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KAo4oBi cAoBa:

PE3IOME

remofuHamika, xpebeTHi apTepii, atnaHTo-  AKTyanbHicTb. [TopylueHHs remognHaMiku B XpebeTHUX apTepisix Hepigko npu3Bo-
akcianbHa HecTabinbHICTb. OWTb OO0 HeBpororiyHnx AucbanaHcie. OuiHka napameTpiB KpOBOTOKY Y Pi3HMX

Bigginax xpebeTHMX apTepii  Jonomoxe

nporHosyBatn  poO3BUTOK CEepPNO3HUX

HEBPOMOriYHUX 3axBOPIOBaHb, | CBOEYACHO NPOBOAUTM BIAMOBIAHI MiKyBanbHO-

AASl KOPECNOHAEHLi: npodinakTUyHi 3axoau.

Meta po60Tu. Bu3HauuMTu KinbKiCHi MOKa3HWKM KPOBOTOKY Yy XpebeTHUX apTepisx

y Mornoawmx ocib i3 aTnaHToakcianbHOK HecTabinbHICTIO 3a A0NOMOrol (yHKLioHarmb-

AbOynnaes PizgaH Sleybosuy HWX TECTIB Y TPUMMEKCHOMY PEXUMI.

HaB4anbHo-HayKoBWit IHCTUTYT NICNAAWM-  Marepianu Ta MeToau. Y 41 nalieHTa MOMoforo BiKy B TPUMIEKCHOMY PeXuMi
NOMHOT OCBiTM XapKiBCbKOTO HalioHamnb-  peecTpyBaBCA KPOBOTIK Yy 2-My Ta 3-My CermeHTax xpeGeTHux aptepiii (XA),
HOTO MefuuHoro yHiBepcuteTy MiHiCTep-  oBuucnioBanucss MakcuMmanbHa CUCTOMIYHA LUBUAKICTb (Vs), kiHueBa piacToniyHa
CTBa OXOPOHM 300pOB'st YkpaiHy; wemnakicte (Vd), peanctushuii iHaekc (RI), iHaekc nynbcatueHOCTI (PI), XBURMHHMNA
npocn. Hayku, 6ya. 4, M. Xapkis, YkpaiHa,  o6'em kposoToky (XOK — Vvol). Lii nokasHUKuU reMoguHamikv BU3HaYanncst B PiBHOMY

61022; MOMOXEHHI FONOBM Ta Mif} Yac yHKLIOHAMLHNX TECTIB.

e-mail: rizvanabdullaiev@gmail.com Pesynktatv Ta ix o6roBopeHHsi. Rl y nigilt XA 6yB Hai6inbmMmM Npyu MnoBOpoTi
ronosw y npotunexnun 6ik (Mrelb) i cknas 0,71+0,03, W0 Ha CTAaTUCTUYHO 3HAYYLLOMY

© A6dynnaes P51., BopoHbxes 1.0., piBHi (p<0,01) NepeBuLLYe BiAMNOBIAHMIA NOKA3HWK y 3A40poBUX oci6. Mpu MeMB Vs

A60ynnaes PP, 2024 y npaBit XA cTaHoBMB 57,3+5,2 cm/cek, MpW MOBOPOTi FOMOBM B OJHONMEHHWIA

6ik (MrBOB) — 37,4+3,6 cm/cek (p<0,01), a y 3mopoBux oci6 — 47,8+4,3 cwm/cek.
Pl y npasin XA npu MNrelrb craHosus 0,70+0,03, a npu MNrBOBb - 0,69+0,03, wo
Ha CTaTUCTUYHO 3Hauvywomy piBHi (p<0,05) nepeBullye BIANOBIAHWMA MOKA3HMK
y 3popoBux oci6. Pl maB Hanbinbwe 3HayeHHs y nisomy XA npu MIeMB ronosu
Ta crtaHosmB 1,05+0,07, WO Ha CTAaTUCTUYHO 3Hauvywomy piBHi (p<0,05) nepesuliye
BigNOBIiOHWMI noKa3HWK y 3gopoBux oci6. [lMpu TMIBMNB ronoeun XOK craHoBMB
92+10 mn/xB — cTaTnCcTUYHO 3HauyLe (p <0,05) meHLe, HiX y 300poBKMX OCib.

BucHoBku. Pi3ki nOBOpOTH ronosmn y monogux oci6 3 HecTabinbHICTIO atnaHToakcianb-
HOro 3’€4HaHHS CyNpOBOOXKYIOTbCSI 3POCTaHHAM iHAEKCIB PEe3NCTEeHTHOCTI Ta nynb-
catnBHocTi y Il cermeHTi xpebeTHux apTepii Ta 3HWKEHHSIM XBUITMHHOTO 06’emy

KPOBOTOKY B HUX.

B oci6 3 HecTabinbHICTIO aTnaHToakcianbHOro 3'€AHaHHS MOBOPOT rOMOBU B MPOTU-
NnexHun OiKk CynpOBOMKYETLCS 3POCTAHHAM CUCTOMIYHOI  LUBMAKOCTI  KPOBOTOKY
y BiONOBiAHIN XxpebeTHin apTepii, a B 0OA4HOWMEHHUIN Bik — ii 3HWKeHHsIM. [py ubomy

NMOKa3HUKM reMogvHaMikM Yy NauieHTIB

i3 aTnaHToakcianbHOK HecTabinbHICTo

Ha CTaTUCTMYHO 3HAYYLLIOMY PiBHi Bi4pi3HAIOTLCS Bif BIAMNOBIAHMX AaHUX 300POBMX OCI6.
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ABSTRACT

Background. Hemodynamic disturbances in the vertebral arteries often lead to
neurological imbalances. Assessing blood flow parameters in different parts of the
vertebral arteries can help predict the development of serious neurological diseases
and promptly carry out appropriate treatment and preventive measures.

Purpose. To determine quantitative parameters of blood flow in the vertebral arteries
in young people with atlantoaxial instability using functional tests in triplex mode.
Materials and methods. In triplex mode, blood flow was recorded in the V2 and
V3 segments of the vertebral arteries (VA) in 41 young patients. Maximum systolic
velocity (Vs), end-diastolic velocity (Vd), resistive index (RI), pulsatility index (Pl),
and minute volume of blood flow (Vvol) were assessed. These hemodynamic
parameters were measured in a straight head position during functional tests.

Result. The RI value in the left VA was the highest in contralateral turning (CLT)
of the head: 0.71+0.03, which is statistically (p<0.01) significantly higher than the
corresponding parameter in healthy individuals. In CLT, Vs in the right VA was
57.3+5.2 cm/s; in ipsilateral turning (ILT) of the head — 37.4+3.6 cm/s (p<0.01), and
in healthy individuals — 47.844.3 cm/s. Rl in the right VA was 0.70+0.03 in CLT and
0.69+0.03 in ILT, which was significantly (p<0.05) higher than in healthy individuals.
Rl had the highest value in the left VA in CLT: 1.05+0.07, which was statistically
significantly (p <0.05) higher than in healthy individuals. At the same time, Vvol in CLT
was 92110 mL/min — significantly (p <0.05) lower than in healthy individuals.
Conclusions. Sharp turns of the head in young people with instability of the atlanto-
axial joint are accompanied by an increase in the indices of resistance and pulsatility
in the V3 segment of the vertebral arteries and a decrease in the minute volume
of blood flow in them.

In persons with instability of the atlantoaxial joint, contralateral turning of the head
is accompanied by an increase in the systolic velocity of blood flow in the correspon-
ding vertebral artery, and ipsilateral turning leads to its decrease. At the same time,
hemodynamic parameters in patients with atlantoaxial instability are statistically
significantly different from the corresponding data of healthy individuals.

Abdullaiev RYa, Voronzhev 10, Abdullaiev RR. Assessment of hemodynamics in vertebral arteries in patients
with atlantoaxial instability using functional tests. Ukrainian journal of radiology and oncology. 2024;32(1):9-18.
DOI: https://doi.org/10.46879/ukroj.1.2024.09-18

3B'30K pO6GOTH 3 HAYKOBMMMU NPOrPAMAMM,
NAGHOMM | TEeMaMH

CrtaTTs € (pparMeHTOM MNIaHOBOI HAayKOBO-OOCHiAHOT
poboTn HaBuyanbHO-HayKOBOro iHCTUTYTY MiCNSAUMNAOM-
HOi OCBITM XapKiBCbKOrO HauiOHaNbHOr0 MeLMYHOro
yHiBepcuTeTy MiHicTepcTBa OXOpPOHM 300pOB’A YKpaiHu
Ta € dparMeHToM TeMu: «YnbTpassByKoBa [AiarHocTuKa
JereHepaTvBHOI XBOpOOM AMCKIB B Pi3HMX BIKOBUX
rpynax», Homep AepxaBHoi peecTpauii 0122U000022,
npuknagHa, TepMmiH BukoHaHHs 2021-2025 pp.,
KEpIBHMK TEMW — [OOKTOp MEAMYHUX HayK, npodpecop
P.A. A6gynnaes.

BCTYN

3nuTTs ABOX XpebGeTHWX apTepin B OOHY BENUKY
OasanbHy apTepito 3abesneyye KPOBOMOCTAYaHHA 3ad-
HbOro Bigainy Mo3ky [1]. 3MiHa HanpsAMKy KpOBOTOKY
B eKCTpakpaHianbHOMY Biggini xpebeTHux apTepin Hepia-
KO MpuU3BOAUTbL A0 FEMOAVHAMIYHO 3HaYHMX MOPYLUEHb
y 3agHboMy Bigaini Binnisiesoro kona. BusHaueHHs

Relationship with academic programs,
plans and themes

The article is a fragment of the planned research
work of Education and Research Institute for Post-
graduate Education of Kharkiv National Medical
University «Ultrasound diagnosis of degenerative disc
disease in different age groups», state registration
number: 0122U000022, applied, code: 01896866, period
for performance: 2021-2025, led by Doctor of Medical
Sciences, Professor R.Ya. Abdullaiev

INTRODUCTION

The fusion of two vertebral arteries into one large
basal artery provides blood supply to the posterior part
of the brain [1]. A change in the direction of blood
flow in the extracranial section of the vertebral arteries
often leads to hemodynamically significant disturban-
ces in the posterior section of the circle of Willis.
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KINbKICHUX MOKa3HWKIB KPOBOTOKY 3a AOMOMOroK Aonm-
neporpacii Moxe [ONOMOITM BWUSBUTU PaHHi O3HaKu
MOPYLLUEHHS reMOgMHaMIKM i MPOBOAWNTU MPOMINaKTUYHI
nikyBanbHi 3axoam [2].

ATnaHToakcianbHe 3’€4HaHHs — Le CKnagHa CTpyK-
Typa, WO 3'eQHyE MOTUNULIO i WMNHWIA Bigain xpebTa.
BoHo 3abesnedvye LWMPOKWMIA AianasoH pyxiB y BUMMSAi
3rMHaHHA, PO3rMHaHHA Ta obepTaHHA KpaHiouepBsikarb-
Horo nepexoay. XpectonofidHa i kpunonodibHa 3B’A3kn
3a6e3nevytoTb CTabINbHICTb LBbOrO CerMeHTa LIMNHOMo
Biodiny xpebrta. HectabinbHicTb arnaHToakcianbHOro
3'egHaHHA vacTiwe 6yBae BPOMKEHOW, ane TakoX
BMHWKAE BHACMIgOK TpaBM | AereHepaTMBHUX 3MiH.
ATnaHToakcianbHa HecCTabiNbHICT MOXe BWHMKATK
OHaKOBOK MipOI0 B YOMOBIKIB i XIHOK, i MOXe MposiB-
nsatncs B 6yab-akomy Biui [3]. PeHTreHonoriyHumn o3Ha-
Kamn HecTabinbHOCTI WwWiAHOro Bigdiny xpebta €:
BUMNPAMIEHHS pisionoriyHoro nopaosy, AedopmMyounii
YHKOApTPO3, 3HWKEHHA BUCOTU MiXKXpebueBnx AuncKiB,
CKNEPO3yBaHHsS 3aMMKal4MX NnacTuH, cybxoHapanb-
HWA CKNepos3, KpamoBi KiCTKOBI pPO3POCTaHHSA, CrOH-
aunoapTpos [4].

Y paHiwe ony6nikoBaHMX HAayKOBMX NpaLax NoKasaHo,
O peecTpauito KpPOBOTOKY B XpebeTHuMX apTepiax
B [ONMIEPIBCbKOMY iMMNyrNbCHOMY pexuMi 6axaHo npo-
BOOMTU MiA  KOHTPOSMIEM  KONMbOPOBOI  Bidyanisadii.
Lle nosBonsie kpalye BidyanidyBaTu xpebeTHy apTepito
Ta BM3HAYUTU KINbKICHIi MapameTpu KPOBOTOKY B YCiX
noro cermeHTtax. [JocnigkeHHs Moxe OyTu npoBeneHe
AK Y CMOAYOMY, TaK i nexadyomy MOMOXeHHI nauieHTa.
[eski aBTopu BBaXatoTb, WO pyHKUiOHanNbLHI npobu nerwe
NPOBOAMTM 3 NOBOPOTOM FOfIOBU Y MOMOXEHHI cuasym [5].

LBmMaknii NOWTOBX y LWWAHWIA Bigdin xpebta moxe
CMPVYMHUTM  TpaBMaTUYHE TOLUKOOXKEHHS XpebeTHoi
aptepii. Y paHiwe ony6nikoBaHUX HayKOBMX Mpausax
nokasaHo PO3BUTOK reMOAMHAMIYHO 3HAa4YMMUX NOPYLUEHb
KpOBOTOKY B 0OaceviHi BepTebpobasnnspHoi cuctemu
aX [0 BWHWKHEHHS iWeMiYHOro iHCynbTy nig vac
NpoBeAEeHHSA MaHyarnbHOT Tepanii y XBOpyX Ha NaTosnorito
wmnHoro Biaainy xpe6Ta [6].

[aHi niTepaTypu BKasyloTb Ha aKTyamnbHICTb OLHKM
reMogvHamikM y XxpebeTHUX apTepisix y nauieHTiB 3 He-
cTabinbHiCTI0O atnaHToakcianbHOro 3’'€fQHaHHs Yy PEXUMi
OYNNEeKCHOro CKaHyBaHHS i3 3aCTOCyBaHHAM (OyHKLiO-
HanbHUX Npoo.

Meta pocnigxkeHHA — pgonnneporpacdivyHa ouiHka
reMogvHamikn B XpebeTHMX apTepiax Yy nauieHTiB
3 HecTabinbHiCTIO  aTnaHToaKkcianbHOro  3'€AHaHHA
i3 3aCcTOCYyBaHHAM (DYHKLiOHaNbHMX Npo6.

MATEPIAAU TA METOAU AOCAIAXXEHHSA

[o aHanizy BKNOYEHO pe3ynbTaT¥ KOMMMEKCHOro
YyNbTPa3ByKOBOro AocrimxeHHs 41 nauieHTa 3 HecTabinb-
HICTIO aTnaHToakciansHoro 3’egHaHHs. [liarHo3 6yB BcTa-
HOBMEHU peHTreHorpadiyHo 3 nepegHbOi Npoekuii Ta
exorpadiyHo 3 noTunmyHoro goctyny. Bik nauieHTiB Ba-
pitoBaB y mexax 21-44 poku (B cepeaHbomy 315 pokis),
cepen Hux 23 4yonosikn Ta 18 xiHOK. Bynu BusHaueHi:
cucToniyHa nikoea weuakicTe (Vs), KiHUeBa giactoniyHa
wewuakictsb (Vd), inaeken peancteHTtHocTi (RI) Ta nynbca-
TmBHoCTI (Pl), XxBUNUMHHUI 06’em kpoBoToky (XOK-MFV)
y Opyromy Ta TpeTbOoMy cermeHtax xpebeTHoi apTepii.
Bci napametpu gonnneporpadii peectpyBanvca B Hew-

Assessing quantitative parameters of blood flow using
dopplerography can help detect early signs of hemo-
dynamic disorders and carry out preventive treatment
measures [2].

The atlantoaxial joint is a complex structure that
connects the back of the head and the cervical spine.
It provides a wide range of motions in the form of flexion,
extension, and rotation of the craniocervical junction.
The cruciate and pterygoid ligaments provide stability
to this segment of the cervical spine. Instability of
the atlantoaxial joint is more often congenital, but also
occurs as a result of injuries and degenerative changes.
Atlantoaxial instability can occur equally in both sexes
and can appear at any age [3]. X-ray signs of instability
of the cervical spine are: straightening of the physiolo-
gical lordosis, uncoarthrosis deformans, decrease in
the height of the intervertebral discs, end-plate scle-
rosis, subchondral sclerosis, marginal osteophytes,
and spondyloarthrosis [4].

In previously published scientific works, it had been
shown that the registration of blood flow in the vertebral
arteries in the Doppler pulse mode should preferably
be carried out with color imaging. This allows the ver-
tebral artery to be better visualized and quantitative
parameters of blood flow to be assessed in all its seg-
ments. The examination can be carried out in both
sitting and lying positions of the patient. Some authors
believe that functional tests are easier to perform with
the head turned in a sitting position [5].

A rapid jolt to the cervical spine can cause traumatic
damage to the vertebral artery. In previously published
scientific works, the authors describe development
of hemodynamically significant blood flow disturbances
in the basin of the vertebrobasilar system and even
the occurrence of ischemic stroke during manual
therapy in patients with cervical spine pathology [6].

Literature data indicate the importance of assessing
hemodynamics in the vertebral arteries in patients
with instability of the atlantoaxial joint in duplex scanning
mode using functional tests.

Objective — to perform a dopplerographic assess-
ment of hemodynamics in the vertebral arteries in
patients with instability of the atlantoaxial joint using
functional tests.

MATERIALS AND METHODS

The analysis included the results of a comprehensive
ultrasound examination of 41 patients with instability of
the atlantoaxial joint. The diagnosis was established
radiographically from the anterior projection and echo-
graphically from the occipital approach. The age of the
patients ranged from 21 to 44 years (mean, 3115 years).
Among the patients, there were 23 men and 18 women.
The following parameters were assessed: systolic peak
velocity (Vs), end-diastolic velocity (Vd), resistance
index (RI) and pulsatility index (PI), minute blood flow
volume (Vvol) in the V2 and V3 segments of the ver-
tebral artery. All Doppler parameters were assessed in
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TpanbHOMY MOMOXeEHHI i Npy 06epTanbHUX pyxXax ronosw.
MopisHAnbHY rpyny (M) cknanu 34 ocobu Bikom 19-36
(B cepepgHbomy 28+4) pokiB 6e3 naTomnorin LUNAHOTO
Bigginy xpebta (LLUBX) Ta HOpmanbHUM KriHiKO-HEBPO-
noriyHMm ctatycom. fonnneporpadis BUKOHyBanacs Ha
npunagi Philips HD 11XE 3 BMKOPUCT@HHAM MiKPOKOH-
BEKLIMHOro gaTymka B gianasoHi yactot 4-9 MIy.

[Ona BM3HAYEHHA CTATUCTMYHOI 3HAYYLOCTi AaHuX
BMKOPUCTOBYBAaBCHA HenapameTpuyHum metop MaHHa—
YitHi. Mpn BennuuHi p<0,05 pi3HnU0 MK NOpiBHIOBa-
HVYMM rpynamuy BBaXkanu CTaTUCTUYHO 3HaYyLLyo.

PE3YABTATU TA TX OBFOBOPEHHS

Mpu giarHocTuui aTnaHToakcianbHOI HECTabiNbHOCTI
MU I'pYHTYBanucs Ha pekomeHAaauii AMepuKaHCLKOI
acouiadii pagionoris [7]. BigctaHb Big 3y6onogiGHoro
BigpoCTKa 4o GiYHMX Mac y NauieHTIiB i3 aTnaHToakcianb-
HOlo HecTabinbHicTio nepesuwysana 2,0 mm (puc. 1, 2).

- g

Puc. 1. PeHtreHorpama C1-C2 3 BigKpuTUM poTOM
y NpsiMivi npoekuii. BuaHo acnumeTpito NonoxeHHs
3ybonogibHoro BigpocTka C2 — BigcTaHb Ao biyHoi macu C2
cnpasa — 3 MM, fniBopy4 — 6 MM. BusHayaeTbCcs HepiBHa LUMPUHA
WinunH 6ivHMX cyrnobis, cybxoHapanbHWI cknepos, ocudikadis
nepegHbOi NO340BXHbLOI 3B's13KM Ha piBHI cyrnoba Kptosenbe
Fig. 1. X-ray C1-C2 with an open mouth in direct projection.
The asymmetry of the position of the C2 odontoid process
is visible: the distance to the lateral mass is 3 mm on the right,
6 mm on the left. Unequal width of lateral joint slits, subchondral
sclerosis, and ossification of the anterior longitudinal ligament
at the level of the Cruveilhier joint can be detected

Y nopiBHANbHIN rpyni y Il cermeHTi XA Vs B piBHOMY
nonoxeHHi ronosu B nisin XA cknana 50,3%4,9 cwm/c,
a B npasin XA nig 4ac noBOpoOTy ronoBvM B OAHOWMEH-
HuA Gik (MMBOB) — 43,7+4,1 cm/c. Rl ByB HaWHWKYMM
B niBii XA B piBHOMY nonoxeHHi (0,57+0,02), Hanbinb-
wMMm — B npasin XA nig 4ac NOBOPOTY rOnoBwU
y npotunexHui 6ik (Mrefb) (0,63+0,02). MiHimansHe
3HaveHHs Pl (0,83+ 0,04) peectpyBanocs B nisin XA
B PIiBHOMY MOMOXEHHi, MakcumanbHe — B npasin XA
nig vac MNreOb (0,89+0,04). XOK 6yB Hanbinbwmnm
(12914 wmn/xB) B PIiBHOMY MOMOXEHHI, HaVMEHLINM
(112+11 mn/x8) nNpu nosopoTi ronosu y nieun Gik. Pis-
HUUS MK MNOKasHMKaMu NaujieHTiB 3 aTnaHToakcianb-
HOK HecTabinbHICTIO Ta 3gopoBux ocid He Byna cra-
TUCTUYHO 3HaYYLLIOHO.

BennunHa Vs B 060x apTtepiax BusBMnacsa MiHi-
ManbHOK NPV MOBOPOTI FOMOBU Y NPOTUNEXHWUA Bik:

a neutral position and during rotational movements
of the head. The comparison group (CG) consisted
of 34 people aged from 19 to 36 (mean, 2814) years
without cervical spine pathologies and with normal
neurological status. Doppler examination was performed
on a Philips HD 11XE device using a microconvex
transducer in the frequency range of 4 to 9 MHz.

The non-parametric Mann—Whitney U test was used
to determine statistical significance of the data. The diffe-
rence between the compared groups was considered
statistically significant when p value was lower than 0.05.

RESULTS AND DISCUSSION

When diagnosing atlantoaxial instability, we adhered
to the recommendations of the American Radiological
Association [7]. The distance from the odontoid process
to the lateral masses in patients with atlantoaxial
instability exceeded 2.0 mm (Fig. 1, 2).

Puc. 2. ExorpacpiuHa Bidyanisauis atnaHToakcianbHOro
3’eQHaHHs i3 3a4HBbOro JOCTYNY B MOMNEPEYHIV NIOLWMHI.
BigsHavaeTbes 3HavHe 3MmiweHHs 3ybonogibHoro Bigpoctka C2
y 6ik niBoi 6i4HOT Macw nig Yac NOBOPOTY rofoBsum
B MpOTUNEXHUi Bik
Fig. 2. Echographic visualization of the atlantoaxial joint
from the posterior approach in the transverse plane.
There is a significant displacement of the C2 odontoid process
towards the left lateral mass in contralateral turning of the head

In the comparison group, in the V2 segment of VA,
the value of Vs in the neutral position of the head in the
left VA was 50.314.9 cm/s, and in the right VA, it was
43.7+4.1 cm/s in ipsilateral turning (ILT) of the head.
RI was the lowest in the left VA in the neutral position
(0.57+0.02) and the highest in the right VA in contrala-
teral turning (CLT) of the head (0.63+0.02). The minimum
PI value (0.83+0.04) was recorded in the left VA in the
neutral position, whereas the maximum value was
registered in the right VA in ILT of the head (0.89+0.04).
Vvol was the greatest (129+14 mL/min) in the neutral
position and the lowest (112+11 mL/min) in turning of
the head to the left. However, no statistically significant
difference was found between the parameters of pati-
ents with atlantoaxial instability and healthy individuals.

In both arteries, Vs was the lowest in CLT of the
head: 37.6+3.6 cm/s and 37.6+£3.2 cm/s in the left
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y nisin XA 37,3+£3,6 cm/c, a y npasin XA 37,6+3,2 cwmlc,
BianosigHO. BenuuuHa Vs y cepeavHHOMY MNOMNOXEHHI
ronosn Oyna Hanmbinbwoto: y nisin XA BOHa CTaHo-
Buna 43,9+4,2 cm/c, y npasin XA — 451143 cwm/c.
BennunHa Rl B o6ox XA konusanacb Big 0,57 + 0,02
po 0,61+0,02, Pl — Big 0,88 = 0,04 go 0,94+0,06;
XOK - Big 103 £ 9 mn/xs go 115 mn/xs. Y pgpyromy
cermeHTi 060X XA MOKasHWKM KPOBOTOKY XBOpMX Ta
300poBUX OCI6 y CepeavHHOMY  MOMOXEHHI rornoBu
Ta nig 4ac dyHKUioHanbHMX TecTiB Mk cobol Ha cTa-
TUCTUYHO 3HaYYLLOMY PiBHi He Bigpi3Hsanuca (tabn. 1).

and right VA, respectively. In the neutral position of
the head, Vs was the highest: 43.9+4.2 cm/s in the left VA
and 45.1+4.3 cm/s in the right VA. Rl in the vertebral
arteries varied from 0.57+0.02 to 0.61+0.02; PI — from
0.88+0.04 to 0.94+0.06; Vvol — from 103+9 mL/min
to 115 mL/min. There were no statistically significant
differences between the corresponding hemodyna-
mic parameters in the V2 segment of both VA of
patients with atlantoaxial instabilty and healthy
individuals in the neutral position of the head during
various functional tests (Table 1).

Ta6nuus 1. MokasHuku kpoBOTOKY Y || cermeHTi XA y He/TpanbHOMY NOMOXEHHI ronoBu Ta nig Yac yHKUioOHaNbHUX TECTIB
Table 1. Hemodynamic parameters of the V2 segment of the VA in the neutral position of the head during functional tests

o Il Cerm, XA | AtnaHToakcianbHa HecTabinbHiCTb (n=41) MopiBHANbHa rpyna (n=34)
lemoauHamiuHi nokasHukn |\ ., sedm., Atlantoaxial instability (n=41) Comparison group (n=34)
Hemodynamic parameters VA

HMF /NHP | OB /LHR | AFMB/RHR | HAF / NHP | M6 / LHR | NIMB / RHR

Vs, cm/cek NXA/LVA | 439+42 | 381#35 37,3%3,6 50,34,9 | 47,6+43 43,741
Vs, cm/s MXA/RVA 45,1+4,3 37,613,2 38,2+3,7 48,5+4,7 46,914,5 46,2+4,3
RI JIXA / LVA 0,61+0,02 0,63+0,02 0,62+0,02 0,57+0,02 | 0,61+0,03 0,59+40,02

MXA / RVA 0,62+0,02 0,64+0,02 0,63+0,02 0,59+0,02 | 0,63+0,02 0,59+0,02
bl JIXA / LVA 0,88+0,05 0,89+0,06 0,90+0,06 0,83+0,04 | 0,84+0,04 0,85+0,04

MXA/RVA 0,89+0,04 0,91+0,06 0,94+0,06 0,87+0,04 | 0,91+0,05 0,89+0,04
XOK, Mn/xa NXA/LVA | 115+13 107412 105411 129414 128412 119+13
Vvol mL/min MXA/RVA | 114211 104£10 1039 118211 112211 114212

lNpumimka: Note:

HIMI™ — HenTpanbHe NONOXEeHHs ronoBwy;
MMB — noBopoT ronosw y nisuii Gik;
MIrMB — noBopoT ronosu y npasuii Gik;
XOK — XBUMMHHNIA 0BCAT KPOBOTOKY;
JIXA — niBa xpebeTHa apTepis;

MXA — npaBa xpebeTHa apTepis.

Ak BugHo 3 Tabnuui 2 y 300poBuKx ocid BenuumHa Vs
Y Pi3HMX MOMOXEHHAX rofioBM 3Haxogmnacs B AianasoHi
43,5-49,5 cm/c, Rl - 0,57-0,62, Pl — 0,82-0,91, XOK —
109-125 mMn/xB. Y HUX Ha CTaTUCTUYHO 3HAYYLLIOMY PiBHI
BiAMIHHOCTEN MiX MOKa3HWKaMy KPOBOTOKY Yy HemTpanb-
HOMY MOMOXEHHI ronoBu Ta Mig 4Yac dyHKUiOHaNbHNX
TecTiB B 060X cermeHTax XA He Gyno BusaBneHo. Y rpyni
nauieHTiB 3 HecTabinbHICTIO LWKWHOro Bigainy xpebTa
BenniunHa Vs Ta XOK y HentpanbHOMY MOMOXEHHI
ronosmn Gyna TPOXWM HMXKYOIK, HiX ceped 340pOBKX OCIb.
Ha BigmiHy Big Vs, BenununHa RI ta Pl y rpyni 3nopoBumx
ocib 6yna meHwwe, HixX y xsBopux. Mpu nosBopoTi ronosu
B OfHOVMIMeHHun Gik Vs y niBin xpebeTHin apTepii cknana
36,7+£3,8 cm/c, a npu NOBOPOTI y NpoTUREXHUN Bik —
57,315,2 cm/c (p<0,01). Y 3gopoBux ocib Ui napameTtpu
cTtaHoBunu — 46,1+4,2 cm/c 1a 44,3+4,1 cm/c (p<0,05),
BignoBiaHO. MNpu NoOBOPOTI ronoBu B OAHONMMEHHMIA Bik
Vs y npasin xpebeTHin aptepii cknana 37,4+3,6 cwmlc,
a B npoTunexHun bik — 54,9+5,1 cm/c (p<0,05) BignosigHo.

Cepep, obCTeXEHNX 3 MATOMOTIE LWMIAHOMO Biadiny
xpebta Rl B nigin XA nig 4ac noBOpOTy rOnoBu
B npoTtunexHun 6Gik craHoBuB 0,71+0,03, a npaBoi XA
0,70+0,03, Wwo Ha CTaTUCTUYHO 3Ha4YyLLoMY piBHi (p<0,01)
nepeBuULLYE BiOMOBIAHWI MOKa3HUK Yy 300pOBMX OCIb.
Hanbinbwa BenuuuHa Pl BuaBunacsa B nisin XA nig yac
NMOBOPOTY roNoBU y NpoTunexHun 6ik i cknana 1,05+0,07,
O Ha CTaTUCTMYHO 3Hadvylomy piBHi (p<0,05) nepesu-
Llye BiANOBIOHUA MOKA3HMK Y 340POBMX OCi6. BenuuuHa
XOK 6yna HariMmeHLIo B MiBii XA TakoX npu noBOpPOTI
ronoBu B npotunexHun 6ik i cknana 92+10 mn/xe —

NHP — neutral head position;

LHR - left head rotation;

RHR - right head rotation;

Vvol — minute volume of blood flow;
LVA — left vertebral artery;

RVA - right vertebral artery.

As can be seen from Table 2, in comparison group,
Vs in different positions of the head varied from 43.5
to 49.5 cm/s, Rl — from 0.57 to 0.62, Pl — from 0.82
to 0.91, Vvol — from 109 to 125 mL /min. There were no
significant  differences between the hemodynamic
parameters of the V2 and V3 segments of the VA in the
neutral head position during various functional tests.
In patients with atlantoaxial instability, the values of
Vs and Vvol in the neutral head position were slightly
lower than in patients of the comparison group, and the
values Rl and PI, on the contrary, were higher than
in healthy individuals. Vs of the left VA in ILT of the head
was 36.7+3.8 cm/s, in CLT of the head — 57.3+5.2 cm/s
(p<0.01). In patients of comparison group, the values
were 46.114.2 cm/s and 44.3t4.1 cm/s (p<0.05),
respectively. The values of Vs in the right VA were
37.4+3.6 cm/s and 54.9+51 cm/s (p<0.05) in ILT
and CLT, respectively.

In patients with cervical spine pathology, Rl in CLT
was 0.71+0.03 and 0.70+0.03 in the left and right VA,
respectfully, which is statistically significantly (p<0.01)
higher compared to patients of the comparison group.
The highest value of Pl was noted in the left VA in CLT
and was 1.05+0.07, which is significantly (p<0.05)
higher than the corresponding parameter in healthy
individuals. The lowest value of Vvol was also noted
in the left VA in CLT and was 92+10 mL/min — statis-
tically significantly (p<0.05) lower than in patients of the
comparison group (Fig. 3, 4).
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Ha CTaTUCTUYHO 3HadvywwoMmy piBHi (p<0,05) Hwx4e, Hix
y 30opoBux ocib (puc. 3, 4).

Tabnuusa 2. MNMoka3Hnku kpoBoTOKY Y Il cermeHTi XA y HEMTpanbHOMY MOMOXEHHI FONoBK Ta Mig Yac PyHKLUiOHanbHUX TeCTiB
Table 2. Hemodynamic parameters of the V3 of the VA in the neutral head position during functional tests

o ATnaHToakcianbHa HecTabinbHicTb (N=41) MopiBHaANbHa rpyna (n=34)
reMoﬂ”“aM"fH' nokasHukm | Il Cerm. XA Atlantoaxial instability (n=41) Comparison group (n=34)
Hemodynamic parameters | V3 segm., VA

HMAr/NHP [ MB/LHR | AMMB/RHR | HAI/NHP | NMB / LHR | ArTB / RHR
57.3+5.2
p<0,05
JIXA / LVA 41.624.3 |36.7+3.8 49.5+4.8 46.1+4.2 44.3+4 1
Vs, cm/c p r-1<0,01
Vs, cm/s p lva-rva <0,01
54.9+5.1
MXA / RVA 42.9+4.5 0<0.01 37.413.6 47.4+4.6 47.8+4.3 43.5+3.9
NXA/LVA | 0.62:0.02 | 0.680.03 2301 o003 0.57£0.02 | 0.61:0.03 | 0.60£0.02
RI :
MXA/RVA | 0.63+0.02 3;7(?3(5)'03 0.69+0.03 0.58+0.02 | 0.62+0.02 0.61+0.02
NXA/LVA | 0.91+0.05 | 0.94+0.06 1.0520.07 0.82+0.04 | 0.85+0.04 0.84+0.04
P p<0,05
MXA/RVA | 0.89+0.05 | 0.98+0.07 | 1.01+0.07 0.85+0.04 | 0.89+0.05 0.91+0.05
XOK, Mn/xs JIXA/LVA 112+12 | 971 2331(?5 125+12 123+12 117+11
Vvol, mL/min :
MXA / RVA 113+11 | 94110 9619 113+11 113+11 109+10
lMpumimka: Note:

HIMI™ — HenTpanbHe NONOXEHHSA roNoBMu;
MIMB — noBopoT ronosw y nisui Gik;
MIMB — noBopoT ronosu y npasuii Gik;
XOK — xBUNMHHWIA 0BCSAT KPOBOTOKY;
JIXA — niBa xpebeTHa apTepisi;

MXA — npaBa xpebeTHa apTepis;

NHP — neutral head position;
LHR — left head rotation;
RHR - right head rotation;
Vvol —minute flow volume;
LVA — left vertebral artery;
RVA —right vertebral artery.

Puc. 3. KpoBorTik 3apeectpoBanui y Il cermeHTi niBoi XA
y nauieHTa 3 HeCcTabinbHICTIO aTnaHToakcianbHOro 3'€HaHHs
nig Yac NOBOPOTY rONIOBY B OAHONMEHHMUIA Gik.
Vs ctaHoBuTb 36,8 cm/c, Rl — 0,66
Fig. 3. Blood flow is registered in the V3 segment of the left VA
in a patient with instability of the atlantoaxial joint in ILT.
Vs is 36.8 cm/s, Rl is 0.66

Y Tabn. 3 nogaHo pe3ynstatv  gonnneporpadii
GasanbHoi aptepii (BA) nauieHTiB 3 aTnaHToakcianb-
Hoto HecTtabinbHicTio (AAH) i nopisHanbHoi rpynu (M)
3 npoBegeHHaM yHKuUioHaneHUX npo6. Y TN Benu-
ynHa Vs BA y HenTpanbHOMY MOMOXEHHi cknajana
59,3+5,2 cwm/c, npy noBopoTi ronoBu B niBun BiK —

Puc. 4. KpoBorTik 3apeectpoBaHui y |l cermeHTi npaBoi XA
y nauieHTa 3 HeCcTabinbHICTIO aTnaHToakcianbHOro 3'€qHaHHs
nig Yac NOBOPOTY rorioBM B NPOTUNEXHMI BiK.
Vs ctaHoBuTb 58,8 cm/c, Rl — 0,74
Fig. 4. Blood flow is registered in the V3 segment of the right VA
in a patient with instability of the atlantoaxial joint in CLT.
Vs is 58.8 cm/s, Rl is 0.74

In Table 3, the results of dopplerography of the basal
arteries (BA) of patients with atlantoaxial instability
and patients of the comparison group who underwent
functional tests are presented. In comparison group,
the value of Vs in the BA in the neutral position was
59.3+5.2 cm/s, in left head rotation — 54.7+5.6 cm/s, in
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54,7+5,6 cm/c, npu noBopoTi B npasuii 6ik 52,1+4,7 cwm/c,
a y nauienTiB 3 AAH — 51,4452 cwm/c, 38,314,2 cwm/c
(p<0,05) i 40,2+4,1 cwm/c, BignoBigHo.

right head rotation — 52.1+4.7 cm/s, and in patients with
atlantoaxial instability — 51.4+5.2 cm/s, 38.3%4.2 cm/s
(p<0.05), and 40.2+4.1 cm/s, respectively.

Ta6nuusa 3. MNapameTpu remognHamiku 6asanbHOI apTepii y XBOPWX 3 aTnaHToakciaribHO HeCTabinbHiICTo
Ta NOPIBHAMBHOI rPyNy y HEWTpanbHOMY MOSIOKEHHI Ta 3 poTalieto rorosm
Table 3. Hemodynamic parameters of the basal artery in patients with atlantoaxial instability
and in patients of the comparison group in the neutral position and with head rotation

o ATnaHToakcianbHa HectabinbHicTb (N=41) MopiBHANbHa rpyna (n=34)
lemoanHamiuHi nokasHuku Atlantoaxial instability (n=41) Comparison group (n=34)
Hemodynamic parameters

HAC/NHP | NMB/LHR | NMB/RHR | HAF/NHP | NOMB/LHR | NIMB/RHR
Vs, cm/c 38.3+4.2
Vs, cmis 51.4+5.2 0<0,05 40.2+4.1 59.3+5.2 54.7+5.6 52.1+4.7
XOK, mn/xB 10511 107+12
Vvol, mL/min 139114 0<0,01 p<0,05 162+16 154+15 148114
lMpumimka: Note:

HII — HenTpanbHe NOMNOXeHHS ronoBy;
MNB — noBopoT ronosu y nisuii Bik;
MITB — noBOpOT ronoswu y npasuii Bik;
XOK — xBUNMHHUIA 06CAT KPOBOTOKY.

Y M BenuuuHa XOK BA y HelnTpanbHOMY MOMOXEHHi
cknagana 162+16 mn/xs, Npy NOBOPOTI FOMIOBMN B NiBWNA
6ik — 154115 wmn/xB, npu nosopoTi B npaBun 6Bk —
148+14 wmn/xB, a y nauientiB 3 AAH — 139114 mn/xs,
10511 wmn/xB (p<0,01) i 10712 wmn/xe (p<0,05),
BiAMNOBIAHO.

O6roBopeHHs

Y npoBefeHux padiwe AOCMiIKEeHHAX MnokKasaHo,
O y NtoAer 3 NaTosiorield BEPXHLOro LUNMMHOIO Xpebus
LWBKUAOKICTb KPOBOTOKY B XpebeTHii apTepii Bulle, HiX
y 300pOBWX ntogewn, ocobnmeo nNpu obepTanbHUX pyxax.
ABTOpM Bif3Ha4aloTb, LIO LIBMAKICTb KPOBOTOKY 0OCOO0-
nMBO 30iNbLUYETLCA Y YETBEPTOMY CErMeHTi xpebeTHoi
apTepii, Konu nauieHT cuanTb. Y 3B’A3KY 3 LM aBTOpU
pPeKoOMeHAYHTb YHUKATU TpuBanoro obepTaHHs rornosoko
nig, Yac ceaHciB MaHyanbHol Tepanii [8—10].

Bnnve poTauiiHux pyxiB Ha remoguHamiky y xpebert-
HUX apTepisax 3anuwaeTbca AUCKYCiMHUM. Hanpuknag,
Yelverton C. Ta cniBaBTopu (2020) BMBYanu Jonnne-
piBCbKi MapameTpu KpOBOTOKY Yy nogen 6e3 ABHUX
naTornorin WuiHOro Bigainy xpebta Ta He BUABUNN
CTaTUCTUYHO 3HauvyLWMX BiOMIHHOCTEN MiX OTpUMaHW-
MU JaHUMK 80 Ta nicnsa yHKUioHanbHUX TecTis [11].

Y paHiwe onybnikoBaHux Hamu poboTax nokasaHa
ponb gonnneporpadii B OuiHUi napameTpiB KpOBOTOKY
B XpebeTHUX apTepisix y nauieHTiB 3 rpuxer LINAHUX
Mixxpebuesux auckis [12]. Byno BusiBneHo cTaTMCTUYHO
3HauyLly BiAMIHHICTb CUMCTOMIYHOI LWBUAKOCTI Ta iHOEKCY
PE3NCTEHTHOCTI KPOBOTOKY Y MOPIBHAHHI 3 nauieHTammu
6e3 naTonorii WwWuiiHoro Bigainy xpebTa.

Ak BiAOMO, OCTaHHIMWM poKamu MaHyarnbHa Tepanis
cTana BaXMMBOW CKagoBoto peabinitauiHMx 3axogis
y XBOpWUX 3 naTtonorisiMy LUWAHOTO BigAdiny xpebTa.
Y paHiwe onybnikoBaHWx poboTax nogaHo AaHi npo
3HWKEHHS LWUBWUAKOCTI i XBUINMHHOTO O6’€MY KPOBOTOKY
B TPETbOMY CerMeHTi xpebeTHoi apTepii Ha piBHi C1-C2
npwv Pi3KMX poTaLiMHUX pyxax roroBu Nig Yac BUKOHAHHSA
MaHyanbHOI Tepanii y XBOpPUX 3 NaTOMNOrsgMu LUMAHUX
xpebuis [13, 14]. B umx npausix ocHoBHa yBara 6yna
npuaineHa guHamili CMCTONIYHOI LUBUAKOCTI KPOBOTOKY

Mpu  Pi3HUX MOSOXKEHHSIX TrONIOBU.

Y paHin pobori

NHP — neutral head position;
LHR - left head rotation;
RHR - right head rotation;
Vvol — minute flow volume.

In comparison group, the value of Vvol in the BA
in the neutral position was 162+16 mL/min, in left head
rotation — 154+15 mL/min, in right head rotation —
148+14 mL/min, and in patients with atlantoaxial
instability — 139+14 mL/min, 105+11 mL/min (p<0.01),
and 107+£12 mL/min (p<0.05), respectively.

Discussion

Previous studies have shown that the velocity of
blood flow in the VA is higher in patients with pathology
of the upper cervical vertebra than in healthy people,
especially during rotational movements. The authors
note that the blood flow rate increases particularly in
the V4 segment of the VA when the patient is sitting.
In this regard, the authors recommend avoiding prolon-
ged head rotation during manual therapy sessions [8—10].

The impact of rotational movements on hemo-
dynamics in VA remains debatable. For example,
Yelverton C. et al. (2020) studied Doppler parameters
of blood flow in people without obvious pathologies
of the cervical spine and found no statistically significant
differences between the data obtained before and
after functional tests [11].

In our previously published works, the role of
dopplerography in the assessment of blood flow para-
meters in the VA in patients with herniated cervical
intervertebral discs has been shown [12]. A statistically
significant difference in systolic speed and blood flow
resistance index was found, compared to patients
without cervical spine pathology.

As it is known, in recent years, manual therapy has
become an important component of rehabilitation
measures for patients with cervical spine pathologies.
In previously published works, the authors have pre-
sented data on a decrease in the velocity and minute
volume of blood flow in the V3 segment of the VA
at the C1-C2 level in sharp rotational movements
of the head during manual therapy in patients with
pathologies of the cervical vertebrae [13, 14]. These
studies mainly focused on the dynamics of systolic
blood flow velocity in different head positions. In this work,
we assessed such blood flow parameters as pulsatility
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OLjiHIOBanNMcsa Taki napameTpy KpOBOTOKY 5K Myrbcaulin-
HUWA iHOekc Ta o6’€MHMI  KPOBOTIK, LWO Kpale
XapakTepuaylTb TOHYC CyAWH, HasiBHICTb KOMMNPECii
y TPETbOMY CermeHTi xpebeTHux apTepin nig yac obep-
TanbHWX pyxiB rONoBW Yy XBOPMX 3 arnaHToakcianb-
HO0 HecTabinbHICTIO.

Hamn BusBneHo, WO Npu atnaHToakcianbHin HecTa-
GinbHOCTI obepTanbHi  pyxu rornoeBu nNpu3BOAaTb [0
noripLeHHs MOKa3HWKIB reMOAUHAMIKM Yy TPeTboMy cer-
MeHTI xpebeTHuX apTepii y BUMMAAI 3MEHLUEHHS XBUW-
NMHHOro 06’eMy KpPOBOTOKY, 30iNbLUEHHA MOKa3HWKIB
onopy Ta nynbcauii. MNpu incunarepansHOMy MOBOPOTI
ronoBK LUBUAKICTb KPOBOTOKY B OAHOWMEHHIN XpebeTHiin
apTepii 3MEHLWYeTbCA, a npu KOHTpanarepanbHOMY
obepTaHHi — HaBnakn 36inbwyeTbCA. PisHUUsS NOpiBHAHO
3 MOKa3HVMKaMy KpPOBOTOKY Ha MPOTUNEXHIN apTtepii
3 pesynbratamu 340POBUX IOAEN Mae iCTOTHe 3Ha-
YeHHs. [onnneporpadiyHe [OCNIMKEHHA napameTpis
KPOBOTOKY B XpebeTHMX apTepisx — iH(OpMaTUBHUIA
Ta 6e3nevyHun MeTO4 [AiarHOCTMKKU, SIKMA Aae nikapi —
MaHyansHoMy TepaneBTy iHdopMauito Ans YCniWHOro
npoBedeHHs nikyBaHHA. Lle pgocnimkeHHs pekomeHAay-
€TbCS NPOBOAUTU Nepes No4aTKoM Ta MPOTSATOM FiKyBaHHS.

TakvM 4MHOM, LUBMAKI poTauiviHi pyXu ronoswu i wui
Yy XBOPMWX 3 aTfiaHTOaKCianbHOK HecTabiNbHICTIO MOXYTb
npu3BecTM [0 MOPYLUEHHAM reMoauHamikn B xpebeT-
HUX apTepiax, WO MOXe MaTW MoraHi Hacnigkm npwu
BENVKNX NepeBaHTaKEHHSX.

BUCHOBKMU

Piski noBopotu ronoesu y monogux ocié 3 HecTa-
GiNbHICTIO aTnaHToaKCianbHOro 3’'€4HAHHA CYNpPOBOAXY-
I0TbCSl 3POCTaHHAM iHAEKCIB pe3WCTEHTHOCTI Ta Mynb-
CaTMBHOCTI Yy TPETbOMY CErMeHTi XpebGeTHWX apTepin
Ta 3HWKEHHSIM XBUITMHHOTO 06’€MY KPOBOTOKY B HUX.

B oci6 3 HecTabinbHicTIO aTnaHToakcianbHoro 3’efl-
HaHHS MOBOPOT TFOMOBW B NPOTUNEXHWUA Gik cynpo-
BOKYETbCA 3POCTAHHSAM CUCTONIYHOI LUBUAKOCTI KPOBO-
TOKY Y BiANOBiAHIA xpebeTHiN apTepii, a B 0OQHONMEHHUIA
Gik — i 3HWXKeHHAM. Mpu UBOMY MOKA3HWKU remoauHa-
MiKM Yy nauieHTiB i3 aTnaHToakcianbHOK HecTabinbHICTHO
Ha CTaTUCTMYHO 3HaJyLlOMYy piBHI BiOPI3HAOTLCS BiA
Bi4NOBIAHMX OAaHNX 300pOBUX OCib.
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index and volumetric blood flow. These parameters
provide better characteristics of vascular tone and
the presence of compression in the V3 segment of
the VA during rotational movements of the head
in patients with atlantoaxial instability.

We have found that in atlantoaxial instability, rota-
tional movements of the head lead to a deterioration
of hemodynamic parameters in the V3 segment of
the VA in the form of a decrease in the minute volume
of blood flow, an increase in resistance and pulsation
indices. In ILT of the head, the velocity of blood flow
in the corresponding VA decreases, and in CLT, on the
contrary, it increases. Compared to blood flow para-
meters of the opposite artery, the difference between
them in patients with atlantoaxial instability and healthy
individuals is significant. Doppler assessment of blood
flow parameters in the VA is an informative and safe
diagnostic method that provides a doctor, a manual
therapist, with information for performing successful
treatment. This assessment is recommended to be
conducted before and over the course of treatment.

Thus, rapid rotational movements of the head
and neck in patients with atlantoaxial instability can
lead to hemodynamic disturbances in the VA, which
can have bad consequences in case of large overloads.

CONCLUSIONS

Sharp turns of the head in young people with
instability of the atlantoaxial joint are accompanied by
an increase in the indices of resistance and pulsatility
in the V3 segment of the vertebral arteries and a de-
crease in the minute volume of blood flow in them.

In persons with instability of the atlantoaxial joint,
contralateral turning of the head is accompanied by
an increase in the systolic velocity of blood flow in the
corresponding vertebral artery, and ipsilateral turning
leads to its decrease. At the same time, hemodynamic
parameters in patients with atlantoaxial instability are
statistically significantly different from the corresponding
data of healthy individuals.
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Prospects for further research

Further research of quantitative and qualitative parameters
of blood flow in the posterior part of the circle of Willis as well as
in the venous plexuses of the brain in patients with instability
of the atlantoaxial joint is necessary to improve diagnosis
and prophylactic treatment measures.
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