Supplementary material 2a. Detailed search strategy and study protocol

The following search terms were employed: “os odontoideum”. The search techniques for the databases followed the same general design, taking into account the specific syntactic needs of the search engine. All of the records identified up to 8th of July, 2025.


	Database
	Search terms
	Results

	Pubmed/Medline
	"os odontoideum"
	523

	Embase
	'os odontoideum'/exp OR 'os odontoideum'
	615

	ScienceDirect
	"os odontoideum"
	760

	Scopus
	"os odontoideum"
	587





[bookmark: _Hlk215823579]Following the round of peer review, the authors complemented the search with the broader combinations of MeSH and free-text terms („os odontoideum”, „odontoid anomaly”, „dens malformation”, „atlantoaxial abnormality”, „C2 dens ossicle”) with filtered out reviews and single case reports and the complete Boolean string in PubMed being as follows: ("os odontoideum"[All Fields] OR (("odontoid"[All Fields] OR "odontoids"[All Fields]) AND ("abnormalities"[MeSH Subheading] OR "abnormalities"[All Fields] OR "anomalies"[All Fields] OR "anomalie"[All Fields] OR "anomaly"[All Fields])) OR "dens malformation"[All Fields] OR ("atlantoaxial"[All Fields] AND ("abnormal"[All Fields] OR "abnormalities"[MeSH Subheading] OR "abnormalities"[All Fields] OR "congenital abnormalities"[MeSH Terms] OR ("congenital"[All Fields] AND "abnormalities"[All Fields]) OR "congenital abnormalities"[All Fields] OR "abnormality"[All Fields] OR "abnormally"[All Fields] OR "abnormals"[All Fields] OR "abnormities"[All Fields] OR "abnormity"[All Fields])) OR ("c2"[All Fields] AND ("dens"[Journal] OR "dens curitiba"[Journal] OR "dens"[All Fields]) AND ("ossicle"[All Fields] OR "ossicles"[All Fields]))) AND (casereports[Filter] OR review[Filter] OR systematicreview[Filter]). 
The complementary Pubmed search produced 987 records, Embase 1657 records, Scopus 2226, with no new articles meeting eligibility criteria.
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1. Objectives
The primary objective of this study is to determine the global pooled prevalence of os odontoideum (OO) in the general population.
Secondary objectives include:
1. Estimating the prevalence of OO among clinically relevant subgroups:
· Individuals with craniofacial malformations
· Individuals with trisomy 21
· Combined trisomy 21 and craniocervical symptom cohort
· Consecutive surgical craniocervical fixation cohorts
2. Summarizing anatomical, radiological, and surgical implications of OO, including vertebral artery (VA) variations and congenital osseous anomalies.
3. Assessing potential sources of heterogeneity and publication bias.
4. Performing meta-regression to statistically compare OO prevalence across subgroups.
2. Eligibility Criteria





Table 1. Eligibility criteria
	Criterion
	Specification

	Study types
	Retrospective or prospective observational studies (cohort, cross-sectional).

	Participants
	Human subjects of any age undergoing cervical imaging for any indication.

	Exposure / Definition
	OO diagnosed radiologically (radiograph, CT, MRI, CTA), defined as a well-corticated ossicle separated from the C2 body.

	Outcomes
	(1) Prevalence of OO; (2) prevalence of associated vascular or osseous anomalies if available.

	Language
	No language restrictions; translations obtained when necessary.

	Minimum size
	N > 5 to reduce small-study bias and align with anatomical evidence-based methodology.

	Exclusion criteria
	Case reports or series with N < 5, conference abstracts, reviews, animal/cadaveric studies, mixed cohorts where OO could not be separated from ossiculum terminale or odontoid fractures.



3. Search Strategy
Following PRISMA 2020 guidelines, a comprehensive search was performed in:
1. PubMed/MEDLINE
2. Embase
3. Scopus
4. ScienceDirect
Date last searched: July 18th, 2025.
Search string – as in Supplementary Material 2a.
4. Study Selection Process
Two independent reviewers (W.G. and T.K.) screened:
1. Titles & abstracts → inclusion or exclusion
2. Full texts for eligibility
Disagreements were resolved by consensus or by consulting a third senior author (L.S.).
In cases of suspected overlapping cohorts, studies were cross-compared based on:
· Institution and study period
· Age ranges
· Imaging modality
· Inclusion criteria
Only the largest non-overlapping dataset was retained.
A PRISMA flow diagram is presented in Supplementary Material 1.
5. Data Extraction
Data were extracted independently by two reviewers into a structured Excel sheet and included:
1. Study metadata (author, year, region)
2. Sample size and subgroup classification
3. Age distribution
4. Number of OO cases
5. Imaging modality
Listwise deletion was used for missing data; authors were contacted when required.
6. Risk of Bias Assessment
Risk of bias was evaluated using the Anatomical Quality Assessment (AQUA) tool, assessing five domains:
1. Objectives and subject characterization
2. Study design
3. Methodology characterization
4. Descriptive anatomy
5. Reporting of results
Two reviewers (T.K. and W.G.) scored studies independently; discrepancies were resolved with a senior author (L.S.).
Publication bias was assessed using:
1. Doi plots
2. Luis Furuya-Kanamori (LFK) index
7. Statistical Analysis
All statistical analyses followed the plan described in the manuscript’s Methods section
7.1 Primary outcome
Pooled prevalence estimates (PPEs) of OO across subgroups.
7.2 Meta-analytic model
1. Random-effects model (DerSimonian–Laird).
2. Variance stabilization using Freeman–Tukey double–arcsine transformation.
3. Back-transformation to obtain interpretable prevalence.
7.3 Assessment of heterogeneity
1. Heterogeneity quantified with I² and Cochran’s Q.
2. Thresholds:
· 0–40%: low; 30–60%: moderate; 50–90%: substantial; 75–100%: considerable.
3. p < 0.10 for Q-test significance.
7.4 Subgroup comparisons
1. χ² tests of homogeneity.
2. Subgroups analyzed only if ≥ 2 independent studies available.
7.5 Publication bias
1. Doi plots & LFK index.
2. Interpretation:
· 0 to ±1 = no asymmetry
· ±1 to ±2 = minor asymmetry
· ±2 = major asymmetry
7.6 Sensitivity analysis
1. Leave-one-out method.
7.7 Meta-regression
To explore sources of heterogeneity and assess whether OO prevalence differs significantly between general populations and surgical cohorts, we performed:
1. Random-effects meta-regression
2. Logit event-rate model
3. Knapp–Hartung adjustment
Moderators:
1. Subgroup (general population vs. surgical)
2. Geographic region
3. Imaging modality
8. Ethics and Registration
1. Ethical approval not required as only previously published data were analyzed.
2. No protocol registration on PROSPERO due to PROSPERO’s restrictions on prevalence reviews.
9. Expected Impact
This systematic review and quantitative synthesis will:
1. Establish the most comprehensive epidemiological estimates of OO to date
2. Inform neurosurgeons and radiologists about high-risk populations
3. Highlight anatomical and vertebral artery variants relevant to surgical planning
4. Identify gaps in the current evidence base for future research, including the need for prospective population studies and uniform diagnostic criteria




