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GENDER DIMORPHISM OF ANTEROPOSTERIOR LATERAL
DIMENSIONS AND PROFILE CONFIGURATION
OF THE FACIAL DEPARTMENT OF THE SKULL IN ADULTS

Abstract. To date, the variability of the characteristics of the human skull
profile by gender and craniotype remains insufficiently studied. The aim of our work
was to determine the sexual dimorphism of the anteroposterior lateral dimensions
and configurations of the facial skull profile in mature people. The study included
35 natural skull preparations and 80 CT images of the head of mature people (total
115 objects) without bone tissue pathology. Craniometric studies of computed
tomography results were performed using measurement modules of computer
programs used for tomogram analysis and three-dimensional reconstructions.
Licensed versions of such programs are present on the tomograph and allow to
obtain metric characteristics of the bone structure of the head with high accuracy.
The following applications were used in this study: Ez3D Plus 3D, DICOM Vidar
Dicom Viewer, and eFilmLite. Anatomage table was also used — a modern tool for
studying and analyzing high-resolution 3D reconstructions, including those obtained
using computed tomography. The properties of this device with the installed
Launching Table 6.0 Application software allow to perform complex measurements
with high accuracy or obtain detailed images of the smallest bone structures, which
were used in this study. The study established statistical indicators of the
anteroposterior lateral dimensions of the facial skull of adults. In men with a
brachycephalic type of skull, the gl-n distance varied between 11 - 19 mm, and in
women — 10 - 18 mm. The n-rhi distance was 18 - 28 mm in men and 16 - 26 mm in
women. The following distances were also determined: rhi-ns (28 - 39 mm in men,
26 - 37 mm in women), ns-pr (10 - 20 mm and 9 - 18 mm, respectively), pr-id (20 -
26 mm and 18 - 25 mm), id-pg (12 - 26 mm and 11 - 24 mm). Representatives of the
mesocephalic and dolichocephalic types of skull structure had smaller values of the
studied parameters, with the exception of pr-id, which increased due to the larger
sizes of the teeth of the upper and lower dentition.
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CTATEBUI AAMOP®I3M IIEPETHBbO3AJHIX BIYHHUX
PO3MIPIB TA KOH®II'YPALII ITPO®LIIO JIMIEBOT'O BIAALTY
YEPEIIA Y JIIOAEU 3PLJIOI'O BIKY

AHoranisi. Ha chorogninHiil 1eHb BapiaOeabHICTh XapaKTEPUCTHK TPODIITO
Yyeperna JIIOJAWHU 33 CTATTIO Ta KPaHIOTUIIOM 3aJIUIIAETHCS HEJOCTATHRO BUBYCHOIO.
Mertoro Haoi po6oTH 0yJI0 BU3HAYEHHS CTATEBOr0 IUMOP(I3My NEpEIHbO3aIHIX
O14HHUX PO3MIpIB Ta KOH(DIrypamiil npoQuiro JIMLEBOro Yepena y JIJen 3pLiaoro
BiKy. JlocmimxenHs Bkimovano 35 HaTypainbHuX mnpernaparta udepena ta 80 KT-
300pakeHb TOJIOBU JIIOJIeH 3piaoro Biky (Bckoro 115 o0’ektiB) 6e3 maTosiorii
KICTKOBOI TKaHMHHM. KpaHIOMETpHYHI NOCHIJKEHHSI PE3yJIbTaTiB KOMII IOTEPHOT
Tomorpadii TPOBOIWIM 3 BUKOPUCTAHHSIM BUMIPIOBAIBHUX MOJYJIB KOMI FOTEP-
HUX TPOrpam, 10 BUKOPUCTOBYIOTHCS /JIs aHAN3y TOMOIpaM, Ta TPUBHMIPHHX
peKkoHCTpyKIid. JlineHsiiiHi Bepcii TakuxX MporpaMm MNPHCYTHI Ha Tomorpadi i
JO3BOJISIIOTH 3 BUCOKOKO TOUHICTIO OTPUMATH METPUYHI XapaKTEPUCTUKU KiICTKOBOI
CTPYKTYPH TOJOBH. Y I[bOMY JOCHIP)KEHHI BUKOPHCTOBYBAJIMCSA TaKi MPOTpamu:
Ez3D Plus 3D, DICOM Vidar Dicom Viewer Tta eFilmLite. Takox OyB
3actocoBaHuii Anatomage table — cydacHMii THCTPYMEHT Il BUBUCHHS Ta aHAJI3Y
3D-pexoHCTPyYKIIiii BUCOKOI PO3AUTFHOI 3AATHOCTI, B TOMY YHCII OTPUMAaHHX 3a
JOMIOMOI'OK0  KOMIT' FOTEpHOI  ToMorpadii. BriacTMBOCTI LBOro MNPUCTPOIO 3
BCTAHOBJICHUM IporpaMHuM 3a0e3neueHHsM Launching Table 6.0 Application
JIO3BOJIIIOTh MPOBOJUTH CKJIQJHI BUMIPIOBAaHHS 3 BHCOKOI TOYHICTIO abo
OTPUMYBATHU JETallbHI 300pa)K€HHs HaAWAPIOHIIIUX KICTKOBUX CTPYKTYp, SKI
BUKOPHUCTOBYBAJIUCA B IbOMY JOCIHIJKEHHI. Y XOJ1 JOCHI)KEHHSI BCTaHOBJICHO
CTaTUCTUYHI TOKA3HUKHU TEPEIHBbO-3aqHIX OIYHHUX PO3MIpPIB JIMIIEBOTO uepera
JOPOCTUX JFoJiel. Y YoJIOBIKIB 13 OpaxinedasiyHuM THUIIOM Yyeperna BiJcTaHb gl-n
KonuBasiacs B Mmexkax 11-19 mm, a 'y xxiHok — 10 — 18 mm. Biacrans n-rhi cranoBuiia
18 - 28 MM y 4o0OBiKiB Ta 16 - 26 MM y xiHOK. Takox OyJi0 BCTAHOBJICHO BiJICTaHI:
rhi-ns (28 - 39 mm y JosoBikiB, 26 - 37 MM y xiHOK), ns-pr (10 - 20 MM T2 9 - 18 MM
BignoBiaHO), pr-id (20 - 26 mm Ta 18 - 25 mm), id-pg (12 - 26 mm Ta 11 - 24 Mmm).
[IpencraBauku Me3onedaniyHOTO Ta JoJixoredaridyHoro TUMIB OyI0BM uepemna
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MaJdl MEHIIl 3HA4YEHHS MOCHIDKEHMX TMapaMeTpiB, 3a BUHATKOM pr-id, sxuit
30UTBIITYBaBCA Yepe3 OUIbII Po3MipH 3y0iB BEPXHBOTO Ta HIXKHBOTO 3yOHOTO PSIIiB.

KiarouoBi cjoBa: kpaHioMeTpis, KpaHIOTHIN, JHUIEBUNA BT Yepemna,
NepeIHbO3aIHI PO3MIpH Yeperia, CTaTeBUN JUMOp(Pi13M, KOMIT FOTepHA TOMOTrpadis.

Statement of the problem. To date, the range of individual anatomical
variability in the profile characteristics of the human skull in adulthood, depending
on sex and body type, has not been sufficiently established [1]. The bony structure
of the skull exhibits an immense diversity of sections, bones, openings, and canals,
the variability of which remains inadequately studied in relation to age, gender, and
individual head shape [2]. Building on the classical works of renowned researchers,
new morphological aspects, particularly regarding the improvement of profile
craniometry, have gained importance [3].

Analysis of recent research and publications. The goal of craniometric
research in this field is to determine the position of the jaws relative to the plane of
the anterior part of the cranial base, to establish the facial type and detect deviations
from average dimensions’ characteristic of a normal bite for that same facial type
[4]. Notably, there has been a surge of interest among a large group of scientists in
studying the living characteristics of skull sections, made possible by significant
advancements in the latest systems for human instrumental research. Considering
the importance for modern orthodontists of performing cephalometric analysis,
where lateral projection is used, these methods are being enhanced with the most
advanced technologies, including artificial intelligence [5].

Moreover, due to the rapid development of maxillofacial surgery, surgical and
orthodontic dentistry, reconstructive surgery, and modern prosthetics techniques,
there is a need for more detailed cranio- and morphometric data [6]. These studies
will support the justification and development of rational treatment methods for
individuals with maxillofacial pathologies [7, 8].

In summary, the study of the profile characteristics of the facial section of the
skull during life, combining classical and modern craniometric methods, is highly
relevant and timely in meeting the demands of morphological and dental sciences [9].

The aim of the article was to establish the gender dimorphism in the
anteroposterior lateral dimensions and profile configuration of the facial section of
the skull in adults.

Materials and Methods. The study material consisted of 115 adult human
skulls of both genders. This included 35 dry bone specimens of intact or fragmented
skulls from the museum collection of the Department of Human Anatomy, Clinical
Anatomy, and Operative Surgery at Kharkiv National Medical University (KNMU),
and 80 results of computed tomography (CT) scans of human heads, without existing
bone tissue pathologies, collected from medical-diagnostic centers in collaboration
with the department. The study selected adult males aged 22 to 60 years and adult
females aged 21 to 55 years. Craniometric studies of the CT scan results were
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conducted using measurement modules from computer programs used for tomogram
analysis and three-dimensional reconstructions. Licensed versions of such programs
are always present on the tomograph and allow for obtaining metric characteristics
of the bony structure of the head with high precision. In this study, the following
programs were used: Ez3D Plus 3D, DICOM Vidar Dicom Viewer, and eFilmLite.
At the Department of Human Anatomy, Clinical Anatomy, and Operative Surgery
at KNMU, where this work was conducted, there is an Anatomage table system, a
modern tool for studying and analyzing high-resolution 3D reconstructions,
including those obtained from CT scans. The properties of this device, with the
installed Launching Table 6.0 Application software, allow for conducting complex
measurements with high precision or obtaining detailed representations of the
smallest bony structures, which were used in this study.

The facial section of the skull [10] is divided into the orbital-frontal, nasal,
and maxillary sections according to its development, functional significance, and
structural features. Thus, polygons such as gl-po-n, n-po-rhi, and rhi-po-ns
correspond to the orbital-frontal and nasal areas, while polygons ns-po-pr, pr-po-id,
and id-po-pg are located in the maxillary section. Depending on the task, these
figures can be combined to form other polygon varieties, such as quadrilaterals or
pentagons.

Furthermore, a facial profilogram of the skull [11] was formed as a set of
predetermined dimensions between facial profile points, presenting a continuous
line passing through points gl-n-rhi-ns-pr-id-pg, reflecting the shape, dimensions,
and position of the cranial profile of mature adults regardless of sex or cranial type.

Our research focuses on establishing the profile craniometric characteristics
of the facial section of the skull. Additionally, the material used in our study had an
almost equal gender distribution, with 59 male and 56 female skulls, enabling the
identification of certain patterns and statistically significant differences in the
studied parameters depending on their gender.

Presentation of the main material. Results of our study are present in the
table 1.

Table 1
Range of individual variability of profile dimensions
of the facial skull in mature women (mm)
T f th i
Size RS 07 the craniim Brachicrany Mesocrany Dolichocrany
gl-n 10-18 10-17 9-16
n-rhi 16-26 15-25 14-24
rhi-ns 26-37 26-36 25-35
ns-pr 9-18 10-17 10-17
pr-id 18-25 19-26 20-28
id-pg 11-24 10-20 9-15
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According to the obtained data, there is a certain craniometric relationship
between the studied points of the facial skull, with maximum and minimum intervals
of measurement variations. Their graphical relationships are shown in Figure 1.
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Fig. 1 The graphical relationships of the extreme forms of facial skull
profilograms (rotated by 90° with proportions preserved).

Taking into account the existing craniotypes, an increase in profile
parameters, on average by 1-3 mm, is observed in cases of established
brachycephaly. This is primarily due, in our opinion, to the maximum values of the
transverse dimensions of the bones and the increased prominence of the profile.

It was found that the distance between points gl-n in mature male
brachycephalic individuals ranges from 11 mm to 19 mm, and in women from 10
mm to 18 mm. The distance between points n-rhi is 18 mm to 28 mm in men and 16
mm to 26 mm in women. For rhi-ns, the range is 28-39 mm in men and 26-37 mm
in women; ns-pr ranges from 10 mm to 20 mm in men and from 9 mm to 18 mm in
women; pr-id ranges from 20 mm to 26 mm in men and 18 mm to 25 mm in women;
and id-pg ranges from 12 to 26 mm in men and from 11 to 24 mm in women.

In cases of mesocephaly and dolichocephaly, these parameters tend to average
out and decrease, except for the pr-id dimension, where a slight increase is observed
due to the enlargement of the teeth in both the upper and lower alveolar rows.

To confirm individual differences in the profile dimensions of the facial skull,
a statistical analysis was conducted (Tables 2 - 4).

It has been established that the distance between the glabella-nasion (gl-n)
points is characterized by the highest values in individuals with a brachycephalic
skull shape, where the mean (x) is 13.56 mm, with a standard deviation (c) of 2.09
and a mean error (mx) of 0.62 in men, and a mean of 12.88 mm, ¢ = 2.18, and m;x =
0.81 in women.

A gradual decrease in this parameter is observed in individuals with a
mesocephalic skull shape, with x = 12.90 mm, ¢ = 1.82, and mz = 0.79 in men, and
X =12.82 mm, o = 1.68, and mz = 0.82 in women.
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In dolichocephalic skulls, a further reduction in the mean value of this size is
noted, with X = 12.68 mm in men and X = 12.12 mm in women. This suggests that
the initial gl-n parameter is somewhat larger in brachycephaly due to the thickening
of the frontonasal suture and the nasal bridge area.

Table 2
Statistical Indicators of Profile Dimensions of the Facial Skull
in Brachycephalic Individuals (mm)

Statistic indicator — -
Size X o mMx
| male 13,56 2,09 0,62
-n
g female 12,88 2,18 0,81
hi male 23,18 2,26 0,58
n-rhi
female 22,16 1,89 0,76
) male 33,21 2,40 0,84
rhi-ns
female 32,78 2,01 0,77
male 15,06 1,78 0,68
ns-pr
female 14,58 1,88 0,92
i male 22.82 2,19 1,02
r-i
P female 21,66 1,80 0,94
) male 19,86 1,42 1,06
id-pg
female 18,36 1,66 0,90
Table 3
Statistical Indicators of Profile Dimensions of the Facial Skull in
Mesocephalic Individuals (in mm)
tatistical indicator X mx
Size ° X
| male 12,90 1,82 0,79
-n
g female 12,82 1,68 0,82
" male 21,75 1,56 0,72
n-rhi
female 21,80 1,44 0,86
) male 31,28 1,32 0,68
rhi-ns
female 31,11 1,46 0,72
male 15,88 2,01 1,01
ns-pr
female 15,42 1,78 0,98
i male 23,82 1,50 0,83
r-i
P female 23,30 1,18 0,62
] male 16,58 1,06 0,48
id-pg
female 15,44 1,21 0,71
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Table 4

Statistical Indicators of Profile Dimensions of the Facial Skull in
Dolichocephalic Individuals (in mm)

tatistical Indicator _ _
. X o mx
Size

| male 12,68 1,28 0,59
-n

g female 12,12 1,11 0,63

) male 20,45 1,02 0,81
n-rhi

female 20,10 1,08 0,77

) male 30,68 2,02 0,68
rhi-ns

female 29,72 1,89 0,91

male 16,66 1,70 0,60
ns-pr

female 16,16 1,48 0,54

] male 26,80 1,33 0,48
pr-id

female 25,92 1,20 0,62

) male 14,48 1,24 0,78
id-pg

female 14,08 1,14 0,56

The distance between the nasion-rhinion (n-rhi) is also more pronounced in
male brachycephalics, with a mean (x) of 23.18 mm, a standard deviation (o) of 2.26,
and a mean error (mg) of 0.58, and in females, with X = 22.16 mm, ¢ = 1.89, and
mz = 0.76. In mesocephalics, a slight decrease in this parameter is noted, with x =
21.75 mm, ¢ = 1.56, and mz = 0.72 for men, and X = 21.80 mm, ¢ = 1.44, and m; =
0.86 for women. For dolichocephalics, the smallest statistical values are observed:
X = 20.45 mm, ¢ = 1.02, and mx = 0.81 for men, and X = 20.10 mm, ¢ = 1.08, and
mxz = 0.77 for women. This difference is likely due to the formation of a more
massive nasal bone, particularly in the nasal bridge, among brachycephalic
individuals.

The distance between rhinion and nasion (rhi-ns) shows certain craniometric
characteristics depending on facial skull structure and profile orientation. In
brachycephalics, this parameter reaches maximum values: X = 33.21 mm, ¢ = 2.40,
and mz = 0.84 for men, and x = 32.78 mm, ¢ = 2.01, and mx = 0.77 for women.
Average values are noted for mesocephalics, with X = 31.28 mm, ¢ = 1.32, and
mz = 0.68 for men, and X = 31.11 mm, o = 1.46, and mxz = 0.72 for women. In
dolichocephalics, this parameter decreases further, not exceeding x = 30.68 mm,
o = 2.02, and mgz = 0.68 for men, and X = 29.72 mm, ¢ = 1.89, and mz = 0.91 for
women. This suggests that in brachycephalics, the nasal aperture has the largest
dimensions due to the broader and more massive facial skull structure. However, the
lower edges of the piriform aperture tend to narrow in meso- and dolichocephalics.
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The distance between nasion and prosthion (ns-pr) is smallest in
brachycephalics, where the mean does not exceed x = 15.06 mm, ¢ = 1.78, and
mxz = 0.68 for men, and X = 14.58 mm, ¢ = 1.88, and mxz = 0.92 for women. In
mesocephalics, the values are X = 15.88 mm, ¢ = 2.01, and mz = 1.01 for men, and
X = 15.42 mm, o = 1.78, and mz = 0.98 for women, with a slight increase in this
parameter. In dolichocephalics, this measurement reaches its maximum: X = 16.66
mm, ¢ = 1.70, and mz = 0.60 for men, and X = 16.16 mm, ¢ = 1.48, and mxz = 0.54
for women. This feature of the craniofacial profile is associated with a downward
shift of the most protruding point, prosthion, and lengthening of the medial incisors
in the maxilla of dolichocephalics.

The distance between prosthion and infradentale (pr-id) gradually increases
from brachycephalics, with X =22.82 mm, o = 2.19, and mgz = 1.02 for men, and X =
21.66 mm, ¢ = 1.80, and mx = 0.94 for women, to mesocephalics: X = 23.82 mm,
o = 1.50, and mx = 0.83 for men, and x = 23.30 mm, ¢ = 1.18, and ms = 0.62 for
women. In dolichocephalics, the largest values are observed: X = 26.80 mm, ¢ =
1.33, and mg = 0.48 for men, and x =25.92 mm, o = 1.20, and mx = 0.62 for women.
This feature is related to the elongation of the mandibular body in dolichocephalics,
the increase in the curvature of the lower alveolar arch, and the positioning of the
dental arch.

The final distance in the craniofacial profile is between infradentale and
pogonion (id-pg), which also shows individual differences depending on skull shape.
The largest values are observed in brachycephalics: X = 19.86 mm, ¢ = 1.42, and
mz = 1.06 for men, and x = 18.36 mm, ¢ = 1.66, and mz = 0.90 for women. In
mesocephalics, the arithmetic mean decreases to X = 16.58 mm, ¢ = 1.06, and mx =
0.48 for men, and X = 1544 mm, ¢ = 1.21, and mgz = 0.71 for women.
Dolichocephalics exhibit the smallest values: X = 14.48 mm, 6 = 1.24, and mz =0.78
for men, and X = 14.08 mm, ¢ = 1.14, and mz = 0.56 for women. This can be
explained by the increased massiveness of the mandibular body and the larger chin
prominence in brachycephalics.

Discussion. By comparing the obtained craniofacial profiles, it has become
possible to systematize the existing range of individual anatomical variability in the
facial region of the skull, distinguishing brachycephalic, mesocephalic, and
dolichocephalic cranial types (Fig. 2).

Profilograms illustrate the distinct anatomical variations in the structure and
proportions of the facial region across different individuals. These profilograms
provide a visual representation of the diversity in cranial dimensions and profiles,
emphasizing the unique characteristics of each person's facial skull shape, as
identified by the corresponding CT scans.

Thus, the cranial topography of the facial region of the skull fully reflects the
existing range of individual anatomical variability in the structure, shape, and size
of the head and skull as a whole.

Depending on the three somatotypes of human origin, the following cranial
types are distinguished: brachycranial, mesocranial, and dolichocranial, which
correspond to brachymorphic, mesomorphic, and dolichomorphic body types,
respectively.
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Male

Female
Fig. 2. The profilograms of individual differences in the facial skull.

Each of these cranial types is characterized by unique lateral (anteroposterior)
and profile dimensions of the facial region of the skull, which ensures the
distinctiveness of the human facial profile.

As is known, the visceral cranium is subdivided into the orbital-temporal,
nasal, and maxillary regions based on its ontogenetic, functional, and structural
characteristics. Based on the features of the conducted measurements and the spatial
positioning of the constructed geometric figures, in our work, we propose combining
the orbital-temporal and nasal regions into one, referred to as the orbital-nasal part.
This includes three upper polygons: gl-po-n, n-po-rhi, and rhi-po-ns, along with the
corresponding upper profile measurements, namely: gl-n, n-rhi, and rhi-ns. The
obtained data allowed us to visually demonstrate the existing craniometric features
of the orbital-nasal part of the facial section of the skull depending on gender (Fig. 3),
and to compare the profile shape of this area in mature men and women (Fig. 4).

The primary task of any craniometric study is to establish the general linear
dimensions of the skull, which include its length, width, and height. Considering the
objective of our work, this also involves measuring the width and height of the facial
section, which should be conducted on representatives of both sexes, in our case,
within the boundaries of mature age (Fig. 5).
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Fig. 3. Variations of craniometric polygons in the orbital-nasal part of the
facial section of the skull in mature adults: a — male, b — female.

Fig. 4. Individual profile configuration of the orbital-nasal part of the facial
section of the skull in mature adults: a — male, b — female.
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Fig. 5 Average values of the general linear dimensions of the skull (mm) in
mature men and women.
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Based on the obtained data, the length of the skull in men is, on average,
4.79 mm greater than in women, while the width of the skull is 6.23 mm greater, and
the height is 4.14 mm greater. Additionally, the dimensions of the facial section of
the skull in men were also larger, with facial width being 6.44 mm greater and facial
height 3.56 mm greater. Thus, it can be stated that the overall linear dimensions of
the skull and its facial section are generally larger in men than in women, a fact
supported by the findings of many morphologists [12, 13].

It should be noted that despite the maximum values of all averages being
obtained from male representatives, it is not possible to confirm a definitive
characteristic, as all differences ranged from 0.33 mm (gl-n measurement) to
1.13 mm (id-pg measurement), which falls within the range of statistical error.
However, when comparing profilograms, a more pronounced, sharper profile was
observed in men, as opposed to the smoother and more proportionate profile seen in
women.

The data from this study have profound implications for various medical
disciplines, including ear, nose, and throat medicine, neurosurgery, ophthalmology,
neurology, diagnostics, anatomy, dentistry, and pathological anatomy [15, 16]. They
highlight early correlations between anatomical characteristics and the development
of pathological processes [17, 18], particularly in complex disease mechanisms
involving harmful factors, inflammation, and infections [19, 20]. While new medical
technologies offer significant advancements in treatment and diagnosis, traditional
anatomical methods remain indispensable. Future research could expand upon these
findings, incorporate new investigative approaches, and enhance the educational and
clinical practices of medical professionals [21, 22].

Conclusions. In the course of the study, statistical indicators of the anterior-
posterior lateral dimensions of the facial skull in mature adults were determined. It
was found that the distance between points gl-n in mature male brachycephalic
individuals ranges from 11 mm to 19 mm, and in women from 10 mm to 18 mm.
The distance between points n-rhi is 18 mm to 28 mm in men and 16 mm to 26 mm
in women. For rhi-ns, the range is 28-39 mm in men and 26-37 mm in women, ns-
pr ranges from 10 mm to 20 mm in men and from 9 mm to 18 mm in women; pr-id
ranges from 20 mm to 26 mm in men and 18 mm to 25 mm in women; and id-pg
ranges from 12 to 26 mm in men and from 11 to 24 mm in women.

In cases of mesocephaly and dolichocephaly, these parameters tend to average
out and decrease, except for the pr-id dimension, where a slight increase is observed
due to the enlargement of the teeth in both the upper and lower alveolar rows.

References:

1. Biggs, K., Crundwell, G., Metcalfe, C., Muzaffar, J., Monksfield, P., & Bance, M.
(2022). Anatomical and audiological considerations in branchiootorenal syndrome: A systematic
review. Laryngoscope Investigative Otolaryngology, 7(2), 540-563. https://doi.org/10.1002/1i02.749

2. Domenech-Fernandez, P., Yamane, J., Domenech, J., Barrios, C., Soldado-Carrera, F.,
Knorr, J., & Canavese, F. (2021). Analysis of skull bone thickness during growth: an anatomical
guide for safe pin placement in halo fixation. European Spine Journal, 30(2), 410-415.
https://doi.org/10.1007/s00586-020-06367-x

1986



Kypnaun «IlepcnekTHBU Ta iHHOBALlil HAYKU»
(Cepis «Ilemarorika», Cepis «Ilcuxosorisi», Cepis «Menuipaa»)
Ne 4(50) 2025

3. Furtner, J., Woitek, R., Asenbaum, U., Prayer, D., & Schueller-Weidekamm, C. (2016).
Okzipitozervikaler Ubergang: Anatomie, Kraniometrie und Pathologien. Radiologe, 56(4), 375-386.
https://doi.org/10.1007/s00117-016-0095-9

4. Techataweewan, N., Dudzik, B., Kitkhuandee, A., Duangthongphon, P., & Tayles, N.
(2018). Gender and population variation in craniometry and freehand pass ventriculostomy. World
Neurosurgery, 117, e194-e203. https://doi.org/10.1016/j.wneu.2018.05.240

5. Bormann, J. L., & Maibach, H. 1. (2020). Effects of anatomical location on in vivo
percutaneous penetration in man. Cutaneous and Ocular Toxicology, 39(3), 213-222. https://doi.org/
10.1080/15569527.2020.1787434

6. Dias, P., Neves, L., Santos, D., Coelho, C., Ferreira, M. T., Santos, H., Silva, S., &
Santos, B. S. (2015). CraMs: Craniometric analysis application using 3D skull models. IEEE
Computer Graphics and Applications, 35(6), 11-17. https://doi.org/10.1109/MCG.2015.136

7. Angelopoulos, C. (2014). Anatomy of the maxillofacial region in the three planes of
section. Dental Clinics of North America, 58(3), 497-521. https://doi.org/10.1016/j.cden.
2014.03.001

8. Marur, T., Tuna, Y., & Demirci, S. (2014). Facial anatomy. Clinics in Dermatology, 32(1),
14-23. https://doi.org/10.1016/j.clindermatol.2013.05.022

9. Kumar Battan, S., Sharma, M., Gakhar, G., Garg, M., Singh, P., & Jasuja, O. P. (2023).
Cranio-facial bones evaluation based on clinical CT data for sex determination in Northwest Indian
population. Legal Medicine (Tokyo), 64, 102292. https://doi.org/10.1016/j.legalmed.2023.102292

10. Alshoaibi, L. H., Alaregi, M. M., Al-Somairi, M. A. A., Al-Tayar, B., Almashraqi, A. A.,
An, X., & Alhammadi, M. S. (2023). Three-dimensional phenotype characteristics of skeletal class
I11 malocclusion in adult Chinese: a principal component analysis-based cluster analysis. Clinical
Oral Investigations, 27(8), 4173-4189. https://doi.org/10.1007/s00784-023-05033-y

11. de Frutos-Valle, L., Martin, C., Alarcon, J. A., Palma-Fernandez, J. C., Ortega, R., &
Iglesias-Linares, A. (2020). Sub-clustering in skeletal class 111 malocclusion phenotypes via
principal component analysis in a southern European population. Scientific Reports, 10(1), 17882.
https://doi.org/10.1038/s41598-020-74488-w

12. Alekseeva, V., Nechyporenko, A., Frohme, M., Gargin, V., Meniailov, I|., &
Chumachenko, D. (2023). Intelligent decision support system for differential diagnosis of chronic
odontogenic rhinosinusitis based on U-Net segmentation. Electronics (Switzerland), 12(5), 1202.
https://doi.org/10.3390/electronics12051202

13. Nechyporenko, A. S., Radutny, R., Alekseeva, V. V., etal. (2021). Complex automatic
determination of morphological parameters for bone tissue in human paranasal sinuses. Open
Bioinformatics Journal, 14(1), 130-137. https://doi.org/10.2174/18750362021140100130

14. Chumachenko, D. (2018). On intelligent multiagent approach to viral Hepatitis B
epidemic processes simulation. Proceedings of the 2018 IEEE 2nd International Conference on
Data Stream Mining and Processing (DSMP), Lviv, Ukraine, 415-419. https://doi.org/10.1109/
DSMP.2018.8478602

15. Chumachenko, D., Piletskiy, P., Sukhorukova, M., & Chumachenko, T. (2022).
Predictive model of Lyme disease epidemic process using machine learning approach. Applied
Sciences (Basel), 12(9), 4282. https://doi.org/10.3390/app12094282

16. Kozko, V. M., Bondarenko, A. V., Gavrylov, A. V., et al. (2017). Pathomorphological
peculiarities of tuberculous meningoencephalitis associated with HIV infection. Interventional
Medicine & Applied Science, 9(3), 144-149. https://doi.org/10.1556/1646.9.2017.31

17. Behar, J. A., Bonnemains, L., Shulgin, V., Oster, J., Ostras, O., & Lakhno, I. (2019).
Noninvasive fetal electrocardiography for the detection of fetal arrhythmias. Prenatal Diagnosis,
39(3), 178-187. https://doi.org/10.1002/pd.5412

18. Gargin, V., Radutny, R., Titova, G., et al. (2020). Application of the computer vision
system for evaluation of pathomorphological images. 2020 IEEE 40th International Conference
on Electronics and Nanotechnology (ELNANO), 469-473. https://doi.org/10.1109/ELNANO
50318.2020.9088898

1987



Kypnaun «IlepcnekTHBU Ta iHHOBaLlil HAYKU»
(Cepis «Ilemarorika», Cepis «Ilcuxosiorisi», Cepiss «Meauiuaa»)
Ne 4(50) 2025

19. Schabadasch, A. (1930). Intramurale nervengeflechte des darmrohrs. Zeitschrift fir
Zellforschung, 10(2), 320-385.

20. Mpolokeng, K., Luckrajh, J., & Avilova, O. (2023). Accessory head of the
semitendinosus muscle: an unusual variation. Folia Morphologica (Warszawa). https://doi.org/
10.5603/FM.a2023.0037

21. Nechyporenko AS, Nazaryan RS, Semko GO, et al.: Application of spiral computed to-
mography for determination of the minimal bone density variability of the maxillary sinus walls
in chronic odontogenic and rhinogenic sinusitis. Ukrainian journal of radiology and oncology.
2021;29(4):65-75. doi: 10.46879/ukroj.4.2021.65-75

22. Nechyporenko AS, Alekseeva VV, Sychova LV, et al. Anatomical prerequisites for the
development of rhinosinusitis. Lek Obz. 2020;6(10):334-38.

Jimepamypa:

1. Biggs, K., Crundwell, G., Metcalfe, C., Muzaffar, J., Monksfield, P., & Bance, M.
(2022). Anatomical and audiological considerations in branchiootorenal syndrome: A systematic
review. Laryngoscope Investigative Otolaryngology, 7(2), 540-563. https://doi.org/10.1002/1i02.749.

2. Domenech-Fernandez, P., Yamane, J., Domenech, J., Barrios, C., Soldado-Carrera, F.,
Knorr, J., & Canavese, F. (2021). Analysis of skull bone thickness during growth: an anatomical
guide for safe pin placement in halo fixation. European Spine Journal, 30(2), 410-415.
https://doi.org/10.1007/s00586-020-06367-X.

3. Furtner, J., Woitek, R., Asenbaum, U., Prayer, D., & Schueller-Weidekamm, C. (2016).
Okzipitozervikaler Ubergang: Anatomie, Kraniometrie und Pathologien. Radiologe, 56(4), 375-386.
https://doi.org/10.1007/s00117-016-0095-9

4. Techataweewan, N., Dudzik, B., Kitkhuandee, A., Duangthongphon, P., & Tayles, N.
(2018). Gender and population variation in craniometry and freehand pass ventriculostomy. World
Neurosurgery, 117, e194-e203. https://doi.org/10.1016/j.wneu.2018.05.240

5. Bormann, J. L., & Maibach, H. 1. (2020). Effects of anatomical location on in vivo
percutaneous penetration in man. Cutaneous and Ocular Toxicology, 39(3), 213-222.
https://doi.org/10.1080/15569527.2020.1787434

6. Dias, P., Neves, L., Santos, D., Coelho, C., Ferreira, M. T., Santos, H., Silva, S., &
Santos, B. S. (2015). CraMs: Craniometric analysis application using 3D skull models. IEEE
Computer Graphics and Applications, 35(6), 11-17. https://doi.org/10.1109/MCG.2015.136

7. Angelopoulos, C. (2014). Anatomy of the maxillofacial region in the three planes of
section. Dental Clinics of North America, 58(3), 497-521. https://doi.org/10.1016/j.cden.2014.
03.001

8. Marur, T., Tuna, Y., & Demirci, S. (2014). Facial anatomy. Clinics in Dermatology, 32(1),
14-23. https://doi.org/10.1016/j.clindermatol.2013.05.022

9. Kumar Battan, S., Sharma, M., Gakhar, G., Garg, M., Singh, P., & Jasuja, O. P. (2023).
Cranio-facial bones evaluation based on clinical CT data for sex determination in Northwest Indian
population. Legal Medicine (Tokyo), 64, 102292. https://doi.org/10.1016/j.legalmed.2023.102292

10. Alshoaibi, L. H., Alareqi, M. M., Al-Somairi, M. A. A., Al-Tayar, B., Almashraqi, A. A,
An, X., & Alhammadi, M. S. (2023). Three-dimensional phenotype characteristics of skeletal class
I11 malocclusion in adult Chinese: a principal component analysis-based cluster analysis. Clinical
Oral Investigations, 27(8), 4173-4189. https://doi.org/10.1007/s00784-023-05033-y

11. de Frutos-Valle, L., Martin, C., Alarcén, J. A., Palma-Fernandez, J. C., Ortega, R., &
Iglesias-Linares, A. (2020). Sub-clustering in skeletal class 111 malocclusion phenotypes via
principal component analysis in a southern European population. Scientific Reports, 10(1), 17882.
https://doi.org/10.1038/s41598-020-74488-w

12. Alekseeva, V., Nechyporenko, A., Frohme, M., Gargin, V., Meniailov, I., &
Chumachenko, D. (2023). Intelligent decision support system for differential diagnosis of chronic
odontogenic rhinosinusitis based on U-Net segmentation. Electronics (Switzerland), 12(5), 1202.
https://doi.org/10.3390/electronics12051202

1988


https://doi.org/10.5603/FM.a2023.0037
https://doi.org/10.5603/FM.a2023.0037

KypHan «IlepcnekTuBY Ta iHHOBaLil HAYKU»
(Cepis «Ilemarorika», Cepis «Ilcuxosorisi», Cepis «Menuipaa»)
Ne 4(50) 2025

13. Nechyporenko, A. S., Radutny, R., Alekseeva, V. V., et al. (2021). Complex automatic
determination of morphological parameters for bone tissue in human paranasal sinuses. Open
Bioinformatics Journal, 14(1), 130-137. https://doi.org/10.2174/18750362021140100130

14. Chumachenko, D. (2018). On intelligent multiagent approach to viral Hepatitis B
epidemic processes simulation. Proceedings of the 2018 IEEE 2nd International Conference on
Data Stream Mining and Processing (DSMP), Lviv, Ukraine, 415-419. https://doi.org/10.1109/
DSMP.2018.8478602

15. Chumachenko, D., Piletskiy, P., Sukhorukova, M., & Chumachenko, T. (2022).
Predictive model of Lyme disease epidemic process using machine learning approach. Applied
Sciences (Basel), 12(9), 4282. https://doi.org/10.3390/app12094282

16. Kozko, V. M., Bondarenko, A. V., Gavrylov, A. V., et al. (2017). Pathomorphological
peculiarities of tuberculous meningoencephalitis associated with HIV infection. Interventional
Medicine & Applied Science, 9(3), 144-149. https://doi.org/10.1556/1646.9.2017.31

17. Behar, J. A., Bonnemains, L., Shulgin, V., Oster, J., Ostras, O., & Lakhno, I. (2019).
Noninvasive fetal electrocardiography for the detection of fetal arrhythmias. Prenatal Diagnosis, 39(3),
178-187. https://doi.org/10.1002/pd.5412

18. Gargin, V., Radutny, R., Titova, G., et al. (2020). Application of the computer vision
system for evaluation of pathomorphological images. 2020 IEEE 40th International Conference
on Electronics and Nanotechnology (ELNANO), 469-473. https://doi.org/10.1109/ELNANO50318.
2020.9088898

19. Schabadasch, A. (1930). Intramurale nervengeflechte des darmrohrs. Zeitschrift fur
Zellforschung, 10(2), 320-385.

20. Mpolokeng, K., Luckrajh, J., & Avilova, O. (2023). Accessory head of the
semitendinosus muscle: an unusual variation. Folia Morphologica (Warszawa). https://doi.org/
10.5603/FM.a2023.0037

21. Nechyporenko AS, Nazaryan RS, Semko GO, et al.: Application of spiral computed to-
mography for determination of the minimal bone density variability of the maxillary sinus walls
in chronic odontogenic and rhinogenic sinusitis. Ukrainian journal of radiology and oncology.
2021;29(4):65~-75. doi: 10.46879/ukroj.4.2021.65-75

22. Nechyporenko AS, Alekseeva VVV, Sychova LV, et al. Anatomical prerequisites for the
development of rhinosinusitis. Lek Obz. 2020;6(10):334-38.

1989


https://doi.org/10.5603/FM.a2023.0037
https://doi.org/10.5603/FM.a2023.0037

