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32i0Ho Hakasy Minicmepcmea oceimu i Hayku Ykpainu eid 27.09.2021 Ne 1017
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PekomendoeaHo 00 eudasHuymea lpe3udicro epomadckkoi Haykoeoi opeaarisayil «Bceykpaiicbrka Acambries dokmopie Hayk 3
OepxasHo20 ynpasniHHA» (PiwieHHs eid 17.11.2025, Ne 6/11-25)

XKypHan sudaembcst 3a nidmpumxu KHIT "KninidHa nikapHa No15 lMobinecskoao pationy m.Kuesa", LjeHmpy diemonoeii Hamasii
KasuHo8ChKOI.
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lonoea pedakuiliHoi konezii:

‘ KaHOMOAT HayK 3 JepxaBHOro ynpasniHHA, JoueHT, jlaypeat npemii MpesuaenTa
YkpaiHn gnsg Monoawx BYeHmx, Nlaypeat npemii BepxoeHoi Pagy Ykpaidu monogum
y4YeHuM, pupekTop BugasHudci rpynin «HaykoBi nepcnekTuBi»,  AMPEKTOD
rpoMagchbkoi HaykoBoi opraHisauii «Bceykpaidcbka acambries OOKTOpIB Hayk 3
aepxasHoro ynpasniHHay (Kuig, Yxpaika)

XykoBa IpuHa
Bitaniigra

lonosHuil pedakmop: YepHyxa Hadiss Muxonaigrna — nokTop neaaroriusnx wayx, npodecop, npotbecop kadegpu
colianbHoi peabinitauii Ta couiansHoi negarorikv KiBcbKoro HaljioHansHOTo YHiBeponTeTy iMeHi Tapaca Lesyerka (Kwis,
Ykpaina).

3acTynHuK ronoBHoro pepaktopa: TopsaHUK IHHa IBaHIBHa - OKTOP MEAMHHYX HaYX, CTapLIMA HayKoBUI CriBPOBITHUK,
NpoBIaRMIA Haykoswit cniBpobiTHMK nabopaTopii BipycHWX iHcbekuin DepkaBHo! yetanosk «IHCTUTYT: MikpoBionorii Ta imyHonorii.imeni
I.I. Me4HukoBa HauioHansHo akanemii MenHHUX Hayk YkpaiHu» (Xapkis, Ykpaina);

* 3acTynHuk ronosHoro peaaktopa: Cigariy IpuHa NleoHigieHa — pgokTop nedarorivHnx Hayk, npodecop, 3asigyBady
kachenpu neparoriki, agMiHICTpYBaHHs | cheuianbHoi OCBITM HaBuanbHO-HayKoBOTO IHCTUTYTY MeHexMeHTy Ta neuxonorii [3BO
«YHiBepcUTET MeHexkMeHTY ocBiTu» HAMH Ykpaibu (Kuis, Ykpaina);

3acTynuuk ronoBHoro pefakropa: XykoBcbkuit Bacune Mukonainoeny — [OKTOp neparorivykux Hayk, npodecop,
npodbecop kadeapwu aHrniicekoi Mo HalioHansHoro yHisepeuteTy "OcTposska akagemia” (PisHe, Ypaia).

PedakuiliHa korneziss:

1. BaGosa Ipuna KocTaHTHRIBHA - HOKTOP MEIHYHUX HayK, Tpodiecop, cTapLiRi RayKoBHil cRIBPOGITHUAK BILTINY ekOHOMIMHOIO peryItoBaHHA NPHpoJoKopHeTyBauHs, JIY "THCTHTYT pHHKY
i exoHOMIXO-ekaorivRuX Hocnizkens Hauionansuol akanemil nayk Yipaisu",, nikap ®PM (tisranoi Ta peabititanifinoi meanmman) JIY "Tepuropianene meanune of'exganns MBC
Vipainy no Onecbkii ofnacri” (Oneca, Ykpaina)

2. Bafuyk Onexa [puropiiBHa — Kam[HIaT [NCHXOIOTIMHHX HayK, NOLCHT, 3aBiftyBay KaepH ciMefiHoi Ta cheliadbHOl Nedarorikm 1 memxosorii JlepxagHOTO 3aknamy
«TliBgenHoyxpaiHchkuil HallloHanbHu} Nearorivynmii vaisepenter iveni K.JI. Vmmucskoro» (Oxeca, Yxpaina)

3. Baxon Iean CTenaHOENY — NOKTOp NETATOrIMHEX HayK, npodecop, 3asimysay kadeapH iHozemHoi pinoiorii Ta nepexiaay MixperiosansHoi akanemii ynpaeninas nepconanom (Kuis,
Vkpaina)

4. Banaxrap Kartepuna Cepriisna - 3500yBau cTynens gokropa dinocodii (PhD) sa cnenianssictio 053, Tlenxonoris, crapmufi ukanay kadeapu iHozeMHHX MoB B HanioHansHomy
yuisepenteti im, O. O. Boromonsus (Kuis, Yipaina)

5. Baprenesa Ipnaa OnekcaBnpiBHa - KAaHAWAAT NEAATOTIYHHX HAYK, JOUEHT, JOLEHT Kathenpw nenarorikd JepicagHoro saknaly «[liBneHHOyKpalHCBKHN HaiOHAJIBHHH NearorigHmi
ynisepcatet imeni K JI. Yimuceioro» (Oxeca, Vipaina)

6. Bimikorceka Onbra OpecTiBHa — AOKTOp NeNarorivsux Hayk, npodecop kabempu saranksoi nenaroriky Ta MeNaroriké BHIIOL KoMK JIBIBCEKOTO HAIOHATEHONO YHIBEPCUTETY IMeHI
Isana ®panka (M. JlbBiB, Ypaina)

7. Bamsok Crenan HecTepoBHd - I0KTOp MEAMYHHX HAYK, [podecop, 3acaysxenud 1isy Hayku | TexHiki Yipaiuu, nouecHuii akaneMix Harnosansnol akanemil nesaroridnix nayk Yxpainn
, 3aBigysay kaenpH (isionorii 3 ocHoBaMH OioeTnky Ta GioGeaneks TepHONLILCEKOrO HALIOBATBHOIO MEIMYHOro yHiBepchTery imeHi 1.5 TopBaueschkoro Vipainu (TepHomims,
Vkpaina)

8. Bosx BikTopis MuKko:1aiBEa - KaHAKOAT EKOHOMISHUX HayK, IOLEHT KadeJpy eKoHoMikn [lep:kaBHoro yHiBepcutery iM. Cranicnara Cramina s ITini (M. TTaa. Monswa)

E TBoxbmxeiy CribBis — KaHIMAaT Hayk, HepkagHa Opodeciiiia BHIta mkona iM. Axy6a 3 [lapamuky B Foxysi-Benukononsceromy (Tosbmay
10. Termanenko Jlrogmuna MukonalBHa - cTapila BHKIARAYKA Ka()eAPH NPHPOAHHTIO-MATEMATHIHOI OCBITH i TexHonoriit Incruryry micnammmiomMuol oceity KHiBchKoro cromidHoro

ynisepcuteTy imeni Bopuca Ipingenka (Kuis, Yxpaina)
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Shevchenko Volodymyr Mykolayovych acting head of the Department of
Human Anatomy, National Pirogov Memorial Medical Un1vers1ty, Vinnytsya;
Vinnytsia, https://orcid.org/0009-0004-0649-431X

Shpakova Nadiya Andriivna docent of the Department of Human Anatomy,
National Pirogov Memorial Medical University, Vinnytsia, https://orcid.org/0000-
0002-1583-0774

Khodak Tetyana Viktorivna assistant of the Department of Human Anatomy,
National Pirogov Memorial Medical University, Vinnytsya; St. 56 Pirohova,
Vinnytsia, https://orcid.org//0000-0002-9305-2912

Skoruk Roman Vasylovych docent of the Department of Human Anatomy,
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Hi‘yhortsevych Alina Valeriivna assistant of the Department of Human
Anatomy, National Pirogov Memorial Medical University, Vinnytsia, https://orcid.org/
0009-0002-8457-4417

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
alengside 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 1s 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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HaIlOHAILHOTO MeAuYHOoro YHiBepcutery im. M. 1. Iluporosa; m. BinHuUIS,
https://orcid.org/0000-0002-1583-0774

Xonak Tersana BikropiBHa acucreHT Kadeapu aHaTomii JHOAWHM BiHHUIb-
KOTO HAaIllOHaJIbHOTO MeAM4YHOro yHiBepcureTy im. M. 1. Iluporosa; M. Binuuig,
https://orcid.org// 0000-0002-9305-2912

Cxopyk Poman BacunboBuu nonenT kadenpu anaromii moguHu BiHHMIL-
KOTO HalllOHAIBHOTO MeIM4YHOTro yHiBepcuTeTy iM. M. 1. Iluporoma; M. Binmuig,
https://orcid.org/0000-0001-6851-3732

I'puropnesnu Aujina BaJjiepiiBHa acucTeHT Kadenpu aHaTOMil JIIOOUMHHU
BIHHHIBKOTO HAaL[iOHAJIFHOTO MEOMYHOTO YHiBepcuteTy iM. M. 1. Iluporosa;
M. Binnung, https://orcid.org/0009-0002-8457-4417
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MOP®OMETPHUYHI OCOBJINBOCTI gIOIIATKI/I 3AJIEZKHO BIJQ
CTATI, BIKY TA ETHIYHOI HAJTEXKHOCTI

Amnoranisa. MopdomeTpis tonaTku pyuBepTae AeAani OUIbIly yBary B aHaToMii,
CYIOBIH aHTPOMOJIOTIi Ta KMIHIYHIN MpaKTUIl Yy 3B’SA3KYy 3 11 JOMOMIKHOIO POJUTIO
nopsn 13 100pe BUBUEHUMH Ta30BUMH Ta YEPEITHUMHU MapKepaMH Yy BU3HA4YEHHI CTaTi
Ta MOMyIAIiHHOI HanexkHOCTi. KpiM Toro, HasBHI JOBIiKOBI 3HAYCHHS MEPEBAKHO
6a3yl0ThCAd Ha IIOKAa3HMKax Ta3a Ta € MOMYJAINAHO cHeluIYHUMHU, IO OOMEXYye
MOXJIMBOCT] iX IIMPOKOTO 3aCTOCYBaHHA 1 OOTPYHTOBYE HEOOXINHICTH PO3POOKHU
JOK&JIBHO BaNIIHUX HOPMAaTHBHUX JaHUX /U1 IHIOUMX KICTOK IIJIEHOBOTO IIOSICY.
Jlomatka, sika € OUIBII YYTIMBOKO A0 BIUIMBY CTaTi, BIKy, THIy TLIOOyIOBH Ta
(1310J10TIYHOTO HABaHTAKEHHsI, HIXX 1HHI KICTKH IUIEYOBOTO IIOSICY, 3AJHIIAETHCS
BITHOCHO HEJOCTATHHO JOCIIIKEHOI0, IIONPH 11 BAXKJIMBE 3HAYEHHS sl O10MEeXaHIKH
IUIEYOBOTO cyrioba Ta TUlaHyBaHHS PEKOHCTPYKTHBHHX oIepaiiif. Merow mporo
JNOCHIIKEHHs Oyno y3araibHUTH JaHl HasBHOI JIITeparypH IIOJA0 MopdoMerpii
JIONIAaTKY 3 ypaxyBaHHSAM CTaTi, BIKY Ta €THIYHOI HaJIEKHOCTI. MaTtepiainu Ta MeTOAH.
IIpoBeneHo HapaTMBHUN OIS CydaCHUX IIyOsikaIlil, 11eHTH(}IKOBaHHMX y 0azax
naHux PubMed 1 Google Scholar, 13 BUKOpHUCTaHHSIM TIOHNIYKOBHX TEPMIiHIB,
IIOB’S3aHUX 13 MOP(OMETPIEIO JIOMATKH, OIIHKOK CTaTrl Ta BIKY, ETHIUYHOIO
BapiabeapHICTIO, BI3yalmi3aliMHUMH MOPPOMETPHYHHMH METOJIaMH, METOIHKAMHM
OILIIHKH Ta aHaTOMI€EIO IJIEYOBOTO MOSICY. Pe3yapTaTl OISy JITEpaTypH CBITYATH, IO
jJonaTka € CHOpaBdl AUHAMIYHOK M BIKOBO3QJEXKHOK KICTKOK: ii MOpdoJIoris,
CHIBBITHOIIIEHHS KOPTUKATbHOI Ta TpabeKyIsIpHOi KICTKOBOI TKaHWHH, a TaKOX
KJIIOYOBI I@paMeTpd OCTI JIOMAaTKH Ta CyrioO00BOi 3amaJvHu  MiAJAaI0ThCS
CUCTEMaTUYHOMY PEMOJIEIIOBAHHIO BIPOJIOBXK J0POCIOTO >KHTTS, IO BIUIMBAE Ha
TOYHICTE OIIIHKH CTaTl ¥ BIKy. PAJl reOMETpUYHMX Ta JIHIMHHUX MIIXOMIB JEMOHCTPYE
BUP@XEHUU CTaTeBUM IuUMOp(Di3M pO3MIpiB 1 TPUBUMIPHOI (GOpPMH JIOHATKH, 3
BIAMIHHOCTSIMM 3arajibHOro mnpodinaio, po3MipiB cyrio0oBoi 3amaguHA Ta (OpMH
aKpoMiOHa, fAKi MOXYTb OYTH BHKOPHMCTaHI JUIS TOYHOI OIIHKHM CTaTi 33 yMOBH
3aCTOCYBAaHHA MOMYJAINHO crieludiYHUX TUCKpUMIHAHTHUX QyHKuUIH. [TopiBHIIBHI
nocnigkeHHs Ha uOipkax 13 IliBgennoi Adpuku, Anaromii, €runty, ITopryranii,
Ipany, TypeuunHH, a TaKOXX 1HIIUX €THIYHUX IPYI MOKA3ady 3HAYHI MDKITOYJISAIHHI
BIIMIHHOCTI MOPQOJIOrii JIONaTku Ta KICTOK IIJIEYOBOTO MOSICY, IO BKa3ye Ha
HEMOJKJIMBICTE MPSAMOTO MEPECHECCHHS CTaHapTiB, pO3pOOIEHNUX I OAHIET TpyIH, Ha
1HIIY, 1 TiAKPECIIoe HeOOXIJHICTh CTBOPEHHS PETriOHATBHO CIeUUBiYHUX pedepeHT-
HUX 0a3 JaHuX, y TOMY YHCTi B ABOBUMIpHIiN (2D) miomuHi, Ad CYyA0BO-MEIHIHUX
Ta KJIIHIYHUX Hijed. OctanHi JocarHenHs y cdepi tpuBumipnoi (3D) KT-mophometpii
Ta HOBITHI METOJM MAIIMHHOTO HAaBYaHHS CYTTEBO MiIBHIIA TOYHICTH CTATEBOI
OLIIHKH 3a JIOMATKOIO i PO3MIUPUIN MOXXIHUBOCTI i1 BUKOPHCTaHHA IS Iepeaorepa-
IITHOTO TUIaHYBaHHS, MPOEKTYBAHHS IMIUIAHTATIB 1 OLIHKH JIETCHEPATUBHUX 3MiH Y
cyro6ax. Kpim toro, aHami3 JOKaJbHUX aHATOMIYHHUX BapiaHTIB (HAIpPUKIAJ, THIIIB
Ha/JIOTTaTKOBOI BUPI3KH), a TAKOXK TeHEpaUlifHUX 3MIH (HOpMH CBIAYHUTH IPO BILIKB

2749




Kypuan «[lepciekTuBY Ta iHHOBaALl HAYKK»
(Cepis «Ilemarorika», Cepis «Ilcuxosoris», Cepis «MeaunuHa»)
Ne 11(57) 2025

croco0y XKUTTS, TpoheCciHHOTO HABAHTAXKEHHS Ta KOTOPTHUX €(EKTIB, IO aPTyYMEHTYE
HEOoOXITHICTh PeryisIspHOTO OHOBJICHHSI HOpMaTUBHUX 0a3 ganux. BucHoBku. CyyacHi
JIaH1 MIEPEKOHIMBO CBITYaTh, M0 MOPHOMETPUYHI MapaMeTPH JIONATKU 3aJIeXKaTh BiJl
CTaTi, BIKY Ta €THIYHOI HAJIEXKHOCTI, a iX e(pEeKTHBHE 3aCTOCYBaHHS B CYIOBO-
aHTPOIIOJIOTIYHIN Ta OPTONEAUYHIN MPAaKTUII MOTpeOye po3poOKH OararopiBHEBUX,
NOMYJISILIMHO Ta BIKOBO CHEM(IYHUX HOPMATHUBIB 13 TIEPIOJUYHUM X TEPETIILAOM.

Karo4oBi caoBa: nomatka, MOppOMETPUYHI IIOKA3HUKH, CTaTh, BIK, eTHiYHA
HAJICXKHICTB, THICYOBHH I10SC.

Statement of the problem. From the modern 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 1s 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 1s 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 Vétra 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
1t 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 differénces, 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 1s 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
and.high, 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].

Modern 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 1s 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 modern 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 modern
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

2754



Kypnan «IlepciekTHBY Ta iHHOBaLii HAYKK»
(Cepis «Ilegarorika», Cepis «Ilcuxosoris», Cepia «MeaunuHa»)
Ne 11(57) 2025

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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