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Abstract
Purpose  Surgical site infections (SSIs) remain a significant complication in spinal surgery, particularly in instrumented pro-
cedures, contributing to increased morbidity, prolonged hospitalization, and healthcare costs. Intraoperative wound irrigation 
(IWI) using antiseptic solutions such as povidone-iodine (PI) has been proposed as a preventive strategy. This systematic 
review and meta-analysis evaluate the efficacy of PI irrigation against control interventions, in reducing postoperative SSIs 
and examines its effect on spinal fusion outcomes.
Methods  Following PRISMA guidelines, a comprehensive search of Ovid MEDLINE, EMBASE, Web of Science, and the 
Cochrane Library was conducted through March 2025. Only randomized controlled trials (RCTs) comparing PI irrigation to 
control interventions (saline or no irrigation) in adult spinal surgery were included. The primary outcome was overall SSI 
rate. Secondary outcomes included superficial and deep SSI rates, fusion rates, and adverse events. Data were pooled using 
a random-effects model, and heterogeneity was assessed using the I² statistic.
Results  Six RCTs involving 1,804 patients (901 PI group, 903 control group) were included. Pooled analysis demonstrated a 
significant reduction in overall SSI with PI irrigation (0.77% vs. 6.0%; RR = 0.16, 95% CI: 0.08–0.34; P < 0.00001; I² = 0%). 
Subgroup analyses showed significant reductions in both superficial (RR = 0.19; 95% CI: 0.07–0.52; P < 0.001) and deep 
SSIs (RR = 0.21; 95% CI: 0.08–0.52; P = 0.0009), with absolute infection rates reduced from 2.9 to 0.33% and from 3.2 to 
0.4%, respectively. Fusion rates were comparable between groups (RD = 0.03; 95% CI: 0.00–0.06; P = 0.10).
Conclusion  PI irrigation significantly lowers the risk of both superficial and deep SSIs in spinal surgery without negatively 
impacting fusion outcomes. These findings are based on Level I evidence and support the integration of PI irrigation into 
routine perioperative protocols as a low-cost, effective adjunct for infection prevention.

Keywords  Surgical site infection · Povidone iodine · Spine fusion · Spine surgery · Intraoperative wound irrigation · 
Infection prophylaxis · Complications
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Introduction

Surgical site infection (SSI) is a major source of postop-
erative morbidity in spinal surgery, with incidence rates 
ranging from 0.7 to 12% depending on the procedure type, 
spinal level, and patient comorbidities [1, 2]. These infec-
tions are associated with prolonged hospitalization, delayed 
functional recovery, increased reoperation rates, and sig-
nificant healthcare costs. In the United States alone, SSIs in 
spine surgery have been estimated to incur additional costs 
exceeding $20,000 per case [3, 4].

Despite adherence to evidence-based perioperative pro-
tocols—including systemic antibiotic prophylaxis, meticu-
lous surgical technique, and skin antisepsis—SSI remains 
a persistent and challenging complication, particularly in 
instrumented procedures [5, 6]. As such, adjunctive strate-
gies to further reduce infection risk are under continuous 
evaluation.

Intraoperative wound irrigation (IWI) is one such strat-
egy that has gained traction. Among various agents, povi-
done-iodine (PI) is notable for its rapid and broad-spectrum 
antimicrobial activity, affordability, and global availability 
[7]. PI has demonstrated efficacy against gram-positive 
and gram-negative bacteria, including multidrug-resistant 
organisms such as methicillin-resistant Staphylococcus 
aureus (MRSA) [8, 9]. With rising antimicrobial resistance, 
non-antibiotic antiseptics such as PI offer an appealing alter-
native in surgical infection control.

However, despite its potential, PI’s widespread adoption 
in spinal procedures remains controversial. Concerns about 
osteoblast cytotoxicity—based largely on in-vitro studies—
have raised theoretical risks of impaired bone healing and 
compromised fusion outcomes [10, 11]. This uncertainty 
has led to inconsistent use in clinical practice.

International guidelines reflect this tension. The World 
Health Organization (WHO, 2018) discourages intraop-
erative antibiotic irrigation in clean wounds but endorses 
antiseptics such as PI when appropriately applied. Obser-
vational studies have shown encouraging reductions in SSI 
rates following intraoperative PI use [12–15], yet high-
quality randomized controlled trial (RCT) data have only 
recently emerged [10, 16–20].

Previous meta-analysis [21–23] have compared differ-
ent IWI solutions and techniques in spinal surgery, includ-
ing retrospectively collected data in their analysis. No prior 
meta-analysis has synthesized only level I evidence from 
RCTs evaluating the efficacy and safety of PI irrigation 
specifically in spinal surgery. Heterogeneity in PI irriga-
tion protocols—ranging from concentration to volume and 
timing—reflects not only the absence of standardization 
but also significant variation in current surgical practice 

[21–23]. This gap underscores the need for a focused, high-
quality analysis of outcomes relevant to spinal surgeons.

In this context, we conducted a systematic review and 
meta-analysis of randomized controlled trials to assess the 
efficacy of intraoperative PI irrigation in reducing SSIs in 
spinal surgery. As a secondary aim, we evaluated whether PI 
irrigation adversely affects fusion outcomes. By synthesiz-
ing the highest available evidence, this study aims to clarify 
the clinical utility of PI and inform standardized periopera-
tive protocols in spinal surgery.

Methods

Search strategy and study selection

This systematic review was conducted in accordance with 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines [24]. A com-
prehensive literature search was performed across Ovid 
MEDLINE, EMBASE, Web of Science, and the Cochrane 
Library from database inception to March 2025. The search 
aimed to identify studies evaluating intraoperative wound 
irrigation (IWI) using povidone-iodine (PI) for the preven-
tion of SSI in spinal surgery.

Search terms included a combination of MeSH terms 
and free-text keywords such as: “spine,” “spinal surgery,” 
“povidone-iodine,” “wound irrigation,” “surgical site infec-
tion,” “lavage,” and “disinfection.” Boolean operators and 
truncations were used to optimize sensitivity and specificity. 
Reference lists of eligible studies were screened manually 
for additional relevant publications.

Eligibility criteria

Studies were selected using the PICOS framework:

	● Population: Adults undergoing spinal surgery.
	● Intervention: Intraoperative wound irrigation with 

povidone-iodine.
	● Comparison: No irrigation or alternative irrigation so-

lutions (e.g., normal saline).
	● Outcomes: Incidence of overall, superficial, and deep 

SSIs; spinal fusion rates; adverse events.
	● Study Design: RCTs published in English.

Exclusion criteria were:

	● Non-human studies.
	● Non-RCT designs (e.g., observational studies, case se-

ries, reviews).
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	● Studies not reporting SSI outcomes as a primary or sec-
ondary endpoint.

Study screening and data extraction

Two independent reviewers screened titles and abstracts. 
Full texts of potentially eligible articles were retrieved and 
assessed for inclusion. Disagreements were resolved by a 
third reviewer through discussion and consensus.

Data were extracted using a pre-defined data collection 
sheet. The following variables were collected:

	● Study characteristics: First author, year of publication, 
country, design, sample size.

	● Patient demographics: Age, sex, spinal pathology, spi-
nal level, instrumentation status.

	● Intervention details: PI concentration, irrigation vol-
ume, application duration, co-interventions.

	● Outcome measures: Rates of overall, superficial, and 
deep SSIs; fusion success; reported complications or ad-
verse events.

Quality assessment

Risk of bias was assessed independently by two review-
ers using the Cochrane Risk of Bias Tool [25]. This tool 
includes 13 domains, such as random sequence generation, 
allocation concealment, blinding of participants, care pro-
viders, and outcome assessors, completeness of outcome 
data, and selective reporting. Studies were categorized as:

	● Low risk of bias: ≥9 criteria met.
	● Moderate risk: 5–8 criteria met.
	● High risk: <5 criteria met.

Disagreements were resolved through consensus.

Statistical analysis

Statistical analyses were conducted using SPSS (version 30; 
IBM Corp., Armonk, NY, USA) and Review Manager (Rev-
Man, version 5.4; Cochrane Collaboration). For dichoto-
mous outcomes, relative risk (RR) or risk difference (RD) 
with 95% confidence intervals (CIs) were calculated. Het-
erogeneity was assessed using the I² statistic, with values of 
< 25% considered low, 25–50% moderate, and > 50% high 
heterogeneity. A random-effects model was employed for all 
pooled analyses to account for clinical and methodological 
diversity.

A PRISMA flow diagram was constructed to illustrate the 
study selection process.

Results

Study selection

The initial search identified 1,464 records. After removing 
985 duplicates, 479 titles and abstracts were screened. Of 
these, 471 were excluded for irrelevance or failure to meet 
inclusion criteria. Eight full-text articles were assessed in 
detail, and six RCTs met the eligibility criteria [10, 16–20]. 
No additional studies were identified through manual refer-
ence screening. The study selection process is summarised 
in the PRISMA flow diagram Fig. 1.

Study characteristics

The six included RCTs comprised a total of 1,804 patients, 
with 901 receiving intraoperative povidone-iodine (PI) irri-
gation and 903 assigned to control interventions. In five tri-
als, the control group received irrigation with normal saline, 
while one trial used saline supplemented with gentamicin. 
Sample sizes ranged from 50 to 936 participants. PI concen-
trations varied from 0.1 to 3.5%, and the application dura-
tion ranged from 2 to 5 min. Irrigation volume ranged from 
0.2 to 2 L.

Four studies involved instrumented spinal procedures, 
one focused on non-instrumented surgery, and one included 
both. Surgical indications included degenerative disease, 
scoliosis, and disc prolapse, with anatomical regions span-
ning the lumbar, thoracolumbar, and entire spine. Detailed 
study characteristics are presented in Table 1.

Risk of bias assessment

Four studies [10, 16, 19, 20] were classified as low risk, 
having met at least nine of the thirteen evaluation criteria. 
Two studies [17, 18], met between five and eight criteria and 
were deemed moderate risk. Details of individual domain 
ratings are summarized in Table 2.

Meta-analysis of surgical site infection (primary 
outcome)

All six RCTs reported overall postoperative surgical SSI 
rates. Pooled analysis showed that PI irrigation signifi-
cantly reduced the risk of SSIs compared to control (0.77% 
vs. 6.09%), yielding a relative risk (RR) of 0.16 (95% CI: 
0.08–0.34; P < 0.00001). This corresponds to an absolute 
risk reduction (ARR) of 5.32%. No significant heteroge-
neity was detected across studies (I² = 0%, P = 0.62), sup-
porting the use of a random-effects model. These results are 
illustrated in Fig. 2.
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Fig. 1  PRISMA flow diagram of literature search
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	● Deep SSI: 0.4% (PI) vs. 3.2% (control); RR = 0.21 (95% 
CI: 0.08–0.52), P = 0.0009 (Fig. 4).

The consistent findings across infection types reinforce the 
efficacy of PI irrigation in reducing postoperative bacterial 
contamination.

Subgroup analysis: superficial and deep SSI

PI irrigation was associated with significant reductions in 
both superficial and deep infection rates:

	● Superficial SSI: 0.33% (PI) vs. 2.9% (control); 
RR = 0.19 (95% CI: 0.07–0.52), P < 0.001 (Fig. 3).

Table 1  Summary characteristics of included studies
Study Year Country Study 

design
Subjects, n Population Primary spine 

diagnosis
Spine location Type of surgery

PI 
Group

Control 
Group

Chang et al. [10] 2006 China RCT 120 124 Adults Varied Lumbosacral Instrumented
Cheng et al. [16] 2005 China RCT 208 206 Adults Varied Whole spine Combined
De Luna et al. [17] 2017 Italy RCT 25 25 Adults Scoliosis Whole spine Instrumented
Fei et al. [18] 2017 China RCT 40 40 Adults Prolapsed 

lumbar disc
Lumbar Instrumented

Inojie et al. [19] 2023 Nigeria RCT 40 40 Adults Varied Whole spine Non-instrumented
Sigari et al. [20] 2020 Germany RCT 468 468 Adults Varied Thoracolumbar Instrumented
(1) RCT– Randomised control trial

Table 2  Quality assessment results based on Cochrane review criteria
Items Chang et al. 

[10]
Cheng et al. 
[16]

De Luna et 
al. [17]

Fei et al. 
[18]

Inojie et al. 
[19]

Sig-
ari 
et al. 
[20]

Adequate randomisation Y Y N Y Y Y
Concealed treatment allocation Y Y U U Y Y
Patient blinded Y Y U U Y Y
Care provider blinded N N U U Y U
Outcome assessor blinded U U U U U Y
Drop out rate described Y Y N Y Y Y
All randomised participants analysed in the groups Y Y Y Y Y Y
No reports of selective outcome reporting Y U Y U Y Y
Groups similar at baseline for the most important prognostic 
indicators

Y Y Y Y Y Y

Cointerventions avoided or similar Y Y Y Y Y Y
Compliance acceptable in all group Y Y Y Y Y Y
Time of outcome assessment in all similar groups Y Y Y Y Y Y
Other sources of potential bias unlikely Y Y U Y Y Y
Score 11/13 10/13 6/13 8/13 12/13 12/13
(1) Y−Yes, (2) N−No, (3) U−Unclear

Fig. 2  Forest plot of the overall postoperative surgical site infection rate between both groups
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CI: 0.00–0.06); P = 0.10. Fusion rates were comparable, and 
there was no evidence to suggest a detrimental effect of PI 
irrigation on osseous healing Fig. 5.

Irrigation techniques and outcomes summary

Irrigation techniques varied across studies in concentration, 
volume, and timing. Most studies applied PI immediately 
prior to closure and followed with a saline rinse. Table  3 
summarizes irrigation protocols, infection rates, and fusion 
outcomes.

A subgroup analysis was performed to evaluate the 
impact of PI irrigation concentration, volume, and dura-
tion on the overall rate of SSI. When comparing irrigation 
with < 3% versus ≥ 3% PI concentration, no statistically 

Four RCTs [10, 16, 17, 19] reported the microbial pro-
files of both the intervention and control groups. In the 
group treated with PI irrigation, only one study [19] identi-
fied Pseudomonas in a single surgical site infection (SSI). In 
contrast, the control group showed a broader range of organ-
isms: MRSA (n = 10, 45%), methicillin-sensitive Staphylo-
coccus aureus (n = 5, 22%), Escherichia coli (n = 2, 9%), 
Enterobacter (n = 1, 5%), Pseudomonas (n = 3, 14%), and 
Proteus (n = 1, 5%).

Fusion rates (secondary outcome)

Two RCTs [10, 20] reported spinal fusion outcomes. Meta-
analysis revealed no statistically significant difference in 
fusion success between groups: Risk difference = 0.03 (95% 

Fig. 5  Forest plot of the fusion rates between both groups

 

Fig. 4  Forest plot of the deep site infection rates between both groups

 

Fig. 3  Forest plot of the superficial surgical site infection rates between both groups
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(< 3  min vs. ≥ 3  min). Furthermore, no adverse impact on 
fusion outcomes was reported in the two studies [10, 20] 
that specifically assessed this parameter.

SSIs remain a significant and persistent complication 
in spinal surgery, particularly in instrumented procedures. 
Despite adherence to established perioperative protocols—
including systemic antibiotics, aseptic technique, and skin 
antisepsis—SSI rates continue to pose a challenge, leading 
to prolonged hospital stays, increased reoperation rates, and 
considerable healthcare costs [26, 27].

Our findings align with the current World Health Orga-
nization [28] recommendations, which advise against the 
use of intraoperative antibiotic irrigation in clean surgical 
fields but endorse antiseptic agents such as PI. Several of 
the included studies reported Staphylococcus aureus, par-
ticularly MRSA, as the most common organism found in 
surgical site infections—especially in the control groups. 
This highlights an important benefit of PI irrigation: its abil-
ity to target a broad range of microbes–gram positive and 
negative bacteria, fungi, viruses, including antibiotic-resis-
tant bacteria [8.9]. PI works through a chemical mechanism 
that damages microbial cell walls, which means it remains 
effective even against tough, drug-resistant organisms like 
MRSA [29]. Unlike antibiotics, it’s not prone to resistance 
[29]. The consistent reduction in infection rates across stud-
ies suggests that PI may be especially useful in today’s 
surgical environment, where antimicrobial resistance is a 
growing concern. Its ability to reduce the risk of infection 
from these difficult-to-treat pathogens makes it a valuable 
and practical addition to spinal surgery protocols.

Concerns regarding PI’s potential cytotoxicity to osteo-
blasts and its hypothetical negative impact on bone healing 
have limited its widespread adoption, especially in fusion 
procedures [10, 11]. However, our analysis of fusion out-
comes from two high-quality RCTs [10, 20] revealed no 
evidence of adverse impact on fusion rates, reinforcing the 
safety profile of appropriately applied PI irrigation. How-
ever, more studies would help substantiate this finding.

Although this meta-analysis consolidates the high-
est level of available evidence, variability in the irrigation 

significant difference in SSI rates was observed (0.8% vs. 
1.4%, P = 0.30). Similarly, there was no significant differ-
ence based on the volume of irrigation used, with trials 
employing < 2 L versus ≥ 2 L showing SSI rates of 1.3% and 
0%, respectively (P = 0.20). Additionally, irrigation duration 
of < 3 min compared to ≥ 3 min yielded no significant dif-
ference in SSI rates (1.4% vs. 0.8%, P = 0.30). Despite the 
absence of statistical significance, a favourable trend was 
observed in studies utilising < 3% PI concentration, ≥2  L 
irrigation volume, and ≥ 3-minute duration. Lastly, when 
stratifying by type of surgery, PI irrigation did not result in a 
statistically significant difference in infection rates between 
instrumented and non-instrumented spinal procedures (1% 
vs. 2.5%, P = 0.30).

Regarding adverse events, only two studies [16, 18] 
reported on their occurrence. Cheng et al. [16] did not 
specify the types of adverse events but stated there was no 
significant difference between the PI and control groups. In 
contrast, Fei et al. [18] reported significantly higher rates 
of wound effusion (67.5% vs. 20%, p = 0.001) and post-
operative pain (77% vs. 50%, p = 0.01) in the saline group 
compared to the PI group, suggesting a potential protective 
effect of PI irrigation against these complications.

Discussion

This meta-analysis of six randomized controlled trials 
involving 1,804 patients provides level I evidence support-
ing intraoperative PI irrigation as an effective adjunct for 
reducing SSIs in spinal surgery. The pooled relative risk 
of 0.16 corresponds to an absolute risk reduction of 5.3%, 
indicating a clinically meaningful decrease in postoperative 
infection rates. Notably, this benefit was observed across 
both superficial and deep SSIs, with no statistical hetero-
geneity (I² = 0%), suggesting a consistent and reproducible 
effect across varied surgical settings and study method-
ologies. Subgroup analyses revealed no significant differ-
ences in SSI prevention based on PI concentration (< 3% 
vs. ≥ 3%), irrigation volume (< 2  L vs. ≥ 2  L), or duration 

Table 3  Irrigation techniques and outcomes of included studies
Study Irrigation techniques [solution, volume (L), 

duration (min)]
Overall infec-
tion rate (PI vs. 
control group)

Superficial infec-
tion rate (PI vs. 
control group)

Deep infection 
rate (PI vs. 
control group)

Fusion rate 
(PI vs. control 
group)PI group Control group

Chang et al. [10] 0.35%, PI, 2 L, 3 min Normal saline, 2 L 0% vs. 4.8% 0% vs. 0% 0% vs. 4.8% 89.1% vs. 87.9%
Cheng et al. [16] 0.35%, PI, 2 L, 2 min Normal saline, 2 L 0% vs. 3.4% 0% vs. 0.5% 0% vs. 2.9% n/a
De Luna et al. [17] 3%, PI, 2 L, 5 min Normal saline, 2 L 0% vs. 12% 0% vs. 0% 0% vs. 12% n/a
Fei et al. [18] 0.1%, PI, 0.2 L, 2 min Normal saline, n/a 2.5% vs. 27.5% 0% vs. 20% 2.5% vs. 7.5% n/a
Inojie et al. [19] 3.5%, PI, 1 L, 3 min 1 L saline with 

80 mg gentamicin
2.5% vs. 17.5% 0% vs. 12.5% 2.5% vs. 5% n/a

Sigari et al. [20] 3%, PI, n/a, 2 min Normal saline, 2 L 1% vs. 4.5% 0.6% vs. 2.6% 0.2% vs. 1.9% 94.4% vs. 91.6%
(1) PI−Povidone iodine, (2) L– Liters, (3) min−minutes, (4) n/a– no available data, (5) mg– milligrams, (6) vs.– versus
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into spinal surgery protocols, especially in instrumented 
procedures where the risk of infection is higher.

It’s worth noting that while most studies used plain saline 
as the control irrigation, Inojie et al. [19] used saline mixed 
with gentamicin, an antibiotic. This creates a small differ-
ence in how the control groups were treated. However, our 
results showed no statistical variation between studies (I² 
= 0%), which suggests that this didn’t significantly affect 
the overall findings. If anything, using an antibiotic in the 
control group could make it harder to show a benefit for PI, 
so the fact that PI still performed better supports the strength 
of our conclusions.

Limitations

This meta-analysis is limited by the relatively small number 
of included randomized controlled trials and significant vari-
ability in PI irrigation protocols—particularly with respect 
to concentration, volume, and duration of application. The 
absence of a standardized methodology across studies lim-
its the ability to make direct comparisons and weakens the 
foundation for definitive clinical recommendations. Future 
research should aim to establish the optimal PI concentra-
tion, timing, and technique of irrigation to support protocol 
harmonization and widespread clinical adoption. Addition-
ally, data on long-term outcomes, microbiological profiles 
of infections, and spinal fusion status were inconsistently 
reported. Only two studies evaluated fusion outcomes, and 
while the available evidence suggests no adverse impact 
from PI irrigation, further studies with long-term follow-up 
are necessary to confirm its safety in this regard. Finally, 
incomplete reporting of blinding and allocation conceal-
ment in several trials raises the potential for performance 
and detection bias, which may affect the internal validity of 
the findings.

Conclusion

This meta-analysis of randomized controlled trials pro-
vides level I evidence that intraoperative povidone-iodine 
irrigation significantly reduces the incidence of surgical 
site infections in spinal surgery. The intervention demon-
strated consistent benefit across both superficial and deep 
infections without evidence of harm to spinal fusion out-
comes. Despite some variability in technique, the overall 
safety, affordability, and antimicrobial efficacy of PI sup-
port its integration into perioperative protocols, particularly 
for instrumented spinal procedures. Future research should 
focus on standardising irrigation protocols to optimise effi-
cacy and facilitate broader clinical adoption.

technique across studies presents a limitation to standard-
ized clinical adoption. PI concentrations ranged from 0.1 to 
3.5%, with irrigation volumes varying between 0.2 L and 
2  L, and application durations spanning 2 to 5  min. Sub-
group analyses revealed no statistically significant differ-
ences in SSI rates based on PI concentration, volume, or 
irrigation duration, this may reflect the broad-spectrum effi-
cacy of PI even at dilute concentrations. In vitro evidence 
shows that PI remains bactericidal at concentrations as low 
as 0.1–0.3% [30], potentially explaining the comparable 
outcomes between < 3% and ≥ 3% solutions. Similarly, the 
absence of differences with respect to volume and duration 
may indicate a threshold effect, where adequate lavage and 
exposure—rather than maximal volume or time—are suf-
ficient for antimicrobial action. The timing of application, 
typically just prior to wound closure, may also play a criti-
cal role in maximizing efficacy. While some studies suggest 
repeat irrigation during prolonged surgeries or prior to graft-
ing, these practices remain inconsistent [13, 17]. Overall, 
the data suggest that PI irrigation is technique-sensitive 
rather than strictly dose-dependent. Based on current evi-
dence, using ≤ 3% PI in ≥ 2  L volume for approximately 
3 min followed by saline rinse appears to be a safe and prac-
tical approach, though further research is needed to define 
an optimal standardized protocol.

Despite variations in surgical indication, anatomical 
location, and procedure type, intraoperative PI irrigation 
consistently demonstrated efficacy in reducing surgical site 
infections across both instrumented and non-instrumented 
spinal procedures. Moreover, no significant difference in 
effectiveness was observed between complex, prolonged 
surgeries such as those for scoliosis correction and shorter 
procedures such as simple decompressions for prolapsed 
disc. These findings highlight the broad applicability of PI 
irrigation as a preventive measure against SSIs in diverse 
spinal surgical contexts.

Previous meta-analyses [21–23] have examined PI irri-
gation across broader surgical contexts, with the inclusion 
of observational studies. By narrowing our inclusion criteria 
to randomized controlled trials, this study provides the most 
rigorous assessment to date of PI’s efficacy and safety in 
spinal procedures.

From a practical standpoint, the absolute risk reduction 
of 5.3% is both statistically and clinically significant. PI is 
an inexpensive, widely accessible, and easy-to-use adjunct, 
making it particularly advantageous in both high-resource 
and resource-limited healthcare settings. Notably, its effi-
cacy was comparable across studies conducted in low-
income regions [19] and high-income countries [10, 16–18, 
20]. Given the substantial burden of SSIs and the consistent 
benefit observed across diverse clinical environments, our 
findings support the routine incorporation of PI irrigation 
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