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Abstract
Introduction
Rates of osteoarthritis and total joint arthroplasty (TJA) are on the rise globally. Periprosthetic
joint infection (PJI) is the most devastating complication of TJA. A number of different
intraoperative interventions have been proposed in an effort to reduce infection rates,
including antibiotic cements, local antibiotic powder, and various irrigation solutions. The
evidence on the importance of irrigation solutions is limited but has gained prominence
recently, including the publication of a large randomized controlled trial (RCT). Thus, the
purpose of this study was to evaluate the effectiveness of various irrigation solutions and
pressures at reducing the rates of PJI.

Methods
A systematic review was performed using the electronic databases MEDLINE, Embase, and Web
of Science. All records were screened in duplicate. Data collected included basic study
characteristics, the details of the intervention and comparison solutions, if applicable, and
rates of superficial and deep infection. A meta-analysis of comparative studies was performed
to assess for consistency and potential direction of effect. 

Results
A total of ten studies were included, of which one was an RCT, eight were retrospective cohorts,
and one was a case series. In total, there were 29,630 TJAs in 29,596 patients. The mean age
ranged from 61 to 80 years. Six studies compared povidone-iodine (Betadine®) to normal
saline, two studies compared chlorhexidine to saline, one study compared “triple prophylaxis”
to standard practice, and one study used gentamicin but had no comparison group. The pooled
risk ratio for deep infection in studies using Betadine® compared to saline was 0.62 (95%
confidence interval [CI]: 0.33-1.19), while for chlorhexidine it was 0.74 (95%CI: 0.33-1.65).

Discussion
Current evidence on the relative efficacy of irrigating solutions as prophylaxis for infection
following TJA remains inconclusive. Imprecision of estimates vindicates the need for a
definitive trial to further inform their use in surgical practice. 
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Conclusion
Antiseptic irrigation during TJA with solutions (Betadine®, chlorhexidine) may decrease PJI risk
in patients undergoing primary and revision total hip and knee arthroplasties. Wide confidence
intervals and heterogeneity among studies, however, render conclusions untrustworthy. Well-
conducted RCTs are very much needed to help further investigate this issue.

Categories: Infectious Disease, Orthopedics, Quality Improvement
Keywords: total joint arthroplasty, total knee arthroplasty, total hip arthroplasty, total knee
replacement, total hip replacement, periprosthetic joint infection, wound lavage, irrigation, betadine,
chlorhexidine

Introduction
Periprosthetic joint infection (PJI) following total joint arthroplasty (TJA) continues to be a
devastating complication representing a significant health care expenditure [1-2]. Despite
advances in sterility, antibiotic use, surgical techniques, and post-operative care, infection
rates after TJA over the last 15 years have not decreased and may in fact be increasing [3]. The
rates of TJA are rising globally, and by 2040, it is projected that over 6 million total knee and 2
million total hip arthroplasties will be performed in the United States alone [4]. Given the global
projections, the identification of cost-effective interventions to reduce the risk of PJI following
TJA remains critical.

The reduction of infection risk has focused on numerous patient factors which include
optimizing obesity, diabetes, malnutrition, and smoking status in addition to surgical factors
such as prophylactic and local antibiotics, skin preparation, operating room environment,
duration of surgery, antibiotic cement, and wound irrigation [5-6]. Irrigation fluid is a
potentially highly cost-effective “frugal innovation” target for the prevention of PJI. Irrigation
minimizes bacterial contamination and is often delivered as normal saline alone, or with added
concentrations of chlorhexidine or povidone-iodine (Betadine®) [7-9]. Both chlorhexidine and
Betadine® have bactericidal effects and at appropriate dilution appear safe in terms of wound
and tendon healing [7-10].

Evidence favoring irrigating solutions for the prevention of infection has been well studied in
trauma [11]. Large trials have established standards for irrigating pressures and solutions. As
important, evidence has furthered identified harms associated with previously popular
solutions such as Castile soap. While this work in trauma may be generalizable to elective TJA
surgery, important differences in the type of contamination, organisms present, and integrity
of the soft tissues suggest cautious extrapolation, if any. 

We aimed to review the best available evidence evaluating irrigating solutions and irrigation
pressures during TJA on the prevention of infection.

Materials And Methods
Protocol
The study protocol was designed a priori. The study was performed according to the Cochrane
Handbook for Conducting Systematic Reviews. The manuscript is reported in adherence with
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [12].

Eligibility criteria
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Eligibility criteria were established a priori. The inclusion criteria were as follows: 1) clinical
studies, 2) patients undergoing primary or revision total hip or knee arthroplasty, 3) studies
assessing various irrigation solutions or irrigation solutions delivered at different pressures, 4)
studies comparing these solutions to a control solution or pressure, 5) reporting deep and/or
superficial infection rate as outcomes, and 6) accessible in full text in English. Exclusion
criteria were: 1) studies that primarily included patients who were undergoing surgery for a pre-
existing infection, 2) hemiarthroplasties, unicompartmental arthroplasties, or resurfacings, and
3) overlapping reports of the same cohort (study with largest sample size included).
Hemiarthroplasties, unicompartmental arthroplasties, and resurfacings were excluded as they
each occur in specific populations that are not the same as the general TJA population, and
thus carry varying levels of baseline risk. Abstracts were included only if they contained
sufficient data on deep infection rates in each group.

Information sources
A search strategy was developed and executed though Web of Science, Embase, and MEDLINE.
No date limits were used, and the search was performed on Jan 16, 2019.

Search
The search strategy included key terms relevant to arthroplasty, infection, and irrigation (see
Appendices).

Study Selection

Following duplicate removal, all remaining records were exported to Rayyan (Qatar Computing
Research Institute, Doha, Qatar). Rayyan is a free web-based software designed specifically for
blinded review of articles. At least two reviewers (SE, TW, RM) independently screened each
record. Any discrepancies at the title and abstract stages were resolved by automatic inclusion.
At the full-text stage, discrepancies were resolved by consensus. For each stage of screening,
inter-rater agreement was calculated using Cohen’s kappa (k) and classified a priori as follows:
k<0.41: poor agreement, 0.41<k<0.60: moderate agreement, 0.61<k<0.80: substantial
agreement, and k>0.80: excellent agreement [13].

Data Collection Process

Data was extracted using Google Sheets, an online spreadsheet (Google LLC, Mountain View,
California, United States). The data extraction form was piloted prior to its implementation.

Data Items

Data on study design, location, patient demographics, follow-up, interventions and
comparators, and outcomes were collected. The primary outcomes of interest were rates of
deep infection. Secondary outcomes were rates of superficial infection and adverse events.

Risk of Bias in Individual Studies

Risk of bias was assessed using the Methodological Index for Non-Randomized Studies
(MINORS) criteria for any non-randomized studies and the Cochrane Risk of Bias Tool 2.0 for
any RCTs [14-15]. MINORS score is represented as median and range. Though no empirically
established cut-offs exist for categorizing MINORS scores, the following thresholds were used
based on previous literature: 0 < MINORS score < 6 = very low, 6 ≤ MINORS score < 10 = low, 10
≤ MINORS score ≤ 14 = fair, and MINORS score > 14 = good [16].
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Summary Measures

Information such as demographics is presented using descriptive statistics, with mean ±
standard deviation (SD) or median ± interquartile range (IQR). Dichotomous outcomes are
presented as risk ratio (RR) with 95% confidence intervals (CIs). All RRs are presented as
intervention:control, such that RRs less than 1.0 favor intervention. Relative risk reductions
(RRR) are also presented as needed for ease of interpretation.

Synthesis of Results

Demographic data is reported as a pooled weighted mean ± range. A meta-analysis was
performed. It was determined a priori that a fixed effects (FE) model would be used if
heterogeneity was < 20%; otherwise, a random-effects (RE) model would be utilized. When
heterogeneity > or = 20%, we explored the sources for this. We hypothesized that potential
sources of heterogeneity may include the intervention (i.e. the solution used), study design, and
the presence of co-interventions.

Results
Study selection
The initial search returned 1048 results, from which 395 duplicates were removed. Ultimately,
eight studies were selected for inclusion in the qualitative synthesis [8-10,17-21]. Two further
studies were found by a manual search for a total of 10 studies [7,22]. There was moderate
agreement at the title/abstract (k = 0.59, 95% CI: 0.38-0.80) and full text screening stages (k =
0.90, 95% CI: 0.71-1.00). Figure 1 shows the PRISMA flow diagram.
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FIGURE 1: PRISMA flow diagram

Study characteristics
Among the included studies, one study was an RCT, while the remaining studies were either
retrospective cohorts (eight studies) or a case series (one study) [7-10,17-22]. Most studies were
published between 2012 and 2019, with one study published in 1990. Seven studies focused on
primary TJA surgeries and two studies on revision TJA [7-10,17-21]. One study included all of
the above populations without subgroup data presented [20]. In total, there were 29,630 TJAs in
29,596 patients. Among studies separately reporting data for each joint, there were 14,183 hips
and 12,168 knees. The mean age ranged from 61 to 80. Table 1 contains the characteristics of
included studies.
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Author Year Patients Joints Minimum follow-up

Bortnem, et al. (1990) 1990 78 100 NR

Brown, et al. (2012) 2012 162 178 90 days

Calkins, et al. (2019) 2019 478 478 1 year

Frisch, et al. (2017) 2017 906 NR 1 year

Hart, et al. (2019) 2019 41 37 90 days

Hernandez, et al. (2019) 2019 11,738 11,738 90 days

Hofmann, et al. (2016) 2016 1,034 1,034 1 year

Rutgers, et al. (2018) 2018 4,494 4,494 1 year

Slullitel, et al. (2019) 2019 8,478 8,478 NR

Winkler, et al. (2018) 2018 744 744 6 months

TABLE 1: Characteristics of included studies
NR, not reported

[7-10], [17-22]

Interventions and comparators
Six studies analyzed the use of a povidone-iodine (commonly known as Betadine®) solution
compared to a control and two others compared chlorhexidine to control [7-9,16-17,21]. One
study looked at the use of “triple prophylaxis”, which included povidone-iodine as the
irrigation component (in addition to pre-operative vancomycin and nasal mupirocin) [19]. Table
2 summarizes the irrigation protocols for each study.
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Study Intervention Solution Solution Details Delivery Method Comparator

Bortnem, et
al. (1990)

Gentamicin NR NR N/A

Brown, et
al. (2012)

Povidone-Iodine
0.35% solution (17.5 mL of 10% PI
mixed with 500 mL of sterile saline)

Three-minute soak,
followed by 1L
pulsatile lavage with
normal saline

Normal
Saline

Calkins, et
al. (2019)

Povidone-Iodine
0.35% solution (17.5 mL of 10% PI
mixed with 500 mL of sterile saline)

Three-minute soak,
followed by 1L
pulsatile lavage with
normal saline

Normal
Saline

Frisch, et
al. (2017)

Chlorhexidine
450 mL of 0.05% chlorhexidine
gluconate solution

One-minute soak
using Irrisept jet
lavage device

Normal
Saline

Hart, et al.
(2019)

Povidone-Iodine 1 L of sterile 0.25% PI solution
Poured in three-
minute soak, followed
by saline irrigation

Normal
Saline

Hernandez,
et al.
(2019)

Povidone-Iodine 1 L of sterile 0.25% PI solution
Poured in three-
minute soak

Normal
Saline

Hofmann,
et al.
(2016)

“Triple prophylaxis”:
Povidone-Iodine, local
antibiotic powder,
intravenous antibiotics

0.1% solution (10 mL of 10% PI
mixed with 1000 mL of sterile saline)

Poured in two-minute
soak, followed by
pulsatile saline lavage

Normal
Saline

Rutgers, et
al. (2018)

Chlorhexidine NR NR
Normal
Saline

Slullitel, et
al. (2019)

Povidone-Iodine

Various: 115 mL of non-sterile 10%
PI in 500 mL of saline; 22.5 mL of
sterile 10% PI in 250-500mL (0.2% to
0.35%)

One to three-minute
soak, followed by
saline lavage

Normal
Saline

Winkler, et
al. (2018)

Povidone-Iodine
15 mL of PI in 1-L normal saline
(concentration not specified)

Bulb syringe for
primary, pulsatile
lavage for revision

Normal
Saline

TABLE 2: Interventions and comparators across included studies
PI, povidone-iodine; NR, not reported

[7-10], [18-22]

Risk of bias within included studies
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The only RCT included in this review was at a low risk of bias for all domains [7]. The median
MINORS score for seven comparative studies was 17/24 (range: 17-18) and for the one non-
comparative study it was 7/16 [8-10,17-18,20-22]. Thus, all studies with the exception of the
non-comparative study were of “good quality”, and thus, relatively low risk of bias. One study
was only available in abstract form and thus not eligible for risk of bias assessment [19]. Table 3
contains a detailed MINORS assessment.

 

Clearly

stated

aim

Inclusion of

consecutive

patients

Prospective

collection

of data

Endpoints

appropriate

for aim

Unbiased

assessment

of

endpoints

Appropriate

follw-up

period

Lost

to

follow-

up

<5%

Prospective

calculation

of sample

size

Adequate

control

group

Contemporary

groups

Baseline

equivalence

of groups

Adequate

statistical

analysis

Total

score

Brown, et

al. (2012)
2 2 0 2 0 2 1 0 2 2 2 2 17

Bortnem, et

al. (1990)
0 2 0 2 0 2 1 0     7

Frisch, et

al. (2017)
2 2 0 2 0 2 1 0 2 2 2 2 17

Hart, et al.

(2019)
2 2 0 2 0 2 1 0 2 2 2 2 17

Hernandez,

et al.

(2019)

2 2 0 2 0 2 1 0 2 2 2 2 17

Hofmann,

et al.

(2016)

2 2 0 2 0 2 1 0 2 2 2 2 17

Slullitel, et

al. (2019)
2 2 0 2 0 2 2 0 2 1 1 2 16

Winkler, et

al. (2018)
2 2 0 2 0 2 2 0 2 2 2 2 18

TABLE 3: Methodological index for non-randomized studies (MINORS) assessment
[8-10,17-22]

Synthesis of Results

Antiseptic Solutions

In a pooled analysis (nine studies, 29,630 patients), antiseptic solutions, although suggestive of
an important reduction, did not significantly reduce the risk of infection following TJA
(RR=0.69, 95%CI: 0.41-1.15, I2 = 75%). Heterogeneity in this pooled estimate vindicated
exploration for potential a priori factors including type of irrigating solution and study design.
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Given that all but one study was a retrospective cohort, and that all comparative studies had
similar risk of bias, this was not seen as a necessary subgroup analysis. On the other hand, the
different irrigation solutions were analyzed as subgroups (see below). Figure 2 displays the
forest plot for this meta-analysis.

FIGURE 2: Forest plot of povidone-iodine and chlorhexidine
effects and pooled effect
CI. confidence interval

[7-10], [17-18], [19-20,22]

Type of Solution

Betadine® irrigation (seven studies, 24,477 patients), although suggestive of an important
reduction, did not significantly reduce risk of deep infection compared to normal saline (RR =
0.62, 95%CI: 0.33-1.19, I2 = 78%). Similarly, chlorhexidine irrigation (two studies, 5,153
patients), although suggestive of a reduction, did not significantly reduce infection risk
compared to normal saline (RR=0.74, 95%CI: 0.33-1.65, I2 = 32%). A single retrospective case
series assessed the impact of gentamicin lavage on 100 arthroplasty procedures, including
revision and fracture patients. Overall, three patients (3%) had wound drainage, and two
patients (2%) developed a deep infection requiring revision surgery. No comparison group was
available [21].

Study Designs

The only RCT evaluating the effectiveness of povidone-iodine (PI) lavage found that within 90
days, the rate of PJI in the intervention group was 0.4% compared to 3.5% in the control group
(RR: 0.12, 95%CI: 0.02 to 0.98, p = 0.037). There were no significant differences between the
two groups in terms of other major wound complications [7]. Similarly, a retrospective cohort
study of 2540 primary TJAs found an infection rate of 0.15% among those who received the
same PI lavage as above, compared to 0.97% in the pre-PI cohort (RR: 0.15, p = 0.04 [17].
Another retrospective cohort looking at dilute PI irrigation and vancomycin powder found a
decrease in infection rates across all primary and revision TJA (Odds Ratio (OR) range: 0.21-
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0.47), though the effect was only significant for primary total knee arthroplasty (TKA) [18].

On the other hand, two large studies, both performed at the same centre, assessed the same PI
lavage solution (0.25% PI in 1L NS for three minutes) in primary and revision [8-9] TJA. Neither
study found a significant difference in infection rates between the pre- and post-PI lavage
cohorts. Furthermore, a large retrospective cohort study which included primary TJAs found a
deep infection rate of 0.8% in the PI group compared 0.9% in the control group (p = 0.762) [22].
Finally, one study which looked at “triple prophylaxis” including dilute betadine lavage in
primary TJA found a significant reduction in the rate of deep (1.4% vs. 0.2%, p = 0.02) but not
superficial (0.6% vs. 0.6%, p = 0.92) infection [20].

Two retrospective cohort studies have assessed the rates of infection before and after the
establishment of a dilute chlorhexidine lavage protocol [10,19]. Only one study reported the
exact solution, which consisted of NS and 0.05% chlorhexidine gluconate solution prior to
closure [10]. One study found a significantly lower (1.5% vs. 2.5%) rate of deep infection in the
chlorhexidine group compared to control (RR: 0.60, 95%CI: 0.39-0.91, p = 0.009) [19]. The other
study found no difference in the rate of deep (0.7% control vs. 1.2% chlorhexidine, RR: 1.7, 95%
CI: 0.3-8.2, p = 0.53) or superficial (0.7% vs. 0.8%, OR: 0.9, 95%CI: 0.2-5.4, p = 0.913) infection
between the two groups [10].

Irrigating Pressures

No studies specifically assessing the impact of various irrigation pressures were identified. Five
of the included studies specified how the irrigation fluids were delivered to the wound [8-
10,18,20]. Among these studies, three poured in a povidone-iodine solution, one used a
purpose-made jet lavage device (Irrisept®) to deliver chlorhexidine solution, and one study
using povidone-iodine utilized a bulb syringe for primary cases and a pulsatile lavage for
revision cases.

Sensitivity Analysis

Given that one study used PI as well as a local antibiotic powder (i.e. “triple prophylaxis” as
termed in that study) [20], a post-hoc sensitivity analysis was performed by removing that
study from the analysis for potential confounding effect. This slightly reduced the RRR for PI to
29% (RR 0.71, 95%CI: 0.37 to 1.35), suggesting that local antibiotic may have only a small effect
on the overall estimate of effect for PI (Figure 3). 

FIGURE 3: Sensitivity analysis for povidone-iodine with one
study which used local antibiotic powder removed
CI. confidence interval

[7-9], [17-18], [20], [22]
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Discussion
In a systematic review and meta-analysis of irrigating solutions in TJA, we found point
estimates of effect favoring irrigating solutions (Betadine®, Chlorhexidine) versus normal
saline in the reduction of infection. However, wide confidence intervals and between-study
heterogeneity limit the validity of our findings. Between-study variations in effect may be
explained by study quality and type of irrigating solutions. Six studies evaluated povidone-
iodine, of which 4 showed significant improvements in the rates of PJI. The largest RCT to date
on this topic demonstrated an 88% RRR associated with the use of Betadine® lavage. The
pooled data for all Betadine® studies revealed a 39% RRR.

The strengths of this study include its rigorous methodology with an a priori protocol, duplicate
screening and data extraction, broad search strategy, and the inclusion of a large total sample
size. Our findings are limited by between-study heterogeneity. We explored potential causes of
study differences by study design, irrigating fluid type, formulation, and surgical protocols. Our
findings suggested that there is an important, though imprecisely estimated, effect for both
chlorhexidine and Betadine® in the context of primary and revision TJA surgery.

Povidone-iodine has been shown to be an optimal irrigation fluid in the intraoperative setting
when compared to other solutions in vitro. Furthermore, at the minimal bactericidal
concentration, Betadine® was shown to be the least cytotoxic [23]. Positive results have also
been shown in spine surgery, where Cheng et al. compared a 0.35% Betadine® irrigation
solution to normal saline in an RCT of 414 patients. They showed a significantly decreased rate
of deep and total infection in the Betadine® group (p = 0.0146 and p = 0.0072, respectively) [24].
Similarly, Chang et al. in 2006 showed out of 244 consecutive patients undergoing lumbosacral
posterolateral fusions, patients who had 0.35% Betadine® irrigation had lower postoperative
infection rates compared to saline (p < 0.05) [25]. It is difficult to assess what the optimal dosing
of Betadine® is with the included studies ranging from 0.1% to 0.45% [8-9,17,20,22] and some
not reporting the concentration [7,18]. In an in vitro model assessing minimal bactericidal
concentration and cytotoxicity of cells, the optimal dosing was found to be 1.3g/L [23].

Two studies evaluated the use of chlorhexidine in the prevention of PJI [10,19]. Chlorhexidine
demonstrated a RRR of 26%, again showing improvement in the rates of PJI compared to the
control group. In general, chlorhexidine is bactericidal and works by disruption of the cell
membrane [10]. In animal studies, it has been shown to be safe in terms of its effects on wound
healing, tendon properties, and collagen [26- 27]. Furthermore, it has been shown to be more
efficacious in removing methicillin-resistant Staph. aureus (MRSA) biofilms than other
solutions [28]. In this study, only 2438 patients had chlorhexidine as the irrigation fluid as
compared to 5071 patients who had Betadine® when pooling the included studies. Thus, there
is less certainty in the results of chlorhexidine studies compared to Betadine®.

No included studies directly assessed the role of various irrigating pressures. A large
international trauma RCT found no significant difference between high, low, and very low
pressures in open fractures [11]. On the other hand, an RCT of 356 patients with hip fractures
undergoing hemiarthroplasty found that those irrigated with pulsatile lavage had significantly
lower infection rates compared to gravity flow (saline used in both groups, RR: 0.35, 95%CI:
0.17 to 0.72) [29]. The studies included in this review employed a range of irrigation strategies,
including bulb syringe, pulsed lavage, and gravity flow, though none of the studies actively
compared two different pressure protocols. Thus, it remains unclear which of pulsed lavage,
bulb syringe, or gravity flow provides the optimal irrigation pressure in the context of TJA
surgery.
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Despite the fact that there is a recently published RCT of over 400 patients, that study
demonstrated a high degree of imprecision with large confidence intervals (RR: 0.12, 95%CI:
0.02 to 0.98). Furthermore, that study included revision surgeries only, which account for less
than 10% of the overall TJA volume [30]. Currently, evidence on the appropriate irrigating
solution or irrigation pressure during arthroplasty of the hip and knee remains inconclusive.
Given the widespread use of each approach and the potential for important benefits, or possible
harms, definitive studies are needed. This research will inevitably require significantly larger
samples of patients to have enough precision to determine effectiveness in infection reduction
in both primary and revision procedures.

Conclusions
The use of antiseptic irrigation solutions (Betadine®, chlorhexidine) appears to decrease PJI in
patients undergoing primary and revision total hip and knee arthroplasties. Both solutions
seem to have similar effects on the reduction of infection rates. Despite this, the overall quality
of available studies remains low, and estimates of effect are associated with considerable
uncertainty. This is an emerging area of study, and large RCTs are needed to answer these
questions definitively. In the meantime, it is difficult to recommend a specific solution in the
context of primary TJA; however, given their well-established safety profile and the likely
presence of a signal in favor of both Betadine® and chlorhexidine, it would not be unreasonable
to use these solutions routinely at the surgeon's discretion.

Appendices

 MEDLINE/Embase Web of Science/CENTRAL

Search
strategy

exp Infection/ or exp Surgical Wound Infection/ or
infection.mp. exp Arthroplasty, Replacement, Knee/ or exp
Arthroplasty/ or exp Arthroplasty, Replacement, Hip/ or
Arthroplasty.mp. irrigation.mp. exp Anti-Infective Agents,
Local/ or wound irrigation.mp. or exp Anti-Bacterial Agents/
3 or 4 1 and 2 and 5 Limit 6 to humans

Irrigation or Lavage Total joint replacement or
Total joint arthroplasty or Total hip replacement
or Total hip arthroplasty or Total knee
replacement or Total knee arthroplasty Infection
or septic arthritis or septic joint or periprosthetic
joint infection 1 and 2 and 3      

Number
of
papers
retrieved

MEDLINE: 215 Embase:  744 Web of Science: 324 CENTRAL: 186

TABLE 4: Full Search Strategy
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