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Abstract. Benign paroxysmal positional vertigo (BPPV) 
(otolith disease) is the most common neurological and position 
change related vertigo, accounting for 17-20% of peripheral 
vertigo. BPPV occur in the elderly. The high incidence age 
for BPPC was 50 to 70 years and mostly in female. According 
to the different parts of the lesions, it is divided into anterior 
canal BPPV (AC-BPPV), posterior canal BPPV (PC-BPPV), 
horizontal canal BPPV (HC-BPPV). Studies have shown 
that the incidence of PC-BPPV was 86.36%, the incidence of 
HC-BPPV was 11.37%, the incidence rate of AC-BPPV was 
2.27%. Treatment for PC-BPPV includes manual reduction, 
drug treatment, psychological treatment, and surgical treat-
ment. Repositioning is the preferred method for the treatment 
of PC-BPPV with high effective rate and low risk. The mecha-
nism is through the different changes of head position to make 
the otolith back to utricle. Many manual reduction methods 
have been reported in clinical treatment of PC-BPPV. With the 
increasing emphasis on the BPPV, a variety of new methods 
are being developed and designed.
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1. Introduction

Benign paroxysmal positional vertigo (BPPV) is a vertigo 
syndrome occurring due to postural changes and is characterized 

by nystagmus. BPPV was first described as vertigo caused by 
changes in the position of the head (1). Barany, the founder 
of Hungarian ear neurology, reported a female patient, aged 
27 years, with vertigo which was associated with changes in 
the position of the head. Her vertigo tended to occur during 
the processes of getting up, lying down, and turning over, with 
transient symptoms lasting <1 min, and was repeatable. These 
symptoms were attributed to the otolithic membrane (2). Dix 
and Hallpike first proposed this diagnosis (3) after summa-
rizing a large number of diseases with the same symptoms 
and finding a certain incubation period (mostly <1 min) prior 
to symptom onset. They also noted that the side with the ear 
facing downward was the affected side when vertigo occurred, 
that nystagmus was transient, rotary, geotropic, and apogeo-
tropic, that nystagmus was induced again when the head 
rotated to its original position despite the movement being in 
the opposite direction (reversibility), and that nystagmus was 
attenuated (fatigue) after repeated position change stimula-
tions. In 1985, McClure first reported seven BPPV patients 
with horizontal nystagmus induced by changing positions (4). 
Baloh et al (1993) (5) and Lempert (1994) (6) described the 
clinical characteristics of horizontal canal BPPV (HC-BPPV), 
and found that the inducing position and type of nystagmus for 
HC-BPPV were different than that of the previously reported 
posterior canal BPPV (PC-BPPV). Nystagmus was induced 
horizontally rather than via the previously reported rotary or 
apogeotropic motions, and corresponding reduction treatments 
were used (7). In 1994, Brandt first reported the clinical mani-
festation of PC-BPPV. Three years later, Herdman (8) found 
that some patients may experience vertigo and nystagmus 
when the position of head was changed, but the characteristics 
of nystagmus were different from previously reported cases: 
the nystagmus was induced by vertical, geotropic, and rotary 
movements, indicating that this was a new type of positional 
vertigo.

2. BPPV diagnosis

Otolith disease in the posterior semicircular canal typically 
occurs during the process of getting up or lying down (9). 
In 1952, Dix and Hallpike summarized the characteristics of 
vertigo and nystagmus in patients with PC-BPPV and devel-
oped the Dix-Hallpike test (3) (also named the Nylen-Barany 
test): i) the patient sits on the bed and rotates the head 45 ,̊ 
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ii) the examiner asks the patient to change from sitting to 
supine position, with the head drooping to 30 ,̊ during which 
the presence of nystagmus was examined. If vertigo and 
nystagmus occurred after the transient incubation period, the 
patient was considered positive. iii) The patient is asked to 
return to sitting position, and vertigo and nystagmus occurred 
again during this process, with the nystagmus in the opposite 
direction and iv) the head is rotated to the other side and 
steps 1-3 are repeated. The degree of vertigo and the type and 
intensity of nystagmus was compared to determine whether the 
condition was PC-BPPV or anterior canal BPPV (AC-BPPV), 
and to identify the affected side. When significant vertigo and 
apogeotropic, rotary, and geotropic nystagmus occurred after 
a head 45˚ rotation to the right, the condition was considered 
right PC-BPPV, and when symptoms occurred after a 45˚ rota-
tion to the left, the condition was considered left PC-BPPV. 
When significant vertigo and geotropic, rotary, and geotropic 
nystagmus occurred after the head rotated to both sides, 
the condition was considered bilateral PC-BPPV. Bo et al 
showed that when the patients with PC-BPPV underwent the 
Dix-Hallpike test, nystagmus was found in the direction of the 
affected side when the head was hanging in the supine position 
and in the direction of the healthy side when the patient was 
in sitting position; this phenomenon was noted as the inter-
convertibility of nystagmus (10). For patients with cervical 
spondylosis or cervical injury, the neck should not be stretched 
for too long, rendering the Dix-Hallpike test inappropriate. In 
such cases, the side-lying test, designed by Cohen (11), could 
be used. i) The patient sits on the bed with the head rotated 
to the non-testing side at a 45˚ angle. ii) While maintaining 
head position, the patient lies on the side to be tested, with 
the tested-side shoulder on the bed. Presence of vertigo and 
nystagmus were observed. iii) While maintaining head 
position, the patient then returns to a sitting position while 
indications of vertigo and nystagmus were observed in order 
to diagnose PC-BPPV and SC-BPPV. Xie also designed a test 
for limited cervical spine motion called the modified lateral 
decubitus position test (12). In this test, i) the subject wears 
cervical gear and sits in the middle of the bed with maintained 
head and neck position, ii) the body is then rotated to the left 
at a 45˚ angle while maintaining head position, and the patient 
is laid on the right side rapidly for right posterior semicircular 
canal examination and iii) after returing to a sitting position 
and resting for 1 min, the procedure is repeated for investiga-
tion of the left posterior semicircular canal.

Otolith disorders in the horizontal semicircular canal were 
usually induced by head rotation and turning over on the bed. 
The most commonly used diagnosis was the supine roll test 
(also called the Pagnini-McClure maneuver), which is the gold 
standard for the diagnosis of HC-BPPV (13). The procedure is 
as follows: i) the patient is placed in a sitting position, ii) the 
patient moves rapidly from a sitting to supine position, iii) the 
head is rotated 90˚ to one side and nystagmus in both eyes 
is examined and iv) the head is rotated 90˚ to the other side 
and the presence of vertigo and nystagmus are examined. This 
method could induce two forms of nystagmus representing 
different types of HC-BPPV (14): when the head was rotated 
90˚ to the right and significant vertigo occurred/horizontal and 
geotropic nystagmus was induced, this was diagnosed as right 
horizontal canal otolith disorder. Otherwise, the condition was 

diagnosed as left horizontal canal otolith disorder. The etiology 
of both disorders is that the semicircular canal was affected. 
However, if the etiology was a lesion in the cupula cristae 
ampullaris, horizontal and apogeotropic nystagmus would be 
present, and the affected side was the side where no significant 
nystagmus occurred. This procedure should be prohibited for 
patients having short necks with poor mobility, morbid obesity, 
and severe kyphosis (15). Mei developed a modified supine roll 
test for these patients (16) with the following procedure: with 
the patient in supine position, the head was blocked up at an 
angle of 30 .̊ All other steps were identical to the conventional 
supine roll test (16). Xie diagnosed patients with poor mobility 
using a modified supine positioning test (12): the patient wore 
a cervical and the head and neck positions were maintained. 
Both the head and the body were rotated 90˚ to one side, any 
occurrence of vertigo and nystagmus were determined, and 
the patient was returned to the sitting position. After 2 min, 
both the head and body were rotated 90˚ to the other side and 
any occurrence of vertigo and horizontal nystagmus were 
determined. The affected semicircular canal was determined 
based on the occurrence and type of nystagmus.

Apart from the commonly used supine roll test for 
HC-BPPV, Rahko and Kotti reported a walk-rotate-walk 
test (17), where the patient is rotated 180˚ with the heel serving 
as the axis during fast walking, then returned to the original 
position at the same speed. This cycle was repeated three times 
without any pause. Astasia, manual balance correction, and the 
need for pauses were observed during fast rotation. HC-BPPV 
could be diagnosed when these actions were observed 
repeatedly, and the side to which the patient rotated to was 
considered the affected side. Nuti et al used the head yaw test 
to diagnose HC-BPPV. The patient started in a supine posi-
tion and rapidly rotated their head 90˚ to the side of the tested 
ear. As the rapid downward movement leads to nystagmus, 
called geotropic nystagmus, conversely, called apogeotropic 
nystagmus, Nuti et al developed the seated supine positioning 
test (18), where the patient's head was held at 30˚ while the 
patient changed from sitting to supine position, potentially 
inducing seated supine positioning nystagmus. HC-BPPV 
patients with geotropic nystagmus rotated to the healthy side, 
while the HC-BPPV patients with apogeotropic nystagmus 
rotated to the affected side. Choung et al developed the bow 
and lean test to diagnose HC-BPPV (19): i) the HC-BPPV 
was bile duct stone HC-BPPV or crest stone HC-BPPV, ii) the 
patient is in a sitting position and bows their head greater than 
45 ,̊ and the direction of nystagmus was observed (specific for 
bile duct stone HC-BPPV) and iii) the patient then throws their 
head back greater than 45˚ and the direction of nystagmus was 
observed (specific for crest stone HC-BPPV). When patients 
with bile duct stone HC-BPPV bowed their heads, nystagmus 
was induced in the direction of the affected semicircular canal. 
When patients with crest stone HC-BPPV threw their heads 
back, nystagmus was induced in the direction of the affected 
semicircular canal.

AC-BPPV was mainly induced during the process of 
getting up and lying down, and the diagnosis method was the 
same as with PC-BPPV. If vertigo and geotropic nystagmus 
occurred during the position-induced test, the diagnosis was 
AC-BPPV. If apogeotropic nystagmus occurred, it was contra-
lateral AC-BPPV, and if geotropic nystagmus occurred, it was 
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homolateral AC-BPPV. In addition, Rahko developed another 
diagnosis method for AC-BPPV (20): the patient, standing 
upright, closes their eyes and stoops down to a 60˚ angle, 
then rapidly stands upright again. If the patient toppled over 
to any side, they would be diagnosed with AC-BPPV. The 
shortcoming of these two methods was the presence of false 
positive diagnoses. Meng reported that the self-made SRM-IV 
system was sensitive to AC-BPPV, and speculated that the 
actual morbidity of AC-BPPV was much higher than presented 
in previous statistics due to missed diagnoses in conventional 
detection (21).

Recently, examination of vestibular function has been 
extensively applied for the diagnosis of BPPV. For example, 
the vestibular autorotation test can determine the function of 
both horizontal and vertical semicircular canals (22). Imaging 
has also been increasingly applied in the diagnosis of BPPV. 
Li reported that positive cranial MRI in BPPV patients showed 
affected semicircular canal and ear bones, as well as otolith 
detachment (23). Heavily T2-weighted magnetic resonance 
imaging of the inner ear can clearly demonstrate the internal 
acoustical meatus structure and allow full observation of the 
inner ear (24). Yan performed heavily T2-weighted magnetic 
resonance imaging of the ossa temporale in 48 BPPV patients 
and found that magnetic resonance imaging of the inner ear 
could provide imaging evidence for the diagnosis of BPPV (25).

3. Manual reduction of BPPV

In 1980, Brandt and Daroff developed an exercise for the 
treatment of otolith disease (26): the patient starts in a sitting 

position, changes rapidly to a right supine position with the 
head rotated at a 45˚ angle to the left. Thirty seconds following 
the resolution of the resultant vertigo, the patient would sit 
rapidly and stare forward for another 30 sec, then change 
rapidly to a left supine position with the head rotated at a 
45˚ angle to the right. This would be repeated 20 times, twice 
daily, 1-2 times per week, and could be gradually stopped 
after symptom remission. In 1988, Semont et al developed 
the modified liberatory maneuver based on the theory of crest 
otolith (27). The clinical significance of the modified libera-
tory maneuver was that only a single positioning exercise was 
required to achieve a cure. The procedure is as follows: i) the 
patient, in a sitting position, rotates their head to the healthy 
side at 45 ,̊ ii) the patient then switches rapidly to a lateral 
supine position while maintaining the position of their head, 
iii) the patient then switches from the affected side to the 
healthy side while again maintaining head direction (the apex 
nasi contacts the bed) and iv) the patient recovers to a sitting 
position with the head tilted forward at 20 .̊ Nystagmus was 
evaluated after each procedure, and the subsequent procedure 
was performed 1 min after resolution of nystagmus (Fig. 1). 
van der Scheer-Horst et al performed a retrospective review 
of the effectiveness of Brandt-Daroff vestibular rehabilitation 
and manual reduction, and found that the onset of manual 
reduction was earlier than vestibular rehabilitation, yet the 
combination of vestibular rehabilitation and manual reduc-
tion was beneficial for the recovery of patients (28). Patients 
with limited cervical spine motion could use the modified 
Semont procedure (29): i) the patient wears a cervical gear 
while sitting on the front of the bed, then while maintaining 

Figure 1. Evaluation of nystagmus after each procedure. The subsequent procedure was performed 1 min after resolution of nystagmus.
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head and neck position, rotates the body 45˚ to the left in order 
to treat the right posterior semicircular canal, ii) the patient 
changes rapidly to a right supine position (the same with the 
modified lateral supine position), the back of the head contacts 
the bed, and the apex nasi faces upward, iii) after resolution of 
vertigo and nystagmus, the patient changes from a right supine 
to a left supine position with the rear arm as the pivot point, the 
forehead and apex nasi contacting the bed, and the back of the 
head facing upward and iv) the patient sits up. The treatment 
for the left posterior semicircular canal was the same as that 
for the right posterior semicircular canal, except for reversed 
directions.

The most classical treatment for PC-BPPV is the Epley 
reduction, which was developed by Epley based on the hypoth-
esis of otolith in the semicircular canal (30): i) the patient 
starts in a sitting position with their head tilted to the affected 
side at a 45˚ angle, ii) the patient changes from a sitting to 
a supine position with the head beneath the bed at an angle 
of 45 ,̊ iii) while maintaining the positioning of the body, 
the head was then rotated to the healthy side at a 45˚ angle, 
iv) both the body and the head then rotated to the healthy side 
at 90˚ angles, v) the body was then shifted to a supine position 
towards the healthy side, with an angle of 135˚ between the 
head and the bed and vi) the patient then sat and tilted their 
head forward at a 20˚ angle. Each position was maintained 
for 1 min. Rotation was stopped upon vertigo and continued 
30 sec after resolution of nystagmus (Fig. 2). Epley's therapy 
was highly effective: success rates were found to be 90.7% 
after one conductance of an Epley reduction and 96.0% after 
two conductances. However, this therapy was not appropriate 
for patients with limited cervical spine motion, who could 

use the Semont procedure (31). Anagnostou et al treated 
51 PC-BPPV patients each with the Epley procedure or the 
Semont procedure and found that the successful reduction rate 
was not significantly different between these two therapies: 
7.8% of patients had HC-BPPV after treatment by the Epley 
procedure, while no patient had HC-BPPV after treatment 
by the Semon procedure (32). Yang demonstrated a modified 
3-step procedure which was not limited to a specific treatment 
platform and could be performed on regular bed if a hard and 
15-cm high pillow was put on the bed (33). This procedure was 
very convenient for clinical treatment. The reduction could be 
performed as three steps: i) the patient, in a sitting position 
and head rotated to the affected side at a 45˚ angle, lies down 
rapidly to create shoulder contact with the pillow while the 
head remains above the pillow facing downward at an angle 
of 30 ,̊ ii) the patient then rotates their head to the healthy side 
and rotates over into the prone position, then tilts their head 
back at an angle of 30˚ and iii) the patient reverts to sitting 
position with the head tilted forward at an angle of 30 .̊

In 1990, Baloh et al (34) and Lempert (6) reported that 
most commonly used treatment for HC-BPPV reduction was 
the barbecue roll maneuver, which aimed to remove the otolith 
from the horizontal semicircular canal (6). i) The patient starts 
in the supine position with the head rotated 90˚ to the healthy 
side, ii) the body then rotates 180 ,̊ moving the patient from 
the supine to the prone position without changing the posi-
tion of the head, iii) the head maintains its 90˚ rotation while 
the apex nasi faces downward, iv) with the head still aligned 
at 90˚ towards the healthy side, the lateral face contacts the 
bed and v) the patient sits up again (35). The mean effective 
rate of BRM for HC-BPPV was 75%, with a reported range 

Figure 2. Procedures of Epley reduction for treatment of PC-BPPV. PC-BPPV, posterior canal benign paroxysmal positional vertigo.
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of 50-100% (36). BRM was more suitable for otolith disease 
or a crest otolith adhering to the cupula canal-side (CUP-C), 
and ineffective for a crest otolith adhering to the cupulautricle 
side (CUP-U) (37). Patients with obesity, cervical spondylosis, 
and muscle disease could not tolerate BRM due to limited 
positioning (38). In 1998, Gufoni et al developed a new treat-
ment for HC-BPPV to complement BRM (39): i) the patient 
moves from a sitting to a lateral supine position (from CUP-C 
to the healthy side, from CUP-U to the affected side) while 
keeping the position of the head forward, ii) the head is 
rotated 45˚ to the healthy side without altering the position 
of the body and iii) the patient resumes a sitting position with 
the head position unchanged. Each position was maintained 
for 3 min.

The Gufoni procedure is convenient and highly effective, 
as well as suitable for all types of HC-BPPV (including otolith 
disease and crest otolith) (39). As vertigo symptoms were mild 
on the tilted side during reduction, the patient could tolerate the 
treatment). HC-BPPV patients with horizontal apogeotropic 
nystagmus could perform this step-by-step reduction (40-42), 
as Gufoni otolith detachment could transform horizontal 
apogeotropic nystagmus into horizontal geotropic nystagmus, 
at which point BRM could be performed to achieve good 
efficacy. Mei used a self-made otolith repositioning proce-
dure to transform horizontal apogeotropic nystagmus into 
horizontal geotropic nystagmus, and also achieved good 
efficacy (43). Testa developed a modified Gufoni procedure to 
modify the turbulent flow in the ampulla during the motion 
of the semicircular canal so that the otolith materials were far 
away from crura commune. As a result, HC-BPPV was less 
likely to be transformed into PC-BPPV, thereby improving 
the efficacy from the classical Gufoni procedure (44). The 
Vannucchi-Asprella maneuver was another option for 
HC-BPPC and more convenient than BRM. However, it was 
limited by a requirement for successive multiple cycles to 
achieve good efficacy (38): i) the patient starts in supine posi-
tion with the head rotated 90˚ to the healthy side, ii) the patient 
sits up slowly without changing head position, iii) the head 
slowly moves to face forward and iv) the patient moves from 
sitting to supine position. This procedure should be repeated 
several times. This procedure was considered a modified 
BRM, as it placed the otolith back into the alveus communis 
using gravity and angular acceleration (rotation of the head 
in supine position) through the changing between sitting and 
supine positions. Vannucchi-forced prolonged positioning is 
generally used as a complementary therapy for BRM rather 
than a single therapy. Vannucchi first developed this proce-
dure in 1994 for patients with otolith disease. This procedure 
required the patient to maintain supine position on the healthy 
side for at least 12 h so as to ensure the opening of the alveus 
communis in the horizontal semicircular canal of the affected 
side was always facing downward, so that the otolith could 
returned to the alveus communis via gravity. Head rotation 
in a supine position could also be used to treat this BPPV: 
with the patient in supine position, the head is rapidly rotated 
90˚ to the healthy side (for patients with otolith disease), then 
returned to the initial position slowly. The procedure was then 
repeated. Also, patients with crest otolith should rotate their 
heads to the affected side (45). The modified Epley procedure 
could also be used for AC-BPPV: the procedure was similar to 

the Epley procedure but with a slow frequency of reduction, 
a pause between each position longer than 1 min, and each 
maneuver was performed by the patients themselves (46). The 
Li maneuver was usually used for the treatment of AC-BPPV: 
i) the patient starts in supine position with head facing 20˚ 
downward and legs on both sides of the bed and ii) the patient 
then sits rapidly, changing from supine to prone position with 
the face contacting the bed. In 2009, the Yacovino procedure 
was first reported for the treatment of AC-BPPV (47): i) the 
patient starts in a sitting position with the head facing forward, 
ii) the patient rapidly changes to supine position with the head 
moving upward at a minimum of 20˚ for 2-3 min, iii) the head 
is elevated and bent forward for 2-3 min and iv) the patient 
returns to a sitting position and looks forward horizontally. The 
healthy or affected sides may not be considered. A previous 
study suggested that it was difficult to provide maximum 
stimulation to the affected side, given that it was left undeter-
mined, possibly impacting efficacy (48). Xing suggested that 
the effective rate of this procedure was consistent with the 
modified Epley reduction, but the procedure itself was easier 
to perform (49).

Recently, whether position limitation was required is 
controversial. Some studies (50-52) and a recent meta-analysis 
by Mostafa et al (53) showed that the difference between 
limited motion and free motion after reduction was not 
significant. Zhang used manual reduction to treat PC-BPPV 
with good efficacy and no adverse reactions (54). Li used 
semi-supine positioning and a turning-over exercise to treat 
elderly BPPV patients; this procedure contained characteristic 
small motions and ease of operation, making it more accept-
able in elderly patients than conventional reductions (55).

With the development of technology, more and more reduc-
tion machines have been implemented. The SRM-IV BPPV 
diagnosis and treatment system (developed in China) provided 
automatic, precise, quantitative, rapid diagnosis, and reduction 
for BPPV patients (56,57) with a total efficacy of 97.02% (58), 
which was superior to conventional manual reduction. This 
system could also reduce the incidence of vomiting, pale face, 
and cold sweats during artificial reduction (59). The TRV 
otolith instrument first appeared at the 111th Annual Meeting 
of French ENT (60); its efficacy was higher than most manual 
reductions (61). Xu reported a novel automatic 3D chair to 
assist manual reduction, but the clinical efficacy of this device 
requires further observation (62).

4. Other treatments for BPPV

Prior to the application of manual reduction, drugs that improve 
microcirculation and inhibit the vestibule have been used as 
first line drugs for BPPV, and have been shown to improve 
efficacy (63-65). For refractory BPPV patients, manual reduc-
tion alone could not achieve good efficacy, so two surgeries 
could be considered: i) single neurectomy could improve the 
clinical symptoms of BPPV patients. In fact, this surgery can 
achieve good efficacy, yet some patients may be subjected to 
high risk of hearing loss. ii) Semicircular canal occlusion can 
be used to occlude the space in the crest with special material 
to reduce the stimulation of the hair cell sensory receptors in 
the ampulla. This procedure has low risk. However, surgeries 
may cause severe hearing loss, and thus should be considered 
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carefully and should only be used when the efficacy of manual 
reduction and medical treatment was unsatisfactory.
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