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patial orientation in relation to the gravitational axis is significantly important for the maintenance

of the posture, gait and for most of the human’s motor activities. The subjective visual vertical exam
evaluates the individual’s perception of vertical orientation.

vestibular function
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Objectives: The aims of this study were (1) to develop a virtual system to evaluate the subjective
visual vertical exam, (2) to provide a simple tool to clinical practice and (3) to assess the subjective
visual vertical values of h ealthy subjects using the new software. Study Design: observational
cross-sectional study.

Methods: Thirty healthy volunteers performed the subjective visual vertical exam in both static and
dynamic conditions. The exam consisted in adjusting a virtual line in the vertical position using the
computer mouse. For the static condition, the virtual line was projected in a white background. For
the dynamic condition, black circles rotated in clockwise or counterclockwise directions. Six mea-
surements were taken and the mean deviations in relation to the real vertical calculated.

Results: The mean values of subjective visual vertical measurements were: static -0.372°% + 1.21;
dynamic clockwise 1.53° + 1.80 and dynamic counterclockwise -1.11° + 2.46.

Conclusion: This software showed to be practical and accurate to be used in clinical routines.
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INTRODUCTION

The spatial orientation in relation to the Earth’s
gravitational axis is significantly important for the
maintenance of the posture, gait and for most of the
human’s motor activities. This spatial orientation is
done through the integration of four different sensory
inputs: the interoceptive, visual, somatosensory and
vestibular systems'®.

Generally, this multisensory integration presents
several recognized benefits such as the improvement
in accuracy, precision or reaction times promoted by
the simultaneous presentation of two or more sensory
cues during sensory discrimination tasks. In addition,
the information provided by one single sensor is often
ambiguous and can be resolved only by combining
cues from multiple sensory sources®’. Specifically, the
involvement of this multisensory integration in the re-
presentation of verticality has been suggested and the
role of visual and vestibular information in verticality
perception has been widely investigated>”#1%13,

The perceptions that represent the subjective
spatial perceptions of verticality are evaluated by the
subjective haptic vertical, subjective postural vertical,
subjective straight ahead and subjective visual vertical
(SVV)118 The subjective haptic vertical is determined
by manipulating a wooden or metal bar into the earth-
-vertical position with the subjects’ eyes closed. The
subjective haptic vertical is driven by haptic perception
originated from the stimulation of mechanoreceptors
in the skin, muscles, tendons and joints in the process
of the manual exploration of the bar in space”*b.
The subjective postural vertical is assessed with the
subjects seated on a tiltable chair that is capable of
rotating in a particular plane and is immobilized by
lateral stabilization to prevent postural reactions. The
subjects inform, in absence of vision, when they feel
their body oriented in the vertical position. The sub-
jective postural vertical relies on information originated
from graviceptors of the trunk and also from informa-
tion from head and neck receptors'®'®. The subjective
straight ahead is assessed by asking the subjects to
point to the position they perceive as straight ahead
and represents an egocentric reference framework!>*.
Finally, the SVV is assessed by asking the subject to
align a luminous bar in the vertical position, without
any reference of the real vertical, in the complete
darkness'?!#,

The SVV is a valid clinical exam and the devia-
tions of the luminous bar in relation to the gravity’s

vertical axis are measured in degrees?®. This capaci-
ty to judge whether the bar is aligned with the real
vertical or not, depends on the integrity of visual
and vestibular otolithic information*®!1112152225 n the
visual information, there is a dissociation of ventral
and dorsal processing streams based on the neural
mechanisms involved in judging the identity or location
of a target, respectively'®?. In the visual cortex, the
orientation preference of cells are systematically orga-
nized. The cells that respond to a particular orientation
are arranged in columns perpendicular to the cortical
surface and adjacent columns responding to similar
orientations*?. The vestibular information involves
the static gravitational orientation and cephalic linear
accelerations movements, with consequent maintenan-
ce of posture and balance'™'#?'. The otolithic organs
provide subconscious postural reflexes and contribute
to the perception of spatial orientation®. Information
originated in the otolith organs travel through the
vestibulocochlear nerve over the vestibular nuclei to
several central nervous system regions to assist the
postural control, balance, eye movements coordination
and head position®**?'. It has been reported that the SVV
tilts are a sensitive sign of the vestibular dysfunction,
especially the otoliths, and are present in peripheral
or central disorders in any location of vestibular pa-
thways, from the labyrinth to vestibular cortex*421:32,

The dynamic SVV test consists of the same exam
as the static SVV (adjusting the virtual line in the verti-
cal position without any reference of the real vertical),
with addition of continually rotating visual stimulus in
the background. It has been described that following
a rotation of the peripheral visual field, people expe-
rience a sensation of apparent self-motion in general®.
SVV measurements show that SVV values are tilted
during dynamic stimulation in the same direction of
the rotation in a stationary observer. Therefore, the
dynamic SVV reflects a process of substitution of ves-
tibular signals by visual signals®. It has been reported
that during space flights the relative contribution of the
visual input was enhanced profoundly in microgravi-
ty*, demonstrating a plasticity in the contribution of
the different sensory modalities to the determination
of the SVV°.

Several clinical studies investigated the influen-
ce of different diseases, such as Parkinson’s disease,
stroke and multiple sclerosis, in the visual perception
of verticality**3*%. SVV tilts after stroke have been
shown to be a consequence of lesions involving cen-
tral vestibular pathways (brainstem, thalamus, cortex),
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sensory pathways (thalamus, sensory cortex), and le-
sions in regions concerned with visuospatial analysis
such as parietal lesions**¥. Patients with Parkinson’s
disease present an orientation much more variable than
matched-controls and the increased dependence on
vision for the SVV task could be related to putamen
atrophy present in Parkinson’s disease patients®#3.
Patients with multiple sclerosis also present abnor-
mal SVV and it could be due to the involvement of
brainstem and cerebellar structures that are common-
ly observed in patients with multiple sclerosis®.
Patients with sudden unilateral peripheral vestibular
dysfunction typically present the SVV deviations to
the same side of the vestibular lesion*#*. It suggests
the maintenance of the ocular tilt reaction ipsilateral
to the vestibular disorder**-#. In patients with central
dysfunctions, tegmental pontomedullary brainstem le-
sions cause SVV ipsilateral deviations. In the presence
of tegmental pontomesencephalic lesions, contralateral
SVV deviations can be observed*%. Additionally, pos-
terolateral thalamus or parieto-insular vestibular cortex
unilateral lesions can cause ipsilateral or contralateral
SVV deviations®.

The SVV is a widely used modality to assess
verticality perception in both research and clinical
practice. However several apparatus have been pro-
posed to assess the SVV. Some authors assessed the
SVV with a subjective haptic vertical mechanical device
composed of a circular background filled with circles
and a bar, which the subject have to position in the
vertical direction. Named haptic SVV, this method
permits the assessment of static SVV (static disk) and
dynamic SVV (rotating disk)>%. However, this method
provides somatosensory information that is additional
sensory information used to perform the task and, as
a consequence, it generates results that do not accu-
rately assess and isolate the involved sensory system.
Other device usually used is a laser line projected onto
a screen, where the angle of the line’s deviation can
be read out®. Nevertheless, this technique does not
allow the dynamic test.

Based on these gaps of previous SVV appa-
ratus, the aim of this study was to develop a virtual
system to simplify this evaluation and provide a simple
and flexible tool to clinical practice. The software deve-
loped in the current study will increase the accessibility
to the professionals specialized in otolithic function
and human balance disorders, improving the treatment
of these affections. In addition, the fact of being a
computational tool allows this exam to be explored

in different configurations for visual stimulation, and
thus new studies could be developed.

METHOD

Development of the software

The software development was made in Qt3
which is a C++ class library and a set of tools to build
multiplataform GUI (Graphical User Interface) pro-
grams, and the interface with the user was elaborated
using Qt designer of Trolltech. The operating system
used was Linux.

The graphical structure of the software was
based on the QCanvas class from the Qt library that
offers a high level performance for applications that
need intensively graphical paintings.

The main stimulation interface (Figure 1) con-
sisted in a white background and a row of seven red
circles. The row of seven red circles s always aligned
to simulate a line of 11 cm that the subjects are sup-
posed to align in the vertical position. When the line
is moved, it rotates in both directions (clockwise and
counterclockwise) with the center of rotation localized
in the middle of the line.

Figure 1. Display of the software interface showing the stimulation
environment.
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The use of a row of circles instead of a rectangle
or a needle was due to the fact that the tilted line in
the monitor is not smooth enough for the application,
presenting changing in the geometry according to the
tilt angle. These facts could give some clues of the tilt
angle and therefore make the whole evaluation biased.

Two extra tabs have been added to the software.
The first one was to inform data of the subject that
will be examined. The second one was to show the
results in degrees of each measurement of an evalua-
tion. The precision for the measurement of the angle
was set at 0.1 degree.

The exam

The SVV exam consisted in adjusting a virtual
line composed by a row of seven red circles in the ver-
tical position using the computer mouse. The right but-
ton turned the line into the clockwise (CW) direction,
the left one turned into the counterclockwise (CCW)
direction and it could be controlled by the either exa-
miner or the subject. The screen was showed in full
screen mode (Figure 2 A-B) and a tube was used to
deprive the volunteer from any external visual refe-
rences (Figure 3 A-B). The tube connected the screen
to the subject’s face and was 30 cm long, with 30 cm
of diameter with an opaque black inner part in order
to avoid reflectance. This way, the visual angle pre-
sented was 20.14° and the exam was also performed
in a completely dark room to avoid any visual cue.

The SVV was assessed in both static and dynamic
conditions. For the static condition, the screen projec-
ted just the row of red circles in a white background
with no other visual stimulus. For the dynamic condi-
tion, in addition to the row of seven circles in a white
background, to provide the dynamic visual stimuli, the
screen also projected black circles in random positions
and sizes rotating in CW or CCW direction, determined
by the examiner. The black circle’s angular velocity
could be easily changed by the examiner by pressing
the keyboard, than its corresponding value was shown
in the left upper corner. The up key increased and
the down key decreased the angular velocity. In the
present study, it was used an angular velocity of 30°/s.

The subjects remained in a seated upright po-
sition. They were oriented to rotate the bar using the
computer mouse and to inform the examiner when per-
ceived the line in the vertical position. Therefore, when
the subject was satisfied with the line’s orientation, the
examiner executed a command through the keyboard to
store the angle deviation and the software automatically

B

Figure 2. A: The representation of the visual excitation in full screen.
For the dynamic condition. B: The representation of the visual excitation
in full screen. For the static condition.

random the next initial position of the line. By conven-
tion, the angular deviations of the virtual line were defi-
ned as positive if tilted CW and negative if tilted CCW in
relation to the real vertical. To minimize the learning
effect, each subject performed five static SVV measu-
res previous to the real assessment, which were not
included in the results of this study. For each condition
(static SVV, clockwise dynamic SVV and counterclo-
ckwise dynamic SVV), six measures were performed
and the final result was determined by the mean value
of these measurements*>#%. Once they completed the
eighteen measurements, a message that the test was
finished appeared in the screen and the results were
automatically saved in a text form archive with the
same name of the evaluated subject.

Subjects

Thirty healthy volunteers, 23 female (76.7%),
aged between 20 and 35 years (mean age 24.17 +
3.9) performed the SVV exam with a neck brace to
prevent cephalic inclinations (Figure 3)*°. The exclu-
sion criteria were: history of vestibulopathy or any
previous sensation of dizziness or vertigo, migraine,
neurologic or metabolic disease. Those who wore
visual corrective lenses performed the exam using
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B

Figure 3. A: The SVV exam is performed in the position shown. B: A
dark tube is connected to the monitor so the exam is made with no
external references.

it. All subjects consented to be a part of this project
according to the Institution’s Ethics Committee under
the process number 364/2008.

Data Analysis

The mean value of the six measurements®>#4
was used for the data analyses, which were performed
with SPSS (Statistical Package for Social Sciences) Sof-
tware 17.0 for Windows. After Shapiro-Wilk test, the
variables of static SVV and CW dynamic SVV presented
normal distribution and were analyzed with Student-
-t test. The variables of CCW dynamic SVV did not
present normal distribution and were analyzed with
Mann-Whitney U test. In all tests, the criterion for sta-
tistical significance was two-tailed and set at a < 0.05.

RESULTS

Table 1 presents the mean values and the stan-
dard deviation (SD) of both static and dynamic SVV.

The mean deviation during the static SVV was -0.372° +
1.21. During clockwise dynamic SVV, the mean devia-
tion was 1.53° + 1.80 and during the counterclockwise
dynamic condition was -1.11° + 2.46.

Table 1. Mean values and SD in each SVV condition

Condition Deviation (°)

Static SVV -0.372° = 1.21
Clockwise Dynamic SVV 1.53° = 1.80
Counterclockwise Dynamic SVV -1.11° £ 2.46

SVV: Subjective Visual Vertical.

DISCUSSION

Recently, new methods of vestibular system
evaluation were introduced in clinical routine, trans-
forming the investigation of vestibule-ocular reflexes
originated on otolithic macula more clarifying'®. Thus,
the acquisition of further information about the otolith
end organs functionality generates a more precise di-
agnosis and consequently proper treatment. Among
these assessments, the determination of the SVV is a
simple and low cost assessment of otolithic function®®.

It is well established that normal values of static
SVV in the healthy population vary from -2.0° to +2.0°,
where the positives signs corresponds to tilts in the
clockwise direction and the negative sign, tilts in the
counterclockwise direction®'®'*5!, Therefore, in the
present study, the volunteers presented means that
can be considered normal.

For dynamic SVV, it has been already described
that, when the subject is in the upright position, the
rotatory visual flow with a constant angular velocity
causes an angular deviation of the SVV in the same
direction as the visual flow™>*2 It is believed that after
rotation of the peripheral visual field, the individual
experiences a sensation of apparent self-motion®.
Since the SVV deviations of the present study were
tilted towards the same direction as the black circles
rotation (dynamic stimulus), it is notable that the
software developed provokes the same visual flow
effect of previous studies>*>* and, therefore, capable
to assess dynamic SVV.

However, the analysis of the results obtained in
the dynamic SVV is more complex since it involves
multivariate cortical processes and the apparatus and
protocols used to investigate this perception are not
standardized yet. In the literature, the diameter of the
disk used to promote the rotational visual stimulus
is not established as well as the angular velocity of
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the background stimulus>?*#47. It shows that the im-
provement of standardized protocols in the vertical
perception is essential. Otherwise, different results
that apparently indicate different processes in the hu-
man body are in fact due to differences between the
protocol and the equipment used.

The measurement of the SVV is a clinical param-
eter for the detection of the central and peripheral ves-
tibular diseases and central nervous system lesions>"33.
Thus, it is important for clinicians to have appropriate
equipment to perform this exam. Recently, a study
developed a simple apparatus to perform SVV using a
bucket, which was found to be a reliable and simple
bedside test>. Nevertheless, this SVV evaluation can
only be controlled by the examiner, otherwise, hap-
tic information would be provided from the superior
limbs if the subject holds the bucket. With the software
developed by the current study, it is possible for the
subjects to move the virtual line without significant
haptic information. Moreover, this software also can
easily be used in clinical routines.

An additional advantage is that this SVV software
can be attached to a virtual-reality equipment, associat-
ing the analysis of static and dynamic paradigms for
the motor and sensory systems. Since the perception
of verticality interacts with many other systems of the
postural control, the possibility of associating the SVV
exam to motor and sensory assessments reveals a great
interest. Furthermore, this software can also be used
for functional Magnetic Resonance Imaging (MRID)
studies in SVV. This application involves the employ-
ment of MRI to measure the hemodynamic response
of the stimulus that, in this case, will be provided by
the software. Therefore, this practical software will
also enable to identify which brain structures related
with the visual vertical perception®.

CONCLUSION

The software developed and described in this
study has shown to be practical and accurate to be
inserted in the clinical exams routine. Additionally, it
has the advantage of potentially be used in conjunc-
tion with other diagnostic equipment (e.g. MRID) and
it does not provide haptic information to the patient,
making the SVV measurement more accurate than
several SVV assessment tools available.

ACKNOWLEDGMENTS

This project was supported by the Brazilian
foundations FAPESP (Fundagdo de Apoio a Pesquisa

do Estado de Sdo Paulo), CAPES (Coordenagdo de
Aperfeicoamento de Pessoal de nivel Superior) and
CNPq (Centro Nacional de Pesquisa).

REFERENCES

1. Anastasopoulos D, Bronstein AM. A case of thalamic syn-
drome: somatosensory influences on visual orientation. J
Neurol Neurosurg Psychiatry. 1999;67(3):390-4.

2. Mazibrada G, Tariq S, Pérennou D, Gresty M, Greenwood
R, Bronstein AM. The peripheral nervous system and the
perception of verticality. Gait Posture. 2008;27(2):202-8.

3. Barbieri G, Gissot AS, Fouque F, Casillas JM, Pozzo T, Pé-
rennou D. Does proprioception contribute to the sense of
verticality? Exp Brain Res. 2008;185(4):545-52.

4. Kanashiro AM, Pereira, CB, Maia FM, Scaff M, Barbosa ER.
Subjective visual vertical evaluation in normal Brazilian
subjects. Arq Neuropsiquiatr. 2007;65(2B):472-5.

5. Kobayashi H, Hayashi Y, Higashino K, Saito A, Kunihiro T,
Kanzaki J, et al. Dynamic and static subjective visual vertical
with aging. Auris Nasus Larynx. 2002;29(4):325-8.

6. Pavan TZ, Colafemina JF, Tedeschi W, Carneiro AAO. Virtual
apparatus to study the subjective visual vertical. International
Summer School and Symposium on Medical Devices and
Biosensors. Sept 4-6; 2000.

7. Sharpe JA, Kumar S, Sundaram AN. Ocular torsion and
vertical misalignment. Cur Opin Neurol. 2011;24(1):18-24.

8. Aspell JE, Wattam-Bell J, Atkinson J, Braddick OJ. Differential
human brain activation by vertical and horizontal global
visual textures. Exp Brain Res. 2010;202(3):669-79.

9. Green AM, Angelaki DE. Multisensory integration: resolving
sensory ambiguities to build novel representations. Cur Opin
Neurobiol. 2010;20(3):353-60.

10.Pérennou DA, Mazibrada G, Chauvineau V, Greenwood R,

Rothwell J, Gresty MA, et al. Lateropulsion, pushing and

verticality perception in hemisphere stroke: a causal rela-

tionship? Brain. 2008;131(Pt 9):2401-13.

Barra J, Marquer A, Joassin R, Reymond C, Metge L, Chauvi-

neau V, et al. Humans use internal models to construct and

update a sense of verticality. Brain. 2010;133(Pt 12):3552-63.

Vingerhoets RA, De Vrijer M, Van Gisbergen JA, Medendorp

WP. Fusion of visual and vestibular tilt cues in the perception

of visual vertical. ] Neurophysiol. 2009;101(3):1321-33.

13. Lorincz EN, Hess BJ. Dynamic effects on the subjective visual
vertical after roll rotation. ] Neurophysiol. 2008;100(2):657-
69.

14.Schuler JR, Bockisch CJ, Straumann D, Tarnutzer AA. Pre-
cision and accuracy of the subjective haptic vertical in the
roll plane. BMC Neurosci. 2010;11:83.

15.Sharpe JA. What's up doc? Altered perception of the haptic,
postural and visual vertical. Neurology. 2003;61(9):1172-3.

16.Saeys W, Vereeck L, Bedeer A, Lafosse C, Truijen S, Wuyts
FL. Suppression of the E-effect during the subjective visual
and postural vertical test in healthy subjects. Eur J Appl
Physiol. 2010;109(2):297-305.

17.Karnath HO, Ferber S, Dichgans J. The origin of contraver-
sive pushing: evidence for a second graviceptive system in
humans. Neurology. 2000;55(9):1298-304.

11.

12.

BRAZILIAN JOURNAL OF OTORHINOLARYNGOLOGY 78 (5) SEPTEMBER/OCTOBER 2012
http://www .bjorl.org / e-mail: revista@aborlccf.org.br

56



18. Walter E, Dassonville P. Visuospatial contextual processing
in the parietal cortex: an fMRI investigation on the induced
Roelofs effect. Neuroimage. 2008;42(4):1686-97.

19.Richard C, Rosseaux M, Saj A, Honoré J. Straight ahead in
spatial neglect: evidence that space in shifted, not rotated.
Neurology. 2004;63(11):2136-8.

20.8Saj A, Honoré J, Richard C, Coello Y, Bernati T, Rosseaux M.

Where is the “straight ahead” in spatial neglect? Neurology.

20006;67(8):1500-3.

Mittelstaedt H. Origin and processing of postural information.

Neurosci Biobehav Rev. 1998;22(4):473-8.

Trousselard M, Cian C. Contribution of somesthethic cues

to the perception of body orientation and subjective visual

vertical. Percept Psychophys. 2003;65(8):1179-87.

Goto F, Kobayashi H, Saito A, Hayashi Y, Higashino K, Ku-

nihiro T, et al. Compensatory changes in static and dynamic

subjective visual vertical in patients following vestibular
schwanoma surgery. Auris Nasus Larynx. 2003;30(1):29-33.

Koelewijn L, Dumont JR, Muthukumaraswamy SD, Rich

AN, Singh KD. Induced and evoked neural correlates of

orientation selectivity in human visual cortex. Neuroimage.

2011;54(4):2983-93.

25.Hubel DH, Wiesel TN. Shape and arrangement of columns
in cat’s striate cortex. J Physiol. 1963;165:559-68.

26.Hubel DH, Wiesel TN, Stryker MP. Anatomical demonstration
of orientation columns in macaque monkey. ] Comp Neurol.
1978;177(3):361-79.

27.Reid RC, Alonso JM. Specificity of monosynaptic connections
from thalamus to visual cortex. Nature. 1995;378(6554):281-4.

28.Ferster D, Chung S, Wheat H. Orientation selectivity of
thalamic input to simple cells of cat visual cortex. Nature.
1996;380(6571):249-52.

29. Bohmer A, Mast F. Assessing otolith function by the subjective
visual vertical. Ann N'Y Acad Sci. 1999;871:221-31.

30.Dieterich M. Central vestibular disorders. J Neurol.

2007;254(5):559-08.

Grande G, Bui TV, Rose PK. Distribution of vestibulospinal

contacts on the dendrites of ipsilateral splenius motoneurons:

an anatomical substrate for push-pull interactions during
vestibulocollic reflexes. Brain Res. 2010;1333:9-27

Pavlou M, Wijnberg N, Faldon ME, Bronstein AM. Effect of

semicircular canal stimulation on the perception of the visual

vertical. ] Neurophysiol. 2003;90(2):622-30.

Dichgans J, Held R, Young LR, Brandt T. Moving visual

scenes influence the apparent direction of gravity. Science.

1972;178(4066):1217-9.

34. Bronstein AM, Yardley L, Moore AP, Cleeves L. Visually and
posturally mediated tilt illusion in Parkinson’s disease and in
labyrinthine defective subjects. Neurology. 1996;47(3):651-6.

35.Rosenhall U. Degenerative patterns in the aging human ves-
tibular neuro-epithelia. Acta Otolaryngol. 1973;76(2):208-20.

36. Bonan IV, Guettard E, Leman MC, Colle FM, Yelnik AP. Sub-
jective visual vertical perception relates to balance in acute
stroke. Arch Phys Med Rehabil. 2006;87(5):642-6.

37.Bonan IV, Hubeaux K, Gellez-Leman MC, Guichard JP, Vicaut
E, Yelnik AP. Influence of subjective visual vertical misper-

21.

22.

23.

24.

31.

32.

33.

ception on balance recovery after stroke. J Neurol Neurosurg
Psychiatry. 2007;78(1):49-55.

38. Barnett-Cowan M, Dyde RT, Fox SH, Moro E, Hutchison WD,
Harris LR. Multisensory determinants of orientation percep-
tion in Parkinson’s disease. Neuroscience. 2010;167(4):1138-
50.

39.Crevits L, Venhovens J, Vanoutrive J, Debruyne J. False
perception of visual verticality in multiple sclerosis. Eur J
Neurol. 2007;14(2):228-32.

40.Serra A, Derwenskus J, Downey DL, Leigh RJ. Role of
eye movement examination and subjective visual verti-
cal in clinical evaluation of multiple sclerosis. J Neurol.
2003;250(5):569-75.

41.Vibert D, Hiusler R, Safran AB. Subjective visual vertical
in peripheral unilateral vestibular diseases. J Vestib Res.
1999;9(2):145-52.

42.Kim HA, Hong JH, Lee H, Yi HA, Lee SR, Lee SY, et al. Oto-
lith dysfunction in vestibular neuritis: recovery pattern and a
predictor of symptom recovery. Neurology. 2008;70(6):449-
53.

43.Faralli M, Ricci G, Molini E, Longari F, Altissimi G, Frenguelli
A. Determining subjective visual vertical: dynamic versus
static testing. Otol Neurotol. 2007;28(8):1069-71.

44.Dieterich M, Brandt T. Ocular torsion and tilt of subjective
visual vertical are sensitive brainstem signs. Ann Neurol.
1993;33(3):292-9.

45.Zwergal A, Cnyrim C, Glaser M, Fesl G, Brandt T, Strupp
M. Unilateral INO is associated with ocular tilt reaction
in pontomesencephalic lesions: INO plus. Neurology.
2008;71(8):590-3.

46.Dieterich M, Brandt T. Thalamic infarctions: differential
effects on vestibular function in the roll plane. Neurology.
1993;43(9):1732-40.

47.Gomez Garcia A, Jauregui-Renaud K. Subjective assessment
of visual verticality in follow-up of patients with acute ves-
tibular disease. Ear Nose Throat J. 2003;82(6):442-4.

48.Kumagami H, Saino Y, Baba A, Fujiyama D, Takasaki K,
Takahashi H. Subjective visual vertical test in patients with
chronic dizziness without abnormal findings in routine ves-
tibular function tests. Acta Otolaryngol Suppl. 2009;562:46-9.

49.Faralli M, Longari F, Ricci G, Ibba MC, Frenguelli A. Influence
of extero- and proprioceptive afferents of the plantar surface
in determining subjective visual vertical in patients with
unilateral vestibular dysfunction. Acta Otorhinolaryngol Ital.
2009;29(5):245-50.

50.Funabashi M, Silva NN, Watanabe LM, Santos-Pontelli TE,
Colafémina JF, Carneiro AA, et al. The use of a neck brace
does not influence the visual vertical perception. Arq Neu-
ropsiquiatr. 2011;69(3):509-12.

51.Bohmer A, Rickenmann J. The subjective visual vertical
as a clinical parameter of vestibular function in peripheral
vestibular diseases. J Vestib Res. 1995;5(1):35-45.

52.Dichgans J, Diener HC, Brandt T. Optokinetic-graviceptive
interaction in different head positions. Acta Otolaryngol.
1974;78(5-6): 391-8.

BRAZILIAN JOURNAL OF OTORHINOLARYNGOLOGY 78 (5) SEPTEMBER/OCTOBER 2012
http://www .bjorl.org / e-mail: revista@aborlccf.org.br

57



53.Brandt T, Dieterich M, Danek A. Vestibular cortex le- 54.Zwergal A, Rettinger N, Frenzel C, Dieterich M, Brandt T,
sions affect the perception of verticality. Ann Neurol. Strupp M. A bucket of static vestibular function. Neurology.
1994;35(4):403-12. 2009;72(19):1689-92.

55.Dieterich M. Functional brain imaging: a window into the
visuo-vestibular systems. Curr Opin Neurol. 2007;20(1):12-8.

BRAZILIAN JOURNAL OF OTORHINOLARYNGOLOGY 78 (5) SEPTEMBER/OCTOBER 2012
http://www .bjorl.org / e-mail: revista@aborlccf.org.br
58



	Software for subjective visual vertical assessment: an observational cross-sectional study
	INTRODUCTION
	METHOD
	Development of the software
	The exam
	Subjects
	Data Analysis

	RESULTS
	DISCUSSION
	CONCLUSION
	ACKNOWLEDGMENTS
	REFERENCES


