
Fig 5. Dolls’ eye as to hearing level improved MD 
patients (similar to normal subjects) 
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**Thick blue curves represent averaged dolls’ eyes responses to left-head tilt, pinky ones are to right-head tilt.
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Fig 4. Dolls’ eye as to MD patients (No.5- No.8)
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＊Arrows indicate torsional nystagmus to the head tilted side.
**Thick blue curves represent averaged dolls’ eyes responses to left-head tilt, pinky ones are to right-head tilt.
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Fig 3. Dolls’ eye as to MD patients (No.1- No.4)

No.1

No.2

No.3

No.4

13/06/03

06/06/03

02/04/04

16/04/04

Lt-head tilt

Rt-head tilt

＊Arrows indicate torsional nystagmus to the head tilted side.
**Thick blue curves represent averaged dolls’ eyes responses to left-head tilt, pinky ones are to right-head tilt.
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Fig 2. Dolls’ eyes response to head tilt (Dolls’ eye) 
as to normal subjects (n=8)

• Normal subject No.1 performed acceptable 
dolls’ eyes responses to head tilt, which are 
reproducible and splendid- smooth (A).
Since the averaged difference of the peak 
torsional angle of the ocular counterrolling 
between left-head tilt and right one (the 
averaged difference) was 1.00 ± 0.99 deg, 
other normal subjects performed 
splendidly, as well. 

• Each normal subject performed also 
acceptable smooth dolls’ eyes response 
data though, there can be an individual 
difference. The averaged difference in 
normal subjects (n=8) was 1.04 ± 0.92 deg 
(B).

**  Thick blue curves represent averaged 
dolls’ eyes responses to left-head tilt, pinky 
ones are to right-head tilt(A, B). 
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*ASU: Arbitrary Sampling Unit (30=1 sec)

Background
The most notable histopathological feature of Meniere’s disease (MD) 
is, by definition as the endolymphatic hydrops (EH). Despite initially 
the EH involves the whole inner ear system, there are few reports of 
otolith dysfunction due to the EH in MD patients [1, 2]. 

Objectives
To detect the EH in the otolith organs, we investigated the otolithic
nature based on the dolls’ eyes response to head tilt in roll (dolls’ eye) 
in MD patients. 

Methods
Dolls’ eye was investigated in eight normal subjects, ranging in age 
from 22 to 67 year-old and age-matched eight out of 18 MD patients 
in age from 17 to 67 year-old (age matched eight normal subjects and 
eight patients; mean ages are 32.63 and 34.13, respectively), visiting 
our clinic from April in 2002 to the present time. 
The dolls’ eyes manoeuvre in head tilt (dM) was applied in all 
subjects and patients (Fig 1). 

Instruction
All subjects were instructed to sit on the couch in the upright position, 
to fixate examiner’s nose by the dominant eye, during the test. The 
head was smoothly tilted from the upright position to the right 
shoulder about 10-15 degrees firstly taking more than one second. 
And after that, the head recovered to the upright, passively. To the 
opposite side tilt was done in the same way. All tests were performed 
in the light (Fig 1). Either right or left eye movements, which is not 
dominant eye, were monitored, by using a modified Frenzel glasses 
with an infrared camera ON-1 (Nagashima Medical Instruments, 
Japan) and each side of the glasses was able to open the eye cover to 
fixate the examiner’s nose in Fig 1. 

Analysis
Eye movements were recorded from immediately after the first blink
to immediately before the next blink taking more than one second.
Recorded eye movements were analysed using custom made software
running on the NIH Image Programme that is widely used in the
world.
Using the Excel produced by Microsoft, only torsional component of
eye movements were graphed [3].
And we asked how they feel whilst dM.

Discussion and Conclusion
We could not realise which the vestibular organs actually play a 
main role of these strange eye movements in MD patients. It is 
reported that some of MD patients showed abnormal ocular 
torsion (AOT) in the upright position that can be contributed 
otolith dysfunction because of the EH [1]. And also some report 
argue nowadays ocular tilt reaction (OTR) in patients with 
peripheral vestibular disorder, MD [5], as well. AOT and/or 
OTR may drive an incomplete response to dM and produce 
strange eye movements. According to this, in cases of MD, dM
can be useful to detect strange eye movements non-invasively. 
Therefore, we emphasise that dM could detect the EH in MD 
patients. 

Fig 1Upright 

Rt-head tilt Lt-head tilt 

The dolls’ eyes 
manoeuvre 

in head tilt
in practice

(dM) 
ON-1

References
[1] Oku R et al. Otolith dysfunction during vertiginous attacks in 

Meniere’s disease. Acta Otolaryngol (Stockh) 2003; 123: 1035- 9. 
[2] Okada T et al. Horizontal eye response to an abrupt lateral head drop 

in normal subjects and patients with Meniere’s disease. Auris Nasus
Larynx 2003; 30: S47-S52. 

[3] Ikeda T et al. Simple eye movement image analysis technique using 
NIH Image –three- dimensional analysis and rotational axis analysis-. 
Equilibrium Res 2002; 61: 90- 6. 

[4] Okada T et al. The dolls' eyes manoeuvre in head tilt in roll in normal 
subjects. Equilibrium Res 2006; 65: 440- 6. 

[5] Okada T. Pathological eye position and head posture as clinically silent 
signs and symptoms. Practica Oto-Rhino-Laringologica 2014; 107: 
760- 1.

Fig 6. Hearing level improved MD patients
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Subjects and Patients
All normal subjects had no history of labyrinthine, neurological or
not only strabismus but also visual medical history except refraction
defect.
Patients were diagnosed based on the Criteria of Meniere’s disease of
the Japanese Ministry of Health, Labour and Welfare and all patients
were diagnosed as the definite case. Immediately before dM no
spontaneous nystagmus in upright position were confirmed by using
ON-1 with both side eye cover and EOG in supine position in the
dark.
Consent was obtained from all subjects and patients, and the
studywas approved by St Marianna University Joint Medical Ethics
Committee.

Result
The splendid-smooth dolls’ eye was observed in No.1 subject and
eight normal subjects (Fig 2A, B).
Patients showed quite strange eye movements (Fig 3, 4). They were
mainly torsional nystagmus to the tilted side, similar to normal
pattern but something different (Fig 3 No.1-3 and 4 No.5-7). There
were sort of limitation eye movements, which the eye rolled to the
opposite to the tilted side a bit and almost standing still, as such in Fig
3 No.4 and 4 No.8.
All MD patients declared that it was difficult to fixate examiner’s
nose notwithstanding the instruction, since they all felt strange eye
movements and/or sick.
Only two MD patients who were No.4 and No.8 said that they could
not fixate examiner’s nose because they lost and never could gaze on
the tip of the examiner’s nose whilst dM.
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