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4.1.1 Video Head Impulse Test

• Overt saccade

• Covert saccade

• VOR gain











• For the calculation of the VOR gain, different algorithms are used; e.g., 
the angular eye velocity is divided by the angular head velocity at 60 
ms or the area under the curve of the eye angular velocity is divided 
by head angular velocity. bi

• VOR > 0.8 normal
< 0.7 unilateral peripheral vestibular deficit

bil VOR:
0.8~0.6 presbyvestibulopathy
< 0.6 bilateral vestibulopathy



4.1.2 Caloric Testing

• the vestibular paresis formula  

[((R 30° + R 44°) – (L 30° + L 44°)]/[(R 30° + R 44° + L 30° + L 44°))] × 100

• The directional preponderance formula 

[((R 33° + L 44°) – (R 44° + L 30°)]/[(R 30° + L 44° + R 44° + L 30°))] × 100

• mean peak slow phase velocity (mPSPV) <3° – 6°/s =>
pathological for a unilateral peripheral deficit

• the sum of the mPSPV for warm and cold irrigation is assumed to be <6°/s 
on each side => bilateral vestibulopathy (BVP)

• An asymmetry according to Jongkees’ vestibular paresis formula of up to 
19% is normal, a side difference of >20–25% is pathologic.









4.1.3 Rotatory Chair Testing

• Sinusoidal harmonic acceleration 
test (SHAT) 
VOR: 0.005~0.64 Hz

• Veloity step test (VST)
constant rotation with 100°/s 
and subsequent deceleration 
with 200°/s



• For the diagnosis of BVP,a reduced horizontal angular VOR gain ≤0.1 
upon sinusoidal stimulation on a rotatory chair (0.1 Hz, Vmax = 
50°/sec) and a phase lead ≥ 15 degrees (time constant ≤ 6 sec) is 
proposed.

• the clinical relevance of the rotatory chair examination has decreased 
considerably over the last years, in particular since VOR function can 
be reliably examined by the video-HIT, and is therefore only indicated 
in exceptional cases.



Incorrect concept on 3/27





Phase lead
Phase lag



4.1.4 Vestibular-Evoked Myogenic Potentials  
(VEMP)

• Cervical VEMP (cVEMP) are used 
to evaluate the function of the 
ipsilateral saccule
ocular VEMP (oVEMP) that of 
the contralateral utricle

• in ACS-VEMP, the sensitivity of 
the otolith organs and not the 
cochlea to sounds is measured. 
In contrast to the ACS stimuli, 
BCV stimuli can be applied 
independent of middle ear 
function.



• the amplitudes of the oVEMP areincreased and the threshold of the 
cVEMP is decreased in superior canal dehiscence syndrome.

• oVEMP can be performed more easily than cVEMP and do not 
depend on a threshold.

• oVEMP are evidently more sensitive and specific than cVEMP for the 
diagnosis of superior canal dehiscence syndrome and other third 
mobile windows.



The reflex is most often induced by a 500-Hz pure tone with a duration of 2 ms and up to 
130 dB peak sound pressure level. Criteria for the evaluation of cVEMP are the presence
of P13 and N23 waves and their amplitudes; the latency is less important.



• canal dehiscence syndrome:
the threshold for cVEMP is reduced, i.e., even sounds with low 
decibel values can induce waves with increased amplitudes.
a stimulation frequency of 2000 Hz; this has a specificity of almost 
100% and a sensitivity of 92%.

• Acute unilateral vestibulopathy/vestibular neuritis:
2/3 of the patients, cVEMP are normal (by sparing of the inferior part 
of the vestibular nerve).



• Bilateral vestibulopathy: 
cVEMP are reduced or absent in only a small number of patients with 
bilateral vestibulopathy. It is so far not known why otolith function is 
evidently more preserved than semicircular canal function in bilateral 
vestibulopathy.

• Meniere’s disease:
a higher asymmetry ratio for cVEMP than for oVEMP amplitudes. 
(more common saccular than utricular dysfunction in MD and a more 
permanent loss of otolith function in MD versus VM.)



4.1.4 Ocular Vestibular-Evoked Myogenic 
Potentials (oVEMP)

• Criteria for the evaluation of oVEMP are the presence or absence of 
N10 and P15 waves and their amplitude. Increased latencies were 
observed in neurological disorders, e.g., multiple sclerosis, with an 
involvement of the brainstem. No waves or a significant asymmetry of 
the amplitudes is considered pathological, although there are so far 
no normative values.

• A peak-to-peak amplitude of the oVEMP of more than 16.7 μV (ACS, 
500 Hz, 125 dB SPL) has a sensitivity of 100% and a specificity of 89% 
for superior canal dehiscence syndrome.



a minishaker (boneconducted vibration) in the middle of the forehead at the hairline (Fz). Criteria
for the evaluation are the presence of these waves and their amplitudes; the latency is less 
important. 



4.3 hypo/hyper function of canals vs.
excitatory/inhibitory stimulation



4.4 Neuro-Orthoptic and Psychophysical Tests



• Cover tests, to detect vertical deviation (skew deviation) 

• Psychophysical measurement of the subjective visual vertical (SVV), or 
with the simple bucket test to detect an acute or subacute imbalance 
of the labyrinths or graviceptive pathways and to differentiate a 
monocular infranuclear lesion (e.g., third or fourth nerve) from a 
vestibular lesion.
A deviation of the SVV under binocular as well as monocular viewing 
conditions indicates a vestibular lesion, whereas a third or fourth 
nerve palsy causes a deviation of the affected eye only.



Puzzle?

• 生理性眼偏斜反應是人類或動物用以代償姿態變化時，穩定對前
方物體的注視。不會有roll方位頭部轉動的外側性眼球(laterally 
placedeyes) 動物，就會以偏斜視代償roll 方位的身體傾斜，以眼
球旋轉代償pitch 方位傾斜，如魚類；

• 在前額眼位(frontal-eyed) 的動物，則以眼球旋轉及頭位傾斜代償
roll 方位傾斜，頭位傾斜可彌補眼球旋轉的不足，亦可完全代償
姿態傾斜，例如鳥類，在軀體劇烈的roll方位傾斜變化時，即使沒
有視覺協助下，還是會保持頭部在重力垂直的方向，並不需要眼
球的逆向旋轉或偏斜視。



一側的橢圓囊受到刺激，或對側橢圓囊受到抑制時，便會刺激同側上直肌、
內直肌、上斜肌，及對側下斜肌、外直肌、下直肌的收縮，並抑制同側下直
肌、外直肌、下斜肌，及對側上斜肌、內直肌、上直肌的收縮，如此便可造
成該側眼內旋高斜視(ipsilateral hypertropia with intortion ) 及對側眼外旋低斜視
(contralateral hypotroia with extortion).





Pitch plane

Roll plane



Utricle

Frohman TC, et al. 
Neurology 2008

Utricular-Ocular Reflex and Vestibular Perception



Which one is correct?



Ocular Tilt Reaction (OTR)

▪Tilt of subjective visual 
vertical (SVV)

▪Ocular torsion (OT)

▪Skew deviation (SD)

▪Head tilt

Brandt T. Vertigo: Its Multisensory Syndromes 1999

SVV

SD

Head tilt

OT



Brandt T, et al. Nature 
Reviews Neurology 2017

Labyrinth, Medulla, Pons, Midbrain
Reflex plus Perception
SVV +
Ocular torsion +
Skew deviation +
Head tilt +

Thalamus, Cortex
Perception only
SVV +
Ocular torsion -
Skew deviation -
Head tilt -



Brandt T, et al. Nature 
Reviews Neurology 2017

• Decussation: mid- to-lower 
pons

• Lesion below decussation: 
Tilt toward the lesion side 
(ipsiversive OTR)

• Lesion above decussation: 
Tilt away from the lesion 
side (contraversive OTR)

• Thalamus or cortex lesion: 
ipsi- or contra-versive SVV



scanning laser ophthalmoscope (SLO)

• Scanning laser ophthalmoscope 
(SLO) for the quantification of 
eye torsion in the roll plane and 
to differentiate a monocular 
infranuclear lesion (e.g., third or 
fourth nerve) from a vestibular 
lesion. A torsion of both eyes 
(symmetric or asymmetric) 
indicates a vestibular imbalance.



scanning laser ophthalmoscope (SLO)

• a slightly excyclotropic position 
in the roll plane, i.e., 
counterclockwise rotation of the 
right eye and a clockwise 
rotation    
of the left eye. The normal range 
(±2 SDs) is from −1 to 11.5°. 

• Pathological lesion shows an 
ipsiversive torsion of both eyes, 
i.e., excyclotropia of the 
ipsilateral eye and incyclotropia
of the contralateral eye.



Absolute ocular torsion using fundus photography 

Definition of Ocular torsion 

• ⍬ex > 12.6o, or ⍬in < 0o, or ⍬ex – ⍬in > 8.8o

Horizontal line

⍬ex
-⍬in

Choi JW, et al. Eur Arch Otorhinolaryngol 2014



• Measurement of dynamic visual acuity (DVA), including the VOR 
reading test, i.e., determination of visual acuity under static 
conditions and during head turns. If there is a decrease of dynamic 
visual acuity of more than 0.2, this indicates a VOR deficit.



4.5 Posturography and Gait Analysis



• The parameters to be measured are body sway to the right or left, 
forward or backward, upward or downward with a subsequent 
analysis of the so-called sway path values (SP, “sway path”) and 
frequency.

• an automated analysis with a neuronal network allows differentiation 
between sensory (namely vestibular) deficits, functional dizziness, 
cerebellar ataxia, and orthostatic tremor.







建議讀物

• Interacoustics playlist: https://www.youtube.com/@InteracousticsTV/playlists

• Ocular Tilt Reaction 張滋圃
https://youtu.be/n9_l8GH5F70?si=OL10W1RqV12LAVGk

• 臨床前庭醫學 主編 吳子明 劉博 韓軍良  人民衛生出版社

• 眩暈診治 by 田軍茹 人民衛生出版社

• 眩暈診治問與答 by 田軍茹 人民衛生出版社

• 電生理聽力學 華騰出版社

• Vertigo Its Multisensory syndromes  by Thomas Brandt

• 大陸專家 陳鋼鋼 系列文章
https://nehshcedutw-
my.sharepoint.com/:w:/g/personal/h311099_nehs_hc_edu_tw/EbVMWXvqVNhDtDb4qSpDyFY
BrYwc-clvI1rWFbrf_o1Fdg?e=4QfC65

• 眼偏斜反應
https://nehshcedutw-
my.sharepoint.com/:w:/g/personal/h311099_nehs_hc_edu_tw/EbVMWXvqVNhDtDb4qSpDyFY
BrYwc-clvI1rWFbrf_o1Fdg?e=4QfC65

• http://BPPV.net (但時而連不上？) 大陸眩暈實驗室 系列文章: 3D內耳模型

https://www.youtube.com/@InteracousticsTV/playlists
https://youtu.be/n9_l8GH5F70?si=OL10W1RqV12LAVGk
https://nehshcedutw-my.sharepoint.com/:w:/g/personal/h311099_nehs_hc_edu_tw/EbVMWXvqVNhDtDb4qSpDyFYBrYwc-clvI1rWFbrf_o1Fdg?e=4QfC65
https://nehshcedutw-my.sharepoint.com/:w:/g/personal/h311099_nehs_hc_edu_tw/EbVMWXvqVNhDtDb4qSpDyFYBrYwc-clvI1rWFbrf_o1Fdg?e=4QfC65
https://nehshcedutw-my.sharepoint.com/:w:/g/personal/h311099_nehs_hc_edu_tw/EbVMWXvqVNhDtDb4qSpDyFYBrYwc-clvI1rWFbrf_o1Fdg?e=4QfC65
https://nehshcedutw-my.sharepoint.com/:w:/g/personal/h311099_nehs_hc_edu_tw/EbVMWXvqVNhDtDb4qSpDyFYBrYwc-clvI1rWFbrf_o1Fdg?e=4QfC65
https://nehshcedutw-my.sharepoint.com/:w:/g/personal/h311099_nehs_hc_edu_tw/EbVMWXvqVNhDtDb4qSpDyFYBrYwc-clvI1rWFbrf_o1Fdg?e=4QfC65
https://nehshcedutw-my.sharepoint.com/:w:/g/personal/h311099_nehs_hc_edu_tw/EbVMWXvqVNhDtDb4qSpDyFYBrYwc-clvI1rWFbrf_o1Fdg?e=4QfC65
http://bppv.net/
https://nehshcedutw-my.sharepoint.com/:f:/g/personal/h311099_nehs_hc_edu_tw/Eh-ajI0J6LlApKFYOeQbBQ4B5_fp2xSJCOj9Db3-RtaRow?e=VMdxyB
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