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Abstract

Sex estimation from skeletal remains, particulatly when the pelvis is not preserved, has long been one
of the major challenges in biological anthropology. The present study was conducted to examine
sexual dimorphism in cranial and mandibular traits and to develop population-specific criteria for sex
determination in the Parthian population of the Liyarsangbon site. For this purpose, seventy-seven
adult human skeletons curated at the Biological Anthropology Laboratory of the University of Guilan
were analyzed. Biological sex was first determined using well-established pelvic indicators and was
subsequently used as a reliable reference. A series of quantitative cranial and mandibular landmarks
were then measured, and qualitative cranial-mandibular traits were assessed using ordinal scoring
systems. Statistical analyses included independent samples t-tests for metric variables and Mann—
Whitney U tests for ordinal traits. The findings indicate that several cranial and mandibular variables,
including maximum cranial length, selected dimensions of the cranial base, mastoid length, and ramus-
related measurements of the mandible, exhibit significant sexual dimorphism. In contrast, a number of
traits—particularly palatal measurements and certain qualitative features such as mental eminence—
did not show statistically significant differences between males and females. The coexistence of traits
that conform to global sex estimation standards alongside others that diverge from them suggests that
sexual dimorphism in the Liyarsangbon population is not uniform. Some cranial and mandibular traits
appear to be population-specific and may reflect local genetic, environmental, or biocultural
influences. These results underscore the importance of developing localized sex estimation standards
and demonstrate that uncritical application of global criteria may reduce diagnostic accuracy.
Population-based approaches therefore provide a more reliable framework for sex determination in
Parthian-period skeletal assemblages from northern Iran.
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Introduction

Sex estimation from human skeletal remains constitutes the
cornerstone of biological profile reconstruction in biological
anthropology, bioarchaeology, and forensic sciences. Accurate
identification of biological sex directly influences subsequent
estimations of age-at-death, stature, population structure,
mortality patterns, and social organization in past societies
(White, Black, & Folkens, 2011). While the pelvis is widely
recognized as the most reliable skeletal element for sex
determination, it is frequently absent, fragmented, or poorly
preserved in archaeological contexts. Under such circumstances,
the skull—and particularly the mandible—becomes the primary
alternative for sex assessment.

The human cranium exhibits a wide range of sexually
dimorphic traits, both metric and non-metric, including cranial
vault dimensions, cranial base morphology, facial breadth,
mastoid process development, and mandibular robusticity.
Classic studies have demonstrated that observational scoring of
cranial traits can achieve relatively high accuracy in sex
estimation (Walker, 2008). However, accumulating evidence
suggests that sexual dimorphism is not universally expressed in
the same manner across all human populations. Genetic
background, environmental conditions, dietary practices, and
biomechanical loading associated with habitual activities can
significantly alter the magnitude and pattern of cranial
dimorphism (Franklin et al., 2012; Katzenberg & Grauer, 2018).

Despite extensive research on FEuropean and North
American skeletal samples, population-specific standards remain
underdeveloped for many regions, including the Iranian Plateau.
This gap is particularly evident for ancient populations, where
reliance on modern Western standards may lead to systematic
misclassification. The Parthian period (ca. 247 BCE-224 CE), a
formative era in Iranian history characterized by cultural
interaction and regional diversity, offers an important context
for examining population-specific patterns of skeletal variation.
The Parthian cemetery of Liyarsangbon, located in northern Iran
(Guilan Province), provides a well-preserved assemblage suitable
for detailed osteological analysis.

The primary aim of this study is to evaluate sexual
dimorphism in cranial and mandibular landmarks within the
Parthian population of Liyarsangbon and to assess the feasibility
of developing localized, population-specific criteria for sex

estimation. By systematically comparing the performance of

cranial, facial, palatal, and mandibular indicators, this research
secks to identify traits that are reliable, marginal, or unsuitable

for sex determination in this specific population.

Methodology

Archaeological Context and Sample

The skeletal assemblage analyzed in this study derives from
the Parthian-period cemetery of Liyarsangbon, excavated under
official permits and curated at the Biological Anthropology
Laboratory of the University of Guilan. The final analytical
sample consisted of 77 adult individuals, selected based on
preservation quality and the presence of measurable cranial and
mandibular  structures. Subadults and specimens showing
extensive postmortem damage, pathological deformation, or
thermal alteration were excluded to minimize analytical bias.
Reference Sex Determination

To establish a reliable biological baseline, sex was first
determined using pelvic morphology, following well-established
standards (Phenice, 1969; Haas et al,. 1994). Traits such as the
ventral arc, subpubic concavity, medial ischiopubic ramus ridge,
and additional pelvic features were assessed independently by
trained osteologists. Only individuals exhibiting clear and
unambiguous pelvic indicators were included in the reference
sample.
Cranial and Mandibular Variables

A comprehensive set of metric landmarks was recorded,
covering four anatomical regions:

1. Cranial vault and base: G-OP, G-L, BA-N, BA-B, N—
B, EU-EU

2. Facial skeleton: ZY-2Y, BA-PR, N-PR, FMT-FMT,
AU-AU, OBH

3. Palatal region: PR-ALV, ECM-ECM, OL-STA

4. Mandible: ID-GN, GO-GO, minimum ramus
breadth, maximum ramus breadth, ramus height, bimental
breadth, mandibular angle

Measurements were taken using precision sliding and
spreading calipers (0.01 mm accuracy). Each measurement was
repeated three times, and mean values were used for analysis to
reduce random error.

In addition, non-metric (qualitative) traits were scored
using ordinal scales (1-5), following established systems for

cranial sex estimation (Walker, 2008). Traits included the nuchal

crest, mastoid process, supraorbital margin, glabella, mental
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eminence, orbital shape, chin shape, gonial angle, and the
relative level of the mandibular ramus to the third molar.
Statistical Analysis

Metric variables were analyzed using independent-samples
t-tests after assessing normality. Ordinal traits were evaluated
using the Mann—Whitney U test. Statistical significance was set at
p < 0.05. Emphasis was placed not only on statistical
significance but also on the consistency and anatomical

relevance of observed differences.
Results

Cranial Vault and Base

The analysis revealed that not all cranial vault variables
contribute equally to sex differentiation. Maximum cranial length
(G—OP), glabello-lambda length (G-L), basion—nasion length
(BA-N), basion—bregma height (BA-B), frontal curvature (N—
B), and mastoid height (MDH) displayed statistically significant
differences between males and females. These traits showed
relatively strong dimorphism and limited overlap, suggesting
high diagnostic value within the Parthian sample.

In contrast, maximum cranial breadth (EU-EU) and
measurements of the foramen magnum showed minimal or no
sexual differentiation. Although these variables are frequently
cited in global standards, their poor performance in this
population indicates limited applicability without local validation.
Facial and Palatal Traits

Facial measurements exhibited mixed results. Variables
such as BA-PR, N-PR, ZY-ZY, and FMT-FMT demonstrated
moderate  sexual dimorphism and showed potential for
population-specific calibration. However, AU-AU and orbital
height (OBH), commonly used in other populations, failed to
discriminate sex reliably in this sample.

Palatal measurements generally showed low discriminatory
power. While alveolar breadth (ECM-ECM) exhibited high
variability and appeared sensitive to biocultural influences, its
diagnostic value remained limited when used independently.
Traits such as OL-STA were developmentally stable but showed
minimal sexual differentiation.

Mandible

The mandible emerged as the most informative skeletal
element for sex estimation. Vatiables including minimum ramus
breadth, bimental breadth, ramus height, chin length (ID-GN),

and mandibular length showed strong and consistent sexual

dimorphism. In several cases, the magnitude of dimorphism

exceeded values reported in global reference samples. These
findings underscore the central role of mandibular morphology

in population-specific sex estimation.
Discussion

The results of this study demonstrate that sexual
dimorphism in the Parthian population of Liyarsangbon is not
uniformly expressed across all cranial regions, but rather varies
according to anatomical location and functional significance.
Traits related to muscle attachment and biomechanical
loading—most notably those of the mandible—exhibited the
strongest and most consistent sexual differentiation. This pattern
likely reflects long-term sex-telated differences in activity,
mastication, and dietary behavior, which are known to influence
mandibular robusticity and shape more strongly than other
cranial components. Similar trends have been observed in both
archaeological and forensic contexts, where the mandible
frequently outperforms other cranial elements in sex estimation
accuracy.

In contrast, cranial traits characterized by greater
developmental stability or strong genetic canalization, such as
certain vault dimensions and palatal measurements, showed
limited sexual dimorphism in this population. These findings
suggest that such traits may be less sensitive to sex-specific
biomechanical and environmental influences and therefore
provide weaker discriminatory power when used in isolation.

Importantly, several indicators commonly emphasized in
international sex estimation standards performed poorly in the
Liyarsangbon sample. This discrepancy underscores the
methodological risks of applying global reference criteria without
prior local wvalidation. Consistent with previous research

highlighting population variability in cranial dimorphism
(Hefner, 2009; Franklin et al, 2012), the present findings
reinforce the necessity of developing population-specific
analytical frameworks. Such localized approaches are essential
for improving diagnostic accuracy and avoiding systematic
misclassification in bioarchaeological studies of ancient Iranian

populations.
Conclusion

This study provides compelling evidence that sex

estimation in Parthian-period skeletal assemblages from

northern Iran requires a population-specific approach. While
certain cranial vault traits retain diagnostic value, the mandible—

particularly the ramus and mental regions—offers the most
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reliable indicators of sex. Palatal traits, although informative for
broader biocultural analysis, should not be used as primary sex
indicators in isolation.

Opverall, the findings underscore that localization of sex
determination criteria is not merely a methodological preference
but a scientific necessity. By identifying reliable, marginal, and
unsuitable indicators within a specific population, this research
contributes to improving the accuracy of bioarchaeological and

forensic investigations in Iran and comparable regions.
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Figure 3. Cranial measurement landmarks of the human skull. (A) Inferior and
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Figure 4. Cranial measurement landmarks in the human skull — A: lateral view;
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Table 3. Evaluation of the potential for local adaptation of palatal-mandibular landmarks with reference to global standards
Janni Uy . . > s > Card
‘ 55U g ) s 7 ’ ? SHlod
Silw o S diges | Slea gladlaitiwl
Iy 2l iy (G ple b cov cusa Vgl Jb | e oSke | .
L, | S Pt SlacglB Bro &5 5 Cudllaglis ol |55 S Tl b b e | YesS $9ll Jsbo
- Haas et al, 1994; ) win U Sl K28 il oddodalio | (gblae oed | » Lm . (PR-ALV)
(W’hitc et al.,, 2011; Scott et al., 2018 kel o
die & /PN e L bl Yl el . :
9 rae gl oy SHle L bl Yl sl ails Yyone | S5 Vgl il
&S Slgs o ol melex j3 ] (Kinyi—gl8y slaciglas | g 4l ye 5> YLSD :
R 1997, Ruff et al,, 2006 L5 Jglite jgoeaciumes sy | T L mint | HOMSHCM/) N
.arsen, ; Ruff et al., ;) sy ol gglax WP 3 pwS Al )
) n oL Syl syxe iand YU (ENM—ENM
(Kaifu, 1997
b cos g b oYL ol S bl e s plS
"’ a5 90k T ""*"SJ A3 P71 ol o OS] | |y S aliblons sl | p e oS Jsbo
ol | Gleies Glr olply 950 JIE i b 3Sles slajlid . N
. . S O 90 O oS Syt (OL-STA)
(Lieberman, 2000; White et al., 2011) Caus cunlio (i

el Al (S ) g u“'*"‘ dl).g odlaw! dy90 dl.:zs)lt.u 4\lo> )'|
i ol (sl 5 Sl il JUsS gl iz 5 o AU 31,8

Wgdie odalia O JS5 53 a5 b S8 SSglshiee s Sy
Cualus g S yglj dgin)sS oly syl cugely sl 9 gl Jolis

Syl S oo — il gloi = sl (b & o (oS lond L0 IS
Figure 5. Mandibular measurement landmarks in humans, lateral view. — Site of discovery: Liyarsangbon.
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Figure 6. Landmarks used for the measurement of the human mandible. A:

anterior view and B: superior view— Site of discovery: Liyarsangbon.
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Table 4. Alignment of landmarks, compatison with global standards, and potential for localization in the mandible (lower jaw)
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Table 5. Comparison of qualitative cranial and mandibular traits by sex and local population specificity (Parthian population of Liyarsangbon).
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