society Function Scores (p = 0.045). In 
addition, there are various ways to make articulating spac-
ers. All-cement spacers can be prepared intraoperatively 
using moulds or can be handmade or prefabricated. Pre-
fabricated spacers have the advantages of reduced time in 
the operating room and few intraoperative complications. 
However, because these spacers are not made according 
to the exact specifications of the patient’s knee, the risk of 
loosening is a concern. The spacers made by moulds cost 
less but require surgeons to have relatively strong operat-
ing skills and may also require long operation times.

Fig. 4   Forest plot showing the pooled postoperative reinfection rate of all-cement articulating spacers

Fig. 5   Forest plot showing the pooled postoperative reinfection rate of prosthetic articulating spacers
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The present meta-analysis has the following limitations 
that must be considered. The main limitation is that all the 
included studies were retrospective, and the differences 
between two groups concerning gender distribution, the 
incidence of Gram-negative bacterial infection and the 
incidence of fungal infection (as shown in Table 2) tended 
to increase the risk of bias. Therefore, when larger studies 
are available, further correction and matching should be 
conducted, such as omitting some of the included studies 
to equalize gender proportion prior to reanalysis. What’s 
more, different ways of infection detection were performed 
in different studies (as shown in Table 4), which may be 
a potential bias, because a definite diagnosis of infection 
plays the key role in the results of infection control rates 
in stage I or postoperative reinfection rate after stage II. 
Hoell et al. [47] points out that CRP in serum, white blood 
counts and cultures of synovial fluid are routinely used 
to detect the periprosthetic infection, but the sensitivities 
of these parameters do vary from 12 to 100% and in 4% 
CRP in serum is even negative. Hence a standard diagnosis 
procedure is needed to be made and followed in the future 
to make the data more reliable. Furthermore, articles not 
published in English were excluded in the screening pro-
cess, which may have resulted in the exclusion of some 
high-quality studies. In addition, there was no standardi-
zation in perioperative treatment, operation technique and 

assessment of patient health. Finally, the mean follow-up 
period of the included studies varied to some extent, which 
may influence the data on reinfection rates. Hoffman et al. 
[48] reported no recurrences of infection in their study 
in 1955 (with a mean follow-up of 30 months), but they 
found that 6 out of 50 patients suffered recurrences in their 
study in 2005 (with a mean follow-up of 73 months) [24].

Conclusion

This meta-analysis indicates that prosthetic articulating 
spacers have a similar infection control rate in stage I, 
but a higher postoperative reinfection rate than all-cement 
articulating spacers. In general, despite the overlapping 
confidence intervals for reinfection rates between the two 
groups and the limitations that may prevent us from reach-
ing definitive conclusions, our study still indicates a higher 
reinfection risk when using spacers containing bio-inert 
materials than when using all-cement spacers. This study 
offers helpful information for future clinical comparative 
studies. Given the inherent limitations of the included 
studies, further large-volume, well-designed RCTs with 
extensive follow-up are needed to confirm and update the 
findings of this analysis.

Table 5   Subgroup analysis of reinfection rates according to different antibiotic treatments

Group Number of 
studies

Knees Reinfection rates I2 (%) χ2 P value

Pooled rates 95% CI

Antibiotic cement weight (g)
 ≤ 3.5 15 371 0.04 [0.02;0.07] 43 0.54 0.47
 > 3.5 11 301 0.03 [0.004;0.047] 34

Antibiotic type
 Single 9 203 0.03 [0.02;0.07] 45 1.5 0.22
 Multiple 14 371 0.05 [0.01;0.10] 60

Mean period of spacers in situ (weeks)
 ≤ 14 16 399 0.04 [0.02;0.07] 22 0.35 0.57
 > 14 12 285 0.05 [0.01;0.10] 55

Postoperative antibiotic treatment period
 < 6 6 113 0.01 [0.00;0.05] 0 2.95 0.09
 ≥ 6 23 541 0.05 [0.03;0.07] 32

Postoperative antibiotic treatment approach
 Intravenous 17 500 0.05 [0.03;0.07] 46 1.05 0.31
 Intravenous/

oral
9 162 0.03 [0.00;0.07] 0
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