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•	 Purpose: This study employed meta-analysis to evaluate whether the application of intraoperative wound 
irrigation (IOWI) with povidone-iodine (PI) in spine surgery effectively reduces the incidence of postoperative 
surgical site infection (SSI).

•	 Methods: The present study was conducted strictly following the methodological guidance provided by the 
Cochrane Handbook. The protocol of this work was registered with PROSPERO. Two researchers independently 
conducted electronic searches in Medline via PubMed, Embase, Cochrane Library, and Web of Science. The bias 
risk of each included study was evaluated by two assessors. We performed statistical analysis on the dataset 
using STATA software.

•	 Results: Fourteen studies involving a total of 6777 patients were included in the present work. The risk of bias 
of six included randomized controlled trials (RCTs) was considered as low-to-moderate risk, and the quality 
scores of the eight included retrospective cohort studies were rated as high quality. The results of this meta-
analysis indicated a significant difference in the incidence of postoperative SSI between the two groups 
(RR = 0.29, 95% CI: (0.18, 0.47)). Moreover, patients who underwent IOWI with PI had lower rates of deep and 
superficial infections after spine surgery compared with the controlled group (superficial infection: RR = 0.28, 
95%CI: (0.14, 0.54); Deep infection: RR = 0.24, 95%CI: (0.10, 0.60)). The sensitivity analysis results indicated good 
robustness and high evidence strength after data consolidation in the overall rate of postoperative SSI and the 
incidence of deep/superficial infection.

•	 Conclusions: IOWI with PI solution during spinal surgery can effectively reduce the incidence of postoperative SSI.

Keywords: intraoperative wound irrigation; povidone-iodine; spine surgery; SSI; surgical site infection

Introduction
Surgical site infection (SSI) represents a pivotal facet 
of hospital-acquired infection, steadily emerging as a 
pressing public health concern. The protracted duration 
of spinal surgery, extensive tissue exposure, and the 
abundant use of implanted internal fixation materials 
contribute to an apparent increase in the incidence of 

SSI (1). Previous studies (2, 3, 4) have reported variable 
rates of SSI in spinal surgery, ranging from 0.7% to 
14%. There exists a current paucity of precise incidence 
rates for SSI in spinal surgery, primarily attributable 
to factors such as individual variability and disparities 
in surgical techniques. Notwithstanding, the certainty 

119

24-0091

1087–1096

EFORT Open Reviews (2024) 9 1087–1096
https://doi.org/10.1530/EOR-24-0091

This work is licensed under a Creative 
Commons Attribution-NonCommercial-

NoDerivatives 4.0 International License.

http://orcid.org/0000-0002-7605-3470
mailto:muxbin1991@hotmail.com
mailto:jxwei1972@163.com
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/


EFORT Open Reviews (2024) 9 1087–1096
https://doi.org/10.1530/EOR-24-0091

Spine

persists that SSI after spinal surgery can precipitate 
severe consequences. For individuals, SSI may result 
in the failure of the initial surgery, recurrent pain or 
functional impairments, and even severe complications 
such as sepsis, ultimately leading to death (5, 6). 
Moreover, SSI contributes to the extension of hospital 
stays, necessitates supplementary treatments, and 
exacts substantial financial burdens on both families 
and healthcare insurers (7, 8).

Advances have progressed in the practice of 
perioperative SSI control, including improvement in 
disinfection methods, operating room environment, 
surgical techniques, and the use of prophylactic 
antimicrobial drugs. However, the preventive 
management of SSI in spine surgery still faces 
significant challenges (9). The occurrence of spine 
surgery is influenced by various factors (10, 11, 12), and 
corresponding preventive measures have been clinically 
implemented to mitigate these infections. Standardized 
strategies for preventing SSI during the perioperative 
period have gained widespread acceptance among 
clinicians (13, 14). However, there needs to be more 
emphasis on intraoperative wound irrigation (IOWI) 
techniques in spine surgery.

The pathogenic bacteria contributing to SSI after 
spine surgery primarily derive from the skin surface, 
notably Staphylococcus aureus (15). This establishes a 
robust theoretical basis for IOWI. The clinical protocols 
utilized for IOWI in spine surgery mainly encompass 
normal saline, normal saline mixed with antibiotic, 
and antimicrobial solutions (16, 17, 18). The critical 
determinant for optimizing the effectiveness of IOWI 
resides in selecting an appropriate solution; however, 
a universally accepted consensus on this matter still 
needs to be discovered.

Povidone-iodine (PI), a versatile disinfectant solution, 
served as an adjunctive measure in preventing the 
occurrence of SSI in spine surgery. Its mechanism of 
action predominantly involved its key components, 
polyvinylpyrrolidone and triiodide ions, effectively 
targeting bacterial cell walls and impeding the release 
of pathogenic factors (19). Previous studies (20, 21) 
have indicated that IOWI with PI in spine surgery can 
significantly reduce the occurrence of SSI. However, 
these studies were characterized by relatively small 
sample sizes and varying research quality, leading to 
insufficient strength of evidence. Therefore, this study 
was to employ meta-analysis to evaluate whether the 
application of IOWI with PI in spine surgery effectively 
reduces the incidence of postoperative SSI.

Materials and methods

The present study was conducted in strict accordance 
with the methodological guidance provided by the 
Cochrane Handbook. The reporting of study outcomes 
conformed to the recommendations of the Preferred 
Reporting Items for Systematic Review and Meta-

analysis (PRISMA) guidelines proposed by the PRISMA 
workgroup (22). This work constituted a secondary 
analysis of original studies, and ethical approval was 
waived by our institutional Ethics Committee. The 
protocol of this review was registered with PROSPERO.

Eligibility criteria
The inclusion criteria for this study were formulated 
by three researchers based on the principle of PICOs 
(Population, Intervention, Comparison, Outcome, 
and Study design) framework: i) Population: patients 
undergoing initial spinal surgery, excluding those with 
inflammatory or infectious diseases, immunological 
disorders, poorly controlled diabetes, etc. No 
restrictions on patients’ age, gender, or ethnicity; ii) 
Intervention: IOWI with diluted PI; iii) Comparison: 
no or other IOWI techniques; iv) Outcome measures: 
postoperative SSI rate (SSI identified with bacterial 
cultures or clinically), adverse events; v) Study design: 
priority given to randomized controlled trials (RCTs). In 
instances where the number of RCTs was insufficient, 
non-RCTs were incorporated. Only English literature 
was considered for this study. Animal experiments 
were excluded given the essential differences between 
animals and humans. Conference abstracts and 
comments were also excluded due to the fact that 
they contained fewer details of the study, which did 
not allow for a quality assessment of the literature and 
extraction of complete data. Reviews were primarily 
summaries of the original literature and often did 
not include complete outcomes for individual original 
studies; therefore, we also did not include articles 
lacking comprehensive study details.

Literature search
Two researchers with more than 3 years of literature 
retrieval experience independently conducted electronic 
searches for studies on the effectiveness of IOWI with 
PI in spinal surgery for SSI prevention. The searches 
were performed according to a predefined strategy 
and covered databases, including Medline via PubMed, 
Embase, Cochrane Library, and Web of Science. The 
search period spanned from the inception of each 
database to December 2023. The Medical Subject 
Headings (MeSH) terms or queries utilized included, 
but were not limited to, ‘spine surgery’, ‘spine’, ‘lumbar’, 
‘cervical’, ‘thoracic’, ‘surgical site infection’, ‘povidone-
iodine’, ‘irrigation’, ‘lavage’, and ‘wound lavage’. 
Additionally, we manually scrutinized the included 
studies and their respective reference lists to detect 
potential articles that might have eluded the initial 
electronic searches.

Study selection and data extraction
The preliminary search findings were initially imported 
into EndNote software, version 20 (Thomson Corporation, 
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Connecticut, USA). This literature management system 
autonomously identified and preserved a single instance 
of duplicate entries sourced from multiple databases. 
Two researchers independently screened the remaining 
studies by reviewing their titles and abstracts, and 
categorized them as ‘include’, ‘uncertain’, or ‘exclude’. 
Studies marked as ‘include’ or ‘uncertain’ underwent 
a comprehensive full-text review to determine their 
final inclusion in this work. Any disputes arising during 
the study selection were resolved through internal 
discussion between the two researchers, with a third 
researcher with over a decade of research experience 
available for decision-making if necessary.

Two researchers independently extracted the following 
data from each included study: i) Study characteristics: 
first author, publication date, study location, type 
of study design, and number of cases; ii) Baseline 
characteristics of cases: age, gender, primary diagnosis, 
surgical techniques and region; iii) Outcome measures: 
IOWI techniques and their volumes, postoperative SSI 
(deep or superficial infection), and adverse events.

Quality assessment
Two assessors independently evaluated each included 
study’s literature quality or bias risk. Details such as 
author names, affiliations, and journal names were 
concealed throughout the assessment. In cases of 
disagreement, resolution was achieved through internal 
consultation between the two assessors.

We utilized the risk of bias tool recommended by the 
Cochrane Handbook to evaluate the risk of bias in the 
included RCTs (23). This tool comprised 13 items. A study 
meeting nine or more of the 13 items was classified as 
low risk; those meeting 5–8 items were categorized as 
moderate risk, while studies meeting fewer than five 
criteria were deemed high risk (24).

The Newcastle-Ottawa Quality Assessment Scale 
(NOQAS) was employed to evaluate the methodological 
quality of the included retrospective cohort studies (25). 
This scale consisted of eight items under three main 
categories (selection of study population, comparability 
between groups, and assessment of outcomes). An 
asterisk was applied to indicate satisfaction with each 
item. Studies accumulating six or more asterisks were 
classified as high quality, whereas those with fewer 
were categorized as low quality.

Statistical analysis
In this study, we performed statistical analysis on the 
dataset using STATA software, version 12 (StataCorp LP, 
College Station, TX, USA). For dichotomous data, such 
as the number of postoperative SSI, we utilized the 
relative risk (RR) and 95% confidence intervals (95% CI) 
to estimate the pooled effects. Statistical significance 
was defined as a P-value less than 0.05.

We applied the quantitative I2 statistic to assess 
the heterogeneity among studies. An I2 value over 
75% signifies considerable heterogeneity, while a 
range between 25% and 75% suggests moderate 
heterogeneity, and a value below 25% indicates 
low or negligible heterogeneity (26). In instances of 
notable heterogeneity, a random-effects model was 
employed for statistical analysis. Subgroup analysis or 
meta-regression analysis was undertaken as needed 
to explore the sources of heterogeneity. A stepwise 
exclusion method was performed for sensitivity analysis 
to validate the robustness of the pooled effect size 
of an outcome measure. Moreover, The funnel plot 
was utilized to identify potential publication bias for 
outcome measures with an inclusion of more than 10 
studies.

Results

Literature search
Following a predefined retrieval strategy, two 
researchers screened in electronic databases, 
identifying 1746 potential literature that could meet 
the inclusion criteria. A total of 1217 duplicate 
records from multiple databases were excluded. 
After reviewing titles and abstracts, 492 studies were 
excluded for various reasons. A thorough examination 
of the full texts of the remaining 37 articles resulted 
in the identification of 14 studies that fully met the 
inclusion criteria (27, 28, 29, 30, 31, 32, 33, 34, 35, 
36, 37, 38, 39, 40). A manual search of the references 
of these included studies yielded no any additional 
records meeting the inclusion criteria. The literature 
retrieval process is illustrated in Fig. 1.

Study characteristics and quality  
assessment
The 14 included studies (27, 28, 29, 30, 31, 32, 33, 34, 
35, 36, 37, 38, 39, 40) involved a total of 6777 patients 
(experimental group: 3117 cases, control group: 3660 
cases). Six (27, 28, 31, 32, 36, 40) of these studies were 
RCTs, while the remaining were retrospective cohort 
studies (RCS). The articles included in the present study 
spanned the years 2005 to 2023. The sample sizes in 
the included studies varied from 50 to 2425 cases. In 
the experimental group of the included studies, PI 
was used for IOWI in spine surgery. In contrast, most 
studies utilized normal saline or vancomycin for IOWI in 
the control group. For specific details on the essential 
characteristics of the literature, refer to Table 1.

According to the bias risk tool recommended by the 
Cochrane Handbook, four RCTs included (27, 28, 36, 
40) met nine or more out of the 13 criteria and were 
considered low risk. Two studies (31, 32), meeting 5–8 
criteria, were deemed to have a moderate risk (Table 2). 
Based on the NOQAS criteria, the quality scores of the 
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eight included RCS (29, 30, 33, 34, 35, 37, 38, 39) ranged 
from six to seven, all considered high quality. The 
quality assessment of the included studies is presented 
in Table 3.

Meta-analysis results
The overall rate of postoperative SSI
The 14 studies included (27, 28, 29, 30, 31, 32, 33, 34, 
35, 36, 37, 38, 39, 40) all reported the total incidence 
rate of postoperative SSI in both the experimental 
and control groups, with moderate heterogeneity 
among the studies (P = 0.08, I2 = 37.1%). Data were 
pooled using a random-effects model. The results of 
this meta-analysis showed a significant difference in 
the overall rate of postoperative SSI between the two 
groups (RR = 0.29, 95% CI: (0.18, 0.47), Fig. 2), indicating 
that IOWI with PI during spine surgery was effective 
in reducing the overall incidence of SSI. Moreover, 
according to the study design, we conducted subgroup 
analyses for this outcome measure. The results 
demonstrated that regardless of whether it was an RCT 
or RCS, the incidence of postoperative SSI in patients 
who underwent IOWI with PI was lower than in the 
control group (RCT: RR = 0.16, 95% CI: (0.08, 0.34); RCS: 
RR = 0.41, 95% CI: (0.24, 0.68), Fig. 3), suggesting that 
the study design had a minimal effect on this outcome.

Figure 1

Flow diagram of study selection.
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Deep and superficial infection
The incidence rate of superficial infection following 
different irrigation techniques was reported in 10 
studies (27, 30, 31, 32, 33, 34, 35, 36, 39, 40), with 
no significant heterogeneity among the studies 
(P = 0.782, I2 = 0); while the incidence of deep infection 
postoperatively was documented in a total of 11 studies 
(27, 28, 30, 31, 32, 33, 34, 35, 36, 39, 40), with significant 
heterogeneity among the studies (P = 0.006, I2 = 59.8%). 
Data were pooled using a random-effects model. 
The results of this meta-analysis indicated significant 
differences in the incidence rates of postoperative 
SSI between the two irrigation techniques (superficial 
infection: RR = 0.28, 95%CI: (0.14, 0.54); deep infection: 
RR = 0.24, 95%CI: (0.10, 0.60), Fig. 4), demonstrating 
that IOWI with PI in spine surgery had the significant 
advantage over the control group in reducing both 
deep and superficial infections.

Sensitivity analysis and publication bias
We employed a stepwise exclusion method to conduct 
sensitivity analysis for studies with more than eight 
included for individual outcome measures. The results 
demonstrated no significant changes in the statistical 
differences in the overall rate of postoperative SSI, 
and the incidence of deep or superficial infection 
throughout the analysis process (Fig. 5). This indicates 
good robustness and high evidence strength after 
consolidation. The funnel plot suggests no potential 
presence of publication bias (Fig. 6).

Discussion

SSI persists as one of the common and challenging 
complications in spine surgery. Despite the clinical 

implementation of various perioperative management 
to prevent the occurrence of SSI after spine surgery, 
there still needs to be standardized protocols. While 
IOWI techniques have gained widespread acceptance 
among clinicians, the choice of irrigation techniques 
continues to be influenced by individual clinician 
experience and preferences. The present study aims to 
conduct a meta-analysis to evaluate the impact of IOWI 
with PI on the incidence of SSI following spine surgery. 
The results of this study demonstrate that IOWI with 
PI effectively reduces the total rate of SSI, and the 
incidence of deep or superficial wound infections after 
spinal surgery.

To the best of our knowledge, this is the first meta-
analysis focused on the use of IOWI with PI on the 
incidence of SSI in spine surgery. The interventions 
included in this study exclusively entailed the 
application of PI solution during the operative 
procedure, eliminating potential interference from 
other confounding factors. Furthermore, the present 
study conducted comprehensive electronic and manual 

Table 2 Methodological quality assessment results according to Cochrane review criteria.

Items
Cheng et al. 
(27)

Chang et al. 
(28)

De Luna et al. 
(31)

Fei et al. 
(32)

Sigari et al. 
(36)

Inojie et al. 
(40)

Adequate randomization 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 U Y
Outcome assessor blinded U U U U Y U
Dropout rate described Y Y N Y Y Y
All randomized participants analyzed in the groups Y Y Y Y Y Y
No reports of selective outcome reporting U Y 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 10/13 11/13 6/13 8/13 12/13 12/13

N, no; U, unclear, Y, yes.

Table 3 Quality assessment results of the included 
retrospective cohort study. A (⭐) indicated satisfaction with 
each item.

Study Selection Comparability Exposure

Tomov et al. (29) ⭐⭐⭐ ⭐⭐ ⭐⭐
Van Herwijnen et al. (30) ⭐⭐⭐ ⭐⭐ ⭐⭐
Yamada et al. (33) ⭐⭐ ⭐⭐ ⭐⭐
Onishi et al. (34) ⭐⭐ ⭐⭐ ⭐⭐
Lemans et al. (35) ⭐⭐ ⭐⭐ ⭐⭐
Carballo Cuello et al. (37) ⭐⭐ ⭐⭐ ⭐⭐⭐
Roberto et al. (38) ⭐⭐⭐ ⭐⭐ ⭐⭐
Lin et al. (39) ⭐⭐ ⭐⭐ ⭐⭐
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searches, ensuring the thoroughness of literature 
retrieval. These meticulous measures facilitated a 
comprehensive and in-depth examination of the topic, 
thereby ensuring the robustness of the research 
findings. The conclusions drawn from our study 
demonstrated significant concordance with relevant 
published research (27, 28, 29, 30, 31, 32, 33, 34, 35, 
36, 37, 38, 39, 40), indicating a favorable impact of IOWI 
with PI in preventing SSI after spine surgery.
In accordance with the global guidelines for preventing 
SSI provided by the World Health Organization, the use 
of antibiotics for intra-wound irrigation in clean wounds 
to prevent SSI is discouraged. Instead, consideration 
should be given to employing IOWI with PI solution 

(41). This establishes a robust foundation for using 
intraoperative PI irrigation in spinal procedures. 
Staphylococcus aureus and coagulase-negative 
staphylococci are prevalent pathogens in spinal 
surgeries, contributing to SSI (42, 43). With the improper 
use of antibiotics, there is a continuous increase in 
bacterial resistance, and SSI caused by methicillin-
resistant Staphylococcus aureus (MRSA) has become 
more prevalent (44, 45). PI demonstrates outstanding 
antibacterial efficacy against a broad spectrum of 
bacteria and exhibits bactericidal activity against 
vancomycin-resistant enterococcus (VRE) and multidrug-
resistant gram-negative bacteria, as documented in 
previous literature (45). This better explains the reasons 
for the observed reduction in postoperative SSI rates in 
spine surgery with the use of IOWI with PI in our study.
Compared to hydrogen peroxide and chlorhexidine 
digluconate, diluted PI solution retains potent 
bactericidal properties (46). However, they may also 
adversely affect human osteoblasts’ proliferation, 
metabolism, and mineralization (47). Theoretically, IOWI 
with PI solution could predispose to postoperative graft 
nonunion in osteotomy or bone grafting surgeries. 
Nevertheless, this assertion predominantly relied on 
reports from in vitro studies, lacking corroboration 
from in vivo investigations to date (39). Our present 
investigation, including the study by Chang et  al. (28), 
demonstrated that IOWI with diluted PI solution and 
saline before bone grafting does not compromise 
postoperative bone fusion or clinical outcomes. 
Regrettably, the studies incorporated into this work 
primarily focused on the incidence of deep or superficial 
infection following IOWI with PI during spinal surgery, 
with most overlooking the report and analysis of related 
adverse events and prognoses. Therefore, further 

Figure 2

Forest plot of the meta-analytic estimate for the overall rate of 
postoperative SSI.

Figure 3

Subgroup analysis of the meta-analytic estimate for the overall rate of 
postoperative SSI according to study design.

Figure 4

Forest plot of the meta-analytic estimate for the incidence of deep and 
superficial infection.
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inquiry is imperative to comprehensively evaluate the 
safety profile of PI irrigation in spinal surgical settings.
In the 14 studies (27, 28, 29, 30, 31, 32, 33, 34, 35, 
36, 37, 38, 39, 40) included in the present work, 
the concentration of PI ranged from 0.10% to 3.5%. 
The volume of PI and saline used for intraoperative 

irrigation primarily depends on the surgeon’s preference 
and experience, although many clinicians prefer to use 
a PI concentration of approximately 0.35% during the 
procedure (27, 28, 29, 33, 37, 39, 40). Regarding the 
timing of IOWI with PI application in spinal surgery, 
most studies (27, 28, 33, 35, 36, 37, 40) recommend 
applying the PI solution to soak the wound for 2–3 
minutes before wound closure, followed by normal 
saline irrigation. De Luna et  al. (31) advocated for the 
use of IOWI with PI before bone graft. For prolonged 
spinal surgery, additional irrigation every 1–2 h is also 
advisable (33, 34). In this study, only three studies (31, 
32, 38) used a pulsatile lavage device for intraoperative 
irrigation, but the pressure settings of the device were 
not specified.

As with the other similar studies, the current study 
still has some limitations. i) According to the Cochrane 
Collaboration guidelines, RCTs are recommended in 
meta-analysis to eliminate potential biases that may 
impact research outcomes, making them the most 
suitable for assessing the effects of interventions on 
disease health. Six were RCTs among the 14 studies 
included in the present work. RCS tend to exaggerate 
accurate results, although most of them are of high 
quality, according to NOQAS. More high-quality RCTs 
are still needed to obtain convincing conclusions; ii) A 
standardized formulation for the PI solution used in 
spine surgery is still lacking. Moreover, there has yet to 
be a consensus on the volume of saline for secondary 
irrigation. However, the appropriate concentration is one 
of the crucial factors for the antimicrobial solution to 
be effective. Therefore, different configuration schemes 
of PI used in the included studies may have led to 
differences in the incidence of postoperative SSI, thereby 
affecting the results of this study. Further assessment is 
needed to evaluate the impact of PI usage methods on 
the occurrence of SSI after spine surgery; iii) The present 
work encompasses a diverse study population, including 

Figure 5

Sensitive analysis of the overall rate of postoperative SSI (5A), the 
incidence of deep infection (5B) or superficial infection (5C).

Figure 6

Funnel plot of the overall rate of postoperative SSI.
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those with spinal degenerative diseases, spinal tumors, 
and spinal trauma, with surgical sites covering the 
cervical, thoracic, and lumbosacral spine. The findings of 
this study highlight the effectiveness and safety of the 
IOWI technique in reducing the incidence of SSIs in spine 
surgery. Although there is no evidence indicating adverse 
effects of IOWI on nerves or the spinal cord, the studies 
reviewed in this work specifically excluded cases involving 
intraoperative dural breaches and cerebrospinal fluid 
leaks. Consequently, we advise caution when applying 
the IOWI technique in patients with compromised neural 
structures; iv) The study population included adult 
and child cohorts, encompassing degenerative spinal 
diseases, spinal deformities, and different operative 
regions of the spine. The lack of an adequate sample size 
precludes subgroup analyses, limiting the adaptability of 
the study results for reducing spinal SSI.

Conclusion

Based on data from 14 studies, we conclude that IOWI 
with PI solution during spine surgery can effectively 
reduce the incidence of postoperative SSI. While this 
study cannot address clinical questions such as ‘What 
is the optimal formulation for the intraoperative PI 
solution?’ and ‘Which fluid and what volume should 
be used for secondary irrigation?’ it is recommended, 
particularly for patients undergoing spinal surgery with 
internal fixation devices, to consider employing intra-
wound therapies, especially PI irrigation.
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