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Abstract 
Background and Aim: Evaluating the effective-

ness of vestibular rehabilitation (VR) in patients 

with vestibular lesions has always been a challe-

nge. The questionnaires that are used for this pur-

pose mostly show the degree of vestibular dis-

ability rather than providing information about 

improvement of vestibular dysfunction. This 

study aimed to evaluate whether video head imp-

ulse test (vHIT) that is used for the examination 

of vestibulo-ocular reflex (VOR), is a useful 

method for predicting the effectiveness of VR 

and has a correlation with dizziness handicap 

inventory (DHI) score. 

Methods: Participants were 42 patients with 

unilateral peripheral vestibular hypofunction 

(UPVH) undergoing VR. Patients were assessed 

before and after rehabilitation by the vHIT in all 

ipsilesional and contralesional semicircular can-

als (SCCs) and the DHI. The changes in DHI 

score and VOR gain before and after rehabili-

tation, were shown as ΔDHI and ΔVOR and their 

correlation was evaluated. 

Results: VOR gain from ipsilesional and contra-

lesional SCCs was improved significantly after  

VR. There was a significant strong negative 

correlation between ΔVOR gain from ipsile-

sional SCCs and ΔDHI score but no significant 

correlation was found between the ΔDHI score 

and ΔVOR gain from contralesional SCCs. 

Conclusion: vHIT test is a useful tool to evaluate 

the effectiveness of VR. VOR gain is correlated 

with the DHI score. Therefore, the improvement 

in vHIT results in all three SCCs after VR may 

be a good predictor of the degree of improvement 

in dizziness-related disability. 
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Introduction 

Recently, there has been a growing interest in the 

use of vestibular rehabilitation (VR) for the man-

agement of unilateral peripheral vestibular hypo-

function (UPVH) which refers to a unilateral 

damage to peripheral vestibular structures inclu-

ding semicircular canals (SCCs), resulting in 

vestibulo-ocular reflex (VOR) asymmetry. Static 
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symptoms such as spontaneous nystagmus and 

postural abnormalities are eliminated within a 

few weeks; however, patients continue to have 

difficulty with dynamic visual activities during 

head movements due to inadequate central com-

pensatory mechanisms. This condition is asso-

ciated with vertigo, balance problems, loss of 

visual stability, and blurred vision, which signi-

ficantly affect the daily living activities [1-5]. VR 

is an exercise-based therapy that improves active 

dynamic visual acuity during head movements 

due to VOR gain [6,7]. Evaluating the effec-

tiveness of VR has always been challenging 

[8,9]. Questionnaires survey patients' general 

conditions and degree of disability, and are not 

designed to examine vestibular improvement. On 

the other hand, most balance tests are not suitable 

for the examination of peripheral vestibular dys-

function and or cannot monitor the rehabilitation 

process [10,11]. There are several studies that 

have shown the effect of treatment in patients 

with vestibular dysfunction. Studies have con-

firmed the acceptability of the dizziness handicap 

inventory (DHI) questionnaire in monitoring the 

rehabilitation process [12,13]. Despite many str-

engths, DHI has some limitations. It is influenced 

by factors not related to vestibular lesions, such 

as age, socioeconomic status, cognitive ability, 

physical activity, and metabolic diseases such as 

diabetes. Therefore, this questionnaire may not 

reflect the extent of vestibular damage or imp-

rovement in vestibular function after rehabili-

tation [10]. Moreover, the DHI scores are influe-

nced by patients' subjective responses and docu-

mented disabilities, may be due to other under-

lying conditions [14]. Evaluating the VR results 

using an objective vestibular test may reduce the 

DHI limitations. Objective assessment of vertigo 

has always been a clinical challenge. Objective 

vestibular tests show the extent of the lesion in 

the affected area and are more accurate than the 

questionnaires that only indicate the patients' 

overall disability [15]. Previous studies have 

used posturography and caloric test to predict 

disability caused by vestibular lesions. The calo-

ric test is not suitable for monitoring the rehabili-

tation process because it is unable to distinguish 

between static and dynamic recovery [16]. The 

posturography test shows the general balance 

ability of the subjects and is not suitable for the 

examination of vestibular lesions, especially per-

ipheral ones [17]. Therefore, none of these tests 

can be used specifically for monitoring the reha-

bilitation process of peripheral vestibular lesions. 

Video head impulse test (vHIT) is a specific and 

valid test for the evaluation of all three types of 

SCC. This test was first introduced by Halmagyi 

and Curthoys. The vHIT results obtained from 

VOR gain in SCCs can help with the diagnosis  

of visual stability disorders [18]. Two previous 

studies used vHIT for the follow-up of VR 

[7,15]. However, only horizontal SCCs were stu-

died and the correlation of the questionnaire 

score and vHIT results was not reported after VR. 

The vHIT examines eye movements during high-

velocity head movements, which is similar to  

the speed of head movements during daily living 

activities. Therefore, it can provide useful infor-

mation about the extent of physiological dysfu-

nction in the vestibular organ and its impact on 

daily life. From this perspective, vHIT can be 

used for the prognosis of dizziness-related dis-

ability [18]. However, some studies believe that 

vHIT cannot predict the degree of dizziness-

related disability because it is also influenced by 

non-vestibular factors such as age and cognitive 

factors [10,16]. Hence, DHI and vHIT show two 

different aspects of vestibular lesions. Monito-

ring of study reports from different VR models  

is necessary to validate or modify these models. 

However, this process is solely based on the 

caloric testing, posturography, use of questio-

nnaires, and qualitative indicators, and there is a 

need for quantitative evaluation of the rehabili-

tation outcome. In this regard, this study aimed 

to evaluate the effectiveness of VR using the 

vHIT, and to analyze the correlation between 

vHIT and DHI results for VR reports. Since vHIT 

can separately and quantitatively predict the ave-

rage VOR gain in all three ipsilesional and con-

tralesional SCCs, this study attempted to provide 

a better understanding of the role of vHIT in 

monitoring the VR process. To our knowledge, 

this is the first comprehensive study on the role 

of vHIT in VR follow-up and determination of its 

correlation with DHI results. 



Hamidi Nahrani et al.                                                                                                                                                                                           275 

http://avr.tums.ac.ir                                                                                         Aud Vestib Res (2021);30(4):273-279. 

Methods 

 

Participants 

This is a clinical trial approved by the Ethics 

Committee of Iran University of Medical Scien-

ces (Code: IR.IUMS.REC.1399.727). Forty-two 

patients with UPVH (23 women and 19 men) 

with a mean age of 42.90 ± 10.14 years (ranged 

from 25−59 years) participated in the study 

suffering from vertigo (2−4 weeks after onset), 

balance problems, loss of visual stability and 

blurred vision who were selected randomly from 

outpatients referred to an audiovestibular clinic. 

All participants signed a written consent form 

and declared they were aware of the procedures 

and were free to participate in the study. The 

diagnostic criteria for UPVH were sudden onset 

of severe vertigo in the absence of neurological 

or audiological symptoms and unilateral canal 

paresis > 25% on bithermal caloric testing. 

Patients with endolymph hydrops (characterized 

by episodic vertigo and fluctuating hearing loss), 

diabetes, severe neck problems, severe visual 

impairment, benign positional vertigo, and cen-

tral vestibular lesions (according to videonystag-

mography test results) [10] were excluded from 

the study. 

 

Intervention 

A supervised, home-based VR program was pro-

vided to the patients. The VR protocol was based 

on the program proposed by Herdman et al. [19]. 

It consisted of adaptation and eye-head exercises 

designed to improve gaze stability as well as gait 

and balance exercises. All patients received oral 

and written instructions to perform exercises at 

home three times a day at least for 30 minutes 

and were advised to increase the number of repe-

titions by 5−10 as tolerated. The instructions 

were given in detail to the patients and their 

companions in a face-to-face session before the 

start of the program. The researcher contacted the 

patients by telephone every days and asked them 

about the exercise process and answered their 

questions. All patients were visited in the clinic 

weekly to review their exercise program. All 

communications were done for encouraging and 

providing consultation. 

Measures 

First, the Persian version of the DHI (DHI-P) was 

completed by the patients under the supervision 

of an audiologist to assess their balance prob-

lems. The DHI-P is a valid tool with a Cronbach's 

coefficient of 0.86 [20]. It includes 25 items 

answered by yes (4 points), sometimes (2 points), 

or no (0 point). The total score ranges from 0 to 

100, where higher scores indicate more severe 

disability [21]. The patients were then assessed 

by the vHIT test using the Synapsys vHIT sys-

tem. Subjects were asked to sit at a distance of 90 

cm from a tripod camera and stare at a target on 

a wall at 2 m distance. The examiner stood beh-

ind the patient and rotated the patient's head 

unpredictably 10−20 degrees to the right or left 

in the horizontal direction with the eyes fixed on 

the target to stimulate bilateral horizontal SCC. 

The peak head velocity of the impulses was gra-

dually increased from 50 to 250 °/s (ranged from 

5 to 20 degrees) [22]. To assess bilateral vertical 

right superior-left posterior (RALP), and left 

superior-right posterior (LARP) SCCs, the head 

first turned 30−45 degrees to the right and left 

relative to the trunk and then rotated downward 

(stimulating superior SCC) or upward (stimu-

lating posterior SCC) during the impulses. The 

device's infrared camera estimated the velocity of 

eye movements relative to head velocity [22]. 

VOR gain from the three ipsilesional and con-

tralateral canals was quantified between 0 and 1. 

Since the lesion was unilateral and we evaluated 

both SCCs sides, the ipsilesional side shows the 

affected side and the contralesional side shows 

the non-affected side. VOR gain of 1 indicates 

the equality of head and eye movement velo-

cities. This coordination decreases as VOR gain 

reduces towards 0. Subjects with VOR gain > 1.2 

were excluded from the study due to goggle 

slippage [23]. DHI and vHIT were taken imme-

diately before and after VR. The changes in DHI 

and VOR gain before and after rehabilitation 

were determined as ΔDHI and ΔVOR, respec-

tively. Collected data were analyzed in SPSS 

v.17 software using descriptive statistics (frequ-

ency, mean and standard deviation) and statis-

tical tests including Kolmogorov-Smirnov test 

(for testing the normality of data distribution),  
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Pearson correlation test, and paired sample t-test. 

p < 0.05 was set as the significance level. 

 

Results 

All patients completed the study. A significant 

increase in VOR gain from ipsilesional and con-

tralesional SCCs and a significant decrease in 

DHI score after VR were reported (p < 0.001) 

(Table 1). The ΔDHI score had a significant 

strong negative correlation with ΔVOR from 

ipsilesional horizontal SCC (rho = 0.868) and a 

significant moderate negative correlation with 

ΔVOR from ipsilesional posterior (rho = 0.666) 

and superior SCCs (rho = 0.618, p < 0.001) (Fig. 

1). However, no statistically significant correla-

tions were found between the ΔDHI and ΔVOR 

from the contrlesional SCCs (Fig. 2) 

 

Discussion 

The present study was conducted to investigate 

the role of vHIT in VR follow-up and its corre-

lation with DHI scores. We found a) a significant 

increase in VOR gain after VR in all three ipsi-

lesional and contralesional SCCs, b) a significant 

correlation between ΔVOR and ΔDHI in all  

three ipsilesional SCCs, and c) no correlation 

between ΔVOR and ΔDHI in contralesional 

SCCs. The first finding of this study is in agree-

ment with previous studies in this area [7,11,15]. 

It is noteworthy that previous studies had only 

examined individuals with ipsilesional horizontal 

SCC, while our study examined all three SCCs 

and showed improvement in VOR gain of UPVH 

patients from both ipsilesional and contralesional 

SCCs. Since bilateral symmetry of VOR gain 

plays an important role in controlling the posture 

and visual stability during head movements, 

assessment of all six SCCs is recommended. 

vHIT for all three SCCs is also essential for mon-

itoring the VR process in the subacute phase, 

considering that the focus of most VR exercises 

in UPVH patients is on their visual stability, 

since their visual acuity decreases during head 

movements. 

The main finding of this study was a significant 

negative correlation between the increase in 

VOR gain and the decrease in DHI scores in all 

three ipsilesional SCCs after VR. This means that 

with functional improvement in the SCCs (VOR 

gain), dizziness-related disability (DHI score) 

decreases. The correlation between absolute DHI 

scores and balance test scores has been investi-

gated only by a few studies which reported a 

weak correlation between DHI scores and the 

results of vestibular tests such as rotary chair test, 

electronystagmography, posturography, caloric, 

vestibular evoked myogenic potential, and vHIT 

[10,16,24,25]. Jacobson and McCaslin examined  

Table 1. Vestibulocular reflex gain of semicircular canals and dizziness handicap 

inventory scores before and after vestibular rehabilitation 

 

 Pre-VR  Post-VR  

 Mean (SD) Min Max  Mean (SD) Min Max p 

VOR-ipsi horizontal SCC 0.45 (0.13) 0.21 0.66  0.74 (0.10) 0.45 1.00 < 0.001 

VOR-ipsi posterior SCC 0.75 (0.14) 0.42 1.00  0.83 (0.11) 0.55 1.04 < 0.001 

VOR-ipsi superior SCC 0.75 (0.15) 0.42 1.04  0.82 (0.10) 0.57 1.00 < 0.001 

VOR-contra horizontal SCC 0.84 (0.08) 0.69 1.02  0.87 (0.08) 0.71 1.04 < 0.001 

VOR-contra posterior SCC 0.88 (0.08) 0.75 1.02  0.90 (0.08) 0.77 1.05 < 0.001 

VOR-contra superior SCC 0.89 (0.08) 0.75 1.01  0.91 (0.08) 0.77 1.09 < 0.001 

DHI 69.24 (9.81) 52 86  42.76 (8.18) 28 64 < 0.001 

VR; vestibular rehabilitation, VOR; vestibule-ocular reflex gain, SCC; semicircular canal, DHI; dizziness 

handicap inventory 
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unilateral compensation for vestibular weakness; 

however, their study did not control the effect of 

age and included individuals aged > 60 years 

[25]. McCalsin et al. included all patients with 

vertigo symptoms and no specific group was 

used [16]. Yip and Strupp studied the patients 

with chronic vestibular lesions for at least three 

months [10]. Abnormally high DHI scores were 

also observed in older patients with neck prob-

lems and neuropathies due to diabetes [25]. In 

contrast, lower DHI scores were reported in a 

study for those with chronic phase of vestibular 

lesions due to their compensatory mechanisms 

[16]. Therefore, the lack of correlation between 

the DHI scores and vestibular test results is likely 

due to the lack of control over the aforemen-

tioned factors, which may strongly affect the 

DHI scores. We studied patients with subacute 

UPVH who were between 20 and 60 years of age 

and had no history of neck problems and dia-

betes; therefore, by controlling the factors affec-

ting the DHI score, a stronger correlation was 

observed between ΔVOR gain and ΔDHI score. 

Our results were consistent with other studies 

that reported a significant correlation between 

absolute DHI scores and balance tests [26,27]. 

To our knowledge, this is the first study that 

evaluates the correlation between DHI score and 

VOR gain and provides a better knowledge of the 

VR follow-up results. The lack of correlation 

between DHI score and VOR gain from all three 

contralesional SCCs suggested that vHIT results 

for the contralesional side could not predict the 

degree of disability from these lesions. This res-

ult was expected because the opposite side is not 

affected in patients with unilateral hypofunction. 

The strong correlation between DHI score and 

VOR gain in the three ipsilesional SCCs, especi-

ally the horizontal ones, indicates that the imp-

rovement in vHIT results not only provides use-

ful information about improved subacute dys-

function of the vestibular organ but also imp-

roves the ability to perform daily living activities 

and the disability caused by vestibular damage. 

This test examines eye movements at high head 

velocities, which is equivalent to the speed of 

head movements in daily living activities. From 

this perspective, the improvement in vHIT scores 

in all three SCCs after VR may be a good pre-

dictor of the degree of improvement in dizziness-

related disability. 

This study had some limitations. Due to the pro-

ven effectiveness of VR in UPVH patients, we 

did not use a control group. The aim of this study 

was not only to confirm the effectiveness of VR, 

but also to describe the changes in VOR gain 

after VR. We did not carry out the otolith 

function testing and did not examine the  

rho = 0.868 

p < 0.001 

rho = 0.666 

p < 0.001 

rho = 0.618 

p < 0.001 

Fig. 1. Scatter plots showing correlation between improvement of the dizziness handicap, inventory 

scores and of the vestibule-ocular reflex gains in ipsilesional canals before and after vestibular 

rehabilitation. ΔDHI; dizziness handicap inventory improvement post vestibular rehabilitation, 

ΔVOR; vestibule-ocular reflex gain improvement post vestibular rehabilitation. 
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association of injuries in otolith organs with our 

results. The final limitation was the lack of infor-

mation on the corrective saccades in the vHIT 

test, which was not investigated due to data 

overload. 

 

Conclusion 

The video head impulse test(vHIT) is a useful 

tool to evaluate the effectiveness of vestibular 

rehabilitation (VR). Vestibulo-ocular reflex gain 

is correlated with the dizziness handicap inven-

tory score. Therefore, the improvement in vHIT 

results in all three ipsilesional semicircular can-

als after VR may be a good predictor of the deg-

ree of improvement in dizziness-related disabi-

lity. 
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