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INSANIN ONG ARTERIYASININ ANATOMIK VARIABELLIiYi

S.i.Danil¢enko?, S.i.Serbin?, S.0.Dubina?, S.V.Bondarenko?, O.V.Samoilenko?,
N.H.Mikriukova?®, i.V.Kostetski® B.H.Suxiy?, R.L.Ustenko®
YXerson Doviat Universiteti, Xerson-Ivano-Frankovsk, Ukrayna;
Donetsk Milli Tibb Universiteti, Liman, Kropivnitskiy, Ukrayna;
3Poltava Déviat Tibb Universiteti, Poltava, Ukrayna

Moagalada insamn ang arteriyasimin mikroskopik strukturunun anatomik-morfoloji variantlarimi va
morfometrik xiisusiyyatlorini oyronmok maqsadi ilo aparilmis tadgiqat isi haqqinda malumat verilmigdir.
Tadqgiqat hor iki cinsdon olan 64-77 yas araliginda vafat etmis soxslorin meyit materiallary iizorinda
aparitlmigdir. Kranial tiplori miiayyanlasdirmak, iiz nahiyasinin dorin qatlarimin anatomik preparatlarin
hazirlamaq, akril plastik kiitlalorindan istifada edilmakla korroziv preparatlar hazirlamagq, arteriyalarin
diametrini vo onlarin seqmentlorinin dorinliyini morfometrik analiz etmak, hamginin angiografik miiayino
aparmagq tictin kompleks morfometrik metodlardan istifads edilmigdir.

ong arteriyasimin 4 tipi askar edilmigdir: S-sokilli (34,5%), asagrya dogru qabarmis qévssakilli (20,7%),
diizbucaqll (6,9%) va qarisiq formalar aywd edilmisdir. Arteriyamn lateral sathi qanadabonzor azalonin
daxili sathindos yerlosdiyi halda onun alt ¢ona sinirinin saxalori ilo qarsiliqgh miinasibatlorinin 6 varianti
askar edilmigdir. Daha Qenis yayimig variant (50%) arteriyamin sinir strukturlari ilo miinasibatdo lateral
movge tutmast olmusdur. Uz sinirinin yerlosmoasi ilo arteriyamin mévgeyinin uySunlugunun 3 varianti
miiayyan edilmisdir: asagi (12,4%), yuxar: (24,1%) va eyni saviyyado (3,5%) yerlogma,; bunlar kranial tipdan
asil olarag 0,3 sm-don 1,6 sm-a qador araligda yerlasirlor. Bu forq dolixosefallarda daha aydin nozora
carpir. Ilk dafo olaraq, tabil arterivasimin ayrilma bucagi va diametri dyranilmisdir. Dolixosefallarda iti va
Kor bucaga eyni tezliklo rast galinmisdir; mezosefal vo braxisefallarda Kor bucaq tistiinliik taskil etmigdir.
Arteriyamin diametri dolixosefal tiplordon braxisefallara dogru getdikca azalmaga meyil etmisdir.

Belaolikla, insamin ang stimiiyii aydin sakilda fardi anatomik-morfoloji variabelliyi ila farqlonir ki, bu da
qisman kranial tipla alagadardir. Arteriyanin topoqrafiyasinin vo morfometriyasuin xiisusiyyatlori iiz-¢ona
nahiyasinda aparilan corrahi  amoaliyyatlarin  planlasdirilmasinda  boyiik  ahamiyyato malik  olub,
amaliyyatlarin tohliikasizliyinin tamin edilmasina va naticalarinin prognozlasdirilmasina komak eda bilar.
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This article presents a study conducted to examine the anatomical-morphological variants and
morphometric characteristics of the microscopic structure of the human maxillary artery. The study was
carried out on cadaveric material obtained from deceased individuals of both sexes aged between 64 and 77
years. A complex of morphometric methods was employed to determine cranial types, to prepare anatomical
specimens of the deep layers of the facial region, to produce corrosion casts using acrylic plastic
compounds, to perform morphometric analysis of the diameter of the arteries and the depth of their
segments, and to carry out angiographic examination.

Four types of maxillary artery courses were identified: S-shaped (34.5%), downward-convex curved
(20.7%), straight (6.9%), and combined (37.9%). Six spatial variants of the relationship between the
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maxillary artery and branches of the mandibular nerve were found when the artery was located on the inner
surface of the lateral pterygoid muscle. The most common type (50%) was the lateral position of the artery
relative to neural structures. Three spatial configurations of the artery concerning the facial nerve trunk
were established: below (72.4%), above (24.1%), and at the same level (3.5%), with distances ranging from
0.3 to 1.6 cm depending on cranial type. Dolichocephalic individuals had the largest values. For the first
time, the angle of origin and diameter of the anterior tympanic artery were examined about head shape.
Dolichocephalic individuals displayed both acute and obtuse angles equally; in mesocephalics and
brachycephalics, obtuse angles were more common. The arterial diameter progressively decreased from

dolichocephalic to brachycephalic types.

The human maxillary artery shows significant individual anatomical and morphological variability,
partly influenced by cranial type. The revealed features of topography and morphometry are practically
important for planning surgical procedures in the maxillofacial region to improve safety and predictability.

Introduction. The maxillary artery (arteria
maxillaris) is one of the two terminal branches
of the external carotid artery and supplies blood
to the deep structures of the face, including the
maxillary bones, masticatory muscles, nasal
cavity, and maxillary sinuses. Its branches, such
as the infraorbital and posterior superior
alveolar arteries, are especially important in
planning vascular flaps, osteotomies, implant-
tology, and microsurgical reconstruction [1-3].
For maxillofacial surgeons, detailed knowledge
of the anatomy of the maxillary artery is vital
because it is a primary blood supply source for
deep facial tissues.

In cases of trauma or surgical procedures
caused by pathology, hemorrhage — either spon-
taneous or postoperative — may relate to this
artery. Its branches are also actively used in
forming neurovascular flaps with high potential
for preserving tissue function and viability [4].

Since the start of the full-scale invasion on
February 24, 2022, Ukraine has faced numerous
complex facial injuries due to artillery shelling,
mines, drones, and missile strikes. By February
2024, over 400 patients with combat-related
facial trauma had been treated at several
Ukrainian medical centers (Kyiv, Lviv), mostly
male patients. In more than 86% of cases,
surgical wound closure or primary surgical
intervention was carried out within the first 24
hours [5, 6].

Current estimates indicate that the incidence
of craniomaxillofacial (CMF) trauma among
injured military personnel ranges approximately
from 10% to 39%, corresponding to between 10
10,000 and 46 800 cases within the Ukrainian
armed forces. In civilians, facial injuries are
reported in roughly 26% of wounded indivi-
duals, totaling an estimated 5, 150 cases [7].

Due to the surge in combat-related facial
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injuries, Ukrainian maxillofacial surgeons have
faced the challenge of performing both primary
and secondary reconstructions of complex
injuries, including microsurgical reconstruct-
tions, implantations, and the use of CAD/CAM
technologies. No other recent European war has
confronted the medical system with such a high
volume and complexity of craniomaxillofacial
trauma. This makes Ukraine's current expe-
rience a unique and pioneering platform for
adopting advanced technologies and anatomical
knowledge in vascular anatomy and recon-
structive surgery [7, 8].

The purpose of the study was to investigate
the anatomical and morphological variability
and morphometric features of the human ma-
xillary artery, considering craniometric para-
meters, to enhance anatomical visualization and
improve the safety of surgical procedures in the
maxillofacial region.

Research materials. The study was conducted
on macroscopic specimens of the deep facial region
obtained from 28 embalmed cadavers of both sexes,
aged 64 to 77 years. Both the right and left sides of
the face were examined. The anatomical component
of the study was carried out at the cadaver facility of
the Department of Topographic Anatomy and
Operative Surgery of the Ukrainian Medical
Stomatological Academy (Poltava). None of the
cadavers had pathologies affecting the maxillary
artery or other anatomical structures of the deep
facial region, which allows the material to be
considered  representative  for  morphological
analysis. The study was conducted by international
standards for biological research and methodological
guidelines, as well as the ‘“Procedure for the
Retrieval of Biological Objects from the Deceased
Subjected to Forensic or Pathological Examination
for Scientific Purposes” (2018).

Research methods. A comprehensive set of
morphological, anatomical, and instrumental
methods was applied. Anthropometry was used to



determine head shape types (dolichocephaly,
mesocephaly, brachycephaly), while craniometric
measurements were performed with a pelvimeter.
The distance from the bifurcation of the common
carotid artery (a. carotica communis) to the origin of
the maxillary artery (a. maxillaris) was measured
using a curvimeter. Corrosion casts were produced
with acrylic plastic.

Anatomical dissection of the deep facial region
was conducted using a custom-made device for
macropreparation (Certificate of Rationalization
Proposal No. 1755, Poltava, 1995). Morphometric
parameters, including the diameter of the maxillary
artery and its branches, were measured with a
protractor. Macro- and micropreparations were
documented using a digital camera. Additionally,
twelve angiograms of patients with maxillofacial
pathology were analyzed, obtained from the archives
of the Department of X-ray Endovascular Surgery,
Interventional Cardiology, and Reperfusion Therapy
at the Shalimov National Institute of Surgery and
Transplantology, National Academy of Medical
Sciences of Ukraine (Kyiv).

Statistical analysis was performed using
Statistica 13 and Microsoft Excel 2016. Descriptive
statistics (mean, standard deviation, minimum,
maximum) were calculated, and one-way ANOVA
was applied to assess differences between groups

based on craniometric features. Statistical signi-
ficance was set at p < 0.05.

Data processing was conducted using modern
principles of biomedical statistics, following the
STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) guidelines
for reporting observational studies and the AQUA
(Anatomical Quality Assurance) checklist for
anatomical research.

Research results and discussion. The
course of the maxillary artery (a. maxillaris)
shows considerable variability, reflecting its
anatomical adaptability to surrounding struc-
tures in the deep facial region. Most often, the
artery has an S-shaped configuration, seen in
34.5% of specimens. A curved course with an
inferior convexity was observed in 20.7% of
cases, while a straight course was noted in
6.9%. A combined arterial course appeared in
37.9% of cases. The greatest morphological
variability of the artery was found in individuals
with a dolichocephalic skull type, which
accounted for 81.8% of all identified course
variants. Quantitative morphometric data for the
main trunk of the maxillary artery are provided
in the Table.

Table. Morphometric parameters of the maxillary artery (a.maxillaris)
trunk depending on cranial type

Parameter Cranial type Mean + SD min—max n p (ANOVA)
L,° Dolichocephalic 51,5+6,5 40-65 24
Mesocephalic 80,5+5.5 70-92 22
Brachycephalic 62,2+5.8 50-74 22 0,013*
dl, sm Dolichocephalic 7,25+2,75 3,1-10,8 24
Mesocephalic 7,28 +£0,53 6,4-8,1 22
Brachycephalic 6,55+ 0,95 5,2-8,0 22 ns
d2, sm Dolichocephalic 1,10+ 0,45 0,80-2,20 24
Mesocephalic 2,15+0,35 1,80-2,50 22
Brachycephalic 2,75 + 0,40 2,30-3,20 22 <0,001*
d3, sm Dolichocephalic 2,91 +1,29 1,1-4,5 24
Mesocephalic 3,13+£0,27 2,8-3,5 22
Brachycephalic 3,80+ 1,50 2,1-5,2 22 ns
d4, sm Dolichocephalic 2,64 + 0,66 15-3,8 24
Mesocephalic 3,00 + 0,80 2,0-45 22
Brachycephalic 4,24 + 1,24 2,9-6,1 22 0,005*
d5, sm Dolichocephalic 5,80 £ 0,80 45-70 24
Mesocephalic 4,25 +0,95 3,1-5,6 22
Brachycephalic 4,55 +0,35 3,9-51 22 0,011*

Notes: L — angle between the origin of the maxillary artery (a. maxillaris) and the common carotid artery (a. carotica communis)
relative to the superficial temporal artery (a. temporalis superficialis); d1 — distance from the bifurcation of the common carotid
artery (a. carotica communis) to the initial segment of the maxillary artery (a. maxillaris); d2 — depth of the initial segment of the
maxillary artery (a. maxillaris) from the face surface; d3 — distance from the initial segment of the maxillary artery (a. maxillaris) to
the greater wing of the sphenoid bone (ala major ossis sphenoidalis); d4 — distance from the initial segment of the maxillary artery (a.
maxillaris) to the temporomandibular joint (articulatio temporomandibularis); d5 — distance from the initial segment of the maxillary
artery (a. maxillaris) to the mandibular body (corpus mandibulae); SD — standard deviation; n — number of observations; ns —
difference is statistically non-significant. * — p < 0.05, statistically significant difference (according to ANOVA).



The relationship between the maxillary
artery (a. maxillaris) and the mandibular nerve
branches — lingual (n. lingualis) and inferior
alveolar (n. alveolaris inferior) — is of clear
practical importance for dental and oncologic
surgery in the deep facial region. When the
artery lies on the medial surface of the lateral
pterygoid muscle (musculus pterygoideus
lateralis), six anatomical patterns are distin-
guished. The most common (50%) involves a
lateral course relative to the nerve branches; in
19.4%, the artery passes medially. In 13.9%, it
runs between the branches (medial to the
inferior alveolar and lateral to the lingual
nerve). In 8.3%, it traverses a loop of the
inferior alveolar nerve and follows the lateral
margin of the lingual nerve. In 5.6%, it lies
lateral to the mandibular nerve trunk before
division, while the rarest type (2.8%) is deeply
located, medial to both the nerve branches and
the pterygospinal ligament  (ligamentum
pterygospinale).

No association was found between these
relationships and head shape, as all variants
occurred with similar frequency across cranial
types. The maxillary artery relative to the facial
nerve (n. facialis) trunk showed three positions:
superior (72.4%), inferior (24.1%), and at the
same level (3.5%). In all cases, the facial nerve
trunk was more superficial and posterior. The
distance between them ranged from 0.3-1.6 cm
(artery superior) and 0.4-1.0 cm (artery
inferior), with greater values in dolichocephalic
and smaller in brachycephalic skulls.

Analysis of the first branch of the
mandibular segment — the deep auricular
artery (a. auricularis profunda)—showed no
correlation between its origin angle or diameter
and head shape. Several variants of origin were
identified: directly from the maxillary artery
(25.5%), most often from its initial segment
(41.4%), as well as from the external carotid
(10.3%), transverse facial (10.4%), or super-
ficial temporal artery (10.4%). The greatest
variability occurred in brachycephalic indi-
viduals.

For the first time, the angle of origin and
diameter of the anterior tympanic artery (a.
tympanica anterior) were analyzed in relation to
cranial type, demonstrating interdependence. In
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dolichocephalic skulls, acute and obtuse angles
occurred equally, whereas obtuse angles
predominated in mesocephalic and brachyceph-
alic types. The mean diameter was 0.080 =+
0.070 cm, with maximal values in dolichoce-
phalics and decreasing toward brachycephalics.

Variant analysis showed that only 29% of
anterior tympanic arteries originated as
independent branches of the maxillary artery. In
37.9%, they arose independently or via a
common trunk from its initial segment; in
10.3%, from the external carotid artery (a.
carotis externa); in 10.5%, from the superficial
temporal artery (a. temporalis superficialis); and
in 12.3%, together with the deep auricular artery
as a common trunk from the mandibular
segment of the maxillary artery.

In maxillofacial surgery, precise knowledge
of the topography of facial vascular and neural
structures is essential, particularly of the
maxillary artery, which plays a key role in
supplying the deep facial regions. According to
the literature, it is the largest branch of the
external carotid artery [9]. Advances in
radioendovascular surgery have improved the
management of relatively rare hemorrhages,
especially those originating from the maxillary
artery. However, interventions in the deep facial
region require thorough understanding of its
anatomy and branching patterns [10, 11]. A
systematic review and meta-analysis based on
the Anatomical Quality Assurance (AQUA)
checklist indicate a growing interest in its
morphological variability. Ottone N.E. et al.
(2021) [9] highlight the direct clinical relevance
of these variations, particularly in modern
maxillofacial surgery, where they remain a
central focus of anatomical research. Yagmurlu
K. et al. (2017) [12] demonstrated that the
maxillary artery can be safely exposed without
zygomatic osteotomy or resection of the middle
cranial fossa floor, using the anterior and
posterior deep temporal arteries and the
pterygomandibular fissure (fissura pterygo-
mandibularis) as landmarks. These findings
underscore sustained clinical interest and the
need to refine surgical approaches to improve
access and visualization.

During maxillofacial procedures, particularly
Le Fort | osteotomies, complications such as



pseudoaneurysm of the maxillary artery may
occur, potentially causing severe delayed
hemorrhage [13]. This highlights the impor-
tance of detailed anatomical knowledge and
understanding of its relationships  with
surrounding structures for timely diagnosis and
management.

Catdlin C. Dumitru, Mugurel C. Rusu, and
Alexandra D. Vrapciu (2024) [14] described a
rare variation in which the maxillary artery
courses within the temporalis muscle (musculus
temporalis). Early dissections suggested a
prevalence of ~2%; analysis of 170 archival CT
angiograms (95 males, 75 females) confirmed it
in 11 cases (6.47%), including 5 bilateral,
totaling 16 of 340 sides (5.58%). These findings
highlight the value of preoperative CT angio-
graphy in planning facial and temporal surgeries
and underscore the need to consider individual
anatomical variations in the temporofacial
region.

Safe and effective surgical interventions in
the facial region and skull base require a
thorough understanding of the functional
anatomy and imaging features of the maxillary
artery branches. Studying anastomoses between
its segments and cerebral arteries is particularly
important, as these connections may help
prevent intracranial hemorrhage and neuro-
logical complications during temporofacial
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procedures.

Conclusions. The maxillary artery exhibits
four main courses: S-shaped (34.5%),
downward-curved (20.7%), straight (6.9%), and
combined (37.9%). When located on the inner
surface of the lateral pterygoid muscle, six
relationship types with mandibular nerve
branches are identified, with the most common
(50%) being lateral to the nerve branches. The
facial nerve trunk lies below (72.4%), above
(24.1%), or at the same level (3.5%) relative to
the maxillary artery’s initial segment; distances
range 0.3-1.6 cm and 0.4-1.0 cm, respectively,
with maximal values in dolichocephalics and
minimal in brachycephalics. For the first time,
the angle of origin and diameter of the anterior
tympanic artery were analyzed by head shape:
in dolichocephalics, angles were equally acute
or obtuse, while in mesocephalics and
brachycephalics, they were mostly obtuse.

Future Research Perspectives. Future
studies should focus on evaluating the clinical
importance of anatomical variations of the
maxillary artery in high-risk surgical environ-
ments and when using advanced imaging
techniques. Another promising area is digital
modeling of these anatomical variants,
including creating 3D navigation maps for
maxillofacial surgery and clinical anatomy
education.
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AHATOMUYECKASI BAPUABEJIbBHOCTh BEPXHEUEJIIOCTHOM APTEPUM
YEJIOBEKA

C.UN. Jannabyenko’, C.U.Cepoun?, C.O.[lyouna?, C.B.bonnapenko?, E.B.CaMOﬁHEHKOZ,
H.F.MI/IRplOKOBaZ, I/I.B.KocTeuKnﬁZ, B.F.nynﬁz, P.JLYcrenko’
Xepcownckuii 2ocyoapcmeennblii yHusepcumem, Xepcoun-Heano-@pankosck, Yrpauna,
2J[oneykuti HayuoHaNbHbILU MeOuYUHCKUl yrugepcumem, Jluman, Kponusnuykutl, Yxkpauna,
Tlonmasckutl cocyoapcmeennvlli meouyuHckul ynueepcumem, Ilonmasa, Ykpauna

Pe3tome. Bbiio mpoBeIeHO UCCIIEIOBAHUE C LIENbIO BBISBICHHS aHATOMO-MOP(OJIOTHYECKIX BAPHAHTOB H
MOP(OMETPUUECKHX XapPAKTEPUCTUK MAKPOCKOIMYECKOTO CTPOCHUSI BEPXHEUEITIOCTHOW apTepHU YeJIOBEKa.
HccnenoBanne TpoBeneHO Ha TPYIHOM Martepuaie JIMi o0oero moja B Bo3pacte or 64 no 77 iner.
Hcnonb30BaH KOMIUIEKC MOP(OIOTUYECKAX METOJIOB, BKIIFOUABIIMK aHTPOIIOMETPUYECKUE H3MEPEHUS IS
Olpe/ieNIeHHs] KPaHHAIBHOTO THIIA, aHATOMUYECKOE MPpenaprupoBaHne TITyOOKHX OTAEIOB JHIEBOI 00JacTH,
M3TOTOBJICHUE KOPPO3MOHHBIX IPENapaToB C MPHUMEHEHHEM aKpPHJIOBOHM IUIACTMACCHI, MOP(OMETPHIECKHUI
aHaJM3 TUaMeTPOB apTepHil M JUIMHBI KX CETMEHTOB, a TAK)Ke aHTHorpaduiyeckoe UccieI0BaHue.

BhIsSBICHO YeThIpe THIA XOJa BEPXHEUCIIOCTHOM aprepuu: S-oOpasubiit (34,5%), myrooOpa3Hbiii ¢
BEITYKIIOCTEI0 BHU3 (20,7%), nmpsimonuHeHbIH (6,9%) 1 komOuanpoBaHHbIN (37,9%). [Ipu pacrnonoxennu
apTepuy Ha BHYTPEHHEH IOBEPXHOCTH JIaTepabHOW KPBUIOBHIHOW MBIIIBI YCTAHOBJIEHO MIECThH
MPOCTPAHCTBEHHBIX BapUAHTOB €€ B3aMMOOTHOIICHHH C BETBSIMH HIDKHEUENIOCTHOTO HepBa. Hambonee
pactipoctpaHeHHBIM (50%) oka3zayicsi JaTepaibHBIA BapHaHT IOJOXKEHHUS apTepu 10 OTHOILICHHIO K
HEPBHBIM CTpyKTypaMm. OmpeneneHsl TpU BapUaHTa MPOCTPAHCTBEHHOTO PACIOJIOKEHHUSI apTePUU OTHOCH-
TEJIHHO CTBOJIA JINIIEBOTO HepBa: Hiwke (72,4%), Boime (24,1%) u vHa omHOoM ypoBHE (3,5%), ipy paccTOSTHAN
ot 0,3 mo 1,6 cM B 3aBHCHMOCTH OT KpaHHaJbHOTO TWMa. Hambospmine 3Ha4eHUsT XapaKTEepHbI IS TOJIH-
xonedainoB. BriepBeie M3y4eHBl yrojl OTXOXKACHUS U AMAMETp NepeqHeld OapaOaHHOW apTepuu C y4eTOM
(hopmbl TONOBEL. Y gonuxoriedasoB OCTPhIC U TYMbBIE YIIIbl BCTPEUAIHNCH ¢ OJMHAKOBOW YacTOTOW; Y ME30-
nedanoB u OpaxuiedalioB Mpeodaany Tynbie Yribl. Juamerp apTepun mociaeIoBaTeIbHO YMEHBIIAJCS OT
J0IUXOoUEePaTNUecKoro K OpaxuuedalnieckoMy TUILY.

BepxneuentocTHas apTepusi 4elOBEKa XapaKTEPHU3YeTCs BBIPAKCHHOM WMHIMBUIYaJbHOH aHATOMO-MOp-
(omornyeckoi BapuadeIbHOCTHI0, YACTUYHO 00yCIIOBIEHHONW KpaHHAJIbHBIM THIIOM. BhIgBIeHHBIE 0COOEH-
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HOCTH Tomorpaduu U MOpPOMETpUN MMEIOT BaKHOE MPAKTUYECKOe 3HAYEHHE NMPH TUIAHUPOBAHUU XUPYP-
THYECKUX BMEMIATENBCTB B UYEIIOCTHO-JIUIIEBOW OOJIACTH, CIIOCOOCTBYS IMOBBIIICHHIO MX O€30MaCHOCTH U
MIPOrHO3HPYEMOCTH.
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