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SUPPLEMENTARY APPENDIX S9
Risk-of-bias domains and decision rules
ciNPWT versus conventional dressing after lower-extremity fracture surgery
	Assessment tools
	RoB 2 (2019); ROBINS-I (2016)
	Consensus date
	13 August 2026

	Statistical lock
	10 August 2026
	Assessment level
	Result specific



	Scope. This appendix documents the prespecified domains, study-specific application rules, and consensus algorithms used for the final risk-of-bias judgements. It does not replace the official tool guidance or the completed consensus workbook.



1. Unit of assessment and review process
Risk of bias was assessed for a specific result, not as a single immutable label for an entire article. Separate assessments were therefore retained when the same trial contributed different outcomes or time points, most importantly the WHIST deep-SSI results at 30 and 90 days.
Two reviewers completed assessments independently. Disagreements were resolved by checking the full report and, when available, the trial registry, protocol, and statistical analysis plan. The adjudicated domain judgement and a concise rationale were recorded in the final consensus workbook. No numerical score was calculated, and domain judgements were not averaged.
2. RoB 2 for randomised controlled trials
RoB 2 was applied to the effect of assignment to intervention for parallel-group randomised trials. Signalling questions informed, but did not mechanically replace, reviewer judgement.
	Domain
	RoB 2 domain
	Decision rule used in this review

	D1
	Bias arising from the randomisation process
	Assess sequence generation, allocation concealment, and baseline imbalances suggesting a problem with randomisation. Unclear methods normally produce Some concerns unless additional evidence indicates a major failure.

	D2
	Bias due to deviations from intended interventions
	For the assignment estimand, non-adherence alone is not bias when participants are analysed by randomised group. Judge whether trial-context deviations, differential co-interventions, or inappropriate analysis materially affect the result.

	D3
	Bias due to missing outcome data
	Compare available outcome data with the randomised denominator, reasons for missingness, balance between groups, and sensitivity analyses. A large or plausibly outcome-dependent loss can be High risk.

	D4
	Bias in measurement of the outcome
	Consider outcome definition, assessor knowledge, differential ascertainment, and whether clinical decisions could be influenced by treatment knowledge. Objective, consistently applied definitions support Low risk.

	D5
	Bias in selection of the reported result
	Compare the reported result with prespecified outcomes, time points, analyses, registry entries, protocol, and analysis plan. Multiple eligible analyses without a verifiable selection rule increase concern.



RoB 2 overall judgement
	Overall category
	Rule

	Low risk
	All five domains are Low risk.

	Some concerns
	At least one domain raises Some concerns, no domain is High risk, and the pattern does not substantially lower confidence in the result.

	High risk
	At least one domain is High risk, or multiple concerns collectively substantially lower confidence in the result.



3. ROBINS-I for observational studies
ROBINS-I was applied to the crude comparative effect used in the locked meta-analysis. The target trial was a hypothetical randomised comparison of prophylactic ciNPWT versus conventional dressing after eligible lower-extremity fracture surgery, with equivalent eligibility, co-interventions, follow-up, and outcome ascertainment.
	Domain
	ROBINS-I domain
	Decision rule used in this review

	D1
	Bias due to confounding
	Determine whether prognostic factors also influenced receipt of ciNPWT and whether the reported effect adequately controlled them. Crude comparisons with major uncontrolled indication or era effects were judged Serious.

	D2
	Bias in selection of participants
	Assess whether eligibility and entry into the analysed cohort were related to intervention and outcome, including post-intervention exclusions or incomplete case capture.

	D3
	Bias in classification of interventions
	Assess whether ciNPWT and control status were defined and recorded before outcomes and whether misclassification could differ by outcome risk.

	D4
	Bias due to deviations from intended interventions
	Assess switching, additional wound treatments, and systematic co-intervention differences that arose after treatment initiation.

	D5
	Bias due to missing data
	Assess missing participants, missing outcomes, group-specific completeness, and whether missingness could depend on prognosis or outcome.

	D6
	Bias in measurement of outcomes
	Assess outcome definitions, assessor awareness, surveillance intensity, and differential thresholds for diagnosing SSI or reoperating.

	D7
	Bias in selection of the reported result
	Compare reported outcomes, time points, subgroup definitions, and adjusted analyses with any prespecified plan. Inconsistent numerators or selective presentation increase concern.





ROBINS-I overall judgement
	Category
	Operational interpretation

	Low
	Comparable to a well-conducted randomised trial for this domain/result.

	Moderate
	Sound evidence for a non-randomised study, but not comparable to a well-conducted randomised trial.

	Serious
	Important problems in at least one domain substantially reduce confidence in the effect estimate.

	Critical
	The result is too problematic to provide useful evidence for the causal question.

	No information
	Evidence is insufficient to judge a domain.



The overall ROBINS-I judgement was at least as severe as the most serious domain. Multiple important limitations could justify a more severe overall judgement; domain ratings were never averaged.
4. Prespecified confounding domains
	Confounding domain
	Causal rationale
	Expected handling

	Smoking or nicotine exposure
	Tissue perfusion and infection risk; may influence selection for ciNPWT
	Extract current/former use; prefer adjusted or stratified estimates

	Diabetes and perioperative glycaemia
	Strong infection predictor and possible indication for prophylactic ciNPWT
	Check balance and adjustment

	BMI or obesity
	Wound tension and infection risk; influences dressing selection
	Extract continuous BMI and obesity thresholds

	Open fracture and soft-tissue injury
	Directly affects infection risk and treatment indication
	Extract Gustilo grade, closure status, and soft-tissue condition

	Fracture site, type, and severity
	Affects prognosis and procedural complexity
	Extract AO/OTA or equivalent classification

	Temporary fixation, staged surgery, and time to surgery
	Markers of soft-tissue severity and infection risk
	Extract prevalence and duration; adjust when possible

	Age, sex, ASA, and comorbidity
	Baseline prognosis and treatment selection
	At minimum assess age, sex, ASA, vascular disease

	Polytrauma or injury severity
	Systemic state, timing, and infection risk
	Extract ISS or other polytrauma markers

	Surgeon, centre, and calendar era
	Preference, learning, and secular changes
	Assess clustering and era adjustment

	Closure, antibiotics, irrigation, and MRSA measures
	Direct co-interventions affecting SSI
	Document systematic group differences



5. Study-specific application rules
	Issue
	Rule applied

	WHIST 30 vs 90 days
	Separate RoB 2 assessments were retained. The 30-day result had complete low-risk domain judgements after adjudication; the 90-day result remained High risk because substantial outcome data were unavailable.

	WHISH 30 vs 90 days
	The primary synthesis uses the 90-day result. Registry and article methods supported reporting of both time points; D5 was resolved to Low risk for the 90-day result.

	Stannard 2012
	Participants were randomised, but infection was analysed at fracture level without clustering adjustment; this and incomplete reporting contributed to High risk overall.

	Johnson 2024
	The main-text deep-SSI count, 9/40 versus 11/140, was locked. The figure-implied alternative was excluded. This inconsistency contributed to Serious risk in selective reporting.

	Observational estimates
	The meta-analysis uses crude event counts. Adjusted estimates were not sufficiently comparable across studies; all observational pooled effects remain exploratory and non-causal.



6. Final consensus map
	Tool
	Study and target result
	Final domain profile
	Overall

	RoB 2
	WHISH (Masters 2021) - Deep SSI, 90 days
	D1 L; D2 SC; D3 SC; D4 L; D5 L
	Some concerns

	RoB 2
	WHIST (Costa 2020) - Deep SSI, 90 days
	D1 L; D2 L; D3 H; D4 L; D5 L
	High risk

	RoB 2
	WHIST (Costa 2020) - Deep SSI, 30 days
	D1 L; D2 L; D3 L; D4 L; D5 L
	Low risk

	RoB 2
	Crist 2017 - Deep infection to fracture union
	D1 SC; D2 L; D3 SC; D4 SC; D5 SC
	High risk

	RoB 2
	Pauser 2016 - Seroma volume, day 5
	D1 SC; D2 SC; D3 L; D4 H; D5 SC
	High risk

	RoB 2
	Stannard 2012 - Infection, longest follow-up
	D1 SC; D2 SC; D3 SC; D4 SC; D5 SC
	High risk

	ROBINS-I
	Johnson 2024 - Deep SSI, >=90 days
	D1 S; D2 S; D3 L; D4 M; D5 M; D6 M; D7 S
	Serious

	ROBINS-I
	Zelle 2022 - Deep SSI, follow-up not reported
	D1 S; D2 M; D3 L; D4 M; D5 NI; D6 M; D7 S
	Serious

	ROBINS-I
	Canton 2020 - SSI, follow-up not reported
	D1 S; D2 M; D3 L; D4 M; D5 M; D6 M; D7 S
	Serious

	ROBINS-I
	Cooper 2018 - Deep SSI, 90 days
	D1 S; D2 M; D3 L; D4 S; D5 L; D6 M; D7 M
	Serious

	ROBINS-I
	Zhou 2016 - Any SSI, follow-up not reported
	D1 S; D2 L; D3 L; D4 M; D5 L; D6 M; D7 M
	Serious



Abbreviations: H, High risk; L, Low risk; M, Moderate; NI, No information; S, Serious; SC, Some concerns.
7. Use in synthesis and certainty assessment
Risk-of-bias judgements informed the interpretation of every forest plot and the GRADE assessment. They were not used as numerical study weights. The primary 90-day RCT estimate was interpreted with explicit concern about the WHIST 90-day missing-outcome-data domain. Broad RCT and all observational pools were labelled exploratory. Observational findings were not presented as causal effects.
	Version control. These rules and consensus judgements correspond to the final two-reviewer consensus dated 13 August 2026 and the locked statistical version dated 10 August 2026. Any later change to an event count, target result, or analysis time point requires a result-specific reassessment.



8. Source documents
[bookmark: _GoBack]The assessment used the RoB 2 tool for parallel-group randomised trials (2019 version), ROBINS-I (2016 version), the included full-text reports, and the final consensus workbook. Detailed signalling-question responses, reviewer disagreements, and adjudication rationales are preserved in Supplementary Appendix S7.
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