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Abstract

Aim — to measure and compare the vertical and horizontal angles of attack
on different intracranial surgical targets provided by the transzygomatic,
modified orbitozygomatic and classic two-piece orbitozygomatic
approaches, to determine the most optimal approaches to different surgical
targets.

Material and methods. The study was conducted on 8 sides of en
bloc specimens of human head and neck. The marking was performed
with BrainLAB Kolibri navigational station (Germany) to highlight the
surgical landmarks and measure the angles. The dissection was started
macroscopically with standard instruments and photographic fixation of
every stage of the approach. The craniotomy was performed with Stryker
high speed drill (USA). After that, the microscopic stage was carried out
with the ZEISS OPMI Vario/S88 surgical microscope (Germany). On
each side, the following steps were completed: soft tissues dissection,
cutting the zygomatic arch, fronto-temporal craniotomy, orbitozygomatic
osteotomy, opening of the dura mater and dissection of structures of the
cranial base, measurement of angles of attack with their apex located on
skull base structures

Results. The angles of attack on different intracranial surgical targets
were measured and compared for two-piece orbitozygomatic, modified
orbitozygomatic and transzygomatic approaches.

Conclusion. The two-piece orbitozygomatic craniotomy is the most
universal and optimal to approach the basilar artery bifurcation and lesions
located in both anterior and middle cranial fossae. However, to minimize
the surgical trauma and the risks of complications when exposing
exclusively anterior cranial fossa, the modified orbitozygomatic approach
is more adequate. When the lesion is small and located exclusively
in middle cranial fossa, performing the transzygomatic approach is
recommended.

Keywords: orbitozygomatic approach, neurosurgery, supraorbital
approach, orbito-pterional approach, transzygomatic approach.
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3.3.1. AHaTomus YenoBeka
(MeauvumHCKne HayKm)

Tonorpaduyeckas aHaToMuUA ABYXNOCKYTHOIO
op6ouTosuromaTn4yeckoro, mogncpnunpoBaHHOro
OpOMTO3UroMaTU4eCKOro U TPaHC3UroMmaTn4eckKoro
AOCTYNOB: CPaBHUTENbHbLIN aHanus3
HEeMPOXUPYPru4ecKnx BO3MOXHOCTEN
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AHHOTauusa

Henb — N3MEpHUTH U CPABHUTH BEPTHKAIBHBIC X TOPU3OHTAIIBHBIC YITIBL,
obecreqnBaeMble: TPAHC3UTOMATUYECKIM, MOTH(HUIINPOBAHHBIM OPOUTO-
3UTOMAaTHYECKHM U KIIAaCCHYECKHM JBYXJIOCKYTHBIM OPOUTO3UIOMaTHYC-
CKHM JIOCTYIIaMH, — Ha Pa3JIMYHbIC HHTPAKPAHHAIBHBIC XHPYPIrHICCKHE
LIeTIH, OTIPEeNUTh HanOoIee ONTUMANBHBINA TOCTYII JUIS 3THX XUPYPIH-
YeCKHX Ieneif.

MarepuaJ u MeTofbl. ViccienoBanue NpoBeeHO Ha 8 CTOPOHAX OJIOK-
IpenaparoB «rojI0Ba — Iiesi». BImonHsIach pa3MeTka ¢ MOMOLIBIO Ha-
BUranuoHHoit cranuuu BrainL AB Kolibri (I'epmanus) st momy4eHust
OPHEHTHPOB U pacueTa yIJIOB aTaKu XUpypra. JIUCCeKIII0 HaYMHAIH BbI-
TIOJTHATH MAKPOCKOITMYECKH C MCIOJIB30BAaHUEM CTAHIAPTHBIX UHCTPY-
MEHTOB H (oToUKcanuel KaXkaoro dTana noctyna. IIpu BEIIOTHEHHI
TpenaHalyy HCTI0JIb30BaIach BricokoobopoTucTas npeis Stryker (CILA).
3areM nepexonIi Ha MUKPOCKOITMUYECKHIA 9Tall ¢ IPUMEHEHUEM XUPYP-
rudeckoro mukpockona ZEISS OPMI Vario/S88 (I'epmanust). Ha kaxmoi
CTOPOHE BBIMONHAINCH CICIYIOMIUE dTaIbl: AUCCEKIH MATKHUX TKaHel;
MepeNIINBaHUE CKYIOBOH TyTH; T0OHO-BUCOYHAS TPETIaHAINS, BHITIIH-
BaHHE OPOHTO3UIOMATHIECKOTO JIOCKYTa; BCKPHITHE TBEPIOi 000I0UKI
U QHUCCEKIVs CTPYKTYP OCHOBaHHMS Yepera; H3MEepeHUe YIIIOB aTaku C
BEPIIMHOI B 001aCTH CTPYKTYp Ha OCHOBAaHUH Yeperna.

Pe3yabrarhl. Vi3MepeHs! U cpaBHEHBI MEXIy COOOH yIIbI aTaku Ha pa3-
JIMYHBIE HHTPAKPAHUAIIbHBIE XUPYPTUUECKUE LIEIU NIPU IBYXJIOCKYTHOM
OpOUTO3UrOMATHYECKOM, MOAU(DHUIIUPOBAHHOM OPOUTO3UTOMATHYECKOM
U TPAHC3UTOMATHIECKOM JOCTYyIIaX.

BbiBoabI. [IBYXJIOCKYTHBINH OpOMTO3UTOMATHUECKUI JOCTYI SBISETCS
HanOoJee yHUBEPCATBEHBIM U ONITHMAIEHBIM IS OJX0a K OH(ypKauu
0a3WISIPHON apTepuH, a TaKXkKe K PaclpOCTPaHEHHEIM cpa3y B HepexHei
U CpeHEel YeperHbIX sIMKax MaToJornyeckiuM odaraM. OHAKO I MH-
HHMH3allUH XUPYPTUYECKOH TPaBMbl H PUCKOB OCJIOXKHEHHI IIPH U30IIH-
POBaHHOM IIOJXOJIE€ K IIEPEAHEH YepeHOi siMKe Oosee PeIOYTUTEIEHO
BBIIIOJTHEHUE MOAU(DUIINPOBAHHOTO OPOUTO3UIOMATHYECKOTO JOCTYIIA, a
TIPH JIOKAIN3AIMH HeOOIBIIOT0 H30IMPOBAHHOTO NAaTOIOTHYECKOTO OYara
B CpEJHEH 4eperHoil SMKe PeKOMEHTyeTCs IIPOU3BOMUTH TPAHC3UIOMa-
TUYECKHH JOCTYIL.

KuroueBble c10Ba: 0pOMTO3ZUIOMAaTHIECKUH TOCTYII, HEHPOXUPYPIHs,
TPaHC3UTOMaTHYECKUH JOCTYH, CynpaopOUTalIbHBII JOCTYI, OpOUTO-
NITEPUOHANIBHBIN JOCTYII.
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m BACKGROUND
he orbitozygomatic approach (OZA) was first
proposed in 1984 by Pellerin et al. His technique
consisted of performing successive stages of osteoplastic
trepanation of a portion of the frontal bone, creation of

www.innoscience.ru

an orbitozygomatic flap (consisting of the upper edge of
the orbit, zygomatic process of the frontal bone, frontal
process of the zygomatic bone, part of the body of the
zygomatic bone, and zygomatic arch), and resection
of the squama of the temporal bone and external parts
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(MeamumMHCKMe Haykm) Human anatomy

of the sphenoid bone wings [1]. Subsequently, this
approach was repeatedly modified. In 1986, Hakuba et
al. [2] described the use of single-flap orbitozygomatic
craniotomy. In 1998, Zabramski et al. [3] presented a
version of the two-flap OZA that is most commonly
used today. The OZA has been widely applied in skull
base surgery because it significantly increases the
angles of attack on deep intracranial structures and
reduces brain traction. This approach simultaneously
opens approaches to the anterior and middle cranial
fossae, upper parts of the clivus, apex of the petrous
pyramid, and area of the incisure of the tentorium of the
cerebellum [4-6] and to the orbit, infratemporal, and
pterygopalatine fossae, which allows its use to remove
various benign and malignant tumors with extra and
intracranial spread [7, 8], and aneurysms of complex
localization [9, 10].

In 1987, Al-Mefty proposed a single-flap
supraorbital—pterional approach, which offers a wide
access to the base of the anterior and middle cranial
fossae and excludes the zygomatic arch in the flap
[11]. In modern neurosurgery, this approach is called

Figure 1. Soft tissues dissection. 1A — skin incision. 16 — subfascial dissection of
the temporalis fascia with preservation of fronto-temporal branch of the facial nerve.
1B — reflecting the aponeurotic flap with superficial and deep temporalis fascia.

1I" — corpus, frontal and temporal processes of zygomatic bone, zygomatic process
of temporal bone and zygomatic process of frontal bone are exposed.

PucyHok 1. [Juccekyus mszkux mkaHel. 1A — koxHbIl pa3pes. 16 — cybghacyuansHas
duccekyusi 8UCOYHOU ghacyuu ¢ coxpaHeHuUem 106HO-8UCOYHOL 8emeu uye8oao
Hepea. 1B — omcenaposka KOXHO-aroHee8pomu4ecko20 jlockyma emecme ¢ 211y6bokol
u nosepxHocmHou hacyueli 8UCOYHOU Mbiwybl. 17— obHaxeHbl mero cKynogol Kocmu
C JIO6HbIM U 8UCOYHbIM OMPOCMKaMU, Yacmb JI06HOU KOCMU CO CKYJ108bIM OMPOCMKOM

U CKyr1080U 0mpoCmoK 8UCOYHOU Kocmu.
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the modified orbitozygomatic approach (mOZA) or
supraorbital OZA.

Isolated zygomatic osteotomy was first performed
in 1956 by Samy and Girgis to gain access to the
nasopharynx, petrous apex, and infratemporal fossa
[12]. Currently, the transzygomatic approach (TZA)
is an extended pterional approach with the removal of
the zygomatic arch and is performed to approach the
cavernous sinus, parasellar and suprasellar regions,
interpeduncular cistern, incisure of the tentorium of
the cerebellum, basilar artery bifurcation, sphenoid
bone, trigeminal nerve, petrous pyramid, and other
structures [13].

In the global and Russian literature, approximately
60 studies have examined the use of the OZA
and its modifications in the surgical treatment of
various pathologies. Although numerous anatomical
studies have been conducted, no work currently
provides a comparative description of the step-
by-step implementation of various OZA options;
accordingly, indications for choosing an approach
option for various localizations of the pathological

process have not been developed.

m AIM

This study aimed to measure and
compare the vertical and horizontal
angles provided by the TZA, mOZA,
and classic two-flap OZA for
various intracranial surgical targets
represented by anatomical structures
often involved in pathological
processes and, based on the data
obtained, to determine the most
optimal approach for these surgical
targets.

m MATERIAL AND
METHODS
The study was conducted at the
microsurgical laboratory of the
Federal Center for Neurosurgery
(Tyumen) on eight sides of the head—
neck block specimens of cadaveric
material from six deceased persons
aged 45-86 years, whose death was
not associated with a disease of
the central nervous system. Block
specimens were fixed in a 10%
formalin solution. The internal
carotid artery (ICA) and vertebral
arteries of all block specimens were
perfused with red-stained silicone,
and the jugular veins were perfused
with blue-stained silicone.
The study was performed in
accordance with the requirements of

www.innoscience.ru
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the Declaration of Helsinki of the World Medical
Association, which describes the ethical principles
of medical research involving humans as subjects,
including the study of identifiable materials and data
obtained from humans, as well as in accordance with
the ethical principles approved by the N.N. Burdenko
National Medical Research Center for Neurosurgery
(Moscow) and the Federal Center of Neurosurgery
(Tyumen).

The main inclusion criterion in this study was the
preservation of the bone and intracranial structures
of the anatomical head—neck block specimen on the
side where the analysis was performed. The exclusion
criterion was damage to the bone and intracranial
structures in this region.

Each head—neck block specimen was fixed in
a rigid head holder in a position simulating a real
surgical intervention. Subsequently, marking was
performed using the BrainLAB Kolibri navigation
station (Germany) to obtain landmarks and
calculate the surgeon’s angles of attack. Dissection
was performed macroscopically using standard
instruments and photographic recording of each
stage of access. A high-speed drill Stryker (USA)
was used for trepanation. Then, we proceeded to
the microscopic stage using a ZEISS OPMI Vario/
S88 surgical microscope (Germany). The steps
of soft tissue dissection, sawing of the zygomatic
arch, frontotemporal trepanation, cutting out an

www.innoscience.ru
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(MeauvumHCKne HayKm)

Human anatomy

Figure 2. Bone work. 2A — cuts in the zygomatic
arch. 26 — fronto-temporal craniotomy.

2B — cut through the lateral wall of the orbit
down to the inferior orbital fissure. 2" — bone
cut through the roof of the orbit. 2[] — the arrow
highlights two bone cuts going through the roof
and lateral wall of the orbit connecting lateral
aspects of superior and inferior orbital fissures.

PucyHok 2. KocmHbiti aman. 2A — nponuribl
8 cKyrnoeol Oyee. 2b — nobHo-8ucoYHasi
KpaHuomomusi. 2B — nponun yepes
niameparibHyI0 CMeHKy opbumsl K HUXHeU
anasHu4Hou wenu. 2" — KocmHblIl Aponus,
npoxo0swull Yepes Kpbiwy opbumsl.

2[1 — cmpenkouU yka3aHbl 08a KOCMHbIX
nponusna, NPoXooswWue 4epes Kpbiuly

u nameparbHyr CMeHKy opbumsi u
coeduHsowWUe nameparnsHbie omoers|
8epxHel U HUXHel ana3HuYHbIX wened.

orbitozygomatic flap, opening of the dura mater
and dissection of the skull base structures, and
measurement of angles of attack with the apex in
skull base structures were performed on each side.

Soft tissue dissection

After fixing the block specimen in a rigid head
holder so that the zygomatic tubercle was the highest
point of dissection, a skin incision was made, starting
1 cm anterior to the tragus at the level of the lower
edge of the zygomatic arch, continuing upward and
anteriorly, bending along the arc, and ending at the
point of intersection of the hair growth zone with
the contralateral midpupillary line (Fig. 1A). The
aponeurotic skin flap was separated anteriorly, and
a subfascial dissection of the temporal fascia and
a subperiosteal dissection of the periosteum in the
frontal region were performed (Fig. 1B). The deep
temporal fascia was cut off at the point of its attachment
to the zygomatic arch and separated along with the
periosteum covering the zygomatic bone body with
the frontal, temporal, and zygomatic processes of the
frontal and temporal bones (Figs. 1C and D). The
temporalis muscle was dissected, leaving a fascial
cuff of 7-10 mm wide at the site of attachment to the
superior temporal line and separated from the bone
using the retrograde dissection technique described
by Oikawa [14]. This technique consists of dissecting
the temporalis muscle along the skin incision and
separating it with a raspatory from the bone along the

7



3.3.1. AHaToMuAa yenoBeka

(MeamumMHCKMe Haykm) Human anatomy

Figure 3. Surgical view after completed two-piece orbitozygomatic
approach and skull base dissection of surgical targets to measure
the angles of attack. 3A — anatomical specimen. 36 — illustration.

PucyHok 3. Bud paHbli riocre 8binonHeHus1 0syxnockymHozo O3 u
ducceKkyuu cmpyKkmyp Ha OCHO8aHUU dYeperia (Xupypaudeckux yeneu)
0nsa usmepeHusi yenoe amaku. 3A — aHamomuyeckul npenapam.

36 — pucyHox.

muscle fibers from the bottom up, starting below the
lower temporal line. Then, starting from the lateral
edge of the orbital arch, the periorbita was separated
from the superior and lateral walls of the orbit.

Sawing of the zygomatic arch, frontotemporal
pterional craniotomy, and removal of the orbito-
zygomatic flap

In the next step, the temporalis muscle to the
skull base was retracted, and the zygomatic arch
was sawed, capturing part of the zygomatic bone
(Fig. 2A).

After sawing the zygomatic arch, the temporalis
muscle was retracted basally, and the contour of the
frontotemporal pterional craniotomy was outlined,

Hayka n uHHosauum B meguunHe T.8(1)/2023

reaching the basal parts of the
squama of the temporal bone and the
greater wing of the sphenoid bone.
A frontotemporal craniotomy was
performed within these boundaries
using a craniotome and bur (Fig. 2B).

Furthermore, the zygomaticoorbital
complex was removed. First, a cut
was made through the body of the
zygomatic bone toward the inferior
orbital fissure. This cut started from
a point located above the zygomatic
tubercle and continued to the lateral
edge of the orbit. The lateral wall of the orbit was
then sawed to the lateral parts of the inferior orbital
fissure (Fig. 2C).

The next bone cut was made through the superior
orbital margin and roof of the orbit. The cut started
from the middle sections of the upper edge of the
orbit and continued through the orbit roof to the
superolateral part of the superior orbital fissure
(Fig. 2D).

Then, two cuts were made at the skull base to
connect the superior and inferior orbital fissures
(Fig. 2E).

Opening of the dura mater and dissection of the
skull base structures

The dura mater was then opened using an arcuate
incision with the base pointing toward the anterior and
middle cranial fossae. The dura mater was obtained
from the holders. Subsequently, under a microscope,
a basal dissection was performed to the structures
of the 1) anterior clinoid process on the ipsilateral

¥/

Figure 4. Skull base structures (surgical targets) which served
as apexes for measuring of angles of the attack. A, b — anatomic
specimen, B — illustration. 1 — ipsilateral anterior clinoid process,
2 — bifurcation of the ipsilateral supraclinoid internal carotid
artery, 3 — bifurcation of the ipsilateral middle cerebral artery,

4 — ipsilateral oculomotor (CN Ill) nerve triangle, 5 — superior
bifurcation of the basilar artery.

PucyHok 4. Cmpykmypbl Ha OCHO8aHUU Yepena
(xupypauydeckue yenu) — eepuuHbl 0711 U3MePeHUs yeros
amaku. A — aHamomuyeckul npenapam, b — aHamomuyeckuli
npenapam, B — pucyHok. 1 — nepedHull HaKIOHEHHbIU
0MpOCMOK Ha urncunameparbHol cmopoHe, 2 — bugypkayusi
cynpaknuHoudHo2o0 omdena 8HympeHHel COHHOU apmepuu
Ha uncunameparnbHol cmopoHe, 3 — bugbypkayusi cpedHel
MO32080U apmepuu Ha urncunamepasibHol CMopoHe,

4 — mpeyeonbHuk 2na3odeuzamernbHozo (YMH Ill) Hepesa

Ha uricunameparsnbHOU cmopoHe, 5 — 8epxHsisi pa3sursika
ocHoesHoU apmepuu.
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Figure 5. Zygomatic arch is returned to evaluate the angles of attack
in modified (supraorbital) one-piece orbitozygomatic approach.

A — temporalis muscle is returned and the zygomatic arch is put
back; b — temporalis muscle is reflected towards skull base, the
conditions to measure the angles of attack in supraorbital approach
are created.

PucyHok 5. YcmaHoeneHa ckynoeasi dy2a ¢ Uerbio U3MepeHusi
yarnoe amaku 07151 MoOughuyuposaHHO20 (cyrnpaopbumarnbHO20)
odHornockym+ozo O3/]. A — omeedeHa 8uco4Has Mbiwiya,
ycmaHoerneHa ckyrnosas 0yea; b — eucoyHasi Mblluya OmKuHyma
K OCHOBaHUI0 Yepena, co30aHbl ycroeusi 071 U3MEPEeHUs y2/108
amaku 01 cynpaopbumarnsHo20 docmyna.

side, 2) bifurcation of the supraclinoid division of the
ICA (the branching point into the anterior and middle
cerebral arteries) on the ipsilateral side, 3) bifurcation
of the middle cerebral artery on the ipsilateral side, 4)
trigone (entry point into the cavernous sinus) of the
oculomotor (IIT) nerve on the ipsilateral side, and 5)
superior bifurcation of the basilar artery. Brain tissue
was retracted with spatulas using rigid retractors.

Figure 6. Supraorbital bone flap is returned and the zygomatic
arch is removed to evaluate the angles of attack in transzygomatic
approach.

PucyHok 6. YcmaHoeneH cynpaopbumarnbHbil KOCMHbIU 110CKym,
ydaneHa ckynoeasi Oyaa 0715 USMEPEHUs yari08 amaku 0rs
mpaHc3ueomamuyvecko2o docmyna.
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3.3.1. AHaToMuA YenoBeka
(MeauvumHCKne HayKm)

Human anatomy

During all measurements, we avoided
disturbing the position of the retractors
(Fig. 3).

Measuring angles of attack with
the apex in skull base structures

For the completed two-flap
OZA using the BrainLAB Kolibri
stereotactic navigation system, the
vertical and horizontal angles of
attack were measured with the apex
in the above-described targets. The
angles were determined between two
segments extending from each target
until they touched the highest and
lowest points, as well as the most anterior and most
posterior points, respectively (Fig. 4).

After this measurement, the dura mater was retracted
from the holders to the brain, and the zygomatic
arch was installed; the orbitozygomatic flap was not
returned to its place. The dura mater was placed on
the holders. Thus, the angles of attack were measured
when performing a modified (supraorbital) single-flap
OZA (Fig. 5).

The dura mater was then retracted on the holders
to the brain, the zygomatic arch was removed, and the
orbitozygomatic flap was installed in its place with its
fixation with bone sutures. The dura mater was then again
retracted on the holders to the skull base. Thus, the angles
of attack for the TZA was measured (Fig. 6).

m RESULTS

Comparison of the vertical angles of attack

The average vertical viewing angle with the apex in
the apex of the ipsilateral anterior clinoid process with
a two-flap OZA was 50.00° (standard deviation 18.26°,
median 45.5° [35.5°; 62.5°], minimum 30°, maximum
83°), that with the TZA was 39.12° (standard deviation
14.01°, median 35° [28.75°; 47.75°], minimum 25°,
maximum 64°), and that with the mOZA was 49.5°
(standard deviation 17.86°, median 46° [35°; 59.25°],
minimum 30°, maximum 8§3°).

The average vertical viewing angle with the apex in
the ipsilateral bifurcation of the ICA with a two-flap
OZA was 44.88° (standard deviation 13.84°, median
46.5° [31.5°; 53°], minimum 30°, maximum 68°), that
with the TZA was 33.62° (standard deviation 13.08°,
median 33.5° [26°; 45.25°], minimum 13°, maximum
50°), and that with the mOZA was 43.38° (standard
deviation 13.10°, median 44° [31.5°; 51°], minimum
28°, maximum 65°).

The average vertical viewing angle with the apex in
the bifurcation of the ipsilateral medial cerebral artery
(MCA) when performing a two-flap OZA was 72.25°
(standard deviation 10.86°, median 75° [68.75°; 78.5°],
minimum 50°, maximum 85°), that with the TZA was
71.25° (standard deviation 11.76°, median 74.5° [68.25°;
77°], minimum 47°, maximum 85°), and that with the
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3.3.1. AHaToMus YenoBeka
(MeauumHcKne HayKm)

Average angle of attack in degrees
Surgical target (¢SD) p-Value
| _oza | 1za [ moza

Anterior clinoid process 5018 39114 49+13 .0014
ICA bifurcation 44413 33113 43+13 .0009
MCA bifurcation 72410 71+11 60113 .0009
Trigone of nerve llI 58+14 57+12 47+11 .0016
Superior bifurcation 3349 3349 2647 0014

site of the basilar artery

Table 1. Vertical angles of attack in two-piece orbitozygomatic
approach, transzygomatic approach and modified orbitozygomatic
approach

Tabnuya 1. BepmukasbHble yesibl amaku npu ebInoHeHUU
dsyxnockymHozo O3/, mpaHc3uzomMamuyeckoeo docmyna u
modugpuyuposaHHozo O3/]

mOZA was 60.00° (standard deviation 13.10°, median
44°[31.5°; 51°], minimum 28°, maximum 65°).

The average vertical viewing angle with the apex in
the ipsilateral trigone of the oculomotor nerve when
performing a two-flap OZA was 58.00° (standard
deviation 14.21°, median 61° [54°; 68.5°], minimum 30°,
maximum 72°), that with the TZA was 57.62° (standard
deviation 12.72°, median 61° [55°; 65.75°], minimum
32°, maximum 70°), and that with the mOZA was 47.88°
(standard deviation 11.68°, median 52° [46.75°; 53.5°],
minimum 28°, maximum 60°).

The average vertical viewing angle with the apex in
the apex of the basilar artery when performing a two-flap
OZA was 33.75° (standard deviation 9.39°, median 33.5°
[26.75°; 42°], minimum 21°, maximum 45°), that with
the TZA was 33.38° (standard deviation 9.15°, median
32°[26.75°;41°], minimum 22°, maximum 46°), and that
with the mOZA was 26.50° (standard deviation 7.95°,
median 27° [21.5°; 32.25°], minimum 15°, maximum
38°) (Table 1).

Comparison of the horizontal angles of attack

The average horizontal viewing angle with the apex
in the apex of the ipsilateral anterior clinoid process
with a two-flap OZA was 80.88° (standard deviation

Hayka n uHHosauyum B meguunHe T.8(1)/2023

Average angle of attack in degrees
Surgical target (xSD) p-Value
| _oza | 124 | moza

Anterior clinoid process 80120 59+15 80420 .0012
ICA bifurcation 66+14 64114 65+12 .1835
MCA bifurcation 72422 58121 7122 .0012
Trigone of nerve llI 61+16 44415 61+16 .0016
Superior bifurcation site 3146 2146 3046 10005

of the basilar artery

Table 2. Horizontal angles of attack in two-piece orbitozygomatic
approach, transzygomatic approach and modified orbitozygomatic
approach

Ta6bnuua 2. [opu3oHMarnbHble yerbl amaku rpu 8bINo/IHEHUU
dsyxnockymHoeo O3/, 734 u mO3

20.84°, median 84.5° [67.75°; 91°], minimum 48°,
maximum 115°), that with the TZA was 59.88° (standard
deviation 15.14°, median 60° [48.75°; 72°], minimum
38°, maximum 80°), and that with the mOZA was 80.62°
(standard deviation 20.69°, median 85° [66.75°; 91.75°],
minimum 48°, maximum 113°).

The average horizontal viewing angle with the apex
in the ipsilateral bifurcation of the ICA with the two-
flap OZA was 66.38° (standard deviation 14.01°, median
70° [61.5°; 72.5°], minimum 42°, maximum 87°), that
with the TZA was 64.38° (standard deviation 14.61°,
median 67° [53.75°; 72.75°], minimum 42°, maximum
87°), and that with the mOZA was 65.50° (standard
deviation 12.64°, median 69° [62°; 70.75°], minimum
42°, maximum 83°).

The average horizontal viewing angle with the apex in
the bifurcation of the ipsilateral MCA when performing
a two-flap OZA was 72.38° (standard deviation 22.15°,
median 72° [51.5°; 89°], minimum 46°, maximum 105°),
that with the TZA was 58.12° (standard deviation 21.94°,
median 59.5° [38.75°; 75°], minimum 30°, maximum
91°), and that with the mOZA was 71.50° (standard
deviation 22.28°, median 71.50° [51.5°; 87.75°],
minimum 43°, maximum 105°).

The average horizontal
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viewing angle with the
apex in the ipsilateral
trigone of the oculomotor
nerve when performing a
47 two-flap OZA was 61.88°
(standard deviation 16.47°,
median 65.5° [48.25°; 73°],
minimum 39°, maximum
84°), that with the TZA was
44.88° (standard deviation
15.61°, median 52.5°
[31.25°; 54.25°], minimum
20°, maximum 64°), and
that with the mOZA was
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Figure 7. A joint diagram of comparison of the vertical angles of attack on the surgical targets on
the cranial base in two-piece orbitozygomatic approach, transzygomatic approach and modified

orbitozygomatic approach.

PUC_VHOK 7. CeodHasi OuaepaMma CpasHeHUs eepmukarsibHbIX y2/108 amaku K Xupypau4eckum uesnsm

61.12° (standard deviation
16.30°, median 64° [47.75°;
71°], minimum 40°,
maximum 84°).

Ha 0CHOBaHUU 4Yepera rpu 8binornHeHuuU dgyxnockymHozo O34, T34 u mO3/[].
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3.3.1. AHaTomus YenoBeka
(MeauvumHCKne HayKm)
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and trigone of nerve III; on
average, they were 71° and
57°, respectively. Moreover,
the vertical angle of attack
with these approaches was
significantly greater than
the vertical angle with the
mOZA, at which it averaged
60° and 47°, respectively.
When approaching the
basilar artery apex, the

Mep. Hak. BCA CMA TpeyronbHuK OA BepxHsisi greatest angles of attack are
OTPOCTOK 6uypkaums 6nypkaums Il HepBa passurika opened when performing a
o3 Tparcaur. " Moguch. 0311 two-flap OZA (vertical 33°,

horizontal 31°). With the

Figure 8. A joint diagram of comparison of the horizontal angles of attack on the surgical targets
on the cranial base in two-piece orbitozygomatic approach, transzygomatic approach and modified

orbitozygomatic approach.

PucyHOK 8. CeooHasi Ouaepamma CpasHeHuUs 20pU30HMaribHbIX yeri08 amaku K UyesidM Ha OCHosaHuu

yepena npu ebinonHeHuu dsyxmnockymHozao 034, T3 u mO3/.

The average horizontal viewing angle with the apex in
the apex of the basilar artery when performing a two-flap
OZA was 31.62° (standard deviation 6.91°, median 33°
[25°; 35.25°], minimum 23°, maximum 43°), that with
the TZA was 21.75° (standard deviation 6.54°, median
20.5° [15.75°; 27.25°], minimum 15°, maximum 32°),
and that with the mOZA was 30.88° (standard deviation
6.66°, median 31.5° [25°; 35°], minimum 22°, maximum
42°) (Table 2).

When comparing the three most commonly used basal
lateral approaches, namely, a two-flap OZA, mOZA, and
TZA, we determined which of these approaches provides
the maximum angles of attack depending on the location
of the pathological process (Figs. 7 and 8).

When approaching targets located within the anterior
cranial fossa, no significant differences were observed
between vertical and horizontal angles when performing
two-flap OZA and mOZA. Moreover, with the TZA
compared with the two-flap OZA and mOZA, the vertical
angle to the apex of the anterior clinoid process and the
ICA bifurcation decreased by an average of 10°, and
the horizontal angle to the apex of the anterior clinoid
process decreased by an average of 21°.

When approaching structures located within the middle
cranial fossa, the widest possible vertical and horizontal
angles of attack are opened when performing a two-flap
OZA. Comparison of the mOZA with the two-flap OZA
showed no significant differences in the horizontal angles
of attack to the MCA bifurcation and trigone of nerve
III; on average, they were 71° and 61°, respectively.
Moreover, the horizontal angle of attack with these
approaches was significantly greater than the horizontal
angle with the TZA, at which it averaged 58° and 44°,
respectively. In contrast, when comparing the TZA with
the two-flap OZA, no significant differences were found
in the vertical angles of attack to the MCA bifurcation

www.innoscience.ru

TZA, opening an identical
vertical angle to the basilar
artery apex is possible, and
a smaller horizontal angle is
21°. In turn, with the mOZA,
it is possible to open the same
horizontal angle to the basilar artery apex, but with a
smaller vertical angle of 26°.

m DISCUSSION

With a two-flap OZA, wide horizontal and vertical
angles of attack are opened to targets located on both
the medial base of the anterior and middle cranial fossae
and the superior bifurcation site of the basilar artery. This
approach is the most universal when approaching various
segments of the skull base.

When the pathological process is located in the anterior
cranial fossa, in the apex of the anterior clinoid process
and bifurcation of the ipsilateral ICA, the maximum
horizontal and vertical angles of attack are obtained when
performing a two-flap OZA and mOZA. We recommend
performing the mOZA to approach the structures of the
anterior cranial fossa because it is less traumatic, simpler,
and faster to perform than a two-flap OZA and provides
the same large angles of attack for surgery.

When approaching the structures of the middle cranial
fossa, a two-flap OZA and TZA provide comparable
angles of attack; therefore, to access the bifurcation
of the MCA or trigone of nerve III in localized, small
pathological processes, the use of the TZA is sufficient
because it is less traumatic and technically simpler.
However, in cases where the process spreads widely in the
anteroposterior direction in the medial parts of the middle
cranial fossa and requires a wider horizontal viewing
angle, a two-flap OZA is preferred. When performing
the OZA and mOZA, large horizontal angles of attack
are ensured, whereas the vertical angles of the double-
flap attack are the maximum during the OZA and TZA.
In our opinion, increasing the vertical angle of attack
on the structures of the middle cranial fossa is more
important than increasing the horizontal angle because
increasing the vertical angle made it possible to reduce
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3.3.1. AHaToMus YenoBeka
(MeauumHcKne HayKm)

the traction effect on the temporal lobe. With the TZA,
the vertical angle to targets located in the middle cranial
fossa is comparable to that with a two-flap OZA, as both
approaches equally reduce traction of the temporal lobe.
However, the TZA is significantly less traumatic, simpler,
and faster to perform than the two-flap OZA.

We believe that a two-flap OZA is optimal for
approaching the of the basilar artery apex. When working
in the basilar artery apex, a very narrow and long surgical
corridor is formed with numerous important vascular
and nervous structures that require careful and minimal
influence. Every angle of surgical attack is important to
operate safely in this field, particularly when adverse
events occur during surgery.

When performing a comparative analysis of the
three approaches, some aspects related to the study of
quantitative characteristics of fixed anatomical specimens
in the laboratory must be considered. Data obtained in
the laboratory did not enable us to simulate the working
conditions of a surgeon in the operating room. In
addition, data obtained from various anatomical studies
will not necessarily correlate with each other because of
the large number of technical nuances that arise during
each surgery. This is because anatomical specimens are
chemically fixed, which causes differences in tissue
stiffness and resistance. Second, spatial relationships
are altered because of a lack of blood or cerebrospinal
fluid circulation. Third, brain traction with the use of
spatulas to achieve conditional goals can be maximum
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and nearly limitless, which cannot be repeated in the
operating room. Fourth, the small number of anatomical
specimens, given the variability of anatomical structures,
determines the type of statistical analysis. Therefore, the
angles of attack calculated in the laboratory may differ
significantly from the angles that will be obtained in vivo.
Moreover, this study is valuable for practicing doctors
because it obtained relative data on the difference in the
angles of surgical attack for three lateral basal approaches
often used in the daily practice of a neurosurgeon. Based
on the data obtained, the optimal choice of basal access
depends on the surgeon’s tasks.

m CONCLUSION

In a comparative analysis of the angles of attack
after performing a two-flap OZA, mOZA, and TZA,
the most universal is the two-flap OZA because it
provides wide access to skull base structures in the
anterior and middle cranial fossae, the interpeduncular
cistern with minimal traction of the brain. The mOZA
is preferred to minimize surgical trauma and the risks of
complications with an isolated approach to the anterior
cranial fossa, and if the pathological focus is localized
in the middle cranial fossa, the TZA is recommended (if
the intervention purpose allows that). To approach the
basilar artery bifurcation, a two-flap OZA is optimal. »=
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