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ORIGINAL ARTICLE

Dynamics of canal response to head-shaking test in benign
paroxysmal positional vertigo

JOSE A. LOPEZ-ESCAMEZ, CRISTOBAL ZAPATA, MARIA I. MOLINA &

MARIA J. PALMA

Otology & Neurotology Group, Department of Surgery, Hospital de Poniente, El Ejido, Almerı́a, Spain

Abstract
Conclusions. Time constant and maximum slow phase velocity (SPV) of head-shaking nystagmus (HSN) demonstrated a
differential canal response to head shaking in 24% of patients with posterior canal benign paroxysmal positional vertigo
(BPPV). We suggest that vestibular lithiasis has a limited contribution to the mechanism that generates HSN. Objective. To
determine the canal response to head shaking in BPPV. Patients and methods. This was a case-control study including 104
individuals with BPPV. The diagnosis was based on the presence of vertigo and nystagmus during the positional test.
Subjects were examined by the horizontal and vertical head-shaking test. Eye movements were recorded on a video camera
to analyze the nystagmus. The head was shaken passively in the horizontal and sagittal planes, respectively, for horizontal
and vertical HSN at a frequency of 2 Hz. HSN was considered when six consecutive beats of nystagmus with an SPV of at
least 28/s were detected. Main outcome measures were the presence of horizontal and vertical HSN, maximum SPVof HSN,
time constant of HSN, and canal paresis. Results. Maximum SPV of vertical HSN was higher in BPPV patients with
posterior canal BPPV (n�10) than in controls (p�0.04). Moreover, the time constant of vertical HSN was significantly
lower for posterior canal BPPV when compared with controls (pB0.02).

Keywords: Head-shaking nystagmus, case-control studies, BPPV, vestibular testing, video-oculographic examination,

vestibular system

Introduction

Benign paroxysmal positional vertigo (BPPV) is the

most common vestibular disorder and its diagnosis

and treatment are based on the features of positional

nystagmus [1,2]. It is defined by spells of positioning

vertigo and nystagmus of short duration that are

elicited by turning of the head in the plane of

the affected semicircular canal [3]. There are three

clinical variants: posterior, horizontal, and anterior

canal BPPV, the most frequent being the involve-

ment of the posterior canal [4,5]. The diagnosis of

posterior canal BPPV is based on the observation of

a torsional and up-beating nystagmus during the

Dix-Hallpike (DH) test [1,6].

According to the hypothesis for explaining the

positional nystagmus, the vestibular lithiasis can

affect any of the three semicircular canals. High

density particles could be either free-floating in the

canal (canalithiasis) or they could be found adhered

to the cupula of the crista ampullaris (cupulolithia-

sis). These mechanisms can explain the features of

the positional nystagmus (geotropic or apogeotropic,

latency and duration) [7�12].

The head-shaking test was initially described by

Vogel [13]. This passive high frequency rotation of

the head is usually performed in the horizontal and

sagittal planes. The head-shaking test can evoke a

transient nystagmus, which is usually horizontal,

monophasic, and beats towards the labyrinth with

more caloric excitability. Sometimes, the nystagmus

can be biphasic, which means that the nystagmus

changes direction as it decays. In 1951, Moritz [14]

and later, Kamei et al. [15], proposed horizontal

head-shaking nystagmus (HSN) as a diagnostic

tool for vestibular dysfunction, but later experiences

have demonstrated that its sensitivity can change
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according to different vestibular disorders, recording

methods, and evaluation criteria. The sensitivity of

the test can be increased with video-oculography or

scleral coil techniques and it decreases with Frenzel

glasses, electronystagmography, or direct observa-

tion [16].

There are several mechanisms to explain the

generation of HSN [17,18]. (i) An asymmetric

peripheral input and a central velocity storage

mechanism. The biphasic response was obtained in

patients with complete unilateral arreflexia. The first

phase was explained by the second Ewald’s law

resulting from vestibular asymmetry and the velocity

storage mechanism, whereas the secondary phase of

biphasic HSN is produced by the second Ewald law

and the vestibular adaptation of the preserved side

[17]. (ii) Directional asymmetry of the central

velocity storage mechanism. (iii) Asymmetric per-

ipheral dynamics, such as high viscosity, that affect

endolymph movement [17,19]. (iv) Asymmetric

proprioceptive inputs from neck muscles, as has

been shown for vibration-induced ocular torsion and

nystagmus [20].

Our working hypothesis is that vestibular lithiasis

may affect the endolymph dynamics and the canal

response to head shaking by setting up an asym-

metric response and produce an ipsilateral mono-

phasic HSN. To test this hypothesis, we compared

the ocular response to head shaking in patients with

BPPV with a control group.

Patients and methods

Subjects

A prospective case-control study was carried out in a

series of individuals with BPPV. The case group

consisted of 104 consecutive adults (37 males, 67 fe-

males) with a clinical diagnosis of BPPV. Clinical

diagnosis was carried out by positional testing: DH

test and head-hanging maneuver, for anterior and

posterior canal, respectively, and lateral turning of

the head in supine position for the lateral canal. The

control group consisted of a sample of 50 age- and

sex-matched individuals who did not have a history

of hearing loss or vertigo and agreed to participate in

the study. Physical examination was performed in all

individuals (patients and controls) and included

otoscopy, 256 and 512 Hz Rinne and Weber tests,

pure tone audiometry (250�8000 Hz), and a basic

neurotologic examination (oculomotor, saccades,

head-impulse test, cranial nerve examination, and

Romberg, Barany and Fukuda tests). Individuals

with a hearing loss�30 dB in any frequency tested

or an abnormal neurotologic examination were

excluded from the control group.

Experimental protocol

The video-oculographic (VOG) examination in-

cluded spontaneous nystagmus (SN) in the primary

position of the eye, horizontal and vertical HSN,

positional testing (DH test for the lateral canal and

head-hanging maneuver for the anterior canal), and

water bithermal caloric testing. The criteria for

diagnosis of BPPV during the positional testing

comprised the observation of: (1) up-beating and

torsional nystagmus for the posterior canal during

the DH test with reversal of nystagmus on rising

from the DH position; (2) horizontal direction-

changing nystagmus for the lateral canal during the

DH test or the roll test � the affected side was

decided on the basis of the higher maximum SPV

and vertigo severity; (3) down-beating nystagmus

during the DH test or the head-hanging maneuver.

All the individuals with down-beating nystagmus

were evaluated by a gadolinium-enhanced cranial

MRI to rule out a structural central nervous system

(CNS) disease.

A caloric test by using a Variotherm Plus model

water irrigator (Atmos, Berlin, Germany) was per-

formed on each subject, with a water flow of 250 ml/

20 s at 308C and 448C with an interval of 10 min

between successive irrigations. All irrigations were

performed with the head and trunk elevated 308
above horizontal. The percentage of canal paresis

and directional preponderance was calculated using

the Jongkees index formula on the difference of

maximal slow-phase velocity [21]. The values for the

normal limits of canal paresis and directional pre-

ponderance in our laboratory were 28%.

Eye movement recording

Horizontal and vertical eye movements were re-

corded by a charge-coupled device (CCD) camera

adapted to goggles (SMI, Berlin, Germany) in

complete darkness. The camera was adapted in the

contralateral eye to the side of testing to minimize

the movement of the camera during the DH test.

Video image analysis software was used to analyze

the eye response. Recording time was 60 s for SN

or HSN and 120 s for the caloric response. Max-

imum slow phase velocity (SPV) was determined by

the software and SPV values obtained in the caloric

test were compared with normal values for our

laboratory. The default parameters for the discrete

analysis of the nystagmus were: minimum accelera-

tion 5008/s2, minimum velocity of the fast phase 508/
s, minimum amplitude of the fast phase 18, mini-

mum amplitude of the slow phase 18, and maximum

slow phase duration 50 ms.

Spontaneous nystagmus was considered signifi-

cant if six consecutive beats with an SPV of 28/s were

Head-shaking nystagmus and BPPV 1247
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recorded. The HSN test was performed with the

patient in a sitting position with the head anteflexed

to 308. The head was then shaken passively in the

earth horizontal and sagittal planes, respectively, for

horizontal and vertical HSN, by the examiner at 458
for 30 cycles with a frequency of 2 Hz. After the

head movement stopped, nystagmus was recorded

for at least 1 min. HSN was considered present when

it fulfilled the following criteria: (i) at least six

consecutive beats of nystagmus; (ii) a latency from

the end of head-shaking of no more than 5 s; (iii) an

SPV of at least 28/s. HSN was quantified according

to its maximal SPV and qualitatively categorized into

monophasic or biphasic. The cases of biphasic HSN

were classified according to their first phase. The

time constant of the HSN was calculated using a

least-squares linear fit of the relationship between

the log of slow-phase velocity and time [17].

Treatment

Patients were treated by the positional treatment

according to the canal involved. The particle repo-

sitioning maneuver (PRM) or Epley’s modified

maneuver was used for posterior and anterior canals

[1]; Lempert’s maneuver was used for the lateral

canal [5]. Written information was made available to

the patients and informed consent was obtained for

all of them after explaining the purpose of the study.

The ethical and research committee of the hospital

approved this research study.

Statistical analysis

Variables studied were SN, horizontal or vertical

HSN, positional nystagmus, canal paresis, and

directional preponderance. All were categorized as

present or absent in both groups and the odds ratio

(OR) with 95% confidence intervals were calculated

for each variable. Significant differences were deter-

mined by the x2 method with Yates’ correction.

Fisher’s exact test was used if any value obtained in

the 2�2 table wasB5. Maximum SPV and time

constant of horizontal and vertical HSN were

compared between patients and controls by ANOVA

(analysis of variance) and non-parametric t tests.

Regression analysis was used to relate maximum

SPV of HSN and positional nystagmus and time

constant of HSN with canal paresis. pB0.05 was

considered significant.

Results

The mean age of the individuals in the BPPV group

was 56.9914.8 (mean9standard deviation, range

20�81). Fifty-nine patients had a posterior canal

variant, 23 cases presented a lateral canal affected

(17 geotropic, 6 apogeotropic direction-changing

nystagmus), and 22 cases an anterior canal variant.

The mean age of the 50 individuals (25 men, 25 wo-

men) in the control group was 55.0911.5 (range

34�74).

Spontaneous nystagmus (SN)

An SN was found in 22/104 (21%) individuals with

BPPV (8 left, 7 right, 6 up, 1 down). The percen-

tages of individuals with SN were not statistically

different in the two groups (OR�1.97 (95% con-

fidence intervals, 0.7�5.9), p�0.25). In the control

group, SN was observed in 6/50 (12%) individuals.

Subjects with SN were excluded from both groups to

facilitate HSN evaluation.

Horizontal HSN

Table I presents the results of the head-shaking test,

the caloric response, and the canals’ occurrence in

patients with BPPV. The head-shaking test produced

a monophasic response in 15/20 patients and bipha-

sic HSN in 5 cases (Figure 1a). In controls,

monophasic HSN was found in 10/12 individuals.

Horizontal head-shaking test elicited nystagmus

in 20/82 (24%) patients with BPPV and in 12/44

(27%) cases in the control group. There was no

difference in the frequency of horizontal HSN

between patients and the control group (OR�0.86

(0.35�2.15), p�0.88).

To analyze the effect of the canal affected in

the head-shaking response, we compared if the

Table I. Horizontal and vertical head-shaking nystagmus (HSN) frequency in patients with benign paroxysmal positional vertigo (BPPV)

and a control group*.

BPPV variant Spontaneous nystagmus Horizontal HSN Vertical HSN Canal paresis Directional preponderance

Posterior canal 13/59 (22%) 13/46 (28%) 11/46 (24%) 10/59 (17%) 13/59 (22%)

Horizontal canal 3/23 (13%) 4/20 (20%) 3/20 (15%) 2/23 (9%) 14/23 (60%)

Anterior canal 6/22 (27%) 3/16 (19%) 1/16 (6%) 4/22 (18%) 3/22 (15%)

Total 22/104 (21%) 20/82 (24%) 15/82 (18%) 16/104 (15%) 30/104 (29%)

Control group 6/50 (12%) 12/44 (27%) 5/44 (11%) 2/50 (4%) 6/50 (12%)

*Patients with spontaneous nystamus were excluded to evaluate HSN.

1248 J.A. Lopez-Escamez et al.
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rotational plane of the head-shaking test (horizontal

or vertical) generates a different response in patients

with vertical (anterior or posterior canals) or hor-

izontal BPPV. Horizontal head-shaking test pro-

duced a horizontal ipsilateral beating nystagmus in

4/20 (20%) patients with horizontal canal BPPV,

whereas it elicited nystagmus in 12/44 (27%) in the

control group (OR�0.67 (0.15�2.76), p�0.75).

Vertical HSN

Vertical head-shaking test produced a nystagmus in

15/82 individuals with BPPV (18%) and in 5/

44 cases in the control group (11%). There was no

difference in the frequency of vertical HSN between

patients and the control group (OR�1.75 (0.54�
6.0), p�0.44.

Vertical head-shaking test produced a nystagmus in

12/62 (19%) cases of vertical canal BPPV (Figure 1b)

and it was observed as frequently in patients with

anterior or posterior canal BPPV as in the control

group (OR�1.87 (0.55�6.72, p�0.40).

Maximum SPV of HSN

Figure 2 shows the response to horizontal head

shaking in a subject with BPPV. The maximum

SPV profiles of horizontal HSN fit to a log function.

Table II presents the features of HSN in BPPV

patients according to the canal variant. The ampli-

tude of HSN reflects the initial maximum SPV of

HSN; the SPV of the horizontal component of

horizontal HSN obtained were 11.698.1 (n�11),

14.3911.7 (n�3), and 9.395.3 (n�5; mean9

standard deviation), for posterior, anterior, and

horizontal canal BPPV, respectively.

In the posterior canal variant, the SPV of the

horizontal component of horizontal HSN (n�11)

was not significantly different from SPV values

obtained in the controls (n�12, t�1.05, p�0.31).

However, the SPV of the vertical component of

vertical HSN was higher in BPPV patients with

posterior canal BPPV (n�10) than in control

subjects (n�5, t�2.29, p�0.04).

Figure 1. (a) Eye response (left horizontal nystagmus) to hor-

izontal head shaking in a patient with a left posterior canal BPPV.

(b) The same eye response was obtained after vertical head

shaking.

Figure 2. Horizontal head-shaking nystagmus of a subject with posterior canal BPPV. Individual slow phases, uncorrected for spontaneous

nystagmus are plotted.

Head-shaking nystagmus and BPPV 1249
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Time constant of HSN

Table III summarizes the time course of horizontal

and vertical HSN and the caloric response in each

subject. No differences were found in the time

constant of horizontal HSN (HTc) between patients

with posterior canal BPPV and controls (t��0.16,

p�0.88). However, the time constant of vertical

HSN (VTc) was significantly reduced in individuals

with posterior canal BPPV (n�10) when they were

compared with the control group (t�2.29, p�0.04).

Bithermal caloric test

In the BPPV group, the caloric test showed a

horizontal canal paresis in 14/86 of cases (16%;

8 ipsilateral, 6 contralateral), and a directional

preponderance in 16/104 (15%; 8 ipsilateral, 8

Table II. Features of horizontal and vertical head-shaking nystagmus (HSN) in the BPPV (n�86) and control groups (n�50).

Subjects H HSN V HSN

BPPV type SPV Direction Time SPV Direction Time

Posterior canal

1 R 13.7 R 53 19.3 R 34

*2 R 3.8 R 42 3.4 L 16

3 L 9.6 L 18 9.7 L 47

4 R�L 6.3 R 44 � � �
5 R � � � 5.5 R 41

6 L 10.3 L 7 5.8 L 49

*7 L 10.2 R 7 5.4 L 12

8 R 4.8 R 19 8.8 L 17

9 R 4.6 D 44 19.9 D 25

10 R�L 18.3 L 17 � � �
*11 R 31.8 L 10 19.2 L 22

*12 R 13.7 R 30 17.9 U 51

Mean9SD 11.698.1 26.5916.8 11.596.8 31.4914.9

Anterior canal

13 R 5.2 L�D 55 5.0 L 20

14 R�L 10.3 R 36 � � �
15 R 27.5 R 9 � � �
Mean9SD 14.3911.7 33.3923.1 5.0 20

Horizontal canal

16 R � � � 11.4 R 33

17 R 17.6 R 18 � � �
18 R 12.5 R 15 7.9 U 46

19 R 2.3 R 36 � � �
20 R 5.3 R 53 � � �

*21 R 8.7 R 8 � � �
22 L � � � 8.8 D 40

Mean9SD 9.395.3 26.0915.3 9.491.8 39.796.5

Control

1 18.9 D 15 � � �
2 4.4 L 33 � � �
3 2.5 R 18 2.3 R 37

4 3.4 R 28 � � �
5 10.1 L 55 � � �
6 � � � 2.5 R 24

7 7.8 L 43 � � �
8 7.0 D 27 � � �
9 8.3 R 15 � � �
10 8.7 L 21 � � �
11 16.7 L 21 � � �
12 10.3 L 20 � � �
13 5.8 L 15 � � �
14 � � � 7.5 L 56

15 � � � 11.0 R 30

16 � � � 2.1 R�D 55

Mean9SD 8.694.9 25.9912.4 5.194.0 40.4914.5

H, horizontal; V, vertical; SPV, slow phase velocity; R, right; L, left; U, up; D, down.

*Patients with biphasic horizontal HSN.

1250 J.A. Lopez-Escamez et al.
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contralateral). In the control group, there were two

individuals (4.5%) with a borderline canal paresis

(29% in both cases) and six individuals with direc-

tional preponderance. The percentage of subjects

with canal paresis was significantly different between

BPPV and control groups (OR�4.36 (0.96�19.78),

p�0.03, Fisher test). In addition, the directional

preponderance was observed more frequently in

BPPV than in controls (OR�2.97 (1.07�8.68),

p�0.03).

Relationship between HSN and canal paresis

Six patients with vertical BPPV had a positive HSN

and canal paresis, whereas 52 patients with vertical

BPPV did not have HSN or canal paresis (OR�3.90

Table III. Time constant of SPV for horizontal component of horizontal HSN (HTc) and vertical component of vertical HSN (VTc) in the

BPPV and control groups.

Subjects H HSN V HSN

BPPV type HTc Direction CP VTc Direction

Posterior canal

1 R 17.2 R 8 9.79 R

*2 R 26.8 R 9 11.1 L

3 L 6.8 L 51 17.6 L

4 R�L 20.4 R 2 � �
5 R � � �3 20.5 R

6 L 2.6 L �66 23.7 L

*7 L 2.6 R 18 6.1 L

8 R 10.3 R �5 6.7 L

9 R 24.6 D �20 7.12 D

10 R�L 4.9 L 11 � �
*11 2.5 L �46 6.34 L

*12 9.8 R �11 15.1 U

Mean9SD 11.799.1 20.8921.3 11.497.4

Anterior canal

13 R 28.4 L�D �23 10.3 L

14 R�L 13.5 R 0 � �
15 R 2.3 R �37 � �
Mean9SD 14.7913.1 3099.9 10.3

Horizontal canal

16 R � � 35 11.6 R

17 R 5.3 R �7 � �
18 R 5.1 R 13 18.9 U

19 R 36.8 R 15 � �
20 R 27.1 R �24 � �

*21 R 3.2 R �5 � �
22 L � � NA 15.7 D

Mean9SD 15.5915.4 16.5911.3 15.493.7

Control

1 6.0 R 10 � �
2 18.9 L 3 � �
3 16.7 R �3 37.8 R

4 19.5 R �28 � �
5 20.3 L 0 � �
6 � � 7 22.31 R

7 17.83 L �19 � �
8 11.82 D 10 � �
9 6.0 R �29 � �
10 8.3 L 4 � �
11 6.3 L �21 � �
12 7.3 L 10 � �
13 7.2 L �4 � �
14 � � 5 23.7 L

15 � � 1 10.6 R

16 � � 7 63.1 R�D

Mean9SD 12.195.9 10.199.2 31.5920.1

CP, canal paresis; H, horizontal; V, vertical; SPV, slow phase velocity; R, right; L, left; U, up; D, down.

*Patients with biphasic horizontal HSN.

Head-shaking nystagmus and BPPV 1251
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(0.94�16.4), p�0.04). The overall frequency of

HSN in vertical canal BPPV with canal paresis was

43%. For the 23 cases with horizontal canal BPPV

variant, there was no case with HSN and canal

paresis and 10 individuals did not have canal paresis

or HSN (OR�0, p�0.48). However, there was

no relationship between the frequency of HSN

and canal paresis in the control group (OR�2.82

(0�115), p�0.47, for horizontal HSN; OR not

calculable for vertical HSN).

The time constant for horizontal HSN was not

related to canal paresis in either posterior or hor-

izontal canal BPPV (r�0.22 for posterior canal and

r�0.42 for horizontal canal) or in the control group

(r��0.12, all p�0.05). Hence, the time cons-

tant for vertical HSN did not show a significant

correlation with canal paresis in posterior canal

BPPV (r�0.17, p�0.651). The number of cases

with anterior canal and HSN was too low for a

reliable regression analysis.

Discussion

The dynamic properties of HSN have been exam-

ined in patients with BPPV. It is thought that HSN

reflects a directional imbalance of the VOR in the

2�3 Hz frequency range. During high acceleration

head rotations, the excited side mainly generates the

VOR, either because the nonlinear pathway of the

inhibited side is driven into inhibitory cut-off [22],

or by the existence of a directional asymmetry [19].

The nystagmus appears after head oscillation has

stopped if the directionally asymmetric response has

been stored during head shaking to be discharged

thereafter. Although biphasic HSN is considered the

basic response [17], it is the least frequent in our

BPPV and control group and in most series

[18,23,24]. If the first phase of HSN depends on

the second Ewald law and on the velocity storage

system, it could be deduced that small asymmetries

would not be sufficient to produce the first phase of

HSN. In this study, we found that horizontal HSN

was observed in 27% of healthy individuals and

vertical HSN in 11% of cases, respectively.

Our study is the first to investigate the dynamics of

canal response to head shaking in BPPV and it

demonstrates that HSN is not more frequent in

patients with BPPV than in healthy subjects. How-

ever, the maximum SPV of HSN was significantly

higher in patients with posterior canal BPPV than in

controls. In addition, the mean time constants of

vertical HSN (VTc) were reduced for posterior canal

patients when they were compared with the control

subjects. However, the mean time constant for

horizontal HSN (HTc) did not differ in posterior

canal BPPV from controls. These findings suggest an

impairment of vertical canal function in posterior

canal BPPV.

Hence, the asymmetric peripheral input in the

plane of the canal affected during the positional test

(the inertial effect of debris in the canal), has a

significant effect on the mechanism of generation of

HSN in posterior canal BPPV. The unexpected

finding of our study is that HTc for horizontal canal

BPPV did not differ between patients and controls.

This could be because the BPPV stimulus is too

weak or its frequency too low to charge the velocity

integrator in horizontal canal BPPV. In addition, a

limited unilateral vestibular lesion of low degree

affecting the semicircular canals could produce

adaptive changes in the velocity storage system by

the action of the commissural pathways in such a

way that the canal dynamics would remain as if there

were a single central labyrinth, that would equalize

the VOR in the two rotational directions of the canal

plane [25]. It has been shown that dynamic proper-

ties of positional nystagmus are different among

posterior, anterior, and horizontal canal BPPV

[26,27]. So, the second Ewald law effect should be

small in horizontal canal BPPV because the asym-

metric BPPV stimulus is probably too weak (either

because of the low inertial effect of canalith or

vertical canals are away from the plane of head

shaking) to charge the velocity integrator and gen-

erate the HSN.

The major limitation of the study is the low

number of BPPV patients with HSN. Only 21 pa-

tients had HSN (20 horizontal and 15 vertical), 13

were posterior canal, 4 horizontal canal, and 3 ante-

rior canal variants. These findings limit the study of

the relationship of the time constants of HSN with

the degree of canal paresis in anterior (n�3) and

horizontal canal BPPV (n�6).

HSN reflects a high frequency gain asymmetry in

medial vestibular nuclei. This mechanism might be

the same as that proposed by Halmagyi et al. for

the development of isolated directional preponder-

ance of caloric nystagmus [21]. In the absence of

spontaneous nystagmus, a left�right difference in the

sensitivity of the horizontal canal mechanoreceptors

or a difference in the resting activity of type I medial

vestibular nucleus neurons cannot explain a direc-

tional preponderance. Furthermore, the resting

activity of left and right medial vestibular nucleus

must be the same if the patient does not have

spontaneous nystagmus. According to these authors,

an isolated directional preponderance could reflect

an asymmetry in dynamic gain between medial

vestibular nucleus neurons on either side (asymme-

try to rotational stimulation without spontane-

ous nystagmus or canal paresis). As directional

preponderance, HSN might reflect an asymmetry

1252 J.A. Lopez-Escamez et al.
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in dynamic sensitivity between left and right medial

vestibular nucleus neurons, suggesting an ongoing or

uncompensated vestibular lesion [24].

Palla et al. analyzed the influence of gravity on

SPV of horizontal HSN in patients with unilateral

vestibular hypofunction and found that HSN is best

elicited when patients are lying on their affected ear

[28]. This suggests a gravity-dependent mechanism

that indicates an interaction between otolith and

horizontal semicircular canal signals. BPPV is a

gravity-dependent condition and position in bed

seems to be involved in the pathophysiology of

BPPV, since many patients experience attacks when

they are moving in bed. It has been shown that the

side affected by BPPV correlates with the preferred

position in bed in patients with posterior canal BPPV

[29] and it is possible that BPPV predominantly

involves the right ear because most persons prefer to

sleep in the right lateral supine position [30].

To elicit HSN, the brainstem network that tran-

siently accumulated the vestibular velocity informa-

tion, the velocity storage system [31], must be

operative to receive and accumulate the input that

predominantly comes from the dominant ear

[32,33]. We have found HSN in subjects with

BPPV, so the central velocity storage system must

be at least partially functioning in these individuals.

We suggest that despite the position of vertical canals

458 away from the plane of head shaking, the mass of

free-floating otoconial debris associated with cana-

lolithiasis is enough to change the canal response to

vertical head shaking in posterior canal BPPV and it

makes a significant contribution to the generation of

HSN by reducing its time constant.

Conclusion

Time constant and maximum SPV of HSN demon-

strated a differential canal response to head shaking

in posterior canal BPPV when they were compared

with controls. We suggest that vestibular lithiasis has

a limited contribution to the mechanism that gen-

erates HSN.
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