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OBJECTIVE: The objective of this study was to establish which factor leads to a higher vestibulo-ocular reflex (VOR) gain: the timing of the move-
ment or the direction of the movement. For this purpose, healthy volunteers were examined under three conditions: (1) when they were informed
about the timing of the head movement; (2) when they were informed about the direction of the head movement; and (3) when they knew both
the timing and the direction of the head movement.

MATERIALS and METHODS: This study included data from 19 participants between the ages of 20 and 23 years with no neurological or vestibular
ailments. The gains of the video head impulse test (vHIT) were measured under four different conditions and the final control tests. Five subgroups
were defined, and the differences in the subgroups were assessed with using several statistical procedures.

RESULTS: We found that there were significant differences between all subgroups gains on the right and left head rotations. Nevertheless, non-
significant differences were found by performing independent samples t-tests and Mann-Whitney U tests between left and right head rotations
for the pairwise comparisons of subgroups. Also, analysis of variance (ANOVA) results indicated that vHIT gains for the right and left, respectively).
Thus, knowing the timing or direction or both does not affect vHIT gains.

CONCLUSION: The results of these experiments revealed that there is no association whatsoever between VOR gain and awareness of the timing
or direction of the movement or both.
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INTRODUCTION
The vestibulo-ocular reflex (VOR) assists in steadying images on fovea when there is any movement of the head. The head and eye
moving at the same time is considered ideal VOR gain.

In such a situation, it will produce eye rotations at a speed similar to the head rotation but in an opposite direction. It will not be
connected to the temporary rotation axis of the head I". A number of factors are thought to impact VOR considerably; among these
are vision, cervical proprioceptors, cerebellum, and cortical input by central pre-programming system 2., Past experiments have
also suggested that the vestibular system is able to identify and differentiate between active and passive head movements, even
at the vestibular nuclei level 2.

The vestibulo-ocular reflex is measured by the video head impulse test (vHIT). The vHIT consists of specific software and lightweight
goggles that have an eye position camera and a gyroscope. The camera follows the path taken by the pupils of the eye, and the
gyroscope tracks the head movements and computes VOR gain 3. The vHIT evaluates the gain and saccades of the eye. The cam-
era that was used in this work was a monocular high-speed camera with the speed of 150-250 Hz for eye video recordings and an
angular velocity sensor to measure the pace of head movements in all three dimensions.
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The vestibulo-ocular reflex gain can be put in equation form as the
following:

VOR gain=Eye movement velocity/Head movement velocity.

The VOR is, thus, the ratio of slow phase eye velocity to head velocity
04, There is no uniformity on how much VOR gains should be since
there is very little experimental data to fix its normative values. It is
generally expected to be 1, but in reality, participants in studies on
this subject have VOR gains ranging between 0.8 and 0.9. However, a
few studies ! have set the VOR gain range to be above 1.

If VOR is due to afferent causes, the resultant active and passive high
frequency rotations may be different (active rotations refer to those
that are self-generated and passive rotations refer to those that are
created manually). Past investigations have suggested that VOR
gains seem to be higher in predictable conditions that result in active
head rotations ['5'8),

Studies have shown, surprisingly, that in cases of passive head and
body rotation, the resultant gain was higher than 1, more than in ac-
tive head rotation " Conjectures have been made regarding this oc-
currence, but it is still not certain why this happens in passive whole
body rotation. Even if bilateral acoustic neuromas were removed, a
gain of 0.4 is observed. This has led researchers to believe that oth-
er mechanisms such as central pre-programming and neck afferents
lead to a higher VOR in such patients.

This study was conducted to establish which factor leads to higher VOR
gain: the timing of the movement or the direction of the movement.

MATERIALS and METHODS

Participants

The 19 participants chosen for this study were healthy subjects with
no neurological or vestibular ailments. They were between 20 and
23 years old (with a mean age of 21.84 years). There were 6 male par-
ticipants and 13 female participants. The study was approved by the
ethics committee of our institution. All procedures were explained to
the participants before testing, and informed consent was obtained
from all participants.

Protocol

To determine the premise, the ICS Impulse version 3.0 vHIT test sys-
tem by GN Otometrics of Denmark was employed. The subjects were
tested with lateral vHIT under five conditions that are listed below:

1. Under normal vHIT testing, the subjects were unaware of the
timing or the direction of the head movement (subgroup 1).

2. The subjects were not told about the timing but informed about
the direction of the head movement (subgroup 2).

3. The participants were informed about the timing by telling the
participants before the movement of the head by saying “now.”
However, the participants were clueless about the direction the
head was rotated to (subgroup 3).

4. The subjects conducted the tests themselves and thus were
aware of both the timing and the direction of the head move-
ment (subgroup 4).

5. The subjects were control tested under lateral vHIT without
knowing the direction or timing of the head movement (sub-
group 5).

Statistical Analysis

After the experiments were completed, the gains of vHIT were used
to calculate descriptive statistics of the test results (meanzstandard
deviation). Then statistical analysis was performed by separating the
data into five subgroups as mentioned in protocol.

Once the descriptive statistics were completed, other sophisticated
statistical methods were employed to assess the differences, if any,
among or within the groups. Some of the procedures used included
the Mann-Whitney U test, one-way analysis of variance (ANOVA) test,
independent samples t-test, and Kruskal-Wallis H test.

Past studies have utilized the independent samples t-test or
Mann-Whitney U test for comparing two separate groups based on
their means. What mainly differentiates these two tests is hypothet-
ical data normality. The parametric independent samples t-test is
employed if the data distribution is normal. If the data distribution
is not normal, then the Mann-Whitney U test is used. This test is the
nonparametric alternative test for the independent samples t-test.
Depending on the requirement, the independent samples t-test or
Mann-Whitney U test were used. Within each subgroup, these tests
helped establish the statistical differences between both the direc-
tions. Each subgroup was tested for two hypotheses: null (H,) and
alternative (H,). While the null hypothesis states that the mean values
of two subgroups are similar, the alternative states that the mean val-
ues are not the same.

If there were more than two independent groups being studied,
then the ANOVA and Kruskal-Wallis H tests were employed for com-
parison. ANOVA is the parametric test used and Kruskal-Wallis H its
nonparametric alternative that does not require the normal distri-
bution assumption that ANOVA requires. As in the tests for finding
differences between two subgroups, two hypotheses (H: there is no
difference between subgroups; H,: at least one subgroup is different
in terms of its mean) were tested.

Statistical procedures were used only after the Kolmogorov-Smirnov
or Shapiro-Wilk normality tests were conducted. Based on the ensu-
ing results, a decision was made about whether parametric or non-
parametric procedures would be more suitable to reach a conclusion.
Statistical Package for Social Sciences software (IBM Corp.; Armonk,
NY, USA) was used in order to perform the statistical analyses.

RESULTS

Differences in the subgroups were evident from the readings obtained.
Detailed descriptive statistics of raw data are shown by Table 1. As seen
in Table 1, in subgroup 1, the normal vHIT gain was 0.943+0.068 on
the right and 0.901+0.078 on the left. Results of subgroup 2 showed
direction VHIT gains of 0.948+0.079 and 0.875+0.072 for the right and
left directions, respectively. Subgroup 3 showed gains of time vHIT of
0.931+0.082 and 0.87240.080 in the right and left directions, respec-
tively, and includes both minimum and maximum gain values of all
subgroups. Readings from subgroup 4 showed the mean and standard
deviations for gain in self vHIT as 0.951+0.066 and 0.876+0.035 for the



Table 1. Descriptive statistics of raw data

Standard Min./

Subgroups Mean deviation Max. Range Skewness
Right direction
Subgroup 1 0.943 0.068 0.76/1.04 0.28 -1.294
Subgroup 2 0.948 0.079 1.12/0.79 0.33 0.234
Subgroup 3 0.930 0.082 1.14/0.80 0.34 1.032
Subgroup 4 0.951 0.066 1.06/0.79 0.27 -0.595
Subgroup 5 0.956 0.077 1.13/0.79 0.34 0.496
(control)
Left direction
Subgroup 1 0.901 0.078 1.08/0.79 0.29 0.905
Subgroup 2 0.875 0.072 1.04/0.75 0.29 0.219
Subgroup 3 0.872 0.080 1.06/0.73 0.33 0.451
Subgroup 4 0.876 0.035 0.93/0.78 0.15 -0.871
Subgroup 5 0.901 0.066 1.09/0.75 0.34 0.698
(control)
Min: minimum; max: maximum
Table 2. Results for right and left directions for all subgroups

Statementof  Decision

Procedure Testvalue p  nullhypothesis (differences)
Subgroup 1 Mann-WhitneyU  104.500 0.026 Rejected Significant
Subgroup 2 t-test 2929 0.006 Rejected Significant
Subgroup 3 t-test 2218 0.033 Rejected Significant
Subgroup4 Mann-WhitneyU  56.000 0.000 Rejected Significant
Subgroup5 Mann-WhitneyU  83.000 0.004 Rejected Significant
Table 3. Results for pairwise comparisons of subgroups
Test Statementof  Decision

Subgroups (vs.) Procedure value p null hypothesis (differences)
Right direction
1vs.2 Mann-WhitneyU 175.000 0.872 Notrejected Not significant
1vs.3 Mann-WhitneyU 131.000 0.147 Notrejected Not significant
1vs.4 Mann-WhitneyU 170.500 0.770 Notrejected Not significant
1vs.5 Mann-Whitney U 122900 0.969 Notrejected Not significant
Left direction
1vs.2 t-test 1.028 0311 Notrejected Not significant
1vs.3 t-test 1126 0268 Notrejected Not significant
1vs.4 Mann-Whitney U  156.500 0481 Notrejected Not significant
1vs.5 t-test -0.044 0965 Notrejected Not significant
Table 4. Results for all subgroups

Statementof  Decision
Subgroups Procedure Testvalue p null hypothesis (differences)
Right direction
Betweenall  Kruskal-Wallis H 2579 0631 Notrejected Not
subgroups significant
Left Direction
Between all ANOVA 0742 0566 Notrejected Not
subgroups significant
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right and left directions, respectively. Finally, in subgroup 5, the normal
VHIT gain was 0.959+0.077 on the right and 0.901+0.066 on the left.

At first, the independent samples t-test and Mann-Whitney U test
were used in order to determine the statistical differences between
the left and right directions within each subgroup. The following two
hypotheses were tested for each subgroup: H,; there is no statistical
difference between the gains of vHIT on the right and left directions;
H,: there is a statistical difference between the gains of VHIT on the
right and left directions. Results are shown in Table 2. As is seen in
the results, the gains of VHIT on both directions were statistically dif-
ferent from each other because the p-values associated with all sub-
groups were less than significance level.

Secondly, the same statistical methodology such as independent
samples t-test and Mann-Whitney U test was used. However, the dif-
ference lay in the fact that both directions were separately compared
in the subgroups. As shown in Table 3, the Mann-Whitney U test was
employed for subgroup 1 versus subgroup 2, and the associated
Thus, the null hypothesis, which stated that “there is no difference
between the gains of normal vHIT of subgroup 1 and the gain of di-
rection VHIT of subgroup 2 in the right direction” could not be reject-
ed with a 95% confidence level. This was repeated for the left direc-
tion as well for both subgroups. This led to the conclusion that there
were no statistically significant differences between the vHIT gains.

Finally, the mean comparisons between all subgroups were consid-
ered. Due to the fact that there were more than two independent
groups (all subgroups were under consideration), ANOVA or Krus-
kal-Wallis H tests were performed. The following two hypotheses
were tested for right (or left) direction-H ; there is no statistical differ-
ence between the gains of VHIT for all subgroups on the right (or left)
direction; H,: at least one subgroup is different from others in terms
of the VHIT gain on the right (or left) direction. Table 4 shows that the
null hypothesis could not be rejected at 95% confidence level), thus
concluding that vHIT gains for the right direction in all subgroups
were not statistically different. Results were similar for the left direc-
tion as well . To summarize, the ANOVA results showed that there was
no difference between subgroups in terms of vHIT gains.

Based on these results, we deduce that central pre-programming
(i.e., having prior information about the movement) has no statisti-
cally significant effect on gain of VOR.

DISCUSSION

The vestibulo-ocular reflex stabilizes the image during head rota-
tions by moving the eyes with the same speed as head but in the
opposite direction. The speed of the head and eye movements are
measured by VHIT, and this is shown by gain. The ideal gain for this
testis 1.

This study demonstrates that there is no significant difference in the
gains of predictable and unpredictable head movement conditions
in the time and direction domain.

Studies by Black '®, Della Santina 2% and Halmagyi ?"" suggest that
patients with unilateral vestibular lesions show higher VOR gain
during active head movements than during passive ones. However,
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experimental studies by Sprenger et al. 2 yielded different results.
Not only do they demonstrate that light plays an important role in
VOR gain in healthy individuals, but they also show that, compared
with unpredictable ones, there is higher VOR gain in predictable
tests.

This is so because, according to the researchers, other factors help
increase VOR gain during active head movements. These factors in-
clude predictable pre-programmed responses that are fundamental-
ly connected with active head impulses in individuals and the pre-
dicted neck proprioceptive afferents that may be terminated during
active head movements.

Interesting outcomes have resulted from studies conducted by Black
et al.['® on six subjects with total unilateral vestibular deafferentation
that occurred years after vestibular schwannoma (acoustic neuroma)
surgery. The researchers studied VOR gain in these subjects with both
active and passive head impulses. Their results showed that VOR gain
was considerably abnormally low with both conditions. With active
head impulses, it was seen to be almost twice than that of passive
head impulses. The researchers suggest that this could be because
the subjects may have been able to predict their gaze error, following
which they may have made compensatory express saccades in time
with their head rotations.

Migliaccio and Schubert ! suggest that with as little as 15 minutes of
tutoring, unilateral incremental VOR adaptation can be stimulated in
normal subjects. Their experiments showed that during active head
impulses, VOR gain in the adapting direction was increased by -22%
and by -11% during passive ones. This proves that it is not only due to
training that changes occur in the predictive eye movement mecha-
nisms that receive efferent copy signals of internal motor commands;
it is also due to the variable VOR pathways.

These findings raise two more questions. First, is pre-programming
found only in patients with vestibular ailments? Second, is pre-pro-
gramming a fact and does it even exist? These questions can possibly
be answered by further research in the subject.

The vestibulo-ocular reflex testing is done by employing the vHIT.
Although not much research has been done in setting normative
values, VOR gain in healthy normal individuals is considered to be
approximately 1 . However, a few studies accept the value of nor-
mal VOR to be higher than 1. Studies show that VOR does not only
stem from semicircular canals but also can arise from varied afferent
inputs; the gains from predictable and unpredictable head move-
ments, though, contributions may be different.

In this study we found that there is a significant difference between
gains on the right and left direction head movements. This could
be due to the fact that the right brain dominancy or any other un-
known factors exists. Also, one other bias for the tests were inform-
ing the participants for the time domain. This was done by inform-
ing the participant by saying “now,” which meant that it was time for
the tester to begin the head movement. However, in this case, we
could not take in to account the timing between saying “now” and
the beginning of the movement. This might affect central pre-pro-
gramming.

As is evident from the results of the various tests done, awareness of
the participant with regard to the direction, timing, or both does not
lead to any substantial VOR gain changes, thus leading to the con-
clusion that central pre-programming does not lead to significant
improvements in VOR gains. However, this can also be dependent on
the normal vestibular system responses of the participants.
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