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Abstract. Background: Periprosthetic joint infection is the most common infection due to joint replacement. It
has been reported that, over a 5-year time span, 3.7 % of cases occurred annually. This statistic has increased to
6.86 % over 16 years. Thus, an effective method is required to reduce these complications. Several strategies such
as coating methods with various materials, such as antibiotics, silver, and iodine, have been reported. However,
the best preventive strategy is still undetermined. Therefore, this systematic review aims to evaluate the outcome
of coating methods on joint arthroplasty as a treatment or preventive management for infection complications.
Methods: Eligible articles were systematically searched from multiple electronic databases (PubMed, Cochrane
library, and ScienceDirect) up to 2 June 2022. Based on the criterion inclusion, eight articles were selected
for this study. The Newcastle-Ottawa scale (NOS) was used to assess the quality of the study, and the meta-
analysis test was conducted with Review Manager 5.4. Results: The quality of the articles in this study is in
the range of moderate to good. It was found that the application of modified antibiotic coatings significantly
reduced the occurrence of periprosthetic joint infection (PJI) (p 0.03), and silver coating could not significantly
(p 0.47) prevent the occurrence of PJI. However, according to the whole aspect of coating modification, the use
of antibiotics, silver, and iodine can minimize the occurrence of PJI (p <0.0001). Conclusion: Coating methods
using antibiotics are an effective method that could significantly prevent the occurrence of PJI. On the other
hand, coating with non-antibiotic materials such as silver could not significantly prevent the incidence of PJI.

1 Introduction

Periprosthetic joint infection (PJI) is defined as a complica-
tion obtained after joint arthroplasty and is characterized by
implant tissue infection of the artificial joint. The incidence
of PJIs ranged from 11 % to 14 % for hip procedure revisions
and from 11 % to 25 % for knee revisions (Reina et al., 2013;
Kapadia et al., 2016). In addition, the increasing number of
elderly populations has resulted in a higher demand for pa-

tients to be functional even in old age. This condition has
also influenced the steadily rising number of joint replace-
ment surgeries (Wengler et al., 2014). However, the compli-
cations after the artificial joint replacement represent signif-
icant challenges for the patient and the attending physician,
especially for knee arthroplasties (Wetters et al., 2013).

The most common cause of PJI is Staphylococcus au-
reus. More than half of all PJI cases are caused by this bac-
terium (Cobo and Del Pozo, 2011). PJI can also be caused
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by the Staphylococcus epidermidis group, Enterococcus sp.,
and Gram-negative bacilli, but in small incidences (Nair et
al., 2017). These bacteria induce PJI by forming a biofilm
that is a form of adaptive bacterial response to various stres-
sors that provide crucial protection to bacteria (Lamret et al.,
2020).

Nowadays, important strategies to prevent and reduce
complications due to PJI are widely researched. PJI preven-
tion strategies consist of dental prophylaxis, antibiotic pro-
phylaxis, and surface modification with an active or passive
coating such as silver coat, hydrogen coat, chlorine, iodine
coat, or chromium coat (Beyer et al., 2016; Arciola et al.,
2018; Sebastian et al., 2020; Fiore et al., 2021). However,
when PJI has occurred, only a few approaches have been re-
ported as successfully managing the PJI and reduced compli-
cations, including debridement, antibiotics, and implant re-
tention (DAIR) (Vaz et al., 2020) and first- or second-stage
surgical revision (Kunutsor et al., 2015). Although these pre-
vention and treatment strategies have been conducted prop-
erly, the incidence of PJI remains to be increased (Zmis-
towski and Casper, 2013; Gundtoft et al., 2017).

For the PJI pathway, inhibiting biofilm formation by bacte-
ria has proven to be an important prevention strategy (Tzeng
et al., 2015). Therefore, the implant’s surface has been pro-
posed as a location for modifications for the development
of antibacterial approaches, because it is where the biofilm
arises (Bumgardner et al., 2011). Thus, it is necessary to
conduct an in-depth study of the effectiveness of prevention,
one of which is by using the coating method to obtain the
most optimal outcome. In addition, the outcomes of prospec-
tive/retrospective prevention research are still inconsistent.
The use of coatings in primary arthroplasty in particular is
still a point of disagreement. Therefore, this systematic re-
view evaluates the outcome of coating methods on arthro-
plasty as a treatment or form of preventive management.

2 Materials and methods

This systematic review followed the Preferred Reporting
Items for Systematic Reviews and Meta-analysis (PRISMA)
guideline.

2.1 Data sources and search strategy

Eligible articles were systematically searched from multiple
electronic databases (PubMed, Cochrane library, and Sci-
enceDirect) up to 2 June 2022. The search strategy applied
used the Boolean methods outlined in Table 1. The selected
articles and their relevant reference materials were assessed
according to the eligibility criteria. Initially, the articles se-
lected were available in full text from an electronic search,
published within 10 years, and only in English.

J. Bone Joint Infect., 7, 231-239, 2022

2.2 Selection criteria

The types of articles included were randomized clinical trials
(RCTs), cohort studies, as well as cross-sectional and case-
control research that reported PJI after knee or hip arthro-
plasty. Review articles, comment editorials, animal model
studies, and cadaveric investigations were all excluded from
the study. The type of article and evidence level is considered
a source in this study. Therefore, case reports/series were ex-
cluded due to the low level of evidence. Next, unpublished
papers and articles relevant to the incidence of PJI but that
did not use coating methods were excluded. Remnant arti-
cles that included studies and results regarding subjects of
relevance were collected and summarized. Then, the data of
search results were tabulated into Excel, and Mendeley was
used to eliminate the duplicate studies.

2.2.1 Participants

The studies selected contained patients that underwent joint
replacement surgery, either TKA (total knee arthroplasty) or
THA (total hip arthroplasty).

2.2.2 Intervention

In this study, the interventions used included patients who
underwent joint replacement and were given a coating on the
implant. There was no limitation on the coating materials that
were used.

2.2.3 Outcome

The incidence of PJI is the primary outcome, and the duration
of follow-up was not a consideration in this study. The defini-
tion and diagnostic criteria of PJI followed MSIS guidelines
and the 2018 definition of PJI (Osmon et al., 2013; Parvizi et
al., 2018).

2.3 Quality assessment

Two reviewers (KY and EM) objectively reviewed the po-
tential articles included in this study. The Newcastle-Ottawa
scale (NOS) was used to evaluate the case control, cohort,
and RCT study quality. For any disagreements, the senior au-
thor (RS) made the final opinion. However, any discrepancies
were solved by a consensus view. When the NOS was used
to assess the study’s quality, the article was given a score,
with the lowest being 0 and the highest being 9. The study’s
quality was classified as excellent (score of 7), good (score
of 5-6), and poor (score of 4).

2.4 Data synthesis and analysis

Continuous variables were presented as even or incidences of
PJI for the comparison between coating and uncoating. Sta-
tistical significance was defined as a P value of 0.05. Win-
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Table 1. Keywords for the search strategy.

Search strategy

Database PubMed, Cochrane library, and ScienceDirect

Strategy No. 1 AND no. 2 AND no. 3 AND no. 4

No. 1 Surface modification OR modified surface OR coating OR coated OR
chemical modification

No. 2 Periprosthetic-related infections OR prosthesis infection OR peripros-
thetic joint infection OR periprosthetic joint infection

No. 3 Staphylococcus aureus

No. 4 Knee arthroplasty OR knee replacement AND hip arthroplasty OR hip

replacement AND joint arthroplasty OR joint replacement

dows Review Manager (RevMan) 5.4.1 was used to conduct
the meta-analysis. If at least two studies focused on the same
factors, a meta-analysis evaluated whether a random or fixed
effect based on heterogeneity was found.

3 Results

3.1 Articles’ inclusion characteristics

The search process through eligible research articles from
multiple electronic databases found 742 articles, of which 18
were from PubMed, 253 were from Science, and 471 were
from ProQuest. After sorting the duplicate articles, we ex-
cluded 12, and 730 remained. The following process con-
sisted of evaluating the titles and abstract based on the set
inclusion criteria, which resulted in 90 remaining articles.
After reviewing the content of the articles, 82 articles were
excluded. As a result, eight articles were used in this system-
atic review (Fig. 1).

Among the eight articles, six were cohort studies, and two
were case-control studies. The total number of patients in-
cluded in this study is 1477 patients. Various coating mate-
rials were used to prevent the incidence of PJI. In this study,
four studies used silver coating, three studies used antibi-
otics, and one used iodine. All articles contained Staphylo-
coccus aureus samples from PJI patients (Table 5).

According to the Newcastle-Ottawa scale, all of the se-
lected studies’ experimental methods matched the research
criteria, of which five were of good quality and three were of
moderate quality. Consequently, this study was considered
reasonable, with a minimal risk of bias (Table 5).

3.2 Clinical studies

The coatings used to prevent PJI vary hugely, with several
studies using DAC (defensive antibacterial coating) com-
bined antibiotics and even iodine. However, it is reported
that these coatings are ineffective, as there are cases where
patients would suffer from PJI and prosthesis failure. The in-
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cidence of PJI in the experimental group that used an DAC
combined antibiotic coating (hydrogel) on the prosthesis sur-
face has been shown to be an effective method of preventing
PJI compared to the control group. The incidence of PJI in
the antibiotic coating group was reported to have happened
in 3 patients, while in the control group, PJI occurred in 18
patients (Romano et al., 2016; Capuano et al., 2018; Zagra et
al., 2019).

In contrast, when silver was used as the base-coating ma-
terial, there was still a high rate of PJI. Of the total of 258
patients who were given a silver coating, 36 patients (13.9 %)
had PJI, while for patients without the silver coating, 57 re-
ported having PJI (Wafa et al., 2015; Zajonz et al., 2017;
Parry et al., 2019; Streitbuerger et al., 2019).

3.3 Antibiotic coating

In this study, DAC was mostly combined with antibiotics
such as gentamicin sulfate combined with vancomycin,
meropenem, vancomycin only, teicoplanin, ceftazidime, or
vancomycin + rifampicin/vancomycin meropenem. Combi-
nations depend on surgeon preference and bacterial maps
based on antibiograms from operator institutions as well as
multidisciplinary support from institutional infection control
specialists. Zagra et al. (2019) reported that, in their research,
there was no adverse effect in the DAC group combined
with antibiotics. In contrast, in the control group, infection
was found in four patients. In line with the previous study,
Romano et al. (2016) performed follow-ups for 24 months.
They concluded that DAC, which is combined with antibi-
otics, could reduce the rates of early postoperative site infec-
tions, with no detectable adverse events or side-effects dur-
ing the follow-up. The clinical studies showed how combin-
ing PJI with antibiotics effectively prevented and treated PJI.
Moreover, one of the important factors in preventing PJI re-
infection was considering the combination of antibiotics. De-
spite the promising outcome of administering antibiotics as a
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preventive treatment, there are still several problems, such as
resistance, re-infection, and implant failure.

In other studies, Capuano et al. (2018) compared the out-
come of a one-stage revision procedure combined with an-
tibiotics against a two-stage procedure without coating in pa-
tients with PJI. Their study reported that two patients in the
one-stage procedure and three in the two-stage procedure had
a recurrence of infection. In the study’s conclusion, they ar-
gued that two-stage revision without coating and one-stage
exchange with DAC-coated implants showed a similar inci-
dence of infection recurrence.

3.4 Silver coating

A study by Parry et al. (2019) compared silver coating and
non-silver coating prostheses and found that there was no
significant difference between the two groups. This is in line
with a previous study conducted by Zajonz et al. (2017), who
reported that there was no statistically significant difference
between silver coating against non-silver coating prosthesis.
Howeyver, both studies have the same conclusion that silver’s
potential as an antimicrobial is still debatable. Conversely,
Streitbuerger et al. (2019) found a different result. The study
reported that infection happened in 14 % and 9.4 % of tita-
nium and silver groups, respectively. Moreover, the infection
rate in the silver group was 10.9 %.

3.5 lodine coating

Miwa et al. (2019) evaluated the outcome of the incidence
of SSI (surgical site infection) using iodine coating. They re-
ported that the incidence of SSI on 33 of 302 patients with
an infection in the femur and tibia was 25.0 % and 2.8 %, re-
spectively. They reported that 4 patients (6.1 %) out of 66 had
SSI after coating with antibiotics, whereas in the uncoated
group, 29 (12.2 %) out of 236 had SSI.

3.6 Statistic test results

The meta-analysis was conducted in two stages. In the first
stage, the coating group that uses various materials (hydro-
gel, silver, and iodine) was compared with the non-coating
group (control group). From these steps, it was found that
the use of coatings, in general, prevented the occurrence of
PJI and was statistically significant (p <0.0001) (citation lo-
cations from Table 2). Moreover, it was found that the in-
fection rate was lowered in seven studies compared to their
respective control group. Then, in the second stage, the stud-
ies were divided into different subgroups. The test result of
the antibiotic coating group found that the antibiotic coating
potentially reduced the incidence of periprosthetic infection,
with significant test results (p 0.03) with a homogeneous data
distribution (Table 3). Next, the silver coating group test re-
sult found that the silver coating also potentially prevents the
incidence of PJI. Unfortunately, the meta-analysis test result
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was not statistically significant (p 0.47). Therefore, silver
cannot be fully used broadly as a single modality (Table 4).

4 Discussion

Joint replacement with prosthetics is one of the most impor-
tant breakthroughs in the development of orthopedic surgery
today. In the medium and long term, joint replacement can
significantly reduce pain, improve quality of life, and in-
crease the mobility of the patient (Meftah et al., 2016). How-
ever, when endoprosthesis or artificial joints (hips, knees, el-
bows, and ankles) have been placed in the body, they can po-
tentially cause a hypersensitivity reaction, an inflammatory
response, which can cause infection when there is a lack of
aseptic prevention (Beam and Osmon, 2018). The peripros-
thetic infection problem remains a significant and devastat-
ing consequence. However, over the years, several efforts
have been made. The American Academy of Orthopedic Sur-
geons (AAOS) has created recommendations for minimiz-
ing the incidence of PJI by reducing the risk factors of PJI
such as weight loss, treating toothaches, controlling diabetes,
conducting a blood laboratory examination before TKA or
THA (ESR, CRP, IL-6), giving antibiotic prophylaxis before
surgery (cephalosporin, glycopeptide), and conducting pre-
ventive durante operation such as washing the wound area
with an antiseptic and povidone—iodine solution (Tubb et al.,
2020). Unfortunately, despite the efforts taken, the infection
rate has remained relatively constant, and PJI continues to
happen (Li et al., 2018; Sambri et al., 2019).

The causative pathogens for PJI are mostly coagulase-
negative staphylococci, Staphylococcus aureus, streptococci,
enterococci, and Gram-negative bacteria (Lamagni, 2014).
The pathogens would have either entered the joint during
the operation or later as part of bacteremia or spread from
a neighboring site of infection (Osmon et al., 2013). There-
fore, before undergoing surgical treatment, systemic antibi-
otic therapy is also mandatory. No matter the type of surgery,
antibiotics should be administered for 2—6 weeks (Li et al.,
2018). Previous studies have reported that the use of systemic
antibiotics as prophylaxis can significantly reduce the infec-
tion rate (Romano et al., 2015). Other clinical studies have
shown that, when combined with systemic antibiotic therapy,
antibiotic-loaded bone cement can reduce the risks of deep
infection in cemented total hip arthroplasty procedures and
revisions because of alleged “aseptic” loosening (Romano et
al., 2016).

Understanding the diagnosis and conducting early treat-
ment are essential for preventing the incidence of PJI. How-
ever, this initiative is deemed insufficient, and it is suggested
that coating the prosthesis is an effective preventative strat-
egy. One of the promising techniques to reduce infection is
prophylaxis as an implant surface modification. It uses vari-
ous base materials such as DAC combined with antibiotics,
silver (Zajonz et al., 2017; Miwa et al., 2019; Streitbuerger et
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Table 2. Forest plot showing the use of coating vs. uncoating methods on the implant surface in the occurrence of PJI.

235

Coating Non-Coating Odds Ratio Odds Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Capuano 2018 2 22 3 22 37% 063010, 4.22] _
Miwa 2019 4 66 29 236 161% 0.46 [0.16, 1.36] T
Parry, 2018 1" 89 23 305 123% 1.73[0.81,3.70] T
Romano 2018 1189 11 184 15.0% 0.08[0.01, 0.65] -
Streitshurg 2018 21 G4 14 35 165% 0.73[0.31,1.72) —
YWafa 2015 10 a5 18 85 227% 0.46[0.20,1.07] —
Zagra 2018 1] 27 4 27 BO0% 0.08[0.00,1.86] —
Zajone 2017 8 20 8 14 76% 0.50[0.13, 2.00] I
Total (95% CI) 562 908 100.0%  0.59[0.41,0.87] L
Total events 57 111
Heterogensity: Chi®=13.38, df= 7 (P = 0.06); = 48% E 001 D=1 1’5 mnn:

Testfor overall effect 2= 2.70 (P = 0.007)

Coating Preventive Coating Ineffective

Table 3. Forest plot sub-group for the use of coating methods using antibiotics on the implant surface on the occurrence of PJI.
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al., 2019), chromium (Beyer et al., 2016), and iodine (Miwa
et al., 2019). The coating aims to break through the biofilm
to preserve the prosthesis. A latency period of 2—4 weeks af-
ter the onset of infection is given for this type of infection
(Osmon et al., 2013; Minassian et al., 2014). According to
experts’ opinion, biofilm formation can be regarded as com-
plete for infections that are treated later. Nowadays, various
strategies are used to prevent biofilm formation. One is by
inhibiting the quorum sensing mechanism by using coating
methods on prosthetic surfaces (Tzeng et al., 2015).

The antibiotic coating strategy helps to prevent deep infec-
tion in spine procedures and is effective in joint arthroplasty
(Xiong et al., 2014; Gallo et al., 2016). This statement is in
line with the result of studies that reported that an antibiotic
coating is predominant in preventing the occurrence of PJI.
Nevertheless, joint replacement infections persist in approx-
imately 1 %-2 % of cases.

The antibiotic coating used in this study mostly was
adopted from DAC® hydrogel instruction (Romand et al.,
2016; Zagra et al., 2019; Capuano et al., 2018). The DAC,
composed of hyaluronic acid and polylactic acid, was admin-
istered with a prefilled syringe containing 300 mg of sterile
DAC powder mixed with a solution of 5 mL sterile water for
injection. The process to obtain the desired antibiotic-loaded
hydrogel took approximately 3 to 5 min, the antibiotic-loaded
hydrogel at a DAC concentration of 6 % (w/v — weight/vol-
ume percentage concentration), and an antibiotic concentra-
tion ranging from 20 to 50 mg mL~!, depending on the sur-
geon’s choice. A few minutes after reconstitution, the hydro-
gel was applied directly to the implant, which was subse-
quently put into the body according to standard procedure
(Romano et al., 2015). In other cases, surgeons can choose
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Table 4. Forest plot sub-group for the use of coating methods using silver on the implant surface on the occurrence of PJI.

Coating
Study or Subgroup

Control

Events Total Events Total

Weight M-H, Random, 95% CI

Odds Ratio Odds Ratio

M-H, Random, 95% CI
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Streitshurg 2018 21 64 14 3/ 7%
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Total events 50 64
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Testfor overall efflect Z=072 (P=0.47)

another antibiotic to reflect the antibiogram of the individual
institution, the individual risk factors of the patient, and mul-
tidisciplinary support of institutional infection control ex-
perts.

The results of the meta-analysis test showed that the coat-
ing method using DAC combined with antibiotics caused the
occurrence of PJI in 3 patients out of a total of 471 patients.
Therefore, this result is statistically significant (p 0.03). For
this reason, this result proves that antibiotics are highly rec-
ommended for use as an effort to prevent PJI. However, the
effectiveness of antibiotics can cause a big problem of side-
effects as well (Kapadia et al., 2016). When using antibiotics
as modified implant material in a clinical situation, there are
at least two things to consider. The first aspect is the vari-
ety of pathogens that are linked with PII. Staphylococcus
aureus and Staphylococcus epidermidis are the two major
pathogens that cause PJI (Aggarwal et al., 2014; Holley-
man et al., 2016). The second factor is antibiotic resistance.
Anagnostakos and Sahan (2021) performed a study to test
the resistance level of patients treated with a coating. This
study showed that 54.2 % of S. aureus and S. epidermidis
were resistant to clindamycin, whereas 37.1 % were resistant
to gentamicin and showed susceptibility against vancomycin
(Anagnostakos and Sahan, 2021).

Then, the results of the meta-analysis study which com-
pared the coatings with non-coatings generally showed a sig-
nificant value (p 0.007). On the other hand, the heterogene-
ity of these data is high (I%: 48 %). This is most likely due
to variations in age and gender across all studies. Moreover,
there are differences in the length of follow-up in each study,
and this can also affect the outcome of this research.

Another coating method that has been reported is the use
of silver. In this study, we found that silver used as part of a
prevention strategy against PJIs is not yet ideal. Of the 258
silver-coated patients, 50 (19.3 %) developed an infection in
the implants. In addition, the results of the meta-analysis test
did not show significant results with p of 0.47. Therefore,
the use of silver coating as a prevention method for PJI still
needs to be considered.

Furthermore, some studies stated that there is no differ-
ence between silver coating for patients with high-risk PJI
and non-silver coating for patients with primary bone tumor
prostheses (Zajonz et al., 2017; Parry et al., 2019). In another
study, Streitbuerger et al. (2019) reported that silver coat-
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ing does not generally inhibit the incidence of PJI. However,
when an infection occurs, the silver coating has the poten-
tial to reduce the possibility of a two-stage prosthesis change
(Xie et al., 2011; Mahamuni-Badiger et al., 2020). Addition-
ally, only one study used iodine as the base material for the
coating method. Therefore, the meta-analysis test cannot be
conducted. The use of iodine showed that it is as effective as
silver in preventing the incidence of PJI. In this study, when
iodine was used as a coating, 2 patients out of a total of 44
patients, or about 4.5 %, experienced PJI (Miwa et al., 2019).

This study has provided a comprehensive explanation re-
garding the outcomes of using coatings to prevent PJI. How-
ever, there are limitations to this study, such as the majority
of the type of research used being a cohort/cross-sectional
study. Therefore, the level of evidence is classified as moder-
ate. For future research suggestions, RCT studies need to be
explored to obtain a better level of evidence. It is also nec-
essary to explore non-antibiotic coating materials other than
silver and iodine to find other effective coatings that could be
used as an alternative to antibiotics.

5 Conclusion

Antibiotic coatings are an effective method that could signif-
icantly prevent the occurrence of PJI. However, some side-
effects were reported, such as antibiotic resistance, which
led to the recurrence of infection. The use of non-antibiotics
such as silver and iodine as coating materials resulted in a
relatively high incidence of PJI and could not significantly
prevent the occurrence of PJI.

Code availability. The data that support the findings of this study
are not openly available and are available from the corresponding
author upon reasonable request.

Data availability. The additional information used in this work
can be accessed by contacting Krisna Yuarno Phatama (Kris-
nayuarno@ub.ac.id).
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