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ABSTRACT: Introduction. The aim of this work was to evaluate the diagnostic value of the neck torsion testin VNG, Doppler ultra-
sonography and brainstem auditory evoked potentials in patients with vertigo and/or hearing loss due to intracranial
vascular malformations.

Material and methods. The study covered 47 patients, 30 female and 17 male (mean age, 55.5 years; range, 19-74 years) with
vertigo and/or hearing disorders and the asymmetry of vertebral arteries. Each patient underwent a subjective examina-
tion, an otolaryngological examination, otoneurological diagnostics, VNG with gaze tracking in the straight ahead position
and in the 600 left and right neck torsion, the neck torsion test, audiological diagnostics including |-, I1l-and V-wave latency
of the brainstem evoked potentials in the straight ahead position and the right ear stimulation in the 600 right neck torsion
and the left ear stimulation in the neck torsion to the left, Doppler ultrasonography with measuring the diameter of verte-
bral arteries and the velocity of the blood flow in these vessels with the use of the neck torsion test.

Results. In own study, in VNG, the positive neck torsion test was observed in 76.5% of the study patients, while square
waves in both directions were found in 46.5% and in one direction in10.6%. Cervical nystagmus was noticed in 19.1%
of these patients. In the auditory evoked potentials test, the differences in I-, lll- and V-wave latency time were not
statistically significant, either at rest or in the neck torsion. In the Doppler ultrasound examination, the asymmetry of
vertebral arteries were present (below 25%) in 7 women (14.9%) and 4 men (8.5%), whereas large asymmetries (above
25%) were observed in 23 women (48.9%) and 13 (27.7%) men (range, 25% - 215%) and was statistically insignificant.

The resting blood flow velocity in vertebral arteries of large asymmetries, both in systole and diastole heart phases,
was significantly higher in the artery with larger asymmetry.

Conclusion. The neck torsion test can be diagnostically useful in monitoring the vertebrobasilar system as well as qual-
ify for microsurgical procedures if the vertebrobasilar insufficiency has been diagnosed.

KEYWORDS: The neck torsion test, subjective examinations, vertigo and/or hearing lossKey words: neck torsion test, subjective ex-
aminations, vertigo and/or hearing loss

STRESZCZENIE: Wstep. Celem pracy byta ocena wartosci diagnostycznej testu skretu szyi w badaniu VNG i ultrasonografii dopple-
rowskiej oraz stuchowych potencjatéw wywotanych z pnia mézgu u chorych z zawrotami gtowy i/lub zaburzeniami
stuchuw przebiegu anomalii anatomicznych naczyr doczaszkowych.
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Materiat i metody. Badaniami objeto 47 chorych, w tym 30 kobiet i 17 mezczyzn w wieku 19-74 lat (Srednia wieku 55,5
lat) z zawrotami gtowy lub/i zaburzeniami stuchu oraz asymetria tetnic kregowych. U kazdego pacjenta przeprowad-
zono nastepujace procedury:

» podmiotowe i przedmiotowe badanie otolaryngologiczne,

« diagnostyke otoneurologiczng, w tym petne badanie VNG z zapisem ruchéw gatek ocznych w pozycji gtowy na
wprost oraz po skrecie gtowy 0 60° w prawo i w lewo, wykonane przy wykorzystaniu testu skretu szyi,

« diagnostyke audiologiczna, w tym badanie czasu latengji fal |, Ill, V stuchowych potencjatéw wywotanych z pnia
maozgu w pozycji gtowy na wprost, przy stymulacji ucha prawego podczas skretu szyi 0 60° w prawo, oraz ucha lewego
przy analogicznym skrecie szyi w lewo,

» badanie USG metodg Dopplera z okresleniem Srednicy tetnic kregowych oraz predkosci przeptywu krwi w tych nac-
zyniach z wykorzystaniem testu skretu szyi.

Wyniki. Dodatni test skretu szyi w badaniu VNG stwierdzono u 76,5% badanych. U 46,8% z nich zaobserwowano
wystepowanie fal kwadratowych w obu kierunkach, u 10,6% — w jednym kierunku, u 19,7% chorych stwierdzono
oczoplas pochodzenia szyjnego. W badaniu stuchowych potencjatéw wywotanych réznicg czasu latencji fal I, 111'i V —
tak w pozycji spoczynkowej, jak i podczas skretu szyi—nie byty istotne statystycznie. W badaniu USG metodg Dopplera
asymetrie Srednicy tetnic kregowych bez istotnej réznicy (ponizej 25%) stwierdzono u 7 kobiet (14,9% badanych) i 4
mezczyzn (8,5% badanych). Natomiast duzg istotng asymetrie (od 25% do 215%) —u 23 kobiet (48,9%) i 13 mezczyzn
(27,7%) i byta ona statystycznie znamienna. Predkos¢ przeptywu krwi w tetnicach kregowych w badaniu spoczynkowym
u chorych z duzg asymetrig tetnic, zarobwno w fazie skurczowej jak i rozkurczowej, byta wyraznie wyzsza po stronie
wiekszej Srednicy tetnicy.

Whioski. Test skretu szyi moze mie znaczenie diagnostyczne przy badaniu wydolnosci uktadu kregowo-
podstawnego, lub kwalifikacyjne do leczenia mikrochirurgicznego—w przypadku stwierdzeniajego niewydolnosci.

StOWA KLUCZOWE: test skretu szyi, badania obiektywne, zawroty gtowy i/lub niedostuch

INTRODUCTION

The sense of balance and spatial cognition is based on prop-
er function of the balance system and correct connection be-
tween them. Good perfusion is one of the crucial conditions
for proper functioning of the balance system.

Based on data collected between 2007 and 2012 by the Depart-
ment of Laryngology, Laryngological Oncology, Audiology and
Foniatry, Medical University in £.6dz from 2167 patients, diag-
nosed due to vertigo and hearing disorders [1], anomalies of
cranial vessels were found in 29 patients (1.3 %). Confirmed
malformations included: hypoplasia of the right vertebral ar-
tery, hypoplasia of the left vertebral artery, hypoplasia of the
right internal carotid artery, hypoplasia of the left internal ca-
rotid artery, hypoplasia of the right common carotid artery,
and hypoplasia of the left subclavian artery. In addition, less
common anomalies of the cranial vessels such as: aplasia of
one of the vertebral arteries, vertebral arteries arising from the
aortic arch or the common carotid artery, double origin of one
vertebral artery connecting into the common trunk penetrat-
ing into foramina of transverse processes, and vertebral artery
duplication, were discovered. According to other reaserchers,
the aforementioned anomalies might be more common than
described above [2-5].

OTOLARYNGOLOGIA POLSKA, TOM 69, NR 5 (2015), p. 16-21

Diagnostics of anomalies is problematic due to unspecific symp-
toms and concomitant systemic diseases which might cause
similar complaints. Therefore, looking for better diagnostic
procedures is justified. This will help accurately select patients
for further diagnostics and make the correct diagnosis [10-11].

The study aimed to evaluate the diagnostic value of the neck
torsion test in VNG, Doppler ultrasound and brain stem audi-
tory evoked potentials in patients suffering from vertigo and/
or hearing disorders.

MATERIALS AND METHODS

The study was conducted in 47 patient, including 30 women and
17 men aged from 19 to 74 years (mean age 55.5 years) with ver-
tigo and/or hearing disorders and asymmetry of vertebral ar-
teries. All patients underwent otolaryngological examination,
subjective examination, VNG with gaze tracking in straight
ahead position and in the 60°left and right neck torsion, using
the neck torsion test. Outcomes were recorded for at least 30 s in
every position, with 5-minute breaks between position changes.

Afterwards, auditory evoked potentials were tested. A “bang”
with an intensity of 80 dB was used for stimulation. Latency
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time for waves: I, IIl and V was used for measuring variation.
The examination was performed with a head straight for 2000
introduced and accepted stimuli and with stimulation of the
right ear during neck torsion test towards the right and with
the stimulation of the left ear, respectively.

The diameter of vertebral arteries and the blood flow velocity
were evaluated using Doppler ultrasound in the head straight
position and for every vessel during the neck torsion test to-
wards both sides. The patients were assigned to two groups,
depending on the level of diameter asymmetry of the vertebral
artery, assessed using the following formula.

Level of diameter asymmetry= [(W —W )/W ] x 100%, W —larg-
er diameter and W _-smaller diameter. The first group with asym-
metry <25% and the second, with asymmetry >25% found statis-
tically significant [4]. Obtained results were analyzed evaluating
arithmetic mean (X) and standard deviation (SD). The Mann—
Whitney U test was used. The results were determined as statis-
tically significant when a significance rate amounted to p < 0.05.

RESULTS

In the VNG record, 23 patients were diagnosed with a vestib-
ular deficit above normal level (above 15%) which constituted
48.9 % of the evaluated population. However, this disorder

was compensated. The comparison of caloric test results in
VNG with Doppler ultrasound reports revealed that the side
affected by a vestibular deficit correlated with a diameter of
the vertebral artery in 15 patients (31.9%).

The neck torsion test in the evaluated group (Tab. I) revealed
square wave in two directions in 22 patients (46.8%), one-direc-
tion square wave in 5 patients (10.6%), and cervical nystagmus
in 9 patients (19.1%)

The auditory evoked potential record revealed a prolonged la-
tency in wave I, III, and V in most of the patients during the neck
torsion test in comparison to the initial position, whereas, the
largest increase in latency and the most significant morpholo-
gy deviations such as amplitude decrease up to a total decline,
was observed for wave I, which corresponded with conduction
in the distal part of the acoustic nerve (Tab. II). Latency increase
in wave [, IIT and V was not statistically significant (p>0.05).

In Doppler ultrasound, insignificant asymmetry in the diame-
ter of vertebral arteries (below 25%) was diagnosed in 7 women
(14.9%) and 4 men (8.5%); whereas, large significant asymme-
try (above 25%), ranging from 25% to 215%, was found in 23
women (48.9%) and in 13 men (27.7%).

Changes of the absolute value of diastolic and systolic blood
flow velocity ranging from 12 cm/s to 20 cm/s in both verte-

Tab. I. Eye movement record in the neck torsion test in VNG in the studied patients (n=47).

WOMEN MEN TOTAL
STUDIED PARAMETERS
N % N % N %
Square waves in both directions of the test 14 29,8 8 17,0 22 46,8
Square waves in one direction of the test 4 8,5 1 2,1 5 10,6
Nystagmus 4 8,5 5 10,6 9 19,1
Tab. II. Auditory evoked potentials record in the neck torsion test in the studied patients (n=47).
RIGHT EAR (RE) LEFT EAR (LE) X SD
STUDIED PARAMETERS
N % N % RE LE RE LE
Prolonged latency of the wave |
wms) 26 55,3 36 76,6 0,23 0,21 0,4 0,3
Prolonged latency of the
wave Il (w ms) 26 553 26 55,3 017 0,21 0,2 03
Prolonged latency of the
33 70,2 31 66,0 0,17 0,18 0,2 0,2

wave V (ms)
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Tab. I11. Mean velocity values (V max in cm/s) of the blood flow between right
and left vertebral artery at rest and in the neck torsion test in the studied
group (n=47).

CONTRACTION VELOCITY RELAXATION VELOCITY
STUDIED PARAMETERS
SD X sD
Rest 6,55 0,75 4,4 0,41
Left torsion 8,0 1,15 55 0,64
Right torsion 9,25 1,36 5.5 0,62

Tab. IV. Mean velocity values (V__ in cm/s) of the blood flow between right and
left vertebral artery at rest and in the neck torsion test in the studied
group (n=47) in asymmetry <25%.

CONTRACTION VELOCITY RELAXATION VELOCITY
STUDIED PARAMETERS
SD X sD
Rest BY 0,55 285 0,31
Left torsion 45 0,65 3,7 0,54
Right torsion 6,7 1,06 3,6 0,52

Tab. V. Mean velocity values (V__ in cm/s) of the blood flow between right and
left vertebral artery at rest and in the neck torsion test in the studied
group (n=47) in asymmetry >25%.

CONTRACTION VELOCITY RELAXATION VELOCITY
STUDIED PARAMETERS
SD X SD
Rest 9,2 1,35 6,2 0,81
Left torsion 10,8 1,65 7.3 0,84
Right torsion 11,9 1,76 6,0 0,62

bral arteries were observed. Changes were more significant in
the vessel for which the test was performed and depended on
the arterial asymmetry level.

More clear data were obtained as a result of blood flow ve-
locity analysis in the vessels located on the opposite sides
(Tab. I1I).

The changes of blood flow velocity were presented in table IV
and V in the context of the asymmetry level between vertebral
artery diameters with patients divided into two groups and an
asymmetry level below and above 25%. Calculated differences
in patients with vertebral artery asymmetry level above 25%
were statistically significant (p<0.05).

Further analysis included differences in blood flow velocity be-
tween vertebral arteries in the context of a dominating vessel.

OTOLARYNGOLOGIA POLSKA, TOM 69, NR 5 (2015), p. 16-21

The vessel with a larger diameter was considered dominating.
The results were presented in Table VI and VIL.

DISCUSSION

The symptoms of anatomical anomalies are not characteris-
tic enough to diagnose these disorders from the very begin-
ning. Symptoms commonly present bilaterally. In addition,
anatomical anomalies frequently coexist with other disorders
which might cause similar symptoms in the head and neck,
[12] such as: injuries, degenerative changes in the cervical
region of the vertebral column, arterial hypertension, hor-
monal disorders and metabolic disorders. Due to this fact,
many authors claim that anatomical anomalies are diagnosed
when other causes interfere with previously functioning ves-
sels of the central nervous system. For example, a higher in-
cidence of vertebral artery hypoplasia is reported in wom-
en during menopause, who often present with symptoms of
vertebrobasilar insufficiency [4].

At present, Doppler ultrasound is a very significant diagnos-
tic method including: constant wave Doppler and color, pul-
satile Doppler ultrasound. Perfect images are obtained with
computed tomography, contrast angiography and magnetic
resonance angiography [2,10,11].

Blood flow disorders in the cranial arteries might be caused
by acquired sclerosis or as a result of congenital changes - vas-
cular anomalies [1, 2, 4, 5]. Anomalies of vertebral arteries
include hypoplasia of one of the vertebral arteries coexisting
with a compensative widening of the opposite vertebral artery.
However, vertebral arteries differ in diameter and usually the
left vertebral artery is wider. Aplasia of one vertebral artery
was also reported. The vertebral artery originating directly
from the aorta or the common carotid artery and double or-
igin of the vertebral artery, which combines into a common
trunk were also reported. Very rarely, the vertebral arteries
are duplicated on one side.

In own studies, a positive result of the neck torsion test was
reported in 76.5% of the examined patients. In 46.8% of the
subjects, two-sided square waves and in 10.6% one-sided
square wave were observed. In 19.1% of the patients cervical
nystagmus was reported.

Examining wave latency of the audial provoked potentials
using the neck torsion test showed a different level of la-
tency prolongation in most of the patients. The most sig-
nificant changes were reported in the wave corresponding
with stimulus conduction in the distal part of the audito-
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Tab.VI. Mean velocity values (V__ in cm/s) of the blood flow between right
and left vertebral artery (dominating left vertebral artery) at rest and
in the neck torsion test in the studied group (n=47).

CONTRACTION VELOCITY RELAXATION VELOCITY
STUDIED PARAMETERS
SD X SD
Rest 57 0,85 4,9 0,71
Left torsion 7.5 1,05 5.5 0,94
Right torsion 7.4 1,06 5.4 0,92

Tab. VII. Mean velocity values v _.in cm/s) of the blood flow between right and left
vertebral artery (dominating right vertebral artery) at rest and in the neck

torsion test in the studied group (n=47).

CONTRACTION VELOCITY RELAXATION VELOCITY
STUDIED PARAMETERS
SD X SD
Rest 8,7 0,95 4,7 0,51
Left torsion 9,6 1,25 59 0,84
Right torsion 12,6 1,46 6,5 0,92

ry nerve and included the greatest latency prolongation,
in comparison to other waves, and morphology changes
presented as amplitude decrease up to almost a total re-
cord decline.
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