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ABSTRACT
Purpose: to identify and analyze the available evidence on the reference values of the 
vestibulo-ocular reflex gain obtained with the video head impulse test.
Methods: an integrative review based on the PRISMA protocol, searching the 
ProQuest, EBSCO, PubMed, ScienceDirect, Cochrane Library, LILACS, and SciELO 
databases with keywords. The studies included were original research articles, 
systematic reviews, and meta-analyses published since 2009, involving humans, 
written in English, Spanish and/or Portuguese.
Results: 10,250 studies related to the keywords were found. Of these, 10 articles met 
the inclusion criteria and were analyzed following the CADE protocol. On the horizontal 
plane, the values ranged from 0.80 to 1.06, while on the right anterior/left posterior and 
on the left anterior/right posterior planes, the values ranged from 0.80 to 1.03. Other 
relevant data for obtaining the gain were analyzed, such as the number of impulses, the 
assessor’s experience, the patient-object distance, and the percentage of asymmetry.
Conclusion: little research on the theme, recently developed and published, mostly in 
European countries, was found. This shows the need for a greater number of studies 
to strengthen the scientific evidence.
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INTRODUCTION
Balance results from integrating the sensory input of 

visual, vestibular, and proprioceptive systems, mediated 
by the central nervous system1. The vestibular system 
comprises the otolithic organs (utricle and saccule) and 
the semicircular canals (anterior, posterior, and lateral), 
which function respectively as linear and angular accel-
erometers2. The information coming from these struc-
tures, once having reached the brainstem by way of 
the vestibular nerve, establishes various pathways to 
make connections with multiple systems3. Hence, quick 
reflexes are generated, which are useful for standing, 
head stability in space, and visual stability4. These are 
the vestibulospinal, vestibulocollic, and vestibulo-ocular 
reflexes.

Specifically, the vestibulo-ocular reflex (VOR) 
enables the images to stabilize on the retina when the 
head moves, moving the eye in the opposite direction 
to that of the head to keep the image in the center of 
the visual field5. Traditionally, the peripheral vestibular 
organs that participate in the VOR have been studied 
with the caloric test, which was first described by 
Bárány in 19066. Although this procedure is still in use 
nowadays, it is a test that only allows for the study 
of the lateral semicircular canal (SCC). Moreover, 
it is poorly tolerated by some people when dealing 
with a nonphysiologic stimulus, causing an intense 
nauseating reflex1. Another relevant difference is the 
stimulation speed generated by the caloric test and 
by the vHIT. The first one generates a low-frequency 
stimulation (0.003 Hz), while the vHIT generates a 
physiological stimulation closer to everyday situations 
– i.e., high-frequency ones (2-5 Hz)7. The scleral search 
coil technique, designed by Robinson in 1963, has 
been considered the gold standard to assess VOR8. 
However, despite its usefulness, it is an expensive, 
uncomfortable, and invasive procedure for the patient, 
and of difficult clinical implementation9, besides being a 
lengthy performance with complex interpretation10.

In 2005, Ulmer and Chays11 reported using a 
camera placed in front of the patient to record and 
register the eye movement in the head impulse test. 
The purpose was to quantify the function of each SCC. 
Later, MacDougall, Weber, McGarvie, Halmagyi and 
Curthoys (2009)12 described in detail the procedure 
currently most used. The vHIT results from the need 
for a new complementary examination that overcomes 
the disadvantages of the previous ones13 and that 
makes it possible to evaluate the efficiency of the VOR 
in a simple, objective, and easy performance, without 

causing discomfort to the patient14. Also, it evaluates 
individually the function of the six SCC15, and thus, the 
function of the superior and inferior vestibular nerves16.

The vHIT is based on the record of the eye 
movements with high-speed cameras (250º/seg) 
placed in goggles adjustable for each patient. By means 
of a passive, unpredictable, and fast head movement, 
it makes it possible to determine the efficiency of the 
VOR, which is the “property of generating slow eye 
movements almost perfectly compensatory in direction 
and speed to the head movements”9. One of the 
components of such efficiency is the gain, which is 
the relationship between the head movement and the 
displacement of the eyes17. It is one of the values to be 
analyzed in the results obtained in the examination. It is 
calculated by dividing the speed of the head movement 
by the speed of the eye movement. Hence, values 
close to one indicate similar speeds.

Although the suggested normal values are those 
close to one, there is an evident need to know the 
reference values for the analysis of the VOR gain 
based on a range (minimum and maximum value) that 
enables a precise vestibular diagnosis. This is particu-
larly so if other associated factors – e.g., age and brand 
of the equipment used – are considered. Moreover, the 
value close to one has been informed for the study of 
the lateral semicircular canal, but not for the anterior 
and posterior ones.

However, no review has yet grouped the existing 
studies on the theme, at the same time identifying a 
consensus between the various published articles. 
Therefore, the present integrative review aimed to 
identify and analyze the available evidence on the 
reference values for the vestibulo-ocular reflex gain, 
obtained with the video head impulse test.

METHODS

Research strategy

The research team conducted an integrative liter-
ature review on reference values for results analysis 
of the video head impulse test (vHIT). The paper was 
designed based on guidelines and orientations of the 
Preferred Reporting Items for Systematic Reviews 
(PRISMA)18,19. The first step in the research was to 
develop the research question for the literature review, 
which was defined as: “What are the reference values 
for vestibulo-ocular reflex gain obtained with the video 
head impulse test?”.
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The review was based on a search for studies 
published in the ProQuest, EBSCO, PubMed, 
ScienceDirect, Cochrane Library, LILACS, and 
SciELO databases. Each researcher carried it out in 
October and November 2019 using combinations of 
the following descriptors, first in English and then in 
Spanish and Portuguese: “Normative values” and 
“video head impulse test”, “Normative data” and “video 
head impulse test”, “Normative findings” and “video 
head impulse test”, “Reference values” and “video 
head impulse test”. The descriptors were combined 
with the Boolean operator AND.

Selection criteria

The types of studies included in the search were 
original research and review articles (either systematic 
or meta-analysis). The inclusion criteria considered 
studies published from 2009 to the present, performed 
in humans. The exclusion criteria encompassed papers 
unrelated to the purpose and question of this research, 
those that included exam results of specific otologic 
pathologies (Ménière’s disease, vestibular neuronitis, 
vestibular schwannoma), findings in other condi-
tions unrelated to the vestibular system (e.g., bruises 

in athletes), comparisons between the results of the 
caloric test and that of Dix-Hallpike, duplicated studies 
between the databases, irrelevant studies, or those 
written in languages other than the predefined ones.

In the search, 10,250 potential articles were 
identified based on the abovementioned combination 
of descriptors and inclusion criteria. The process of 
analysis of the articles had three stages. The first one 
involved reading the titles and abstracts; hence, the 
clearly irrelevant articles were dismissed. In the second 
stage, the articles were read in full to verify whether 
they answered the research question, at the same 
time applying the exclusion criteria. Lastly, the third 
stage consisted of the critical analysis of the selected 
articles, following the Critical Appraisal of Diagnostic 
Evidence (CADE)20. It was independently conducted by 
the assessors (H.S.P; P.O.D); in case they disagreed, a 
third assessor was invited (S.R.R) to solve the problem.

Of the 10,250 articles initially found in the databases, 
20 were excluded for being duplicated in the search, 
and 10,219, for being unrelated to the purpose and/or 
the question of the research. After reading in full the 14 
articles evaluated for eligibility, 10 were selected for this 
review. The identification and characterization of the 
included articles are presented in Figure 1.

*Based on the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA)

Figure 1. Flowchart with the selection of the articles.
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considering the author, year, country, sample size (n), 
equipment used, planes assessed – horizontal, RALP 
(right anterior/left posterior), and LARP (left anterior/
right posterior) –, and main values obtained according 
to the ages assessed. Due to the heterogeneity of the 
equipment used, age ranges, and planes assessed, it 
was not possible to group the data based on statistical 
analysis. Thus, the present study is a systematic review 
without meta-analysis. 

LITERATURE REVIEW

Based on the combination of descriptors in English, 
Spanish, and Portuguese, 10,250 potential articles were 
identified, of which 14 were selected after applying 
the inclusion and exclusion criteria, having already 
read the titles and/or abstracts. Four of these articles 
were dismissed after reading them in full. Hence, 10 
articles, which are described in detail in Table 1, were 
included in the analysis. The results were presented 

Table 1. Characteristics of the articles selected for the review

Author and 
year Country Sample Equipment used

Planes 
assessed Main results

Mossman  
et al. (2015)21

New 
Zealand

60 subjects aged 20 to 80 
years (10 participants per 

decade).

Without brain disorders, 
vertigo, or restricted neck 

movement.

EyeSeeCam, 
Interacoustics

Horizontal
0.97 in 80 ms 
0.94 in 60 ms

Matiño-
Soler et al. 
(2015)22

Spain

212 subjects aged 6 to 95 
years.

Without a history of auditory, 
vestibular, visual, or 

neurological changes.

vHIT, 
GN Otometrics.

Horizontal

6-10 years: 1.04 +/- 0.06
11-20 years: 1.05 +/- 0.05
21-30 years: 1.05 +/- 0.05 
31-40 years: 1.08 +/- 0.07
41-50 years: 1.08 +/- 0.07
51-60 years: 1.07 +/- 1.06
61-70 years: 1.07 +/- 0.08
71-80 years: 1.08 +/- 0.05
81-90 years: 1.09 +/- 0.10

91 years or older: 0.87 +/- 0.08
Total 1.06 +/- 0.07

McGarvie  
et al. (2015)23 Australia

91 subjects aged 10 to 89 
years, grouped by decades.

Without a history of vestibular 
changes.

vHIT, 
GN Otometrics.

Horizontal

RALP

LARP

Horizontal: Values close to 1 for all age ranges.

RALP and LARP: Values between 0.8 and 1. 
They tend to decrease as age increases.

Yang et al. 
(2016)24 Korea

50 subjects aged 20 to 60 
years, divided into five groups, 

by decade.

Without a history of auditory, 
vestibular, or neurological 

disorders, or postural or gait 
anomalies.

ICS Impulse, 
GN Otometrics. 

Horizontal

20 years: 1.01 +/- 0.06 
30 years: 1.01 +/- 0.54 
40 years: 1.00 +/- 0.77
50 years: 1.03 +/- 0.06
60 years: 1.04 +/- 0.08

Total: 1.02 +/- 0.07

Bansal et al. 
(2016)25 India

25 young adults aged 17 to 25 
years.

Without a history of 
neurological, auditory, 

vestibular, neuromuscular, or 
cervical changes, or excessive 

noise exposure.

vHIT, 
GN Otometrics.

Horizontal

RALP

LARP

Horizontal: 
R: 1.00 +/- 0.12; L: 0.91 +/- 0.09

RA: 0.88 +/-0.10; LP: 0.82 +/-0.07 

LA: 0.91 +/-0.14; RP: 0.85 +/-0.09
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Author and 
year Country Sample Equipment used

Planes 
assessed Main results

Wiener et al. 
(2017)26 

Germany

274 children aged 1 to 15 
years, divided into 15 age 
groups, and another group 

comprising 26 adolescents and 
adults aged 16 to 67 years.

Without a history of 
neurological, vestibular, 

ophthalmological, or 
oculomotor disorders, or 

any other potentially relevant 
medical history.

Ulmer, 
Synapsys.

Horizontal

RALP

LARP

Horizontal, anterior, and posterior, respectively.
1: 090, 0.95, 0.87 
2: 0.88, 0.95, 0.89
3: 0.91, 0.95, 0.93
4: 0.95, 0.98, 0.96
5: 0.95, 0.97, 0.96
6: 0.96, 0.98, 0.94
7: 0.97, 0.98, 0.96
8: 0.98, 1.02, 0.98
9: 0.98, 1.00, 0.98

10: 0.98, 0.99, 0.98
11: 1.01, 1.00, 1.00
12: 0.99, 1.02, 0.99
13: 1.00, 1.02, 1.03
14: 1.01, 1.03, 1.02
15: 1.02, 1.02, 0.99

Adults: 1.02, 1.03, 0.99

Lehnen et al. 
(2017)27 Germany

44 children aged 4 to 18 years, 
divided into three groups: early 
childhood (4-7 years), middle 
childhood (8-11 years), and 
adolescence (12-18 years). 

Without a history of vestibular 
disorders.

EyeSeeCam, 
Interacoustics.

Horizontal
4 to 7 years: 0.96 +/- 0.07

8 to 11 years: 0.95 +/- 0.06
12 to 18 years: 0.94 +/- 0.07

Wenzel et al. 
(2017)28 Germany

6 children aged 5 to 36 
months.

Without a history of auditory, 
or vestibular disorders, though 
initially tracked to clarify any 
possible auditory disorder.

EyeSeeCam, 
Interacoustics.

Horizontal
1.06 +/- 0.25 in 40 ms.
0.76 +/- 0.21 in 60 ms.
0.53 +/- 0.21 in 80 ms. 

Bachmann et 
al. (2018)29

United 
States

30 children aged 4 to 12 years, 
equally divided into three 

groups: 4-6 years, 7-9 years, 
and 10-12 years.

11 adults (control group).

Without a history of vestibular 
disorders. 

ICS Impulse, 
GN Otometrics. 

Horizontal

RALP

LARP

Horizontal: 
R: 1.04 +/- 0.09; L: 0.96 +/- 0.09

RA 0.90 +/- 0.19; LP 0.91 +/-0.14

LA 0.80 +/- 0.11; RP 0.95 +/- 0.09

Lee et al. 
(2018)30 Korea

25 subjects aged 31 +/- 6 
years.

Without a history of auditory, 
vestibular, or neurological 

disorders, or postural or gait 
anomalies.

A: ICS Impulse, 
GN Otometrics.

B: SLVNG vHIT, 
SLMED Inc.

Horizontal
A: 1.05 +/- 0.07

B: 0.95 +/- 0.05

LARP: left anterior, right posterior / RALP: right anterior, left posterior / R: right / L: left.
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The articles analyzed were collected mostly from the 
PubMed database, followed by EBSCO and ProQuest. 
The ScienceDirect, LILACS, SciELO, and Cochrane 
Library databases did not return relevant results with 
the descriptors used. Regarding the year of publication, 
although the present research included articles since 
2009, the analyzed ones were published only recently, 
between 2015 and 2018 – i.e., approximately one 
decade after the vHIT was introduced as a vestibular 
function assessment procedure. The countries of origin 
that stood out are European (Germany26-28 and Spain22), 
followed by Korea24,30, Australia23, New Zealand21, 
India25, and the United States29. On the other hand, 
the appreciation did not include any Latin American 
studies, demonstrating the need for local data.

The age groups studied in the analyzed articles 
are heterogeneous. Four of them focused mainly on 
the child and /or youth population26-29; three pieces of 
research involved young adults and/or adults24,25,30; 
none of them included exclusively older adults; and 
three considered a combination of all these age 
groups21-23. It should be mentioned that all the studies 
analyzed included men and women. Regarding the 
sample size, two studies counted with 274 and 212 
subjects22,26. Three other studies included from 50 to 
91 participants21,23,24. Lastly, five authors included 6 to 
44 subjects25-30. The quite small samples used in some 
articles call attention, especially considering the broad 
age range – which diminishes the validity of the conclu-
sions proposed by the authors. Hence, it is suggested 
that a greater number of participants be included to 
obtain data representative of the population, allowing 
for a reliable statistical analysis.

Concerning the assessed planes, four articles 
obtained gain values for vestibulo-ocular reflex on 
the horizontal, RALP, and LARP planes23,25,26,29, while 
six studies only obtained them on the horizontal 
plane21,22,24,27,28,30. On the horizontal plane, the reference 
values range from 0.80 to 1.06, while on the RALP 
and LARP planes, the values range from 0.80 to 1.03. 
Only one study (which worked with six children aged 
five to 36 months) reports values lower than 0.8028 on 
the horizontal plane. It was noted that the gain slightly 
decreases both as the age increases and as the vertical 
SCCs are studied. Hence, it is proposed that all planes 
(horizontal, RALP, and LARP) be evaluated to establish 
a complete reference in relation to the various age 
ranges.

In six of the analyzed studies, the said planes were 
assessed using vHIT equipment manufactured by 

Otometrics (Denmark), followed by two that employed 
equipment manufactured by Interacoustics (Denmark), 
one, by Synapsys (France), and one, by SLMed 
(Korea). It is highlighted that the emphasis of the studies 
conducted with Otometrics addresses the analysis 
on the horizontal, RALP, and LARP planes, in a broad 
age range, from 4 to 95 years. On the other hand, the 
research with Interacoustics considered only obtaining 
data from the assessment on the horizontal plane in the 
child population in one study, and in 60 subjects 20 to 
80 years old, grouped by decades in equal numbers. In 
the case of data obtained with Synapsys and SLMed, 
all the planes were assessed in 274 children aged one 
to 15 years in the first case, and only the horizontal 
plane in a small sample of young adults. Although 
various brands in the market developed equipment 
to assess this function, not all of them have reference 
values for all the planes assessed in the examination, or 
for the different age ranges. This need is emphasized 
by Lee et al. (2018)30, after showing differences in the 
vHIT gains in normal subjects depending on the device 
and analysis method used (Impulse by GN Otometrics 
versus SLVNG by SLMED Inc.).

Other relevant gain-related data in the selected 
articles were analyzed, approaching the number of 
impulses, the assessor’s experience, the patient’s 
distance to the object, and the percentage of 
asymmetry between the ears. Concerning the number 
of head impulses, the results are heterogeneous, 
describing at least five21,26, 1023,24,30, 1528, or 2022,25,29 
valid impulses on each side or for each canal studied. 
Also, six of the reviewed articles21,24,26,28-30 indicate that 
the assessor was trained and experienced to perform 
the examination, whereas the other articles do not 
mention this aspect. As for the patient’s distance to the 
object, most kept one meter, with exceptions for 1.30 
meters26, 1.5 meters21,28, and even 1.80 meters23. Lastly, 
regarding the percentage of asymmetry between the 
ears, great variability was again noticed between the 
four pieces of research that touch the subject, ranging 
from 2% to 15%21,22,24,26.

The articles included in the review were analyzed 
regarding their methodological quality based on the 
Critical Appraisal of Diagnostic Evidence (CADE)20 

(Table 2), although some items had to be adapted or 
dismissed because they did not fit the needs of this 
review. In summary, the great majority of the studies 
present at least a good quality level. Three articles21,23,26 
included their findings’ confidence intervals, which 
reinforces the quality of their analyses. Almost all the 
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Table 2. Qualitative analysis of the included articles, following the Critical Appraisal of Diagnostic Evidence (CADE)

Bachmann  
et al., (2018)

Wiener-Vacher 
et al., (2017)

Yang et al., 
(2015)

McGarvie  
et al., (2015)

Mossman  
et al., (2015)

1. Was there a plausible rationale for the 
study?

Yes Yes Yes Yes Yes

2. Was the index measure compared to a 
reference standard?

Yes No No No No

3. Were measures and procedures described 
clearly?

Yes Yes Yes Yes Yes

4. Were measures administered independently? Yes NR NR NR NR
5. Were measures administered with blinding? No No No No No
6. Were methods and participants specified 
prospectively?

Yes Yes Yes Yes Yes

7. Were participants recognizable and 
representative of the actual diagnostic task?

Yes Yes Yes Yes Yes

8. Were the reference standard and the index 
test both administered to all participants?

Yes No No No No

9. Was LR+ (sensitivity/1-specificity) ≥ 10.0? NR NR NR NR NR
10. Was LR- (1-sensitivity/specificity) ≤ 0.10? NR NR NR NR NR
11. Was precision adequate? NR Yes NR Yes Yes

Matiño-Soler 
et al., (2015)

Wenzel et al., 
(2017)

Lee et al., 
(2018)

Bansal et al., 
(2016)

Lehnen et al., 
(2017)

1. Was there a plausible rationale for the 
study?

Yes Yes Yes Yes Yes

2. Was the index measure compared to a 
reference standard?

No No No No No

3. Were measures and procedures described 
clearly?

Yes Yes Yes Yes Yes

4. Were measures administered independently? NR NR NR NR NR
5. Were measures administered with blinding? No No No No No
6. Were methods and participants specified 
prospectively?

Yes Yes Yes Yes No

7. Were participants recognizable and 
representative of the actual diagnostic task?

Yes Yes Yes Yes No

8. Were the reference standard and the index 
test both administered to all participants?

No No No No No

9. Was LR+ (sensitivity/1-specificity) ≥ 10.0? NR NR NR NR NR
10. Was LR- (1-sensitivity/specificity) ≤ 0.10? NR NR NR NR NR
11. Was precision adequate? NR NR NR NR NR

NR: Not reported
Adapted from Dollaghan, (2007)20

studies precisely describe the participants, as well as 
the methods employed. None of the studies included 
in this research considered either the positive or the 
negative likelihood ratio because the original studies 
did not compare participants with pathologies.

Regarding the said good quality level of the articles, 
the author of CADE20 explains that the evidence is 
compelling when there are few weak or questionable 
points in the study. The second level is the suggestive 
category, in which there are questionable points 

regarding the validity of the studies. Lastly is 
the equivocal category, in which there are more 
questionable points than solid ones in the research. 
The clinical decisions should be aligned with this when 
adopting new clinical techniques.

CONCLUSION
The present study points out that there is little 

scientific evidence addressing the normative values 
for vestibulo-ocular reflex gain obtained with the video 
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head impulse test. The research on the theme has 
only recently been developed and published, starting 
in 2015, mostly in European countries, followed by 
others in different parts of the world. However, Latin 
American countries still lack references on the subject, 
which shows the need for a greater number of studies, 
including normative values to strengthen the scientific 
evidence.

Altogether, 10 articles were identified and analyzed, 
which suggest reference values for VOR gain close to 
one. Specifically, on the horizontal plane, the values 
ranged from 0.80 to 1.06, while on the RALP and LARP 
planes they ranged from 0.80 to 1.03. Some differ-
ences were noted regarding age and the comparison 
between vertical and horizontal canals. This points to 
research that can result in a systematic review with 
meta-analysis, to make a quantitative analysis of the 
different variables that can influence the vHIT-measured 
VOR gain.

The importance of having normative values 
available lies in their being a reference guide for future 
comparison with values obtained in the clinical practice. 
These are essential to medical decision-making 
regarding the diagnosis, treatment, and follow-up of the 
health condition of a given population.
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