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SUMMMARY: Cranial sutures show significant anatomical variation across populations and are clinically relevant in craniofacial
assessment. The aim of this study was to determine the frequency of co-presence of the metopic suture and the premeviilary sutu
adult dry skulls from Anatolian region, to classify metopic suture morphology (V, H, L), to evaluate its relationship vathnziex
(Cl), and to assess the presence of accompanying accessory bones. Among ninety seven adult Anatolian crania, a met@pic suture w
identified in 31 specimens (15 males, 16 females). Partial metopism was observed in 74.2 % (n = 23) and complete met88i&m in 25
(n = 8), with no sex difference. In crania with partial metopism, the L type was most common (39.1 %, n = 9), followedtpgahe V
(34.8 %, n = 8) and the H type (26.1 %, n = 6). A premaxillary suture was present in 22.6 % of metopic crania (n = Bjgwificaat
differences by sex (26.7 % in males, 18.8 % in females) and no association with cranial index. Accessory bones weresde8e¥%ied in
(n = 17) and were not associated with sex, metopism status, or cranial index. In conclusion, Cl was not a significanbpredictor
premaxillary suture presence. These findings provide baseline prevalence data for metopism, persistent premaxillaneseessoand
cranial bones in an adult Anatolian sample and may inform anatomical and clinical interpretation.

KEY WORDS: Anatomy; Craniofacial abnormalities; Cranial traits; Metopic suture; Metopism; Osteologic analysis;
Premaxillary suture.

INTRODUCTION

The calvaria undergoes changes in response dontains a variable number of sutures, and in some
brain development (Richtsmeier & Flaherty, 2013) anithdividuals, isolated sutural bones formed by additional
does not simply expand passively; rather, it produces n@ssification centers within the sutures (supernumerary
bone at the sutural edges of the bone fronts in responsétmes), known as Wormian bones, may be present
external stimuli, including signals arising from the(Bellary et al, 2013; Ozbek & Vural, 2017).
expanding cerebral lobes, indicating that cranial vault
growth is coordinated with brain growth (Schaureth Cohen Jr. (1993) describes suture biology using
al., 2024). The mechanical forces that modulate bomeo basic fusion models: midline and non-midline sutures.
growth at the sutures include underlying brain growthin midline sutures, the bony margins approach each other
interactions at the dural—calvaria interface, and exterred to end (for example, the sagittal suture and the metopic
factors such as compression, which can lead to booeinterfrontal suture), whereas in non-midline sutures the
resorption along the suture rather than suture fusitwones overlap as they unite. Sutures that fail to close are
(Richtsmeier & Flaherty, 2013; Flahedyal, 2016). At described as persistent, patent, or incomplete sutures
birth, the cranial bones are connected by membranai®hite et al, 2021; Sharmat al, 2024).
articulations, and over time these structures close under
the influence of genetic mechanisms, forming the sutures ~ The metopic suture, located along the bregma to
(Beedermaeet al, 2014; Liet al, 2021). The human skull nasion line and joining the frontal bones, is referred to by
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various terms when it remains completely or partially open The timing of complete, normal (physiological)
in adulthood: persistent frontal suture (sutura frontalidosure of the metopic suture remains controversial, with
persistens), caput cruciatum, interfrontal suture (sutureports ranging from fusion at birth or as early as a mean
interfrontalis), frontal suture (sutura frontalis), andge of 3 months to as late as 8 years; while some studies
mediofrontal suture (sutura mediofrontalis) (Hausesuggest it typically closes before the second year of life
1989; Sharmaet al, 2024). A persistent suture in theand others propose closure begins around age 2 years, most
primary palate within the maxilla is also described bguthors place normal closure between 1 and 3 years
different names, including persistent premaxillary sutur@ylanzanaregt al, 1988; Vuet al, 2001; Sharmat al,
persistent sutura incisiva, sutura praemaxillari®024). Its prevalence varies by ancestry, sex, and cranial
premaxillary fissure, incisive fissure, and the premaxillartypes (dolichocephalic, mesocephalic, brachycephalic)
maxillary suture (Lisson & Kjaer, 1997; Trevizahal, (Barteczko & Jacob, 2004; Erog’lu, 2008; Wrdbel, 2017).
2018). Similarly, the timing of closure of the premaxillary suture,
derived from the primary palate, is not definitive; it has
The metopic suture typically fuses in earlybeen suggested that closure begins in the fetal period and
childhood and may persist in association with faciahay continue until approximately 6 years of age (Trevizan
sutures such as the premaxillary suture; therefore, tReConsolaro, 2017; Nicadt al, 2020; Capotet al, 2023).
developmental trajectories of these structures are often
examined together (Vinchon, 2019). Facial primordia Cranial sutures are clinically important landmarks
emerge around the future oral region during the fourthbecause normal variation in their development and
week of embryonic development with contributions fronpersistence can be associated with craniofacial disorders
the pharyngeal arches (Som & Naidich, 2014; Ansari &nd can also be misinterpreted as pathology on imaging
Bordoni, 2024). Through migration and interactions ofSharmaet al, 2024). Metopism may result from various
neural crest cells, a total of seven prominences forfactors such as hereditary factors, mechanical stress,
around the stomodeum: one frontonasal, paired latemddocrine dysfunctions and craniofacial disorders (such
nasal and medial nasal, paired maxillary, and pairex Tessier syndrome or cleidocranial dysostosis) (Pacifico
mandibular prominences (Aldridgeal., 2011; Posnick, et al, 2025). It may be associated with frontal sinus
2014). The maxillary and mandibular prominences arigg/poplasia, increased intracranial pressure, growth delay,
from the first pharyngeal arch, whereas the frontonasabgnitive changes, and different cranial types
prominence develops from a midline primordium forme¢dolichocephalic, mesocephalic, brachycephalic) (Ashley-
over the prosencephalon (Rog¢h al.,, 2021). The Montagu, 1937; Torgersen, 1950; Linc & Fleischmann,
frontonasal prominence contributes to the forehead, th869; Ajmaniet al, 1983; Nikolovaet al,, 2022; Sharma
middle of the nose, the philtrum, and the primary palatet al, 2024). Metopism can also be mistaken for skull
while the maxillary prominences contribute to thdractures on imaging (Vegat al, 2024), can mimic the
secondary palate and to the lateral parts of the face aketletal trauma, an important medicolegal aspect (Mann
upper lip (Tapadiat al, 2005). Fusion of the medial nasalk Hunt, 2019). The presence of a premaxillary suture
prominences forms the intermaxillary segment that givésas been associated with prognathism, deep bite, cleft lip
rise to the primary palate, whereas protrusion and growdhd palate, protrusion, and congenital pyriform aperture
of the lateral prominences contribute to formation of th&tenosis (Barteczko & Jacob, 2004).
secondary palate (Sperber, 2013; Posnick, 2014).
Therefore, co-occurrence of the metopic and
The degree of closure of the premaxillary suturpremaxillary sutures should be considered not only a
can be assessed using quantitative and qualitative methadsrphological variation but also a finding of
Quantitative assessment is performed by measuring thevelopmental interest, given their shared embryological
distance from the lateral incisors to the median palatireigin in craniofacial development. In this study, we aimed
suture (Trevizaet al, 2018). Classification of metopismto determine the prevalence of the metopic and
is generally qualitative as a continuous suture extendipgemaxillary sutures, describe their patterns of co-
along the bregma to nasion line, considered completecurrence, and explore whether co-occurrence is
persistence, whereas sutures that do not show thissociated with craniofacial morphological variation,
configuration are considered incomplete (Ajmanal, including cranial type. We hypothesized that co-
1983; Castilhoet al, 2006; Murlimanjuet al, 2011). occurrence would show identifiable patterns across
Incomplete sutures are classified as V, U, and H shapedgegtopism types and cranial forms, providing reference
as well as double and linear forms (Ajmanial, 1983; data relevant to clinical anatomy, radiology, and
Castilhoet al.,, 2006; Murlimanjwet al, 2011). craniofacial surgery.
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MATERIAL AND METHOD & Rogers, 2006). Thirteen morphological traits were
evaluated for sex estimation, reflecting overall cranial form.
Specimen information These included overall size and structure, the supraorbital

region, mastoid process, occipital region, frontal and
This study included the 31 crania with metopisnparietal eminences, orbital morphology, forehead contour,
identified within a larger series of 97 adult Anatolian craniaygomatic bone morphology, the extent and articulation of
that showed no evidence of prior surgical interventiothe malar region at the zygomaticomaxillary junction, and
pathological change, or trauma. The study was approvpdlatal shape (Ortug & Uzel, 2019; Elbizehal., 2022).
by the Bahcesehir University Board of Scientific Researchll observations were recorded on a sex determination
and Publishing Ethics and was conducted in accordanfoem, and the results were documented and archived.
with the Declaration of Helsinki.

After first determining the presence of a metopic
Measurements suture in each cranium and, when present, whether it was
complete or partial, incomplete sutures were classified as
Cranial sex estimation was performed by assessiMytype, H type, or L (linear) type according to existing
commonly accepted nonmetric anthropological landmarkiserature (Castilheet al,, 2006; Knapp & George, 2023)
using standard criteria (Krogman & Iscan, 1986; WilliamgéFig. 1).

Fig. 1. Types of incomplete metopic
suture. Representative examples of
incomplete metopic suture patterns
observed on adult skulls.

A) L type (linear): a short, linear
remnant of the metopic suture
confined to the lower frontal bone.

B) H type: bilateral linear remnants
extending laterally from the midline,
giving an H like appearance.

C) V type: paired oblique remnants
converging inferiorly toward the
nasion, forming a V shaped
configuration.

Black arrows indicate the margins
of the incomplete metopic suture.
Boxed areas in the upper right of
each image highlight the region of
interest, with corresponding
magnified views shown on the right.
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In crania with a metopic suture, we assessed the dmnes (Fig. 2). Cranial index was then calculated to evaluate
presence of a persistent premaxillary suture, sex relatdifferences in cranial morphology. The findings were
variation, and the frequency of accompanying accessapalyzed according to sex and sutural distribution.

B
Fig. 2. Suture variations: A) metopic suture; B) premaxillary suture; C) accessory bone.

For cranial index (Cl) calculations, maximum cranialinivariable logistic regression model was fitted, and odds
breadth (between the euryon points) and maximum craniatios were reported with 95 percent confidence intervals.
length (between opisthocranion and glabella) were measurglll tests were two sided, and p < 0.05 was considered
(Martin, 1928). Measurements were obtained using a 18htistically significant.

mm digital caliper (Altas 905) and an anthropometric caliper
(Ruiz-Correat al, 2006; Ayet al, 2021). The cranial index RESULTS
was calculated using the following formula:
Metopism, either complete or partial, was identified

Cranial Breadth in 31 specimens out of 97, including 15 males and 16
Cl= — x100 females. The mean cranial breadth was 13.8434 cm,
Cranial Length the mean cranial length was 174@.75 cm, and the mean

cranial index was 81.08 6.38. Cranial breadth was
Crania were classified as dolichocephalic (CI < 75kignificantly greater in males than in females (14 D48
mesocephalic (Cl = 75-79.9), or brachycephalic{80—- ¢m vs 13.58 0.89 cm, p = 0.03; Table I). In contrast,

84.9) (Martin, 1928). cranial length and cranial index did not differ significantly
between sexes (p =0.19 and p = 0.42, respectively). Cranial
Statistical Analysis type distribution also did not differ significantly between

male and female crania (chi square test, p = 0.27).

All statistical analyses were performed using SPSSescriptive statistics and cranial type distributions for the
(version 30; IBM, Chicago, IL, USA). Continuousfull sample are presented in Table I.
variables were summarized as mean, standard deviation,
minimum, and maximum values. Independent samples t  Partial metopism was observed in 74.2 % of
tests were used to compare cranial breadth, cranial lengipecimens (n = 23) and complete metopism in 25.8 % (n =
and cranial index between male and female crania. TBE with no sex related difference in this distribution (Fisher
difference in cranial index between groups with angxact p = 0.69). Among the 23 crania with partial persistent
without accessory bones was evaluated using the sametopic sutures, the most common morphology was the L
method. Categorical variables were expressed as couyise (39.1 %), followed by the V type (34.8 %) and the H
and percentages, and chi square tests were appliedyjse (26.1 %). The distribution of persistent metopic suture
compare frequency distributions between groups. Wheilorphology types did not differ significantly by sex (Fisher
expected cell counts were less than five, Fisher exact teg¢eman Halton exact p = 0.51). The distributions of the
or the Fisher Freeman Halton exact chi square test waemaxillary suture, persistent metopic suture, accessory
used, as appropriate. To examine the association betwgenes, and metopism morphology in females, males, and
the presence of a premaxillary suture and cranial indexir total sample are given in Table II.
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Table I. General cranial characteristics and cranial types.

Variable Male (n = 15) Female (n = 16) All (n=31) p-value
Mean + SD (min-max) Mean £ SD (min-max) Mean £ SD (min-max)

Number of crania n=15 n=16 n=3T

Cranial breadth 14.24 +0.58 (14 to 15) 13.58 +0.89 (12 to 15) 13.84 £0.84 (12 to 15) 0.03

Cranial length 17.35+0.65 (16 to 19) 16.98 £0.79 (16 to 18) 17.12 +0.75 (16 to 19) 0.186

Cranial index (Cl) 82.19+4.30 (7310 90) 80.25 +7.41 (69 to 94) 81.00 £ 6.38 (69 to 94) 0.419

Cranial type, n ( %) 0.27¢

Brachycephalic Ck 80 12 (80.0 %) 10 (62.5 %) 22 (71.0 %)

Mesocephalic ClI (75 - 79.9) 2 (13.3 %) 1 (6.3 %) 3 (9.7 %)

Dolichocephalic Ck 74.9 1(6.7 %) 5 (31.3 %) 6 (19.4 %)

1The p value from the chi square test comparing cranial type distribution between male and female crania.

Table Il. Non-metric variant analysis.

Male (n = 15) Female (n = 16) All (n =31) p-value
Premaxillary suture n (%) 0.69
None 11 (73.3 %) 13 (81.3 %) 24 (77.4 %)
Present 4 (26.7 %) 3(18.8 %) 7 (22.6 %)
Accessory cranial bones n (%) 0.29
None 5 (33.3 %) 9 (56.3 %) 14 (45.2 %)
Present 10 (66.7 %) 7 (43.7 %) 17 (54.8 %)
Metopic suture n ( %) 0.69
Complete 3 (20.0 %) 5(31.3 %) 8 (25.8 %)
Partial 12 (80.0 %) 11 (68.8 %) 23 (74.2 %)
Shape of metopic suture n (%) 0.12
H 5 (41.7 %) 1 (9.1 %) 6 (26.1 %)
L 5 (41.7 %) 4 (36.4 %) 9 (39.1 %)
\Y 2 (16.7 %) 6 (54.5 %) 8 (34.8 %)

Metopic suture morphology was evaluated only in crania with partial metopism (male n = 12, female n = 11, total n = 28)sé& tihreemetopic suture
morphology could not be determinédlhe p value from the two sided Fisher exact test comparing the distribution of the relevant nonmetric variant
between male and female crahi@he p value from the Fisher Freeman Halton exact chi square test comparing the distribution of metopic suture
morphology categories between male and female crania.

When cranial index-based classifications wer&) of the 31 crania with a metopic suture, with a similar
evaluated in crania with a metopic suture, most wedistribution between males and females (Fisher exact p =
brachycephalic (71.0 %, n = 22), followed by dolichocephali@.69). The premaxillary suture was presentin 26.7 % of males
(19.4 %, n = 6) and mesocephalic (9.7 %, n = 3). Complete = 4/15) and 18.8 % of females (n = 3/16), with no
metopism was most frequently observed in brachycephaéitatistically significant sex difference (p > 0.05). By
(75.0 %, n = 6) and dolichocephalic (25.0 %, n = 2) cranigetopism status, the premaxillary suture accompanied 37.5
whereas no complete metopism was identified if6 of crania with complete metopism and 17.4 % of crania
mesocephalic crania. Partial persistent metopic sutures weiigh partial metopism. By metopic suture morphology, the
most common in brachycephalic crania (69.6 %, n = 18)yemaxillary suture was most frequent in the H type (60.0
followed by dolichocephalic (17.4 %, n = 4) and%, n = 3) and was observed at equal proportions in the L
mesocephalic (13.0 %, n = 3) crania. (20.0 %, n =1) and V (20.0 %, n = 1) types.

When partial metopic suture morphologies (V, H, L) In the univariable logistic regression analysis
were assessed by cranial type, the L type predominatedewvaluating the association between premaxillary suture
brachycephalic crania (H: 31.25 %, n = 5; L: 50.0 %, n = resence and cranial index, overall model fit was not
V: 18.75 %, n = 3), whereas the V type was proportionallstatistically significant?=0.30, df = 1, p = 0.59) and model
more frequent in dolichocephalic (V: 75.0 %, n = 3; L: 25.@xplanatory power was low (Nagelkerk&0.014). Cranial
%, n = 1) and mesocephalic crania (V: 66.6 %, n = 2; Hhdex was not a significant predictor of premaxillary suture
33.3%, n=1). presence (odds ratio = 1.04, 95 % CI1 0.90 to 1.20, p = 0.59)

(Table III), indicating no significant association between

A premaxillary suture was identified in 22.6 % (n =cranial index and the presence of a premaxillary suture.
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Descriptively, the premaxillary suture was observed in 711k influenced not only by interpopulation genetic differences
% of brachycephalic (n = 5), 14.3 % of dolichocephalic (n but also by environmental factors (Podstawkal.,, 2024).
1), and 14.3 % of mesocephalic crania (n = 1).

Metopism prevalence reported across populations
includes 10.18 % in Chinese (kt al, 2023), 8.06 % in
Europeans (Zdillat al, 2018), 18.04 % in Indians (Yadav

Table Ill. Logistic regression model
evaluating the association between cranial
index and the presence of the premaxillary

suture. et al, 2010), 34.97 % in Nigerians (Ajmaei al, 1983),
Variable OR 95%C p and 9.7 % in Brazilians (da Sileaal, 2013); another study
Cranial index 104 090-120 059 of skulls from southern Brazil reported 39 % (Castiéto

al., 2006), and the prevalence observed in our study was
higher than most of these values. This variability has

Accessory bones were identified in 54.8 % of casgwimarily been attributed to genetic factors, and metopism
(n = 17). The presence of at least one accessory bdres been suggested to occur more frequently in populations
(Wormian and/or Inca) was observed in 43.8 % of femala which long lineal individuals predominate (Castilbb
crania (n = 7) and 66.7 % of male crania (n = 10), with nal., 2006). Given that our sample represents an Anatolian
statistically significant difference between sexes (Fish@opulation, the relatively high prevalence may also relate to
exact p = 0.29). Accessory bones were present in 62.5 %tloé heterogeneous genetic background of Anatolia, consistent
crania with complete metopism (5/8) and in 52.2 % of craniaith its geographic location and complex population history
with partial metopism (12/23). Among cases with partiads noted by Eroglu (2008). This genetic diversity may
metopic sutures, accessory bones were observed at similantribute to the higher frequency observed in our series
rates across morphology types, including the V type (33c®mpared with some other populations.

%, n=4), L type (33.3 %, n=4), and H type (25.0 %, n = 3).

The mean Cl was 82.195.30 (brachycephalic) in crania In our study, although no statistically significant

without accessory bones and 80+36.71 (brachycephalic) difference was found in the prevalence of metopism between

in crania with at least one accessory bone, and this differersmxes, the metopic suture was observed more frequently in

was not statistically significant (t(29) = 0.83, p = 0.41). females (n=16/31). Reports on sex related differences in
metopism prevalence are similarly inconsistent across the

DISCUSSION literature. Accordingly, some studies have found a higher
prevalence in males (Baateal, 2003; Skrzatt al, 2004;

This study aimed to determine the prevalence dflurlimanjuet al, 2011; van der Meulen, 2012; da Sieta
metopism, the premaxillary suture, and accessory cranal, 2013) whereas others reported a higher prevalence in
bones in adult Anatolian crania, and to evaluate thfemales (Castilhet al, 2006; Baresat al, 2024). In
relationships of these nonmetric variants with sex, craniatidition, a study comparing modern and archaeological
form (cranial index), and cranial type. Our findings providesamples from a Croatian population reported a slightly higher
baseline prevalence data for these structures and suggestftiegiuency in men across most time periods, except the
the associations among these variants and with cranimbdern period, yet no significant sex differences were

morphology are limited in this sample. observed; the same study noted higher overall frequencies
in women in Anatolian populations, with variation across
Prevalence and Determinants of Metopism time periods and settings but again without significant

differences between men and women (Baetsd, 2024).

In our study, the incidence of metopism was 32 % he authors also interpreted their findings to suggest that
This value is close to the upper end of the 1 % to 38.17 $&cular changes across different time periods do not markedly
range reported in the literature (Aganeahbl, 1979; Yadav affect the incidence of the metopic suture, and that variation
et al, 2010; Zdillaet al,, 2018). In contrast, Eroglu’s study in reported frequencies likely reflects population differences
of 487 crania from Ancient Anatolian populations reportednd limited statistical power, given the generally low
a metopism prevalence of 3.3 % to 14.9 %, which is markedbyevalence of metopism (Barestal, 2024).
lower than the rate observed in our sample (31 %) (Eroglu,
2008). Erog’lu’'s dataset spans a broad population from The relationship between the metopic suture and
different chronological periods and demonstrates that tleeanial types was also evaluated, and in our study, metopism
frequency of the metopic suture varies across centuries. Thas observed most frequently in the brachycephalic group.
higher prevalence in our study may, in part, reflect differenc&lva et al, reported that the metopic suture was more
in sample size and the narrow time range of the adult cram@mmon in dolichocephalic crania (7.46 %) (da Sdtal,
examined. These observations suggest that metopism n28\ 3), whereas Castilhet al (2006) reported findings
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consistent with ours, with the highest frequency (52.2 %Jccessory Bones Accompanying the Metopic Suture
observed in brachycephalic crania. This association may
reflect shared developmental influences on cranial vault We next evaluated accessory cranial bones as additional
morphology and metopic suture persistence. Specificallypnmetric variants observed in crania with a metopic suture.
the spatial configuration of a brachycephalic skull main our study, the rate of accessory bones accompanying the
modify biomechanical tensions during craniametopic suture was 54.8 %. Reported frequencies vary widely
development, thereby affecting metopic suture fusion. Ai the literature (8 %-91.66 %) (Bellagy al,, 2013; Cirpan
the same time, variability across studies may refleetal, 2016; Liet al, 2023; Gileet al, 2024), likely reflecting
population specific genetic differences and methodologicdifferences in sample collections, definitions, and inclusion
heterogeneity, including differences in cranial typeriteria for accessory bones, as well as methodological
classification and in the criteria used to define metopismariation in their detection. In our sample, accessory cranial
bones accompanying the metopic suture were observed more
Premaxillary suture prevalence and associations frequently in males (66.7 %), although this difference did not
reach statistical significance and cranial breadth was the only
Given that other midline craniofacial variants mayarameter showing a significant difference. The literature is
share developmental pathways with the metopic sutusémilarly inconsistent regarding sex related patterns, with some
we next evaluated the premaxillary suture and its cstudies reporting higher prevalence in males (Géteal.,
occurrence with metopism. The premaxillary suture is 2024), others in females (Durge, 2016), and others finding no
structure that embryologically shares a commosignificant sex difference (Gimusburenal, 1997).
developmental trajectory with the metopic suture and
represents a continuation of the intermaxillary segmentthat ~ Cranial index, analyzed as a continuous measure,
contributes to formation of the primary palate (Vinchortended to be lower in crania with accessory bones in our
2019). Information regarding the timing of closure of thisnalysis. However, when cranial type was examined
suture and its persistence into adulthood remains limitedtegorically, accessory bones were most frequently observed
and variable (Trevizan & Consolaro, 2017; Nietlal, in the brachycephalic group. This apparent divergence likely
2020; Capotet al, 2023). In our study, the co-occurrenceeflects the use of threshold based cranial type categories,
rate of the premaxillary and metopic sutures was 22.6 Where individuals near cutoff values can shift groups despite
Although the premaxillary suture was observed moramall differences in cranial index, as well as the influence of
frequently in males, this difference was not statisticallgmall subgroup sizes and sampling variability. In line with
significant, and no clear association between sex attds, prior studies report heterogeneous findings, with some
premaxillary suture presence was identified. describing higher frequencies in brachycephalic crania
(GUmusbururet al., 1997) and others reporting higher
We also assessed potential associations with cranpeévalence in dolichocephalic (Kilic-Safat al,, 2020) or
form using cranial index comparisons and logistimesocephalic (Padlef al, 2025) crania. Overall, our findings
regression. Neither the categorical cranial typsupport a high, but variable frequency of accessory bones in
comparisons nhor models incorporating cranial index asn@etopic crania, while suggesting that any apparent sex or
continuous predictor showed a significant relationship wittranial form patterns are not robust and should be interpreted
premaxillary suture presence, and the explanatory poweutiously considering inconsistent evidence across studies.
of the models remained low. Although these sutures are
developmentally linked, persistence of one does nbimitations
necessarily imply persistence of the other in adulthood.
This may reflect interindividual variability in metopic Our study has several limitations. First, the sample size is
suture closure timing and the continuum between delaybaited, and because only seven crania exhibited a premaxillary
closure and persistent metopism described in pediatsature, the statistical power of analyses related to this variant
imaging studies (Vinchon, 2019). In addition, in dry cranias low; the non-significant logistic regression results and wide
macroscopic recognition of sutural remnants may bmnfidence intervals are expected consequences of this
influenced by remodeling and preservation related factotsnitation. The crania examined were selected from anatomy
which should be considered when interpreting negativaboratory skull collections, and because information on age,
findings. Nevertheless, the small number of crania with@ecise ancestry, and clinical characteristics of individuals is
premaxillary suture and the wide confidence intervals limitnavailable, generalization of our findings to the broader
inference, and larger series with supporting demographiopulation should be made cautiously. Our measurements were
or clinical data are needed to clarify co-occurrence pattemestricted to linear dimensions obtained from dry crania; three
and potential associations with cranial morphology. dimensional or imaging-based analyses could not be
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