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Background and Objectives This study aimed to investigate whether benign paroxysmal
positional vertigo (BPPV) accompanied by temporal bone fracture would be more resistant to
canalith repositioning procedures (CRPs) than idiopathic BPPV.
Subjects and Method Seventy-eight patients with BPPV were included in this study.
Among them, 13 patients had temporal bone fractures and 65 had no temporal bone fractures.
To identify the factors related to the number of CRPs performed until the remission of BPPV,
sex, age, the presence of temporal bone fracture, hypertension, diabetes, dyslipidemia or os-
teopenia, BPPV affected side, and the type of affected semicircular canal were analyzed using
the univariable regression analysis. Thereafter, the multivariable regression analysis was per-
formed using only the variables that had a p-value of 0.2 or less in the univariable analysis.
Results In the univariable analysis, temporal bone fracture, diabetes mellitus, and BPPV
side showed relatively significant association with the number of CRPs (p<0.2). In the multi-
variable analysis, only temporal bone fracture showed a significant association with the num-
ber of CRPs (p=0.043, =0.532, 95% CI: 0.017—1.046).
Conclusion The major finding of this study is that BPPV, accompanied by temporal bone
fracture, precipitated more resistance to CRPs than idiopathic BPPV did. Thus, patients with
temporal bone fracture might need more intensive examination and treatment for BPPV than
those without temporal bone fracture.
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Introduction

Benign paroxysmal positional vertigo (BPPV) is one of the
most common diseases that can cause dizziness. Its prevalence
is reported to be 11—64 per 100000 people, with a reported
lifetime prevalence of 2.4%."” Although BPPV can be resolved

with appropriate canalith repositioning procedures (CRPs),”

This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

BPPV also causes great mental stress in patients*” and in-
creases the risk of falling,” further jeopardizing the health of
the afflicted individual.

BPPV occurs when otoconia are detached from the otolithic
organ and enter the semicircular canal (SCC).”'” Although it
is suspected that otolith organ degeneration is the cause of oto-
conia detachment, the pathophysiology of this detachment is
not clearly identified in most BPPV patients."” However, in
some cases, the cause of otoconia detachment from the oto-
lithic organ is readily apparent. For example, in case of BPPV
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occurring after head trauma, especially in patients with tem-
poral bone fracture, the cause is relatively clear. Because the
otolith organ is located within the temporal bone, it is subject-
ed to a large external impact in the event of temporal bone frac-
ture. As a result, this may destroy the filaments attaching the
otoconia to the otolith organ.'” Consequently, the otoconia may
be detached from the otolith organ resulting in BPPV. More-
over, we believe that BPPV caused by temporal bone fracture
would have greater damage to otolith organs relative to idio-
pathic BPPV. Accordingly, it was estimated that more otoconia
would detach from the otolith organs, and that reattachment
would be difficult after the CRPs. Therefore, we hypothesized
that BPPV accompanied by temporal bone fracture would be
more resistant to CRPs than idiopathic BPPV.

The incidence of BPPV in head trauma has been reported
to be between 4.1% and 14.9%." Therefore, the incidence of
BPPV is also expected to be high after temporal bone fractures.
Despite the expected high incidence, few studies have been
done on BPPV accompanied by temporal bone fractures.'*"
In this study, we aimed to investigate whether temporal bone
fracture affects the number of CRPs performed for the remis-
sion of BPPV using univariable and multivariable regression
analysis. The characteristics of BPPV accompanied by tempo-
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ral bone fractures can be identified and, ultimately, these data
could contribute to the identification of BPPV pathophysiology.

Subjects and Methods

Study design, population and study setting

This study was conducted with the approval of Institutional
Review Board of our hospital (IRB No. 1912-013-16292). This
retrospective study included patients diagnosed with BPPV of
the canalolithiasis type between January 2016 to December
2018, at our tertiary hospital. BPPV was diagnosed based on
the presentation of typical whirling-type dizziness on posi-
tional changes and typical nystagmus during specific ma-
neuvers, such as the Dix-Hallpike, and head-roll test identified
by videonystagmography. Appropriate CRPs, such as Epley
or barbecue rotation maneuvers, were conducted according to
the affected SCC.'” In a subsequent examination, the patient’s
symptoms and nystagmus were assessed, and if BPPV persist-
ed, the appropriate CRP was performed. Otherwise, the CRP
was not performed. The number of CRPs performed until the
remission of BPPV was counted. To consistently estimate the
number of CRPs, patients with an interval between CRPs for
BPPV other than 3 or 4 days were excluded.

Fig. 1. The representative CT images of temporal bone fractures.
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The presence of temporal bone fracture was confirmed by
temporal bone CT (Fig. 1). Among the patients with temporal
bone fracture, patients with otic capsule-disrupting fracture
were excluded. Among the patients without temporal bone
fracture, patients with factors that could induce BPPV such
as head trauma were excluded. Patients with multiple canal
involvement or canal conversion during CRPs were excluded.
Clinical features of the patients and information about BPPV

were collected from their medical records.

Statistical analysis

Age, male and female sex ratios, number of CRPs performed
for the remission of BPPV, prevalence of disease, and the side
and type of the affected SCC were compared between patients
with and without temporal bone fracture using the Mann-
Whitney, Pearson chi-square or Fisher’s exact test. To identi-
fy potential factors related to the number of CRPs, individu-
al factors, including sex, age, the presence of temporal bone
fracture, hypertension, diabetes, dyslipidemia or osteopenia,
BPPV side, and the type of affected SCC were analyzed us-
ing univariable regression analysis. Then multivariable regres-
sion analysis was performed using only the variables with a
p-value of 0.2 or less in the univariable analysis. Data were
analyzed using SPSS (version 20.0; IBM Corp., Armonk, NY,
USA) statistical software. Statistical significance was deter-

mined by a p-value<0.05.

Results

A total of 78 patients were included in this study. Among
them, 13 had temporal bone fractures and 65 had no temporal
bone fractures. The clinical characteristics of the included pa-
tients are summarized in Table 1. The mean age of patients,
without and with temporal bone fractures, was 53.1 (£14.0)
years and 50.1 (£21.9) years, respectively, without any signifi-
cant difference between the two groups (p=0.788). The mean
number of CRPs performed for the remission of BPPV in pa-
tients with temporal bone fracture was 2.7 (=1.2), which was
larger than that in patients without temporal bone fracture of
2.1 (£0.8) (Fig. 2). This difference was significant (p=0.045).
There was no significant difference in the sex ratios, preva-
lence of hypertension, diabetes mellitus, dyslipidemia or os-
teopenia, BPPV side, and type of the affected SCC between
the two groups (p>0.05).

The result of univariable analysis showed that temporal
bone fracture (p=0.017, f=0.631, 95% CI: 0.118—1.143), dia-
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betes mellitus (p=0.065, $=0.433, 95% CI: -0.027—0.894), and
BPPV side (p=0.182, p=-0.266, 95% CI: -0.658—0.127) showed
a relatively significant association with the number of CRPs
(p<0.2) (Table 2). Multivariable analysis was performed with
variables having a p-value of less than 0.2 in the univariable
analysis. Only temporal bone fracture showed a significant
association with the number of CRPs (p=0.043, $=0.532, 95%
CI: 0.017-1.046). The BPPV side and diabetes mellitus showed
no statistical significance with the number of CRPs (Table 3).

Table 1. Demographics of the study population

Temporal Temporal
Characteristic Total bone bone
fracture (-) fracture (+)
Age (years)
10-19 3(3.8) 2(3.1) 1(7.7)
20—-29 3(3.8) 1(1.5 2(15.4)
30—49 12 (15.4) 10(154) 2(15.4)
40—49 11.(14.1) 0(15.4) 1(7.7)
50-59 21 (26.9) 9(29.2) 2(15.4)
60—69 9 (24.4) 7 (26.2) 2(15.4)
70-79 8(10.3) 6(9.2) 2 (15.4)
80—-89 1(1.3) 0(0.0) 1(7.7)
Mean 52.6 (£15.5) 53.1 (£14.0) 50.1 (£21.9)
Sex
Male 24 (30.8) 17 (26.2) 7 (53.8)
Female 54 (69.2) 48 (73.8) 6(46.2)
Number of canalith 22(+£0.9) 21(£08) 27(£1.2
repositioning
procedure (+SD)
Hypertension
Yes 25 (32.1) 22 (33.8) 3(23.1)
No 53 (67.9) 43 (66.2) 10 (76.9)
Diabetes mellitus
Yes 18 (23.1) 13 (20.0) 5(38.5)
No 60 (76.9) 52 (80.0) 8 (61.5)
Dyslipidemia
Yes 11(14.1) 10 (15.4) 1(7.7)
No 67 (85.9) 55 (84.6) 2(92.3)
Osteopenia
Yes 8(10.3) 7 (10.8) 1(7.7)
No 70 (89.7) 58(89.2) 12 (92.3)
BPPV side
Right 41 (52.6) 33(50.8) 8(61.5)
Left 37 (47.4) 32(49.2) 5(38.5)
Affected canal
Posterior 56 (71.8) 47 (72.3) 9 (69.2)
Lateral 22 (28.2) 18 (27.7) 4(30.8)

Data are presented as n (%). SD, standard deviation



Discussion

The pathophysiology underlying otoconia detachment in
most BPPV cases is unknown, and external shock/traumas,
such as temporal bone fractures are estimated to influence
the prognosis of BPPV. Therefore, based on the hypothesis
that BPPV associated with temporal bone fracture would be
more resistant to CRPs, this study retrospectively investigat-
ed the factors associated with the number of CRPs performed
for the remission of BPPV in patients with and without tem-
poral bone fractures.

According to the results of this study, the mean number of
CRPs performed in patients with temporal bone fracture was
2.7, which was larger than that in patients without temporal
bone fracture (2.1). The results of multivariable analysis also
revealed that BPPV accompanied by temporal bone fracture
requires more frequent CRPs than idiopathic BPPV. This find-
ing is similar to that reported in previous studies, which stated
that BPPV caused by trauma has a lower treatment success rate
than idiopathic BPPV."'? This interaction is presumed to be
a result of compounded damage to the otolith organs in the
case of BPPV accompanied by temporal bone fracture. If the
otolith organs were severely damaged, the structures support-
ing the otoconia in the otolith organ might be destroyed.”
Even after the successful CRPs, the otoconia might detach
from the otolith organs again, leading to persistence of BPPV.

Since the otoconia causing BPPV originates from the oto-
lith organ, the state of the otolith organ should be considered
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Fig. 2. The number of CRPs performed until the remission of be-
nign paroxysmal positional vertigo in the patients with or without
temporal bone fracture. CRP, canalith repositioning procedure.
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when predicting the prognosis of BPPV. Several studies have
evaluated the state of otolith organs using cervical/ocular ves-
tibular evoked myogenic potential (c/oVEMP). Based on these
results, they have reported the association between the state
of otolith organs and BPPV.*"*” These studies compared

Table 2. Univariable regression analysis of factors potentially
associated with the number of canalith repositioning procedures
performed

p-value B 95% Cl

Sex

Male Reference

Female 0.403 -0.181 -0.608-0.247
Age 0.748  0.002 -0.011-0.015
Temporal bone fracture

No Reference

Yes 0.017  0.631 0.118-1.143
Hypertension

No Reference

Yes 0.819  0.049 -0.376—-0.474
Diabetes mellitus

No Reference

Yes 0.065 0.433 -0.027-0.894
Dyslipidemia

No Reference

Yes 0.295 -0.300 -0.866—-0.266
Osteoporosis or osteopenia

No Reference

Yes 0.888 -0.046 -0.700-0.607
BPPV side

Right Reference

Left 0.182 -0.266 -0.658-0.127
Affected SCC

Posterior canal Reference

Lateral canal 0.294 -0.232 -0.670—0.206

Cl, confidence interval; BPPV, benign paroxysmal positional
vertigo; SCC, semicircular canal

Table 3. Multivariate regression analysis of factors associated
with the number of canalith repositioning procedures performed

p-value B 95% Cl

Temporal bone fracture

No Reference

Yes 0.043  0.532 0.017-1.046
Diabetes mellitus

No Reference

Yes 0.097  0.384 -0.071-0.840
BPPYV side

Right Reference

Left 0.173  -0.263 -0.643-0.118

Cl, confidence interval; BPPV, benign paroxysmal positional
vertigo
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c/oVEMP results between BPPV patients and normal sub-
jects, or between affected and unaffected sides in BPPV pa-
tients. As a result, it was reported that abnormal results of
c/oVEMP were more commonly measured in BPPV patients
or on the affected side.*"™***® Furthermore, some studies have
predicted the prognosis of BPPV based on the state of the oto-
lith organs using c/oVEMP.”?** Lee, et al.”” and Xu, et al.™”
reported that c/oVEMP response was more often absent in the
recurrent BPPV patients. Longo, et al.”” reported the associa-
tion between the results of cVEMP and number of BPPV at-
tacks. In our previous study using cVEMP, it was confirmed
that BPPV showed resistance to CRPs in the presence of ab-
normalities in the otolith organ."” Consequently, severe dam-
age to the otolith organs due to temporal bone fracture is ex-
pected to be associated with resistance to CRPs.

In order to consider the number of CRPs performed until
the remission of BPPV as resistance to treatment, the interval
between CRPs must be constant. As our hospital treats most
BPPV patients every 3 to 4 days, the interval between CRPs
for BPPV is mostly 3 or 4 days. To keep this more strictly, pa-
tients with an interval between CRPs for BPPV other than 3
or 4 days were excluded.

This study has limitations. First, we assumed that patients
with BPPV accompanied by temporal bone fracture had more
severe damage to the otolith organs. However, the condition of
otolith organs was not directly measured. In follow-up studies,
it would be helpful to measure the condition of otolith organs
in BPPV patients with temporal bone fracture and idiopathic
BPPV patients using c/oVEMP. Second, the number of patients
with temporal bone fracture included in the study is not large.
Future studies will include more patients to obtain more ro-
bust results.

In conclusion, this study revealed that BPPV accompanied
by temporal bone fracture, inflicting significant damage to the
otolith organ, may be more resistant to CRPs than idiopathic
BPPV. Therefore, patients with temporal bone fracture war-
rant more intensive examination and treatment of BPPV than
those without temporal bone fracture. In addition, this study
contributed to clarifying the pathophysiology underlying the
development of BPPV.
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