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Abstract

Relevance: the article discusses the possibility of using Inca bones (os Incae) as an additional morphological parameter in the
forensic identification by the skull of Kazakh nationality persons. It has been established that the frequency of occurrence of Inca
bones in this population is low, however, this feature may be noticeable as an additional factor in identification algorithms.

Aim: to describe a clinical case of using a neural network model to analyze the morphometric parameters of the skull
and their use in identifying the identity of a person of Kazakh nationality.

Research methods: This study is an observational one; no additional statistical data processing has been performed.

Discussion: The results of the study confirmed that the anatomical variability of the skull's occipital region is important for
forensic identification. This feature reflects the features of the intertribal area’s ossification, but does not have a strict racial diagnostic
value. Nevertheless, the inclusion of the Inca bone as a morphological parameter in neural network identification algorithms
increases the accuracy of ethnopopulation recognition. For the Kazakh population, characterized by a meso- and brachycranic type
of skull with moderate occipital relief, the rare occurrence of this trait is consistent with Asian trends.

Conclusions: The Inca bone is rare in people of Kazakh nationality, which corresponds to the general trends for Asian
populations. The feature can be used as an additional parameter for forensic identification by the skull. The integration of
Inca bone data into neural network algorithms improves the accuracy of digital identity recognition.
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AKkTyanbHOCTb: B CTaTbe paccMaTpuBaeTCs BO3MOXHOCTb MCMONb30BaHWA kocTh WHkoB (0s Incae) kak
[ONONHNTENBHOMO MOPCHONOrMYECKOro napameTpa npu cyaebHO-MeAULIMHCKON MAEHTUGMKALMM N0 Yepeny nuL, Ka3axckoi
HaLMOHaNbHOCTU. YCTaHOBMNEHO, YTO YacToTa BCTPEYaEMOCTU KOCTM HKOB B AaHHON NOMYNsLMM HU3Kas, OQHAKO JaHHbINA
npum3HaK MOXeT ObITb NONE3eH Kak AONOMHUTENbHbIA (PaKTOP B anroputMax uaeHTudmkaLmm.

Llenb: onucaTb KMMHWYECKMA CRyval NPUMEHEHWUS HEMPOCETEBOM MOLEeNW AnA aHanu3a MOP(OMETPUYECKMX
napameTpoB Yepena v Ux UCNONb30BAHUSA NPK OTOXAECTBNEHUM NMUYHOCTY NULIA Ka3aXCKON HALMOHANbHOCTM.

Metogbl uccnepoBavua: [laHHOe uccnefoBaHue sBNsieTcs 06CepBaLMOHHbIM, LOMOMHUTENbHASA CTaTUCTUYECKas
0bpaboTka AaHHbIX He NPOBOAMNACS.

Pe3ynbTathbl MccnegoBaHusa NoaTBEPAUIN, UTO aHAaTOMUYECKas BapuabensHOCTb 3aThiNOYHON 0BracTh Yepena UMeeT
3HayeHne Ana  cynebHO-MeauuMHCKOW uaeHTUdMKaumn. [aHHbIA Mpu3Hak oTpaxaeT OCOOEHHOCTU OKOCTEHEHWS
MEXTEMEHHON 0b6nacTi, HO HE MMEET CTPOroro pacoBoO - AWArHOCTUYECKOrO 3HaYeHMs. TeM He MEHee, BKIHYEHWE KOCTU
MHKOB KaKk MOpCONOrMYeckoro napameTpa B anropuTMbl  HEWpOCEeTEeBOW UAEHTU(MKALMM MOBbILAET TOYHOCTb
pacno3HaBaHUs 3THOMOMYNALMOHHON MNpUHAANEexHOCTW. [ns Kasaxckow NOnynsauuM, XapakTepuayloLiencs Meso- M
OpaxukpaHHbIM TUMOM 4epena C YMEPEHHbIM 3aTbiOYHbIM penbedioM, peakas BCTPEYAEMOCTb [AaHHOTO MpuU3Haka
cornacyeTcs ¢ a3uaTCKUMu TEHOEHLNAMM.

BbiBoabI: KocTb VIHKOB y WL, Ka3axCKoW HaLMOHanbHOCTH BCTPEYAETCS PeaKo, YTO COOTBETCTBYET 0OLLMM TEHAEHLMAM
ANs asnatckux nonynsumi. MpusHak MoXeT ObITb MCNONBb30BaH Kak LOMONHUTENbHBIA NapaMeTp npy cyAebHO-MeaNLMHCKO
naeHTUMKaLmMm no vepeny. MHTerpaums gaHHbIx 0 KOCTW WHKOB B HENpOCETEBbIE anropUTMbl COCOBCTBYET NOBbILLEHNIO
TOMHOCTYW LhPOBOrO pacno3HaBaHMs MMYHOCTH.

Knrouesnble cnoea: kocme MHkos, cy0ebHo-MeduyuHckas udeHmudukayus, yepen, Helipocemesas Moderb, Ka3axckas
nonynsyus, Mopgonoaus.
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©3exTiniri: Mmakanaga MHka cyiierii (os Incae) ynTbl Kasak agamaapablH 6ac cyiieri GoMbIHWA COT-MeanLUMHanbIK
COIKeCTEHLIpY Ke3iHae KocbiMLa MOPGONOrMANbIK NapameTp peTiHae nanpanaHy MyMKiHAir kapacTtbipbinags!. Benrini 6ip
nonynsuusigarbl MHka CynekTepiHiH, naiga Gony xwiniri TOMeH ekeHfir aHbikTangbl, Gipak Oyn Genri camnkecteHgipy
anroputMaepiHge KocbimMwa aktop peTiHae nangansl 6onybl MyMKiH.

3eptTeyniH Makcatbl: 6ac cylieriHiH MOpOMETPUANbIK NapameTprepiH Tangay XoHe onapdbl Kasak YNTbiHbIH
TYJIFacblH COMKECTEHAipy KesiHAe naiganaHy YLWiH HeMpoHAbIK Xeni ModeniH KonaaHyfblH, KNWHWKanbIK XaFgaiblH
cunarray.

3eptTey ogictepi: 6yn 3epttey Gakbinay 6onbin Tabbinagbl, AepeKTEPAi KOCbIMILA CTaTUCTUKamNbIK ©HAey
XYPrisifIMereH.

3eptrey HaTMkenepi 0ac CymMeriHiH Xenke aiiMaFblHblH, ~AHATOMMANbLIK  ©3rEprillTiri  COT-MeAnLUMHanbIK
CcolikeCTeHipyre acep eTeTiHiH pacTagbl. byn 6enri nepuogapanbik aiiMakTbiH OCCUUKALMSCHIHBIH, €peKLLENKTEpiH
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kepceTeqi, OipaKk KaTaH HOCINAIK AWarHOCTUKAnbIK MaHbI3bl XKOK. [lereHMeH, HEMpOHAbIK JKeniHi CoWKecTeHaipy
anroputmaepiHe MoponorusanblK napaMmeTp peTiHae MHKa cyiieriH Kocy aTHOMONynAuMsHbI TaHy anairiH apTTeipagel. bac
CYMEriHiH Me30 - XoHe BpaxukpaHAblK TYpIMEH cunaTTanatbiH Kasak nonynsaumsackl YwiH 6yn 6enriHiH, cupek kespecyi
asnAnbIK TeHOEeHUMANapFa caikec keneai.

KopbITbIHALI: YNThl Ka3ak agampapga MHka cyweri cupek kesgecemi, Oyn asusanbik nonynsuusnap YLWiH xanns
ypaictepre cainkec kenegi. byn 6enriHi 6ac cyieriHiH cOT-MeanUMHanNbIK COMKECTERAIPYIHAE KOChbIMILA napameTp peTiHae
nanganaHyra Gonagbl. WHka cynek AepekTepiH HeMpoHAbIK xeni anroputMaepiHe GipikTipy UMdpnblK TyNFaHbl TaHy
[OnAiriH apTThipyFa kemekTeceqi.

Tyliindi ce3dep: MHka cylieei, com-meduyuHanbik calikecmeHdipy, 6ac cyliek, Heljpoxeninik Modenb, Kasak XaiKbl,
Mopghosoausi.
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Relevance

Forensic identification of an individual based on bone
remains is a difficult expert task, especially in the absence
of personal data [15]. In Kazakhstan, as a multinational
state, craniometric features may be important for
determining the ethnicity of the remains [9,5].

Traditional identification methods include: Craniometric
analysis: measurement of various cranial parameters to
determine gender, age, and ethnicity. This method requires
high qualifications and may be subject to subjective errors
[5].

Craniofacial reconstruction: restoration of a lifetime
appearance based on the structure of the skull. Both
manual methods and computer technologies are used, but
the accuracy of reconstruction depends on the specialist's
experience and the quality of the source data [6].

Comparative morphological analysis: comparison of the
skull with lifetime photographs or descriptions. This method
also depends on subjective factors and the quality of the
available materials [2].

Studies of the anthropological characteristics of skulls of
various ethnic groups are important for correct identification.
However, there is insufficient data in the available sources
on the specific features of Kazakh skulls. This highlights the
need for additional research aimed at studying the
morphological and metric parameters of the skulls of the
Kazakh population, which will improve the accuracy of
identification in forensic practice. The Kazakh population is
characterized by a mixed anthropological type, combining
features of the Caucasoid and Mongoloid races [10].
Studies show the following features:

Skull shape: predominance of brachycephaly (short
head) with rounded skull shape.

Facial ~skeleton: broad cheekbones, moderately
prominent brow ridges, moderate prognathism (jaw
protrusion).

Nasal region: relatively narrow nasal bone with a slight
hump.

Orbital region: medium-sized eye sockets with a
rounded or oval shape [1, 3].

Figure 1. a) Complete Inca bone; b) bipartite Inca bone; c) Incomplete asymmetrical Inca bone;
d) Incomplete symmetrical Inca bone; e) The quadripartite Inca bone and the pre-interparietal bone.
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The forensic identification of a person during the
examination of bone remains is based on a comprehensive
assessment of the metric and non-metric features of the
skull. In addition to traditional craniometric indicators,
variant anatomical formations with individualizing value play
an important role [14, 12]. One of these features is the Inca
bone (Os incae), which is an additional bone element in the
occipital region.

In modern scientific literature, the Inca bone is
considered mainly in the context of physical anthropology,
but its significance for forensic practice remains
insufficiently studied, especially in relation to populations of
Central Asia. The lack of systematic data on the frequency
and morphological variants of Os incae in people of Kazakh
nationality determines the relevance of this review [17].

The occipital bone is formed from several ossification
centers, some of which are of membranous origin.
Normally, in the process of postnatal development, their
complete fusion occurs. When this process is disrupted, an
inter - parietal bone is formed - the Inca bone, located
between the parietal bones and the scales of the occipital
bone in the area of the lambdoid suture [13,17].

From a morphological point of view, Os incae can be
represented as a single bone plate, an asymmetric
fragment, or a multipart formation. The variability of shape
and size is due to the peculiariies of embryonic
development and is probably genetically determined [14].

According to anthropological studies, the frequency of
occurrence of Inca bones varies significantly in different
populations. The greatest prevalence of this trait is noted
among the indigenous peoples of Central and South
America, where the frequency can reach 10-15% [14]. In
populations of South Asia and the Middle East, the
frequency of Os incae averages 1-4% [16, 11].

In European and North Asian populations, this indicator, as
a rule, does not exceed 1-2% [14]. Hanihara T. and Ishida H.
showed that the distribution of the Inca bone has a pronounced
population character, which allows it to be considered as an
additional ethnoanthropological marker [14].

In forensic medical practice, the Inca bone is important as a
rare morphological feature that can be used to identify an
individual. According to Fujita M.Q. et al,, the presence of Os
incae can serve as an additional individualizing criterion when
comparing antemortem and postmortem data, including the
results of radiation research methods [12]. In addition, the Inca
bone can mimic the fracture line of the occipital bone, which
requires its differentiation from traumatic injuries during forensic
examination [17, 7]. Taking this feature into account reduces
the risk of diagnostic errors and increases the reliability of
expert opinions.

Research methods: This study is an observational one,
no additional statistical data processing has been performed.

Craniometric parameters were studied: the length and
width of the skull, the craniality index, the shape of the
occipital relief, and the variation of the intertribal region.
Special attention was paid to the identification of the Inca
bone (os Incae), an additional inter - parietal bone formed
by incomplete fusion of the upper part of the occipital bone.

Aim: to describe a clinical case of using a neural
network model to analyze the morphometric parameters of
the skull and their use in identifying the identity of a person
of Kazakh nationality.

A clinical case.

The circumstances of the receipt of the material

On November 09, 2022, skeletonized remains of a
corpse were sent to the medical and forensic department of
the branch of the RSE "Center for Forensic Examinations of
the Ministry of Justice of the Republic of Kazakhstan" - the
Institute of Forensic Examinations in the Abai region - for
medical and forensic examination. The material was sent by
a forensic medical expert. According to the direction, "On
11.08.2022, the duty station of the Zaton detention center
received a message about the discovery of a human skull in
the territory of the village of Karagaily."

The object of the study.

A human skull without soft tissues and articular cartilage
was presented for the study. The skull is dry, brittle, yellow-
brown in color, with pronounced signs of prolonged
exposure to the ground. There was cracking and
detachment of the outer bone plate, which indicated a
significant age of burial.

Were missing:

* upper and lower jaws;

* mastoid processes;

« areas of the frontal, temporal and zygomatic bones;

Figure 2. General view of the skull from
behind before processing.

Research methods

During the examination, standard methods of medical
and forensic examination were used:

* visual inspection;

+ Measuring method;

+ Stereomicroscopic examination;

+ photographing;

+ anatomical and morphological analysis.

The age was assessed according to the degree of
obliteration of the skull sutures in accordance with classical
forensic and anthropological methods.

Morphological features of the occipital region and
the Inca bone

When examining the occipital region of the skull,
pronounced features of the occipital suture formation were
noted. The presence of an atypical configuration of bone
structures in the area of the lambdoid suture suggests a
variant development of the inter-parietal part of the occipital
bone, which corresponds to the morphological features of
the Inca bone (Os incae).
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Figure 3. General view of the
skull from above upon admission.

In conditions of partial fusion of the swept and occipital
sutures, as well as the preservation of the metopic suture,
the revealed feature acquires additional diagnostic
significance. The Inca bone belongs to rare variant features
and can be considered as a stable morphological marker,
which is important for comparative analysis and
identification.

Figure 4. General view of the skull from behind after
processing. The photograph shows the occipital region of
the human skull with a variant configuration of bone
structures in the area of the lambda suture. The arrows
indicate the areas corresponding to the atypical
development of the inter-parietal part of the
occipital bone, which can be regarded as a manifestation
of the Inca bone (Os incae)

Forensic medical assessment and the significance
of the feature

In the presented clinical case:

+ According to its anatomical and morphological
features, the skull submitted for the study could belong to a
male person of the Mongoloid race, the age of the skull was
determined in the range of 30-40 years;

« the age of burial is estimated to be at least 25 years;

incomplete non-symmetrical Inca bone.

In such situations, the presence of variant anatomical
formations, such as the Inca bone, can significantly
increase the informative value of expert research. For the
Kazakh  population, characterized by a mixed
anthropological type, consideration of such signs is
especially relevant and requires further accumulation of
clinical observations.

Discussion.

Inca bone is rarely considered in routine forensic
practice, however, in conditions of limited identification data,
it can serve as an additional morphological parameter. The
presented clinical case demonstrates the expediency of
including an analysis of the variant anatomy of the occipital
region in the standard cranial examination protocol.

The formation of regional databases on the variant
anatomy of the skull in persons of Kazakh nationality will in
the future improve the accuracy of identification conclusions
and expand the possibilities of forensic medicine.

Conclusions.

The presented clinical case confirms that the Inca bone
can be considered as an additional morphological
parameter in the forensic identification of a person. Given
the limited amount of diagnostic features, consideration of
variant cranial anatomy, including Os incae, is of practical
importance and requires further systematic study in the
population of Kazakhstan. Conducting targeted research
among people of Kazakh nationality is a promising area for
the further development of forensic medicine.
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by the skull of persons of Kazakh nationality based on artificial
intelligence."
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