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Abstract

Background and Aim: According to the guide-
lines approved by international scientific associ-
ations, the assessment of the vestibular system
and its rehabilitation is carried out by audiolo-
gists. The subjective visual vertical (SVV) test,
while simply done, is an appropriate test for ass-
essment of otolithic system. This review study
has tried to introduce the application of SVV
test in different disorder of the vestibular system
based on the clinical research in various resour-
ces.

Recent Findings: We searched the subject
of SVV in various databases from 1900 up to
2017. We used keywords of subjective visual
vertical and SVV. 110 papers were found and
78 of them were selected. The application of
SVV in balance system diseases was reviewed
based on these original articles and three related
text books.

Conclusion: The SVV test in the Pusher synd-
rome, migraine and the chronic phase of
Meniere's disease did not statistically differen-
tiate between two groups of normal and abnor-
mal people. However, the SVV deviation in
individuals with pusher syndrome was higher
than normal subjects. In Parkinson's disease,
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vestibular neuritis, vestibular schwannoma, Pisa
syndrome, benign paroxysmal positional ver-
tigo, aging, hydrocephalus, chronic neck pains,
acute phase of Meniere's disease and multiple
sclerosis, the SVV test was able to separate
normal subjects from abnormal subjects. The
method and procedure for performing the SVV
test will have a significant impact on the test
result. Therefore, it is necessary to standardize
the method of performing the SVV test for each
particular disease.
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Introduction

Since linear accelerations are received by the
otolithic organs of the labyrinth, these organs
play a key role in the perception of gravity,
especially verticality [1]. As a result, we can
evaluate otolith organs by evaluating the subjec-
tive visual vertical or gravitational vertical. The
subjective visual vertical (SVV) test has been
designed for estimation of mental perception of
verticality [2]. This test is an easy, low-cost,
simple and reliable test [3]. Curthoys et al.,
showed a correlation between the torsional
eye position and the SVV deviation level.



Therefore, the findings indicate that the SVV
deviation is not due to disruption in the mental
perception of verticality; rather it can be attri-
buted to ocular torsion [4]. This shows that vis-
ual system abnormalities such as rotation aro-
und the optic axis of the eye or oblique astigma-
tism alone can disrupt one's perception of verti-
cality because the first step in setting the SVV
lines is the correct formation of the image on the
retina [5]. In addition to the otolith organs and
the visual system, the proprioceptive sense of
the body plays a significant role in one's percep-
tion of verticality. Pressure receptors, and recep-
tors in plantar surface of foot and in tendons and
muscles provide information to the central ner-
vous system (CNS) about the dynamic and static
status of the individual, which is used in one's
perception of verticality [6]. To maintain bala-
nce, it is necessary to create integrity in the ves-
tibular, visual, and proprioceptive inputs. These
inputs converge in the posterior insular ves-
tibular cortex (PIVC) [7,8]. Therefore, all of
these three inputs are effective in our perception
of verticality, and there is a mutual relationship
between these inputs; that is, disruption in one
input causes the other inputs to play a more
important role in maintaining the balance [9].
Given the role of the multisensory (otolithic,
visual and proprioceptive) system in perception
of verticality, and a range of disorders that
disrupt the functioning of these systems, and
also considering the convenience and low-cost
of the SVV test, investigating this test in bala-
nce system disorders can play a significant role
in the interpretation and clinical application of
this test. The purpose of this paper was to rev-
iew the application of the SVV test in balance
system disorders to increase the importance and
necessity of performing this test in audiology
clinics.

Having searched in the sources published regar-
ding the SVV test from 1900 to 2017, we revi-
ewed 110 relevant articles with keywords SVV,
Subjective visual vertical, and other related
terms from Google Scholar, Progquest, Pubmed,
and Sciencedirect and selected 78 research pap-
ers among them. We have used those research
papers and three related books in this review
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paper.
Before discussing the application of the SVV
test in balance system disorders, we need to pro-
vide the reader with information on how to per-
form the test and about the parameters affecting
this test. In the next sections of this paper, we
will review the SVV test in two general groups
of peripheral and central lesions, multiple scle-
rosis, vestibular schwannoma, Pusher syndrome,
hydrocephalus, vestibular neuritis, Parkinson's
disease, Pisa syndrome, Meniere's disease, ben-
ign paroxysmal positional vertigo (BPPV), mig-
raine, and chronic neck pain, and the impact of
aging on the SVV test.

SVV test procedure and parameters influencing
it

In the SVV test, a person sits in a dark room,
free from any visual symptoms and in front of
light bars, which he/she is supposed to set these
lines based on his/her perception of verticality
(gravitational vertical). When this line is being
set, there should be no visual cues in the test
environment [2]. Normal people perform this
task well, so that they set the lines with 1 to 2
degrees deviation of the vertical plane [10,11].
Today, it is also possible to perform a SVV test
with computer systems, in which the individual
sets the light bars using the mouse or the keys
on the computer keyboard [12]. Fig. 1 shows an
example of performing the SVV test in an envi-
ronment free of any visual cues.

We can also use the visual rotary background
when performing the SVV test. In SVV, the
visual stimuli that rotate around the straight line
cause a greater SVV deviation in the direction
of the rotation of visual stimuli, which can be
due to the central visuo-vestibular interaction
[13,14]. However, the steady and large devi-
ation of the SVV lines is seen when a person is
lying to one side at an angle of 80 to 90 degrees
and setting the SVV light bars vertically. In this
situation, normal people set the light bars with
angles of 10 to 30 degrees deviation of the
vertical plane and in the direction they are lying,
which is known as the "Aubert" or A-effect
[15]. A-effect seems to be more related to the
contrast between the somatosensory sense and
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the vestibular system [16], so that through
the vestibular system, a person tends to set the
SVV vertically, but based on the somatosensory
sense, he/she tends to set the SVV along the
direction of body tilt [17]. A study conducted
by Bronstein et al., investigated the effect of
body tilt and moving background in the SVV
test [18]. In this study, eight patients with bila-
teral vestibular loss were asked to set the SVV
light bars with and without a moving back-
ground. They were also asked to set the SVV
light bars while sitting straight or lying on the
right side. It was observed that in cases where
subjects were sitting up straight with a static
background, there was no difference between
the patients with bilateral vestibular loss and
the normal subjects. In cases where the back-
ground was dynamic or animated, a larger devi-
ation was observed in the SVV lines of the pati-
ents with bilateral vestibular loss, which can be
due to the lack of the otolith input and involve-
ment of the visual system. Further deviations in
the SVV lines were observed when the patients
with bilateral vestibular loss were lying to one
side, so that the mean magnitude of this devi-
ation was 40 degrees to the right of the vertical
axis (A-effect). The findings indicate that in
these individuals, the increased A-effect is due
to the effect of lying down to one side and has
a somatosensory origin. In order to confirm
the effect of the somatosensory sense on SVV,
we can mention Bronstein's study in which a
woman with a history of right thalamic ischemic
stroke was suffering from an abdominal hemiae-
sthesia on the left side. This person set the SVV
lines within the normal range when sitting stra-
ight. Moreover, when this person was lying to
the right and set the SVV lines, the A-effect was
within the normal range (18 degrees of devi-
ation), but when he/she was lying on the left
arm, the mean SVV deviation and the variance
of settings were greater [1].

SVV test in general classification based on
peripheral and central lesions

Patients with peripheral unilateral vestibular
loss set the SVV luminous lines with more devi-
ation to the lesion side [19], which is probably
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due to ocular tilt in the eye of the lesion side, so
that if the lesion is in the acute phase, the devi-
ation of lines will be from 8 to 10 degrees, and
the rate of deviation of SVV lines will gradually
decrease over time in a few weeks and months
as a result of vestibular compensation, [3,4].
The recovery period of the light bar deviations
in the SVV test is within the normal range in
some people, while this recovery period is lon-
ger in some others. There are also reports saying
that the light bar deviations of the SVV test in
people with complete unilateral vestibular loss
may even last for more than two years [20].
Halmagyi et al. examined a patient with uni-
lateral vestibular acute dysfunction. They repor-
ted that if a person suffers from an acute peri-
pheral vestibular dysfunction of left labyrinth,
then they would see leftward ocular counter
rolling of their eyes, leftward head tilting, and
skew eye deviation (the right eye's moving
upward and the left eye's moving downward),
which is referred to as ocular tilt reaction [21].
One of the main limitations of this test is its low
sensitivity in identifying the patients with chro-
nic peripheral vestibular disorder [3]. In addi-
tion, the deviation of light bars in the SVV test
can also be seen in central lesions [22]. Vesti-
bular central lesions, especially brainstem lesi-
ons, cause more and longer deviations in the
SVV [23]. Unlike peripheral lesions, in central
lesions, the patient can set the light bars tilted
without ocular tilt [24]. Vestibular nuclear lesi-
ons cause ipsilateral deviation in the SVV, beca-
use skew deviation can be seen in these lesions
so that the lesion-side eye moves downward and
the opposite eye moves upward (skewed eye
deviation with the lower eye ipsilesional). How-
ever, higher lesions of the brainstem cause con-
tralateral deviation in the SVV lines, because
the lesion-side eye moves upward and opposite
eye moves downward in this lesion (skewed eye
deviation with the upper eye ipsilesional) [12].
The hemisphere lesions can also cause SVV line
deviations. Although hemisphere lesions cause
more head tilt, the deviations of SVV lines in
these lesions are less than those of the peri-
pheral otolith organ lesions. The reason for the
deviation of SVV lines in hemisphere lesions
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can be attributed to the involvement of meso-
diencephalic subcortical areas, which causes
ocular torsion [13]. Because the ocular and pro-
prioceptive systems are also involved in deter-
mining the extent of SVV deviations, we can
say that the reason for the deviation of the SVV
lines in cortical lesions is disruption in the cen-
tral multisensory integration, rather than the
lesion of the central vestibular pathways [24].

Multiple sclerosis

Multiple sclerosis (MS) is a chronic and prog-
ressive demyelinating disease with spontaneous
nystagmus and dizziness symptoms usually tak-
ing less than an hour [25]. The standard test
for assessing the movement of the eyes in MS
disease involves assessing the range of the eyes'
movement and the gaze-evoked nystagmus [26].
However, we can get more information on bra-
instem and cerebellum function in these patients
by looking at the dynamic movements of the
eyes [27]. In fact, we can obtain useful infor-
mation on the brainstem and cerebellum func-
tion of MS patients by focusing on the dynamic
aspects of eye movements [28], because a net-
work of neurons in the brainstem and cerebe-
Ilum is constantly monitoring the neuronal acti-
vity of the eyes [29]. Therefore, the use of sacc-
ade test (in order to assess velocity and accuracy
of eye movements) and vestibulo-ocular reflex
in these patients can provide useful information
on brainstem and cerebellar involvement. Serra
et al., conducted a study on 50 patients with MS
using saccade, head impulse (HIT) and SVV
tests. The results indicated that SVV deviations
were higher in 36% of the patients (which had
shown poor results in saccade and head impulse
tests) than in normal subjects [27]. Therefore,
the interpretation of the results of the SVV test
with the saccade and HIT can provide useful
information on brainstem lesions in MS pati-
ents.

Vestibular schwannoma

Vestibular schwannoma is a benign tumor that
originates from the superior and inferior vesti-
bular nerves [30]. Patients with vestibular schw-
annoma have a wide range of auditory and ves-
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tibular disorders including delay or absence
of V wave in the auditory brainstem response,
reduction or absence of caloric response and
vestibular evoked myogenic potential (VEMP)
[31]. For this reason, Ushio et al., investigated
the relationship between the results of the SVV
test and the caloric and VEMP tests in patients
with vestibular schwannoma [20]. In their study,
77.5% of the patients with vestibular schwa-
nnoma adjusted the SVV lines towards lesion
side with more deviations than did the normal
subjects. Among the patients with vestibular
schwannoma, those who had obtained abnormal
results in the SVV test showed more abnorma-
lities in the caloric and VEMP tests than those
who had obtained normal results in these tests,
because the asymmetry of the utricle on both
sides and its neural pathways (superior vesti-
bular nerve) was examined in the SVV test [32].
In addition, the horizontal semicircular canal
(SCC) and its neural pathway (superior vesti-
bular nerve) is examined in the caloric test, and
saccule and its neural pathway (inferior vesti-
bular nerve) is examined in the VEMP test [33].
Therefore, if the caloric and VEMP tests had
abnormal results, it would be more likely to
have abnormalities in the SVV test. As a result,
it can be said that there is more vestibular nerve
dysfunction in patients with vestibular schwa-
nnoma who have shown abnormal results in the
SVV test.

Pusher syndrome

Pusher syndrome is caused by damage to the
right or left brain hemispheres. In this synd-
rome, patients actively bend themselves away
from the damaged hemisphere, causing them to
lose their postural control. Studies on patients
with Pusher syndrome show that the perception
of the body position changes to gravity in these
patients, as these patients think that their body
is erect, while their bodies are actually bent tow-
ard the damaged hemisphere. In contrast, pati-
ents with Pusher syndrome do not show any
impairment in the processing of visual and
vestibular inputs [34]. Johannsen et al. reported
that 15 patients with severe Pusher syndrome set
the light bar in the SVV test with a £3.2 degree
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of deviation (3.2 + 4.8), while those without
brain damage set this light bar with a deviation
of 1.2 degree [35]. The study suggests that, alth-
ough the light bar deviations of people with sev-
ere Pusher syndrome were higher than those of
healthy subjects, the difference between these
two groups was not statistically significant. This
finding was inconsistent with the SVV test res-
ults obtained from people with peripheral and
central damage of vestibular system (without
Pusher syndrome). For example, in the unila-
teral damage of otolith organ, the SVV deviates
approximately 10 degrees towards the damaged
part [35].

Hydrocephalus

Normal pressure hydrocephalus (NPH) is a kind
of neurological abnormality that occurs due to
excess fluid accumulation in the brain [36]. The
most common symptom in NPH patients is gait
impairment. These patients take slow, short and
loose walks with less flexion in the knee joint.
Not only their walking, but also most motor
activities are slow in these patients and disequi-
librium is one of the most important signs of the
disease [37,38]. NPH patients with closed eyes
are relatively better in postural function than
those with open eyes, which indicates a malfun-
ction in the integration of their visual and pos-
tural afferents [39,40]. In the study conducted
by Wikkelso et al., the SVV test was performed
on two groups of hydrocephalus (the first group
with aqueduct stenosis and the second one was
NPH) and it was found that those with hydro-
cephalus obtained abnormal results in the SVV
test [40]. Disturbance in the integration of the
multisensory central system can be attributed to
the abnormal results in the SVV test.

Vestibular neuritis

Vestibular neuritis is the second most common
cause of peripheral vestibular vertigo. The cause
of this disease is the infection caused by herpes
simplex virus type 1 [41]. Vestibular neuritis is
accompanied by acute and unilateral reduction
of peripheral vestibular system function. In this
disease, the auditory system has normal function
and only the vestibular system is involved.
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Symptoms of this disease include spontaneous
nystagmus with a fast phase toward the healthy
ear, reduction or removal of caloric responses in
the affected ear, and the patient's false perce-
ption of verticality, so that in the acute phase of
the disease, patients tend to set the light bars
towards the affected ear [42]. Vibert et al. eva-
luated the correlation between the caloric test
and the SVV test in 55 patients with unilateral
performance reduction of peripheral vestibular.
Their results indicated that there was no corr-
elation between abnormal results in the SVV
test and unilateral weakness of caloric test [43].
Moreover, Bohmer and Rickenmann also stud-
ied the association between the caloric test and
the SVV test in 14 patients with vestibular neu-
ritis and showed that there was a correlation
between the abnormal results in the SVV test
and the patients' severity of disequilibrium, but
there was no correlation between abnormal res-
ults in the SVV test and unilateral weakness of
caloric test, so that the results of the SVV test
returned to the normal range in all patients 24
months after the onset of the symptoms as a
result of the central compensation mechanisms.
However, 71% of the patients still showed a
unilateral weakness in the caloric test [44]. We
will review the recovery process in the tilted
light bar during the central compensation period
in the following paragraph.

The functional magnetic resonance imaging
(fMRI) shows that vestibular information is
often processed by the parietal cortex of the
non-dominant hemisphere and PIVC on the
same side [42,8]. The parietal cortex of the non-
dominant hemisphere contributes to the assess-
ment of the position of the body in space rela-
tive to other objects [45]. It should be noted that
the parietal cortex of the non-dominant hemis-
phere lies in the right hemisphere in left-handed
people, while it lies in the left hemisphere in
right- handed people. PIVC is also involved in
the processing of multisensory inputs [46] and
seems to be directly involved in the evaluation
of SVV and the stroke of this region triggers
disequilibrium and tilt of the light bar in the
SVV test. After the stroke, it takes 6-12 months
for the results of the SVV test to improve [42].
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The PIVC is often activated in a coordinated
manner with the vestibular stimulated side;
therefore, through the stimulation of the right-
hand vestibular in the left-handed people, the
parietal cortex of the right (non-dominant) hem-
isphere and the right PIVC will be involved
in processing the information, but note that in
the vestibular neuritis, the PIVC of the opposite
side will be activated by removing the neural
activity of the involved side. Therefore, in
left-handed subjects with right-sided vestibular
neuritis, the parietal cortex of the right (non-
dominant) hemisphere and the left-hand PIVC
will be involved in the processing of infor-
mation. Thus, the role of corpus callosum will
be more prominent in improving the results of
the SVV. As a result, the recovery speed in the
SVV results seems to depend on the damaged
part and left-handedness or right-handedness
(body laterality) of the patient. It should be
noted that improvement in the tilted light bar in
the SVV test occurs faster in left-handed sub-
jects than in right-handed people, since left-
handed people have a wider corpus callosum
than the right-handed [42]. A study carried out
by Toupet et al., investigated the relationship
between SVV recovery and body laterality in
vestibular neuritis and showed that the recovery
speed in the left-handed subjects was indepen-
dent of the damaged side due to more neurolo-
gical involvement of corpus callosum, whereas
the recovery period in the right-handed subjects
was much slower in the right-sided neuritis than
in the left-sided vestibular neuritis [42].

Parkinson’s disease

Clinical diagnosis of Parkinson's disease is bas-
ed on akinesia or bradykinesia along with one
or more of the main symptoms such as tremor,
rigidity, or postural instability [47]. It is now
widely known that Parkinson's disease not only
affects motor characteristics but also affects
non-motor characteristics. These non-motors
characteristics may include visual sense, olfac-
tory sense, cognition, autonomic system, and
affective function [48]. In addition, the incr-
eased visual dependency has been reported in
these subjects [49]. Studies that have evaluated

Aud Vest Res (2018);27(1):1-11.

The application of SVV in balance system disorders

vertical perception using the SVV emphasize
that the abnormal alignment of the luminous
line with verticality in this test may be related to
the severity of the disease or indicate the incr-
eased visual dependency in this disease [50].
Another study showed that visual impairment in
these subjects may have a role in patients' dis-
ability in Parkinson's disease by affecting their
cognition and locomotion [51]. A study by Pere-
ira et al. showed that Parkinson's patients have a
disturbance in perception of verticality and have
defects in processing of graviceptive pathways.
The disturbed perception of verticality in these
patients is associated with instability and seve-
rity of the disease. Patients with severe inst-
ability showed a higher mean of deviations in
the SVV test [52]. They also found that percep-
tual errors correlate with muscle tremor and
rigidity, but they do not correlate with brady-
kinesia, so basal ganglia disorder can cause per-
ception disorders [52]. Another study investi-
gated the SVV test in two cases of tilted and
untilted frame in Parkinson's and healthy sub-
jects. Its results indicated that there is no sta-
tistical difference between these two groups
of people when the tilted frame was used, but
with untilted frame, the two groups will differ in
terms of the degree of SVV deviation. However,
this difference is not significant enough to be
considered in the clinical field [53].

Pisa syndrome

Long-term administration of antipsychotics
sometimes causes a persistent dystonia of the
trunk, known as Pisa syndrome. In this synd-
rome, the longitudinal axis of the body bends to
the lateral side [54]. Pisa syndrome is often ass-
ociated with long-term treatments with antipsy-
chotics. However, there are reports about the
lower incidence of this disease as a result of tak-
ing cholinesterase inhibitors [55] and antieme-
tics, neurodegenerative disorders, and without
any idiopathic cause [54]. Parkinson's disease
may also be associated with Pisa syndrome.
Parkinson's disease changes the perception and
integrity of somatosensory information (visual
dependency and body position analysis in
space) [56]. Scocco et al. studied patients with
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Pisa syndrome in order to determine whether
this tilt of body is related to SVV deviation
or not, and if it is associated with it, is this light
bar deviation in the SVV test due to the tilted
body or due to an impairment in spatial percep-
tion? This study showed that people with both
Parkinson's disease and Pisa syndrome show
deviation in SVV in comparison with the nor-
mal group in SVV, but this deviation is not due
to the body's tilt, and is due to a spatial percep-
tion defect [56].

Meniere’s disease

Among otolith organs, utricle role is more pro-
nounced than saccule in SVV results [21,57,58].
Therefore, an SVV test to examine the unilateral
function of utricle would be a good test [59,60].
Because Meniere disease is often unilateral and
utricle might be involved in this disease, it is
expected that in the SVV test could be affected
in the acute phase of this disease [61]. Accor-
dingly, Kumagami et al. studied 22 patients with
unilateral Meniere; all of them had spontaneous
nystagmus and disequilibrium. In this study,
SVV test was performed before, during and
after the acute phase of Meniere disease. Of the
22 patients with the Meniere disease, 14 patients
who were in the acute phase of Meniere's dise-
ase showed abnormal results in the SVV test
while 13 patients out of these 14 patients had
adjusted the SVV lines to the damaged side. A
few weeks after the acute phase of the disease,
the adjustment of SVV lines returned to normal
values in 12 patients out of 14 patients. Alth-
ough both horizontal SCC and utricle are inner-
vated by the superior vestibular nerve, this study
indicated no correlation between the abnormal
results of the SVV test and the unilateral weak-
ness in the caloric test. It can thus be said that
the function of horizontal SCC and utricle may
be differently affected by Meniere disease [62].

Benign paroxysmal positional vertigo

The SVV test in patients with BPPV also under-
goes changes that can be due to the direct
stimulation of vertical SCCs and the skewed eye
deviation and ocular torsion, or can be due to
the decrease in the density and weight of the
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macula following the movement of the otoconia
into the SCCs [63,64]. Therefore, SVV will be
an appropriate test for the evaluation of the
function of the otolith organ in case the skewed
eye deviation and ocular torsion is due to dam-
age to the otolith and its neural pathways [64].
Bending toward the damaged side in BPPV is a
natural occurrence, which can be due to the
decreased otoconia, the reduced density and
macular mass, and consequently the reduced
receptor function. Considering the significant
changes in SVV following therapeutic maneu-
vers, there is significant prediction which may
be related to the return of otoconia to utricle
[63].

Migraine

Migrainous patients are more prone to dizziness
and motion sickness than non-migrainous patie-
nts [65,66]. In motion sickness, the patient exp-
eriences nausea in case of motion, especially
when the motion is performed with a vehicle
(car, ship, etc.). The cause of motion sickness
seems to be the weight difference of the oto-
conias in the utricle on both sides [67]. Since
the SVV test is affected by the asymmetric
operation of the utricle in two sides, this led
Crevits et al. to investigate whether migraineurs
also have a problem with their perception of
verticality or not. In this study, SVV was perfor-
med on 47 patients with moderate to severe
migraine and 96 normal subjects. The results
showed that the deviation of SVV lines was not
statistically significant in two groups [68]. How-
ever, Asai et al. examined the SVV test on 16
normal subjects and 17 migraineurs. They repo-
rted that the deviation of SVV lines in migraine
subjects (1.5 £ 1.2) was significantly higher
than normal subjects (0.6 £ 0.4). However, SVV
deviations in both groups were within the nor-
mal range [69].

Chronic neck pain

Chronic neck pain (CNP) has several symptoms
including a reduction in postural control [70].
Neck pain is typically caused by damage to the
neck's zygapophyseal joints. Since these similar
structures may affect the perception of spatial
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orientation, it may cause vertigo, dizziness, or
disturbances associated with proprioceptive rec-
eptors stimulation [71]. Neck joints and seg-
mental muscles have nerve endings of several
pain receptors. These nociceptive receptors of
pain have a detrimental effect on the regular
function of sensory receptors [72]. Such distur-
bances may create difficulty for one's perception
of verticality and cause some disturbed feelings
of spatial orientation in patients with neck pain
[71]. Studies performed on CNP patients have
shown that these patients have larger errors
in the SVV test than normal people [71,73]. A
study conducted by Docherty et al. with the aim
of comparing the errors of CNP patients in the
SVV test with those of normal people showed
that the range of the patients' errors was similar
to that of the healthy subjects for the two tests in
the absence of a frame and in the presence of an
untitled frame, but significant differences were
observed in these two groups in the presence of
a tilted frame [74]. It seems that there is an
increased dependence on visual signals in the
group of CNP patients, which is consistent with
the findings of previous studies on patients with
Parkinson's disease or unilateral and bilateral
vestibular loss [18,75]. The neck proprioceptive
receptors have been shown to contribute to the
perception of SVV [70,76]. The current obser-
vations may be interpreted in such a way that if
the neck pain is associated with disturbance in
the input of the neck proprioceptive receptors, it
brings about a change in the balance and inter-
action between sensory systems which the brain
normally uses in order to determine the SVV,
and it increases the patient's reliance on the
visual input [74]. A study was conducted to test
the hypothesis that if the neck pain is accom-
panied by disturbance of the unilateral neck pro-
prioceptive receptors and is compensated by
increased reliance on the visual input, then asy-
mmetry will be created in the SVV results when
the frame is tilted ipsilaterally or contralaterally.
However, the results did not support this hypo-
thesis, since there was no significant difference
between the errors with the ipsilateral tilt of
the frame and those with the contralateral
tilt.
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Aging

The involvement of various sensory systems in
postural stabilization varies with age [77]. Addi-
tionally, anatomical [78] and physiological cha-
nges associated with age have been shown in
the vestibular system [79]. In a study carried out
on astronauts, it has been shown that the relative
involvement of the visual input increases signi-
ficantly in comparison with the vestibular and
proprioceptive inputs [80], which indicate the
role of plasticity in the involvement of different
senses in determining the SVV. Similarly, the
reduction of vestibular inputs due to age-related
disorder leads to the increased dependency on
the visual system in SVV [81]. Kobayashi et al.
conducted a study in order to evaluate the age-
related plasticity in the participation of the vis-
ual system to determine static and dynamic
SVV (with background rotation) in different age
groups and concluded that, unlike the static
SVV which was similar in the case of all of
the subjects with different age groups, dynamic
SVV showed a gradual increase in SVV devi-
ation variations with an increase in age, and this
increased deviation in background rotation was
the same on both sides, which indicates symm-
etry effect [81]. Therefore, in order to explain
these results with an increase in age, the incr-
ease in the relative participation of visual input
is assumed. Moreover, an increase in the pro-
prioceptive input of neck with an increase in age
was also reported. These results were obtained
through the measurement of SVV by neck vib-
ration stimulation, which was associated with a
gradual weakening of the vestibular nerve fibers
as a result of aging [80]. In general, it can be
indicated that the function of the Vestibular sys-
tem decreases with an increase in age, but dis-
equilibrium is not easily affected by aging, as
alternative processing systems such as the visual
and proprioceptive systems get involved [81].

Conclusion

Due to its ease of use, the SVV test can be used
to monitor progressive diseases such as MS,
because it is assumed in this test that the light
bar deviation is a sign of the malfunction of the
brainstem. The findings indicate that the SVV
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test has lost its value in the chronic phase of the
disease, but diseases that are in the acute phase
(Meniere’s disease and vestibular neuritis) can
be identified by this test. It was found that the
SVV test has lost its clinical application in the
Pusher syndrome. This claim can be substan-
tiated by performing the SVV test on indivi-
duals with a head rotation of 15, 30 and 60
degrees in the roll axis, where results are
obtained within the normal range, but SVV
deviations are significant in central and peri-
pheral vestibular diseases. People with hydroce-
phalus showed abnormal results in the SVV test
due to their poor performance in integrating
visual and postural afferents. Visual accuracy
decreases in the case of patients with Parkin-
son's disease, but visual dependency increases
in them due to gait impairment. Studies have
shown that the SVV test should not be perfor-
med inside a tilted frame in the case of these
subjects. However, in the case of patients with
chronic neck pain, evidence suggests that a til-
ted frame can be used to differentiate them from
normal people. Additionally, if the SVV test is
performed in elderly people in a dynamic visual
environment, the test's capability will increase.
The SVV deviation is not due to the body tilt in
the case of the Pisa syndrome; rather it is due to
a defect in spatial perception. It should be noted
that in the BPPV disease, the light bar in the
SVV test deviates to the damage side due to the
decreased otoconia, the reduced density, macula
spatial weight, and consequently the reduced
receptor function. In vestibular Schwanoma pat-
ients, the abnormal results of the SVV test indi-
cate more severe damage to the vestibular nerve.
The results also indicate that the SVV test has
lost its sensitivity in the case of migraineurs. As
a result, it can be said that the methods of per-
forming the SVV test significantly affects the
test's result. Therefore, it is necessary to modify
this test for any particular disease.
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