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THTETPALILSL METOAIB PAIIOJIOTTYHOI BI3YAJII3ALIII
B AHATOMIYHY OCBITY: IIOKPAIIEHHA MEIUYHOI
IHIAI'OTOBKN YEPE3 PAHHE HABYAHHSA KT TA MPT

Po3ymiHHA Mopdonorii MO3Ky Ma€ BaX/MBe 3HAYEHHs ANs Pafionorie, HeBPONOriB i Hepoxipyprie. IcTopuyHo BMB-
YeHHs aHaToMii MO3Ky 6a3yBanocs Ha npenapatax ex vivo. CyyacHi KT i MPT rofoBHoro Mo3ky in vivo 3abe3neuyiotb
MOIMBOCTi NPOCTOPOBOT TPUBMMipHOT Bi3yanisallii CTPYKTYp MO3Ky, HEOOXiaHi AN [iarHOCTMKM 3aXBOPOBaHb, Nna-
HyBaHHS onepauiil i MOHITOpUHTY Nporpecy NikyBaHHA. He3Baxaloun Ha nporpec y Bisyanizauii, iCHye po3puB Mix
TPaAMLiHUM BUBYEHHAM aHaTOMii Ta Cy4aCHO NPAKTUYHOK paaionorieto.
MeTa: npointocTpyBaTv aHaTOMit0 MO3KY ex Vivo, NOpiBHIO0YM 3 BiANOBiAHMMYN 3006paxkeHHaMM Mo3Ky Ha KT ta MPT sk
A1 HABYAHHSA MOJIOAMX IKApiB, TaK i [/1f MOBTOPEHHS 3HaHb 3 aHATOMii MO3Ky AN [OCBiAYeHuMX pagionoris. MogaHo
makpockonoBi, KT Ta MPT 306pakeHHs ronoBHOr0 MO3KY ANA CBifYEHHS BAXIMBOCTI PpaHHbOTO AOCTYNY CTYAEHTIB O
BMBYEHHSA pafionoriyHoi aHaTomii 3 noTpe6boto BNPOBaAXKeHHA NPAKTUYHUMX 3aHATb PaAioNoriyHoi aHaTomii nig yac 3a-
HATb 3 aHaToMii B MeMYHUX 3aKiagax.
Marepianu i metoau. Y pocnigxeHHi BUKopucTaHo dikcoBaHi y hopmaniHi 3pa3ku Mo3Ky Ta BifnoBigHi 306paxeHHs
KT ta MPT mo3ky.
Pesynbratu. KT i MPT ronoBHOro Mo3Ky 3abe3neyyioTb BifnoBigHi aHaTOMiyHi AeTani ans po3yMiHHsA CKnagHux npoc-
TOPOBMX B3aEMO3B'A3KIB Ta BMBYEHHS (YHKLiOHaNbHUX MOXNUBOCTel. [epeBaru iHTerpauii pagionoriyHux 306pa-
KeHb: HeiHBa3MBHa Bi3yanisalis, feTanbHa aHAaTOMiYHA PO3AiNbHA 3A4aTHICTb, TPUBUMipHi PEKOHCTPYKLi.
BucHoBOK. IHTerpaLis pagionoriyHux 306paxeHb y AOCHIAXKEHHSA HENPOAHATOMIT € 3HAYHUM NPOrPecoM y MefUYHiil
Hayui. Metoaun KT i MPT 3a6e3neyytoTb AOCTaTHIO ieTani3allito, Bi3yani3allito NPpoCTOPOBOCTI, Lo PoOUTh iX He3aMiHHK-
MW THCTPYMEHTaMW B Cy4yacHiil Heilpopagionorii. IcHye noTpe6a BKAOUNTY BUBYEHHS Pafionorii nig yac HaBYaAHHS
aHaToMii, Wob AOMOMOrTM ManbyTHIM NiKapaM y WBUAWOMY OBONOAIHHI PafioNoriyHO aHATOMIED 3 MPAKTUYHUM iT
BUKOPUCTAHHAM,
KnioyoBi cnoBa: aHaToMis; MO30K; OCBiTa; MarHiTHO-pe3oHaHCcHa Tomorpadis; komn'ioTepHa Tomorpadyis; pagionoris.
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INTEGRATING RADIOLOGICAL IMAGING TECHNIQUES INTO
ANATOMY EDUCATION: MEDICAL TRAINING ENHANCEMANT
THROUGH EARLY CT AND MRI TEACHING

Brain morphology understanding is essential for radiologists, neurologists, and neurosurgeons. Historically, anatom-
ical learning of brain relied on ex vivo specimens. Modern in vivo brain CT and MRI provide spatial, three-dimension-
al imaging capabilities crucial to help diagnose diseases, plan surgeries, and monitor treatment progress. Despite
the advancements in imaging, a disconnect exists between traditional anatomical education and contemporary radi-
ological practices.

Objective. This short report aims to illustrate brain anatomy ex vivo, on CT and MRI, to both navigate young doctors
and to refresh the knowledge of experienced radiologists in brain anatomy. Furthermore, a few examples of the
macroscopic, CT and MRI of the brain testify to the importance of early access to the radiological study of anatomy
and pathology for the new generations of physicians, asking the schools of medicine to implement practical radio-
logical anatomy sessions during anatomy teaching.

Material and methods. The study utilized formalin-fixed brain specimens and corresponding brain CT and MRI
images.

Results. Brain CT and MRI imaging modalities provide unparalleled anatomical detail and functional insights,
enhancing the comprehension of complex spatial relationships. The advantages of the integrating of radiolograph-
ical images are: non-invasive visualization, detailed anatomical resolution, three-dimensional reconstructions.
Conclusion. The integration of radiology images into the study of neuroanatomy represents a significant advance-
ment in medical science. CT and MRI imaging modalities provide unparalleled detail, functional insights, and edu-
cational value, making them indispensable tools in modern neuroradiology. There is a need to include radiology dur-
ing anatomy studies, helping future physicians better understand anatomy and recognize this clinical discipline
early on.

Key words: radiology; anatomy; brain; education; magnetic resonance imaging; X-ray computed tomography; radi-

ology.
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BCTVYII

PosyminHs MopgoJiorii MO3KY Ma€ BaXkjIMBe 3HAUEH-
Hsl, 1O MOOTpeObye BUCOKOTO piBHS 3HaHb cepen
paziosioriB, HEBPOJIOTiB i HelipoxipypriB [1]. TpuBanuii
yac aHATOMIiuHi MpemnapaTd ex Vvivo OyIU €IUHUM
BapiaHTOM i1 BUBUEHHSI aHaTtoMii mMo3kKy. CydacHa
MeIUIMHA TIPOITOHYE in vivo Meromu [2], Taki SIK
koMmIT 1otepHa Tomorpadisa (KT) ta MarHitHo-pe3oHa-
HcHa Tomorpadis (MPT), saki B3a€eMOAONOBHIOIOTH
onHa onaHy. ITim yvac KT ta MPT rojiloBHOTO MO3KY MU
MOXEMO Bi3yaji3yBaTuW TIOJJOBHUI MO30K, CTOBOYp
MO3KY (CepeaHili MO30K, MiCT, JOBracTUii MO30K), MO-
30Y0K i CIMMHHUI MO30K. X-TIpOMEHEBi (PEHTTEHO-

PJ Uliana Y. Pidvalna, e-mail: uliana@meduniv.lviv.ua

INTRODUCTION

Understanding brain morphology is critical and
needs an increased level for radiologists, neurolo-
gists, and neurosurgeons [1]. Ex vivo anatomical
specimens were the only choice for learning brain
anatomy for a hundred years. Modern medicine
offers in vivo tools [2], such as Computed
Tomography (CT) and Magnetic Resonance
Imaging (MRI), complement each other. The cere-
brum, cerebellum, brainstem (medulla, pons, mid-
brain), and spinal cord could be examibed on a brain
CT and MRI. Radiological techniques provide spa-
tial, three-dimensional imaging capabilities crucial
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JIOTiYHi) METOAW JO3BOJSIOTH IMPOBECTU IPOCTOPOBI
TPUBUMIPHI MOXJIMBOCTI BidyaJsi3allil, BaXJIMBI 1151 diar-
HOCTUKU 3aXBOPIOBaHb, ILIaHYBaHHS oIlepaiii i
MOHITOPUHTY Tiepe0biry JikyBaHHs. [lompu 1ie, HaBYaH-
HSI 3 BUKOPMCTAHHIM MaKpOAHATOMIYHMX ITpeIiapatiB
3aJIMIIAETHCS HEOOXiMHUM $SIK Y HaBYaHHi, TaK i AJIs iH-
Terpalii Mk aHaTOMI€I0 JIIOJAUHU 1 IPAKTUYHOIO MEJIU-
LIMHOIO, 3 YpaxXyBaHHSIM TaKOX MMUTaHb OioeTuku [3—5].

YV Garatbox KpaiHaX HaBYaHHS PaioJiorii MPOBOIUTh-
Csl MicJg 3aBeplIeHHsI KypCy BHUBYEHHSI aHATOMii, 1110
00MexXye MaillOyTHIX MEAUKIB Y JOCTYII 0 paaiosoriy-
HUX METOJIB i MOXJIMBOCTI IMOPiBHIOBATU aHATOMiuHi
ocobausocTi ex vivo, KT Ta MPT. Kpim Toro, nocBigueHi
panionoru Oinblle 30CepelXeHi Ha BIOCKOHaJeHHi
CBOIX pafioJOriYHUX HABMUOK 1 BiIKJIa1al0Th ITOBTOPEH-
HS aHATOMIi4YHOI (KagaBepHOi) CKJIaJoBOi. 3pelTolo,
BUBYEHHS <«KJIACUYHOI» aHATOMii 30CEepeaXy€eEThCsS Ha
JIesIKrX Kiaacudikallisix i crrocodax ornucy opraHiB i CUc-
TeM, SIKi 1HOJi € 3acTapiiuMu ab0 HENPUIATHUMU IJIsI
KJIiHIYHUX TUCLMILIIH, 30KpeMa paniosorii. Hezpaxato-
YU Ha IIMPOKUI CIIEKTP MOXKIMBOI JliTepaTypu moao KT
ta MPT MO3Ky, M1 6aurMMO MpipBY Y MOPiBHSIHHI aHa-
TOMII MO3KY ex vivo Ta paJioJIoriuHo.

Po3BuTok 1mdpoBi3aliii cnpusiB CTBOPEHHIO BapTic-
HUX KHMUT i Bileo IUCeKIIiil, ajie BiICYyTHICTb UM OOMexKe-
HUI JOCTYH OO CaMOCTIMHMX PO3TUHIB CTa€ HOBOIO
npobsemoro. OKpiM IILOTrO, MaKpOaHATOMis ex Vivo
BiIpi3HSETHCA Bil aHaTOMii in vivo. 3pemTolo, 6arato
CTYIEHTIiB BUBYAIOTb aHATOMIlO, He Oayauyu i He TOpKa-
IOUYMChH KOMTHOTO CIIPaBXKXHBOTO OPTaHy UM Tijla, BUKO-
PUCTOBYIOUM KHUIY Ta pUCYHKU. Taka noasipu3saiisi Mo-
K€ HAIIKOJAUTHU BCeOiUHOMY pO3yMiHHIO HeiipoaHAaTOMil,
OCKIJIbKW pafioyioriyHe 300pakeHHS Ja€ BUpillajabHE
PO3YMiHHS, SIKE JUIlIe iHOAI CTa€E OYEBUMIAHWM JIUIIE 3a
JIOIIOMOTOI0 TPAAUIIiAHOTO IIpenapyBaHH:I.

Otxe, iCHye pU3UK BTpaTH 3B’S3KYy 3 (DyHIaMeHTaJb-
HUMM aHATOMIYHMMMU 3HAHHSIMMU, SIKi JOITOBHEHI cydac-
HUMM METOJaMM Bizyanizalii. PO3puB MinKpeciaoe moT-
pedy B OUIbII Y3roiXXKEHOMY MiAXOodi A0 aHAaTOMiYHOI1
OCBITH, KM 00’€IHYE TpagulliiiHi MeTOAM Tpernapy-
BaHHS Ta CyJacHi TEXHOJIOTi1 Bi3yaJi3allii.

META

ITpoimtocTpyBaTi aHaTomito Mo3Ky ex vivo (1), KT (2) i
MPT (3) myisg HaBYaHHST MOJOIMX JIiKapiB Makpo- Ta
pamiooriyHol aHaToOMii MO3KY i MOBTOPEHHSI JOCBiTUe-
HUM panionoraM. Hagatu npukiaaay MakpoCKOIiYHOTO
3o00paxkeHHs1, KT tTa MPT rojsoBHOro Mo3Ky sl CBiJl-
YeHHSI BaXKJIMBOCTI paHHbOI'O JOCTYITY 10 PalioIOriyHO-
ro BUBYEHHSI aHATOMil Ta MaTOJIOTii HOBOMY MOKOJiHHIO
JlikapiB, i3 BIPOBaJXEHHSIM MNPAKTUYHUX 3aHSITH 3

to help diagnose diseases, plan surgeries, and mon-
itor treatment progress. Nevertheless, working with
macro-anatomical specimens remains necessary
for teaching purposes, developing the relationship
between the anatomy of the human body and med-
ical care, and improving bioethical growth [3—35].

In many countries, radiological training is con-
ducted after the anatomical course, limiting future
medical staff from accessing radiological tech-
niques and the possibility of comparing anatomical
features ex vivo, CT, and MRI. Moreover, experi-
enced radiologists are focused more on the
improvement of their radiological skills, postpon-
ing the returning to anatomical (cadaver) training.
Finally, the study of «classical» anatomy concen-
trates on some classifications and ways to describe
organs and systems that are sometimes obsolete or
unuseful for the following disciplines, even radiol-
ogy. Despite the wide range of possible CT and
MRI brain imaging literature, we observe a gap in
comparison between the radiological brain anato-
my and ex vivo.

Latest advances in photography have generated
several interesting books and videos of cadaveric
dissections, but the loss of personal dissection is
another issue. Moreover, cadaveric anatomy is also
quite different compared to the in-vivo anatomy.
Ultimately, most students will learn anatomy with-
out seeing or touching any real organ or cadaver,
using pictures and drawings. This separation can
hinder the comprehensive understanding of neu-
roanatomy as radiological imaging provides crucial
insights that are only sometimes evident through
the traditional dissection alone.

Despite abundant CT and MRI brain imaging lit-
erature, there still needs to be a significant connec-
tion between radiological brain anatomy and con-
ventional ex vivo studies. The disconnect highlights
the need for a more cohesive approach to anatom-
ical education that integrates traditional dissection
methods and modern imaging technologies.

OBJECTIVE

This short report aims to illustrate brain anatomy ex
vivo (1), on CT (2) and MRI (3), to both navigate
young doctors and to refresh the knowledge of expe-
rienced radiologists in brain anatomy. Furthermore,
a few examples of the macroscopic, CT and MRI of
the brain testify to the importance of early access to
the radiological study of anatomy and pathology for
the new generations of physicians, asking the
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pafiofioriyHoi aHaTOMil i 4ac BMBYEHHSI aHAaTOMii B
MEAMYHUX 3aKJIKIaX.

MATEPIAJIN 1 METOJIN

VY nocimxeHHI BUKOPUCTAaHO TpUBaIO(iKCOBaHi MepIia-
paTu TOJIOBHOTO MO3KY (pOpMaTiHOM 3 METOI0 HaBYaHHS
abo gochimkeHHs [6]. Mu BUKOPHMCTOBYBaIM €X Vivo (iK-
coBaHi y (popMaJiHi mpenapaTd MO3Ky 3 AHATOMIYHOTO
My3ero Kadeapu HopMaldbHOI aHaToMii JIbBiBCHKOTO
HalliOHAJILHOTO MEIWYHOrO yHiBepcUTeTy iMeHi JlaHuma
Tamupkoro (JIsBiB, YKkpaiHa). 3 HEBpOJIOTiYHOT KOJIEKIIil
MO3KY 0€3 Bi3yaJli3oBaHUX MaKpPOCKOIIOBO 3MiH (BapiaHT
HOPMM), BUOPAHO MperapaT MO3KY Y cariTajbHiii, KOpo-
HaJIbHIM Ta aKCiaJbHIi MUIOLIMHAX i CTOBOYpP MO3KY, SIK
BaxXJIMBY CTPYKTYpPY B JIOKaJIi3allil siaep YepermHuX HEPBIB.
Mu ob6panu KT- i MPT-300paxkeHHs B iIeHTUYHUX TIPO-
eKIIisIX IJI OLiHKM BiAIOBiAHOI aHATOMIi (3 HalIMX 0a3
MaHux 0e3 Bizyamizauii obanyus). Lle mocrimkeHHS He
MICTUTb MEPCOHAIBHUX JaHUX MALIIEHTIB.

Kowmm’totepHy ToMorpadito roioBu IIpOBOAMIM Ha ara-
pari LightSpeed VCT 64 (General Electric, CILIA) 3 KOHT-
pactHuMm TiacwieHHsM (350 mr iiomy/mia) B YkpaiHo-
IMonbecekoMy eHTpi cepiid «JIbBiB» (JIBBiB, YKpaina). [1a-
pametpu KT: 120 kB, 250—450 AMm (3aexxHo Bin ¢a3 cka-
HyBaHHs). MPT rojoBHOro Mo3Ky BUKOHAHO Ha amapari
Philips Ingenia 1.5 T (Philips Medical Systems, Best, Hi-
nepmanan) B Asst Ovest Milanese (JIenbssHo, Minan — Ita-
Jnist). MPT-300paxeHHs ckinaganucs 3 caritaibHoi SE T1-
3BaXE€HOI ITOCJIIOBHOCTI MO CepeaHill JiHil Ta HBOX
(akciampHOTrO Ta KOpoHANBHOTO) TSE T2-3BaxkeHnx 300pa-
2KeHb 0€3 BBeICHHSI KOHTPACTHOI peYOBUHU. MU NpULILJIb-
HO o0Opau 300pakeHHsI 3i 3BUMaifHUX CKaHyBaHb, a HE MO-
nvikoBaHi 300pakeHHsT BUCOKOI PO3ITbHOI 30aTHOCTI 3i
CKaHepiB HABUILIOI SIKOCTI, 1100 MiAKPECIUTH, HACKITBKHU
JIETKO OTPUMATU XOPOllli aHATOMIUHi 300paKeHHSI.

CxBaJyieHHS eTUKU

Pykonuc He MiCTUTh KIiHIYHMX JaHUX YW JAHUX MHalli-
€HTIB. 300paxkeHHS TToAaHi 6e3 KIIiHIYHO1 400 0COOUCTOl
iH¢opMallii, BiACyTHi Bi3yamizalii CTpyKTyp oOJIM4us 3
HEMOXJIUBICTIO imeHTUiKallii. [HhopMoBaHi 3ronu He
OyJ11 MOTPiOHi.

PE3VIJIBTATU

IneansHO 30epexkeHMit MO30K Y CTPLIOBIi (cariTaibHiil) (puc.
1), dpoHTaIbHIN (KOpOoHaIbHi) (pUC. 2) Ta MonepeyHii
(akciambHii) (puc. 3) TIOIMIMHAX TPATULIIITHO BUKOPHUCTOBY-
JOTh CTYIEHTH-MEINKU Ha Tiepinx Kypcax HapdaHHs. KT ta
MPT 300pazkeHHs 320e3IMeUyIOTh BiATIOBIIHY aHATOMIUHY J1e-
Talizaliio i (GyHKLIOHATbHE YSBICHHS, HOMOBHIOIOTh PO-
3yMiHHSI KOMITJIEKCY ITPOCTOPOBUX B3aEMOBITHOCHH.

schools of medicine to implement practical radio-
logical anatomy sessions during anatomy teaching.

MATERIAL AND METHODS
Prolonged formalin-fixed tissues are considered
for teaching or research [6]. We used ex vivo for-
malin-fixed brain specimens from The Anatomical
Museum at Danylo Halytsky Lviv National
Medical University (Lviv, Ukraine). From the nor-
mal brains neurological collection (without
macroscopic disorders), we selected the brain in
the skull (sagittal section), brains in coronal and
axial sections, and brain stem as an important
structure in cranial nerve localization. We chose
CT and MRI images from our databases with no
face structures, leading to the recognition of those
three brain specimens to fulfil the same anatomy.
This study does not contain personal patient data.
Head computed tomography was performed on
LightSpeed VCT 64 (General Electric, USA) with
contrast enhancement (350mg lodine/mL) in
Ukrainian-Polish Heart Center «Lviv» (Lviv,
Ukraine). CT scanning parameters: 120 kV, 250-
450 Am (depending on the scanning phases). MRI
of the Brain was performed on Philips Ingenia 1.5
T (Philips Medical Systems, Best, The Nether-
lands) in Asst Ovest Milanese (Legnano, Milan —
Italy). The MRI pictures consisted of a sagittal SE
T1-weighted sequence on the midline and two
(axial and coronal) TSE T2-weighted images with-
out contrast media administration. We deliberate-
ly chose routine scan images rather than high-res-
olution, modified pictures from top-quality scan-
ners aiming to highlight how easy it is to obtain
good anatomical pictures.

Ethics approval

The manuscript does not contain clinical studies
or patient data. Images without clinical or person-
al data, with no face structures leading to recogni-
tion, were used. Informed consents were waived.

RESULTS

Perfect preserved brains in sagittal (Fig.1), coronal
(Fig. 2), and axial (Fig. 3) sections are traditional-
ly used by medical students in their first years of
study. CT and MRI imaging modalities provide
unparalleled anatomical detail and functional
insights, enhancing the comprehension of com-
plex spatial relationships.
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PucyHoK 1. CaritanbHuit po3nu ronosu, ronoBHUN MO30K Y CTPinoBin naowuHi

MakpoCKOonivHUIM aHaTOMIYHWI NpenapaT ex vivo (a), MarHiTHo-pe3oHaHCcHa ToMorpadis ronosHoro mo3ky SE TTW MR (b) i
KOMM’'toTepHa TOMOrpama rofloBHOrO MO3KY 3 KOHTPACTHMM MNiACUeHHsAM (c), 3 Bidyanisaujeio cToBOypa MO3Ky (#0Bractumi
MO30K, MICT, CepegHin MO30K), MO304Ka, MPOMIKHOIO MO3KY Ta TPETIM LLUJIYHOYKOM, YaCTKM i HACTOYKM FOSIOBHOIFO MO3KY

Figure 1. Sagittal section of the brain

Macroscopic anatomic ex vivo specimen (a), brain magnetic resonance imaging (SE T1W MR) (b) and contrast-enhanced
brain computed tomography (c) depicting brainstem (medulla, pons, midbrain), cerebellum, diencephalon and the third
ventricle, lobes and lobules of the brain
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PUCYHOK 2. AKcianbHuit 3pi3 ronoBHOro Mo3Ky Ha piBHi 6asanbHux apep

MakpockoniyHmin aHaTOMIYHMIA Npenapar ex Vvivo (a), MarHiTHo-pe3oHaHcHe 306paxeHHss TSE T2W MR (b), komn’toTepHa
TOMOrpama rofloBHOro Mo3ky 3 KOHTPaCTHUM NOCUNIEHHAM (C), 3 Bidyanizaujieto 6a3anbHuX raHmiie, CMyracToro Tina
(xBOCTaTe A4p0 i NyWwnunHa) | 6niga Kyns; 4aCTUHU MO30JIMCTOrO Tina (KOMiHO i Banuk), 4HacTKM FrOSIOBHOMO MO3KY

Figure 2. Axial section of the brain at the level of basal ganglia

Macroscopic ex vivo specimen (a), magnetic resonance image (TSE T2W MR) (b), contrast-enhanced brain computed
tomography (c) showing basal ganglia, with corpus striatum (nucleus caudatus and putamen), globus pallidus; parts of
Corpus callosum (genu and splenium), lobes of the brain

MepeBaru iHTerpauii pagionoriyHux Advantages of the integrating

300paxeHb of radiolographical images

1. HeinBasusHa Bizyanizaiisa: KT i MPT gossoasiors 1. Non-Invasive Visualization: CT and MRI
HEiHBa3MBHO Bi3yalli3yBaTW HelipoaHATOMIUHI CTPYKTy-  enable the non-invasive visualization of neu-
pM y MaieHTiB pu KUTTi (in vivo). LI MoxxmmBicTh Mae  roanatomical structures in living patients. This
BUpilllaJbHe 3HAUYEHHS JIS JiarHOCTMKM Ta MOHITOpUH-  capability is crucial for diagnosing and monitoring
TY HEBPOJIOTIYHUX 3aXBOPIOBaHb 0€3 iHBa3WUBHUX Mpolle-  neurological conditions without invasive proce-
Iyp, 3a0e3Meuyloun JMHaMidyHe ySBJIEHHS Mpo CTpykTy-  dures, providing real-time, dynamic insights into
py Ta PYHKIIii MO3KY B peaJTbHOMY Yaci. the brain’s structure and function.
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PucyHok 3. KopoHanbHui po3pi3 ronoBHOro MosKy

Makpockoni4yHMin 3pa30K royIOBHOO MO3KY eX Vivo (a), MarHiTHo-pe3oHaHCcHe 306paxeHHa SE TIW MR (b), komn’ioTepHa
TOMOrpama rojloBHOro MO3Ky 3 KOHTPACTHUM MNiACUNIEHHAM (C) i3 3006paxeHHAM 6a3anbHuX aaep, CTOBOypa MO3KY, 4aCTOK
MO3KY; YepBOHa NnpsmMa NiHisa — NPOEKLIA cepna roJIOBHOr0 MO3Ky, YePBOHA NMYHKTUPHA J1iHIS — NPOeKLA HaMeTy MO304ka

Figure 3. Coronal section of the brain

Macrosopic ex vivo specimen (a), magnetic resonance image (SE T1W MR) (b), contrast-enhanced brain computed tomog-
raphy (c) vizualizing basal nuclei, brainstem, lobes of the brain. A red straight line is a projection of the falx cerebri; a red

dashed line is a projection of the tentorium cerebelli

2. JletajibHa aHaTOMiYHA pO3aiJbHA 3AaTHICTE: MPT,
30KpeMa, IPOIIOHYE BUHSTKOBUI KOHTPACT M SIKMX
TKaHWH, JO03BOJISIIOUM AUdepeHIiloBaT cipy Ta Oiy
pevyoBUHY, iTeHTU(hIKyBaTU APiOHI aHATOMiUHiI CTPYK-
TypU Ta BUSIBJSITU TOHKIi TMaroJioriyHi 3miHu. CydacHi
metonu MPT, Taki siKk nudysiiiHa TeH30pHa Bi3y-
anizawig (DTI), no3BoasgioTh Bi3yali3yBaTu TpPOBiTHI
IISIXA 01701 peYOBMHM, 3a0€3MeUylour PO3YMiHHS
3B’3KY Y MO3KY.

3. IokpatmieHe HaBYaHHS Ta BUKJIAZaHHS: 300pakeH-
Hs1 KT ta MPT € noOprMu OCBiTHIMU iHCTpYMEHTaMH,
sKi HamaloTh CTydeHTaM-MeAWKaM, pe3UIeHTaM Ta
KJTIiHILMCTaM OpUKIJIAAU HelpoaHaTOMil 3 MPaKTUKMU.
Ili metonu Bidyamizallii JonmoMararTh I10J0JIaTU PO3-
PUB MiX TEOPETUUYHUMHU 3HAHHSIMM Ta KIiHIYHOIO
MPaKTUKOIO, CIPUSIOUM TIUMOIIOMY PO3YMiHHIO aHa-
TOMiIYHMX 3B’s13KiB i maTodiziosorii.

4. TpuBUMIipHiI PEeKOHCTPYKIIii: BHIOCKOHAJIEHE IIPOT-
pamHe 3a0e3reueHHs IJIs Bidyaisallil JO3BOJSIE CTBO-
proBaTH TPUBMMIipHI PEKOHCTPYKIil HelpoaHa-
TOMiIYHUMX CTPYKTYp. [IMMU MoaeasIMU MOXHA MaHiITy-
JIIOBATU Ta JOCJIIXKYBATH X Hif pi3HUMU KyTaMu, 3 pO-
3YMiHHSIM IIPOCTOPOBUX B3aEMOBITHOCHUH Ta JOIIOMa-
ra€ y IjlaHyBaHi XipypriYHUX BTpy4YaHb.

ITocriitHuit po3BuTok TexHosoriin KT ta MPT o6iLsie
nojajblIMid Mporpec y HeilpoaHaTowmii. Taki MeToau,
SK yabTpaBucokonoiabHa MPT i riopuaHa Bisyanizailis
(Hanpuxutan ITET-MPT), po3mupoooTh MeXi po3-
JTBHOI 31aTHOCTI Ta (PYHKIIOHAIbHOI OLIIHKM.

2. Detailed Anatomical Resolution: MRI, in partic-
ular, offers exceptional soft tissue contrast, allowing
for the grey-white matter differentiation, identifica-
tion of small anatomical structures, and detection of
subtle pathological changes. Advanced MRI tech-
niques, for example diffusion tensor imaging
(DTI), provide the visualization of white matter
tracts, offering insights into brain connectivity and
integrity.

3. Enhanced Learning and Teaching: CT and MRI
images are excellent educational tools, providing
medical students, residents, and clinicians with real-
life examples of neuroanatomy. These imaging
modalities help to bridge the gap between theoretical
knowledge and clinical practice, fostering a deeper
understanding of anatomical relationships and
pathophysiology.

4. Three-Dimensional Reconstructions: Advanced
imaging software allows for the creation of three-
dimensional reconstructions of neuroanatomical
structures. These models can be manipulated and
examined from various angles, offering a compre-
hensive view that enhances spatial understanding
and aids surgical planning.

The continuous evolution of CT and MRI technol-
ogy promises further advancements in neuroanato-
my. Techniques such as ultra-high-field MRI and
hybrid imaging (e.g., PET-MRI) are pushing the
boundaries of resolution and functional assessment.
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OBI'OBOPEHHA

ITopiBHSIHHST 300pakeHb MAaKpPOCKOMIYHMX MperapariB
TOJIOBHOTO MO3KY ex Vivo y TIOPiBHSIHHI 3 CydaCHUMU pa-
nionoriunumu Metonamu KT i MPT in vivo noromaraiotb
MOKpallUTA 3HaHHS 3 HelpoaHaToMii. My MpogeMoH-
CTPYBAJIM HACKIJIbKHM MPOCTillie MOXXHA BUBYMTHU HEMpoa-
HaTOMil0, BUKOPUCTOBYIOUYM 300pakeHHS in Vivo, OTpu-
MaHi mig yac 3BuvaiiHux MPT- i KT-ckaHyBaHb rojioBH,
MOPiBHIOIOUM PafioNoriyHi 300paxkKeHHsI 3 aHAaTOMiYHUMU
MakponpenaparaMu. IlopiBHIOIOYM 1Ii pi3Hi Mopasb-
HOCTi, MU MOXEMO 3a0e3MeYyuTr BCeOiYHE pPO3yMiHHS,
sgKe Oylae KOPHMCHUM SIK Ha TTOYaTKy MEIUYHOI Kap’epu,
TaK i JOCBIMYEHWM MpaKTUKaM. 300pakeHHs TOJIOBHOTO
MO3KY B akcCiajlbHiii, KOpPOHaJIbHii, cariTajJbHiii Mpo-
ekuissx KT ta MPT y nopiBHsSIHHI 3 MaKpOCKONiYHUMU
3pa3KaMy TOJIOBHOI'O MO3KY €X Vivo IToKa3aiu BaXJIUBICTh
3aIIOBHEHHST PO3PUBY MiX MOPGOJIOriYHO HayKolo i
KJIiHiYHOIO MpakTuKolo [7]. PaHHill nocTym 10 pamiono-
riyHO1 aHaTOMil BaXKJIMBUM [JISI HACTYIIHUX ITOKOJIiHb
JIiKapiB, 1110 JO3BOJSIE iM MTPOXOAUTH MTPAKTUUHI 3aHITTS
3 PalioJI0riYHOI aHATOMII il Yac BUBYEHHSI aHATOMil.

OkpiM 1LbOro, HaBeAeHI NMPUKIAAU MiAKPECTIOIOThH
BaXJIMBICTb PAaHHBOTO AOCTYITY A0 BUBYEHHS Pamiosio-
riyHOI aHaTOMii Ta MATOJIOTii JJIsI HOBUX IIOKOJIiHb
JlikapiB [3]. MennyHi HaBYaJIbHI 3aKJIaAy TOBUHHI pO3T-
JISHYTH TIATAHHS IIPO BIIPOBAIKEHHS MPAKTUIHUX 3a-
HSITh 3 palioJ0riYHO1 aHATOMII ITiJ1 Yac BUKJIagaHHS aHa-
toMii [8—9]. Taka iHTerpallisi 103BOJIUTH CTYAEHTaM OJI-
HOYACHO BMBYATHU TpaAvLiiiHi METOAM PO3THUHY Ta CYy-
yacHy iHTepIpeTalilo 300paxXeHb, COPUSIOUM OiIbII
LiJTiCHOMY PO3yMiHHIO HEipoaHaTOMil.

BuBueHHsI aHaTOMii JIOAUHU € HapiKHUM KaMeHeM
yCi€l MEAULIMHM i YACTO € BaXXKUM Y 3aIiaM’sITOBYBaHHI
TUCSIYi CTPYKTYp, IKi MOTPiOHO BMBYMTHU, BizyaslizyBaTu
Tolo. HaBiTh y Halll yac aHATOMilO JIIOAUMHU KJIACUYHO
BUBYAIOTh 3a JIOMOMOIOI0 aHATOMiYHMX MAaJIIOHKIB i
TPYIMHOI'O MaTepiay; BOAHOYAC OCTAHHE € OibII CKIal-
HUM 4epe3 00MeXXeHHSI Ha BUKOPUCTAHHS JIIOACHKUX Tijl
Ta OpraHiB y 0araTbox KpaiHax.

BUCHOBKHA

InTerpauist pagionoriyHuX 300pakeHb y MOCHiIKEHHS
HelpoaHaTOMil € 3HAUHUM IIPOIPECOM Yy MEIUYHild Ha-
yui. Meroau KT i MPT 3ab6e3neuyioTh aeraiizailiio,
(byHKIIOHABHI 3HAHHSI Ta OCBITHIO IIHHICTh, IO PO-
OUTh IX He3aMiHHUMMM iHCTpYMEHTAaMM B Cy4acHill Heli-
popaaionorii. Lleii KOpOoTKUt 3BIT 3aKJIMKAE BKIIIOUUTU
paziosiorito B mpoliec BUBYEHHSI aHATOMil, CIIpUSIOUMN
MaiOyTHIM JIiKapsiM y KpaloMy pO3yMiHHiI aHaTOMii Ta
BIIPOBAIKEHHI KJIiIHIYHOIT AMCUMIUIIHM Ha paHHiX
CTaIisiX.

DISCUSSION

Illustrated brain anatomy as macroscopic speci-
men ex vivo, compared to modern in vivo tech-
niques CT and MRI, navigates and refreshes the
knowledge in neuroanatomy. We demonstrated
how easy it can be to learn neuroanatomy using in-
vivo pictures obtained from routine MR and CT
scans, integrating radiological images with pic-
tures of human specimens. By comparing these
different modalities, we can provide a comprehen-
sive understanding that benefits both novice and
seasoned practitioners. Examples of axial, coronal,
sagittal brain CT, and brain MRI compared to ex
vivo macroscopic brain specimens showed the
importance of filling the gap between morpholog-
ical sciences and clinical practice [7]. Early access
to radiological anatomy is important for the next
medical generations, allowing them to implement
practical radiological anatomy sessions during
anatomy teaching.

Furthermore, these examples underscore the
importance of early access to radiological study of
anatomy and pathology for new generations of
physicians [3]. Medical schools should consider
implementing practical radiological anatomy ses-
sions during anatomy teaching [8—9]. Such inte-
gration would allow students to simultaneously
learn traditional dissection techniques and mod-
ern imaging interpretation, fostering a more holis-
tic understanding of neuroanatomy.

Learning human anatomy is a cornerstone of the
entire medicine degree; this study is often per-
ceived as stressful and hard to pass due to thou-
sands of structures to memorize, visualize, etc.
Even in our times, human anatomy is classically
studied using anatomical drawings and cadaveric
specimens; the latter is also more challenging due
to restrictions on using human bodies and organs
in many countries.

CONCLUSIONS

The integration of radiology images into the study
of neuroanatomy represents a significant advance-
ment in medical science. CT and MRI imaging
modalities provide unparalleled detail, functional
insights, and educational value, making them indis-
pensable tools in modern neuroradiology. This short
report would call for everyone to make a better
effort to include radiology during anatomy studies,
helping future physicians better understand anato-
my and recognize this clinical discipline early on.
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diHaHcyBaHHSA

ABTOPU 3a8IBJISIIOT, 11O ITiJ1 Yac MiIT0TOBKU 1IbOTO PyKO-
nucy He OyJ0 OTpMMAaHO KOIUTIB, T'PAHTIB YU IHILOI
NIATPUMKU.

Moasgka

ABTOpM BHUCIOBIIIOIOTH MOISIKY Mpodecopy Jleci Mare-
myk-Baiie06i, 3aBigyBaulli aHaTOMiUYHOTO My3eto Kade-
pu HOpMaabHOI aHaToMii JIbBIBCHbKOTO HalliOHAIbHOTO
MEAMYHOrO yHiBepcuTeTy imMeHi JlaHuia Tanuibpkoro, a
TaKOXK YCiM CITiBpOOITHUKAM My3€e10 3a 30epekKeHHsI aHa-
TOMIYHMX 3pa3KiB i JormoMory y ¢pororpadyBaHHi (0c00-
nuBo nany lOpiro @ap’sHy Ta doTorpady nani Mapra-
puTi I3100aH).

KoHdnikT iHTepeciB
ABTOpH 3asIBJISTIOTH PO BiICYTHICTb KOH(IIKTY iHTEpPECIB.
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