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SUMMARY

Background: To investigate the relationships among caloric test evaluation parameters in individuals with unilateral vestibular
weakness.

Materials and Methods: The study included 28 individuals in the patient group and 28 individuals in the control group. A bithermal
caloric test was administered to all participants using an air irrigator. The measured parameters included slow phase velocity, latency, time to
reach the maximum slow phase velocity, and the difference between the time to reach the maximum slow phase velocity of the caloric
nystagmus and the latency.

Results: In comparison with the healthy ears of the patient group, the pathological ears exhibited a significant decrease in slow phase
velocity under both cold and warm stimuli, a prolonged latency, and a reduced difference between the time to reach maximum slow phase
velocity and the latency period (p<0.05). Additionally, when compared with the control group, the pathological ears of the patient group
demonstrated a significant reduction in slow phase velocity under cold and warm stimuli, as well as a shorter time to reach maximum slow
phase velocity (p<0.05). Furthermore, the healthy ears of the patient group showed an increase in slow phase velocity under cold stimuli and
a decrease in latency under both cold and warm stimuli when compared with the control group (p<0.05). Both positive and negative
correlations were identified among the caloric test evaluation parameters.

Conclusions: In addition to the maximum slow phase velocity of caloric nystagmus, other evaluation parameters may also contribute to
the diagnostic process. Moreover, the relationship between the velocity storage mechanism and the caloric test parameters, which assess the
low-frequency VOR, is particularly noteworthy.
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TEK TARAFLI VESTIBULER ZAYIFLIGI OLAN HASTALARDA KALORIK TEST DEGERLENDIRME
PARAMETRELERI ARASINDAKI iLISKiNiN TANISAL ONEMi: BiR VAKA-KONTROL CALISMASI

OZET

Amag: Tek tarafli vestibiiler zayiflig1 olan hastalarda kalorik test degerlendirme parametreleri arasindaki iliskiyi incelemek.

Yontem ve Geregler: Calismaya hasta grubunda 28, kontrol grubunda ise 28 birey dahil edildi. Tiim bireylere hava irrigatorii
kullanilarak bitermal kalorik test uygulandi. Yavas faz hizi, latent siire, nistagmusun maksimum yavas faz hizina ulagsma siiresi ve maksimum
yavas faz hizina ulagma siiresi ile latent siire arasindaki fark ol¢iildii.

Bulgular: Hasta grubunun saglikli kulaklari ile kiyaslandiginda patolojik kulaklarinda, soguk ve sicak uyarilar altinda yavas faz hizinda
azalma, latent siirede uzama ve nistagmusun maksimum yavas faz hizina ulagma siiresi ile latent siire arasindaki farkta azalma gozlendi
(p<0.05). Ayrica kontrol grubu ile kiyaslandiginda hasta grubunun patolojik kulaklarinda, soguk ve sicak uyarilar altinda yavas faz hizinda
azalma ve maksimum yavas faz hizina ulagsma siiresinde azalma gozlendi (p<0.05). Kontrol grubu ile kiyaslandiginda hasta grubun saglikli
kulaklarinda, soguk uyar: altinda yavas faz hizinda artma ve soguk ve sicak uyarilar altinda latent siirede azalma gozlendi (p<0.05). Kalorik
testin degerlendirme parametreleri arasinda ise pozitif ve negatif korelasyonlar gozlemlendi.

Sonuglar: Kalorik nistagmusun maksimum yavas faz hiz1 diginda, diger degerlendirme parametreleri de tani siirecinde rol oynayabilir.
Ayrica, diistik frekansli vestibiilo-okiiler refleksin degerlendirildigi kalorik test parametreleri ile hiz depolama mekanizmasi arasindaki iliski
dikkat ¢ekicidir.

Anahtar Sozciikler: Videonistagmografi, kalorik test, siire, yavas faz hizi, tek tarafli zayiflik, hiz depolama mekanizmast
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The cristae ampullaris, which serve as the
receptors for the angular VOR, contain both type
I and type II hair cells. Type I hair cells, which
are connected to irregular afferent fibers, are
located centrally within the cristae and exhibit
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greater sensitivity to high-frequency stimuli. In
contrast, type II hair cells, connected to regular
afferent fibers and located peripherally within
the cristae, are more responsive to low-frequency
stimuli.”* Given that the caloric test assesses
low-frequency h-VOR function, type II hair cells
are more sensitive to caloric stimulation.’

The basic mechanism of vestibular
stimulation in caloric testing is based on the
movement of endolymph induced by temperature
variations.*” The test parameters can be analyzed
by recording the nystagmus elicited during
caloric stimulation using videonystagmography
(VNG). The caloric test enables separate
evaluation of the lateral semicircular canals on
each side and is therefore considered the gold
standard for diagnosing unilateral weakness.*’
Unilateral weakness refers to hypofunction on
the affected side due to impaired VOR function.

Since the initial definition of the caloric
test, various parameters-such as the duration,
latency, amplitude, frequency, and maximum
slow phase velocity of nystagmus-have been
evaluated to interpret test results.*'®"'* While the
duration of nystagmus was initially the primary
parameter used for interpretation, advancements
in  measurement techniques enabled by
technological progress have made it possible to
assess additional quantitative characteristics of
nystagmus.'* Among these, the maximum slow
phase velocity is regarded as the fundamental
parameter and is considered the most reliable
value for interpreting caloric test outcomes.”' """
' A review of the literature reveals a limited
number of studies examining the relationship
between maximum slow phase velocity and the
duration of nystagmus.'®"*"** Skipper et al.
reported a mean total nystagmus duration of
183.9 seconds for cold and warm caloric stimuli.
In the same study, no significant relationship was
found between maximum slow phase velocity
and nystagmus duration.'” Vesterhauge et al.
concluded that maximum slow phase velocity
provided more reliable diagnostic information
than the time parameter.”” Maire et al. explored
the diagnostic significance of nystagmus
frequency and duration in addition to maximum
slow phase velocity, reporting a strong
correlation among all three parameters of caloric
nystagmus.'' A review of the literature reveals no
studies investigating the diagnostic significance
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of the correlations among the following
parameters: the slow phase velocity of caloric
nystagmus, latency, time to reach the maximum
slow phase velocity, and the difference between
the time to reach the maximum slow phase
velocity and latency. In this context, the present
study offers a novel perspective to the existing
literature. The aim of this study was to examine
the relationships among caloric test evaluation
parameters in individuals with unilateral
vestibular weakness.

MATERIAL and METHODS

Study design

This study employed a case-control
research design, as the caloric test evaluation
parameters were compared between individuals
with unilateral vestibular weakness and healthy
controls.

Participants

The research was conducted
prospectively in the Audiology Unit of the
Otorhinolaryngology Polyclinic at a University
Hospital between October 2021 and February
2022. Ethical approval was obtained from the
Clinical Research Ethics Committee of a local
University Institute of Health Sciences (Decision
number: 2021/159), and informed consent was
obtained from all participants. A total of 56
individuals (112 ears) were included in the study,
with 28 individuals (56 ears) assigned to the
patient group and 28 individuals (56 ears) to the
control group. Exclusion criteria included being
under 18 years of age; having communicative or
cognitive  impairments; systemic  disease;
conductive hearing loss; acute vestibular disease;
spontaneous nystagmus; or a central vestibular
disorder.

Equipment and procedure

The caloric test was conducted using an
air irrigator (Air FX, Interacoustics AS,
Denmark). Caloric nystagmus induced during the
test was recorded using a videonystagmography
device (VisualEyes 4-channel, Micromedical
Technologies, Chatham, USA).

All individuals included in the study were
examined by an otolaryngologist. To assess
eligibility based on the inclusion criteria, a
comprehensive anamnesis was obtained, and the
following tests were administered: pure tone
audiometry, immittancemetry, oculomotor tests,
spontaneous nystagmus test, positional tests,
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head shake test, caloric test, video head impulse
test, cervical and ocular vestibular tests, and
evoked myogenic potentials. Based on the test
results, individuals diagnosed with unilateral
weakness were assigned to the patient group,
while those with normal findings constituted the
control group.

The caloric test procedure was conducted
using the same protocol for both the patient and
control groups. A bithermal binaural air caloric
test was performed with participants in the
supine position and their heads flexed at a 30°
angle. Caloric stimulation was administered
through the external auditory canal using air at
24°C for cold irrigation and 50°C for warm
irrigation. The sequence of stimulation was as
follows: cold air to the left ear, cold air to the
right ear, warm air to the left ear, and warm air
to the right ear. A 5-minute break was given
between interaural stimulations and a 7-minute
break between intertemporal stimulations. Each
caloric irrigation lasted for 60 seconds, and the
resulting caloric nystagmus was recorded for an
additional 60 seconds.

Evaluation parameters

- The maximum slow phase velocities of
nystagmus following cold and warm caloric
stimuli were determined by analyzing the 10-
second interval during which the response
reached its highest intensity within the 60
seconds following the caloric stimulus.

- The rate of unilateral weakness in the
caloric test was calculated automatically by the
device using the Jongkees formula.

- A unilateral weakness greater than 20%
was considered pathological.

- The onset of nystagmus was defined as
the point at which the slow phase velocity
exceeded 3°/sec.

- The latent period of nystagmus was
defined as the time from the application of the
caloric stimulus to the point at which the slow
phase velocity reached 3°/sec.

- The time to reach maximum slow phase
velocity was defined as the duration from the
application of the caloric stimulus to the point at
which the maximum velocity occurred.

- The difference between the time to
reach maximum slow phase velocity and the
latent period represented the duration required
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for the nystagmus to reach its peak slow phase
velocity following the latent period.

- A graphical representation of the caloric
test evaluation parameters is shown in Figure 1.

Time to reach maximum slow phase velocity Maximum slow phase velocity
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Latent period Difference between the time it

reaches its maximum slow
phase velocity and the latent
period

Figure 1. Graphical representation of caloric test evaluation

parameters.

Statistical analysis

Data analysis was performed using the
SPSS (Statistical Program for Social Sciences)
version 25. The Kolmogorov-Smirnov test was
employed to assess whether the data followed a
normal distribution.”' A significance level of p =
0.05 was adopted for all comparative analyses.
As the variables did not exhibit a normal
distribution (p > 0.05), non-parametric statistical
methods were used. Comparisons between
independent groups were conducted using the
Mann-Whitney U test due to the violation of the
normality  assumption. Spearman  rank
correlation coefficient was used to test the
relationship between variables. For the analysis
of categorical data, cross-tabulations were
created and Chi-square (?) analysis was applied.
The Spearman rank correlation coefficient was
used to evaluate the direction and strength of
relationships between variables.

RESULTS

Among the participants included in the
study, the patient group consisted of 10
individuals (35.70%) diagnosed with vestibular
neuritis and 18 individuals (64.30%) diagnosed
with Meniere's disease. The groups demonstrated
a homogeneous distribution in terms of age and
side of weakness. A statistically significant
difference was observed between the patient and
control groups in the percentage of unilateral
weakness (p < 0.05, Table 1).
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Intra-Group Comparisons in the Patient
Group

A statistically significant difference was
observed between the pathological and healthy
ears of the patient group in terms of slow phase
velocity, latency, and the difference between the
time to reach maximum slow phase velocity and
the latency of nystagmus under both cold and
warm stimuli (p < 0.05, Table 2).

Comparisons Between Groups

A statistically significant difference was
found between the pathological ears of the
patient group and the ears of the control group in
terms of the slow phase velocity of nystagmus
under cold stimulus (p < 0.05). Under warm
stimulus, a statistically significant difference was
observed between the pathological ears of the
patient group and the control group ears in terms
of slow phase velocity, time to reach maximum
slow phase velocity, and latency (p < 0.05, Table
3).

A statistically significant difference was
observed between the healthy ears of the patient
group and the ears of the control group in terms
of slow phase velocity and latency parameters of
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nystagmus under cold stimulus (p < 0.05). Under
warm stimulus, a statistically significant
difference was found between the healthy ears of
the patient group and the control group ears in
terms of the latency parameter (p < 0.05, Table
4).

A correlation was identified between the
parameters obtained from the pathological ears
and those from the healthy ears of the patient
group under cold air stimulation. Specifically, a
statistically significant, positive, and moderate
correlation was found between the slow phase
velocities of the two ears; between the times to
reach maximum slow phase velocity; and
between the slow phase velocity and both the
maximum intensity duration and the difference
between the time to reach maximum slow phase
velocity and the latency (p < 0.05). Under warm
air stimulation, a statistically significant
moderate positive correlation was observed
between the time to reach maximum slow phase
velocity in the pathological ears and the
maximum intensity time in the healthy ears of
the case group (p < 0.05, Table 5).

Table 1. Comparison of Groups by Demographic Variables

. Patient Control Total
Variable n (%) n (%) n (%) |
Vestibular Neuronitis 10 (35.70) - 10 (35.70)
Diagnosis
Meniere 18 (64.30) - 18 (64.30)
Right Ear 32 (57.1) 34 (60.7) 66 (58.9)
Side of Weakness Left Ear 24 (42.9) 22 (39.3) 46 (41.1) 0.202%
Total 56 (100.0) 56 (100.0) 112 (100.0)
X + SD (Min.- Max.) X + SD (Min.- Max.)
Age 42.78 + 14.81 (19-60) 41.71 £ 14.01 (20-55) 0.545°
Weakness % 39.14 £ 16.47 (21-75) 8.53+4.67 (0-17) <0.001*"

(p*): Chi-square test applied (y2); X: mean; SD: Standard Deviation; Min: Minimum; Max: Maximum; (p°): Mann-Whitney U test applied;

#p<0.05
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Measurements

Healthy Ear

Pathologic Ear

X +SD M (Min-Max) X +SD M (Min-Max) n Test P
Slow Phase Velocity 22.75+12.38 20.5(8-56) 9.82+5.87 7.5(3-25) 0.719 111.00  0.001*
Latent Duration 34.18+23.84 27.5(10-95) 52.93+£26.14 52.5(11-108) 0.736 218.50  0.001*
. Max Duration of
Cold Air Intensity 83.36+£10.02 81.5(69-110) 85.86+£13.83 88(60-108) 0.714 318.00 0.228
Max Intensity
Duration Difference 49.21+23.22 54.5(5-85) 32.93+22.92 33.5(0-88) 0.814 235.00  0.010*
Latent Duration
Slow Phase Velocity 24.82+15.14 20.5(7-63) 13.39+16 9.5(4-88) 0.768 138.50  0.001*
Latent Duration 29.46+17.92 24.5(9-76) 52.11£23.04 50(16-97) 0.791 166.50  0.001*
Warm II““ Duration of 82.36+9.41 83(68-107) 81.57+12.72  79.5(62-110) 0.607 35800  0.580
Air ntensity
Max Intensity
Duration Difference 52.89+18.32 56.5(8-97) 29.46+20.36 31(0-62) 0.783 146.00  0.001*
Latent Duration
X: mean; SD: standard deviation; M: Median; Min: Minimum; Max: Maximum; [12: effect size; Test: Mann Whitney U Test Value; *p<0.05
Table 3. Comparison of Pathological Ears in the Patient Group and All Ears in the Control Group Based on Caloric Test
Parameters
Measurements Case Group Pathological Ear Control Group All Ears n Test p
X +SD M (Min-Max) X+SD M (Min-Max)
Slow Phase
Velocity 9.82+5.87 7.5(3-25) 17.54+11.36 14.25(6-52.5) 0.783 182.500  0.001*
. Latent Duration 52.93+26.14 52.5(11-108) 44.3 £17.89 48(16-71) 0.900 305.500  0.162
Cold Air Max Duration of
Intensit 85.86+£13.83 88(60-108) 85.34+9.12 84.75(64.5-112) 0.772 353.000  0.520
Yy
Max Intensity
Duration
Difference Latent 32.93+£22.92 33.5(0-88) 41.04+21.78 34.25(4.5-83) 0.906 316.500  0.220
Duration
Slow Phase
Velocity 13.39+16 9.5(4-88) 20.46+14.95 16(5.5-77.5) 0.741 206.500  0.001*
Warm Latent Dur.ation 52.11£23.04 50(16-97) 43.52+18.19 46(11.5-70) 0.896 300.00 0.130
Air ?:::nls)ifymt“’“ o gisem 79.5(62-110) 86.54+9.48 87(63-102.5) 0721 27500  0.053
Max Intensity
Duration
29.46+20.36 31(0-62) 43.02+21.43 40.75(9.5-85) 0.905 261.00  0.030*

Difference Latent
Duration

X: mean; SD: standard deviation; M: Median; Min: Minimum; Max: Maximum; [12; effect size; Test: Mann Whitney U Test Value; *p<0.05
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Table 4. Comparison of Healthy Ears in the Patient Group and All Ears in the Control Group Based on Caloric Test

Parameters
Measurements Case Group Healthy Ear Control Group All Ears n Test p
X +SD M (Min-Max) X +=SD M (Min-Max)
f};ﬁcﬂgm 22.75+12.38 20.5(8-56) 17.54+11.36 14.25(6-52.5) 0.575 264.00  0.042*
Latent Duration 34.18+23.84 27.5(10-95) 44.3+17.89 48(16-71) 0.737  267.500  0.045*
Cold Air ll‘ﬁ‘e"nls’i;‘ymt“’“ of  §336£10.02  81.5(69-110) 85.3449.12 8475(64.5-112) 0713 324500 0271

Max Intensity
Duration 49.21423.22 54.5(5-85) 41.04421.78 34.25(4.5-83) 0.784 306.00  0.160
Difference Latent ’ ' : ’ : ’ : ’ : ’
Duration
Slow Phase
Veloci 24.82+15.14 20.5(7-63) 20.46+14.95 16(5.5-77.5) 0.876  308.500  0.171

elocity
Latent Duration 29.46£17.92 24.5(9-76) 43.52+18.19 46(11.5-70) 0.793 215.00  0.001*

Warm  Max Duration of
AI' [ncensi 82.36+9.41 83(68-107) 86.54+ 9.48 87(63-102.5) 0.824  287.500  0.090

ntensity
Max Intensity
Duration
Difference Latent  52-89%18:32 56.5(8-97) 43.02+21.43 40.75(9.5-85) 0.886 273.00  0.053
Duration

X: mean; SD: standard deviation; M: Median; Min: Minimum; Max: Maximum; [12; effect size; Test: Mann Whitney U Test Value; *p<0.05

Table 5. Correlations between caloric test evaluation parameters in warm and cold air stimulus.

Latent Duration

Patient Group Control Group
Healthy Ear All Ears
Max .
Slow Latent Max Intensity Slow Latent Max M;‘)X Int:nsny
Measurements Phase atent = puration  Duration Phase ANt - puration yuration
.. Duration . .. Duration Difference
Velocity of Difference Velocity of L
: . atent
Intensity Latent Intensity .
r/p . r/p Duration
r/p r/p Duration r/p r/p
v/p r/p
Slow Phase 0.643 -0.410 0.005 0.376 -0.158  0.078 -0.129 -0.086
Velocity <0.001*  0.030* 0.982 0.049* 0.423 0.692 0.512 0.662
Latent Duration -0.390 0.313 0.231 -0.015 0.030  -0.109 0.242 0.192
0.040*  0.105 0.237 0.939 0.881 0.582 0.216 0.328
qud Max Duration -0.224  0.186 0.436 0.204 0.136  -0.191 0.037 0.166
alr of Intensity 0.251 0.343 0.020* 0.298 0.490 0.331 0.850 0.399
Patient Max Intensity 0.273 -0.280  -0.146 0.130 -0.006  0.001 -0.166 -0.074
Group D}lration 0.159 0.150 0.459 0.508 0.975 0.996 0.398 0.708
Pathological Difference
Ear Latent Duration
Slow Phase 0.325 0.098 0.026 0.030 -0.072  -0.077 -0.038 0.084
Velocity 0.092 0.620 0.897 0.878 0.715 0.697 0.849 0.672
Latent Duration -0.067 0.050 0.287 0.093 0.131 0.037 -0.091 -0.019
0.736 0.802 0.138 0.636 0.506 0.852 0.644 0.925
Warm Max Duration -0.076  0.081 0.591 0.248 -0.021 0.126 -0.231 -0.131
arr of Intensity 0.699 0.682 0.001* 0.203 0.915 0.524 0.237 0.506
Max Intensity -0.025 0.002 0.010 0.012 -0.194  0.046 0.004 -0.040
Duration 0.901 0.992 0.959 0.951 0.323 0.815 0.983 0.840
Difference

1: spearman rank correlation coefficient; *p<0.05
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DISCUSSION

The caloric test induces vestibular
stimulation through thermal stimuli, independent
of angular head movements. It allows for the
independent evaluation of labyrinthine function
on both sides, making it a valuable diagnostic
tool for identifying unilateral weakness.**”
Among the quantitative parameters of the caloric
test, the maximum slow phase velocity of
nystagmus is regarded as the primary evaluation
metric.'""> However, based on the findings of the
present study, it is suggested that in individuals
with unilateral weakness, parameters such as
latency, time to reach maximum slow phase
velocity, and the difference between the time to
reach maximum slow phase velocity and latency-
alongside the maximum slow phase velocity of
nystagmus-may also contribute to the diagnostic
process.

The results of this study may be
associated with the velocity storage mechanism,
which is known to be impaired in the presence of
unilateral weakness.”> The velocity storage
mechanism involves a central process that
evaluates the accuracy of information
transmitted by the vestibular system.”?* This
process is mediated through the prolongation of
vestibular signals, which can be observed in the
vestibular nuclei.?® It has been reported that the
velocity storage mechanism particularly extends
the duration of low-frequency vestibular
responses.”’ >’ Loss or partial impairment of the
velocity storage mechanism due to unilateral
weakness may lead to a reduction in the overall
duration of the vestibular response. These
pathophysiological changes may account for the
prolonged latency of nystagmus observed in the
pathological ears of individuals with unilateral
weakness in the present study, as well as the
corresponding decrease in the difference
between the time at which nystagmus reaches its
maximum slow phase velocity and the latency
period. In the present study, the slow phase
velocity, latency, and the difference between the
time at which nystagmus reached maximum slow
phase velocity and the latency period were
statistically  significantly reduced in the
pathological ears of the patient group compared
to their healthy ears, primarily due to the delayed

172

KBB-Forum —
2025;24(3) \ oA
www.KBB-Forum.net

latency. Based on this finding, it is suggested
that the latent period may hold diagnostic
significance. Wodak also reported that the latent
period could be a valuable parameter in the
diagnostic process.’® Based on the findings, it is
believed that the delayed latent period is
attributable to the same underlying mechanism.
However, other authors have suggested that the
latent period is influenced more by blood flow
than by the functional status of the vestibular
apparatus.”’?> No comparable study was
identified in the literature in which the specific
parameters evaluated in the present research
were directly compared. Only a limited number
of studies have assessed caloric test parameters
from different perspectives. In a study by Wade
et al., the duration of nystagmus recorded in the
pathological ears of individuals with unilateral
weakness was found to decrease proportionally
with increasing canal paresis, and this reduction
was attributed to the horizontal slow phase
velocity storage mechanism.” Krstulovic et al.
examined individuals with Meniere"s disease
and suggested that the velocity storage
mechanism is enhanced in individuals with
labyrinthine disorders.”® The negative effects
observed in the evaluated parameters following
caloric stimulation in the present study support
the theory that the velocity storage mechanism
specifically prolongs the duration of low-
frequency vestibular responses. However, further
experimental studies are needed to explore the
physiological relationship between unilateral
weakness and the velocity storage mechanism.

In the present study, the slow phase
velocity of nystagmus elicited by cold air caloric
stimulation was significantly lower in the ears of
the control group compared to the healthy ears of
the patient group. Additionally, the latency of
nystagmus under both cold and warm air caloric
stimulation was significantly longer in the
control group than in the healthy ears of the
patient group. The results obtained in the present
study using an air irrigator may be influenced by
the inherent limitations of this irrigation method.
Air caloric irrigators are more susceptible to
environmental conditions compared to water-
based systems. While water enables more
efficient transmission of thermal energy to the
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inner ear, air is more rapidly affected by ambient
temperature, which may compromise the
delivery of thermal energy at the intended
temperature.” This limitation may help explain
the observed differences between the healthy
ears of the case group and the ears of the control
group. Additionally, individual anatomical
variations in the external auditory canal may
contribute to differences in caloric stimulation
between the right and left ears. Proctor and
Glackin reported that caloric stimulation tends to
be more intense in individuals with narrower
external auditory canals.”> However, as
quantitative measurements of the external
auditory canal were not conducted in the present
study, this represents a limitation. Future
research is recommended to investigate the
influence of structural characteristics and
individual variations of the tested ear on caloric
test outcomes.

This study highlights the diagnostic value
of the correlations among caloric test evaluation
parameters. In pathological ears with reduced
maximum slow phase velocity, a delayed latency
and prolonged time to reach maximum slow
phase velocity were observed. Conversely, in
healthy ears with higher maximum slow phase
velocity, both the latency and the time to reach
maximum slow phase velocity were shorter. No
studies in the literature have examined the
correlations among these specific parameters. In
this regard, the present study provides a novel
perspective. However, only a limited number of
studies have investigated the correlation between
the maximum slow phase velocity of nystagmus
and its total duration. Skipper et al.'’, Mulch et
al.'?, Vesterhauge and Larsen'’, Vesterhauge et
al."”’, and Karlsen et al.?® reported no significant
correlation between the maximum slow phase
velocity of nystagmus and its total duration.
These studies emphasized that the maximum
slow phase velocity is the most reliable
parameter for diagnostic purposes. Additionally,
it has been suggested that the total duration of
caloric nystagmus is related to the physical
response induced by the thermal stimulus, while
the maximum slow phase velocity and duration
parameters of nystagmus reflect distinct
functions of vestibular activity and assess
different aspects of the VOR.'*® Maire et al.
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reported a strong correlation among maximum
slow phase velocity, total duration, and
frequency of nystagmus.'' Similarly, the findings
of the present study revealed a moderate positive
correlation between the maximum slow phase
velocity of nystagmus and the difference
between the time to reach maximum slow phase
velocity and the latency period. The observed
correlation between maximum slow phase
velocity and  latency-related  parameters
highlights the potential diagnostic value of
incorporating these measures into the evaluation
process.

The primary limitation of this study was
the limited number of relevant studies in the
literature that could be used for comparison.
Additionally, the evaluations were conducted
based on unilateral weakness resulting from
vestibular ~ disorders, rather than specific
vestibular  disorder  classifications.  This
limitation was attributed to the small sample size
within individual vestibular disorder categories.
A larger sample size may enable assessments to
be conducted according to specific vestibular
disorder classifications and allow for the
generation of more independent data. It has been
reported that the structure of the external
auditory canal influences the outcomes of caloric
stimulation. The absence of quantitative
measurements of the external auditory canal was
identified as a limitation of the present study.
Another limitation is the use of an air caloric
irrigator instead of a water caloric irrigator.
Given that the air caloric irrigator is more
susceptible to environmental conditions, it is
recommended that future studies employ a water
caloric irrigator for improved reliability.

CONCLUSION

The relationship between the maximum
slow phase velocity of nystagmus recorded
during the caloric test and other associated
parameters is noteworthy. The findings of this
study may provide preliminary evidence that, in
addition to the maximum slow phase velocity,
parameters such as latency, time to reach
maximum slow phase velocity, and the
difference between the time to reach maximum
slow phase velocity and latency may also
contribute to the diagnostic process in
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individuals with unilateral weakness.
Additionally, a thorough understanding of the
underlying physiological mechanisms associated
with the latency parameters of caloric nystagmus
is essential for accurately interpreting the
relationships among these measures. Given that
caloric stimulation involves low-frequency input,
these parameters are likely to influence distinct
pathways of the VOR and may be associated
with the velocity storage system. This study is
considered one of the first in the literature to
examine the relationships and correlations
among caloric test parameters collectively.
Future research with larger sample sizes may
yield more robust data for elucidating the
pathophysiological relationships among these
parameters.
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