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	Risk of bias was assessed independently by two reviewers. The review was not prospectively registered; a subsequent PROSPERO record was created (CRD420261496039).



1. Reporting framework, objective and protocol
This systematic review and meta-analysis was prepared in accordance with PRISMA 2020. The objective was to evaluate the comparative effects and harms of prophylactic closed-incision negative pressure wound therapy (ciNPWT) versus concurrent non-negative-pressure postoperative dressings after operative treatment of pelvic and lower-extremity fractures.
Registration and protocol. The review was not prospectively registered; a subsequent PROSPERO record was created (CRD420261496039). Eligibility criteria, the outcome hierarchy and analytic conventions were specified in an internal project protocol before quantitative synthesis. A PROSPERO record is cited in the main manuscript; no separate public protocol or dated amendment log was identified in this package.
2. Eligibility criteria
Population. Patients of any age or sex undergoing surgery for pelvic ring, acetabular or lower-extremity fractures were eligible. Traumatic, fragility, pathological, periprosthetic, open and closed fractures were eligible. Arthroplasty was eligible only when performed because of an eligible fracture.
Intervention. Prophylactic ciNPWT/iNPWT applied after primary or definitive complete closure of the surgical incision was eligible, regardless of device, brand, pressure, duration or dressing-change schedule. For open fractures, negative-pressure therapy had to be applied over the definitively closed incision rather than an open wound.
Comparator. Standard postoperative dressings or another concurrent closed-incision management strategy without negative pressure were eligible. Studies using only non-concurrent historical controls were excluded.
Study designs. Randomized and quasi-randomized trials, prospective or retrospective comparative cohorts and case-control studies with concurrent comparators were eligible. Case reports, uncontrolled case series, reviews, guidelines, expert opinion, animal/cadaver studies and protocols without results were ineligible as independent included studies.
Outcomes. Studies had to assess at least one incision-related outcome, including surgical-site infection (SSI), hematoma, seroma, dehiscence, persistent drainage, blistering, skin necrosis, debridement, reoperation or readmission. The absence of an outcome term from a title or abstract was not used as a screening exclusion.
Mixed populations and multiple reports. Mixed surgical populations were eligible only when data for pelvic/lower-extremity fracture surgery could be separated. For multiple reports from the same underlying study, the most complete report was treated as the primary report and other reports as companion publications.
3. Information sources and search
PubMed, Web of Science Core Collection, Scopus, Embase.com and the Cochrane Central Register of Controlled Trials (CENTRAL) were searched from database inception to 23 July 2026. The primary strategy combined fracture/population concepts with negative-pressure wound therapy concepts; outcome terms were retained as an optional precision module and were not required for eligibility. Reference lists and trial-registry or companion materials were also checked.
The PRISMA flow contains 2,860 records identified by database searching. Complete database-specific search syntax and hit counts are supplied in the separate search-strategy file.
4. Study selection
Records were deduplicated before title/abstract screening. Of 2,860 identified records, 1,530 duplicates were removed and 1,330 records were screened. Twelve reports were assessed in full text; none was unavailable. Two reports were excluded because they used non-concurrent historical controls, leaving 10 included studies.
Reviewer workflow. Two reviewers independently screened every title and abstract and independently assessed all 12 candidate studies in full text. Disagreements at either stage were resolved through discussion and consensus. No automation tool was used to make eligibility decisions; deduplication was completed before manual screening. Screening decisions and full-text exclusion reasons were retained in the structured audit workbook.
5. Data collection and other variables
A standardized extraction workbook was used to collect study identity, country, setting, study design, recruitment period, sample size and analysis unit; fracture type and open/closed status; surgical procedure; ciNPWT device, pressure and treatment duration; comparator dressing; follow-up; outcome definitions; group-specific event counts or continuous summary data; adjusted estimates; funding and reported conflicts; and notes on internal inconsistencies.
Reviewer workflow and author contact. Two reviewers independently extracted data using the same standardized form. The two extraction forms were compared, and discrepancies were resolved through discussion, consensus and rechecking of the full report. Critical event counts, denominators, time windows and analysis-unit decisions were verified against the full reports. Study authors were not contacted for additional or clarifying data. Where reports conflicted, the Results text and outcome-specific denominators were prioritized, with alternative values retained in the audit trail.
Two locked adjudication rules were applied: Johnson 2024 contributed 9/40 deep-SSI events in the ciNPWT group in the principal analysis, with 8/40 retained only for sensitivity/audit purposes; the WHISH primary 90-day randomized-group analysis used 5/214 versus 14/218, while per-protocol values were treated as sensitivity information.
6. Outcomes
Primary outcome. The primary randomized evidence synthesis was cumulative deep SSI through 90 days, using the trial-defined or CDC-compatible deep-SSI definition.
Secondary and exploratory infection outcomes. Deep SSI at 30 days was analysed as a separate time point. A broad RCT infection synthesis used the longest available deep or deep-type infection result from each study. Observational deep-SSI and broad any/deep-infection syntheses were reported separately and treated as exploratory.
Other incision-related outcomes. Dehiscence, reoperation or major wound complication, composite wound complication, seroma volume, persistent drainage, dressing-change or wound-care burden, local wound signs and scar outcomes were retained when reported. Hematoma was eligible only when independent group-specific data were available; no included study supplied an extractable independent hematoma comparison.
Time points and selection rules. All available time points were extracted when possible. The same study was not counted twice within one synthesis. Thirty-day and cumulative 90-day outcomes were analysed separately; results with an unspecified or heterogeneous follow-up were restricted to explicitly labelled exploratory syntheses.
7. Risk-of-bias assessment
Two reviewers independently assessed risk of bias and reached final consensus on 13 August 2026. Randomized-trial outcomes were assessed with the Cochrane RoB 2 tool using outcome-specific judgements. Observational studies were assessed with ROBINS-I. Consensus domain and overall judgements were used in figures, evidence profiles and GRADE assessments.
Randomized and observational evidence was not merged into a single causal estimate. Observational analyses used unadjusted event counts and were interpreted as exploratory because all five observational studies were judged at serious overall risk of bias.
8. Effect measures
Risk ratios (RRs) with 95% confidence intervals (CIs) were used for binary outcomes. Mean differences (MDs) with 95% CIs were used for continuous outcomes reported on a common scale. For single-study local wound signs, the adjusted odds ratios and adjusted risk differences reported by the trial were retained descriptively. RR values below 1 favoured ciNPWT for adverse outcomes.
9. Data preparation and synthesis
9.1 Eligibility for each synthesis
Studies were grouped by design (randomized versus observational), outcome definition, time window and analysis unit. Deep SSI through 90 days was the strict primary synthesis. Broader infection definitions, unspecified/longest follow-up, fracture-level analyses and observational evidence were labelled exploratory.
9.2 Sparse events, missing statistics and analysis units
For inverse-variance RR calculations, a continuity correction of 0.5 was applied only to studies with at least one zero cell. Double-zero studies did not contribute to RR pooling. A missing event count was not interpreted as zero. Continuous outcomes without a standard deviation were not pooled. Patient-level and fracture-level denominators were not added as if they were identical analysis units.
9.3 Tables and figures
Individual-study group counts, effect estimates and 95% CIs were displayed in forest plots. Randomized and observational results were displayed in separate design strata. Diamonds represented pooled random-effects estimates. Risk-of-bias traffic-light and summary plots were generated from the final consensus assessments. GRADE Summary of Findings and extended evidence-profile tables reported relative and absolute effects.
9.4 Meta-analysis model and heterogeneity
The primary statistical model was inverse-variance random-effects meta-analysis with between-study variance estimated by restricted maximum likelihood (REML) and Wald 95% CIs. Statistical heterogeneity was summarized using the model-consistent I² statistic, τ² and Cochran's Q test with its P value. Mantel-Haenszel common-effect and modified Hartung-Knapp-Sidik-Jonkman intervals were retained as sensitivity analyses, not substitutes for the prespecified random-effects interpretation.
Analyses and publication figures were implemented in R version 4.6.0 (2026-04-24 ucrt) using readxl 1.5.0, dplyr 1.2.1, tidyr 1.3.2, metafor 5.0.1, ggplot2 4.0.3, patchwork 1.3.2, scales 1.4.0 and ggrepel 0.9.8, as applicable.
10. Heterogeneity exploration and sensitivity analyses
Prespecified or audit-driven sensitivity analyses varied the follow-up time point (30 versus 90 days), analysis population (randomized-group versus per-protocol), Stannard open/closed-fracture inclusion, continuity corrections, inference method and exclusion of one study at a time. Design-stratified comparisons were descriptive; randomized and observational pooled estimates were not formally treated as exchangeable causal estimates. Meta-regression was not performed because each synthesis contained too few studies.
11. Reporting-bias assessment
All eligible outcome pools contained fewer than 10 studies. Formal funnel-plot asymmetry tests, including Egger and Begg tests, were therefore not performed because they would have very low power and unstable type-I error. An exploratory funnel plot was retained only as a descriptive visualization and was not used to claim absence or presence of publication bias.
12. Certainty of evidence
Certainty was assessed using GRADE across risk of bias, inconsistency, indirectness, imprecision and publication bias. Randomized evidence began at high certainty and observational evidence at low certainty before domain-specific downgrading or, where justified, upgrading. Absolute effects were calculated from the pooled control risk and the pooled relative effect. Ten assessable outcomes were rated very low certainty; hematoma was not rated because no independent grouped effect estimate was available.
13. Reproducibility and audit trail
The submission package retains the completed screening workbook, the ten-study extraction workbook, locked binary-outcome inputs, pooled-result tables, shared R plotting/meta-analysis code, model and zero-cell sensitivity outputs, leave-one-out results, risk-of-bias consensus workbooks and figure-level QA files. Statistical results are locked to 10 August 2026 and risk-of-bias consensus to 13 August 2026.
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