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Abstract

Background: The foramen of Vesalius (FV; also known as the sphenoidal emissary foramen
(SEF) or foramen venosum) is an inconstant skull-base foramen located near the foramen
ovale. Its recognition may be relevant to percutaneous trigeminal procedures. Meth-
ods: This systematic review was registered in INPLASY (INOLASY2025100037; 11 October
2025) and conducted in accordance with PRISMA 2020. We searched PubMed, Scopus, and
Web of Science from inception until December 2025 for English-language studies reporting
the prevalence and /or morphometry of the foramen of Vesalius using cone-beam computed
tomography (CBCT). Five reviewers screened and extracted data; prevalence studies were
assessed for risk of bias using the Joanna Briggs Institute checklist. A random-effects
meta-analysis of logit-transformed proportions was applied when >3 studies reported
comparable prevalence outcomes. Results: Five retrospective CBCT studies (n = 1567) met
the inclusion criteria. The prevalence of FV ranged from 28.1% (89/317; 95% CI 23.4-33.3) to
73.1% (190/260; 95% CI 67.4-78.1) throughout the cohorts. The total prevalence was 50.6%
(95% CI 36.1-65.1), with significant variability (1> = 96.8%) and a broad 95% prediction inter-
val (19.5-81.3). The documented FV-FO distances were typically a few millimeters (about
2-5 mm), whereas the FV—foramen spinosum (FS) distances varied from approximately

W) Check for updates ‘ 11 to 14 mm, contingent upon the cohort and measuring technique employed. Conclu-

o sions: FV is frequently observable on CBCT when the skull base is within the field of view;
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Bruno Chreanovic nevertheless, current prevalence estimates lack precision because of the limited number

_ of five retrospective investigations, which are inconsistent and clinic-based. Standardized
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1. Introduction

The foramen of Vesalius, also known as the sphenoidal emissary foramen, is a small
but significant anatomical structure located near the vidian canal and anterior to the fora-
men ovale. It typically exhibits bilateral symmetry when present, though varying in its size
and presence. This foramen contains an emissary vein that facilitates blood flow between
the cavernous sinus and the pterygoid venous plexus. It could serve as a path for infections
or blood clots to migrate between the interior and exterior of the skull [1,2]. Clinically, FV
is significant due to its proximity to the foramen ovale. This relationship is particularly rel-
evant during procedures targeting the foramen ovale, including percutaneous approaches
for trigeminal neuralgia, and during skull-base and maxillofacial interventions in the mid-
dle cranial fossa, where unrecognised variant foramina and emissary venous connections
may increase the risk of venous injury or procedural misdirection. In the neurosurgical
literature, failure to accurately cannulate the foramen ovale has been associated with severe
adverse events, and mistaken cannulation of a nearby sphenoidal emissary foramen has
been specifically described as a mechanism for cavernous sinus injury and intracranial
haemorrhagic complications [3].

The foramen linking the cavernous sinus and the pterygoid venous plexus was first
described by the anatomist Andreas Vesalius. This venous connection is possibly part
of the intracranial anastomosis that connects the venous systems of the brain and face.
Research on desiccated specimens indicates that FV is found in 5-80% of skulls [4,5]. A
significant clinical relevance of FV is its proximity to the foramen ovale during percutaneous
trigeminal interventions, such as radiofrequency rhizotomy, glycerol rhizotomy, or balloon
compression, where cannulation is aimed at the foramen ovale. In some cases, an additional
FV may be accidentally cannulated, which could increase the risk of venous injury or
complications within the skull [6,7]. CBCT provides clear three-dimensional images of the
mouth and face, enabling examination from various angles and a better understanding
of their appearance. Traditional procedures, such as panoramic and periapical X-rays, do
not always effectively display the complex three-dimensional anatomy of the mouth and
teeth due to superimposition and geometric distortion. Consequently, significant clinical
findings, including periapical lesions, root morphology, and the relationship between
teeth and alveolar bone, may be obscured [6,8]. A study conducted on 19 December 2018,
at Eskisehir Osmangazi University in Turkey evaluated the prevalence of the foramen
meningo-orbitale, craniopharyngeal canals, canaliculus innominatus, FV, palatovaginal
canals, and canalis basalis medianus by age and gender in a cohort of 350 individuals
(200 females and 150 males) who underwent CBCT, with a mean age of 15. The findings
indicated that FV was present in 145 out of 350 samples (41.1%), with the predominant age
group affected being 22 to 30. Females demonstrated a greater prevalence of FV (42.5%)
than males [4,9]. A 2007 examination of a dried adult skull at Istanbul University in Turkey
found that 87 of the 347 samples (25.1%) had bilateral foramina vascularia, while 69 (19.9%)
had unilateral foramina vascularia. Of the 69 skulls, 33 had unilateral FV on the right
side, and another 36 had unilateral FV on the left. There was no FV on either side of
the other 191 samples (55%) [10,11]. The anatomical and radiological literature employs
many terminologies for the foramen of Vesalius. It is also referred to as the sphenoidal
emissary foramen or foramen venosum. The stated prevalence differs markedly between
cadaveric and conventional CT examinations. The detectability of CBCT is likely influenced
by acquisition parameters such as voxel size and field of view and operational imaging
requirements, including minimal visibility on successive slices, multiplanar confirmation,
and patency or continuity standards. This systematic review aimed to address the CBCT-
derived evidence regarding the prevalence, morphometries, and laterality of FV.
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2. Methodology

This systematic review protocol was registered in INPLASY under the registration
number (INPLASY2025100037) on 11 October 2025 and approved by the KKUCOD research
ethics committee (IRB/REG/2025/9). The review adheres to PRISMA 2020 guidelines.
The review question employed a prevalence-focused framework (Population/Context—
Concept—Outcome). Population/Context: individuals undergoing CBCT examinations in
which the skull base is adequately visualized. Concept: FV, referred to as the SEF/foramen
venosum, was identified on CBCT using each study’s radiological definition. Outcome
measures include FV prevalence (overall and by side when reported) and FV morphometry,
such as shape, diameter, and distances to adjacent foramina when available. Due to the
expected clinical and methodological heterogeneity, findings were summarized narratively;
where three or more studies reported comparable prevalence outcomes, a random-effects
meta-analysis of proportions (logit-transformed) was performed, and pooled estimates
were interpreted cautiously in view of heterogeneity.

The study addressed the following research question:

What are the prevalence and morphometric characteristics of the foramen of Vesalius
(FV), as assessed by cone-beam computed tomography (CBCT)?

2.1. Inclusion and Exclusion Criteria

The inclusion criteria were original studies that described the prevalence and charac-
teristics of the foramen using CBCT and studies published in English. We excluded reports,
reviews, and studies in other languages.

2.2. Search Strategy

PubMed, Scopus, and Web of Science were searched in December 2025, using combi-
nations of CBCT terms and FV /SEF terms with database-appropriate syntax:

PubMed: ((“cone-beam computed tomography” OR CBCT) AND (“foramen of Vesal-
ius” OR “foramen Vesalius” OR “sphenoidal emissary foramen” OR “foramen venosum”));

Scopus: TITLE-ABS-KEY ((“cone beam computed tomography” OR CBCT) AND
(“foramen Vesalius” OR “foramen of Vesalius” OR “sphenoidal emissary foramen” OR
“foramen venosum”));

Web of Science: TS = ((“cone beam computed tomography” OR CBCT) AND
(“foramen Vesalius” OR “foramen of Vesalius” OR “sphenoidal emissary foramen” OR
“foramen venosum”)).

Additionally, the reference lists of included studies were screened for eligible reports.

2.3. Study Retrieval

Seventy-four records were identified from the database search. After removing du-
plicates (n = 50), the remaining 24 were screened by title and abstract. Thirteen records
were excluded. Eleven full-text articles were assessed for eligibility; six were excluded
because CBCT was not used for FV identification. Five studies met the inclusion criteria
and were included in the qualitative synthesis (total n = 1567). The PRISMA flow diagram
summarizes the study selection process (Figure 1).
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Records identified from databases:

Records identified from other

Total (74) sources (0)
—>
Records excluded after duplicate
Records subjected to duplicate check check
(74) (50)
Reports screened by title and Reports excluded
abstracts
(n = 13)
(24) >
Reports excluded (n = 6):
Reports eligible for full-text
screening (n = 11) Reason for exclusion (did not
—_ use CBCT)

Studies subjected to final inclusion and assessment

(n=>5)

Figure 1. PRISMA flow chart of the systematic review.

2.4. Data Collection

The studies included were subjected to data extraction according to the pre-identified
working table (Table 1). Five authors divided the included articles for extraction. In cases
of uncertainty, the authors consulted for a consensus. Data were extracted based on criteria
including author and year, sample, objective, CBCT protocol, outcomes (FV identification),
and methodological strengths.

2.5. Risk of Bias Assessment

All five authors independently appraised the included studies using the Joanna Briggs
Institute (JBI) Critical Appraisal Checklist for Prevalence Studies. Each item was judged as
Yes/No/Unclear/Not applicable. Any disagreements were resolved through consensus.
An overall risk-of-bias judgement (low /moderate/high) was assigned based on the pattern
and seriousness of methodological limitations (e.g., sampling frame, sampling method,
measurement reliability), rather than by applying a numerical cut-off score (Table 2).
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Table 1. Data extraction of included studies according to predefined criteria.

Study (Year) Design/Setting Sample Protoccoﬁggftware Fl\lle]::l:if;lngl?{ir;e& Key 2u;;g$;2$z::;lence Notes/Strengths
. Prevalence: 89/317 (28.1%;
n =317 (189 F/128 M); L 95% CI 23.4-33.3); unilateral .
age 13-58 (mean FV is defined as a 21.1% (R 36, L 31); bilateral Two observers with
18.34 £ 6.6). round/oval opening 6.9% Sha /e‘ ove;l 68.5% repeated measures,
Retrospective Excluded: bone i-CAT 3D; 120 kVp, with a sclerotic rim and rou.n q '25 ZO/E) irre ular. 6 3; % high
Bayrak etal.  clinical CBCT series  disease/related drugs, 5mA; FOV 16 x 13 cm;  central lucency visible Max dia.me t,er' Rg2 66 rﬁm " intra-/inter-observer
(2018) [8] (university trauma/ asymmetry, axial + 3D on >2 adjacent slices; L 282 mm (Né) Dis tances,' agreement, clear
outpatient). congenital disease, reconstructions. evaluated on CBCT FV—F OR?2 3i mm/L ) exclusions and
prior surgery, tumor; with multipla- 2.21 mm; FV—FS ~11.3 mm; statistics, and
- ;rrll;zdei(}ij\(’;e; . nar/3D confirmation. FV_midline R 19.57 mm /L IRB reported.
’ 15.80 mm (L closer).
_ . . Examiner consistency
" _:52 E(igg FH/W 1ei(r)1M)’ Planmeca ProMax 3D ra dicljlz C'If:lrlle?otsgveen Prevalence: 145/350 (41.4%; was assessed (10 cases
Akkoca Retrospective gl 5.1 + 4.08). Mid; 94 kVp, 14 mA; FO agn d fg;amen 95% CI 36.4-46.7). Age strata:  re-read after 2 weeks;
Kaplan et al radiological Excluded: syndromes 360° rotation, 27 s; rotundum. confirmed in 6-15 years 42.8%, 16-21 years r = 0.85-0.96); a
' database ’ / voxel 0.600; / 30.2%, 22-30 years 66.7%.  standardized protocol

(2020) [10]

neurological disorders,
and prior procedures
around interest.

(single center).

multiplanar (ax-
ial/coronal/sagittal).

axial/coronal/sagittal
planes
(MPR validation).

Sex: F 42.5%, M 40.0% (no
significant sex effect).

was used; and
age/sex-stratified
reporting was done.

Goriirgodz &
Paksoy
(2020) [12]

269 CBCT scans
evaluated; 9 excluded
(duplicate foramina)
— n =260 analysed.

Retrospective CBCT
archive study.

Planmeca ProMax 3D
Max; 96 kVp,
5.6-12 mA; 9-15 s scan
time; FOV 13 X 9 cm or
23 x 16 cm; voxel 200
or 400 um; recon-
structed at 0.5 mm slice
interval /thickness,
evaluation using
Romexis 3.7 (Planmeca)
with multiplanar
(sagittal /coronal/
axial) review.

FV identified by
demonstrating
continuity through the
infratemporal fossa to
the middle cranial fossa;
blind-ending canals
were recorded as absent.
FV morphology,
morphometry, laterality,
and occurrence
were reported.

Prevalence: 190/260 (73.1%;
95% CI 67.4-78.1). Laterality
(per-side reporting): right
148/260 (56.9%), left 152 /260
(58.5%). Unilateral 80/260
(30.8%); bilateral 110/260
(42.3%). Max diameter:
1.75 £ 1.27 mm. Shape: most
commonly oval (R 45.9%,
L 40.8%).

Reports laterality and
morphometry
alongside prevalence;
large sample.
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Table 1. Cont.
. . CBCT FV Definition & Key Outcomes (Prevalence
Study (Year) Design/Setting Sample Protocol/Software Reading Rule & Morphometry) Notes/Strengths
Prevalence: 237 /500 (47.4%;
o —
i-CAT Model 17-19; 95% C143.1°518). Among .
o . FV-positive scans: unilateral Standardized
voxel 0.3 mm; 360 FV defined o . L -
.. . . : 70/237 (29.5%), bilateral acquisition; explicit
Clinic-based rotation; 120 kV, radiographically and N . —
Akbulut et al. . . - 167/237 (70.5%). Diameter: definition, and
retrospective cohort ~ #n =500 CBCT scans. 5.0mA, 4.8 s; FOV required visibility on . : .
(2022) [13] . . 1.07 &+ 0.50 mm. Distances: comprehensive
(2012-2020). 9-13 x 16 mm; >2 consecutive sections .
analvsis with (per extracted table) FV-FO 3.29 4+ 2.11 mm; morphometry with
y pe ¢ abie). FV-FS 12.44 + 2.85 mm; dispersion measures.
Invivo 5.2. g
FV-midline
19.20 £ 3.23 mm.
Clinically relevant
FV assessed in the Laterality /prevalence morphometrics
Image analvsis in expected anatomical categories: bilateral FV (distances to FO/FS)
& ys1s location; evaluation was ~ 44.64%, unilateral FV 18.72%, stratified by sex/side;
n = 140 scans Planmeca Romexis 5.3; . . o ..
. . performed in axial absent FV 37.44%. (FV explicit
. (68 M/72 F); age the CBCT unit and . . o . . .
. Retrospective CBCT ‘ L section using present ~ 89/140, 63.4%; inclusion/exclusion
Patil et al. 11-70 years; acquisition . . o . L
study (dental . . . 3D-rendered images in 95% CI 55.3-71.1; counts criteria. Acquisition
(2025) [14] hosbi . diagnostic-quality parameters (e.g., kVp, . . )
ospital setting). . Romexis. A minimum  approximated from reported = parameters and an
skull-base mA, voxel size, FOV) R L. .. S
T . . visibility criterion (e.g., percentages). FV-FO and explicit FV visibility
visualization required. = were not reported in . . .
. consecutive slices) FV-FS distances reported by threshold were not
the primary study. . .
was not sex and side (see primary fully reported,
explicitly documented.  paper for full numeric table). limiting cross-
study comparability.
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Table 2. Bias risk assessment using the JBI checklist tool.

JBI Checklist Item

Bayrak et al., 2018 [8]

Akkoca Kaplan et al., 2020 [10]

Goriirgoz & Paksoy, 2020 [12]

Akbulut et al., 2022 [13]

Patil et al., 2025 [14]

Score Interpretation Score Interpretation Score Interpretation Score Interpretation Score Interpretation
flr.axzsatheriarﬁizi n%ilni_z?:fs)riggsiZ' Clinic radiology Clinically indicated Single-centre clinic ‘o tr(s)lsgelcet_iireen;fn tal
pprop No pop ! No database (ages 6-30); No CBCT archive; not No CBCT archive; not No p .
to address the age-skewed ; . . hospital CBCTs;
. not population-based. population-based. population-based. .
target population? (~18 years). convenience sample.
2 :1\‘[’22? SJE?SY Sarg};l;girrnnitshod Random selection CBCT scans randomly Samgﬂl;ﬂg;t;a/tegy Convenience
P P Unclear AN Yes from the radiology Yes selected from digital =~ Unclear . No sampling
sampled consecutive) database reported archive by radiologist consecutive) explicitly reported
appropriately? not described. P ’ y BIst: not stated. p yrep ’
3. Was the sample No a priori sample- No a priori sample- No a priori sample- N()S;gjl(llzcsi:irgr}:le— Sample size estimated
.size adequa teI; Unclear size/precision Unclear size/precision Unclear size/precision Unclear calcula tiI())n reported Yes (absolute precision
4 ’ calculation reported. calculation reported. calculation reported. . P 5%, 95% confidence).
(despite n = 500).
4. Were the study Eligibility, Demographics, inclusiii[;ler:(gcllusion Study period, setting, Age/sex distribution
subjects and the Yes demographics, CBCT Yes imaging protocol, Yes demoscraphics. an d, Yes eligibility criteria, and Yes and
setting described parameters, and case eligibility, and FV gCBp cT ’ demographics inclusion/exclusion
in detail? definition described. definition described. . described. criteria reported.
parameters detailed.
5. Was the data Eligible scans .
‘ All included scans .
analysis conducted analysed; analvsed with clear Exclusions reported Full sample Included scans
with sufficient Yes denominators clear; Yes denzminators and Yes (duplicates); final Yes analysed with Yes analysed; prevalence
coverage of the image-quality stratified reportin denominators clear. prevalence reporting. stratified by sex/age.
identified sample? exclusions noted. P &
6. Were valid rfgipoh?; F}ZC Radiologic Explicit FV FV defined FV assessment
me ’;ho ds used for de ﬁii tti))n definition + identification criterion radiographically described generally;
the identification of Yes (>2 adjacent slices) Yes multiplanar Yes (3D continuity; blind Yes (sclerotic borders +  Unclear explicit radiographic
the condition? - wi’gh MPR/ confirmation (ax- ending = absent) and radiolucent centre on case definition
) ial/coronal/sagittal). MPR review. >2 sections). not detailed.

3D confirmation.
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Table 2. Cont.

Akbulut et al., 2022 [13]

Patil et al., 2025 [14]

JBI R,
Checklist Ttem Bayrak et al., 2018 [8] Akkoca Kaplan et al., 2020 [10]  Goriirgoz & Paksoy, 2020 [12]
Score Interpretation Score Interpretation Score Interpretation Score Interpretation Score Interpretation
7. Was the Standardised . . Th? same L
o . Single trained radiologist No explicit inter-
condition assessment; . No reader
. reader; repeat assessed all scans; /intra-observer . . .
measured in a repeated measures; R calibration or inter-
. Yes . . Yes reads on Yes measurements Unclear reliability or Unclear .
standard, reliable inter/intra- . . : /intra-observer
subset with re- were repeated calibration P
way for observer ; reliability reported.
- o ported agreement. twice reported.
all participants? reliability reported.
and averaged.
8. Was there Appropriate tests Appropriate Appropriate Appropriate Appropriate
a. ropriate ppre ported' desIC)E tize and statistical methods statistical analyses des«:rip }Zivep statistics
pp . p. Yes p ’ Yes . p . Yes described Yes described (SPSS; Yes p .
statistical prevalence Cls inferential . . . + t-test/chi-
analysis? not provided statistics reported (SPSS 210 tests; chi-square/ square reported
’ ’ ' p <0.05). Fisher, etc.). '
9. Was the
a;eef;{ioal’:zesszlei ¢ Retrospective Retrospective Retrospective Retrospective Retrospective image
not, was the low N/A image da?t.abase (no N/A image d;.it.:abase (no N/A image déteiibase (no N/A image détfibase (no N/A data‘t.)a.se (no
response rate participant participant participant participant participant
nll)anage d response process). response process). response process). response process). response process).
appropriately?
T Limitations:
Main limitations: e e - Key concerns:
- Main limitations: Main limitations: non-population .
. non-population . . convenience
Overall risk of non-population non-population frame, unclear .
. frame and unclear . sampling and
bias (JBI preva- ~ Moderate . Moderate frame and no Moderate frame and no Moderate sampling, and Moderate . .
. sampling; . . limited reporting of
lence checklist) . sample-size sample-size unreported
otherwise, robust S S S measurement
justification. justification. measurement .11
measurement. o reliability.
reliability.

Yes = meets criterion; No = does not meet; Unclear = insufficient detail; N/A = not applicable to retrospective image datasets.

https://doi.org/10.3390/jcm15062195


https://doi.org/10.3390/jcm15062195

J. Clin. Med. 2026, 15, 2195

90f13

2.6. Meta-Analysis

When three or more studies reported comparable prevalence outcomes, a meta-
analysis of proportions was performed. For each study, prevalence was defined as
the proportion of CBCT scans demonstrating the presence of FV (unilateral or bilateral)
among all eligible scans. Pooled prevalence was calculated using a random-effects model
(DerSimonian-Laird) on logit-transformed proportions, with back-transformation to preva-
lence. Statistical heterogeneity was assessed using Cochran’s Q and the I? statistic, and a
95% prediction interval was calculated to reflect between-study variability. Meta-analysis
and forest plots were generated in Stata 17.0 (StataCorp, College Station, TX, USA) using
generic inverse-variance methods. Individual study prevalence estimates (p) were trans-
formed using the logit transformation, logit(p) = In[p/(1 — p)]. Standard errors (SE) were
derived from binomial variance as SE = 1/ (1/e + 1/(n — e)), where (e) is the number of
CBCT scans with FV and (n) the study sample size. When studies reported prevalence
percentages without raw counts, SE was computed using SE = \/(1/(n-p) + 1/(n-(1 — p))).
Pooled estimates were back-transformed to prevalence using the inverse-logit function for
interpretation and display. Statistical heterogeneity was assessed through the Chi-square
test and I? statistic. For descriptive reporting, we calculated Wilson 95% confidence in-
tervals for each individual study prevalence estimate; when a study reported prevalence
solely as percentages, event counts were estimated as p x n to facilitate confidence interval
estimation and meta-analysis.

3. Results
3.1. Study Selection

Seventy-four records were identified from the database search. All records were
imported into Rayyan® with reference management and de-duplication. After duplicates
(n = 50) were removed, the titles and abstracts of the remaining records (n = 24) were
individually screened by five reviewers using the established eligibility criteria. Eleven
full-text articles were assessed for eligibility, and six did not use CBCT for FV identification.
Thus, five studies met the criteria and were included in the qualitative synthesis (total
n = 1567). The PRISMA flow diagram summarizes the study selection process (Figure 1).

3.2. Data Extraction

The studies included for final analysis underwent data extraction before risk-of-bias
assessment. Extracted items included study design/setting, sample characteristics, CBCT
acquisition/analysis details, FV definition/reading rules, prevalence (including laterality
when available), and reported morphometry (Table 1). The reported CBCT scans were
obtained from university and hospital radiology archives, corresponding to clinical in-
dications. Sample sizes ranged from 140 to 500, with age distributions revealing a wide
spectrum from pediatric and young adult cohorts to elderly persons. The protocols for
CBCT acquisition and assessment were varied, illustrating discrepancies in kVp/mA
settings, voxel dimensions, and field of view when specified, as well as variations in
radiological case definitions.

3.3. Risk of Bias Assessment

The included studies were assessed for risk of bias using the Joanna Briggs Institute
(JBI) checklist for prevalence studies. Overall, the five included studies demonstrated
predominantly moderate risk of bias, largely driven by retrospective designs, clinic-based
or convenience sampling frames, and incomplete reporting of sampling strategies and
prevalence precision, despite generally clear CBCT-based definitions and structured image
evaluation methods (Table 2).
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3.4. Meta-Analysis

The prevalence of FV on CBCT showed considerable diversity throughout the five
retrospective studies (n = 1567), with rates varying from 28.1% to 73.1%. According to Wil-
son’s 95% confidence interval, the study-level prevalence estimates were as follows: 28.1%
(89/317;23.4-33.3) in Bayrak et al.; 41.4% (145/350; 36.4-46.7) in Akkoca Kaplan et al.; 47.4%
(237/500; 43.1-51.8) in Akbulut et al.; 63.4% (approximately 89/140; 55.3-71.1) in Patil et al.
(event count approximated from reported percentages); and 73.1% (190/260; 67.4-78.1) in
Gorlirgoz & Paksoy. In Stata 17.0, logit-transformed proportions were integrated using an
inverse-variance, DerSimonian-Laird random-effects model and subsequently converted
back to prevalence through the inverse-logit approach for presentation. The total preva-
lence of FV was 50.6% (95% CI 36.1-65.1%). Significant heterogeneity was observed among
the studies (t? = 0.45; Q (4) = 125.75; p < 0.0001; I?> = 96.82%), with a broad 95% prediction
interval (19.5-81.3%). The discrepancies arose from variations in sampling frames, age dis-
tributions, operational definitions of FV, reading criteria, and CBCT acquisition parameters
and fields of view. Our exploratory leave-one-out sensitivity analysis revealed that the
pooled prevalence estimates varied between 44.5% and 56.6%. This indicates that the im-
precision and heterogeneity remained unchanged despite the exclusion of one study. Thus,
the combined value should be viewed as an average across several clinical situations rather
than a solitary population prevalence, maintaining emphasis on study-level estimates and
clinically relevant morphometry (Figure 2).

Weight Prevalence
Study Events Total Weight Prevalence [95% CI]

Bayrak et al., 2018 89 317 | 20.06 0.281[0.234, 0.333]
Akkoca Kaplan et al., 2020 145 350 [ 20.23 0.414[0.364, 0.467]
Gorlrgdz & Paksoy, 2020 190 260 | 19.89 0.731[0.674, 0.781]
Akbulut et al., 2022 237 500 [ | 20.39 0.474 [ 0.431, 0.518]
Patil et al., 2025 88.7° 140 [ | 19.43  0.634[0.551, 0.709]
Overall ¢ 0.506 [ 0.361, 0.651]

Heterogeneity: T2 = 0.45, I? = 96.82%, H? = 31.44
Test of 8, = 8, Q(4) = 125.75, p =0.00

* Events for Patil et al. derived from reported percentages (bilateral+unilateral) x N

Figure 2. Forest plot of the prevalence of FV identified on CBCT. Random-effects meta-analysis
(DerSimonian-Laird) of logit-transformed proportions performed in Stata 17.0, with inverse-logit
back-transformation to prevalence for display. Individual study prevalence estimates are shown with
Wilson 95% confidence intervals. Heterogeneity: w2 =045, Q (4) = 125.75; I? = 96.82%; p < 0.0001.
Events for Patil et al. were derived from reported percentages (bilateral + unilateral) x N.

4. Discussion

In this systematic review of CBCT-based evidence, FV prevalence showed substantial
variability across five included studies (1 = 1567). Many cohorts revealed intermediate
prevalence, and one recent CBCT study documented FV more commonly as bilateral than
unilateral (Table 1). This spread is plausibly explained by methodological heterogeneity
(age ranges, indications for CBCT, sampling frame, CBCT acquisition/voxel parameters,
and operational definitions of FV, such as corticated margins and visibility on consecutive
sections) [13]. Therefore, a single pooled prevalence without careful handling of hetero-
geneity would be difficult to interpret clinically; the findings are best summarized using
narrative synthesis and study-level estimates alongside morphometric measures relevant to
surgical planning. Clinical relevance: FV is, therefore, not rare on CBCT, and CBCT can pro-
vide actionable morphometric information. Several included studies reported FV-foramen
ovale distances of only a few millimeters, supporting the anatomic premise that FV may
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be encountered close to, or confluent with, the foramen ovale. Where skull-base anatomy
is included in a CBCT field of view, identifying and explicitly reporting FV (presence,
laterality, and relationship to the foramen ovale) may assist clinicians planning skull-base
interventions or maxillofacial procedures, and may reduce the chance of inadvertent can-
nulation of adjacent foramina during transovale approaches described in the neurosurgical
literature [3]. The included studies point out that FV is not a rare find in case the CBCT
imaging protocol covers the skull base. However, the prevalence estimates differ mean-
ingfully across different samples (Table 1). These findings align with the median range of
anatomical descriptions from dry-skull series, which have traditionally demonstrated sig-
nificant variability in prevalence (5-80%) [2]. The 2007 Istanbul University dry-skull study
revealed that 45% of the population had FV (25.1% bilaterally and 19.9% unilaterally), while
55% did not. This percentage is slightly higher than the pooled proportion based on CBCT,
although it aligns with the assumption that FV is frequent in the general population [6]. The
imaging-based rates from CBCT cohorts and the cadaveric rates from historical anatomy
underscore genuine population variability, possibly influenced by ethnicity, definitions
(e.g., corticalized foramen versus canaliculi), and study design, rather than a shortcoming of
CBCT in depicting the foramen. Regarding the laterality of the FV, our study indicated that
both studies found both unilateral and bilateral FV on CBCT [8,10]. In the study reported
by Bayrak et al. [8], the unilateral FV was slightly more frequent on the right, and the left
FV is reported to occur near the midline. Nevertheless, there was no clear consistency of
laterality across the included studies. In the Istanbul dry-skull series, unilateral presence
was nearly symmetric (right 33 vs. left 36), indicating a lack of strong side dominance across
methods [10]. This concordance in laterality patterns between CBCT and dry-skull data
supports the anatomical plausibility and external consistency of CBCT observations [6].
CBCT imaging enables the assessment of FV using reproducible and explicit radiological
criteria, most commonly a corticated foramen with a central radiolucency visible on consec-
utive sections and confirmed on multiplanar reconstructions. Additionally, CBCT allows
direct measurements of clinically relevant morphometries and of the spatial resolution
between the FV and adjacent foramina. Across the CBCT samples, the FV—foramen ovale
separation was typically only a few millimeters, while the FV—foramen spinosum distance
was in the order of centimeters. This underscores the close spatial relationship between the
FV and the neighboring foramina that are relevant to the skull base interventions.

From a practical perspective, when the skull base is included within the CBCT field
of view, FV assessment can be incorporated into routine interpretation by confirming the
foramen on multiplanar reconstructions and identifying its presence, laterality /duplication,
and spatial relationship to the foramen ovale. Explicit reporting of a patent FV adjacent
to the foramen ovale, especially when the separation is only a few millimeters, may aid
clinicians in anticipating a potential alternative cannulation pathway and refine image-
guided trajectories, thereby reducing the likelihood of procedural misdirection and venous
injury. On the other hand, ‘non-visualization” of the FV should be interpreted in the light of
technical constraints (e.g., limited field of view or reduced spatial resolution) since small
foramina may fall below the detection threshold under inadequate imaging conditions.

Limitations and future research: This review is limited by the small number of eli-
gible CBCT studies (n = 5) and the predominance of retrospective, clinic-based sampling
frames, which may introduce selection bias and restrict generalizability to broader pop-
ulations. Operational imaging definitions and reporting practices varied across studies,
and several papers did not fully report CBCT acquisition parameters (e.g., voxel size, field
of view, exposure settings) or reproducibility metrics (intra-/inter-observer agreement),
which may contribute to the misclassification of small foramina and to the substantial
between-study heterogeneity observed. Additionally, morphometric endpoints were incon-
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sistently reported, preventing robust quantitative pooling beyond overall prevalence, and
publication bias could not be reliably assessed with the limited number of studies. Future
research should prioritize multicenter, prospectively designed, or population-based CBCT
cohorts with explicit sampling (consecutive or random), standardized FV imaging defini-
tions (multiplanar confirmation and a minimum visibility criterion), complete reporting of
CBCT parameters, and reproducibility testing. Studies should report prevalence with 95%
confidence intervals and stratify estimates by age, sex, and population/ethnicity; where
feasible, validation against an anatomical or cross-sectional imaging reference standard in
a subset would help confirm case definitions and refine clinically actionable morphometric
thresholds (e.g., FV proximity to the foramen ovale).

5. Conclusions

In five retrospective, clinic-based CBCT studies, FV was identified in a substantial
proportion of scans (28.1-73.1%). The aggregated prevalence was 50.6%; nevertheless, the
groups exhibited significant differences, indicating that this figure should be interpreted as
an average among diverse groups rather than a singular population prevalence. Due to the
proximity of FV to the foramen ovale, CBCT visualization of the skull base may facilitate
safer procedural planning. Future population-based CBCT investigations utilizing estab-
lished imaging definitions, thorough reporting of acquisition parameters, and reproducible
measurement techniques are crucial for generating more precise and clinically relevant
prevalence and morphometric reference data.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jem15062195/s1, PRISMA 2020 Checklist, reference [15] is cited
in Supplementary Materials.

Author Contributions: Conceptualization and resources, A.H.A.A.; methodology, A.A A ; investiga-
tion and formal analysis H.S.A.-s.; data curation and writing—original draft H.A.A.; writing—editing
& review and project administration A.A.; writing—original draft and visualization S.A.; formal
analysis and software M.A.; writing—review and editing, S.E.-M.; supervision J.L.-L. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The systematic review protocol was approved by the KKU-
COD Research Ethics Committee, Faculty of Dentistry, Khon Kaen University (IRB/REG/2025/9;
11 October 2025), although no identifiable human data were collected. The protocol was also regis-
tered in INPLASY (INPLASY2025100037).

Informed Consent Statement: Not applicable as it’s the systematic review.

Data Availability Statement: The original contributions presented in this study are included in the
article/Supplementary Material. Further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

1. Palamenghi, A.; Cellina, M.; Ce, M.; Cappella, A.; Sforza, C.; Gibelli, D. Correlation Analysis on Anatomical Variants of Accessory
Foramina in the Sphenoid Bone for Oncological Surgery. Cancers 2023, 15, 5341. [CrossRef] [PubMed]

2. Lanzieri, C.F; Duchesneau, PM.; Rosenbloom, S.A.; Smith, A.S.; Rosenbaum, A.E. The Significance of Asymmetry of the Foramen
of Vesalius. AJNR Am. ]. Neuroradiol. 1988, 9, 1201-1204. [PubMed]

3.  Zdilla, M.].; Hatfield, S.A.; Mangus, K.R. Angular Relationship Between the Foramen Ovale and the Trigeminal Impression:

Percutaneous Cannulation Trajectories for Trigeminal Neuralgia. J. Craniofacial Surg. 2016, 27, 2177-2180. [CrossRef] [PubMed]

4. Chaisuksunt, V.; Kwathai, L.; Namonta, K.; Rungruang, T.; Apinhasmit, W.; Chompoopong, S. Occurrence of the Foramen of
Vesalius and Its Morphometry Relevant to Clinical Consideration. Sci. World J. 2012, 2012, 817454. [CrossRef] [PubMed]

https://doi.org/10.3390 /jcm15062195


https://www.mdpi.com/article/10.3390/jcm15062195/s1
https://www.mdpi.com/article/10.3390/jcm15062195/s1
https://doi.org/10.3390/cancers15225341
https://www.ncbi.nlm.nih.gov/pubmed/38001601
https://www.ncbi.nlm.nih.gov/pubmed/3143245
https://doi.org/10.1097/SCS.0000000000003138
https://www.ncbi.nlm.nih.gov/pubmed/28005784
https://doi.org/10.1100/2012/817454
https://www.ncbi.nlm.nih.gov/pubmed/22629207
https://doi.org/10.3390/jcm15062195

J. Clin. Med. 2026, 15, 2195 13 of 13

10.

11.

12.

13.

14.

15.

Peper, C.; Iwanaga, J.; Dumont, A.S.; Tubbs, R.S. A Giant Foramen of Vesalius: Case Report. Anat. Cell Biol. 2022, 55, 373-375.
[CrossRef] [PubMed]

Raval, B.B.; Singh, P.R.; Rajguru, J. A Morphologic and Morphometric Study of Foramen Vesalius in Dry Adult Human Skulls of
Gujarat Region. |. Clin. Diagn. Res. 2015, 9, AC04-ACO07. [CrossRef] [PubMed]

Piagkou, M.; Kostares, M.; Duparc, E; Papanagiotou, P; Politis, C.; Tsakotos, G.; Pantazis, N.; Natsis, K. The Sphenoidal Emissary
Foramina Prevalence: A Meta-Analysis of 6,369 Subjects. Surg. Radiol. Anat. 2023, 45, 43-53. [CrossRef] [PubMed]

Bayrak, S.; Kursun-Cakmak, E.$.; Atakan, C.; Orhan, K. Anatomic Study on Sphenoidal Emissary Foramen by Using Cone-Beam
Computed Tomography. J. Craniofacial Surg. 2018, 29, e477-e480. [CrossRef] [PubMed]

Kaasalainen, T.; Ekholm, M.; Siiskonen, T.; Kortesniemi, M. Dental Cone Beam CT: An Updated Review. Phys. Med. 2021, 88,
193-217. [CrossRef] [PubMed]

Akkoca Kaplan, F.; Bayrakdar, LS, Bilgir, E. Incidence of Anomalous Canals in the Base of the Skull: A Retrospective Radio-
Anatomical Study Using Cone-Beam Computed Tomography. Surg. Radiol. Anat. 2020, 42, 171-177. [CrossRef] [PubMed]
Nayak, G.; Pradhan, S.; Panda, S.; Chinara, P. Anatomical study of foramen Vesalius. J. Evol. Med. Dent. Sci. 2018, 7, 3847-3850.
[CrossRef]

Goriirgdz, C.; Paksoy, C.S. Morphology and Morphometry of the Foramen Venosum: A Radiographic Study of CBCT Images and
Literature Review. Surg. Radiol. Anat. 2020, 42, 779-790. [CrossRef] [PubMed]

Akbulut, A.; Demirel, O.; Orhan, K. Investigation of the Prevalence and Main Features of Skull-Base Anomalies and Characteristics
of the Sphenoid Sinus Using Cone-Beam Computed Tomography. ]J. Korean Assoc. Oral Maxillofac. Surg. 2022, 48, 207-218.
[CrossRef] [PubMed]

Patil, K.; Sanjay, C.J.; Solayappan, E.; Christopher, V.S.; Nandagopalan, M.M.M. Anatomical variability of foramen Vesalius using
cone beam computed tomography. Hell. |. Radiol. 2025, 10, 26-32.

Page, M.].; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A,;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ 2021, 372, n71.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/jcm15062195


https://doi.org/10.5115/acb.22.017
https://www.ncbi.nlm.nih.gov/pubmed/35692089
https://doi.org/10.7860/JCDR/2015/11632.5553
https://www.ncbi.nlm.nih.gov/pubmed/25859437
https://doi.org/10.1007/s00276-022-03051-1
https://www.ncbi.nlm.nih.gov/pubmed/36472634
https://doi.org/10.1097/SCS.0000000000004492
https://www.ncbi.nlm.nih.gov/pubmed/29543681
https://doi.org/10.1016/j.ejmp.2021.07.007
https://www.ncbi.nlm.nih.gov/pubmed/34284332
https://doi.org/10.1007/s00276-019-02307-7
https://www.ncbi.nlm.nih.gov/pubmed/31446447
https://doi.org/10.14260/jemds/2018/862
https://doi.org/10.1007/s00276-020-02450-6
https://www.ncbi.nlm.nih.gov/pubmed/32162044
https://doi.org/10.5125/jkaoms.2022.48.4.207
https://www.ncbi.nlm.nih.gov/pubmed/36043251
https://doi.org/10.1136/bmj.n71
https://www.ncbi.nlm.nih.gov/pubmed/33782057
https://doi.org/10.3390/jcm15062195

	Introduction 
	Methodology 
	Inclusion and Exclusion Criteria 
	Search Strategy 
	Study Retrieval 
	Data Collection 
	Risk of Bias Assessment 
	Meta-Analysis 

	Results 
	Study Selection 
	Data Extraction 
	Risk of Bias Assessment 
	Meta-Analysis 

	Discussion 
	Conclusions 
	References

