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AHHOTAIIUA

BBemeunwue. IlledHpld OTAEN TO3BOHOYHUKA 00JIa/Ia€T BHICOKOH IOJBMIKHOCTBIO M IOJBEPIKEH DPA3BUTHIO
JlereHepaTUBHO-ANCTpodueckux namenenunit (JIIU1). PacimmpeHue quamna3oHa BO3MOXKHOCTEH KJIMHUYECKOU JTUArHO-
CTUKH TpebyeT aKTUBHOU pa3pabOTKU aJITOPUTMOB JIJIsl CIIeNMATU3UPOBAHHBIX CPEJICTB aHaIu3a nHpopMaruu. JlaHHbIe
00 MH/IUBU/IyJIbHOW U3MEHUMBOCTH CKeJIeTa BOCTPEOOBAHBI IIPH IVIAHUPOBAHUH MAaJIONHBA3UBHBIX XUPYPIHUECKUX BMeE-
IaTeJbCTB. BasKHOU 3a7a4eil 1 uceieqoBaTes el CTalo COIOCTaBIeHe TaAKUX HAOII0MeHUH ¢ JaHHBIMU KJIMHUYECKON
MPaKTUKU. VI3yueHne aHATOMUYECKOH N3MEHYHNBOCTH aKTyaJIbHO MIPH ToucKe 6osiee 3(PpheKTUBHBIX CTIOCOO0B BBITIOTHE-
HUSI HEUPOXUPYPTHUUECKUX BMEIIATETbCTB.

IT e 1 » . CpaBHHUTEJbHBIN aHAIHN3 MONIEPEYHBIX PA3MEPOB TeJI MIEHHBIX TO3BOHKOB U MOMEPEYHBIX OTBEPCTHH C yUIETOM
X071a TT03BOHOUHBIX apTepuii (ITA) u nposiiaenui /I m03BOHOYHUKA.

MaTepuaabl U MEeTO/bl. V3ydeHbl 214 MarHUTHO-PE30HAHCHBIX TOMOrpaMM. OUpeiesisiid MOIePeYHbIH
pasmMep (ITUPUHY) TeJI MIEHHBIX TO3BOHKOB U CPEHUN MTOTIEPEUHBIN pa3Mep (IIIMPUHY) IONePeYHbIX OTBEPCTHH (paccTo-
STHUE MEXKTy MeITUaIbHOM U JIATePAIbHON CTEHKAMU TIOTIEPEUHBIX OTBEPCTHH). [IJ1s1 OIeHKH TPOIMOPIIMOHATIBHOCTHA OTHO-
IIeHUH MeK/1y BBIIIEYKa3aHHBIMH [TapaMeTPAMH PACCUUTHIBAIN CPEIHEE OTHOIIIEHUE IIIMPUHBI TOTIEPEYHBIX OTBEPCTHH K
IIOTIEpEYHOMY Pa3Mepy Tesia COOTBETCTBYIOIIETO M03BoHKA. C yueToMm JIJIU 1IeHOTO OT/ie1a TO3BOHOYHUKA U XapaKTepa
xona ITA BbIZIeJIeHBI 4 TPYIIBL: 1-51 rpyIa — 6e3 mpus3Hakos I/ u HenpsAMoIuHEeHHBIM X0/10M ITA (n = 20); 2-5 rpymma —
6e3 mpusHakoB JIJI11 u npsaMosinHeHHbIM X010M ITA (n = 89); 3-s1 rpynmna — ¢ npusHakamu J[/IV 1 HenpsIMOJTUHEUHBIM
xozoMm ITA (n = 49); 4-s rpynna — ¢ npusHakamu JIJIV u npsamosinHeRHbIM X0710M 1A (n = 56).

PesynasbTartsl. [llupuHa nonepeyHbIx OTBEPCTUH TO3BOHKOB C4—C6 pasyinyaiachk IPpU CPaBHEHUU 1-H U 2-H Pyl
Ha 0.29—0.78 MM, NIpY CpPaBHEHUHU 1-U U 3-H rpynm — Ha 0.24—0.58 MM (caeBa oTBepcTHsi O6butH mupe). lllupuna Tet
mo3BoHKOB C3, C6, C7 npu cpaBHeHUH 1-U U 4-U Tpynn pazandanach Ha 0.8—1.2 mm; mo3BouKoB C3, C7 mpu cpaBHEHUU
2-# U 3-# TpymI — Ha 0.35—0.53 MM. Cpe/iHUe 3HAUeHUs] OTHOIIEHUsI IIIMPUHBI IOTIEPEYHBIX OTBEPCTUH K IIUPUHE TeJia
ITO3BOHKA BO BCEX I'PyIIIIaX HAXOUJIUCH B IUATIA30HE OT 0.2 /10 0.29. 3HAYNMBIMHU ObLIH Pa3IUYus 1Jisi M03BOHKOB C4—C6
IIpY CPaBHEHUH 1-H U 2-# rpynin; no3BOHKOB C4, C6 — 1-# u 3-# rpynn; no3BoHKoB C5, C6 — 1-i U 4-i rpymi.
3axkniodeHue. [Ipuauarsocruke /I/[V mo3BOHOUHUKA U Pa3INYHOM xapakTepe xozia I1A joctoBepHbIe pa3inaus
OBLITA YCTAHOBJIEHBI JJISI IIIUPUHBI TeJl T03BOHKOB C6, C7. 3HAUMMBIX PA3IU4YUil He ObLIO OTMEUYEHO /sl IUPUHBI TeJl
II03BOHKOB B IPYIINAX, PA3IMYAIOIINXCS TOJIBKO XapaKTEPOM X0/1a cocy1oB. B ciyuasx orcyrerBust AU pasanans oTMe-
YEHBI JIJISI IIUPUHBI TONIEPEYHBIX OTBEPCTUH 1T03BOHKOB C4—C6 M UX OTHOIIEHUS K IIIMPHUHE TeJ T03BOHKOB. [Ipu mpsaMo-
JIMHEWHOM XO/I€ COCY/IOB CTATHCTUYECKH 3HAUMMBbIX PA3JIMUMH, CBSI3aHHBIX C BblssBiIeHueM JIJIV, 1isi TO3BOHKOB U TIOTIe-
PEYHBIX OTBEPCTHIH OTMEUYEHO He ObLIO.

Kaoueenle cro6a: 1eiHble TO3BOHKH, TIOIIEPEYHbIE OTBEPCTHUS, ITUPHUHA TesIa TO3BOHKA, IIUPUHA ITOIIEPEYHBIX OTBEP-
CTHI.
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The width of the cervical vertebral bodies and transverse foramina
with regard to the course of vertebral arteries and degenerative
and dystrophic changes of the spine
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ABSTRACT

Introduction. Thecervical spine has a high mobility and is prone to the development of degenerative and dystro-
phic changes (DDCH). Expanding the range of clinical diagnostic capabilities requires the active development of algo-
rithms for specialized information analysis tools. Data on individual variability of the skeleton are in demand when plan-
ning minimal invasive surgical interventions. The comparison of such information with clinical practice data has become
an important task for researchers. The study of anatomical variability is relevant in the search for more effective ways of
performing neurosurgical interventions.

Aim . Acomparative analysis of transverse dimensions of the cervical vertebral bodies and transverse foramina in rela-
tion to the course of the vertebral arteries (VA) and manifestations of spinal DDCH.

Materials and methods.A total of 214 magnetic resonance images were studied. The transverse size
(width) of the cervical vertebral bodies and the average transverse size (width) of the transverse foramina (the distance
between the medial and lateral walls of the transverse foramina) were determined. To assess the proportionality of the
relationship between the abovementioned parameters, the average ratio of the transverse foramen width to the width of the
body of the corresponding vertebra was calculated. Considering the DDCH of the cervical spine and the course of VA,
4 groups were identified: 1st group — without signs of DDCH and indirect VA (n = 20); 2nd group — without signs of DDCH
and direct VA (n = 89); 3rd group — with signs of DDCH and indirect VA (n = 49); 4th group — with signs of DDCH and
direct VA (n = 56).

Results. The width of the transverse foramina of the C4—C6 vertebrae differed by 0.29—0.78 mm when comparing
the 1st and 2nd groups, by 0.24—0.58 mm when comparing the 1st and 3rd groups (foramina on the left side were wider).
The width of the C3, C6, C7 vertebral bodies when comparing the 1st and 4th groups differed by 0.8—1.2 mm; at the level of
C3, C7 when comparing the 2nd and 3rd groups — by 0.35—-0.53 mm. The mean values of the transverse foramina
width/vertebral body width ratio in all groups ranged from 0.2 to 0.29. Significant differences were found for the C4-C6
vertebrae when comparing the 1st and 2nd groups; for the C4, C6 vertebrae — the 1st and 3rd groups; for the C5, C6 verte-
brae — the 1st and 4th groups.

Conclusion. Inthediagnosis of spinal DDCH and the different course of VA, significant differences were found for
the vertebral body width at the level of C6, C7. No significant differences were noted for the vertebral body width in groups
differing only in the course of VA. In the absence of DDCH, differences were revealed for the transverse foramina width of
the C4—C6 vertebrae and the ratio of the width of transverse foramina to vertebral body width. With the direct course of the
vessels, there were no statistically significant differences associated with the detection of DDCH for the vertebrae and
transverse foramina.

Keywords: cervical vertebrae, transverse foramina, vertebral body width, width of transverse foramina.

Citation example: Moshkin A.S., Nikolenko V.N., Khalilov M.A. The width of the cervical vertebral bodies and
transverse foramina with regard to the course of vertebral arteries and degenerative and dystrophic changes of the
spine. Journal of Siberian Medical Sciences. 2024;8(4):51-64. DOI: 10.31549/2542-1174-2024-8-4-51-64

BBEJAEHUE INTRODUCTION

IlleliHBIN OTAE IIO3BOHOYHHUKA, SIBJSISICH HAU-
0oJiee TTOABMKHOM YaCThI0 OCEBOTO CKeJIeTa, Moj-
BepIKeH Pa3BUTHIO JleTeHepaTUBHO-
JUCTPOPUUYECKUX H3MEHEHHU, OKa3bIBAIOIHNX
3HAYUTEJILHOE BJIMAHUE Ha 37I0POBbE MAI[HEHTOB.
Ha coBpeMeHHOM »dTalle pa3BUTHs HHCTPYMEH-

The cervical spine, being the most mobile part of
the axial skeleton, is prone to developing degenera-
tive and dystrophic changes that have a significant
impact on the health of patients. At the current stage
of development of clinical diagnostics, it has become
to obtain the intravital highly informative diagnostic
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TQJIHHOU JMATHOCTHUKHU CTAJIO JOCTYITHO IOJIyde-
HUE TPUKU3HEHHBIX BBICOKOMH(OPMATHUBHBIX
JIMaTHOCTUYECKUX H300pakeHul [1, 2]. BaxkHbIM
ATAloOM B JIMAarHOCTUYECKOM IIPOIlecCe CTaJl aHa-
JIU3 B3aUMHOTO OTHOIIEHUS AHATOMHYECKUX
CTPYKTYp TIO3BOHOYHHKA. LlIcIoib30BaHUE B
IOBCE/THEBHOU KJIMHHYECKOU IpPaKTHKe MOpPdo-
METPHUHU TTO3BOJIAET 3HAUUTEIHBHO PACIIUPUTH BO3-
MOKHOCTH AuddepeHINaTbHON TUaTHOCTUKH [3,
4]. B yactHOCTH, 0OJIBIIIOE BHUMAaHHE OTBOJUTCS
MHOTHMH aBTOPaMU U3yUEeHUIO BOIIPOCA aHATOMHU-
YeCKOU M3MEHUYMBOCTH COCYZOB U POJIU PA3IUU-
HBIX (AKTOPOB, BIUAKINNX Ha IepebpabHYIO
remoguHaMuky [5-7]. IIupoko wucmosb3yercs
BO3MOKHOCTh QHAJIM3UPOBATh AWUATA30HBl WH/IH-
BHU/IyaJIbHOU M3MEHUYUBOCTUA KOCTHBIX CTPYKTYD U
COTIOCTABJIATh PE3YJIbTAThl C OOINEeIOCTYITHBIMHU
CBeJIeHUSIMU, IPUMeHsIA YCTONUNBBIE AaHATOMUYE-
ckue opueHTUPHI [8]. B HacTosIee BpeMs HabJIIrO-
JlaeTcsl pacliupeHHe auana3oHa BO3MOXKHOCTEH
NpUMeHEeHUsA KJINHUYECKUX METOJIOB B JIMArHO-
CTHUKe, BEJIETCS aKTUBHAs pa3paboTKa aJiTOPUTMOB
U CIENUAJU3UPOBAHHBIX CPEJICTB aHAJM3a IOJIY-
yaemorr nHpopmarun. Onupasch Ha AaHHbIE 00
VH/IUBU/IyaJIbHOH W3MEHYHBOCTH, B YaCTHOCTHU
KOCTHBIX CTPYKTYP, aKTUBHO Pa3BHUBAIOTCS MaJjio-
WHBA3UBHbIE TEXHUKU XUPYPTUUYECKUX BMeIla-
TeabeTB [2]. BaxkHoH 3azadeli a1 McciemoBaTe-
Jiefl CTAHOBUTCS COMIOCTABJIEHHE ITOJTyYaeMbIX JaH-
HBIX HAOJIIOJIEHUH C pe3ysjabTaTaMu, HAKOILJIEH-
HBIMHU B KJIMHUYECKOH mpakTuke. IIpu aHanuse
pEeHTTeHOTpaMM BeJyIas PoJib OTBOJAUTCS OIIEHKE
BEPTUKAJIBHBIX pasMeposB AHATOMHUYECKUX
CTPYKTYp, JJid KOMIIBIOTEDHOM UM MATHUTHO-
pesonancuoi Tomorpaduu (KT u MPT) naubosee
IIeHHb W300pa’keHUs B IOMEPEYHOH (aKcHuasib-
HOU) miockoctu. CpaBHEHHE JJAaHHBIX MOpdome-
TPUU MOIEPEUYHbIX Pa3MepPOB IMO3BOHKOB JIOCTa-
TOYHO HMHGOPMATHUBHO IS PA3JIMYHBIX JTUATHO-
CTUYECKUX METO/IOB U [TO3BOJISIET IPOBOJUTD COTIO-
cTaBjIeHUE TaHHBIX B KIUHHUKeE [9, 10]. 3yueHue
AHATOMHUYECKOH M3MEHYUBOCTU 0KA3aJI0Ch OJTHUM
13 Ba)KHENIIUX (HAKTOPOB, BIUAIOIINX HA IIAHU-
poBaHue u pa3zpaboTky 6osee 3 GHEKTUBHBIX CIIO-
c00OO0B BBHITIOJIHEHUS HEUPOXUPYPTUUECKUX BMeIla-
TeJIbeTB. B Hacrosiiee Bpemsi HaOJ0/jaeTcs yBe-
JINYEeHNe KOJIMYECTBA HAyUYHBIX paboT, B KOTOPBIX
YKa3bIBAETCS, UTO COBPEMEHHASI HEHPOXUPYPTHSA C
MpUMEHEHUEM SHJIOCKOIUYECKUX TEeXHOJIOTHH
Tpebyer ocob6oro, kpaliHe BHUMATEJIHHOTO OTHO-
IIEeHUs K BOIIPOCAM aHATOMHYECKOH BapUaTHUBHO-
CTHU U TO3BOJISIET PACHIUPATH OIEPAaTHUBHbBIE
JIOCTYIIbI, IPU KOTOPBIX Ba)KeH KaK/[bIHA JIOTIOJTHHU-
TeJbHBIA MULIUMETD [11].

images [1, 2]. An important milestone in the diag-
nostic course became the analysis of the mutual rela-
tionship of anatomical structures of the spine. The
use of morphometry in routine clinical practice sig-
nificantly expands the possibilities of differential
diagnosis [3, 4]. In particular, many authors pay
great attention to the study of anatomical variability
of vessels and the role of various factors affecting
cerebral hemodynamics [5—7]. The ability to analyze
the ranges of individual variability in bone structures
and compare the results with the available data by
applying stable anatomical landmarks is widely used
[8]. Currently, there is an expansion of the range of
possibilities to apply clinical methods in diagnostics,
and active development of algorithms and special-
ized tools for analysis of the information is under-
way. Based on the data on individual variability, par-
ticularly of bone structures, minimally invasive sur-
gical techniques are being actively developed [2]. It
becomes an important task for researchers to com-
pare the data obtained with the results accumulated
in clinical practice. When analyzing radiographs, the
leading role is given to assessing vertical dimensions
of anatomical structures, while for computed tomog-
raphy and magnetic resonance imaging (CT and
MRI), images in the transverse (axial) plane are most
valuable. Comparison of morphometry data on ver-
tebral transverse sizes is quite informative for differ-
ent diagnostic methods and allows comparison of
data in clinical practice [9, 10]. The study of anatom-
ical variability has proven to be one of the most
important factors influencing the planning and
development of more effective ways to perform neu-
rosurgical interventions. Currently, there is an
increase in the number of scientific papers showing
that modern neurosurgery with the use of endoscopic
technologies requires special, extremely careful
attention to the issues of anatomical variability and
allows to expand surgical accesses in which every
additional millimeter is important [11].

AIM OF THE RESEARCH

A comparative analysis of transverse dimensions
of the cervical vertebral bodies and transverse foram-
ina in relation to the course of the vertebral arteries
and manifestations of degenerative and dystrophic
changes of the spine.

MATERIALS AND METHODS

A study was based on the analysis of 214 magnetic
resonance images of volunteers aged 18 to 84 years.
Diagnostic images were recorded on digital media
and were obtained during the examination of patients
using conventional methods in T1- and T2-weighed
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ITEJIb UCCJIEJIOBAHUSA

CpaBHUTEJIbHBIN AHATU3 MOMEPEYHBIX PA3MEPOB
TeJI IIEMHBIX I03BOHKOB U IIOIIEPEYHBIX OTBEPCTUH C
VYETOM X0/1a II03BOHOYHBIX aPTEPUU U MPOSBIIEHUN
JleTeHePATUBHO-TUCTPOPUIECKUX U3MeHeHUu!
MTO3BOHOYHUKA.

MATEPUAJIBI 1 METO/bI

VccnenoBaHue MpOBEIEHO HA OCHOBE aHAIM3a
214 MarHUTHO-PE30HAHCHBIX TOMOTpPaMM 006po-
BOJIBIIEB B Bo3pacre OT 18 710 84 jieT. Jluarnocruue-
ckue n300paskeHus ObLIM IIpe/ICTaBJIeHbI HA IHUQ-
POBBIX HOCHUTEJAX U MOJIYYEHBI B X0/ie 00ciIeoBa-
HUS TAIMEHTOB IO CTAaHZAPTHBIM METOAHKAM B
pexxumax T1, T2 u ¢ GyHKIHEH KUPOIO/IaBIeHUA
(Stir) B Tpex MpoeKIuaX Ha MATHUTHO-PE30HAHCHBIX
tomorpadax GE Brivo MR355 u Philips Intera c
HaNpAKEHHOCTHI0 MATHUTHOTO 1oJid 1-1.5 Ti1. AHa-
JI3 TOMOTPAMM BBITIOJIHSJICS C TIOMOIIIBIO CIIera-
JIN3UPOBAHHOTO  IPOTPAMMHOTO  obecreuyeHwus
Evorad RIS-PACS Workstation 2.1 u Merge
Healthcare eFilm Workstation 3.1.0 (Merge
Healthcare). V3y4yeHue quarHocTudecKux n3obpa-
JKeHUU BBITIOJTHSIOCH B pexkume T2-BU (B3BerneH-
HOoe wu300pakeHHe). AKCUAJIbHBIE TOMOTPAMMBI
BBIIIOJIHEHBI ~ IPU  00JIACTH ~ CKAHUPOBAHHUSA
200%200 MM, paspelleHHu 512X512, TJIyOUHE
1BeTa 16 6uT, TOJMIUHE cpe3a 3 MM (pa3mep IMHUK-
ceJist Ha U300paXkeHun 0.39x0.39 MM). Carurrasib-
Hble U (POHTAJIbHBIE TOMOTPAMMBI BBIIIOJHEHBI
mpu 06JIaCTH CKAaHUPOBAHUA 240X240 MM, paspe-
IIEeHUH 512x512, TyiyOuHe 1mBeTa 16 OUT, TOJIUHE
cpe3a 3 MM (pa3dMep NIHUKCeNsI Ha M300paKeHUH
0.47%x0.47 MM). Ha guarHocTmyeckux musobpaske-
HUSX C UCIOIb30BaHUEM (QYHKIUH MPOrPaMMHOTO
obecrieueHus ONPeeIsAIN: 1) IOTePEeYHbIN pa3Mep
(mupuHy) Tes MIEWHBIX MMO3BOHKOB; 2) CpPENHHUU
IONepeYHbl  pasMep (IMIMPUHY) HOIEPEUHBIX
OTBEPCTHH (paccTosHUe MeXAy MeAUaJbHOH U
JlaTepaJIbHOU CTEHKAMHU IIOMEPEYHBIX OTBEPCTHI)
(puc. 1). Ins OLleHKH TPOIOPIIMOHAIBHOCTH OTHO-
IEHUH MeXAy BBINIEYKa3aHHBIMU IapaMeTpaMu
PacCUMTHIBAJIM CpeAHEe OTHOIIEHHE IIHPUHBI
MOTIEPEUHBIX OTBEPCTUH K IOIEPEYHOMY paszMepy
TeJla COOTBETCTBYIOIIEro I03BOHKA. Hamu ObLia
BBIOpaHA OIl€HKA IMOMEPEUYHBIX PAa3MEPOB KOCTHBIX
CTPYKTYP KakK CII0COD, MO3BOJIAIOIIUHI HCIIOJIb30-
BaTh IOJIyUeHHbIE JAHHBIE HE TOJIBKO JIJISI METOZIOB
MPT u KT, HO u peHTreHOTpaduu B MPAMOH IIPO-
EKITUH.

[TosiydeHHBIE JIAaHHBIE CTPYIIUPOBAaHBI B Tab-
sunel Microsoft Excel 2007 ¢ yuetrom xapakrepa
XO7Ia TIO3BOHOYHBIX APTEPUI U BHIPAXKEHHOCTHU A~

sequences and STIR sequence in three projections
on 1—-1.5 T GE Brivo MR355 and Philips Intera MR
scanners. The images were analyzed with Evorad
RIS-PACS Workstation 2.1 and Merge Healthcare
eFilm Workstation 3.1.0 (Merge Healthcare) soft-
ware. The study of diagnostic images was performed
in T2-weighed sequence. Axial images were made
with a field of view 200x200 mm, resolution
512x512, color depth 16 bits, and slice thickness
3 mm (pixel size on the image 0.39x0.39 mm). Sagit-
tal and frontal images were performed with a field of
view of 240x240 mm, resolution of 512x512, color
depth of 16 bits, and slice thickness of 3 mm (pixel
size in the image is 0.47x0.47 mm). On the images
with the use of software functions, we have deter-
mined: 1) the transverse size (width) of the cervical
vertebral bodies; 2) the average transverse size
(width) of the transverse foramina (the distance
between the medial and lateral walls of transverse
foramina) (Fig. 1). To assess the proportionality of
the relationship between the abovementioned
parameters, the average ratio of the transverse fora-
men width to the transverse body size of the corre-
sponding vertebra was calculated. We have chosen
the assessment of the transverse dimensions of bone
structures as a method that allows us to evaluate not
only obtained MRI and CT images, but also frontal
radiographs.

The data obtained were formed into Microsoft
Excel 2007 data sheets considering the course of the
vertebral arteries and the severity of the diagnosed
degenerative and dystrophic changes at the level of
the cervical spine.

Statistical analysis was performed with the IBM
SPSS Statistics 20 and StatSoft Statistica 10 pro-
grams. The normality of distribution of quantitative
variables was assessed using Kolmogorov-Smirnov
and Shapiro-Wilk tests with the construction of his-
tograms and distribution plots. As a result, the nor-
mal distribution was confirmed for all variables.
Based on this, the mean value (M), error of the mean
(m), standard deviation (o) and coefficient of varia-
tion (CV, %) were determined for all parameters. The
assessment of significance of differences between the
studied variables was confirmed with the one-sam-
ple Student’s t-test (the critical level of significance
at p < 0.05).

In the analysis of the images, a direct course of
the vertebral arteries was in 145 cases, indirect — in
69 cases (Fig. 2).

The structure of the vertebral bodies and inter-
vertebral discs was also assessed according to the
I.P. Thompson classification, 1990. In 109 cases, no
significant degenerative and dystrophic changes of
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Puc. 1. OpHeHTUPBI, UCITOIb3YeMbI€ TPHU BHITIOJIHEHUH U3MEPEHUH, Ha MATHUTHO-PE30HAHCHOH TOMOTpaMMe
B aKCHAIBHOH (IIOMIepeyuHoit) IIocKocTr ((KEHINMHA 50 JIET, BUyaIn3alus Ha ypoBHe mo3Bouka C6, pexxum T2-BI)
(1 — mMpuHA TOMEPEYHBIX OTBEPCTHI; 2 — IIMPUHA TeJIa TO3BOHKA)
Fig. 1. Landmarks used for measurements on the magnetic resonance image in the axial (transverse) plane
(50-year-old woman, visualization at the level of the C6 vertebra, T2-weighed sequence)
(1 — width of the transverse foramina; 2 — vertebral body width)

THOCTUPOBAHHBIX JIereHEPaTUBHO-TUCTPOMUUECKIX
W3MEHEHU! Ha YPOBHE IIEWHOr0 OT/eja I03BO-
HOYHUKA.

CraTucTUYecKui aHAIN3 BBITIOJIHSIJICS C UCIIOThb-
3oBaHueM mporpamm IBM SPSS Statistics 20 u
StatSoft Statistica 10. HopmanbHOCTb pacrpezeie-
HUSI KOJIMUECTBEHHBIX IPU3HAKOB OIEHUBAJIU C
nomotbio kpurepueB Koimoroposa — CMupHOBa u
[Manupo — Yuiaka ¢ IOCTPOEHHEM THMCTOTpAMM U
rpaduKOB pacupenesieHus. B pesyabTaTe ObLI0 IO~
TBEPKAEHO HOPMAJIBHOE pacIIpesiesieHue JJIs Beex
mokasartesieli B HaOroeHnn. Vcxomsa ux 5ToTo 1A
BCeX OIIEHMBAEMbIX 3HAUEHUH OIMpPeAessiioch CPel-
Hee 3HaueHue (M), ommbka cpemHero (m), craH-
JlapTHOe OTKJIOHeHUe (0) U Ko3hUIIHEeHT Bapua-
nuu (CV, %). OlleHKa 3HAYNMOCTH Pa3Indui U3yda-
€MBIX [IPU3HAKOB IOATBEPIK/IEHA pacyeTaMU OJIHO-
BBIOOpOUHOTO t-KpuTepusi CrhiojieHTa (KpUTHYe-
CKHUH YPOBEHb 3HAUMMOCTH JIJIs BCEX OI€HUBAEMBbIX
XapaKTEPUCTHUK p < 0.05).

ITpy aHanuze TomMorpaMM B 145 HaOGJIIOIEHUIX
OTMeYeH NPAMOJMHENHBINA X0/T IO3BOHOYHOU apTe-
puy; B 69 citydasix — HEMPSAMOJIHUHENHBIA X0OJT 3TOTO
cocyzia (puc. 2).

Tax:ke NPOBOAWIACH OIlEHKA CTPYKTYPHI Tes
II03BOHKOB U MEKIIO3BOHOUHBIX JIUCKOB I10 KJIACCHU-
dukarnuu I.P. Thompson et al., 1990. B 109 ciyuasx
Ha TOMOTrpaMMax He ObLIO BBIPaKEHHBIX JIereHe-
paTUBHO-AUCTPODUIECKUX U3MEHEHUU IO3BOHOU-
HUKa. B 5TOoll rpymnme BbICOTa MEXKIIO3BOHOUHBIX
JIUCKOB M CUTHAIBI OT HUX B pexkuMe T2 ObUTH He

the spine were found. In this group, the height of the
intervertebral discs and their signals in the T2
sequence were not reduced, their structure corre-
sponded to Thompson I-II, the margins of the verte-
bral bodies were clear and even. On the other
105 images, osteochondrosis-related changes in the
intervertebral discs and vertebral bodies were
revealed. The diagnostic images showed significant
changes in the form of a decrease in the signal inten-
sity from the intervertebral discs and their height
(Thompson III-V), spondylosis, structural changes
in the area of the vertebral end plates, changes in sig-
nals from the vertebral body structures (Fig. 3).

Thus, considering the detection of degenerative
and dystrophic changes and the pattern of the course
of the vertebral arteries, four groups were identified
in the study:

1st group — absence of significant changes in the
cervical spine in combination with the indirect verte-
bral arteries (n = 20);

2nd group — absence of significant changes in the
cervical spine in combination with the direct verte-
bral arteries (n = 89);

3rd group — significant degenerative and dystro-
phic changes in the cervical spine in combination
with the indirect vertebral arteries (n = 49);

4th group — significant degenerative and dystro-
phic changes in the cervical spine in combination
with the direct vertebral arteries (n = 56).

Data on the age of volunteers in the study groups
are presented in Table 1.
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Puc. 2. Xapakrep X07a TO3BOHOYHBIX apTEpUil HA MATHUTHO-PE30HAHCHBIX TOMOTPaMMaXx B CATUTTAILHON U (PPOHTAITB-
HOH IUIOCKOCTSAX:

I, IT — npsimostmHEeNHHbIN X0 (;keHIrHA 27 JeT, T2-B1): I — Bo ppoHTaIbHOM I10cKOCTH; I — B CAarUTTaIbHOM IIJIOCKO-
cru; 111, IV — HenmpAMOJIMHEHHBIH X0/ (My»K4nHa 40 JeT, T2-BU1): III — Bo GpoHTaIBHOH IT0CKOCTH; IV — B caruTTasbHOM
IJIOCKOCTH
Fig. 2. The course of the vertebral arteries on the magnetic resonance images in the sagittal and frontal planes:

I, IT — direct (27-year-old woman, T2-weighed sequence): I — in the frontal plane; II — in the sagittal plane; III, IV —
indirect (40-year-old man, T2-weighed sequence): III — in the frontal plane; IV — in the sagittal plane

CHIKEHBI, CTPYKTypa ux coorBeTcTBoBasa I-II cre-
nmeHu no kiaccudukaruu Thompson, kpas Ten
IIO3BOHKOB 4YeTKHe, poBHBIe. Ha fpyrux 105 TomMo-
rpamMMax ObLIH BBISIBJIEHBl U3MEHEHUs MEKII03BO-
HOYHBIX IUCKOB U TeJI I03BOHKOB BCJIEJICTBUE OCTEO-
XoHZpo3a. Ha pumarHocTHuyeckux u300paKeHUIX
OBLUTH BBIpA’KEHHBbIE U3MEHEHUS B BUE CHIDKEHUS

RESULTS

The width of the transverse foramina was deter-
mined at the level of the C2—C7 cervical vertebrae
(Table 2).

When comparing the width of the transverse
foramina in groups 2 and 3, as well as in groups 3
and 4, no statistically significant differences were

56
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Puc. 3. OnileHKa 3HAUMMOCTU U3MEHEHUH B IIIEHHOM OT/eJIe II03BOHOUYHUKA
Ha MarHUTHO-PE30HAHCHBIX TOMOTPAaMMaXx B CAaTUTTaIbHOU 11ockocTH (T2-BI):
1 — Ge3 3HAYMMO BBIPAYKEHHBIX M3MEHEHUH B IIEHHOM OT/IeJIe II03BOHOUHUKA (My»)unHa 27 jieT); I — mpu3HaKu BbIpa-
JKEHHBIX JIeT€HEPATHBHO-AUCTPODHUECKIX H3MEHEHHU B IIIEHHOM OT/IeJIe IIO3BOHOYHUKA (3KEHII[UHA 79 JIET)
Fig. 3. Assessment of the significance of changes in the cervical spine on the magnetic resonance images
in the sagittal plane (T2-weighed sequence):
I — no significant changes in the cervical spine (27-year-old man); II — signs of significant degenerative and dystrophic
changes in the cervical spine (79-year-old woman)

MHTEHCUBHOCTH CUTHAJIOB OT MEXIIO3BOHOYHBIX
JicKOB U uX BbIcOTHI (III-V crenens mo Thompson),
SIBJIEHUST CIIOH/IWJIE3d, CTPYKTYpPHbIE M3MEHEHUS B
00J1aCTH 3aMbIKATEIbHbIX IJIACTUH, U3MEHEHH CUT-
HaJIOB OT CTPYKTYP T€JI II03BOHKOB (pHC. 3).

TakuMm 00pa3oM, ¢ yUeTOM BBISIBJIEHUS JieTeHe-
paTUBHO-AUCTPOPUIECKUX HBMEHEHUH U XapaKTepa
XO7la TI03BOHOYHBIX apTepuil ObLIN BBIIEJIEHbI
YeThIPe IPYIIIBI B MCCIET0OBAHNI:

1-s1 TpyIIIa — OTCYTCTBHE BBIPA’KEHHBIX N3MEHE-
HUH B IIEHHOM OTZeJIe II03BOHOYHHKA B COUETAHUN
¢ HENpsAMOJHMHEHHBIM XOJOM IT03BOHOYHBIX apTe-
puii (n = 20);

2-51 TpyMIla — OTCYTCTBUE BBIPAYKEHHBIX U3MEHe-
HUH B IIETHOM OT/eJIe IIO3BOHOYHUKA B COUETAHUHU
IIPAMOJIMHERHBIM XOJIOM II03BOHOYHBIX apTepUil
(n = 89);

3-1 Tpylma — BBhIPAYKEHHbIE JlereHepPaTHBHO-
nucTpoduyeckre W3MeEHEHUsT B IMIEHHOM OT/esre
[TO3BOHOYHUKA B COUETAHWHU C HEIPSIMOJIUHEHHBIM
XOJIOM TIO3BOHOUHBIX apTepuii (n = 49);

4-s1 Tpymnma — BBbIPayKEHHbIE J[ereHepaTHBHO-
nuctpoduyeckrie W3MeHEHUs B IMIEHHOM OT/esie
[TI03BOHOYHHUKA B COYETAHUM C IIPAMOJJIUHEHHBIM
X0JIOM ITO3BOHOYHBIX apTepuii (n = 56).

JlarHbIE 110 BO3PACTy JOOPOBOJIBIIEB B TPYIIIIAX
HCCIIeZIOBAHUS MIPE/ICTABIEHbI B Ta0JT. 1.

registered (p > 0.05). The parameter of interest dif-
fered at the level of C4—C6 vertebrae between groups
1and 2 (p = 0.07—0.001), with the difference between
the mean values being 0.29—0.78 mm (the foramina
on the left were 0.26—0.58 mm wider). Differences in
the sizes of the C4—C6 vertebrae in the groups 1 and
3 (p = 0.05-0.048) averaged 0.24—0.58 mm (on the
left, the foramina sizes were 0.2—0.37 mm larger
than on the right). At the level of Cs, differences were
found when comparing the 1st and 4th groups
(p = 0.021) with a difference in mean values of
0.32 mm (on the left, the width of the foramina was
0.48 mm larger); at the level of C4, when comparing
groups 2 and 4 (p = 0.049), the difference between
the mean values was 0.67 mm (the foramina on the
left were 0.41 mm wider). In all groups, the mean
sizes of the transverse foramens on the right were
smaller than on the left.

The results of the vertebral body width measure-
ments are presented in Table 3. The width of the ver-
tebral bodies in the 1st and 2nd groups, as well as in
the 3rd and 4th groups did not differ (p > 0.05). Sig-
nificant differences were noted for the C2 and C3 ver-
tebrae (p = 0.011-0.033) when comparing groups 1
and 3, the difference between the mean values was
0.1-0.47 mm. The parameter value for the C3, C6
and Cy vertebrae differed when comparing the

Journal homepage: http://jsms.ngmu.ru

57



Mowrxun A.C. u dp. / Journal of Siberian Medical Sciences T. 8, N? 4 (2024)

Ta6smmua 1. Bo3pacT yyaCTHUKOB B IpyIIax UCCIeI0BaHuUs
Table 1. Age of participants in the study groups

C - 1-a rpynna 2-g rpynna 3-4 rpynna 4-g rpynna
TaTHCTUYECKUH NOKa3aTe b
Statistical indicator 1st group 2nd group 3rd group 4th group
(n=20) (n=89) (n=49) (n=56)
M * m, jsieT / years 36.1+9.7 328+78 543 +11.2 47.8+10.1
o, 1eT / years 13.1 10.1 14.3 12.5
CV, % 36.2 30.8 26.3 26.2
PE3YJIBTATBI groups 1 and 4 (p = 0.01-0.04) (differences from 0.8

[IupuHy NONEPEYHbIX OTBEPCTHH OIPENEIsIn
Ha ypOBHe IIeHHbIX T03BOHKOB C2—C7 (Tab. 2).

[Ipyu cpaBHeHUU NIUPUHBI IOMEPEYHBIX OTBEP-
CTUH 2-U U 3-H, a TaKKe 3-U U 4-U TPYII CTaTUCTH-
YeCKU 3HAUUMbIE PAa3/IMYUsi OTCYTCTBYIOT (p > 0.05).
V3yueHHBII mapameTp pasjndajcs Ha YPOBHE
mo3BOHKOB C4—-C6 Mexay 1-d W 2-U TpymnmnaMu
(p = 0.07—0.001), IpK 3TOM pa3HHUIIA MEKAY CPE/-
HUMU 3HAUEHUSMHU COCTaBIIA 0.29—0.78 MM (c1eBa
oTBepcTus ObLIM Ha 0.26—0.58 MM miupe). Paziu-
4 pa3MepoB Mo3BOHKOB C4—C6 1-i u 3-# rpynn
(p = 0.05-0.048) coctaBWwId B CpeHEM O0.24—
0.58 MM (cJieBa pasMepsl OTBEPCTHH ObLIM HA 0.2—
0.37 MM 60JIBIIIE, UeM cripaBa). Ha ypoBHe O3BOHKA
Cs pasiuuus 6bLUIH OTMEUEHBI IIPY CPABHEHUU 1-1 U
4-% rpynn (p = 0.021) IpU pa3HUIE MEXKAY CPell-
HUMU 3HAYEeHUsIMH 0.32 MM (CJIeBa MIUPUHA OTBEP-
cTuii OpL1a Ha 0.48 MM 60JIbIIIE); HA YPOBHE ITO3BOHKA
C4 — npu cpaBHEHUU 2-# U 4-# rpyn (p = 0.049) ¢

to 1.2 mm); for the C3 and C7y vertebrae, when com-
paring groups 2 and 3 (p = 0.04—0.035), the mean
values differed by 0.35—0.53 mm.

An assessment of the proportionality of the rela-
tionship between the morphometric characteristics
of various structures is necessary for a comprehen-
sive analysis, since these relationships reflect the
influence of deformation factors on the vertebral
anatomy. Therefore, the next stage of our study was
to calculate the ratio of the transverse foramina
width to the width of the bodies of the corresponding
vertebrae (Table 4).

When comparing the proportional ratios between
the groups 2 and 3, 2 and 4, 3 and 4, no differences
were found (p > 0.05). Statistically significant differ-
ences were noted for the C4—C6 vertebrae when
comparing the 1st and 2nd groups (p = 0.003-
0.035); for the C4, C6 vertebrae — when comparing
the 1st and 3rd groups (p = 0.023—0.048); for the

Ta6smmuna 2. [lluprHa nonepevyHbIX OTBEPCTUH LIEHHBIX TO3BOHKOB B IPYMIAaX UCCIe0BaHUS
Table 2. The width of the transverse foramina of the cervical vertebrae in the study groups

Il03BOHOK CraTCTHYECKUI IOKa3aTe/lb i'ﬂ rpymna Zaaunyand TG LU
Vertebra Statistical indicator st group AGIERD SO L
(n=20) (n=89) (n=49) (n=56)
c7 M+ m, MM / mm 5.31+0.64 5.65 +0.83 5.77 + 1.28 5.89 + 1.09
0, MM / mm 0.81 1.06 1.57 1.42
CV, % 15.27 18.79 27.19 24.09
cé6 M+ m, MM / mm 6.35+0.87 6.06 + 1.02 6.11+£0.99 6.24 + 1.06
0, MM / mm 1.18 1.33 1.47 1.49
CV, % 18.52 22.01 24.0 23.89
C5 M+ m, MM / mm 6.44 +1.07 5.82 £ 0.66 5.91 +0.68 6.12 +£0.76
o, MM / mm 1.26 0.81 0.88 0.76
CV, % 19.58 13.88 14.93 15.51
C4 M+ m, MM / mm 6.67 £ 0.89 5.89 +0.59 6.09 £ 0.80 6.00 £ 0.80
0, MM / mm 1.04 0.73 1.06 0.80
CV, % 15.57 12.46 17.38 18.89
C3 M+ m, MM / mm 6.48 +1.11 5.89 +0.63 5.92 + 0.60 6.18 £ 0.79
0, MM / mm 1.52 0.97 0.80 1.03
CV, % 23.38 16.42 13.59 16.60
C2 M+ m, MM / mm 6.80 £ 0.77 6.52 £ 0.83 6.48 £ 0.75 6.80 + 0.80
0, MM / mm 0.98 1.06 0.98 1.05
CV, % 14.41 16.33 15.08 15.42
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Ta6smmua 3. [llupyHa TeJ I0O3BOHKOB B IPyIINax UCC/IeL0BaHHUs

Table 3. The width of the vertebral bodies in the study groups

- 1-a rpynna 2-g rpynna 3-4 rpynna 4-a rpynna
LT CTa'l_‘nc'an_ecx.nn [IOKa3aTeNb 4 ot srou 2nd grou 3rd grou 4th grou
Vertebra Statistical indicator group group group group
(n=20) (n=89) (n=49) (n=56)
c7 M+ m, MM / mm 25.99 + 1.64 26.70 £ 1.42 27.05+1.46 26.79 + 1.84
0, MM / mm 2.02 1.85 1.75 2.34
CV, % 7.77 6.94 6.48 8.75
c6 M+ m, MM / mm 25.00+ 1.2 25.55+1.36 26.2 +£1.48 26.03 +1.52
0, MM / mm 1.46 1.65 1.82 2.02
CV, % 5.83 6.46 6.96 7.74
C5 M #m, MM / mm 24.86 + 1,31 25.22 +1.38 25.38 +1.47 25.80 + 1.51
0, MM / mm 1.95 1.71 1.94 1.92
CV, % 7.84 6.79 7.65 7.45
C4 M+ m, MM / mm 24.47 + 0.84 24.82 + 1.41 24.62 +1.35 25.03 +1.45
0, MM / mm 1.21 1.75 1.60 1.93
CV, % 4.94 7.06 6.49 7.73
C3 M + m, MM / mm 23.50+1.32 24.50 £ 1.43 2397 +1.23 24.70 + 1.44
0, MM / mm 1.70 1.70 1.49 1.99
CV, % 7.23 6.95 6.20 8.05
C2 M+ m, MM / mm 23.02 £ 1.04 23.74 £ 1.41 23.12+1.34 24.21+1.39
0, MM / mm 1.33 1.74 1.53 1.80
CV, % 5.76 7.32 6.62 7.45

pasHUIeH cpeIHUX 3HAUEeHUH 0.67 MM (c1eBa OTBep-
ctus ObUTHM Ha 0.41 MM Iupe). Bo Bcex rpymmax
cpeHUE pa3Mepbl MOMEPEYHBIX OTBEPCTHUH CIIpaBa
OBLIM MEHBIIIE, UEM CJIEBA.

PesysibTaThl H3MEpPEHUsI ITUPUHBI TEJI TO3BOHKOB
TpeJicTaByeHbl B Tabu1. 3. IllupuHa Te1 TO3BOHKOB B
1-U 1 2-¥ rpynnax, a Takke B 3-U U 4-U rpyniax He
passmyasnach (p > 0.05). 3HaUUMble Pa3IUUUs OTMe-
YeHbI U1 M03BOHKOB C2 1 C3 (p = 0.011-0.033) npu
CpaBHEHUH 1-U U 3-U IpyI, pa3HUIA MEXKIY Cpel-
HUMH 3HAYEHHUSMHU COCTaBJsIa 0.1—0.47 MM. Besu-
4iHa MapaMeTpa /s mo3BoHkoB C3, C6, C7 pasziu-
YyaeTcs MpU CpaBHEHUU 1-U U 4-H rpynn (p = 0.01—
0.04) (pasnuyus ot 0.8 10 1.2 MM), /I TIO3BOHKOB
C3 u C7 upu cpaBHEHUH 2-1 U 3-U rpyntl (p = 0.04—
0.035) cpefHUe 3HAYEHWs OTIUYAIUCh HA 0.35—
0.53 MM.

OreHKa MPOMOPIMOHAIBHOCTH OTHOIIEHUU
MeXAy MOP(POMETPUUECKUMH XapaKTePUCTHKAMH
Pa3JIMYHBIX CTPYKTYp HEOOXOJMMa JIJIs KOMILIEKC-
HOTO aHaJIN3a, MOCKOJIbKY STH OTHOIIEHHS OTpa-
JKAIOT BAMAHUE JAepopManuoHHBIX (AaKTOPOB Ha
aHATOMHUIO MO3BOHKOB. I103TOMY CIIEAyIOIMUM 3Ta-
[IOM HAIIIEr0 UCCIeA0BaHUSA ObLI PACUET OTHOIIIEHU S
[MIUPUHBI TTOIEPEYHBIX OTBEPCTHUH K IMUPUHE Tes
COOTBETCTBYIOIIIUX ITO3BOHKOB (TabJ1. 4).

[Ipu cpaBHEHMHM NPONMOPIIMOHAJIBHBIX OTHOIIE-
HUU MeXay 2-U U 3-U, 2-U U 4-U, 3-U U 4-U rpyn-
IMaMU pasjInduii He oTMeueHo (p > 0.05). Cratucru-

C5, C6 vertebrae — when comparing the 1st and
4th groups (p = 0.011—0.049). The mean values of
the ratios in all groups ranged from 0.2 to 0.29.

DISCUSSION

The indirect course of the vertebral arteries, which
can be associated with both spinal abnormalities [4, 9]
and progressing degenerative and dystrophic changes
[1, 6], remains an urgent issue for modern medical
practice due to the possible effect on cerebral hemody-
namics. The morphological studies of the cervical ver-
tebrae show the significant anatomical variability in
different national groups [12—15]. The authors pre-
sented the results of studying individual vertebrae
from the morphological collections of national educa-
tional institutions, which makes it possible to evaluate
bone structures with the greatest accuracy and in
depth, but without their association with clinical data.
It should be noted that lifestyle changes the redistri-
bution of functional load experienced by various seg-
ments of the spinal column, which inevitably influ-
ences human health and adaptive abilities [3]. The
complex of clinical tasks resulting from the progress-
ing degenerative and dystrophic changes in combina-
tion with the vascular bed variability has to be solved
by specialists of various profiles [8].

This study complements the available data on
assessing the size of the of the cervical spine struc-
tures using MRI [10, 11] and CT [2, 9, 16]. The results
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Ta6smmua 4. OTHOLIEHHE UPUHBI TOTNIEPEYHBIX OTBEPCTHH K IIUPHUHE TeJ I03BOHKOB
Table 4. The ratio of the transverse foramina width to the vertebral body width

Mo3BoHOK  CTaTHCTHYECKHii IOKa3aTe b }'ﬂ rpymna LTI S LI T
Vertebra Statistical indicator st group Uy Sl ALy
(n = 20) (n=89) (n = 49) (n = 56)
C7 M+m 0.20 £0.02 0.21+0.03 0.21 +0.05 0.22 £0.04
o 0.03 0.04 0.06 0.06
CV, % 13.83 20.10 28.15 26.41
C6 M+m 0.25+0.03 0.24 +0.04 0.23 +0.04 0.24 +0.04
o 0.04 0.05 0.06 0.06
CV, % 17.00 22.68 24.97 25.40
C5 M+m 0.26 £ 0.05 0.23+0.03 0.23+0.03 0.24 +0.03
o 0.06 0.03 0.04 0.04
CV, % 22.32 14.39 18.93 16.61
C4 M+m 0.27 £0.04 0.24 +£0.03 0.25+0.04 0.24 +£0.03
o 0.05 0.03 0.05 0.05
CV, % 16.95 13.20 20.60 19.93
C3 M+m 0.28 + 0.05 0.24 +0.03 0.25+0.03 0.25+0.03
o 0.07 0.04 0.04 0.04
CV, % 25.01 17.23 15.06 17.15
C2 M+m 0.29 £ 0.03 0.28 £ 0.04 0.28 £ 0.04 0.28 £ 0.04
o 0.04 0.05 0.05 0,05
CV, % 11.98 17.40 16.01 17.47

YEeCKU 3HAUMMBbIE Pa3IMYHA OTMEYEHHI /71 I03BOH-
koB C4—C6 mpu cpaBHEHUHM 1-U U 2-U TpyNIIBI
(p = 0.003-0.035); i mo3BoHKoB C4, C6 — 1mpu
CpaBHEHHH 1-i U 3-U rpymnmsl (p = 0.023—0.048);
7t no3BoukoB C5, C6 mpu cpaBHeHUH 1-U U 4-U
rpyansl (p = 0.011—0.049). CpenHme 3HAYEHUS
K03 @UIMEHTOB BO BCEX TPYIIaX HAXOJWINCHh B
Zaria3oHe OT 0.2 710 0.29.

OBCYXKJIEHUNE

HenpsMoinHeAHOCTD X0/1a TO3BOHOYHBIX apTe-
puii, KoTOpast MOKeT ObITh CBsI3aHA KaK ¢ aHOMAJTH-
SIMU IIO3BOHOYHHUKA [4, 9], TaK U ¢ IpOTrpeccupoBa-
HUEM JleTeHepaTUBHO-IUCTPODUUECKNX H3MeHe-
HUHU [1, 6], ocTaeTcs aKTyaJlbHBIM BOIIPOCOM JIJIst
COBPEMEHHON MEJIMITMHCKON IPAKTHKU B CBA3U C
BO3MOKHBIM BJIUSTHHEM Ha 1epebpaibHyI0 reMOTH-
HaMuKy. MopdoJioruuecKkre HCCIeIOBaHUs IIeH-
HBIX IIO3BOHKOB JIEMOHCTPUPYIOT 3HAYUTEIHHYIO
aHATOMHUYECKYI0 BapUATUBHOCTb B Pa3JIMUHBIX
HAIMOHAJIBHBIX TPYIINax [12—15]. ABTOPHI ITpecTa-
BUJIM PEe3yJIbTAThl U3YyUEHUS OTJIEJIbHBIX ITO3BOH-
KOB 13 MOP(OJIOTHYECKUX KOJIJIEKI[UH HAI[MOHAIb-
HBIX 00pa30BaTEIbHBIX VUPEKIEHUH, UTO TO3BO-
JISIET OIIEHWBATh KOCTHBIE CTPYKTYPHI ¢ HaubOJIb-
e TOYHOCTHIO U JIeTaJIN3alel, HO IPH 3TOM 0e3
WX CBSI3U C KJIWHUYECKUMHU JaHHBIMHU. Ciemyer
OTMETHUTD, UTO U3MeHEeHue 00pasa KU3HHU OTpaka-
eTcsi Ha IepepacupezeneHud GYHKIITOHATHHOMN

demonstrated by Nell et al. [17] were similar to ours
which were obtained for the cervical vertebral bodies
using CT data. The authors pointed to the larger sizes
of the vertebral bodies of C6, C7. Remes et al. [18]
evaluated the structure of the cervical spine in chil-
dren and adults under the age of 39 years. The
authors focused on the proportionality of vertebral
growth, the dynamics of changes in the ratios of the
width of the spinal canal based on the analysis of
radiographs. Chazono et al. [16] studied ethnic dif-
ferences in the morphometric characteristics of the
cervical vertebrae analyzing literature data obtained
with CT. The authors identified certain patterns in
the proportional relationships of the sizes of the ver-
tebral bodies and the highest values for the C6, C7
vertebrae. Tuncer et al. [2] studied a role of the ana-
tomical variability of the transverse foramina when
planning fixation surgeries based on CT data.

In our work, we tried to clarify data on the mor-
phometry of vertebral bodies, transverse foramina in
the absence and presence of signs of degenerative
and dystrophic changes at the level of the cervical
spine, considering differences in the course of the
vessels. The results of the study showed the large
sizes of the C6, C7 vertebral bodies, the larger width
of the transverse foramina on the left side, statisti-
cally significant differences in morphometric charac-
teristics for the studied parameters between the
groups with degenerative and dystrophic changes,
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Harpy3KH, UCHBITHIBAEMOU Pa3JIMUHBIMU CETMeH-
TaMH MO3BOHOYHOTO CTOJI0a, YTO HEU30EIKHO BJIH-
sIeT Ha COCTOSTHUE 3/I0POBbSI U aIaNITAIIHOHHBIE CIIO-
cobuoctu uesnioBeka [3]. KoMILieke KIMHUYECKUX
3a71ad,  OOYCJIOBJIEHHBIX  IIPOTPECCUPOBAHUEM
JleTeHEPATUBHO-TUCTPOPUUECKUX H3MEHEHUH B
COUETAaHUU C U3MEHUHBOCTHIO COCYAUCTOTO PYCJa,
IIPUXOJIUTCS PpeIIaTh CIEIUAINCTAM PAa3JIHIHOTO
npodus [8].

Hacrosmmee vccietoBaHue AOMIOTHSAET UMEIOIIH-
ecsl JaHHBIE II0 OLIEHKE Pa3MePOB CTPYKTYp Iel-
HOTO OT/IeJia ITI03BOHOYHMKA Ha ocHoBe MPT [10, 11]
u KT [2, 9, 16]. C. Nell et al. [17] mpuBogsT 6iu3Kkue
HAIlIUM Pe3yJIbTAThI, KOTOPbIE OBLIN MOJIYIEHBI [T
TeJI IIEHHBIX MO3BOHKOB IO AaHHBIM KT. ABTOpHI
oTMeuasu OOJIBIIME pa3Mephbl Tes MO3BOHKOB C6,
C7. V.M. Remes et al. [18] orieHuiu CTpykTypy Iei-
HOTO OT/IeJIa TIO3BOHOYHUKA Y JIeTell U B3POCJIBIX B
BO3pacre A0 39 JieT. ABTOPBI aKIEHTUPOBAJIN BHU-
MaHUe Ha MPOIOPIIHOHATIBHOCTH POCTA ITO3BOHKOB,
JMUHAMUKe U3MEeHEeHUH OTHOIIEHUH IITUPUHBI TO3BO-
HOYHOTO KaHaJla Ha OCHOBE aHAJINU3a PEHTIeHO-
rpamm. M. Chazono et al. [16] usyuniu sTHHYECKHE
pasimuuusi MOpP(POMETPUUYECKHX  XaPAKTEPUCTHK
IIEHHBIX TI03BOHKOB II0 JAHHBIM JIUTEPATYPHI,
ucnoab3ys slanable KT. ABTOpBHI BBIABUIU 3aKOHO-
MEpPHOCTH B IIPOTIOPIIMOHAIbHBIX OTHOIIEHUSIX Pas-
MepOB TeJI TIO3BOHKOB U HAaUOOJIbIIIE 3HAUEHUS JIJIS
mo3BoHKOB C6, C7. I. Tuncer et al. uzyuanu 3Haue-
HHe aHATOMUYECKON BapUATHUBHOCTU IOMEPEYHBIX
OTBEPCTUU IPU IUIAHUPOBAHUY CTAOMIIH3UPYIOIIIX
OIIEPATUBHBIX BMEIIATEIbCTB HA OCHOBAHUU JaH-
ueix KT [2].

B cBoeii paboTe MBI TOCTApaJIUCh YTOUHUTD CBE-
JleHusA 0 MOphOMeTpUU TeJl I03BOHKOB, IOIepey-
HBIX OTBEPCTUM IPU OTCYTCTBUU W HAJMYUU TPHU-
3HAKOB JIeT€HEPATUBHO-IUCTPODUIECKIX U3MeHe-
HUU Ha YpOBHE IIEHHOTO OT/EeJIa TO3BOHOYHHUKA C
VUEeTOM pa3jMydil B XapakTepe XO/a COCYIOB.
PesyspraThl MCCIEIOBAHUSA MIPOAEMOHCTPUPOBAIIH
606J1bIIIHIE pa3MepPBI TeJT T03BOHKOB C6, C7, GOJIBIILYIO
IIUPUHY TOMEPEYHBIX OTBEPCTUH CJI€Ba, CTATUCTH-
YeCcK! 3HAUMMBbIEe DPa3IUYus MOP(POMETPUUECKUX
XapaKTePUCTUK /I U3y4aeMbIX ITOKazaTesei
MeXKIy TPYIIaMU IPU Pa3BUTHHU JleT€HEPATUBHO-
JucTpodUYeCcKUX U3MEeHEHUH U Pa3INYHOM XapaK-
Tepe X07ia COCYZ0B. BpUIN BBIABJIEHBI CTATHCTHUE-
CKH 3HAYMMble PA3JINYUs JIJIsI ITUPUHBI TEJT TO3BOH-
koB C3, C6, C7, a TakKe JOCTOBEPHBIE PA3INUUA
JUIsl IIUPUHBI MTOIEPEYHBIX OTBEPCTUI IIO3BOHKOB
C4—C6 ¢ 601pIIINMY 3HAUYEHUSAMU B CIyYasiX OTCYT-
CTBHUSI 3HAUYMMBIX HM3MEHEHHH IIeHHOIro OTaesaa
IMO3BOHOYHUKA W MEHBIIEN IMUPUHON OTBEPCTHUH
crpaBa.

and different course of the vessels. Statistically sig-
nificant differences were found for the width of the
C3, C6, and Cy vertebral bodies, as well as significant
differences for the width of transverse foramina of
the C4—C6 vertebrae with the large values in the
absence of significant changes in the cervical spine
and a smaller foramen width on the right.
Statistically significant differences for the verte-
bral foramen width/ vertebral body size ratios were
recorded for the C4—C6 vertebrae without signs of
degenerative and dystrophic changes, but with dif-
ferent pattern of the artery course. Statistically sig-
nificant differences were established for the C4, C6
vertebrae in cases of indirect course of vessels. Dif-
ferences between the size ratios of the Cs, C6 verte-
brae were also significant when comparing the group
without signs of degeneration in the cervical spine
and the indirect course of vessels with the group,
characterized by degenerative and dystrophic
changes and the direct course of vessels.
Non-obvious statistically significant patterns in
assessing the sizes of the cervical spine bone structures
are important when searching for objective informa-
tion for a biomechanical assessment of the functional
load redistribution, identifying the areas most suscep-
tible to change. The collection and analysis of morpho-
metric characteristics of vertebrae can serve as a basis
for evaluating the possibilities of minimally invasive
and microsurgical interventions in neurosurgery [11].

CONCLUSION

In the diagnosis of degenerative and dystrophic
changes in the cervical spine and the different course of
the vessels at the cervical spine, significant differences
were revealed only for the width of the vertebral bodies
C6, Cy. No statistically significant differences were
found for the width of the vertebral bodies in groups
which were notable for the vessel course pattern only.
When comparing the results of the participants with
the direct vertebral arteries in diagnosis of degenerative
and dystrophic changes in the cervical spine, significant
differences were determined for the width of the verte-
bral bodies C2, C3. In the absence of significant changes
in the cervical spine, statistically significant differences
were found for the width of transverse foramina of the
C4—C6 vertebrae, and the ratio of their width to the
width of corresponding vertebral bodies. In the direct
course of the vessels, no statistically significant differ-
ences associated with the degenerative and dystrophic
changes were revealed in the morphometric character-
istics of the vertebral bodies and transverse foramina.
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CratucThyecku 3HAYUMbIE PA3INYUs JJIA IMIPO-
MMOPIIMOHAJIBHBIX OTHOIIEHUH MEXAY IITUPUHOU
ITO3BOHOYHBIX OTBEPCTUH U Pa3MepPOM TeJl MO3BOH-
KOB ObLTM OTMeueHbI i MO3BOHKOB C4—C6 mpu
OTCYTCTBUU NPU3HAKOB JleT€HePaTUBHO-AUCTPODU-
YeCKUX U3MeHEeHU, HO IPU Pa3JINYHOM XapaKTepe
xo7ia cocyZoB. IIpu HeNnpsAMOJIMHEHHOM IIPOXOXKIe-
HUH COCYZIOB CTAaTHUCTUYECKH 3HAUMMBIE Pa3IUUUI
OBLTH YCTAHOBJIEHBI JJis1 MO3BOHKOB C4, C6. Takke
3HAYNMBIMHU OKA3aJIUCh PA3JINYUSI MEXAY OTHOIIe-
HUAMU pa3MepoB mo3BoHKOB C5, C6 mpu cpaBHEHUU
rpynmnsl 0e3 TIPU3HAKOB HW3MEHEHHH IIeHHOTO
0T/1eJ1a TO3BOHOYHUKA U HEPSIMOJINHEWHBIM X0ZI0M
COCYZIOB C TPYNIOHU C JereHepaTUBHO-AUCTPODU-
YeCKUMHU U3MEHEHUMU U IPAMOIUHEHHBIM XO/I0M
COCYZIOB.

HesBHO BbIpaKeHHBIE CTATUCTUYECKH 3HAUNMBbIe
3aKOHOMEPHOCTU TPHU OIleHKE Pa3MepPOB KOCTHBIX
CTPYKTYp IIEHHOTO OT/eJia MO3BOHOUYHHMKA BAKHBI
IIpY TIOHCKEe OO'BEKTUBHBIX CBEJAEHUU /IS Ouomexa-
HUYECKOU OIleHKHU IepepacupenesieHus (GyHKIUO-
HJIPHOU HArpy3KH, BHIABJIEHUs HaubOJIee MOABep-
JKEHHBIX H3MeHeHusaM oOsiacreii. COOp W aHaIU3
MOPGOMETPUYECKUX XaPAKTEPUCTUK ITO3BOHKOB
MOXKET CJIY?KUTh OCHOBOU JIJISI OIEHKU BO3MOXKHO-
CTell MpUMeHEeHUs MaJIOMHBA3UBHBIX U MUKPOXU-
PYPrUYeCcKUX OIePaTHBHBIX BMEIIATEIbCTB B HEHPO-
Xupypruu [11].
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SAK/IIOUEHWE

IIpu JUarHOCTHKE JereHepaTUBHO-TUCTPODU-
YeCKUX U3MEHEHUH IIEHHOI0 OT/Ae Ia I0O3BOHOYHUKA
U PA3JIUYHOM XapaKTepe XO7a COCY/IOB IIEHHOTO
OT/eJla TI0O3BOHOYHHUKA JIOCTOBEDHBIE PA3IHIUA
OBLTH OTMEUEHBI TOJIBKO JIJISI IIUPUHBI TEJT TTO3BOH-
koB C6, C7. CTaTUCTUYECKHU 3HAYUMBIX Pa3JIUUNi HE
OBLIO BBIABJIEHO /I HIMPUHBI TEJ IIO3BOHKOB B
TPYIIIax, Pa3IMYaroIUXcs TOJHLKO XapaKTEPOM X0/1a
cocysioB. IIpu cpaBHEHHH pe3yJIBTATOB 00CIeI0Ba-
HUSA YYACTHUKOB C HENPSMOJIMHEHHBIM X07I0OM COCY-
JIOB TIPU OIIpe/ieJIEHUU JIeTeHEPAaTUBHO-TUCTPODU-
YeCKHX U3MEHEHUH [IEHHOr0 OT/ie/Ia I03BOHOYHUKA
OTIpEIENISTUCH 3HAUMMbIE Pa3JIUUMA JJIA ITAPUHBI
Tes1 o3BOHKOB C2, C3. B ciryyasx oTcyTcTBUA BhIpa-
JKEHHBIX M3MEHEHHU IIEeHHOro OT/ejia IMO3BOHOY-
HHUKa CTaTHUCTUYECKHU JOCTOBEPHbBIE PA3IUUMSA yCTa-
HOBJIEHBI /ISl IIUPUHBI TOMEPEYHBIX OTBEPCTUH
1103BOHKOB C4—C6 U uX OTHOIIEHUA K IINPHUHE Tesl
MMO3BOHKOB. IIpyM MpAMOJIUHEHHOM XOJie COCYZOB
CTATUCTUYECKH 3HAUYMMBIX Pa3JIMUUi, CBA3aHHBIX C
BBIABJIEHIEM JlereHepaTUBHO-TUCTPODHUIECKHUX
U3MEHEHUH, B MOPHOMETPUIECKUX XapPaKTEPHUCTH-
Kax TeJI IO3BOHKOB U MOTIEPEYHBIX OTBEPCTUH OTMe-
YeHO He ObLIO.
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