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Cerebral hemodynamic responses to the sensory conflict between visual and rotary stimulus:
Analysis with a multichannel Near-Infrared Spectroscopy (NIRS) system.
( FBERHE EEHERTERRE DR —BMN KRR EMFREE IS RIFTEZE- INIRS (2 & 5HF)
Nghia Trong Nguyen, Department of Otorhinolaryngology, Head and Neck Surgery

Background.

The postural instability or vertiginous sensation was formed by the sensory conflict and it
was originated from differences between the input information received by the visual and
vestibular receptors. In humans, the cortical activations related to the visual or vestibular
information processing have been investigated separately using functional MRI (fMRI). The
results showed that the vestibular inputs elicited the activation of the regions related to visual
flow processing including the medial superior temporal area (MST) and the ventral intra-
parietal area (VIP), including temporoparietal junction (TPJ), posterior parietal cortex (PPC),
somatosensory cortex and hippocampus. Because of movement restrictiveness for head rotation,
fMRI is not suitable for the experiment of head rotatory (vestibular) stimulation. So, it is still
unclear how these regions work during sensory conflict between visual and vestibular inputs in
humans. To circumvent these limitations, we evaluate the cortical hemodynamic responses in
the sensory conflict between visual and horizontal rotatory stimulation using functional near-
infrared spectroscopy (fNIRS). It is the functional, non-invasive neuroimaging technique,
suitable to analyze task-related cortical activity during motion. We would expect the changes in
cortical activities in and around the TPJ including bilateral upper parts of the temporal lobe,
the parietal lobe, posterior parts of the frontal lobe.

Methods.

There were 14 healthy men (aged 25.8+8.2 years, all right-handed) were enrolled in this
study who had no medical history of ear disease, vertigo, and head injury. The visual-vestibular
stimulator (OKN/VOR stimulator; First Medicals Co. Ltd, Tokyo, Japan) consisted of a rotatory
chair, cylindrical screen and projector were used. We could control the speed of the rotatory
chair and select the direction of horizontal movement of visual stimulation (black and white
stripes) which were identical or opposite to that of rotatory chair. Two kinds of the rotatory
direction of the chair ("Right to Left" or opposite) and two kinds of visual stimulations
(“Congruent” and “Incongruent”) were combined. In “Right to Left” vestibular stimulation, the
chair was accelerated to rotate to the right side in 3 degree/sec? for 20 sec and then rotated in
the same velocity for 80sec. After that, the chair was decelerated to rotate in 3 degree/sec? for
20sec. Then, the rotatory chair accelerated to the opposite side in 3 degree/sec for 20 sec,
rotated in a constant angular velocity (60 degree/sec) for 80 sec, decelerated in 3 degree/sec? for
20 sec, and stopped for 80 sec. In “Congruent” visual stimulation, the strips were accelerated or
decelerated in the opposite rotatory direction of the rotatory chair. In “Incongruent” visual
stimulation, the stripes were accelerated or decelerated in the same rotatory direction of the
rotatory chair. Four conditions were made from the combination of the direction of rotatory
chair and visual stimulation (.e. Condition 1:’Right” vestibular and “Congruent” visual
stimulation; Condition 2:“Left” vestibular and “Congruent” visual stimulation; Condition
3:“Right” vestibular and “Incongruent” visual stimulation; Condition 4:“Left” vestibular and
“Incongruent” visual stimulation). Self-assessment of the strength of vertiginous uncomfortable
sensation during the acceleration phase was performed after each task (Visual Analog Scale:
VAS).

Two portable fNIRS imaging systems (LIGHTNIRS; Shimadzu Co., Ltd, Kyoto, Japan) were
used to measure cerebral hemodynamics and we recorded a total of 46 channels (“NIRS
channel”). The recording areas were composed to the bilateral ventral part of supra parietal
lobule (vSPL), infraparietal sulcus (IPS), supramarginal gyrus (SMG), anglar gyrus(AG),
posterior supratemporal gyrus(pSTG), parietal operculum(p-OP), frontal operculum (f-Op),
ventral part of pre- and postcentral gyrus (PrG and PoG), posterior middle temporal gyrus
(pMTG) and ventral third visual association area (V3).




We analyzed changes in Oxy-Hb concentration as cerebral hemodynamic activity. The NIRS-
statistical parametric mapping (SPM) software was used to perform the group statistical
analysis of the activated cortical regions in each test condition. We also analyzed the correlation
between hemodynamic activity and the strength of subjective vertiginous sensation (VAS score)
in each condition.

Results.

Subjective vertiginous sensation: The result of the statistical analysis indicated that the
strength of subjective vertiginous sensation in the incongruent condition was significantly larger
than that in the congruent condition (P=0.032, paired t-test). Furthermore, both VAS scores in
congruent and incongruent conditions have positively significant correlation (R=0.86342,
Pearson correlation coefficient), suggesting that subjects had different sensitivity of vertigo for
visual and vestibular stimulation.

Analyses of the NIRS data: As for the results of the group statistical analysis of NIRS Oxy-
Hb, the topographical maps indicated significant activation in the left ventral primary
somatosensory area (S1) and the right ventral part of SMG (vSMG) in Condition 1. Small part
of the left vSMG was activated in condition 2. Bilateral vSMG, ventral part of AG and right
pMTG were activated significantly in Condition 3. Bilateral vSMG, pSTG, pMTG, right AG were
activated significantly in Condition4.

Correlation analysis between vertical activation and subjective vertiginous sensation:
Negative correlation between T-value and subjective vertiginous sensation was shown in the
results based on Spearman’s rank coefficient test. In dorsal part of left SMG, negative correlation
was found in Condition 1 (p=0.0033) and Condition 3 (p=0.0033). In dorsal part of right SMG
(p=0.0046) and left pSTG (p=0.0244), negative correlation was found in Condition 4. There was
no significant correlation in condition 2.

Discussion and Conclusions.

Incongruent visual stimulation strongly enhanced hemodynamic activity in the posterior
part of the MTG (pMTG). This area may be homologous to the middle temporal area (MT) and
the medial superior temporal area (MST) in monkey. Dorsal MST neurons respond to both optic
flow and translational movement. In addition, these neurons respond to rotation with
incongruent visual and vestibular inputs. These results suggest that the pMTG activated in this
study might be involved in detection of sensory conflict between visual and vestibular
stimulation in human MST.

Bilateral ventral SMG (vSMG) and the posterior STG (pSTG) around the limb of the Sylvian
fissure was activated in incongruent visual stimulation (Conditions 3 and 4). These areas
correspond to the PIVC which receives multimodal information including vestibular, visual and
proprioceptive inputs in monkey. In addition, the PIVC is strongly interconnected with other
vestibular cortical areas. These results suggested that bilateral human TPJ activation in the
present study might reflect altered perception of head position and movements in incongruent
visual-vestibular conditions.

Negative correlation was found between the hemodynamic activity in bilateral dorsal part of
the SMG (dSMG) in and around the infraparietal sulcus (IPS) and subjective vertiginous
sensation in the incongruent visual stimulation (Condition 3 and 4). Greater activities in the
dSMG induces weaker subjective vertiginous sensation during visual-vestibular sensory conflict.
In monkeys, the ventral intraparietal area (VIP), located in the fundus of the IPS, receives
multimodal information: (1) vestibular information from the PIVC, (2) vestibular and
somatosensory information from the vestibular neck subregions in areas 3a and 2, (3) visual
information from the MT and MST complex, and (4) somatosensory information from the S1
area. In addition, the monkey VIP neurons represented vestibular heading in an egocentric
(body-centered) reference frame in a body-fixed gaze condition that corresponds to the present
experimental situation, which might result in flexible transformation of the spatial reference
frame to egocentric. The subjects, who could not flexibly switch reference frames during sensory
conflict, might feel vertiginous sensation.
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