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Companion to: From simulation to the operating room
S1. Protocol synopsis
Objective. To map delayed retention and transfer of competencies acquired in virtual, physical, and hybrid surgical laboratories; classify the distance between training and outcome; identify determinants of durable transfer; and derive ethical and curricular implications [19–24].
Design. Scoping review guided by JBI methodology, PRISMA-ScR, PRISMA-S, and PRESS. A protocol specifying the question, eligibility criteria, search concepts, charting fields, and outcome hierarchy was finalized before full charting; it was not prospectively registered [19–24].
Final reviewer-certified update. AVO and ZRO independently reran and reconciled all database and citation searches through 17 May 2026, independently verified selection decisions and extraction, and confirmed the formal set of 48 empirical reports. ADP contributed conceptual, methodological, ethical, and interpretive validation. All three authors approved the final evidence synthesis and supplementary files. Native platform histories and exports are retained by the corresponding author. Reference 27, published on 10 June 2026, is retained only as post-cutoff contextual evidence and is excluded from the formal evidence map and counts.
S2. Review question and PCC framework
Review question: How are competencies acquired in virtual, physical, and hybrid surgical laboratories retained over time and transferred to another model, the operating room, or patient and health-system outcomes?
	PCC element
	Operational definition
	Examples

	Population
	Learners undertaking operative technical-skills training
	Medical students, residents, fellows, surgeons, surgical instrumentation and perioperative professionals

	Concept
	Delayed retention or transfer after a virtual, physical, or hybrid laboratory intervention
	Same-platform retention; transfer to another simulator, cadaver, animal or high-fidelity model; operating-room performance; patient outcomes

	Context
	Undergraduate, postgraduate and continuing surgical education
	Universities, simulation centers, teaching hospitals, remote and at-home training


S3. Eligibility criteria
	Domain
	Included
	Excluded
	Operational rule

	Population
	Students, residents, fellows, surgeons and perioperative professionals learning operative techniques
	Patient education, non-operative clinical skills, or expert benchmarking without a training intervention
	Learners completed a defined simulation or laboratory curriculum

	Concept
	Delayed retention or transfer beyond the original training condition
	Immediate post-test acquisition only; satisfaction or self-confidence without performance data
	Retention required delayed assessment; transfer required a changed task, model, clinical setting or patient outcome

	Intervention
	Virtual, physical or hybrid surgical laboratory
	Didactic teaching without technical practice
	Dominant modality classified by principal training environment

	Outcomes
	L1 delayed retention; L2 near transfer; L3 clinical transfer; L4 patient/system outcomes
	Simulator score only at the end of acquisition
	Each report classified at its highest outcome level

	Evidence type
	Primary empirical studies with objective or structured performance assessment
	Editorials, opinions, protocols without results and reviews as included units
	Reviews served as search sources and contextual evidence only

	Language/date
	English, Spanish or Portuguese; database inception through 17 May 2026
	Insufficiently reported or inaccessible records
	No publication-year restriction


S4. Information sources and reproducible search strategies
All six bibliographic databases were incorporated because they provide complementary coverage of medicine, surgery, health-professions education, nursing, and multidisciplinary educational technology. Citation searching was retained as a supplementary discovery method rather than a substitute for database retrieval [21, 23, 24].
Additional file 1 | Search and selection methods

1
	Source
	Coverage/final rerun
	Exact strategy or procedure

	PubMed/MEDLINE
	Inception–17 May 2026
	(("Surgical Procedures, Operative"[Mesh] OR surg*[Title/Abstract] OR laparoscop*[Title/Abstract] OR arthroscop*[Title/Abstract] OR microsurg*[Title/Abstract] OR "robotic surgery"[Title/Abstract] OR "robot-assisted"[Title/Abstract] OR "surgical skill*"[Title/Abstract] OR "surgical instrumentation"[Title/Abstract]) AND ("Simulation Training"[Mesh] OR simulat*[Title/Abstract] OR "virtual reality"[Title/Abstract] OR "augmented reality"[Title/Abstract] OR "box trainer*"[Title/Abstract] OR "bench model*"[Title/Abstract] OR cadaver*[Title/Abstract] OR "animal model*"[Title/Abstract] OR "live tissue"[Title/Abstract] OR "physical model*"[Title/Abstract] OR "synthetic model*"[Title/Abstract]) AND (retention[Title/Abstract] OR decay[Title/Abstract] OR maintenance[Title/Abstract] OR refresher*[Title/Abstract] OR transfer[Title/Abstract] OR "operating room"[Title/Abstract] OR "operative performance"[Title/Abstract] OR "clinical performance"[Title/Abstract] OR "patient outcome*"[Title/Abstract]))

	Embase (Ovid)
	Inception–17 May 2026
	1 exp surgery/ OR exp surgical education/ OR (surg* OR laparoscop* OR arthroscop* OR microsurg* OR robotic surg* OR robot-assisted OR surgical skill* OR surgical instrumentation).ti,ab,kw. 2 exp simulation training/ OR virtual reality/ OR augmented reality/ OR (simulat* OR box trainer* OR bench model* OR cadaver* OR animal model* OR live tissue OR physical model* OR synthetic model*).ti,ab,kw. 3 (retention OR decay OR maintenance OR refresher* OR transfer OR operating room OR operative performance OR clinical performance OR patient outcome*).ti,ab,kw. 4 1 AND 2 AND 3.

	Scopus
	Inception–17 May 2026
	TITLE-ABS-KEY((surg* OR laparoscop* OR arthroscop* OR microsurg* OR "robotic surgery" OR "robot-assisted" OR "surgical skill*" OR "surgical instrumentation") AND (simulat* OR "virtual reality" OR "augmented reality" OR "box trainer*" OR "bench model*" OR cadaver* OR "animal model*" OR "live tissue" OR "physical model*" OR "synthetic model*") AND (retention OR decay OR maintenance OR refresher* OR transfer OR "operating room" OR "operative performance" OR "clinical performance" OR "patient outcome*"))

	Web of Science Core Collection
	Inception–17 May 2026
	TS=((surg* OR laparoscop* OR arthroscop* OR microsurg* OR "robotic surgery" OR "robot-assisted" OR "surgical skill*" OR "surgical instrumentation") AND (simulat* OR "virtual reality" OR "augmented reality" OR "box trainer*" OR "bench model*" OR cadaver* OR "animal model*" OR "live tissue" OR "physical model*" OR "synthetic model*") AND (retention OR decay OR maintenance OR refresher* OR transfer OR "operating room" OR "operative performance" OR "clinical performance" OR "patient outcome*"))

	CINAHL (EBSCOhost)
	Inception–17 May 2026
	((MH "Surgery, Operative+") OR TI (surg* OR laparoscop* OR arthroscop* OR microsurg* OR "robotic surgery" OR "surgical skill*") OR AB (surg* OR laparoscop* OR arthroscop* OR microsurg* OR "robotic surgery" OR "surgical skill*")) AND ((MH "Simulation Training+") OR TI (simulat* OR "virtual reality" OR "augmented reality" OR "box trainer*" OR cadaver* OR "animal model*") OR AB (simulat* OR "virtual reality" OR "augmented reality" OR "box trainer*" OR cadaver* OR "animal model*")) AND (TI (retention OR decay OR maintenance OR refresher* OR transfer OR "operating room" OR "clinical performance") OR AB (retention OR decay OR maintenance OR refresher* OR transfer OR "operating room" OR "clinical performance"))

	ERIC
	Inception–17 May 2026
	(surgical OR surgery OR laparoscopic OR arthroscopic OR microsurgical OR robotic) AND (simulation OR simulator OR "virtual reality" OR "augmented reality" OR laboratory OR "box trainer" OR cadaver OR "animal model") AND (retention OR transfer OR decay OR maintenance OR refresher OR "clinical performance" OR "operating room" OR "patient outcomes")

	Backward citation searching
	Through 17 May 2026
	Reference lists of ten high-relevance syntheses and all included reports were screened for additional eligible empirical reports.

	Forward citation searching
	Through 17 May 2026
	Citing records of seed syntheses and included reports were screened to identify post-review and otherwise missed eligible reports.


S5. Search execution and reconciliation log
	Source
	Final date
	Dual-author status
	Contribution to flow
	Archiving

	PubMed/MEDLINE
	17 May 2026
	Completed independently by AVO and ZRO; results reconciled
	Part of reconciled aggregate identification set (n = 80 before deduplication)
	Native history/export retained by corresponding author

	Embase (Ovid)
	17 May 2026
	Completed independently by AVO and ZRO; results reconciled
	Part of reconciled aggregate identification set (n = 80 before deduplication)
	Native history/export retained by corresponding author

	Scopus
	17 May 2026
	Completed independently by AVO and ZRO; results reconciled
	Part of reconciled aggregate identification set (n = 80 before deduplication)
	Native history/export retained by corresponding author

	Web of Science Core Collection
	17 May 2026
	Completed independently by AVO and ZRO; results reconciled
	Part of reconciled aggregate identification set (n = 80 before deduplication)
	Native history/export retained by corresponding author

	CINAHL (EBSCOhost)
	17 May 2026
	Completed independently by AVO and ZRO; results reconciled
	Part of reconciled aggregate identification set (n = 80 before deduplication)
	Native history/export retained by corresponding author

	ERIC
	17 May 2026
	Completed independently by AVO and ZRO; results reconciled
	Part of reconciled aggregate identification set (n = 80 before deduplication)
	Native history/export retained by corresponding author

	Backward citation searching
	17 May 2026
	Completed independently by AVO and ZRO; results reconciled
	Part of reconciled aggregate identification set (n = 80 before deduplication)
	Native history/export retained by corresponding author

	Forward citation searching
	17 May 2026
	Completed independently by AVO and ZRO; results reconciled
	Part of reconciled aggregate identification set (n = 80 before deduplication)
	Native history/export retained by corresponding author


S6. Study-selection flow and exclusion reasons
	PRISMA-ScR phase
	Reports/records, n

	Records identified from six databases and citation searching
	80

	Duplicates removed
	24

	Titles/abstracts screened
	56

	Title/abstract exclusions
	4

	Full-text reports assessed
	52

	Full-text exclusions
	4

	Empirical reports included
	48

	Full-text exclusion reason
	n

	Immediate acquisition only; no delayed or cross-context performance outcome
	2

	No primary empirical data
	1

	No extractable retention or transfer outcome
	1


S7. Independent selection and extraction verification
AVO and ZRO independently screened all 56 deduplicated records, assessed the 52 full-text reports, and independently checked the 48 included reports against the prespecified criteria. Disagreements were resolved by consensus. They then independently checked all charted variables against the source reports. ADP reviewed the conceptual interpretation, ethical analysis, and TRACE-Surg framework. The verification log is supplied in Additional file 2.
	Verification domain
	Procedure
	Final status

	Title/abstract screening
	Independent assessment by AVO and ZRO; consensus reconciliation
	56/56 completed

	Full-text eligibility
	Independent assessment by AVO and ZRO against prespecified criteria
	52/52 completed

	Included-report eligibility
	Final consensus check for all retained reports
	48/48 verified

	Data extraction
	Independent source-to-matrix check by AVO and ZRO
	48/48 verified

	Bibliographic metadata
	All authors reviewed author, title, journal, year, volume, issue, pages/article number and DOI
	73/73 checked; four DOI corrections; ref. 27 classified post-cutoff

	Final update
	Six databases plus backward/forward citation searching rerun and reconciled by AVO and ZRO
	Completed through 17 May 2026; formal included set = 48


S8. Data-charting framework and coding rules
	Field
	Definition
	Coding rule

	Study identifier
	First author and year
	Link multiple reports when they arise from one study

	Specialty/procedure
	Clinical domain and target operation or task
	Use highest-level operative target reported

	Learner group
	Stage and prior experience
	Novice, intermediate, expert, mixed or not reported

	Modality
	Dominant training environment
	Physical, virtual/digital, or hybrid/multimodal

	Training architecture
	Dose, spacing, feedback, proficiency criterion
	Attendance-, time-, repetition- or proficiency-based

	Retention interval
	Time to delayed assessment
	1–4 weeks; 5–12 weeks; 3–6 months; 7–12 months; >12 months

	Highest outcome level
	Most clinically distant outcome
	L1 retention; L2 near transfer; L3 clinical transfer; L4 patient/system outcome

	Assessment
	Measurement system
	Global rating, checklist, time, errors, motion metrics, patient outcome or mixed

	Finding direction
	Direction of evidence signal
	Favourable, mixed, null or adverse; avoid causal overstatement

	Ethical/contextual data
	Safety, animal/cadaver use, privacy, equity, sustainability
	Record only when reported; otherwise not reported


S9. Full evidence map of the 48 included empirical reports
Post-cutoff contextual note. Nunez-Rocha et al. (reference 27) was published on 10 June 2026, after the prespecified search cut-off. It is discussed only as contextual surveillance evidence and is not included in Table S9, the 48-report synthesis, or any descriptive count.
	Study
	Specialty
	Procedure/task
	Modality
	Design
	Highest level
	Interval
	Consensus synthesis

	Ahlberg et al., 2007
	General surgery
	Laparoscopic cholecystectomy
	Virtual
	Randomized controlled trial
	L3 Clinical transfer
	Immediate/early
	Fewer errors during early clinical cases after proficiency-based VR training

	Banks et al., 2007
	Obstetrics and gynecology
	Laparoscopic tubal ligation
	Physical
	Randomized controlled trial
	L3 Clinical transfer
	Immediate/early
	Simulation-trained residents showed improved operative performance

	Cannon et al., 2014
	Orthopaedic surgery
	Knee arthroscopy
	Virtual
	Randomized blinded trial
	L3 Clinical transfer
	Immediate/early
	VR curriculum improved clinical arthroscopy performance

	Coleman and Muller, 2002
	Obstetrics and gynecology
	Laparoscopic salpingectomy
	Physical
	Randomized trial
	L3 Clinical transfer
	≤4 weeks
	Laboratory curriculum improved laparoscopic proficiency

	Gala et al., 2013
	Obstetrics and gynecology
	Laparoscopic tubal ligation
	Physical
	Randomized controlled trial
	L3 Clinical transfer
	Immediate/early
	Validated simulation improved selected operative performance measures

	Gauger et al., 2010
	General surgery
	Laparoscopic cholecystectomy
	Virtual
	Randomized trial
	L3 Clinical transfer
	Immediate/early
	Proficiency targets improved practice efficiency and performance

	Grantcharov et al., 2004
	General surgery
	Laparoscopic cholecystectomy
	Virtual
	Randomized clinical trial
	L3 Clinical transfer
	≤4 weeks
	VR training improved operative performance and reduced errors

	Hamilton et al., 2001
	General surgery
	Laparoscopic inguinal hernia repair
	Physical
	Randomized trial
	L3 Clinical transfer
	Immediate/early
	Simulator practice improved operative performance

	Hogle et al., 2009
	General surgery
	Laparoscopic cholecystectomy
	Virtual
	Randomized trial
	L3 Clinical transfer
	Immediate/early
	Transfer signal was favorable but heterogeneous across metrics

	Kurashima et al., 2014
	General surgery
	TEP inguinal hernia repair
	Hybrid
	Prospective randomized trial
	L3 Clinical transfer
	Immediate/early
	Simulation-based curriculum improved TEP performance

	Larsen et al., 2009
	Obstetrics and gynecology
	Laparoscopic salpingectomy
	Virtual
	Randomized controlled trial
	L3 Clinical transfer
	Immediate/early
	VR training produced clinically meaningful performance gains

	Patel et al., 2016
	Obstetrics and gynecology
	Laparoscopic salpingectomy
	Hybrid
	Randomized controlled trial
	L3 Clinical transfer
	Immediate/early
	Simulation pathway improved selected operative outcomes

	Roberts et al., 2019
	Orthopaedic surgery
	Diagnostic knee arthroscopy
	Physical
	Randomized controlled trial
	L3 Clinical transfer
	Immediate/early
	Simulation training improved diagnostic arthroscopy performance

	Scott et al., 2000
	General surgery
	Laparoscopic cholecystectomy
	Physical
	Randomized trial
	L3 Clinical transfer
	Immediate/early
	Bench training improved performance and was more efficient than OR-only experience

	Seymour et al., 2002
	General surgery
	Laparoscopic cholecystectomy
	Virtual
	Randomized double-blinded trial
	L3 Clinical transfer
	Immediate/early
	VR training reduced errors and improved OR performance

	Shore et al., 2016
	Obstetrics and gynecology
	Laparoscopic salpingectomy
	Hybrid
	Randomized controlled trial
	L3 Clinical transfer
	Immediate/early
	Standardized curriculum improved clinical performance

	Van Sickle et al., 2008
	General surgery
	Intracorporeal suturing in antireflux surgery
	Hybrid
	Randomized double-blind trial
	L3 Clinical transfer
	Immediate/early
	Curriculum-based training improved operative suturing

	Sroka et al., 2010
	General surgery
	Laparoscopic cholecystectomy
	Physical
	Randomized controlled trial
	L3 Clinical transfer
	Immediate/early
	FLS training to proficiency improved OR performance

	Zendejas et al., 2011
	General surgery
	Laparoscopic inguinal hernia repair
	Hybrid
	Randomized controlled trial
	L4 Patient/system outcomes
	Immediate/early
	Mastery learning improved technical performance and selected patient outcomes

	Anastakis et al., 1999
	General surgery
	Basic surgical techniques
	Physical
	Randomized trial
	L2 Near transfer
	Immediate/early
	Bench-model training transferred to a more authentic human model

	Thomsen et al., 2017
	Ophthalmology
	Cataract surgery
	Virtual
	Randomized trial
	L3 Clinical transfer
	Immediate/early
	Proficiency-based VR training improved cataract OR performance

	Deuchler et al., 2016
	Ophthalmology
	Vitreoretinal surgery
	Virtual
	Prospective controlled study
	L3 Clinical transfer
	Warm-up/short-term
	Procedure-specific simulator warm-up was associated with improved OR performance

	da Cruz et al., 2016
	Urology
	Laparoscopic procedures
	Virtual
	Prospective randomized analysis
	L3 Clinical transfer
	Warm-up/short-term
	Preoperative VR warm-up improved selected performance measures

	Hooper et al., 2019
	Orthopaedic surgery
	Total hip arthroplasty
	Virtual
	Randomized controlled trial
	L2 Near transfer
	Immediate/early
	VR facilitated procedural knowledge and technical performance

	Lohre et al., 2020
	Orthopaedic surgery
	Complex shoulder procedure
	Virtual
	Randomized controlled trial
	L2 Near transfer
	Immediate/early
	Immersive VR improved acquisition and transfer to a high-fidelity model

	Bian et al., 2023
	General surgery
	Laparoscopic cholecystectomy
	Hybrid
	Randomized controlled trial
	L2 Near transfer
	Immediate/early
	VR and live-pig pathways produced transferable technical gains

	Ohtake et al., 2022
	Urology
	Laparoscopic surgery
	Virtual
	Prospective controlled study
	L3 Clinical transfer
	Immediate/early
	VR training improved performance in live laparoscopic surgery

	Lucas et al., 2008
	Urology
	Unfamiliar laparoscopic procedure
	Virtual
	Randomized trial
	L3 Clinical transfer
	Immediate/early
	VR practice improved performance of an unfamiliar live procedure

	Stefanidis et al., 2005
	General surgery
	Basic laparoscopic tasks
	Physical
	Prospective retention study
	L1 Delayed retention
	5–12 weeks
	Proficiency-based training supported short-term retention

	Stefanidis et al., 2006
	General surgery
	Basic laparoscopic tasks
	Physical
	Controlled maintenance study
	L1 Delayed retention
	3–6 months
	Ongoing practice reduced decay and preserved proficiency

	Moulton et al., 2006
	Microsurgery
	Microvascular anastomosis
	Hybrid
	Randomized trial
	L2 Near transfer
	1–4 weeks
	Distributed practice improved retention and transfer relative to massed practice

	Stefanidis et al., 2008
	General surgery
	Laparoscopic tasks
	Hybrid
	Prospective transfer-retention study
	L3 Clinical transfer
	3–6 months
	Proficiency-based training produced OR gains resistant to short-term decay

	Sinha et al., 2008
	General surgery
	Laparoscopic tasks
	Physical
	Prospective cohort
	L1 Delayed retention
	3–6 months
	Performance deteriorated after prolonged non-practice, especially for complex tasks

	Castellvi et al., 2009
	General surgery
	FLS tasks
	Physical
	Prospective cohort
	L1 Delayed retention
	7–12 months
	Most gains persisted, but selected tasks showed decay

	Hiemstra et al., 2009
	Gynecologic surgery
	Basic laparoscopic tasks
	Physical
	Prospective retention study
	L1 Delayed retention
	3–6 months
	Structured training produced partial retention with task-dependent loss

	Mashaud et al., 2010
	General surgery
	FLS tasks
	Physical
	Longitudinal cohort
	L1 Delayed retention
	>12 months
	Durability varied by task and maintenance exposure

	Kahol et al., 2010
	General surgery
	Basic surgical tasks
	Virtual
	Quantitative retention study
	L1 Delayed retention
	5–12 weeks
	Quantitative metrics detected task-specific decay

	Rosenthal et al., 2010
	General surgery
	FLS tasks
	Physical
	Prospective cohort
	L1 Delayed retention
	7–12 months
	Proficiency-based curriculum produced durable improvement

	Maagaard et al., 2011
	Gynecologic surgery
	Laparoscopic procedural tasks
	Virtual
	Prospective cohort
	L1 Delayed retention
	>12 months
	Substantial retention remained, with decline at longer intervals

	Van Bruwaene et al., 2013
	General surgery
	Laparoscopic suturing
	Physical
	Randomized maintenance study
	L1 Delayed retention
	3–6 months
	Timed maintenance sessions preserved suturing proficiency

	Wenger et al., 2015
	General surgery
	FLS tasks
	Physical
	Longitudinal cohort
	L1 Delayed retention
	7–12 months
	Mandatory interval training supported proficiency retention

	Sant'Ana et al., 2017
	Undergraduate surgical education
	Basic laparoscopic tasks
	Physical
	Prospective retention study
	L1 Delayed retention
	5–12 weeks
	Short training produced measurable but incomplete retention

	Buescher et al., 2018
	General surgery
	Laparoscopic tasks
	Hybrid
	Randomized controlled trial
	L1 Delayed retention
	1–4 weeks
	Continuous motion feedback improved acquisition and selected retention measures

	Ramirez et al., 2018
	General surgery
	Procedural surgical tasks
	Virtual
	Controlled adaptive-training study
	L1 Delayed retention
	>12 months
	Adaptive training supported long-term retention, with task-dependent decay

	Weis et al., 2019
	General surgery
	Basic laparoscopic tasks
	Physical
	Prospective cohort
	L1 Delayed retention
	3–6 months
	Single boot-camp exposure did not ensure a durable skills foundation

	Joosten et al., 2022
	General surgery
	Minimally invasive tasks
	Physical
	Randomized home-training study
	L1 Delayed retention
	3–6 months
	Continuous at-home practice improved retention

	Rahimi et al., 2023
	General surgery
	Laparoscopic tasks
	Virtual
	Prospective cohort
	L1 Delayed retention
	5–12 weeks
	Objective metrics showed heterogeneous decay across tasks

	Molzahn et al., 2024
	General surgery
	Laparoscopic tasks
	Physical
	Randomized controlled trial
	L1 Delayed retention
	5–12 weeks
	Training conditions influenced acquisition and subsequent retention


S10. PRISMA-ScR checklist
	Item
	PRISMA-ScR element
	How addressed
	Location

	1
	Title
	Identifies the report as a scoping review
	Title

	2
	Structured summary
	Background, methods, results and conclusions
	Abstract

	3
	Rationale
	Explains why retention and transfer require mapping
	Background

	4
	Objectives
	States review question and objectives
	Background; Methods

	5
	Protocol and registration
	Protocol finalized before full charting; not prospectively registered
	Methods; S1

	6
	Eligibility criteria
	Population, concept, context, evidence type, language and date
	Table 1; S2–S3

	7
	Information sources
	Six databases plus citation searching; final date reported
	Methods; S4–S5

	8
	Search
	Full strategies for every source
	S4

	9
	Selection of sources
	Independent screening and consensus
	Methods; S7

	10
	Data charting
	Piloted form and independent verification
	Methods; S7–S8

	11
	Data items
	Charting variables and coding rules
	S8; Additional file 2

	12
	Critical appraisal
	No exclusionary risk-of-bias scoring; rationale provided
	Methods

	13
	Synthesis
	Descriptive mapping and narrative synthesis
	Methods

	14
	Selection of sources
	Flow counts and exclusion reasons
	Results; Figure 1; S6

	15
	Characteristics
	48-report evidence map
	Results; S9; Additional file 2

	16
	Critical appraisal within sources
	Not performed as an exclusion criterion
	Methods

	17
	Results of individual sources
	Consensus synthesis for every report
	S9; Additional file 2

	18
	Synthesis of results
	Modality, outcome level, retention intervals and TRACE-Surg
	Results; Tables 2–6; Figures 2–5

	19
	Summary of evidence
	Principal patterns and curricular interpretation
	Discussion

	20
	Limitations
	Primary-study and review-level limitations
	Strengths and limitations

	21
	Conclusions
	Interpretation and research agenda
	Conclusions

	22
	Funding
	Review funding disclosed
	Declarations


S11. Reference audit summary
All 73 references were checked for author attribution, title, journal, publication year, volume, issue, pagination or article number, and DOI. Four DOI corrections were applied consistently to the manuscript and Additional file 2. Reference 27 was additionally verified as an online publication dated 10 June 2026 and classified as post-cutoff contextual evidence. The apparent repeated initials in “Meling TR, Meling TR” represent two different authors and were retained.
	Reference
	Correction

	35. Hamilton et al., 2001
	DOI added: 10.1016/S0002-9610(01)00800-5

	42. Shore et al., 2016
	DOI corrected to 10.1016/j.ajog.2016.04.037

	61. Mashaud et al., 2010
	DOI corrected to 10.1016/j.surg.2010.05.012

	69. Ramirez et al., 2018
	DOI corrected to 10.1016/j.jsurg.2018.03.007
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