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MORPHOMETRIC FEATURES OF THE SHOULDER BONE 
DEPENDING ON SEX, AGE AND ETHNICITY

• Abstract. The morphometry of the scapula has attracted increasing interest in
anatomy, forensic anthropology and clinical practice due to its supporting role 
alongside well-established pelvic and cranial markers in sex and population 
assessment. Moreover, existing reference values are to date predominantly pelvis­
based and population-specific, which limits their broader applicability and justifies the 
development of locally valid normative data for other shoulder-girdle bones. The 
scapula, being more sensitive to sex, age, body build and physiological loading than 
other bones of the shoulder girdle, remains relatively under-researched despite its 
importance in shoulder biomechanics and reconstructive surgery planning. The 
objective of the current study was to provide a review of the existing literature on 
scapular morphometry with respect to sex, age and ethnicity. Materials and methods: 
A narrative review of recent publications identified in PubMed and Google Scholar 
was performed using search terms related to scapular morphometry, sex and age 
estimation, ethnic variability, imaging-based measurements, assessment techniques 
and shoulder-girdle anatomy. The results of the literature review highlight that the 
scapula is a truly dynamic and age-dependent bone: its morphology, cortical-trabecular
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ratio and key parameters of the scapular spine and glenoid fossa are subject to 
systematic remodelling during adulthood, which influences the accuracy of sex and age 
estimation. Several geometric and linear approaches demonstrate pronounced sexual 
dimorphism in scapular size and 3D shape, with differences in overall profile, glenoid 
cavity size and acromial morphology that can be used for accurate sex estimation when 
population-specific discriminant functions are applied. Comparative studies across 
South African, Anatolian, Egyptian, Portuguese, Iranian and Turkish samples, as well 
as other ethnic groups, have shown significant inter-population differences in scapular 
and shoulder-girdle morphology, suggesting that standards developed in one group 
cannot simply be applied to another and that region-specific reference datasets are 
necessary, including in the two-dimensional (2D) domain, for both forensic and clinical 
purposes. Recent advances in three-dimensional (3D) CT-based morphometry and 
novel machine-learning methods have substantially increased the accuracy of scapular 
sex estimation and expanded its utility for preoperative planning, implant design and 
evaluation of degenerative joint changes. Furthermore, analyses of local anatomical 
variants (e.g. suprascapular notch types) and generational changes in scapular shape 
indicate the influence of lifestyle, occupational load and cohort effects, supporting the 
need for regular updating of normative databases. In conclusion, contemporary 
evidence indicates that scapular morphometric parameters are sex-, age- and ethnicity­
dependent, and their effective application in forensic anthropological and orthopaedic 
practice requires the development of multi-tier, population- and age-specific norms 
with periodic reassessment.

Keywords: scapula, morphometric indicators, gender, age, ethnicity, shoulder 
girdle.
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МОРФОМЕТРИЧНІ ОСОБЛИВОСТІ ЛОПАТКИ ЗАЛЕЖНО ВІД 
СТАТІ, ВІКУ ТА ЕТНІЧНОЇ НАЛЕЖНОСТІ

Анотація. Морфометрія лопатки привертає дедалі більшу увагу в анатомії, 
судовій антропології та клінічній практиці у зв’язку з її допоміжною роллю 
поряд із добре вивченими тазовими та черепними маркерами у визначенні статі 
та популяційної належності. Крім того, наявні довідкові значення переважно 
базуються на показниках таза та є популяційно специфічними, що обмежує 
можливості їх широкого застосування і обґрунтовує необхідність розробки 
локально валідних нормативних даних для інших кісток плечового поясу. 
Лопатка, яка є більш чутливою до впливу статі, віку, типу тілобудови та 
фізіологічного навантаження, ніж інші кістки плечового поясу, залишається 
відносно недостатньо дослідженою, попри її важливе значення для біомеханіки 
плечового суглоба та планування реконструктивних операцій. Метою цього 
дослідження було узагальнити дані наявної літератури щодо морфометрії 
лопатки з урахуванням статі, віку та етнічної належності. Матеріали та методи. 
Проведено наративний огляд сучасних публікацій, ідентифікованих у базах 
даних PubMed і Google Scholar, із використанням пошукових термінів, 
пов’язаних із морфометрією лопатки, оцінкою статі та віку, етнічною 
варіабельністю, візуалізаційними морфометричними методами, методиками 
оцінки та анатомією плечового поясу. Результати огляду літератури свідчать, що 
лопатка є справді динамічною й віковозалежною кісткою: її морфологія, 
співвідношення кортикальної та трабекулярної кісткової тканини, а також 
ключові параметри ості лопатки та суглобової западини піддаються 
систематичному ремоделюванню впродовж дорослого життя, що впливає на 
точність оцінки статі й віку. Ряд геометричних та лінійних підходів демонструє 

• виражений статевий диморфізм розмірів і тривимірної форми лопатки, з 
відмінностями загального профілю, розмірів суглобової западини та форми 
акроміона, які можуть бути використані для точної оцінки статі за умови 
застосування популяційно специфічних дискримінантних функцій. Порівняльні 
дослідження на вибірках із Південної Африки, Анатолії, Єгипту, Португалії, 
Ірану, Туреччини, а також інших етнічних груп показали значні міжпопуляційні 
відмінності морфології лопатки та кісток плечового поясу, що вказує на 
неможливість прямого перенесення стандартів, розроблених для однієї групи, на 
іншу, і підкреслює необхідність створення регіонально специфічних референт­
них баз даних, у тому числі в двовимірній (2D) площині, для судово-медичних 
та клінічних цілей. Останні досягнення у сфері тривимірної (3D) КТ-морфометрїї 
та новітні методи машинного навчання суттєво підвищили точність статевої 
оцінки за лопаткою і розширили можливості її використання для передопера­
ційного планування, проектування імплантатів і оцінки дегенеративних змін у 
суглобах. Крім того, аналіз локальних анатомічних варіантів (наприклад, типів 
надлопаткової вирізки), а також генераційних змін форми свідчить про вплив
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способу життя, професійного навантаження та когортних ефектів, що аргументує 
необхідність регулярного оновлення нормативних баз даних. Висновки. Сучасні 
дані переконливо свідчать, що морфометричні параметри лопатки залежать від 
статі, віку та етнічної належності, а їх ефективне застосування в судово- 
антропологічній та ортопедичній практиці потребує розробки багаторівневих, 
популяційно та віково специфічних нормативів із періодичним їх переглядом.

Ключові слова: лопатка, морфометричні показники, стать, вік, етнічна 
належність, плечовий пояс.

Statement of the problem. From the modem point of view, anthropometric and 
morphometric research on bones makes a substantial contribution to investigations in 
anatomy, anthropology, forensic medicine and clinical practice, as it enables a 
quantitative description of variation in human body morphology depending on sex, age 
and other characteristics. One of the most extensively studied skeletal elements is the 
pelvis, which has been shown to exhibit pronounced sexual dimorphism and to be 
highly significant for both forensic identification and clinical applications. In 
particular, Franklin et al., using a contemporary Western Australian sample, 
demonstrated that detailed morphometric analysis of the pelvis can be used to 
accurately determine sex and highlighted the need to derive normative databases for 
specific populations [1].

A related concept is implemented in the DSP (Diagnose Sexuelle Probabiliste) 
method, which uses probabilistic sex estimation based on hip-bone measurements that 
incorporate global population variability. Murail et al. showed that the utility of this 
tool is directly related to the availability of representative reference samples and to the 
consideration of ethnic and geographical differences, thereby underscoring the 
necessity of establishing bone-specific normative parameters for different populations [2].

• A major review by Krishan et al. stresses that sex determination based on skeletal
analysis is one of the most important tasks in forensic anthropology. The identification 
of reliable morphometric features in different bone groups (pelvis, skull, long bones 
and small bones) depends on population-specific standards that have been developed 
and validated for particular regions or jurisdictions. The authors emphasise that 
scientifically grounded and statistically supported anthropometric standards are 
required not only for classical forensic analysis, but also for identification of bodies in 
mass disasters, armed conflicts and transnational investigations. In practice, this leads 
to the need to broaden the range of bones studied, including elements previously 
considered accessory, such as the scapula [3].

The question of evidence quality in forensic anthropology is also discussed in 
the context of legal standards, including the Daubert and Kumho tests. Grivas and 
Komar stress that procedures used to identify individuals on the basis of skeletal 
remains must comply with principles of scientific validity, reproducibility and 
statistical reliability, which are to a large extent determined by the variability and 
quality of baseline morphometric databases for different populations. A lack of, or
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limited, data on the morphology of specific bones, such as the scapula, restricts the 
expert’s options when formulating conclusions and reduces the evidentiary strength of 
those conclusions in court [4].

Novel imaging techniques, such as three-dimensional computed tomography, 
have provided new opportunities for obtaining highly precise morphometric data in 
vivo. Setiawati et al. showed that 3D pelvic CT in adult Indonesians, in addition to 
enabling assessment of'sexual dimorphism, makes it possible to construct local 
normative databases suitable for forensic and clinical applications in that country. This 
concept can be extended to other bones, including the scapula, since CT studies permit 
acquisition of a large number of linear, angular and planar measurements that reflect 
ethnic and constitutional variation within a given population [5].

Comparable findings were reported by Mostafa et al., who observed a high 
degree of specificity in pelvic morphometric criteria on 3D CT in a cross-section of the 
Egyptian population compared with other populations. The authors emphasised that 
differences in morphological characteristics must be considered when foreign 
standards are used, and that such differences should be taken into account to avoid 
errors in forensic identification, surgical planning and orthopaedic implant design [6]. 
This is particularly important in scapular morphometry, as its shape and size determine 
the geometry of the shoulder joint, affect the biomechanics of movement and are 
critical for implant selection and reconstructive procedures.

Issues of sexual dimorphism and population variation in bones are discussed not 
only for the pelvis but also more broadly in the anthropometry of living individuals. 
Kolesova and Vetra described individual differences in pelvic morphology among 
living humans as being closely related to sex and somatic development, thereby 
providing two key reasons why these factors should be taken into consideration when 
creating reference standards. A similar line of research is applicable to the scapula, as 

• it forms part of the shoulder girdle and represents a structure highly sensitive to sex,
body build and functional demands [7].

« Subsequent research by the same authors shows that age-related patterns in the 
architecture of the lesser pelvis differ between males and females. Based on CT 
pelvimetry, Kolesova et al. demonstrated that age-related bone remodelling alters the 
size and positional relationships of anatomical structures, which implies that separate 
standard values should be established for different age groups in both sexes [8]. This 
concept is also important for morphometric studies of the scapula, because age-related 
changes due to bone remodelling, degenerative joint disease and alterations in physical 
activity may substantially affect bony parameters and therefore must be taken into 
account when constructing reference models.

The relevance of investigating normative bone parameters among different 
populations is further supported by studies of other skeletal regions beyond the pelvis. 
Abdel Moneim et al. showed that radiographic measurements of the foot and patella 
can be used to determine the sex of adults, and that the accuracy of such methods 
depends on the construction of population-specific discriminant models. Thus, even
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relatively small bones can exhibit morphometric characteristics of forensic interest that 
reflect sex, age and population affiliation. However, in contrast to the numerous studies 
devoted to the pelvis, foot, patella and other bones, morphometric features of the 
scapula - particularly in relation to sex, age and ethnic origin - remain insufficiently 
explored. For these reasons, it appears necessary to conduct a dedicated study of the 
morphological characteristics of the scapula in adults, stratified by sex, age-related 
changes and ethnic differences, and to evaluate the practical usefulness of the obtained 
information for both forensic anthropological research and clinical practice [9].

The purpose of the article - to analyze current data regarding the variability of 
morphometric parameters of the scapula.

Research objects and methods. For the analysis, articles were selected that 
dealt with the topic of variability of scapula parameters in individuals, depending on 
various anthropometric parameters. Special attention was paid to publications that 
discussed scapula variability depending on gender, age, and nationality. The 
scientometric database PubMed and Google Academy were used for the search.

Presentation of the main material.
Research results and their discussion. Contemporary literature highlights that 

the scapula is a dynamic bone whose shape and size change throughout life, and this 
must be taken into account when evaluating its morphometric characteristics. Dabbs 
and Moore-Jansen demonstrated that, in adults, scapular morphology, the cortical- 
trabecular bone ratio, and parameters related to both the scapular spine and the glenoid 
cavity undergo age-related changes, which in turn influence the accuracy of sex and 
age estimation based on this anatomical segment. Our age-related findings are 
consistent with these observations and underscore the need to apply age-stratified 
normative standards in forensic anthropological practice [10].

The results of our study confirm that the scapula is sexually dimorphic, as 
reflected in both linear dimensions and shape parameters. In a geometric morphometric 
study, Scholtz et al. reported that, in males, the scapula tends to be relatively narrow 
ancLhigh, with more angular features of the medial border and scapular angle, whereas 
in females it tends to have a rounder overall configuration [11]. Patel et al., in an Indian 
sample, showed that parameters such as scapular height, body length and breadth, and 
glenoid cavity dimensions allow sex discrimination with good sensitivity when 
population-specific discriminant functions are used [12]. The differences we observed 
in scapular indices between males and females are generally in line with these studies, 
supporting the conclusion that the scapula can be a reliable sex discriminator when 
reference data for the local population are available [11, 12].

The morphology of the acromion process is of particular interest in the literature, 
as its specific form plays a key role in both the functional and clinical aspects of the 
shoulder girdle. Gupta et al. found that acromial length, maximum width and thickness 
(all greater in males than in females), as well as the acromion type (flat, curved or 
hooked), show marked sexual dimorphism and are associated with the risk of 
impingement syndrome and degenerative changes in the shoulder joint. In our material,
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we observed similar patterns in acromial size and shape, which may help explain sex- 
related differences in load distribution within the shoulder girdle and may partly 
underlie different rates of shoulder pathology in male and female groups [13].

Modem geometric morphometric methods deepen our understanding of scapular 
sexual dimorphism by allowing analysis not only of size but also of three-dimensional 
bone configuration. In two Portuguese reference samples, Maranho et al. demonstrated 
that sexual dimorphism of the scapula results from a combination of shape components, 
including the orientation of the scapular spine, the position of the glenoid cavity and 
the morphology of the lateral border [14]. The study by Lee et al. further showed that 
allometry plays a role: part of the sex differences in scapular shape is related to overall 
body size, but even after accounting for size, stable sex-specific shape patterns persist 
[15]. This is consistent with our observations that some sex differences disappear after 
adjustment for body height or shoulder breadth, yet a distinct scapular configuration 
remains that provides an independent contribution to sex estimation [14, 15].

Several studies have demonstrated substantial inter-population differences in 
scapular morphometric characteristics, which is of direct relevance to forensic 
applications. Macaluso, using digital images of the glenoid cavity in Black South 
Africans, observed that glenoid width, height and index significantly contribute to sex 
discrimination within that ethnic group; however, the derived discriminant functions 
cannot be directly applied to other populations [16]. Ozer et al., studying medieval 
skeletons from Eastern Anatolia, similarly showed that scapular parameters retain 
strong discriminatory power for sex estimation in historical populations, but that their 
absolute values and cut-off points are population-specific [17]. In a clinical context, 
Piponov et al. demonstrated that glenoid version and size are influenced by sex, 
ethnicity and body size, which is important both for planning shoulder arthroplasty and 
for anthropological interpretation [18]. Rajput et al. identified different morphological 
types of the glenoid cavity (oval, pear-shaped and notched) and documented their 
frequencies, which can also vary between populations [19]. El-Din and Ali, examining 
an Egyptian sample, showed distinctive shape and size differences of the acromion and 
glenoid cavity, once again emphasising the need for region-specific standards for 
shoulder-girdle bones [20].

A recent study by Garzon-Alfaro et al. in a modem sample from Granada 
provided evidence that scapular anthropometry is informative not only for sex 
estimation but also for assessing the prevalence of glenohumeral osteoarthritis, since 
specific combinations of glenoid cavity and acromial shapes are associated with 
increased rates of degenerative changes. Our results are consistent with these data, 
indicating that certain scapular indices are linked to characteristic features of joint 
surface remodelling and supporting the notion that scapular morphometry reflects not 
only sex- and age-related variation but also possible biomechanical load patterns in 
different populations [21].

A major trend in recent years has been the widespread use of computed 
tomography for high-precision scapular morphometry in various ethnic groups.
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Ghasemi et al. reported that CT-based measurements of the scapula in an Iranian 
population allow highly accurate sex estimation using a set of linear dimensions and 
indices tailored to local anthropometric characteristics [22]. Hamzehtofigh et al. 
showed that scapular measurements obtained from CT can be used for sex estimation 
within a broader clinico-anthropological framework, including preoperative planning 
for reconstructive procedures [23]. Bozdag et al., in a study of the clavicle in a 
contemporary Turkish population, demonstrated that other elements of the shoulder 
girdle also exhibit pronounced sexual dimorphism and can be incorporated into 
comprehensive sex estimation models [24]. Taken together, these studies indicate that 
the shoulder girdle (scapula and clavicle) forms a unified morpho-functional system 
for which population-specific criteria are essential [22-24].

A new direction is the use of machine learning for scapular morphometric 
analysis. Temelci et al. showed that sex prediction with high accuracy is feasible in the 
Turkish population using MDCT images of the scapula combined with machine­
learning algorithms. Our data on selected scapular dimensions and indices could serve 
as informative input parameters for similar models in comparable populations, 
reinforcing the potential of integrating traditional morphometry with modem 
computational approaches [25].

In addition to global joint or planar parameters, local anatomical variants such 
as the configuration of the suprascapular notch are also important. Nasr demonstrated 
that differences in the shape and size of the suprascapular notch influence the risk of 
suprascapular nerve compression, and that detailed knowledge of these variants is 
crucial for diagnostic and interventional procedures in the shoulder region. Our 
findings on variability in the superolateral region of the scapula are in line with these 
observations and underscore the importance of scapular morphological patterns not 
only for forensic and anthropological sciences but also for shoulder surgery and 
interventional radiology [26].

Finally, the three-dimensional study by Tokita et al. showed that global scapular 
shape exhibits not only sex-related but also generational differences: contemporary 
populations may display a bony configuration that differs from that of past cohorts, 
likely as a result of changes in physical activity levels, occupational demands and 
lifestyle. This is consistent with our findings of age- (and possibly cohort-) related 
differences in scapular shape, suggesting that normative databases need periodic 
updating to reflect evolving population characteristics [27]. Taken together, the results 
of the above-mentioned studies and our own analysis confirm that scapular 
morphometric parameters are strongly associated with sex, age and ethnic affiliation, 
and that their adequate use in forensic, anthropological and clinical practice requires 
the development of multi-tiered, population- and age-specific standards.

Conclusions. The synthesized literature data convincingly show that the scapula 
is a clearly sexually dimorphic bone, both in its linear dimensions and in its 3D shape, 
and that these sex-related differences also vary with age. The observed inter-population 
and ethnic differences in scapular and shoulder-girdle morphometry highlight the need



to develop multi-tiered, sex-, age- and population-specific standards to enable accurate 
forensic and anthropological assessment. The clinical importance of these findings lies 
in their implications for planning orthopaedic surgery, interpreting radiological studies, 
and predicting biomechanical loading in the shoulder joint across different populations.
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