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Abstract

Study Design: Prospective observational study.

Objectives: Studying the effect of degenerative cervical spondylosis(CS) on blood flow velocity of vertebral artery (VA) during

cervical spine rotation in different head positions and its association with vertigo.

Introduction: Vertigo is one of the most common complaints seen in an out-patient clinic. Its association with CS remains an

enigma for a treating physician. This study planned to systematically analyze the association between vertigo and CS by evaluating

VA blood flow dynamics in different head positions.

Methods: 100 patients with ages ranging from 20-80 years were recruited. First group of 50 patients with CS with vertigo were

compared with second study group of 50 patients having CS without vertigo. Cervical radiographs were used to evaluate CS using
cervical degenerative index (CDI). Color doppler was used to measure VA blood flow with head in neutral position and 60� lateral

rotation with 30� extension. Same procedure was repeated on opposite side. Measurements performed included peak systolic

blood flow velocity(PSV) and end diastolic blood flow velocity (EDV).

Results: Among patients with CS, patients having vertigo showed significantly more evident degenerative changes (CDI �25)

(P¼<0.001). High grade CS patients (CDI �25) with vertigo had statistically significant lower blood flow parameters with head

rotation in the left and right VAs as compared to CS patients without vertigo.

Conclusion: This study highlights important pathophysiological mechanism of vertigo observed in patients of CS. The magnitude

of reduction in VA blood flow was significantly higher in patients with advanced CS presenting as vertigo.
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Introduction

Vertigo is often a hidden complaint and causes serious

handicap with considerable psychological morbidity.1

Vertigo patients with all the described causes systematically

investigated and excluded are always referred from ENT

surgeons, ophthalmologists and neuro-physicians to

orthopaedic surgeons with radiologically evident cervical

spondylosis (CS). However, CS leading to vertigo is an

inadequately understood phenomenon with not many studies

1Department of Orthopedics, Seth GS Medical College and KEM Hospital,

Mumbai, Maharashtra, India
2 Indian Spinal Injuries Centre, New Delhi, India

Corresponding Author:

Tushar Rathod, Department of Orthopedics, Seth GS Medical College and

KEM Hospital, Acharya Donde Marg, Parel, Mumbai, Maharashtra 400012,

India.

Email: tnrathod@gmail.com

Global Spine Journal

1-7

ª The Author(s) 2021

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/21925682211027840

journals.sagepub.com/home/gsj

Creative Commons Non Commercial No Derivs CC BY-NC-ND: This article is distributed under the terms of the Creative Commons Attribution-Non

Commercial-NoDerivs 4.0 License (https://creativecommons.org/licenses/by-nc-nd/4.0/) which permits non-commercial use, reproduction and distribution of the

work as published without adaptation or alteration, without further permission provided the original work is attributed as specified on the SAGE and Open Access

pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://orcid.org/0000-0003-3073-6329
https://orcid.org/0000-0003-3073-6329
https://orcid.org/0000-0002-8939-2690
https://orcid.org/0000-0002-8939-2690
https://orcid.org/0000-0001-8153-7499
https://orcid.org/0000-0001-8153-7499
https://orcid.org/0000-0002-1196-0694
https://orcid.org/0000-0002-1196-0694
mailto:tnrathod@gmail.com
https://sagepub.com/journals-permissions
https://doi.org/10.1177/21925682211027840
http://journals.sagepub.com/home/gsj
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
http://crossmark.crossref.org/dialog/?doi=10.1177%2F21925682211027840&domain=pdf&date_stamp=2021-07-16


available in literature. A previously published study con-

ducted in Indian population showed prevalence rate of ver-

tigo was around 0.71% in the general community of rural

adult population in India with highest prevalence (3.52%)

found in the sixth decade and lowest (0.15%) in the third

decade of life.2 Despite these numbers, the etiology, patho-

genesis, symptomatology, prevention and management of

vertigo in CS has remained inconclusive and there is limited

literature reviewing their association. This study aimed at

systematically analyzing the basic pathophysiological

mechanism of vertigo in CS.

Methods

This prospective-observational study with a duration of 3 years

was conducted at a tertiary care hospital. Approval from the

Institutional Review Board (IRB) was taken prior to the com-

mencement of this study (IRB approval number-4180/18).

Written informed consent was obtained from all study partici-

pants. We investigated a total of 100 patients arranged in 2

groups with age range of 20- 80 years. First group (Group I)

comprised of 50 patients (30 females and 20 males) having

clinically & radiologically proven CS with complaints of ver-

tigo for more than 6 weeks duration. Second group (Group II)

consisted of 50 patients (27 females and 23 males) having

clinically & radiologically proven CS but without complaints

of vertigo. Control group was selected from patients in out-

patient department from year 2017 to 2020 consecutively, who

presented with CS without vertigo. Thus control group patients

were clinically & radiologically proven CS patients who pre-

sented to our outpatient department without complaints of ver-

tigo. In addition to this, other common established causes of

vertigo were thoroughly studied and examined by correspond-

ing pathology specialist. In this way, patients with otological

and vestibular disorders, ocular disorders, neurological disor-

ders (except for the radicular symptoms related to cervical

segments), psychiatric disorders and cardiac arrhythmias were

excluded from the study.

Inclusion Criteria

Patients aged >20 years and <80 year with clinically & radi-

ologically proven CS with or without radiculopathy, with or

without vertigo.

Exclusion Criteria

Patients, otherwise meeting the inclusion criteria, were ineligi-

ble in case of any of the following criteria.

1. Patient with otological and vestibular disorders.

2. Patient with ocular disorders resulting in vertigo.

3. Patients with neurological disorders (except for the

radicular symptoms related to cervical segments).

4. Patient with history of stroke / demyelinating disorders /

Parkinson’s disease / Psychiatric disorders.

5. Patient those on Anticholinergics / Anti-depressants /

Sedatives / Hypnotics / Antipsychotics.

6. Patients with Cardiac Arrhythmias & Arterial athero-

sclerosis disorders.

Demographic data and medical history including age, gen-

der, history of trauma, medications, and presenting symptoms

were collected and a case record form was prepared. The symp-

tom of vertigo was evaluated in detail. Patients were asked

whether they have experienced falls, hearing loss, or ringing

in the ears, worsening of balance during neck movements and

its direction. In our study, Cervical vertigo was a diagnosis of

exclusion. By default patient with vertigo complaints had to be

examined by different specialists of Otolaryngology/Ophthal-

mology/Neurology/Psychiatry/Cardiology, so that patients

were screened for all established causes of vertigo and sys-

tematically ruled out. Only when all possible causes were

ruled out, vertigo was considered to be cervical in origin and

cases were considered for our study. Thus, patients were

referred to our clinic with a prior diagnosis of cervical vertigo

by exclusion. If any patient of vertigo presented to our clinic

without exclusion then he/she was referred to the other spe-

cialists for ruling out other causes of vertigo. Total duration of

symptoms also took into account the time spent while seeking

exclusion of other possible causes as patient had active com-

plaints during that period.

All patients underwent radiographs of cervical spine and

degenerative changes were graded as per the Cervical Degen-

erative Index (CDI)3 described in Table 1. The CDI assesses 4

factors: (1) narrowing of disc space, (2) endplate/facet sclerosis,

(3) osteophyte formation, and (4) listhesis (either anterior or pos-

terior). The assessment is derived from a standard antero-poster-

ior(AP) and lateral cervical spine radiograph (Figure 1 & its

assessment in Table 2). A quantitative score for each of the

4 factors for each level (C2-C3 to C6-C7) was added to achieve

an overall cumulative score of CDI. For every factor, a normal

Table 1. Cervical Degenerative Index (CDI).

Factor

CDI score

0 1 2 3

Disc space narrowing (%) None–25 25–50 50–75 75–100
End plate sclerosis None Minimal Moderate Severe
Osteophytes None Small, <2mm Moderate, 2–4mm Large, >4mm
Listhesis None <3mm 3–5mm >5mm
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appearance yields a score of “0” and worst spondylotic change

yields a score of “3.” Thus the CDI score ranges from 0 (com-

pletely normal) to 60 (maximum degeneration at each level).

Arterial color doppler examination of vertebral artery (VA)

on both sides was performed on all patients. The examination

was done at multi-frequencies (7.5–10MHz) using a linear

array transducer (Figure 2). Evaluation was made initially with

the subject’s head in neutral position (NP) in which the head

was slightly in extension (Figure 3). Later the subject’s head

was turned toward one side by 60� and extended at the angle of

30� for measurements of VA.4 The same procedure was

repeated on opposite side. Measurements were performed both

on right & left VA. The Peak Systolic maximal blood flow

Velocity (PSV) & End Diastolic blood flow Velocity (EDV)

were calculated. All participants underwent arterial color dop-

pler of carotid artery to rule out atherosclerosis. Carotid artery

stenosis due to atherosclerosis is an important factor which can

cause vertigo. Hence, all patients were screened for carotid

artery stenosis before proceeding for VA doppler. Though car-

otid arterial stenosis of less than 50% do not cause any reduc-

tion in flow or pressure distal to the lesion,5 we excluded all the

patients with thickened carotid intima or carotid plaque from

Figure 1. Cervical spine antero-posterior (AP) and lateral radiograph
of a 50 years old female showing cervical spondylotic changes which
can be graded by cervical degenerative index (CDI) as shown in
Table 2.

Table 2. Cervical Degenerative Index (CDI) Calculation of Cervical
Radiograph in Figure 1.

Factors

Cervical Vertebral level Total
factor
scoreC2-C3 C3-C4 C4-C5 C5-C6 C6-C7

Disc space
narrowing

1 1 3 2 2 9

End plate sclerosis 1 1 2 2 1 7
Osteophytes 1 2 3 3 2 11
Listhesis 1 0 0 0 0 1
Total level score 4 4 8 7 5
CDI Score 28

Figure 2. Evaluation of right vertebral artery of cervical spondylotic
patient with vertigo in neutral head position (top image) and 60 � head
rotation to left & 30� extension position (bottom image); depicting
decrease in PSV & EDV values on rotation.

Figure 3. Positioning of patient for evaluation of right vertebral
artery, initially with the subject’s head in neutral position with
extension (left image). The subject’s head is turned toward right side
by 60� and extended at an angle of 30� for measurements in the right
vertebral artery (right image). Same procedure repeated for opposite
side.
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the study since it may act as a potential confounding factor. As

all patients with doppler findings suggestive of atherosclerosis

were excluded from the study, cut-off was not described for the

same.

As per our Institutional Research Board standard protocol,

all investigations which contribute to results need to be blinded.

Hence to avoid interobserver error and bias in the study, grad-

ing of all radiographs to calculate cervical degenerative index

was done by single expert radiologist who was blinded to all

clinical variables, including the status of vertigo. Similarly, all

the doppler studies were done by the single expert sonologist

whose was blinded to vertigo status of all patients.

This data was compiled and evaluated using Epi-info Ver-

sion 7.2. The qualitative variables were expressed in terms of

proportions and to test the difference between 2 proportions chi

square or fisher exact test was used. The quantitative variables

were expressed in terms of mean and standard deviation. To

test the difference between the 2 means, student t-test was used.

All analysis was 2 tailed and the significance level was set at

P < 0.05. Power analysis of the study was done prior to com-

mencement of the study. Expecting a difference of 30% in

proportions of CS in vertigo and non-vertigo group, with

95% confidence interval and 90% power, we found a minimum

sample size to be 40 in each group. So considered 50 in each

group for our convenience as a part of convenient sampling.

The following formula6 was used

n ¼ Za=2þ Zbð Þ 2 � p1 1� p1ð Þþ p2 1� p2ð Þð Þ = p1� p2ð Þ 2;

where Za/2 is the critical value of the Normal distribution at

a/2 (e.g. for a confidence level of 95%, a is 0.05 and the

critical value is 1.96), Zb is the critical value of the Normal

distribution at b (e.g. for a power of 80%, b is 0.2 and the

critical value is 0.84) and p1 and p2 are the expected sample

proportions of the 2 groups.

Results

In our study, a total of 100 patients with age ranging from

20-80 years were assessed. Mean age of the study subjects in

non-vertigo group was 46.34 + 10.79 years and in vertigo

group it was 50.72 + 10.86 years and this difference was

statistically not significant. Among the non-vertigo group,

46% were females and 54% were males and among the vertigo

group 60% were females and 40% were males. There was no

statistically significant difference among the 2 groups in terms

of gender. Among the non-vertigo group the proportion of the

subjects having radiculopathy was 54% which was signifi-

cantly lower than vertigo group (76%). Among the vertigo

group 6% cases exhibited neurological deficit and none in

non-vertigo group and this difference was not statistically

significant.

Radiograph findings. Patients in group I showed significantly

higher prevalence of CS as per CDI score when compared to

group II (mean CDI score of 27.84 [+ 4.7] and 17.20 [+ 3.8]

in group I and group II respectively; [P < 0.001]). Among the

factors of the CDI score, the most remarkable difference was in

osteophyte score (Table 3). The mean osteophyte score in

group I was 12.1 (+3.2) vs. 6.1 (+1.7) in group II (P <

0.001). Another factor which showed statistical significance

was disc space narrowing; with mean score of 7.5( + 1.8) in

group I and 5.7 (+1.6) in group II (P < 0.001). Remaining

factors of CDI (sclerosis and listhesis) did not show any sig-

nificant statistical association. Among the vertigo group, the

subjects having CDI�25 were 80% of the cases and among the

non-vertigo group, the patients having CDI �25 were only

20%. This difference was statistically significant.

Arterial color doppler findings. To avoid inter-observer error,

doppler ultrasound examination of all 100 patients was per-

formed by the single expert sonologist who was blinded to

vertigo status of all patients. No statistically significant differ-

ence was observed between group I and group II with respect to

doppler ultrasound parameters in neutral head position.

Although all doppler parameters were decreased on head rota-

tion as compared to neutral head position in all patients, these

parameters were significantly lower in group I than group II at

60� head rotation, specifically in subjects with high CDI score

(Figure 4). Logistic regression analysis in a multivariate model

showed that osteophyte score and total CDI score were

Table 3. Comparison of Cervical Degenerative Index (CDI) Score
Between 2 Groups.

CDI Factors
Group I
(Vertigo)

Group II
(Non Vertigo) P value

Osteophytes score 12.1 + 3.2 6.1 + 1.7 <0.001
Disc space narrowing score 7.5 + 1.8 5.7 + 1.8 <0.001
Sclerosis score 5.1 + 1.5 3.8 + 1.2 0.1227
Listhesis score 3.1 + 0.6 1.6 + 0.4 0.2255
Total score 27.84 þ 4.7 17.2 + 3.8 <0.001

Figure 4. Brief summary of the changes in peak systolic velocity (PSV)
and end diastolic velocity (EDV) in vertebral artery in both groups.
CDI, cervical degenerative index.
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associated with the decreased PSV & EDV in the right and left

VAs at the 60� rotation of the cervical vertebrae in the group I.

(Table 4 & 5).

Discussion

CS leading to vertigo is not a widely studied phenomenon.

Claude Bernard in 1858 first described it, followed by Barré

in 1926. Ryan & Cope in 1995 introduced the term “cervical

vertigo”.7 They found that in degenerative cervical myelopathy

(DCM), vertigo is usually provoked by head movements. It

presents as a to-and-fro vertigo and an unsteadiness of gait that

can be induced by lesion in cervical spine on head movements.7

The vestibular labyrinth, vestibulocochlear nerve, brain stem,

cerebellum and occipital lobes are supplied by the

vertebrobasilar circulation. Cervical osteophytes can occlude

VA during turning of head to the same or opposite side8-11

leading to vertebrobasilar insufficiency. Commonest complaint

in a patient with vertebrobasilar insufficiency is vertigo.9,10

The vascular supply to vestibulo-cochlear organ is by an end

artery. Hence, it depends on vertebrobasilar circulation leading

to increased susceptibility to vertebrobasilar insufficiency.10

Neurons, axons, and hair cells in the vestibulocochlear system

are known to respond to ischemia by depolarizing. This leads to

transient hyper-excitability with ectopic discharges. Clinically

it manifests as tinnitus, vertigo, and dizziness.

To the best of our knowledge, there is only one study done

by Colledge et al12 which assessed incidence of CS in vertigo

patients. CS was the second cause of dizziness (65%) among

their patients, based on clinical examination. Though this was

Table 4. Comparison of the Doppler Findings of Right Vertebral Artery Between 2 Groups.

Right vertebral artery P value

Head Positions Neutral Right Lateral Left Lateral Neutral Right Lateral Left Lateral

CDI <25
PSV 0.9769 0.2255 0.1227
Group I 48.30 þ 21.11 44.10 þ 18.69 43.11 þ 19.10
Group II 48.05 þ 25.01 47.75 þ 22.20 47.65 þ 20.11

EDV 0.8766 0.2321 0.6543
Group I 19.80 þ 7.65 17.20 þ 8.59 18.22 þ 5.57
Group II 18.98 þ 7.87 18.53 þ 6.98 17.83 þ 11.76

CDI >25
PSV 0.8812 < 0.001 < 0.001
Group I 52.43 þ 27.10 41.12 þ 22.10 40.89 þ 23.10
Group II 51.60 þ 26.32 49.34 þ 27.32 48.66 þ 28.18

EDV 0.2133 < 0.001 < 0.001
Group I 20.90 þ 9.11 14.56 þ 7.77 13.58 þ 6.72
Group II 21.33 þ 9.21 20.32 þ 7.78 19.30 þ 8.26

PSV, peak systolic blood flow velocity; EDV, end diastolic blood flow velocity; CDI, cervical degenerative index.

Table 5. Comparison of the Doppler Findings of Left Vertebral Artery Between 2 Groups.

Left vertebral artery P value

Head Positions Neutral Right Lateral Left Lateral Neutral Right Lateral Left Lateral

CDI <25
PSV 0.6783 0.4666 0.5322
Group I 43.46 þ 12.75 41.30 þ 15.94 40.60 þ 9.48
Group II 44.41 þ 13.73 43.43 þ 15.84 42.85 þ 19.74

EDV 0.2439 0.5818 0.3883
Group I 18.00 þ 7.62 15.60 þ 5.06 16.20 þ 3.85
Group II 21.31 þ 7.17 18.68 þ 5.58 19.85 þ 13.04

CDI >25
PSV 0.5818 < 0.001 < 0.001
Group I 40.60 þ 13.78 31.15 þ 12.34 30.20 þ 10.67
Group II 45.60 þ 14.49 44.0 þ 16.81 43.45 þ 17.23

EDV 0.3851 < 0.001 < 0.001
Group I 16.55 þ 4.38 10.23 þ 4.15 11.24 þ 3.93
Group II 20.34 þ 7.05 18.80 þ 6.03 19.58 þ 7.81

PSV, peak systolic blood flow velocity; EDV, end diastolic blood flow velocity; CDI, cervical degenerative index.

Shende et al 5



one of the pilot studies looking at this symptom complex in CS,

it had a few limitations. This study lacked a control group and

no imaging analysis was done.

Petersen10 in 1996 studied reduction in blood flow

through basilar artery with head-turning in patients of ver-

tebrobasilar ischemia. The authors studied mechanical com-

pression of VA at the atlanto-axial joint during head

rotation. Mitchell13 in 2003 studied intracranial VA blood

flow in normal male & female subjects aged 20-30-yrs, in

neutral and maximally rotated cervical spinal positions.

These studies introduced the concept of dynamic imaging

of the VA. However, it is the sub-axial spine and ages

beyond 30 years that are the most affected in CS. Thus, the

second part of VA is the most susceptible on dynamic

examination and we found significant statistical association

between these 2 parameters.

Olszewski et al14 in 2004 studied 80 CS patients with 40

patients having vertigo. All patients had transcranial doppler

ultrasound with head rotations and it confirmed significant

association between flow velocity in basilar artery after neck

rotation and age, prevalence of vertigo and grade of radiologi-

cal changes. The authors also concluded that, VA flow velocity

in neutral position was not affected by degenerative changes in

cervical spine. Strek et al15 reported that during Doppler ultra-

sound examination, blood flow velocity in one or both of the

VA showed a 50–70% reduction when cervical rotation was

applied in patients with CS. VA changes in sub-axial spine on

head rotation and using a scoring system (CDI) for grading

severity CS, were some limitations of these study designs that

we tried to address. Interestingly, we found that osteophyte

score was the leading contributor to changes in the VA flow.

Bayrak et al16 in 2007 evaluated the effect of CS on VA flow

in 91 patients with different grades of degeneration on disks and

apophysis. They concluded that CS did not correlate with the

complaint of vertigo. Among all Doppler measurements, no sig-

nificant difference was noted between male and female partici-

pants which is a consistent finding with our present study. As per

total degeneration score, no difference was noted between

patients with and without vertigo. But the major limitation of

this study was evaluation of VAs with the head in the neutral

position only & no dynamic measurements. We studied hemo-

dynamic flow changes of VA in neutral, right lateral and left

lateral head position and did dynamic doppler examinations

which was found to show significant association.

In our study, we used Doppler sonography for measuring

blood flow of VAs. Several techniques, such as MRI, digital

subtraction angiography, invasive electromagnetic flow meter,

and Doppler Ultra-sonography (US), have been used in the diag-

nosis of hemodynamic impairment that occurs in the vertebro-

basilar system.17Because it is non-invasive, inexpensive, readily

applicable, reliable, and reproducible, Doppler US has become

investigation of choice for in assessing extra-cranial part of VA.

The degree of the stenoses can be identified with high accuracy,

especially when evaluated by an experienced sonologist.10,11

Doppler examination is routinely done with the head in

neutral position. Limited studies14,15 in the literature have

focused on the dynamic evaluation of vertebral arteries during

head rotation. In our study, no significant decrease in blood

flow in neutral head position is found among both groups.

Decrease in peak systolic velocity (PSV) in VAs following

60� head rotation was detected in both groups but a more sig-

nificant reduction was found in spondylotic patients with ver-

tigo group who had higher total CDI score.

VAs are vulnerable to compression by uncovertebral osteo-

phytes, apophyseal osteophytes, or other degenerative changes

of cervical spondylosis. The most susceptible is the second part

of VA, that traverses through the transverse foramina of C2 to

C6.18 Compression by osteophytes with accompanying sur-

rounding edema contiguous to the VA, in addition to its tortu-

osity, can diminish the VA flow. The movements of rotation

and hyperextension of cervical spine diminish blood flow

through the VA; however, this diminution in blood flow gen-

erally is compensated by increased blood flow through the

opposite VA. But if one of the VAs shows compression by the

extensive osteophyte formation in patients with high-grade

degenerative changes, turning the head to the opposite side may

lead to obstruction of flow in the only effective VA thereby

eliciting the features of posterior circulation insufficiency

including vertigo consequent to inadequate collateral flow. Our

study excluded the patients with atherosclerosis since it may

act as a confounding factor. Reduction in VAs blood flow may

be attributed to atherosclerosis which prevent collaterals from

compensating decreased blood flow in the VA after head rota-

tion. Moreover, the relationship shown in the analysis between

the grade of degenerative changes (indicated by the CDI score)

and decreased blood flow velocity in the VAs during head

rotation confirms the significant (P-value <0.001) effect of

extensive spondylosis on VAs blood flow. Interestingly, among

the individual components of the total CDI score, osteophyte

score was associated with decreased PSV in right & left VAs at

60� rotation of the cervical vertebrae in CS patients with vertigo.

Cervical vertigo is the manifestation of chronic vertebrobasilar

insufficiency. Prolonged insufficiency leads to cervical vertigo.

Patients complain of vertigo on keeping head in specific posi-

tions for variable time period which correlate with severity of

degenerative changes. 21 patients of vertigo group had exacer-

bation of symptoms during neck turning, though doppler study

showed reduction of VA blood flow in all patients of the group.

This indicates that its complex interplay of multiple factors like

spatial orientation of head in space, duration of head tilt, CDI

apart from only reduction in VA blood flow which finally deter-

mines clinical manifestation of vertigo.

Our study has the limitation of a small sample size. Inclu-

sion of non-spondylotic control group could have revealed sta-

tus of PSV and EDV flow in normal patients which might have

helped us to better understand the hemodynamics in normal

population. The importance of analyzing the VA in various

pathologies of the cervical spine is being increasingly recog-

nized in current literature.19 A multi centric study with a larger

sample size and inclusion of non-spondylotic control group

will further validate our findings of the pathophysiological

association between CS and vertigo.
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Conclusion

In patients with high-grade CS (CDI� 25) and extensive osteo-

phyte formation, VA compression becomes prominent. Head

rotation aggravates the compression leading to vertigo due to

vertebro-basilar Insufficiency. This highlights the possible

pathophysiological association between vertigo and CS.
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Kessler C. Basilar artery blood flow during head rotation in ver-

tebrobasilar ischemia. Acta Neurol Scand. 1996;94(4):294-301.

doi:10.1111/j.1600-0404.1996.tb07068.x

11. Olszewski J, Zalewski P, Machała W, Gaszyński W. Zastosowa-
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