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Abstract 
Background and Aim: Subjective visual verti-

cal (SVV) test is a clinical tool to evaluate the 

utricular function and the gravity perception 

pathways in peripheral and central vestibular 

lesions. Meniere’s disease (MD) involves coch-

lear and otolithic organs. The prevalence and 

features of otolithic dysfunction in the acute 

phase of this disease are unknown. The aim of 

this study was to evaluate of SVV test in the 

acute phase of MD and to investigate the vali-

dity of SVV test for detection of otolithic disor-

ders in MD patients. 

Methods: Thirty two patients with unilateral 

definite Meniere's disease and thirty two normal 

subjects were enrolled in this study. Pure tone 

audiometry, tympanometry, and SVV test were 

performed. 

Results: There was no significant difference 

between the mean SVV in the normal group and 

the mean SVV in the healthy side of the patient 

group, while a significant difference was obser-

ved between the mean SVV in the normal group 

and the mean SVV in the affected side of the 

patient groups. Also, in the patient group, the 

difference in the mean SVV between the healthy 

and affected sides was significant. 

Conclusion: Patients with MD have difficulties 

in perception of verticality that is probably due 

to utricular dysfunction. In order to improve the 

level of diagnosis of MD it is suggested to add 

SVV test to the test battery. 

Keywords: Meniere’s disease; otolith; 

subjective visual vertical test 

 

Introduction 

Subjective visual vertical (SVV) is a valuable 

clinical test to evaluate utricular function and 

the routes of gravity perception in central and 

peripheral vestibular disorders [1]. The Meni-

ere’s disease (MD) is an inner ear disease with-

out involving central structures. The clinical 

symptoms of MD include episodic rotational 

vertigo, hearing loss, and tinnitus with or with-

out aural fullness. Vertigo attacks differ in seve-

rity and may last several minutes to hours, often 

are accompanied by nystagmus, nausea, and 

vomiting. There are no neurological symptoms 

during attacks [2,3]. This disease is usually 

unilateral, and it is more likely for the opposite 

side to be affected by the time; a state that is 

reported in 2-78% of cases [3]. In addition to 
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the cochlea, the otolithic organs that have a det-

rimental role in maintaining balance through the 

perception of gravity, linear acceleration, and 

centrifugal force are affected by MD [3]. 

Previous studies on patients with MD have con-

centrated on endolymphatic hydrops of cochlea 

and saccule while less attention has been paid to 

the utricular dysfunction. Animal studies have 

demonstrated, occlusion of endolymphatic sac is 

the main cause of endolymphatic hydrops lea-

ding to malfunction of sac such as mechanical 

obstruction and chemical fibrillation or in other 

words, the sclerotic changes around the endoly-

mphatic, sac viral invasion, immunological inf-

lammation and ischemia due to vascular mecha-

nical obstruction of the sac. More ever abnor-

malities lead to difficulties in the absorption 

process in the endolymphatic system can cause 

hydrops. 3D analysis of spontaneous nystagmus 

in these patients indicates the effects of MD on 

vestibular system that, in turn, can result in 

semicircular canal (SCC) malfunction. How-

ever, cochlea and saccule are more susceptible 

to damage compared with the horizontal SCC. 

In the final stage of the disease, severe inf-

lammation or collapsing ampullary walls as well 

as severe atrophy of vestibular sensory organ 

may occur. Repeated vestibular membrane rup-

ture may lead to the partial or complete collapse 

of labyrinth membrane. This condition is called 

vestibular atelectasis. Based on the cytopatho-

logical findings, it is less likely that hydrops 

originates from SCC. Saccule is the second 

most common site of hydrops, and severe hyd-

rops often is observed in saccule [4,5]. How-

ever, saccular or utriclar hydropse can lead to 

dysfunction of these organs [3,6]. 

Because of the nature of the disease, the tests 

for vestibular function are very useful in the 

examination of MD patients. One of the most 

important tests in this regard is vestibular evo-

ked myogenic potentials (VEMP). Results of 

this test in MD patients show the absence of the 

waves, decreased amplitude, increased thresho-

ld, and significant changes of the amplitude 

ratio without significant changes in latency [5,7-

10]. 

Among the other vestibular tests is the SVV test 

that indicates the utricular function and otolith 

data processing by cortex. In this test, the per-

son should adjust an oblique line vertically 

[11,12]. The SVV test can be performed in 

static or dynamic conditions. In the static SVV 

test, visual background is stationary while it is 

moving in the dynamic SVV test [13]. Studies 

using the static SVV test in patients with MD 

indicate that errors in vertical adjustment of the 

line have occurred in acute phase, because hyd-

rops of utricle on one side causes asymmetry of 

otolithic responses and abnormal vertical perce-

ption [3,14,15]. However, due to no precise def-

inition of the acute phase of the disease and 

limited studies regarding SVV test results in the 

acute phase of the disease, the incidence and 

characteristics of otolith anomalies in the acute 

phase of MD is still unknown. Therefore, this 

study aimed to investigate abnormalities of the 

static SVV test in the MD acute phase and exa-

mine the test validity for detection of the otolith 

disorder in MD patients. 

 

Methods 

This historical cohort study was conducted on 

32 patients with unilateral definite MD (15 male 

and 17 female) with mean age of 38.66 6.29 

years and 32 normal subjects (12 male and 20 

female) with mean age of 23.75±2.82 years. The 

tests were conducted at Rehabilitation Faculty 

of Shahid Beheshti University of Medical Sci-

ences (SBMU). The two groups were not simi-

lar in terms of age, but based on the previous 

studies [16], the age less than 60 has no effect 

on static SVV results. 

The inclusion criteria for the normal group 

were: age between 18 and 50 years, normal 

hearing (hearing threshold better than 25 and 

tympanogram type An), no history of any type 

of vertigo or other disorders in balance system 

or neurological system, ability to perform fine 

movements by hand in order to adjust the SVV 

angle, no alcohol ingestion, sedations, vestibular 

suppressant drugs, antidepressant and anti-stress 

agents at least 24 hours before the test, no 

history of psychological problems, and having 

normal or corrected vision. 

For the MD group, the inclusion criteria were as 
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the same as those of the normal group for the 

abovementioned parameters except the diag-

nosis of definite MD based on the criteria of 

American Academy of Otolaryngology-Head 

and Neck Surgery (AAO-HNS). The patients 

were referred by ENT specialists from Amir-

alam Hospital. 

Based on AAO-HNS, the criteria of definite 

MD are as follow: two or more spontaneous 

episodes of vertigo lasting at least 20 minutes, 

audiometric documented, hearing loss on at 

least one session, tinnitus or aural fullness in the 

affected ear, and other causes excluded. More-

over, there was no problem in the external and 

middle ear of the patients, and hearing threshold 

was less than 25 dBHL. Although a large num-

ber of patients had weaker hearing threshold in 

low frequencies compared to high frequencies, 

only patients were selected whose hearing thre-

sholds in all frequencies was less than 25 dBHL. 

To have a homogeneous patient group and accu-

rate definition of the MD acute phase, patients 

who had suffered from MD for less than five 

years and passed less than one week from the 

last attack of vertigo took part in the study. The 

involved ear was selected based on the patient’s 

explanation of symptoms and somewhat on the 

results of audiometry. Normal group were selec-

ted from students and staff of the Rehabilitation 

Faculty, SBMU. In order to meet ethical consi-

derations in this study, written consent was 

obtained from the participants. 

After case history collection, all the participants 

underwent PTA, tympanometry, and SVV tests. 

Among the limitations of the study was that the 

type of patient’s treatment was not taken into 

consideration. In order to reduce the effect of 

this limitation, all the patients were asked not to 

use vestibular suppressant drugs 48 hours before 

the test. 

The SVV test was conducted in a dark room by 

a device made by synapsys (France) while the 

participant sat on the chair two meters away 

from the monitor, with SVV goggle on the eyes 

that could provide binocular vision through a 

small hole. A luminous oblique line with 20 

degree angle of tilt was back-projected to a sta-

tionary black screen randomly (in terms of 

positivity or negativity of the angle at the beg-

inning of the test) [11,12] in front of the indi-

vidual. 

First, the patient was instructed how to manage 

the test. The examinee was asked to adjust the 

luminous line with own SVV. The examiner 

would move the line to the left and right side as 

the examinee determined and stop moving whe-

never the examinee recognized the verticality 

and finally, recorded the angle. The luminous 

line appeared once in the negative angle (coun-

terclockwise rotation) and a second time in the 

positive angle (clockwise rotation). 

Every adjustment was repeated twice so as to 

obtain four values for tilt angle (two for starting 

in the negative angle and two for starting in the 

positive one). In the normal group, for simpli-

fication of data analysis, we calculated the mean 

of the four values obtained from adjusting the 

oblique line and used the mean value in final 

analysis. However in the MD group, the healthy 

and affected ears were first recognized based on 

specialist’s diagnosis, observed symptoms, and 

previous test results. Then, the test started twice 

at the angle of tilt toward the healthy ear and 

twice at the angle of tilt toward the affected one. 

Finally, four values for angle of tilt (two for the 

healthy and two for the affected ears) were 

obtained. Then, the mean value for each side 

was calculated and compared with the mean 

value of the normal group. A ±2 degrees devi-

ation from verticality was considered as normal; 

otherwise, it was recognized as pathologic. 

For data analysis, independent t-test was used to 

compare the mean values between the groups 

and paired t-test to compare the mean values 

between the two ears of MD patients. The ROC 

curve was employed to determine the diagnostic 

power of SVV test. The analyses were per-

formed using SPSS 20 with a significant level 

of 0.05. 

 

Results 

In this study, two groups of unilateral definite 

MD patients and normal participants were exa-

mined. All the normal participants adjusted the 

oblique line vertically with degrees less than ±2 

degrees deviation in all four measurements. 
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However, independent of the initial tilt angle, 

the MD patients adjusted the oblique line with a 

deviation toward the affected side. In other 

words, although sometimes the test was started 

with angle of tilt toward the normal ear, the 

patients adjusted the oblique line toward the 

involved side. In some patients, we did not 

observe pathologic deviation in every four sta-

ges of measurement but the final mean values of 

the four measurements were out of ±2 range. 

The mean value of SVV deviation in the normal 

group was 0.35 (SD=0.39) while it was 0.49 

(SD=1.54) in the MD patients for the normal 

side and 2.34 (SD=1.64) for the affected side 

(Table 1). There was no significant difference 

between the mean SVV deviation value of the 

normal group and that of the MD patients’ nor-

mal side (p>0.05), whereas there was a signi-

ficant difference between the mean SVV devi-

ation value of the normal group and that of  

the involved side of the MD patients group 

(p<0.05). Moreover, a significant difference was 

observed between the normal side and involved 

ear of the patients (p<0.05). 

The area under ROC curve was measured as 

0.81 for tilt angle toward the affected side and 

0.51 for tilt angle toward the normal side. The 

angle of tilt toward the affected and healthy 

sides was optimum in terms of sensitivity and 

specificity in the cut-off-points of 1.13 and 0.38, 

respectively (angle of tilt toward the involved 

side: sensitivity=0.75, 1– specificity of =0.03, 

and toward the normal side: sensitivity=0.50,  

1– specificity=0.43; Fig. 1). 

Discussion 

Comparing the mean SVV deviation in the nor-

mal and involved side of MD patients showed a 

significant difference. In MD patients, endolym-

phatic hydrops involves otolithic organs in addi-

tion to cochlear and disturbs the function of 

peripheral vestibular system. If the central path-

ways are normal, the SVV test will indicate the 

good function of utricle [17]. Unlike previous 

studies introducing cochlear and saccule as the 

first involved places in MD, the present study 

showed obvious involvement of utricle. 

Since it had not been a long time from onset of 

the disease in the patients participated in our 

study and considering that all the participants 

were evaluated in the acute phase of the disease, 

the widely-accepted order of involvement of the 

inner ear in the MD patients may not be accu-

rate; in other words, the order of involvement in 

all MD patients may not be first cochlear, seco-

nd saccule and finally, utricle; also, utricle may 

be affected as the same as saccule by hydrops; 

anyway, utricular dysfunction may occur due to 

endolymphatic hydrops. 

In case of normal bilateral vestibular system, 

similar signals are projected to higher centers 

and the person can correctly perceive the verti-

cal line. However, when the vestibular system in 

one side is impaired a weak signal will be sent 

to the higher centers and hence, asymmetry in 

sending signals occurs. Therefore, the person 

will face problems in the perception of vertical 

line. In other words, in unilateral impairment of 

the otolith organs, stimulation of the neurons in 

Table 1. Mean (standard deviation, minimum, maximum) 

values of deviations from the vertical line in patients with 

definite Meniere’s disease and normal group 

 

  Deviation from vertical line (degree) 

Group  N Mean (SD) Min Max 

Normal  32 0.35 (0.39) -0.45 1.22 

Meniere’s disease 
Affected ear 32 2.34 (1.64) -0.6 5.60 

 Healthy ear 32 0.49 (1.54) -2.30 4.35 
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the normal side will push the SVV to the 

opposite side, i.e. the affected side. On the other 

hand, the neurons of abnormal side do the same 

action and push the SVV to the normal side 

(opposite side), but due to the weakness of this 

signal, SVV deviates toward the affected side 

(push-pull mechanism) and this deviation can 

represent the involved side [18]. 

Böhmer et al. showed that acute MD patients 

deviate considerably toward the affected side 

although this deviation gradually decreases and 

will be similar to the deviation of normal peo-

ple. From their viewpoint, the SVV test is a use-

ful tool for detecting the unilateral and acute 

impairment of otolith organs, while it is not effi-

cient enough in the chronic phase of the disease 

[19]. Kingma [15], Pagarkar et al. [11], and 

Manzari et al. [20] reported that in the acute 

phase of Meniere’s disease, the SVV test is 

affected by the involved side. In general, the 

obtained findings of these studies were consis-

tent with ours. 

However, in Friedmann’s study, the MD pati-

ents had no pathologic deviation in the results  

of SVV test [21]. Studies have no precise defi-

nition of the acute phase of MD and some res-

earchers have introduced the acute phase as  

long as the disease symptoms exist [11,20]. In 

Friedmann’s study, the stage of disease at the 

time of testing has not been mentioned. How-

ever, in the present study, the acute phase was 

considered a week after the last attack of MD 

and all the tests were performed in this stage. 

Probably the inconsistency in the present study 

findings with Friedmann's findings is due to the 

disease stage in which the test has been con-

ducted [21]. Faralli et al. [14] reported that there 

is a SVV pathologic deviation in the acute phase 

of MD which decreases by using drug. Unlike 

the other studies which believed that the SVV 

Fig. 1. Sensitivity and 1– specificity of deviation values from vertical line. 
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deviation angle returns to normal after the acute 

phase of the disease. According to Faralli et al., 

in the progressive stages of the disease, the utri-

cle function chronically decreases and causes 

the permanent deviation of SVV towards the 

involved side. Their findings [14] in the acute 

phase were similar to ours. Since there are a  

few SVV studies in the progressive stage, furt-

her investigation is needed regarding the perma-

nent deviation angle of the SVV in progressive 

stages. 

The SVV test shows the utricular function and 

otolithic data processing in the cortex. The pati-

ent’s cooperation is one of the limitations of the 

SVV test. Moreover, this test does not show  

the abnormal results in case of compensation of 

otolith dysfunction by central system. Despite 

these limitations, SVV is a very reliable test to 

identify acute vestibular disorders, because asy-

mmetrical otolith responses can lead to disrup-

tion in perception of verticality [12]. 

The SVV test is a useful clinical tool for all the 

patients who suffer from vertigo, dizziness, or 

oculomotor disease. This test is easy to admi-

nister and control as well as easy to interpret 

[13]. The SVV test can be performed in either 

static or dynamic conditions, although the dyna-

mic condition is better for identifying the illness 

[13]. However, further investigation is needed 

in this context. Most studies reported ±2 degrees 

deviation from verticality as the normal range in 

SVV [11,13,15]. In the present study, normal 

people had less than ±2 degrees deviation while 

the patients showed a deviation more than ±2 

degrees towards the affected side. Therefore, the 

SVV test has the ability to diagnose the affected 

side in the acute phase of MD. 

Using ROC curve, the power of diagnosis of the 

deviation angle parameter toward the healthy 

and affected side in MD patients was calculated. 

The area under the ROC curve for SVV devi-

ation was less toward the healthy ear than 

toward the affected ear, indicating the poor 

performance of this parameter in the diagnosis 

of patients. It also revealed that MD patients  

can adjust vertically the oblique line deviated 

toward their healthy side with an acceptable 

error by giving the specificity and sensitivity 

50%. However, the deviation angle toward the 

affected side of the patients showed an accept-

able area under the ROC curve (0.81). 

All the research conducted with SVV test has 

reported ±2 degrees deviation from verticality as 

pathologic criteria [14,15,20]. However, based 

on cut-off-point in ROC-curve, we found if the 

deviation angle of ±1.13 is considered as the 

criteria, the sensitivity of SVV test will be 0.75 

(97% specificity) and the chance of diagnosis of 

patients from normal people will increase. This 

result can introduce SVV test as a powerful dia-

gnostic test in acute unilateral peripheral vesti-

bular deficits. 

 

Conclusion 
In the present study, the SVV test was per-

formed on two normal and unilateral definite 

Meniere's disease groups. The patients showed 

pathologic deviation toward the affected side in 

the SVV test. The findings confirmed involve-

ment of the utricle in Meniere's disease. In gen-

eral, the findings indicate that it is better to add 

SVV test to the diagnostic test batteries for inc-

reasing the power of diagnosis. 
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