
Abstract Sixteen patients affected by benign paroxysmal
positional vertigo of the horizontal semicircular canal
(BPPV-HSC) were investigated by means of dynamic
posturography (DP) and during bithermal caloric stimula-
tion. Data were compared to data from 40 patients with
benign paroxysmal positional vertigo of the posterior
semicircular canal (BPPV-PSC) and 20 healthy controls.
No postural deficit was observed before or after a libera-
tive Lempert’s manoeuvre when patients were compared
to control subjects. BPPV-PSC postural scores were sig-
nificantly impaired compared to scores from the BPPV-
HSC group. A residual significant postural impairment
was also observed after a successful liberative manoeuvre
in the BPPV-PSC group. Electronystagmographic record-
ings before recovery revealed significant hypoexcitability
of the affected ear in 8/16 patients of the BPPV-HSC
group. After the liberative manoeuvre, a symmetric bilat-
eral response to caloric stimulation was recorded in all pa-
tients. Three main conclusions can be drawn from the pre-
sent data. First, disorders of the horizontal semicircular
canal do not change postural control. Second, dynamic
posturography can detect the postural imbalance due to
posterior semicircular canal dysfunction even after resolu-
tion of paroxysmal vertigo attacks. Third, utricular dys-
function can be ruled out as a cause of the residual pos-
tural deficit observed in BPPV-PSC patients. Therefore
the recovery delay observed even 1 month after the liber-
ative manoeuvre in the BPPV-PSC-group might be due to
the persistence of small amounts of residual debris in the
canal, to paralysis of ampullar receptors, or to the time
needed for central vestibular re-adaptation.
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Introduction

Benign paroxysmal positional vertigo (BPPV) is a com-
mon peripheral vestibular disorder that is clinically char-
acterized by positional paroxysmal nystagmus. A deficit
of postural control is usually present and has been docu-
mented by many different tools [2, 7, 8, 14, 15, 25].

A liberative manoeuvre significantly relieves paroxys-
mal symptoms of BPPV-posterior semicircular canal
(BPPV-PSC) [20] and significantly improves postural
control, as demonstrated by means of static [3] and dy-
namic posturography [6]. However, incomplete postural
recovery was recorded in a previous paper and we sug-
gested that it could be due to altered otolithic function
[12, 23]. This deficit, as hypothesised for otolithic post-
traumatic vertigo [4], is probably caused by the unequal
loads of the utricular macula beds resulting from detach-
ment of the clot floating in the semicircular canal.

If this hypothesis were true, the same postural deficit
should be present in patients affected by BPPV-horizontal
semicircular canal (BPPV-HSC) but, as far as we know,
no paper in the literature deals with this topic. In order to
evaluate postural control in BPPV-HSC and to verify the
presence of the utricular dysfunction hypothesized in
BPPV-PSC we have studied postural control in BPPV-
HSC and the vestibular labyrinthine function.

Subjects and methods

Sixteen patients (nine women, mean age 48.7 years, and seven
men, mean age 58.5) affected by BPPV-HSC underwent complete
clinical neuro-otologic evaluation, including pure-tone audiome-
try, tympanometry, dynamic posturography, bithermal caloric test
and auditory evoked potentials. Spontaneous, positional and posi-
tioning nystagmus using Frenzel’s glasses and video-oculography
were investigated.

The diagnosis of BPPV-HSC was based on the following fea-
tures: history of brief episodes of vertigo induced by rolling the
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head from side to side while supine, a linear horizontal nystagmus
toward the lower ear when the head of the supine patient was
rapidly turned from side to side, beating stronger toward the af-
fected ear, with short latency, poorly fatigable and lasting 30 to 90
seconds [1, 13, 16, 17, 18] (Fig.1). Patients with a history, symp-
toms, physical findings or laboratory tests indicating the presence
of central nervous system ocular motility or middle ear diseases
were discarded.

Data from these patients were compared to data from a control
group of 20 healthy normal subjects (mean age 45.2 years) and
from a group of 40 BPPV-PSC patients (mean age 43.3).

In patients presenting with apogeotropic variant nystagmus
[17, 21] directed toward the upperear when the head was rotated to

either side, a manoeuvre was performed to change the position of
the debris and the direction of nystagmus [5].

Electronystagmography was recorded during bithermal stimu-
lation before and after treatment.

The liberative manoeuvre for BPPV-HSC was the one sug-
gested by Lempert [10, 11] and named “barbecue rotation”. It con-
sists of a single 270° rotation around the supine patient’s yaw lon-
gitudinal axis, performed in rapid steps of 90° at 30 s intervals,
starting from the affected ear. After the manoeuvre, as recom-
mended by Nuti [16], we suggested to all patients that they should
lie on the healthy side during the following night [24].

The success of barbecue rotation for BPPV-HSC was indicated
by apogeotropic nystagmus when the patient’s head reached the af-
fected-ear-down position (five patients), or by the absence of
paroxysmal vertigo in the following 7 days.

In order to avoid possible interference caused by the diagnostic
manoeuvre, dynamic posturography (Equitest, Neurocom Int. Inc.,
Clackamas, Oregon) was performed 1 h later.
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Fig.1 Electronystagmographic recording shows the typical geot-
ropic nystagmus (NY) and slow phase velocity (SPV) of the left
horizontal canal paroxysmal positional vertigo

Fig.2 The six-test condition
of dynamic posturography



Postural control scores were recorded in six test conditions
(Fig.2) and sensory analysis was calculated on the relationship
among the equilibrium scores. This evaluation identifies the sen-
sory dysfunction and individual preference for different inputs: so-
matosensory, visual, vestibular and vision preferential.

The patients were re-assessed 1 month after the liberative ma-
noeuvre. Before and after recovery labyrinthine function was eval-
uated during bithermal stimulation.

Statistical analysis

All results are expressed as means ±1 SD. Analysis of variance
with repeated measures was performed and differences at P ≤ 0.05
were considered significant. The Scheffé test was used to make
paired comparison tests among controls and BPPV groups.

Results

Nystagmus and vertigo disappeared after the first treat-
ment in nine patients, and after the second liberative ma-
noeuvre in six patients, but in one patient the manoeuvre
caused the BPPV-HSC to change to ipsilateral BPPV-PSC.

Electronystagmographic recordings during bithermal
stimulation before treatment revealed significant hypoex-

citability of the affected ear in 8/16 patients. After the lib-
erative manoeuvre a symmetric bilateral response to caloric
stimulation was recorded in all patients.

No postural deficit could be observed in the BPPV-
HSC group before or after the Lempert manoeuvre in
comparison to controls. In the BPPV-PSC group signifi-
cant impairment of postural control, mainly confined to
the vestibular afferents, was present compared to controls
or the BPPV-HSC group.

After a successful liberative manoeuvre a residual pos-
tural deficit was also registered in the BPPV-PSC group
compared to controls (Tables 1, 2, 3).

Before the liberative manoeuvre 11 of 40 BPPV-PSC
patients failed during the test while no falls were observed
in the BPPV-HSC group before or after treatment.

The postural control of the BPPV-HSC patient who
changed to BPPV-PSC was normal before the Lempert
manoeuvre. A significant worsening of the postural score
was recorded after the onset of the BPPV-PSC.

Discussion

Utricular dysfunction has been documented in BPPV-PSC
by ocular counter-rolling (OCR) [12] and an eccentric ro-
tatory test [23]. This otolithic dysfunction induced by the
unequal loads of the macula beds has been considered re-
sponsible for the postural impairment following recovery
from paroxysmal vertigo in BPPV-PSC [6]. If such a hy-
pothesis were true, similar findings would also have been
found in BPPV-HSC patients. Instead, in the present study
normal postural scores were recorded before and after re-
covery, ruling out such a pathological mechanism.

An alteration in the dynamics of the semicircular
canals ensuing from the presence of a clot in the affected
canal must therefore be considered. Worsening of the pos-
tural score during paroxysmal vertigo attacks in a BPPV-
PSC group has been clearly demonstrated [9]. Hypofunc-
tion of the pathological horizontal semicircular canal in
BPPV-HSC patients, suggesting involvement of a canal,
was recorded in about half of our patients by means of
bithermal caloric stimulation. After recovery, responses
became symmetric and of normal magnitude [22]. The re-
versible ipsilateral caloric hypoexcitability can be ex-
plained by a functional plugging of the HSC caused by the
dislodged otolithic material, which would abolish the con-
vective current, as observed in squirrel monkeys [19] in
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Table 1 Sensory organization test and composite equilibrium
score in the three groups before the liberative manoeuvre. Values
are shown as mean ±1 SD and ANOVA with repeated measures.
n.s. not significant

Normal BPPV-PSC BPPV-HSC ANOVA

Composite 80.65 ± 0.69 64.65 ± 2.5 78.23 ± 5.54 n.s.
Somatosensory 0.98 ± 0.00 0.97 ± 0.01 0.98 ± 0.04 n.s.
Visual 0.89 ± 0.01 0.74 ± 0.05 0.83 ± 0.11 n.s.
Vestibular 0.71 ± 0.01 0.48 ± 0.05 0.67 ± 0.11 n.s.
Preferential 1.00 ± 0.01 0.95 ± 0.03 1.01 ± 0.11 n.s.

Table 2 Sensory organization test and composite equilibrium
score in the three groups after liberative manoeuvre. Values are
shown as mean ±1 SD and ANOVA with repeated measures. n.s.
not significant

Normal BPPV-PSC BPPV-HSC ANOVA

Composite 80.65 ± 0.69 73.27 ± 1.74 80.3 ± 2.08 n.s.
Somatosensory 0.98 ± 0.00 1.00 ± 0.02 0.99 ± 0.03 n.s.
Visual 0.89 ± 0.01 0.81 ± 0.04 0.85 ± 0.03 n.s.
Vestibular 0.71 ± 0.01 0.68 ± 0.04 0.74 ± 0.02 n.s.
Preferential 1.00 ± 0.01 0.91 ± 0.02 0.98 ± 0.04 n.s.

Table 3 Scheffé test of sen-
sory analysis and composite
scores in controls (N), PSC
and HSC groups. n.s. not sig-
nificant

Group Composite Somato- Visual Vestibular Prefer-
sensory ential

N vs Pre-PSC 0.0005 0.07 0.002 0.0001 0.001
N vs Post-PSC 0.001 n.s. 0.007 0.001 0.001
N vs Pre-HSC n.s. n.s. n.s. n.s. n.s.
N vs Post-HSC n.s. n.s. n.s. n.s. n.s.
Pre-HSC vs Pre-PSC 0.001 n.s. 0.05 0.001 0.001
Post-HSC vs Post-PSC 0.01 n.s. 0.05 0.01 0.01
Pre-HSC vs Post-HSC n.s. n.s. n.s. n.s. n.s.
Pre-PSC vs Post-PSC 0.0001 0.003 0.0001 0.004
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which experimental plugging of the horizontal canal re-
duced the caloric response. Thus, we can assume that dys-
function of a canal is responsible for the postural deficit
detectable in BPPV-PSC patients [9, 25] and is the cause
of about 50% of reduced responses after caloric stimula-
tion in BPPV-HSC- patients [1, 13, 18]. The different fig-
ures may be due to the different sensitivity of posturo-
graphic and caloric tests and to the physiological differ-
ences between the horizontal and the posterior canals, as
is also suggested by the different fatigability and latency
of the paroxysmal nystagmus.

In conclusion, three main considerations can be drawn-
from the present data. First, BPPV-HSC does not affect
postural control. Second, dynamic posturography seems
able to detect postural imbalance due to posterior semicir-
cular canal dysfunction during and even after the resolu-
tion of paroxysmal vertigo attacks. Third, a role for utric-
ular dysfunction in the postural deficit observed in the
BPPV-PSC group can be ruled out. Therefore the recov-
ery delay observed even 1 month after the liberative ma-
noeuvre in the BPPV-PSC group might be due to the per-
sistence of small amounts of residual debris in the canal,
to paresis of ampullar receptors, or to the time needed for
vestibular re-adaptation after a peripheral vestibular disor-
der.
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