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Abstract
Background  Periprosthetic joint infection after total joint arthroplasty has a large incidence, and it may often require 
two or more stages of revision, placing an additional burden on clinicians and patients. The purpose of this network 
meta-analysis is to evaluate the effect of four different preventive strategies during total joint arthroplasty on the 
prevention of periprosthetic joint infection.

Methods  The study protocol was registered at PROSPERO (CRD: 42,023,448,868), and the literature search databases 
included Web of Science, PubMed, OVID Cochrane Central Register of Controlled Trials, OVID EMBASE, and OVID 
MEDLINE (R) ALL that met the requirements. The network meta-analysis included randomized controlled trials, 
retrospective cohort studies and prospective cohort studies with the outcome of periprosthetic joint infection. 
The gemtc R package was applied to perform the network meta-analysis to evaluate the relative results of different 
preventive strategies.

Results  This network meta-analysis study included a total of 38 articles with 4 preventive strategies and negative 
controls. No improvement was observed in antibiotic-loaded bone cement compared with negative controls. 
Chlorhexidine showed the highest probability of delivering the best preventive effect, and povidone iodine had the 
second highest probability. Although vancomycin ranked after chlorhexidine and povidone iodine, it still showed a 
significant difference compared with negative controls. In addition, the incidence after applying chlorhexidine was 
significantly lower than that after applying negative controls and vancomycin. In the heterogeneity test between 
direct and indirect evidence, there was no apparent heterogeneity between them.

Conclusion  The study indicated that chlorhexidine, povidone iodine and vancomycin showed significant efficacy in 
preventing periprosthetic joint infection after total joint arthroplasty, while antibiotic-loaded bone cement did not. 
Therefore, more high-quality randomized controlled trials are needed to verify the results above.
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Introduction
In recent years, total joint arthroplasty (TJA) has been 
acknowledged as a common major orthopedic opera-
tion, which improves the quality of life and relieves 
the pain of patients [1, 2]. However, periprosthetic 
joint infection (PJI), also called surgical site infection 
(SSI) after TJA in some researches, is one of the major 
complications, affecting the survival rate of the pros-
thesis and increasing the burden of medical insurance 
[3, 4]. In the study by Bhaveen H et al. [1], PJI patients 
undergoing two-stage revision cost nearly five times 
as much, nearly $100,000, compared to patients with 
uncomplicated primary TKA. They were also admitted 
to the hospital about three times as often as cases of 
primary TKA without complications. There is a rate of 
1–3% to catch this severe complication after TJA [5]. 
Irrigation and debridement can be used for the early 
treatment of PJI patients, but this strategy may lead 
to persistent colonization of resistant pathogens and 
the risk of multiple microbial infections [6]. More-
over, studies by Fehring et al. [7], Koyonos et al. [8], 
Odum et al. [9], and Deirmengian et al. [10] all showed 
low irrigation and debridement success rates of only 
approximately 30–40%. Meanwhile, a study by Filippo 
Migliorini et al. [11] showed that PJI has as many as 
47 pathogens, which poses an obstacle to preventing 
PJI. In patients with chronic PJI, a two-stage exchange 
procedure is considered to be the gold standard. It 
involves the removal of all material at the first stage, 
and then a spacer is introduced and systemic antibiot-
ics are administered to ensure that the patient is free 
of infection. Finally, the second stage is undertaken to 
introduce new components and recomplete the TJA 
[6]. A study by Corentin Pangaud et al. [12] analyzed 
18 articles for a two-stage exchange procedure includ-
ing 1086 patients. The eradication rate after two-stage 
surgery ranged from 54% to 100%, with an average rate 
of 84.8%, which means that patients may still suffer 
from PJI. However, those who were successfully eradi-
cated were 8.8% more likely to become infected again. 
In addition, as the annual volume of TJA procedures 
is projected to rise, so will the rate of subsequent PJI. 
Therefore, finding effective preventive strategies for 
infection to reduce its occurrence is an urgent issue at 
present.

Many randomized controlled trials (RCTs) and 
cohort studies have been performed to explore preven-
tive strategies to reduce the incidence rate of PJI after 
TJA, such as applying vancomycin powder [13], povi-
done iodine wash [14], antibiotic-loaded bone cement 
(ALBC) [15] and chlorhexidine wash [16]. However, 
there are some inconsistencies in their findings. For 
example, in the retrospective study by Nick et al. 
[17], vancomycin powder had a significant preventive 

effect on PJI. However, another study conducted by 
Ahmed et al. [4] indicated that the intervention group 
using vancomycin powder had no significant reduc-
tion in superficial infection rates. A study by Murray 
et al. [18] also noted that existing articles were not 
sufficiently persuasive in terms of efficacy to recom-
mend routine use of topical vancomycin in total hip 
arthroplasty (THA) and total knee arthroplasty (TKA). 
Therefore, many researchers have already conducted 
systematic reviews and meta-analyses on the effects of 
different preventive strategies. A study performed by 
Zhi et al. [19] indicated that in both the THA and TKA 
groups, vancomycin powder treatment resulted in a 
significantly lower proportion of patients with PJI. In 
another study conducted by Naomi et al. [20], diluted 
povidone iodine lavage was significantly better than 
saline solution lavage for preventing PJI. In a study by 
Sujeesh et al. [21], preventive use of ALBC on aver-
age reduced the risk of primary TJA by 64% compared 
to the control group. As the classic meta-analysis can 
compare only two treatments, which strategy may pro-
vide a better efficacy to reduce the incidence rate of 
PJI after TJA is uncertain.

Network meta-analysis (NMA) is a valuable tool for 
the simultaneous comparison of more than two treat-
ments [22]. This tool can be used to compare the effect 
of the four preventive strategies mentioned above and 
not using preventive strategies on the incidence rate 
of PJI. Therefore, this analysis was performed to (1) 
find a highly effective preventive method to reduce the 
incidence of PJI after TJA and provide a better choice 
for the clinic and (2) explore whether the four preven-
tive strategies could produce statistically significant 
preventive effects and provide multiple options for 
clinical use.

Materials and methods
Search strategy
This meta-analysis was guided by the PRISMA 
guidelines (Preferred Reporting Items for System-
atic Reviews and Meta-analysis), and the protocol 
was registered at PROSPERO (CRD42023448868). 
Web of Science, PubMed, OVID Cochrane Central 
Register of Controlled Trials, OVID EMBASE, and 
OVID MEDLINE (R) ALL were searched for related 
articles concerning the prevention of PJI after TJA. 
The commonly used four measures, namely, apply-
ing vancomycin powder, betadine wash, ALBC, and 
chlorhexidine wash, were included in this network 
meta-analysis. Articles published from the inception 
of these databases to 24th July 2023 were included. 
The following MeSH terms and their synonyms and 
abbreviations were used to find relevant studies: “Van-
comycin,” “Chlorhexidine,” “Povidone-Iodine,” “ALBC,” 
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“periprosthetic joint infection,” “arthroplasty,”, etc. The 
specific search strategy is shown in Supplementary File 
1. Two authors independently screened the titles and 
abstracts of the retrieved articles to evaluate whether 
they should be included. If two authors disagreed, 
the final decision was discussed. The methodological 
quality of each included study was evaluated by using 
Cochrane ROB for RCTs and the Newcastle‒Ottawa 
Scale (NOS) for cohort studies. All comments were 
based on previously published studies. Thus, no ethi-
cal approval or patient consent is needed.

Inclusion criteria and exclusion criteria
The inclusion criteria were based on the PICOS (par-
ticipants, interventions, comparators, outcomes, and 
study design) approach [23]. The inclusion criteria 
were as follows: (1) The study population was patients 
without PJI when the study started. (2) There must 
be at least one measure of (Antibiotic-loaded bone 
cement, Vancomycin, Povidone iodine, Chlorhexi-
dine). (3) Vancomycin should be used as powder. 
(4) Povidone iodine and chlorhexidine should be 
used for bathing. (5) There was no excess interven-
tion compared to the control group, or there could 
be at least one measure of (Antibiotic-loaded bone 
cement, Vancomycin, Povidone Iodine, Chlorhexi-
dine, normal saline, bone cement without antibiotic). 
(6) The outcome should include incidence of PJI with 
exact number or percentage. (7) The research type 
was a randomized controlled trial (RCT), retrospec-
tive cohort study or prospective cohort study. (8) The 
article should be published in English. The exclusion 
criteria included the following: (1) In addition to anti-
biotic-loaded bone cement, vancomycin, povidone 
iodine, and chlorhexidine, the experimental group 
had other interventions compared with the control 
group. (2) In the same experimental group, two anti-
biotics (antibiotic-loaded bone cement, vancomycin, 
povidone iodine, and chlorhexidine) were applied. (3) 
Interventions that had an impact on outcomes but 
were not present in the experimental group were intro-
duced in the control group. (4) The research included 
subgroups, and the subgroups included at least one of 
the following: antibiotic-loaded bone cement, vanco-
mycin, povidone iodine, and chlorhexidine. However, 
the exact incidence of PJI in the subgroups was not 
available. (5) The full text can’t be found. (6) It has not 
been peer reviewed.

Data extraction and quality assessment
Two authors extracted relevant data from eligible articles 
independently. Extracted information was as follows: the 
last name of the first author, year of publication, study 
type, type of operation, treatments, study size, gender, 

age, body mass index (BMI) of the study population, and 
outcomes. If two authors disagreed, the final decision 
was discussed. The primary outcome of this study was 
the incidence of PJI. We expect to capture as many sam-
ples as possible in articles that meet the inclusion criteria 
to improve the reliability of the outcome. Therefore, as 
long as a patient is diagnosed with PJI after surgery, they 
will be included in the calculation of incidence, regard-
less of whether the follow-up time in the included studies 
is consistent.

Statistical analysis
NMA was used to evaluate the efficacy of differ-
ent preventive strategies on PJI. Bayesian NMA was 
performed in R software (version 3.6.2, R Founda-
tion, Vienna, Austria) with the gemtc [24] package to 
compare direct and indirect therapies. In addition, 
the forest graph, ranking probability graph, and het-
erogeneity test between direct and indirect evidence 
were all assessed by R software with the gemtc package 
and then painted. In addition, the ranking probability 
line chart and the surface under the cumulative rank-
ing curve (SUCRA) were also assessed and painted 
by the ggplot2 package [25]. To ensure convergence, 
the parameters of the Bayes iterations were set as 
n.adapt = 20,000 and n.iter = 50,000.

Results
Search results and study characteristics
A total of 3331 citations were involved in investigating 
the efficacy of 4 kinds of preventive strategies for PJI from 
five online databases (PubMed, OVID Cochrane Central 
Register of Controlled Trials, OVID EMBASE, OVID 
MEDLINE(R) ALL, Web of Science) by the predeter-
mined search strategy. Finally, 38 studies were identified 
and considered eligible for the NMA. The publication 
years of the included articles ranged from 2008 to 2023. 
Among them, 8 articles compared ALBC with negative 
controls (NC) [26–33], 9 articles compared chlorhexidine 
bathing with NC [34–42], 4 articles compared povidone 
iodine lavage with NC [14, 43–45], and 14 articles com-
pared vancomycin with NC [17, 46–58]. In addition, 2 
articles compared chlorhexidine and povidone iodine 
bathing [16, 59], and 1 article compared povidone iodine 
bathing, vancomycin powder and NC [60]. The filtration 
process is shown in Fig. 1. In addition, the detailed char-
acteristics of the 38 articles are shown in Supplementary 
File 2.

Quality assessment
Only 6 included studies were RCTs, among which 4 RCTs 
mentioned specific and highly reliable random sequence 
generation methods. Half of these RCTs did not provide 
clear allocation concealment, and only 2 RCTs used an 
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effective method of blinding. All trials selected showed 
adequate and complete outcome data that met the inclu-
sion criteria. All of these trials provided specific inclusion 
and exclusion criteria. The risk of biases graph is shown 
in Fig. 2.

Other 32 included studies were retrospective cohort 
studies or prospective cohort studies. The quality evalu-
ation of these articles based on NOS will be presented in 
Supplementary File 3.

Network meta-analysis results
NMA results
A network graph of 5 kinds of preventive strategies was 
drawn with the help of R 3.6.2 software and a graphic 
package (Fig. 3). Apart from the four specific strategies 
(ALBC, chlorhexidine, povidone iodine, vancomycin), 
NC means that only normal saline, standard care, stan-
dard antibiotic application and bone cement without 
antibiotics were used in this group, and vancomycin 
powder, povidone iodine lavage, chlorhexidine lavage 

and ALBC were not used. The other operation parts 
were the same as those in the experimental group. 
Figure 3 details the indirect comparisons between dif-
ferent preventive strategies and direct comparisons 
between chlorhexidine and povidone iodine. In addi-
tion, the line thickness is proportional to the number 
of direct comparisons.

Forest plots
The forest plots show the results of NMA on differ-
ent preventive strategies. The ranking probabilities 
are shown in Fig.  4. The results of forest plots on PJI 
incidence of different preventive strategies (Fig.  4A) 
suggested that applying chlorhexidine, povidone 
iodine, and vancomycin showed a lower incidence of 
PJI than not using preventive strategies. (Compared 
with the NC, outcome: chlorhexidine OR = 0.21, 95% 
Crl [0.097, 0.40]; povidone iodine OR = 0.40, 95% Crl 
[0.19, 0.81]; vancomycin OR = 0.56, 95% Crl [0.31, 
0.94]). The incidence of PJI in the patients using ALBC 

Fig. 1  A flow chart showing the stages of retrieving articles and assessing the eligibility criteria for network meta-analysis of the effect of different preven-
tive strategies on the prevention of PJI during total joint arthroplasty
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was not significantly lower than that in the control 
group. (Fig. 4A) (compared with NC, outcome: ALBC 
OR = 0.90, 95% Crl [0.44, 1.8].

In these three methods that showed a lower incidence 
of PJI than NC, applying chlorhexidine showed a lower 
PJI incidence than applying vancomycin. (Compared with 
chlorhexidine, outcome: vancomycin OR = 2.7, 95% Crl 
[1.1, 6.6]). However, there was no significant difference 

in the incidence of PJI between patients treated with 
vancomycin and those treated with povidone iodine or 
between patients treated with chlorhexidine and those 
treated with povidone iodine. (Figs. 4B, C, D) (compared 
with povidone iodine, outcome: chlorhexidine OR = 0.51, 
95% Crl [0.21, 1.2]; vancomycin OR = 1.4, 95% Crl [0.58, 
3.3]).

Fig. 2  Risk of biases graph. Note: Red: high risk of bias. Green: low risk of bias. Yellow: uncertain risk of bias
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Ranking probability
A clustered ranking plot and a ranking line chart were 
generated to present the NMA results visually. In addi-
tion, a SUCRA graph was also presented to show the 
results more specifically. The results are shown in Figs. 5, 
6 and 7. The first two ranking plots were aimed at evalu-
ating the highest probability of the best preventive strat-
egy. With the outcome of incidence of PJI, the ranking 
plot showed that chlorhexidine had the most signifi-
cant possibility of being the best strategy. Additionally, 
according to the SUCRA graph, chlorhexidine also had 
the largest area under the curve. All the graphs indicated 
that ALBC had the least probability, which was the same 
as NC.

Heterogeneity test
The node-splitting method [61] and its Bayes-
ian P value were applied to assess the inconsistency 
between direct and indirect results (Fig.  8). The 
results showed P > 0.1, which indicated that the het-
erogeneity was in an acceptable range. According to 

the results, there was no significant heterogeneity in 
the outcomes. It was also believed that there was no 
significant heterogeneity in this network meta-analy-
sis. However, most of the comparisons were indirect. 
Therefore, it calls for more trials that compare two or 
more preventive strategies directly.

Incidence comparison
A comparison of the incidence of PJI by OR and 95% 
CrI among different preventive strategies is shown in 
Fig. 9. Compared with NC and vancomycin, chlorhexi-
dine reduced the incidence of PJI (p value < 0.05). How-
ever, other comparisons did not show a significant 
superiority of one strategy over another.

Discussion
PJI is an increasingly common inflammatory condi-
tion after TJA. Research by Andrew M. Schwartz shows 
that the number of revision THA operations increased 
by 36% from 2002 to 2014. According to their projec-
tions, the incidence of revision THA will even increase 

Fig. 3  Network graph for the preventive strategies of PJI. Note: Each endpoint represents a kind of preventive strategy. Each line connecting 2 endpoints 
indicates that there were articles comparing 2 therapies. Line thickness depends on the number of trials that compared the two strategies. The graph 
shows the trials of PJI incidence after TJA. ALBC = Antibiotic-Loaded Bone Cement, NC = negative controls
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by 70% from 2014 to 2030. Moreover, for revision TKA, 
the revision rate will increase by a staggering 182% from 
2014 to 2030 [62]. Therefore, it can be considered that 
the amount of revision surgery after the occurrence of 
PJI may increase to a certain degree. The study by Fer-
dinando et al. [63] mentioned quite a few preventive 
strategies, among which ALBC, chlorhexidine, povidone 
iodine and vancomycin were mentioned. However, there 
were some inconsistencies in regard to the efficacy of 
the four methods. It lacked comparisons between any 
two of the four methods. And there was no detailed evi-
dence revealing that which of the strategies above could 
decrease the incidence of PJI most significantly. There-
fore, it has practical significance to carry out an NMA to 
explore the efficacy of existing preventive strategies and 
determine the most effective method to provide some 
references for clinical work.

Vancomycin and ALBC have been widely used in clini-
cal surgery to prevent PJI. However, a consensus only 

suggested that ALBC was effective while viewing vanco-
mycin as not recommended [64]. Controversially, some 
studies have indicated that for decreasing the incidence 
of PJI, ALBC did not provide a significant difference, 
but vancomycin showed a significant difference [17, 26–
29, 32, 48–51, 53, 54]. Moreover, a study indicated that 
ALBC increased the incidence of PJI [31]. In addition to 
vancomycin and ALBC, povidone iodine and chlorhexi-
dine are also commonly used in TJA to prevent PJI. 
Povidone iodine wash and chlorhexidine wash are glob-
ally the most commonly used forms of infection preven-
tion [65]. A consensus recommended chlorhexidine and 
povidone iodine as effective ways to reduce the incidence 
of PJI [66]. The evidence from the included studies also 
supported this opinion [4, 27–34]. Therefore, because 
of the controversy and the need to find the best preven-
tive strategies, it is necessary to compare the effective-
ness of these four preventive strategies. In this article, 
a total of five strategies, namely, ALBC, chlorhexidine, 

Fig. 4  Forest graph on outcome. ALBC = antibiotic-loaded bone cement, NC = negative controls. (A-D): Forest plots (references were NC, chlorhexidine, 
povidone iodine, and vancomycin) indicate relative effect results compared with NC, chlorhexidine, povidone iodine, and vancomycin
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povidone iodine, vancomycin, and NC, were finally 
enrolled. Finally, the clinical outcome of the incidence of 
PJI was evaluated to directly indicate the efficacy of the 
four preventive strategies. In this network meta-analysis, 
the node-splitting method was performed to test the het-
erogeneity of indirect and direct evidence. It was obvi-
ous that P > 0.1, so the heterogeneity was in an acceptable 
range.

In previous studies, compared with NC, some stud-
ies showed lower PJI incidence after using vancomycin, 
ALBC, and povidone iodine [14, 17, 30, 33–41, 48–51, 53, 
54, 60], but some showed opposite results [31, 44, 46, 56, 
58] or no significant differences [26–29, 32, 42, 43, 45, 47, 
52, 55, 57]. Most studies showed a lower risk of PJI inci-
dence after using chlorhexidine. In this study, the results 
of traditional pairwise meta-analyses indicated that only 
three of the four strategies (chlorhexidine, povidone 
iodine and vancomycin) could significantly decrease the 
incidence of PJI compared with that of NC. However, the 
results did not support ALBC as a better strategy than 
NC for decreasing PJI incidence. The network meta-
analysis results suggested that the rank probability for 

decreasing the incidence of PJI, from best to worst, was 
chlorhexidine, povidone iodine, vancomycin, ALBC, and 
NC, according to the ranking probability clustered plot 
and SUCRA probabilities.

The results were inconsistent with the consensus 
regarding the efficacy of vancomycin and ALBC in PJI 
prevention after TJA, which showed that compared 
with NC, vancomycin had a significant difference in 
the PJI incidence, while ALBC showed no significant 
difference. As the results were inconsistent with the 
consensus, more high-quality, large population RCTs 
should be conducted to better understand the effec-
tiveness of these two strategies and to provide more 
valuable guidance for clinical practice. For chlorhexi-
dine and povidone iodine, the results supported the 
consensus mentioned before because of the high-
est and second rank of chlorhexidine and povidone 
iodine in decreasing the incidence of PJI. However, 
only three RCTs on these two methods were included 
in this study, which may affect the reliability of the 
results to some extent, so it calls for more RCTs on the 
effectiveness of chlorhexidine and povidone iodine for 

Fig. 5  Ranking probability clustered plot of outcome. The heights of the bar columns represent the probability of being a certain rank. For every preven-
tive strategy, bar columns from left to right represent ranks from best to worst
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PJI incidence. In addition, the comparisons of ALBC, 
chlorhexidine and vancomycin were indirect, which 
further proves that more high-quality randomized 
controlled trials with large samples and multiple sub-
groups are needed to verify the effectiveness of the 
four preventive strategies. Although there were direct 
results between chlorhexidine and povidone iodine 
and povidone iodine and vancomycin, only 3 studies 
were included, which was obviously insufficient.

To the best of our knowledge, this is the first network 
meta-analysis comparing the efficacy of four preven-
tive strategies (ALBC, chlorhexidine, povidone iodine 
and vancomycin) and NC in preventing PJI, which 
shall provide better options and sufficient data sup-
port for clinical use. Moreover, direct comparisons of 

the five strategies were conducted, and indirect com-
parisons were performed by means of network meta-
analysis to provide a hierarchy of these strategies. The 
study results further confirmed the effectiveness of 
chlorhexidine. Compared with a single RCT trial or a 
cohort study, the NMA results indicated a more inte-
gral conclusion. In a study conducted by Thomas et 
al. [67], disinfection rinsing with chlorhexidine solu-
tion during TJA reduced the risk of PJI in patients 
undergoing primary and revision total hip and knee 
replacement. In another meta-analysis of povidone 
iodine [20], a subgroup analysis of the saline control 
studies showed an odds ratio of 0.33 in the povidone 
iodine group, indicating a significant effect in pre-
venting PJI. A study by Zhi et al. [19] also showed that 

Fig. 6  Ranking probability line chart of outcome. Each data point represents the probability of the preventive strategy to be a certain rank
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topical application of vancomycin powder significantly 
reduced the incidence of PJI in primary TJA. For 
ALBC, the results from a meta-analysis performed by 
Yiqin et al. [68] did not show a significant difference 
in the incidence of PJI in patients who received and 
did not receive antibiotic-loaded cement. Similarly, 
a review that analyzed several different types of arti-
cles found that ALBC was not significantly effective in 
preventing PJI [69]. From the above existing research 
results, the NMA results can be verified with previ-
ous articles, providing more powerful and reliable evi-
dence for the effects of the five strategies.

The limitations of this study are as follows: (1) few 
studies can be included; (2) most studies compared a 
preventive strategy with a negative control, but few 
studies compared two preventive strategies, so most 
of the comparisons were indirect; (3) the number of 
RCTs was not adequate, so the NMA included cohort 
studies, which means that the level of evidence in 
the original studies included may not have been high 
enough; (4) the results were merely analyzed in consid-
eration of efficacy, without consideration of different 
doses, adverse effects and cost‒benefit analysis; and 
(5) due to the limitation of the meta-analysis, only lim-
ited data from previously published articles could be 

Fig. 8  Heterogeneity test of outcomes. Note: NC = negative controls. P > 0.1 means that the heterogeneity is in an acceptable range

 

Fig. 7  Ranking probability SUCRA graph of outcome. The larger the area under the curve, the more likely this preventive strategy is to be better
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obtained and thus could not specify patients’ baseline 
characteristics and demographics.

Conclusions
The study demonstrated that chlorhexidine lavage and 
povidone iodine lavage showed significant efficacy for 
PJI, while the efficacy of vancomycin was less signifi-
cant. Chlorhexidine lavage provided the most significant 
reduction in the incidence of PJI and may be the pre-
ferred strategy for PJI prevention. In addition, the efficacy 
of ALBC was not significantly different from that of NC. 
Therefore, more extensive clinical trials are required to 
investigate whether ALBC provides an adequate advan-
tage over normal bone cement without antibiotics.
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