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ARTICLE INFO Abstract

Dysfunction in the vestibular system caused unbalanced behavioral responses, 
but the experimental measurements often failed to elucidate their relations to its 
orientation in the vestibular neural information. To overcome these problems, the 
Directional Preference (DP) of canal- and otolith-related neurons was suggested, and its 
underlying neural mechanism was explained in this paper. To construct the vestibular 
imbalance, Unilateral Labyrinthectomy (UL) was given as a common model for the 
overall explanation. Based on the alteration in the DP, the ambiguity in the behavioral 
tests could be overcome, and expected to identify the neuronal characteristics to lead the 
alteration in the neural responses.
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Opinion
The vestibular imbalance fails to control the ocular movements 

and the postural adjustments, and its sensation is initiated in the 
labyrinth [1-3]. The Semicircular Canals (SC) and Otoliths (OT) in 
the labyrinth sense the head rotation and the linear translation, re-
spectively, and the related neural information is sent to the vestibu-
lar nuclei (VN) [3]. In VN, then, the vestibular information is heavily 
convergent with other sensory and motor signals from other sys-
tems [1,2,4-7]. The labyrinth possesses three SCs and two OTs, and 
each of them is neuroanatomically connected to the same structure 
at the opposite side through the commissural pathways [8,9]. Ba-
sically, all SCs and OTs perform their functions in pairs. According 
to the accumulated neuroscientific results, the neural responses 
to the external kinetic stimulations were generated based on the 
mechanical movement by their hair cells [3,4]. The inertial force 
was generated by the opposite flow of the endolymph to the head 
moving direction, and the exerted pressure deflected the cupula 
and stereocilia in SC and OT, respectively [3,4]. Their open deflec-
tions excited the connected afferent neurons, and a Unilateral Lab-
yrinthectomy (UL) targeted the physical damages on the hair cells.

The damaged hair cells produced some abnormal behaviors 
related with the postural balance and the voluntary movement, los-
ing the neural signals from the lesion side. In SC, the orientation 
of hair cells is consistent with the plane by the pair of SCs, and all 
cells in each side are polarized to the same direction. For instance, 
the rightward head rotation increased the firing rate in the right 
SC while the same head movement decreased that in the left SC. 
After right UL, the ipsi-preferred neurons lost their dominance in 
the neural signals, and the dominance in the directional preference 
became opposite. Once the lesion side was shifted, the dominance 
in the directional preference was also inversed. Therefore, the di-
rectional preference in SC was determined by the lesion side. On 
the other hand, OT has a complex structure in the generation of the 
neural signals. Anatomically, the otolith-related neurons receive the 
kinetic stimulation through the hair cells in the utricle, which has 
a macule, and it is divided into two parts (pars medialis and pars 
lateralis) by a thin stripe (striola). Based on the structural separa-
tion, both parts have different number of hair cells; two third for 
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pars medialis and one third for pars lateralis [3]. The linear head 
translation to the left activates the neurons connected to pars me-
dialis, and those related with pars lateralis increase their firing rate 
as linear translation to the right [3,4]. Thus, the dominant neuro-
nal response, like directional preference, is constructed by the hair 
cells related with pars medialis [4,10,11]. Due to the anatomical 
complexity, the dominance of the directional preference was oppo-
site to that for SC. 

After right UL, the ipsi-preference was dominant direction, and 
the contra-preference was major direction after left UL. Again, the 
directional preference in OT was also affected by the lesion side, 
and the damages on the vestibular end organ was clearly shown 
by the neuronal response of the directional preference. Moreover, 
the dominance in the directional preference was led by a neuronal 
characteristic. According to our experimental results, the direction-
al preference in OT was mainly governed by the combined neural 
signals with the SC and the OT information. On the other hand, 
the directional preference in SC was led by the pure signals from 
SC or OT information. Vestibular malfunction induced various be-
havioral responses, and it has been widely adopted in human and 
animal experiments to understand the vestibular roles for the pos-
tural and motional balance. However, many behavioral tests rarely 
identify the exact vestibular dysfunction, and it required more tests 
for the model evaluation. Considering the neural origination of the 
abnormal behaviors, the neural response after the vestibular loss 
would be a direct assessment for the condition with the vestibular 
dysfunction. Especially, the directional preference in the neural re-
sponses was generated by the neuroanatomical basis, and it could 
be the direct indication for the vestibular dysfunction.
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