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Abstract Utricular dysfunction has been indirectly mea-
sured with subjective visual horizontal or vertical testing.
Video-oculography equipment with integrated head posi-
tion sensor allows direct evaluation of head tilt. The aim
was to assess head tilt after peripheral vestibular lesion by
recording tilting of the head after excluding visual cues
(static test condition), and after three lateral head tilts to
both sides [subjective head vertical (SHV)]. Thirty patients
with unilateral, peripheral vestibular loss were measured in
the acute state, and 3 months later. Twenty healthy, age-
and sex-matched subjects served as controls. Mean static
tilt of 2.6 § 1.1° in patients with acute vestibular loss
diVered signiWcantly from that of 1.0 § 0.4° in healthy sub-
jects (p = 0.004), and from that of 1.1 § 0.5° during the fol-
low-up visit (p = 0.008). The mean SHV of 3.4 § 0.7° in
patients with acute vestibular loss was signiWcantly more
than that of 1.2 § 0.5° in controls (p < 0.001). The SHV
towards the lesion was 4.9 § 1.0° while returning from the
lesion side and 2.0 § 1.0° while returning from the healthy
side. The SHV was deWnitely abnormal in 60%, moderately
abnormal in 20% and normal in 20% of the patients in acute
state. Abnormal SHV persisted in only 20% of the patients
indicating that recovery of the peripheral utricular function
is occurring within months. In summary, head tilts slightly
towards acute peripheral lesion, and this tilting is rein-
forced, when the head is actively moved on the lesion side.

Keywords Otolith · Utricle · Video-oculography · 
Dizziness · Vertigo · Head tilt

Introduction

Utricles sense linear acceleration in mainly horizontal
plane. Unilateral loss of utricular function causes ocular tilt
reaction consisted of head tilt, skew deviation, and eye tor-
sion towards the lesion. [1]. Asymmetry in utricular func-
tion has been quantiWed with subjective visual horizontal
(SVH) or subjective visual vertical (SVV) testing [2, 3]. In
these tests, a healthy subject can typically align illuminated
bar within two degrees of true earth horizontal or vertical in
total darkness. Instead, acute unilateral peripheral vestibu-
lar loss causes a moderate tilt of visual surroundings
towards the aVected side. This tilt of visual surroundings in
SVH and SVV has been shown to concur closely with eye
torsion, which is initiated by asymmetry of utricular input
in the level of vestibular nuclei [4].

Video-oculography (VOG) has increasingly replaced
other techniques in eye movement recordings during the
last decade [5, 6]. In addition to eye movement recording,
the position of the head may be monitored directly during
VOG recordings via sensor attached to the mask worn by
the patient. This continuous head position information
allows a novel technique to evaluate the head tilt as a part
of the VOG recording.

In the present study, we wanted to assess directly possible
head tilt after vestibular lesion by recording tilting of the
head in primary central position after excluding visual cues
(static test condition), and after lateral head tilts (dynamic
test condition) using a commercially available VOG. We
aimed also to quantify possible asymmetry in tilt, and if head
tilt correlates with other vestibular signs and symptoms.
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Subjects and methods

Patients

Thirty patients with acute unilateral vestibular loss (17
right-sided and 13 left-sided) were included. The patients
did not have any chronic otoneurological diseases or medi-
cations in their history. There were 12 men and 18 women
with a mean age of 48 (range 14–71) years. The patients
were admitted to inpatient ward of tertiary referral center
due to strong vertigo. Most patients were measured within a
mean of 3 days (range 1–9) after the onset of symptoms.
The diagnosis of vestibular neuritis was based on clinical
history and Wndings with typical peripheral nystagmus
without any central Wndings. Most suVered from vestibular
symptoms only, although additional hearing loss (neurolab-
yrinthitis) or facial nerve dysfunction (Ramsay-Hunt syn-
drome) was encountered in nine patients. Negative brain
imaging with CT or MRI was performed in majority of the
patients either acutely or during follow-up period to rule
out other causes. Clinical follow-up visit with a control test
was scheduled on average 3 months later.

Twenty healthy subjects without any otoneurological
diseases or medications were measured as controls. Their
mean age of 43 (range 27–62) years and sex distribution of
8 males and 12 females did not diVer signiWcantly from the
patient group.

The ethics committee of the Helsinki University Hospi-
tal approved the study, and each patient gave a written
informed consent.

Equipment and measurement

We recorded head position with a mask-mounted head
position sensor in a dimly lighted room (The 3-D VOG,
Version 5, Sensomotoric Instruments, Berlin, Germany).

The patients were prone and head straight ahead. Head
position was recorded in same order for each patient: the
patients were informed to keep their heads as straight as
possible in a dimly lighted test room with eyes uncovered.
Next, the subjects were instructed to maintain their head
position while the eyes were covered using usual VOG
mask cover. Possible tilting of the head after exclusion of
visual cues was monitored during following 30 s interval
(static tilt).

Dynamic part of the recording included three lateral tilts
of the head (30–40°) towards each shoulder for approxi-
mately 15 s, and thereafter, the patients were instructed to
return to head straight position for approximately 15 s. The
angle of head tilt after return to assumed straight head posi-
tion called SHV was measured at the end of the each posi-
tion. The mean deviation from the midline of three returns
was calculated for each side, and as a mean for both sides.

Subjective sensation

Subjective assessment of severity of dizziness, and quality
of life was performed in Wve grade scale.

Statistics

We used SPSS v. 17.0 software (SPSS Inc., Chicago, IL,
USA), and p value of <0.05 was considered statistically
signiWcant. The non-paired t test was applied to compare
the groups, and the Spearman correlation test was used for
correlations between subjective sensations and signs in ves-
tibular tests. Data are expressed as mean § 95% conWdence
interval.

Results

Static tilt of the head in controls was on average 1.0 § 0.4°.
Mean static tilt of 2.6 § 1.1° in patients with acute vestibu-
lar loss diVered signiWcantly from that of healthy subjects
(p = 0.004), and from their own control measurement of
1.1 § 0.5° during the follow-up visit (p = 0.008). Static tilt
was deWnitely abnormal in 37% (3° or more), moderately
abnormal in 23% (2–3°), and normal (<2°) in 40% of the
patients.

The mean SHV in patients with acute vestibular loss of
3.4 § 0.7° towards lesion side was signiWcantly more than
the mean tilt in controls of 1.2 § 0.5° (p < 0.001) (Fig. 1).
The SHV while returning from the lesion side was incom-
plete with a mean of 4.9 § 1.0°, and the head tilted towards
lesion side even while returning from the healthy side for
2.0 § 1.0°. In 80% of the patients, the SHV was greater
while moving on the lesion side. Until the follow-up visit,
the SHV had recovered to 1.7 § 0.7° (Fig. 1) (p = 0.23).

The SHV was deWnitely abnormal in 60% of the patients
in acute state, moderately abnormal in 20% and normal in

Fig. 1 Mean subjective head vertical angles § conWdence intervals in
patients with acute state (black square), during follow-up visit (open
square), and in controls (black triangle). The SHV in patients with
acute state was signiWcantly larger than that of during follow-up visit
and to that of controls (p < 0.001 for both comparisons).The SHV did
not diVer signiWcantly between the patients during follow-up visit and
the controls (p = 0.23)
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20% of the patients. No patients had a head tilt towards the
healthy side. After follow-up period of some months,
abnormal SHV was seen in only 20% of the patients.

Subjective sensation of dizziness decreased signiWcantly
from 3.1 § 0.4 to 1.4 § 0.4 during follow-up period
(p < 0.001). Quality of life score of 3.8 § 0.6 improved sig-
niWcantly to 1.7 § 0.5 (p < 0.001).

There was no association between the head tilt and sub-
jective sensations. Head tilt correlated signiWcantly with
asymmetry in gain of horizontal semicircular canal
(r = 0.87, p < 0.0001), and slow-phase velocity of the spon-
taneous nystagmus (r = 0.85, p < 0.0001) in patients with
the acute vestibular loss.

Discussion

The amount of head tilt after unilateral, peripheral vestibu-
lar lesion can easily be assessed using standard three-
dimensional VOG—equipment with an integrated head
position sensor. The head deviates slightly toward the side
of the lesion when visual input is blocked. This asymmetric
head tilt is strengthened when the head is actively leaned to
the lesion side and back. In the acute state, the head move-
ments on the healthy side are better controlled, although a
mild head tilt towards the lesion side can still be revealed.
SigniWcant head tilt could be detected in 80% of the
patients in acute state, but in only 20% of the patients some
months after the lesion indicating that recovery of the
peripheral utricular function is occurring within months for
most of the patients.

Ocular torsion correlates with perceived visual horizon-
tal after unilateral vestibular loss [4]. However, measure-
ment of eye torsion is complicated due to small and
variable gain of torsional eye movements. Prominent head
tilts are the common Wnding in rodents after unilateral ves-
tibular lesion [7]. On the contrary, head-based graviceptive
signals provide predominant input for visual vertical in
man, which explains that the head tilt after even total uni-
lateral vestibular loss may be diYcult to notice with inspec-
tion only in patients [8]. Simple and sensitive tools as used
in the present study to reveal even minor head tilt should
therefore be appreciated by clinicians [9].

Subjective head horizontal tilting seems to be well com-
parable to the subjective visual horizontal/vertical values
presented after acute unilateral vestibular loss. Depending
on the study design, the tilt of subjective visual has varied
from 2 to 10°, and the recovery has been fast for most of the
patients [2, 3, 10, 11]. The etiology, time interval from the
beginning, grade of the disease, patient population, and the
exact method used aVect the results. For example, the SVH
at 1 month declines to half of that at 1 week [4]. In the pres-
ent study, the patients with more severe loss of semicircular

canal function showed more head tilt than those with better
function, and SVH normalized during the follow-up period
in most of the patients. In the clinical setting, the SHV as
employed in present study may be easily added to standard
VOG test pattern. It does not require any extra, complex
device to be used for otolith examination.

Directional asymmetry in tilt responses has been
detected earlier by Bergenius et al. [12], who examined
subjective visual horizontal in unilateral vestibular loss
patients while tilted in chair. Their patients corrected the tilt
angle more insuYciently, when tilted on the diseased side,
and this feature prevailed for months in some patients. Our
Wndings of worse SHV after moving on the lesion side
agree with these Wndings indicating that the utricle on the
side of the tilt is predominant in sensing the gravity. During
head tilt neural population on one side of the striola is
excited, and the other is inhibited. The response from each
utricle is directionally asymmetric due to uneven amount of
hair cells on diVerent sides of the striola. As the total neural
input from lesion side is weaker, the utricle from the
healthy side drives the eyes and head towards the lesion
side.

In conclusion, utricular function displayed as head tilt
may be evaluated using commercial VOG with integrated
head position sensor. Acute peripheral loss of vestibular
function causes often a mild head tilt towards the lesion,
and in addition, head motion on the lesion side further
aggravates this inaccuracy of sensing gravitation.
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