Undermind

Undermind	Supplementary Appendix S2 reproducibility tables	June 20, 2026
[bookmark: X60282d4d627a19450244195ab71e74ecfd03cd5]Serum Vitamin D Status and Risk of Dental Implant Failure: A Systematic Review and Exploratory Meta-analysis of Primary Human Studies

Supplementary Appendix S2 Reproducibility tables
This appendix consolidates the database-specific search strategies and the numerical and methodological tables needed to reproduce study selection, data extraction, chi-square analyses, meta-analyses, sensitivity analyses, risk-of-bias judgments, and certainty-of-evidence ratings for the review on serum vitamin D and dental implant failure (Al-Quisi et al., 2024 [1]; Grigoraş et al., 2025 [2]; F. Mangano et al., 2016 [3]; F. G. Mangano et al., 2018 [4]; Mohsen et al., 2024 [5]).
Date of last search: June 9, 2026.
[bookmark: search-strategies-by-database]Search strategies by database
Searches were completed in PubMed, Web of Science, Embase, Europe PMC, and Cochrane Library. No language restrictions were applied during the search stage.
Table S1. Search strategies by database and initial yield
	Database
	Search strategy
	Initial result

	PubMed
	(( "Dental Implants"[Mesh] OR "Dental Implantation"[Mesh] OR "Dental Prosthesis, Implant-Supported"[Mesh] OR (((dental[tiab] OR oral[tiab]) AND implant*[tiab])) OR osseointegrat*[tiab] ) AND ( "Vitamin D Deficiency"[Mesh] OR "Vitamin D"[Mesh] OR "vitamin d"[tiab] OR "vitamin d3"[tiab] OR cholecalciferol[tiab] OR ergocalciferol[tiab] OR calcidiol[tiab] OR calcifediol[tiab] OR calcitriol[tiab] OR "25-hydroxyvitamin d"[tiab] OR "25 hydroxyvitamin d"[tiab] OR "25(OH)D"[tiab] OR "hypovitaminosis d"[tiab] ))
	189

	Web of Science
	TS=( ((dental OR oral) NEAR/2 implant*) OR "dental implantation" OR osseointegrat* ) AND TS=( "vitamin d" OR "vitamin d3" OR cholecalciferol OR ergocalciferol OR calcidiol OR calcifediol OR calcitriol OR "25-hydroxyvitamin d" OR "25 hydroxyvitamin d" OR "25(OH)D" OR "hypovitaminosis d" )
	160

	Embase
	('dental implant'/exp OR 'dental implantation'/exp OR (((dental OR oral) NEAR/2 implant*):ab,ti,kw) OR osseointegrat*:ab,ti,kw) AND ('vitamin d deficiency'/exp OR 'vitamin d'/exp OR 'vitamin d':ab,ti,kw OR 'vitamin d3':ab,ti,kw OR cholecalciferol:ab,ti,kw OR ergocalciferol:ab,ti,kw OR calcidiol:ab,ti,kw OR calcifediol:ab,ti,kw OR calcitriol:ab,ti,kw OR '25-hydroxyvitamin d':ab,ti,kw OR '25 hydroxyvitamin d':ab,ti,kw OR '25(oh)d':ab,ti,kw OR 'hypovitaminosis d':ab,ti,kw)
	234

	Europe PMC
	( TITLE_ABS:"dental implant" OR TITLE_ABS:"dental implants" OR TITLE_ABS:"oral implant" OR TITLE_ABS:"oral implants" OR TITLE_ABS:"dental implantation" OR TITLE_ABS:osseointegrat* ) AND ( TITLE_ABS:"vitamin d" OR TITLE_ABS:"vitamin d3" OR TITLE_ABS:cholecalciferol OR TITLE_ABS:ergocalciferol OR TITLE_ABS:calcidiol OR TITLE_ABS:calcifediol OR TITLE_ABS:calcitriol OR TITLE_ABS:"25-hydroxyvitamin d" OR TITLE_ABS:"25 hydroxyvitamin d" OR TITLE_ABS:"25(OH)D" OR TITLE_ABS:"hypovitaminosis d" )
	110

	Cochrane Library
	Dental Implants AND Vitamin D
	23
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Table S2 PRISMA 2020 accounting summary
	PRISMA item
	n
	Notes

	Records identified from databases
	716
	PubMed, Web of Science, Embase, Europe PMC, Cochrane Library
Exporting bibliographic citations to a CSV file

	Duplicate records removed before screening
	322
	After CSV file integration and review by title and abstract

	Records screened
	394
	Title and abstract screening

	Records excluded
	383
	Screening phase

	Reports sought for retrieval
	15
	11 from database screening plus 4 from other methods

	Reports not retrieved
	0
	All full texts obtained

	Reports assessed for eligibility
	15
	Full-text phase

	Reports excluded
	10
	Detailed in Table S3

	Studies included in quantitative synthesis
	5
	Al-Quisi et al., 2024 [1]; Grigoraş et al., 2025 [2]; F. Mangano et al., 2016 [3]; F. G. Mangano et al., 2018 [4]; Mohsen et al., 2024 [5] [1–5]
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Table S3 Full-text reports excluded after eligibility assessment
	Study
	Study type
	Exact reason for exclusion
	Use in manuscript

	Cheng et al., 2024 [6]

	Retrospective case-control study
	Exposure focused on hypervitaminosis D and outcome combined implant survival with severe marginal bone loss; not equivalent to the main failure definition
	Contextual discussion

	Mahendra et al., 2025 [7]

	Retrospective cohort
	Serum 25(OH)D not measured in a standardized way at the clinically relevant timepoint
	Contextual discussion

	Kwiatek et al., 2021 [8]

	Prospective randomized clinical trial
	Main outcome was peri-implant bone-level change during healing; implant failure not the main analyzable outcome
	Methodological discussion

	Fretwurst et al., 2016 [9]

	Case-series style report
	No reconstructable comparative contingency data
	Narrative context

	Schulze-Späte et al., 2016 [10]

	Randomized double-blind placebo-controlled trial
	Vitamin D3 supplementation after sinus augmentation; no analyzable implant-failure data by vitamin D category
	Biological context

	Hamdan et al., 2013 [11]

	Randomized clinical trial
	Assessed dietary vitamin D intake rather than serum vitamin D status and did not focus on implant failure
	Methodological context

	Aspenberg et al., 2016 [12]

	Randomized double-blind clinical trial
	Not related to dental implants
	Excluded

	Saari et al., 2014 [13]

	Randomized double-blind clinical trial
	Not related to dental implants or categorized serum vitamin D exposure
	Excluded

	Buzatu et al., 2024 [14]

	Systematic review
	Secondary evidence without independent primary data
	Contextual review

	Pardal-Peláez & Pardal-Refoyo, 2026 [15]

	Secondary systematic review
	Secondary evidence used only for harmonization and verification
	Verification only


[bookmark: Xf0b0037f4f1c127b82aa06fee29fccbdc6a645c]

Table S4 Included studies and analytic role
	Study
	Design
	Unit of analysis
	Main role

	F. Mangano et al., 2016 [3]

	Retrospective cohort
	Patient
	Patient-level primary meta-analysis

	F. G. Mangano et al., 2018 [4]

	Retrospective cohort
	Patient
	Patient-level primary meta-analysis

	Mohsen et al., 2024 [5]

	Prospective cohort
	Implant
	Implant-level primary meta-analysis

	Al-Quisi et al., 2024 [1]

	Prospective cohort
	Implant
	Implant-level primary meta-analysis

	Grigoraş et al., 2025 [2]

	Prospective observational cohort
	Implant
	Implant-level sensitivity analysis


[bookmark: X2045f1f315017a4637274c4eabd4490ef37ad2b]Table S5 Raw category counts extracted from each included study
	Study
	Lowest interval failure / non-failure
	Middle interval failure / non-failure
	Highest interval failure / non-failure

	F. Mangano et al., 2016 [3]

	<10 ng/mL: 2 / 20
	10-30 ng/mL: 16 / 390
	>30 ng/mL: 9 / 385

	F. G. Mangano et al., 2018 [4]

	<10 ng/mL: 3 / 24
	10-30 ng/mL: 20 / 428
	>30 ng/mL: 12 / 398

	Mohsen et al., 2024 [5]

	<10 ng/mL: 6 / 7
	10-30 ng/mL: 2 / 84
	>30 ng/mL: 2 / 42

	Al-Quisi et al., 2024 [1]

	<20 ng/mL: 2 / 27
	20-29 ng/mL: 0 / 55
	>30 ng/mL: 0 / 44

	Grigoraş et al., 2025 [2]

	<20 ng/mL: 5 / 239
	20-32 ng/mL: 16 / 242
	32-110 ng/mL: 2 / 52
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Table S6 Reconstructed 2 × 2 data for the main patient-level meta-analysis
	Study
	Low vitamin D failures
	Low vitamin D non-failures
	Normal vitamin D failures
	Normal vitamin D non-failures

	F. Mangano et al., 2016 [3]

	18
	410
	9
	385

	F. G. Mangano et al., 2018 [4]

	23
	452
	12
	398

	Total
	41
	862
	21
	783


[bookmark: X201f8f3fed4f99a887648a2776e7a9a3fa22db4]Table S7 Reconstructed 2 × 2 data for the main implant-level meta-analysis
	Study
	Low vitamin D failures
	Low vitamin D non-failures
	Normal vitamin D failures
	Normal vitamin D non-failures

	Mohsen et al., 2024 [5]

	8
	91
	2
	42

	Al-Quisi et al., 2024 [1]

	2
	82
	0
	44

	Total
	10
	173
	2
	86


[bookmark: X0658bbbf1def3cea75a14efa8deffb378018b25]Table S8 Reconstructed 2 × 2 data for the implant-level sensitivity analysis
	Study
	Low vitamin D failures
	Low vitamin D non-failures
	Reference failures
	Reference non-failures

	Mohsen et al., 2024 [5]

	8
	91
	2
	42

	Al-Quisi et al., 2024 [1]

	2
	82
	0
	44

	Grigoraş et al., 2025 [2]

	21
	481
	2
	52

	Total
	31
	654
	4
	138
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Table S9 Software-ready input for the patient-level meta-analysis
	Study
	Experimental events
	Experimental total
	Control events
	Control total

	F. Mangano et al., 2016 [3]

	18
	428
	9
	394

	F. G. Mangano et al., 2018 [4]

	23
	475
	12
	410


[bookmark: X169359cb49929b534673ae9f1e9f78fdb080a55]Table S10 Software-ready input for the implant-level meta-analysis
	Study
	Experimental events
	Experimental total
	Control events
	Control total

	Mohsen et al., 2024 [5]

	8
	99
	2
	44

	Al-Quisi et al., 2024 [1]

	2
	84
	0
	44


[bookmark: X6a1b52da455e16ae91a6b4d02c363f60a70fd0f]Table S11 Software-ready input for the implant-level sensitivity analysis
	Study
	Experimental events
	Experimental total
	Control events
	Control total

	Mohsen et al., 2024 [5]

	8
	99
	2
	44

	Al-Quisi et al., 2024 [1]

	2
	84
	0
	44

	Grigoraş et al., 2025 [2]

	21
	502
	2
	54


[bookmark: table-s12-pooled-meta-analytic-results]


Table S12 Pooled meta-analytic results
	Analysis
	Studies
	OR
	95% CI

	Patient-level primary analysis
	F. Mangano et al., 2016 [3]; F. G. Mangano et al., 2018 [4]

	1.77
	1.04-3.02

	Implant-level primary analysis
	Mohsen et al., 2024 [5]; Al-Quisi et al., 2024 [1]

	2.02
	0.49-8.25

	Implant-level sensitivity analysis
	Mohsen et al., 2024 [5]; Al-Quisi et al., 2024 [1]; Grigoraş et al., 2025 [2]

	1.56
	0.56-4.34


[bookmark: X27f3ed3293444f9f1c867a3959fee0f8c5901ea]Table S13 Pooled heterogeneity and significance statistics
	Analysis
	p value
	I²
	Interpretation

	Patient-level primary analysis
	0.0368
	0%
	Significant association; no observed statistical heterogeneity

	Implant-level primary analysis
	0.330
	0%
	Non-significant; imprecise estimate

	Implant-level sensitivity analysis
	0.398
	0%
	Non-significant; attenuated estimate


[bookmark: Xcb5e364eebd954b03ae5ea937505e8a701fb645]Table S14 Chi-square table for patient-level 3 × 2 analysis
	Vitamin D interval
	Failures
	Non-failures
	Total

	<10 ng/mL
	5
	44
	49

	10-30 ng/mL
	36
	818
	854

	>30 ng/mL
	21
	783
	804

	Total
	62
	1645
	1707
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Table S15 Chi-square table for implant-level 3 × 2 analysis with compatible cut-offs
	Vitamin D interval
	Failures
	Non-failures
	Total

	<10 ng/mL
	6
	7
	13

	10-30 ng/mL
	2
	84
	86

	>30 ng/mL
	2
	42
	44

	Total
	10
	133
	143


[bookmark: Xc29e171fd04d6dbb747a61feae70d4e09509c06]Table S16 Chi-square table for pooled low versus normal vitamin D comparison
	Vitamin D category
	Failures
	Non-failures
	Total

	Low <30 ng/mL
	51
	1035
	1086

	Normal >30 ng/mL
	23
	869
	892

	Total
	74
	1904
	1978


[bookmark: X9b2bc1528db4ed86931b8889849ed8de4e5d09e]Table S17 Exploratory harmonized 3 × 2 chi-square table based on secondary standardization
	Vitamin D interval
	Failures
	Non-failures
	Total

	<10 ng/mL
	12
	49
	61

	10-30 ng/mL
	43
	918
	961

	>30 ng/mL
	24
	814
	838

	Total
	79
	1781
	1860


[bookmark: table-s18-chi-square-results-summary]


Table S18 Chi-square results summary
	Analysis
	Chi-square
	p value
	Notes

	Patient-level 3 × 2
	9.2673
	0.0097
	Based on F. Mangano et al., 2016 [3]; F. G. Mangano et al., 2018 [4]


	Implant-level 3 × 2 with compatible cut-offs
	33.9384
	<0.001
	Based on Mohsen et al., 2024 [5] only for exact compatible strata


	Pooled low versus normal 2 × 2
	6.10
	0.014
	Main dichotomous pooled comparison

	Harmonized 3 × 2 secondary standardization
	39.75
	<0.001
	Supportive, based on Pardal-Peláez & Pardal-Refoyo, 2026 [15] standardization



[bookmark: table-s19-sensitivity-analysis-framework]Table S19 Sensitivity analysis framework
	Scenario
	Studies
	Main purpose
	Interpretive role

	Patient-level primary analysis
	F. Mangano et al., 2016 [3]; F. G. Mangano et al., 2018 [4]

	Preserve patient unit of analysis
	Main patient estimate

	Implant-level primary analysis
	Mohsen et al., 2024 [5]; Al-Quisi et al., 2024 [1]

	Preserve implant unit of analysis with comparable short-term outcomes
	Main implant estimate

	Implant-level sensitivity analysis
	Mohsen et al., 2024 [5]; Al-Quisi et al., 2024 [1]; Grigoraş et al., 2025 [2]

	Test robustness to alternative cut-off and longer follow-up
	Sensitivity estimate

	Strict deficiency focus
	F. Mangano et al., 2016 [3]; F. G. Mangano et al., 2018 [4]; Mohsen et al., 2024 [5]

	Explore severe deficiency signal
	Exploratory

	Broad deficiency threshold
	Al-Quisi et al., 2024 [1]; Grigoraş et al., 2025 [2]

	Explore <20 ng/mL threshold
	Exploratory


[bookmark: Xc3c514c87fc6594e8ea97041bee445d3ce64401]


Table S20 Decision table for the role of each included study in synthesis
	Study
	Vitamin D cut-off structure
	Outcome window
	Synthesis role

	F. Mangano et al., 2016 [3]

	<10, 10-30, >30 ng/mL
	Early failure at 4 months
	Patient primary analysis

	F. G. Mangano et al., 2018 [4]

	<10, 10-30, >30 ng/mL
	Early failure at 4 months
	Patient primary analysis

	Mohsen et al., 2024 [5]

	<10, 10-30, >30 ng/mL
	Early failure at 12 weeks
	Implant primary analysis

	Al-Quisi et al., 2024 [1]

	<20, 20-29, >30 ng/mL
	Early failure at 4 months
	Implant primary analysis after dichotomization

	Grigoraş et al., 2025 [2]

	<20, 20-32, 32-110 ng/mL
	Implant loss to 12 months
	Implant sensitivity analysis


[bookmark: Xae67a85e7a50672d13a7153f030f37db61983d4]Table S21 Detailed Newcastle-Ottawa interpretation
	Study
	Overall NOS judgment
	Key reason 1
	Key reason 2

	F. Mangano et al., 2016 [3]

	Moderate
	Objective preoperative serum measurement
	No multivariable adjustment; small <10 ng/mL stratum

	F. G. Mangano et al., 2018 [4]

	Moderate
	Explicit early failure definition
	No multivariable adjustment; small severely deficient stratum

	Mohsen et al., 2024 [5]

	Moderate
	Prospective design and uniform protocol
	Small deficient group; implant-level analysis

	Al-Quisi et al., 2024 [1]

	Moderate
	Prospective design and standardized surgery
	Only two failures; one zero-event comparator cell

	Grigoraş et al., 2025 [2]

	Moderate-high
	Prospective data collection
	No multivariable adjustment; less comparable outcome window


[bookmark: table-s22-grade-certainty-profile]


Table S22 GRADE certainty profile
	Comparison
	Starting certainty
	Downgrading domains
	Final certainty

	Low vs normal vitamin D, patient-level meta-analysis F. Mangano et al., 2016 [3]; F. G. Mangano et al., 2018 [4]

	Low
	Risk of bias, indirectness, imprecision
	Very low

	Low vs normal vitamin D, implant-level meta-analysis Al-Quisi et al., 2024 [1]; Mohsen et al., 2024 [5]

	Low
	Risk of bias, indirectness, very serious imprecision
	Very low


[bookmark: X4f7f23b619cd34184e56d30b17e410823b4ed26]Table S23 Reproducibility notes for re-analysis
	Domain
	Reproducibility rule
	Applied in this review

	Analytical separation
	Do not pool patient-level and implant-level studies together
	Applied throughout

	Main threshold
	Main dichotomous analysis uses <30 vs ≥30 or >30 ng/mL
	Applied to (Al-Quisi et al., 2024 [1]; F. Mangano et al., 2016 [3]; F. G. Mangano et al., 2018 [4]; Mohsen et al., 2024 [5])


	Zero-event handling
	Apply continuity correction when one comparison arm has zero events
	Required for (Al-Quisi et al., 2024)

	Sensitivity analysis
	Reserve (Grigoraş et al., 2025) for implant-level sensitivity analysis
	Applied

	Category-based chi-square
	Use original categories where exact strata are compatible; use harmonized table only as supportive evidence
	Applied


[bookmark: X6622993b611430b2ad03c6d5ca77720d09e2b05]


Table S24 References needed to reproduce the core analyses
	Function in reproduction
	Key references

	Main patient-level counts and outcome definition
	F. Mangano et al., 2016 [3]; F. G. Mangano et al., 2018 [4]


	Main implant-level counts and outcome definition
	Al-Quisi et al., 2024 [1]; Mohsen et al., 2024 [5]


	Implant-level sensitivity analysis
	Grigoraş et al., 2025 [2]


	Vitamin D sufficiency threshold rationale
	Holick et al., 2011 [16]


	Risk-of-bias tool rationale
	Wells et al., 2014 [17]


	Background contextual reviews
	Buzatu et al., 2024 [14]; Diachkova et al., 2021 [18]; Muresan et al., 2022 [19]; Nastri et al., 2020 [20]; Werny et al., 2022 [21]


	Secondary harmonization used only as supportive evidence
	Pardal-Peláez & Pardal-Refoyo, 2026 [15]
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