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Introduction

Benign paroxysmal positional vertigo (BPPV) is a 
disease characterized by a sensation of imbalance 
and nausea, with sudden dizziness in response to 
head movements. The incidence of BPPV in the 
general population is 2.4%.1

  BPPV was described by Hall, Ruby, and 
McClure in 1979 and first demonstrated in vivo by 
Parnes and McClure in 1992.2 Three semicircular 
canals, perpendicular to each other in the inner ear, 
perceive angular movements of the head. These 
are the posterior, lateral (horizontal), and superior 
(anterior) canals. One end of each canal is dilated to 
form the ampulla, which contains a saddle-shaped 
ridge termed the Crista ampullaris; the sensory 
epithelium lies on the Crista ampullaris. The 
nonampulated ends of the superior and posterior 
canal formed the crus commune or common crus. 
All canals merge into the utricle.
  There are two pathophysiologic mechanisms; 
canalithiasis and cupulolithiasis. Cupulolithiasis 

was defined by Schuknecht in 1969; it refers to 
the attachment of otoconia to the cupula in the 
semicircular canal.3 Otoconia are also in contact 
with stereocilia of vestibular receptor cells. 
Canalithiasis is defined as the condition of particles 
residing in the canal portion of the semicircular 
canals. These densities are considered to be free 
floating and mobile, causing vertigo by exerting a 
force. 
  Diagnosis of BBPV is based on clinical 
history and nystagmus monitoring, done by 
Frenzel glasses, electronystagmography (ENG), 
or videonystagmography (VNG) when applying 
provocative maneuvers. Due to its anatomical 
position, the most affected canal is the 
posterior semicircular canal. The most common 
pathophysiological mechanism of posterior channel 
BPPV is canalolithiasis.2 BPPV diagnosis of the 
posterior canal is verified by observing torsional, 
upbeat nystagmus with the Dix-Hallpike maneuver. 
In horizontal canal BPPV, horizontal nystagmus 
(geotropic or apogeotropic) is observed in the 
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well as Pearson’s chi-square test was used to 
compare qualitative data. Results were evaluated 
using a %95 confidence interval (CI), and the level 
of significance was set at p<0.05.

Results

355 (68.8%) of 516 positional vertigo patients were 
women, 161 (31.2%) were men. The mean age was 
51 ± 13 years (Table 1). 
  The most common etiology was idiopathic 
(86.82%). In addition to the BPPV diagnoses of 
the patients, acute unilateral vestibular loss (n = 3; 
0.6%), head trauma (n = 33; 6.4%), migraine (n = 38; 
7.4%), and other miscellaneous problems (goiter, 
hypertension, high cholesterol, diabetes mellitus, 
gastric ulcer, osteoarthritis, cancer (lymphoma, 
thyroid, breast cancers, etc., and chronic coronary 
and lung diseases) (n = 58; 11.2%) were found. 
  More patients were female than male (p < 0.05), 
with no statistically significant age difference 
between genders (women: 50.35 ± 13:33 years; 
men: 52.64 ± 14.22 years; p > 0.05) (Table 1). 
BPPV was relatively rare in patients younger than 
40 years, and in those aged over 60 years; it was 
more common in the middle age group, of 41-60 
years (p<0.05) (Table 2).

supine roll test (Pagnini-McClure test). Anterior 
canal BPPV is uncommon and typically resolves 
spontaneously. It is important to exercise extreme 
caution during diagnosis because of the possibility 
of misdiagnosis as downbeating nystagmus, as 
observed in cerebellar diseases.4,5 Multiple canal 
BPPV is rare (6-20% of all cases); the most 
common combination is posterior and horizontal 
canal BPPV .4,6

  In this study, 516 patients diagnosed with BPPV 
using VNG and treated with repositioning and 
releasing maneuvers were examined in terms 
of age, sex, canal involvement (type and side), 
relationship with other diseases, treatment response, 
and recurrence rates.

Material and method

In total, 516 patients admitted to the Okmeydani 
Training and Research Hospital ENT polyclinic and 
diagnosed with BPPV between September 2015 
and March 2017 were investigated retrospectively. 
This study was approved by the ethics committee 
of our hospital. Age, sex, canal involvement (type 
and side), relation with other diseases, treatment 
responses, and recurrence rates were recorded.
  BPPV was diagnosed based on clinical history 
and use of provocative maneuvers (Dix-Hallpike 
and Pagnini-McClureThe vestibular evaluation 
was performed using VNG (ICS Charter EP; 
GN Otometrics, USA). Saccadic movements, 
optokinetic nystagmus, gaze and tracking nystag-
mus, and positional and positioning nystagmus 
were evaluated.
  Statistical analyses of the data were conducted 
using SPSS ver. 17.0 Descriptive statistical 
methods (mean and standard deviation, SD), as 

Min-Max Mean ± SD
Age (years) 18-87 51.10±13.66

Female 18-87 50.35±13.33
Male 20-48 52.64±14.22

Gender  N %
Female 355 68.8
Male 161 31.2

Table 1
Distribution of patients’ age and gender

Age (years) 18–40 41–60 61–87 Total P
Side Right Ear 50 (19.1%) 152 (58.0%) 60 (22.9%) 262 (100%) 0.185

Left Ear 56 (22.0%) 127 (50.0%) 71 (28.0%) 254 (100%)
Mechanism of vertigo Cupulolithiasis 31 (24.2%) 67 (52.3%) 30 (23.4%) 128 (100%) 0.480

Canalolithiasis 75 (19.3%) 212 (54.6%) 101 (26.0%) 388 (100%)
Semicircular canal Posterior 64 (19.4%) 183 (55.5%) 83 (25.2%) 330 (100%) 0.330

Lateral 28 (26.7%) 55 (52.4%) 22 (21.0%) 105 (100%)
Superior 1 (10.0%) 7 (70.0%) 2 (20.0%) 10 (100%)
Combined 13 (18.3%) 34 (47.9%) 24 (33.8%)  71 (100%)

Table 2
Evaluation of descriptive vertigo characteristics by age

Chi-square test p<0.05
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correlation between the mechanism of BPPV 
and the involved side (p = 0.238). However, a 
statistically significant difference was observed 
between the sides of the semicircular canals in 
terms of canal involvement (p = 0.010). The 
reason for this difference was that lateral canal 
involvement was more common in the left ear 
(62.9%; p = 0.0019) (Table 3).
  The mechanism underlying BPPV, and the 
semicircular canals involved were evaluated 
statistically. There was a significant correlation 
between the semicircular canals and the canal 
theories (p = 0.001). Canalolithiasis was more 
frequent in the posterior canal (87.3%) (p = 0.001), 
while cupulolithiasis was more frequent in the 
lateral canal (60%; p = 0.001) (Table 4). 

Discussion

BPPV is a common peripheral vestibular pathology 
that theoretically may affect all semicircular canals.2 

BPPV is defined as an abnormal sensation of 
motion that is elicited by certain critical provocative 
positions. The provocative positions usually trigger 
nystagmus (involuntary eye movements). It usually 
begins as a slow pursuit movement followed by 

  There were 262 patients with right-sided labyrinth 
involvement (262/516; 50.7%) and 254 with left-
sided labyrinth involvement (254/516; 49.2%). The 
difference was not statistically significant of all the 
groups (P = 0.185) (Table 2).
  The causes of vertigo, the side affected and 
possible origin was evaluated by the age group. 
There was no difference between the age groups in 
side (ear) affected (p = 0.185). In total, 388 patients 
were diagnosed with canalolithiasis (75.2%) and 
128 were diagnosed with cupulolithiasis (24.8%): 
canalolithiasis was significantly more common 
(p <0.05). There was no significant difference in 
cupulolithiasis or canalolithiasis incidence between 
the age groups (p = 0.480).
  There was posterior canal involvement in 330 
patients (64%) and lateral canal and superior canal 
involvement in 105 (20.3%) and 10 (1.9%) patients, 
respectively. There was no difference between the 
semicircular canal, according to age group (p = 
0,330). The most common combinational canal 
involvement was also observed more frequently in 
the 41-60 years age group (p <0.05).
  The mechanism underlying the BPPV, and 
the semicircular canal involved, were evaluated 
according to the involved side. There was no 

Side of labyrinth Right ear Left ear Total P
Mechanism of vertigo Cupulolithiasis 61 (47.7%) 67 (52.3%) 128 (100.0%)

0.238
Canalolithiasis 201 (51.8%) 187 (48.2%) 388 (100.0%)

Semicircular canal Posterior 177 (53.6%) 153 (46.4%) 330 (100.0%)

0.010
Lateral 39 (37.1%) 66 (62.9%) 105 (100.0%)
Superior 4 (40.0%) 6 (60.0%) 10 (100.0%)
Combined 42 (59.2%) 29 (40.8%) 71 (100.0%)

Canalolithiasis Cupulolithiasis Total (n) P

Posterior 288 (87.3%) 42 (12.7%) 330 (100.0%)

Lateral 42 (40.0%) 63 (60.0%) 105 (100.0%) 0.001

Superior 8 (80.0%) 2 (20.0%) 10 (100.0%)

Combined 50 (70.4%) 21 (29.6%) 71 (100.0%)

Total 388 (75.2%) 128 (24.8%) 516 (100.0%)

Table 3
Evaluation of descriptive canal  theory and canal features by ear side

Chi-square test *p<0.05

Chi-square test *p<0.05

Table 4
Evaluation of canalolithiasis and cupulolithiasis according to semicircular canal
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is canalolithiasis, and its mechanism was first 
described by Epley.9,10

  In our study, canalolithiasis (87.3%) was 
more frequent in posterior canal BPPV, and 
cupulolithiasis (60%) was more common in lateral 
canal BPPV (p = 0.001). The patients in our study 
were more likely to be in the fifth decade of life, 
and the mean age was 51 ± 13 years. We evaluated 
patients with BPPV by classifying them into three 
age groups. We found that involvement of all three 
canals occurred most often in the 41-60 years age 
group. There were no significant differences among 
the age group in terms of gender or mechanism of 
disease (p <0.05).
  BPPV often occurs in isolation and are referred 
to as “primary” or “idiopathic” BPPV. Although 
50–70% of BPPV cases are idiopathic (without 
an unidentified cause), a history should be taken 
regarding the possible secondary causes of BPPV. 
These include head trauma, viral labyrinthitis or 
vestibular neuronitis, Ménière’s disease, migraine, 
and otologic or non-otologic surgical procedures.11 
The most common secondary cause of BPPV is 
head trauma, which accounts for 7-17% of all 
BPPV cases.12,13 Even though most of our cases 
were idiopathic, head trauma, migraine, vestibular 
neuronitis, Ménière’s disease, and chronic diseases 
are among the other frequent secondary causes. 
In our study, as reported by Yetiser et al.14 and 
Faralli et al15, rate of migraine association was high 
(7.4%). 
  The majority of BPPV cases are of posterior 
semicircular canal BPPV.2 According to the 
Bhattacharyya N. et al 2017, the posterior canal 
is involved in 85-95% of BPPV cases, and the 
lateral canal in 5-15%.16 In a study by Prokopakis 
et al.17 included 592 BPPV patients, 521 (88%) had 
posterior semicircular canal involvement, 59 (10%) 
had horizontal canal, and 12 (2%) had anterior 
semicircular canal involvement. In a similar study, 
Silva et al.8 also reported that the posterior canal 
(72.3%) involvement was the most common. In 
our study, posterior canal BPPV was the most 
common, accounting for 64% of all cases, while 
anterior canal involvement was rare (1.9% of 
cases), similar to the literature.
  Silva et al.8 reported that unilateral canal 
involvement was more frequent than bilateral 
involvement (3%), and that left labyrinth 
involvement was more common (49.5% vs. 47.5%) 
than right labyrinth involvement. They identified 

a fast, rapid phase. Nystagmus is named by the 
direction of the fast phase. 
  The use of the Dix–Hallpike maneuver to 
diagnose posterior canal BPPV was first described 
in 1952.7 A positive test provokes vertigo and 
nystagmus when a patient is rapidly moved from 
a sitting position to lying with the head tipped 
45 degrees below the horizontal, 45 degrees to 
the side and with the side of the affected ear 
downwards. This brings the posterior semicircular 
canal of the lower ear into vertical alignment. The 
nystagmus typically has a latency of a few seconds 
before onset and fatigues after approximately 
30 to 40 seconds. Posterior canal involvement 
is characterized by rotatory and upbeat vertical 
positional nystagmus (counterclockwise in 
right labyrinth lesions and clockwise in left 
labyrinth lesions). Anterior canal involvement is 
characterized by rotatory and downbeat vertical 
positional nystagmus (counterclockwise in right 
labyrinth lesions and clockwise in left labyrinth 
lesions). Lateral canal involvement is characterized 
by horizontal positional or positioning nystagmus. 
Horizontal positional nystagmus is geotropic when 
tilting the head to the right causes right horizontal 
nystagmus and tilting the head to the left causes 
left horizontal nystagmus. It is ageotropic when 
tilting the head to the right causes left horizontal 
nystagmus and tilting the head to the left causes 
right horizontal nystagmus. 
  BPPV is usually underdiagnosed and, more 
importantly, can in most cases be treated easily 
with a simple office-based procedure. The VNG 
test assesses the ability of the patient to follow 
visual objects with the eyes, and how well the eyes 
react to signals arising from the vestibular system. 
The vestibulo-ocular reflex can be evaluated with 
the VNG test. Glasses with infrared cameras, 
placed over the eyes to monitor and record eye 
movements during the test,  allow eye movements 
to be followed and recorded on a computer, either at 
rest or during the presentation of various visual and 
vestibular stimuli. The VNG test is non-invasive. 
Oculomotor tests, the Saccade test, the pursuit 
test, the optokinetic test, the gaze nystagmus test, 
dynamic and static positional tests, and caloric tests 
can be done with VNG.8

  There are two theories concerning the patho-
physiology of BPPV: one is based on cupulolithiasis 
and the other on canalolithiasis. The most common 
pathophysiological cause of posterior canal BPPV 
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turned 45° toward the affected ear. The patient 
was then rapidly returned to a supine head-hanging 
position. Next, the head was turned 90° toward the 
unaffected side. Following this rotation, the head 
was turned by a further 90° toward the unaffected 
ear, with the trunk rolled onto the unaffected side. 
Each position was held for approximately 1 min. 
Then the patient was brought into an upright sitting 
position, completing the maneuver (Figure 1). 
  For the Semont maneuver, the patient was 
seated in an upright position and the patient’s 
head was turned 45° toward the unaffected side. 
Then the patient was rapidly moved to a side-lying 
position toward the affected side. Next, the patient 
was rapidly moved to the opposite side-lying 
position without changing the head orientation. 
Each position was maintained for approximately 2 
min. Then the patient was brought into the upright 
sitting position (Figure 2). 
  Barbecue maneuver for the treatment of 
geotropic horizontal BPPV. After head turning 
toward the involved ear, the head is then turned 
270° toward the unaffected side through a series 
of stepwise 90° turns before resuming the sitting 
position. Each position should be maintained for at 
least 1 or 2 minutes, or until the induced nystagmus 
and vertigo are resolved (Figure 3). 
  A recent Cochrane review concluded that the 
Epley, or canalith, repositioning maneuver is a safe 
and effective way to treat BPPV.19 In our cases, we 
used Semont and modified Epley maneuvers in the 
posterior channel and ‘reverse Epley’ for superior 

10.9% of cases as being relapses. In our study, 
no side showed a higher rate of involvement, 
the recurrence rate was 15%, and multiple canal 
involvement was rare. Multiple-canal BPPV 
is characterized either by involvement of the 
same canal on both sides or by the simultaneous 
involvement of different canals on the same or both 
sides. It has been reported that the etiology of cases 
with multiple affected sites is traumatic.17 In our 
study, multiple canal involvement was observed 
more frequently than in the literature (n = 71; 
13.76%). Similar to the literature, posterior plus 
lateral canal involvement was found to be the most 
common combination in our study.
  Treatment of BPPV is performed using 
repositioning maneuvers, namely modified Epley 
and Semont maneuvers for the vertical canals 
and the Barbecue maneuver (Lempert) for the 
horizontal canals.12,18 

  For a modified Epley maneuver, the patient 
was placed in an upright position with the head 

Figure 1
Description of the canalith repositioning maneuver (Epley 
maneuver) for right ear posterior semicircular canal benign 
paroxysmal positional vertigo  Bhattacharyya N, Gubbels 
SP, Schwartz SR, Edlow JA, El-Kashlan H, Fife T,Holmberg 
JM, Mahoney K, Hollingsworth DB, Roberts R, Seidman 
MD, Steiner RW, DoBT, Voelker CC, Waguespack RW, 
Corrigan MD. Clinical Practice Guideline: Benign Paroxysmal 
Positional Vertigo (Update). Otolaryngol Head Neck Surg. 
2017Mar;156(3, suppl):1-47. 

Figure 2
Semont liberatory maneuver for treatment of right posterior 
semicircular canal benign paroxysmal positional vertigo. 
Bhattacharyya N, Gubbels SP, Schwartz SR, Edlow JA, 
El-Kashlan H, Fife T,Holmberg JM, Mahoney K, Hollingsworth 
DB, Roberts R, Seidman MD, Steiner RW, DoBT, Voelker CC, 
Waguespack RW, Corrigan MD. Clinical Practice Guideline: 
Benign Paroxysmal Positional Vertigo (Update). Otolaryngol 
Head Neck Surg. 2017Mar;156(3, suppl):1-47. 
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is the cause of the most severe nystagmus. After 1 
week, the patient was again evaluated using VNG, 
and if there was no improvement, the treatment 
was repeated.

Conclusion

BPPV, with increasing age frequency is a common 
problem. The impact can range from a mild 
annoyance to a highly debilitating condition 
and can affect the function, safety and fall risk. 
BPPV can be diagnosed quickly and easily be 
treated by maneuvers. A variety of maneuvers is 
available related to the pathophysiology underlying 
the disease. The selected treatment should be 
appropriate to the age, general conditions and other 
diseases that the patient may have. It should be 
kept in mind that the rate of multiple semicircular 
canal involvement is not low, and successful 
outcomes can be achieved with gradual treatment 
in such cases.  
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