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Objective: To evaluate the posterior semicircular canal
(PSCC) functions using video head impulse test (vHIT)
during canalith repositioning maneuver (CRM) treatment in patients with isolated, posterior semicircular canal
benign paroxysmal positional vertigo (PSCC-BPPV).
Methods: A total of 44 subjects comprising of 24
subjects with isolated PSCC-BPPV and 20 age- and
sex-matched healthy control subjects were enrolled in
the present study. vHIT was performed for the affected PSCC before and just after CRM and at the third
and seventh day and first month to evaluate vestibulo-ocular reflex (VOR) gain, gain asymmetry (GA),
and corrective saccades. Repeated determinations of
VOR gain and GA were compared to evaluate the
time course of vHIT measurements during CRM
treatment in isolated PSCC-BPPV patients, and the
values were also compared with the control group.

Results: VOR gains and GA values were not statistically different before and after CRM and at the thirdday, seventh-day and first-month visits for the affected PSCC. Moreover, values did not differ between the
BPPV and control groups, and none of the subjects
demonstrated corrective saccades.
Conclusion: To our knowledge, this study is the
first report to investigate vHIT measurements with
a time course of alterations during CRM treatment
in PSCC-BPPV patients. vHIT may not provide an
additional contribution for evaluating vestibular dysfunction during the diagnosis and treatment of isolated PSCC-BPPV.
Keywords: Benign paroxysmal positional vertigo,
head impulse test, semicircular canals, vestibular function tests

Amaç: İzole posterior semisirküler kanal benign paroksismal pozisyonel vertigosu (PSK-BPPV) olan
hastalarda, kanalit repozisyon manevrası tedavisi esnasındaki PSK fonksiyonlarını video baş savurma testi (vHIT) ile değerlendirmek.
Yöntemler: Bu çalışmaya, 24 izole PSK-BPPV hastası ile yaş ve cinsiyet uyumlu 20 sağlıklı bireyden
oluşan toplam 44 kişi katıldı. Etkilenen PSK’deki
vestibulo-oküler refleks kazancı, kazanç asimetrisi ve
düzeltici sakkadlarını ölçmek için, kanalit repozisyon
manevrası tedavisinin hemen öncesi ve sonrası ile 3.
gün, 7. gün ve 1. ayda vHIT yapıldı. Kanalit repozisyon manevrası tedavisi esnasındaki vHIT ölçümlerinin zaman içindeki değişimlerinin belirlenmesi için
tekrarlanan vestibulo-oküler refleks (VOR) kazancı
ve kazanç asimetri değerleri karşılaştırıldı ve aynı zamanda bu değerler kontrol grubu ile de karşılaştırıldı.

Bulgular: Etkilenen PSK için, repozisyon manevrası
öncesi, manevra sonrası, 3. gün, 7. gün ve 1. ay VOR
kazancı ve kazanç asimetrisi değerleri istatistiksel açıdan farklı değildi. Ayrıca bu değerler BPPV ve kontrol grupları arasında da istatistiksel olarak farksızdı ve
hiçbir olguda düzeltici sakkad görülmedi.
Sonuç: Bildiğimiz kadarıyla bu çalışma, PSK-BPPV
hastalarında kanalit repozisyon manevrası tedavisi
esnasındaki vHIT değerlerinin zaman içindeki değişimlerini araştıran ilk çalışmadır. İzole PSK-BPPV’nin tanı ve tedavisi esnasında oluşan vestibüler
disfonksiyonun değerlendirilmesinde vHIT ek katkı
sağlamayabilir.
Anahtar kelimeler: Benign paroksismal pozisyonel
vertigo, baş savurma testi, semisirküler kanallar, vestibüler fonksiyon testleri

Introduction

Benign paroxysmal positional vertigo (BPPV) is a common vestibular disease with an estimated lifetime prevalence of 2.4% (1). BPPV is characterized by a sense of
vertigo that arises in certain head positions (2), and the
pathophysiology of the disease is based on two major

theories: cupulolithiasis (3) and canalithiasis (4). According to the widely accepted theory (canalithiasis),
otoconia dislodged from the utricular or saccular macula
subsequently move into the semicircular canal (SCC)
and cause an endolymph displacement that stimulates
the cupula of the SCC (4). The posterior semicircular ca-
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nal (PSCC) is the most frequently affected canal due to its anatomical
alignment (5). Posterior semicircular canal benign paroxysmal positional vertigo (PSCC-BPPV) can be effectively treated with the canalith
repositioning maneuver (CRM) described by Epley with the aim of
moving back the dislodged otoconia to the vestibule and thus resolving
the symptoms (6). The available data in the literature demonstrate that
CRM is a safe and effective short-term treatment for PSCC-BPPV
(7). The short-term success for the complete resolution of symptoms
and the conversion of the Dix–Hallpike test from a positive to a negative after one CRM treatment session ranges from 34% to 89% (8-11).
Video head impulse test (vHIT) is a video-camera system that
enables the individual measurement of the vestibulo-ocular reflex (VOR) of each SCC. It records eye and head velocity response to brief, unpredictable, and passive head rotations, which
is called a head impulse (12). The vHIT system enables calculation of VOR gains and gain asymmetry (GA) and also detects
corrective saccades including overt or covert saccades (13).
In the English literature, there is only one relevant study that investigated vHIT parameters in PSCC-BPPV (14). In the present study, we aimed to evaluate PSCC functions through vHIT
during CRM of Epley in patients with isolated PSCC-BPPV,
and to our knowledge, the present study is the first report investigating vHIT measurements with a time course of alterations
during CRM treatment in isolated PSCC-BPPV patients.

Methods

Twenty-four patients with isolated PSCC-BPPV (BPPV group)
and 20 age and sex-matched healthy subjects (control group) were
recruited in the present study between February 2016 and August
2016. Approval for the study protocol was obtained from the Ethics
Committee of Erciyes University with reference number 2016/377,
and written informed consent was obtained from the participants.
After obtaining a detailed medical history and a meticulous evaluation of hospital records, all participants underwent physical and otolaryngological examinations including Dix–Hallpike and Roll tests.
The diagnosis of isolated PSCC-BPPV was made according to the
Dix–Hallpike test, and subjects with the presence of spontaneous
nystagmus and positive signs or symptoms regarding lateral or anterior canal BPPV, ototoxic drug use, blindness, neurological disorders, or poor neck range of motion were excluded from the study.
In the BPPV group, vHIT was performed before and just after the
CRM of Epley for the affected PSC in the first visit. Subsequent
vHIT procedures were performed on the third and seventh day and
one month after the first visit, and CRM was repeated if the presence
of symptoms or positive signs was determined in the Dix–Hallpike
test. Successful treatment was defined as the absence of positioning
vertigo and positioning nystagmus. Non-responder patients were instructed to continue self-treatment until no vertigo could be induced.
The values of VOR gains and GA measured before and after CRM,
and at the third and seventh day and first month for the affected
PSCC were compared among each other, and the values were also
compared with the control group. In the first visit, we also measured
lateral and anterior SCC functions before CRM for detecting any
SCC dysfunction accompanying PSC-BPPV. Subjects in the control
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group underwent vHIT measurements for each SCC, and vHIT parameters were calculated for 40 ears (i.e., 20 patients).
The vHIT measurements were performed using a portable video-oculography system device (EyeSeeCam; Interacoustics, Eden
Prairie, USA) in a seated position under room light. A pair of
lightweight goggles integrated with a gaze-driven, high-speed
digital camera system (sampling rate of 220 Hz) that recorded
real-time eye movement, a motion sensor that measured head
movement, and a laser light for calibration were tightly fitted onto
the subject’s head. The subjects underwent at least 20 unpredictable head impulses (amplitude 15–20 degrees, duration 150–200
ms, target head velocity 100–200 degree/s) along the planes of the
lateral semicircular canal (LSCC) and in left anterior right posterior and right anterior left posterior planes for testing the vertical
SCCs. The subjects were fixated on a target located approximately
1 m straight ahead during the procedure. A pair of horizontal (left
lateral/right lateral) VOR gains and two pairs of vertical (left anterior/right posterior and left posterior/right anterior) VOR gains
were measured, and their bilateral asymmetry was automatically
calculated separately. Corrective saccades were classified as a covert saccade when they occurred during the head movement and
as an overt saccade when they occurred after the head movement.
Statistical evaluations were performed with the Statistical Package
for the Social Sciences (v. 21; SPSS Inc., Chicago, USA). Data were
tested for normal distribution using the Kolmogorov–Smirnov test
and expressed as mean±SD. A repeated measures ANOVA was
used for the comparison of repeated measures, and chi-square was
used for the comparison of categorical variables. Independent samples t-test was performed for the comparison of VOR gain and GA
values between the BPPV and control groups. A p value less than
0.05 was considered significant for all comparisons.

Results

The demographic features of the BPPV and control groups are
shown in Table 1. In the BPPV group, 14 patients had right
ear involvement (58.3%), whereas 10 patients (41.7%) had left
ear involvement. The mean duration of vertigo was 10.47±9.5
days. On the third- and seventh-day visits, five patients (20.8%)
had positive findings in the Dix–Hallpike test or the presence
of symptoms, whereas there were three patients (12.5%) with
positive findings on the 1st-month visit; however, these patients
did not demonstrate any abnormality in vHIT measurements.
In the control group, there were no significant differences between
left and right ears in terms of VOR gains, and the average VOR
gains for PSCC, anterior semicircular canal (ASCC), and LSCC
were 0.96±0.14, 0.96±0.13, and 0.99±0.09, respectively, for a total
of 40 ears. VOR gains were classified as abnormal if gain values
Table 1. Demographic features of the groups
BPPV (n=24) Control (n=20)
Age (years)

p

42.8±11.7

37.4±13.3

>0.05

10/14

10/10

>0.05

Gender (male/female)
BPPV: benign paroxysmal positional vertigo
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Table 2. Repeated measures of VOR gain and GA values for the affected PSSC in the BPPV group (n=24)
VOR gain
GA

Before maneuver

After maneuver

3rd day

7th day

1th month

p

0.92±0.18

1±0.13

0.98±0.14

1.01±0.17

0.92±0.21

0.101

3±1.79

2.77±1.86

2.81±1.9

3±2.01

2.81±1.95

0.498

GA: gain asymmetry; VOR: vestibulo-ocular reflex; PSSC: posterior semicircular canal; BPPV: benign paroxysmal positional vertigo

Table 3. Comparison of VOR gains for PSSC between the BPPV and control groups
Before maneuver

After maneuver

3rd day

7th day

1th month

BPPV (n=24)

0.92±0.18

1±0.13

0.98±0.14

1.01±0.17

0.92±0.21

Control (n=40)

0.96±0.14

0.96±0.14

0.96±0.14

0.96±0.14

0.96±0.14

0.299

0.262

0.638

0.239

0.462

p

BPPV: benign paroxysmal positional vertigo; PSSC: posterior semicircular canal; VOR: vestibulo-oküler refleks

Table 4. Comparison of GA for PSSC between the BPPV and control groups
Before maneuver

After maneuver

3rd day

7th day

1th month

BPPV (n=24)

3.38±1.46

2.75±1.77

2.88±1.87

3.38±2.12

2.88±2

Control (n=40)

2.78±1.94

2.78±1.94

2.78±1.94

2.78±1.94

2.78±1.94

0.197

0.959

0.84

0.252

0.844

p

BPPV: benign paroxysmal positional vertigo; PSSC: posterior semicircular canal; GA: gain asymmetry

were below meannormal−2SD (13). Hence, the gain thresholds were
0.68, 0.70, and 0.81 for PSCC, ASCC, and LSCC, respectively.
In the BPPV group, repeated measures of VOR gain and GA values
of the affected PSCC were not statistically different before and after
the CRM and for the following visits (Table 2). Also, there were no
significant differences in terms of VOR gain (Table 3) and GA (Table
4) values between the BPPV and control groups before and after maneuver and for the third- and seventh-day and first- month visits for
the affected PSCC. An abnormal VOR gain for PSCC was detected
in two patients before maneuver in the BPPV group, whereas none of
the subjects had an abnormality in the control group. There were no
significant differences between the BPPV and control groups in terms
of the number of patients with VOR gain abnormality (p>0.05). For
LSCC and ASCC, none of the subjects had a VOR gain abnormality
in the BPPV and control groups in the first visit. None of the subjects
in the BPPV and control groups demonstrated overt or covert saccades.

Discussion

Video head impulse test is an objective and rapid diagnostic tool
that enables VOR measurements of each SCC individually at
high frequency. Given the fact that it is well tolerated, as it does
not induce nausea and vomiting, vHIT is recommended in the
first line to test each SCC function (12, 13).
In the present study, we aimed to describe the time course of
vHIT parameter alterations in isolated PSCC-BPPV patients
during CRM treatment with repeated measures. A similar study
was conducted by Bremova et al. (15), investigating vestibular-evoked myogenic potentials (VEMP) before and after liberatory maneuvers in patients with PSCC-BPPV. In their study,

one week after liberatory maneuvers, 66.6% of the subjects were
free of symptoms, whereas the therapy response rate rose to
73.9% after one month. They demonstrated that ocular VEMP
amplitudes increased at one week after a successful maneuver,
whereas cVEMP did not differ significantly. In the present
study, the short-term success rate was 79.2% at the third- and
seventh-day visits, which was consistent with literature (8-11).
In addition, the repeated measurements of VOR gain and GA
values were not significantly different for the affected PSC.
The number of studies focusing on vHIT findings in patients with
BPPV is very small in the literature. In the single relevant study written in English, Fallahnezhad et al. (14) studied vHIT in 29 patients
with unilateral PSCC-BPPV and demonstrated abnormal PSCCVOR gain in 55.17% of patients and concluded that PSCC gains
may be reduced in patients with PSCC-BPPV. In the present study,
the majority of patients in the BPPV group had right ear involvement (58.3%), with female predominance (58.3%), which is consistent with previous reports (14-17). However, although high shortterm resolution rates were achieved in BPPV patients, no significant
differences were observed regarding VOR gain and GA between
the repeated measurements before and after CRM. In addition, the
values of vHIT parameters and the number of patients with VOR
gain abnormality were not statistically different between the BPPV
and control groups. These findings may be attributed to various factors related to the pathophysiology of BPPV disease as well as the
limitations of the vHIT procedure. BPPV is a mechanical disease;
hence, this pathological condition may not affect the VOR gains. In
addition, the measurement of vHIT necessitates an experienced examiner who can perform a reliable rapid head movement. A peak
head velocity, as large as lateral canal testing, may not be obtained
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during the vertical canal testing in the vHIT procedure. In order to
overcome examiner dependent limitations, all vHIT procedures were
performed by a single experienced examiner in the present study, and
also a control group consisting of 20 healthy subjects was constituted
for establishing normative data of VOR gain thresholds instead of
using default values. However, a significant difference was not observed in terms of VOR gains in isolated PSCC-BPPV patients. In a
literature review of vHIT, Alhabib and Saliba (12) stated that vHIT
will be abnormal only if there is more than 40% reduction in the
vestibular function. After obtaining a detailed medical history and
meticulous evaluation of hospital records, patients with any central or
peripheral vestibular disorders other than BPPV were not recruited
for this study. Thus, as BPPV is a vestibular dysfunction due to an
overstimulation of SCCs rather than a vestibular reduction, vHIT
parameters might not be influenced in patients with BPPV in the
present study. Likewise, corrective saccades were not detected in the
BPPV group, which is also consistent with literature (14). The presence of corrective saccades may be related to a severe amount of vestibular dysfunction, and saccades that were detected in BPPV could
be referred to other comorbid vestibular pathologies.

Conclusion
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