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TITLE (PROVISIONAL) Light cupula, the pathophysiological basis of persistent geotropic 

positional nystagmus 

AUTHORS Imai, Takao; Matsuda, Kazunori; Takeda, Noriaki; Uno, Atsuhiko; 
Kitahara, Tadashi; Horii, Arata; Nishiike, Suetaka; Inohara, Hidenori 

 

VERSION 1 - REVIEW 

REVIEWER Hiroaki Ichijo 
Ichijo Ear, Nose and Throat Clinic 

REVIEW RETURNED 20-Sep-2014 

 

GENERAL COMMENTS Major comments  
1) Transient type is canalolithiasis. Eliminate all the data about 
transient type. See attached figures.  
2) Subjects are patients with horizontal canal disorders. To simplify 
the story, delete torsional component (X axis) and vertical 
component (Y axis). See Fig. 3.  
3) You did not mention affected side at all. Neutral position side is 
affected side, because the top of the horizontal canal cupula is 
toward the lateral side. For the sake of simplicity, unify the affected 
side. Change left-ear-disease to RIGHT-ear-disease, because right 
side is predominantly affected in BPPV. If affected side is left, make 
a data mirror image. You can simplify the graph D in Fig. 6. After 
that, reader can understand the meaning of line-symmetrical. This 
graph is the most important part in this study. You need to 
emphasize novel findings.  
4) You did not describe Ewald’s second law (not first law). It states 
that ampullopetal deflection causes greater stimulation than 
ampullofugal deflection. See attached file (Pathology of the ear, 
Schuknecht). In AN, healthy-ear-down position causes stronger 
nystagmus. Measure the maximum SPV and think about the validity 
of Ewald’s second law.  
5) Long abbreviation words are bad. Use PGN, AN and SPV.  
 
Minor comments  
1) Do the spell check (grey, gray).  
2) Use a term, video-oculography, because it has been a common 
noun 

 

REVIEWER Emeritus Professor Masahiko Yamamoto,MD,PhD 
Toho University, Dept. of Neurootology & Otolaryngology  
Japan 

REVIEW RETURNED 27-Sep-2014 

 

GENERAL COMMENTS It is a very interesting theory of semicircular canal morbidity.  
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The concept of heavy cupulolithiasis is possible from the paper of 
Schknecht, etc.  
I think that the view of this paper is important as one idea about the 
concept of light cupula. 
 
As for BPPV, the concept of the canalolithiasis or cupulolithiasis in 
semicircular canal is established mostly.  
I want the concept of light cupula to explain concretely in what kind 
of semicircular canal endolymph phenomenon.  
Although Brandt has explained light cupula by alcohol etc., it is 
thought that it is not a phenomenon which always happens easily.  
Although the experiment of alcohol, glycerol, heavy water, etc. is 
conducted, does morbid endolymph change like an experiment in 
general clinic take place? .  
The phenomenon in which cupula is related to specific gravity and 
viscosity of endolymph.  
It is said that endolymph specific gravity and viscosity change on a 
person and a condition at that time, but what is the cause of 
endolymph specific gravity and viscosity variation if the change 
assumes it a cause?  
Although the affected side of one side explains this time, is it 
necessary how to take into consideration the influence of the 
semicircular canal of an unaffected side?  

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer: 1  

 

Major comments  

1) Transient type is canalolithiasis. Eliminate all the data about transient type. See attached figures.  

 

As following your suggestion, we eliminate all figures about transient type.  

 

2) Subjects are patients with horizontal canal disorders. To simplify the story, delete torsional 

component (X axis) and vertical component (Y axis). See Fig. 3.  

 

When we calculate the TC, we used three-dimensional data of SPV, not one-dimensional. In order to 

show that, we want to show at least one figure of three-dimensional eye data.  

 

3) You did not mention affected side at all. Neutral position side is affected side, because the top of 

the horizontal canal cupula is toward the lateral side. For the sake of simplicity, unify the affected side. 

Change left-ear-disease to RIGHT-ear-disease, because right side is predominantly affected in BPPV. 

If affected side is left, make a data mirror image. You can simplify the graph D in Fig. 6. After that, 

reader can understand the meaning of line-symmetrical. This graph is the most important part in this 

study. You need to emphasize novel findings.  

 

The data shown in Fig 2, 3, 5 and 6 is the data obtained by same patients, A and B. So if we change 

the affected side shown in Fig 6, we have to change Fig 2, 3, and 5, too. We want to set the affected 

side shown in Fig 6 as original. In our data, the rate of patients with PGN whose affected side was left 

was 64% and that of patients with AN was 52%. Although the difference was slight, the rate of the 

patients whose affected side was left was majority in our data.  

We do not want to make a data mirror image. We use a right-hand coordinate frame. In right-hand 

coordinate frame, the rotation to left was positive and the rotation to right was negative. If we make a 

data mirror image, the rotation to right was positive and the rotation to left was negative. It is not right-

hand coordinate frame.  
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As following your suggestion, we mentioned about affected side.  

In discussion part  

"Because the cupula is laterally tilted in the supine position (inserted figure b in Fig.6A, B), a slight 

head rotation to the affected side in the supine position can align the axis of light and heavy cupula 

(inserted figure c in Fig.6A, B). Four patients with PGN and 21 patients with AN had the neutral head 

position where the head was rotated to the right. The affected side of these patients was right. On the 

other hand, the affected side of 7 patients with PGN (patient A was included) and 23 patients with AN 

(patient B was included) who had the neutral head position where the head was rotated to the left was 

left."  

 

4) You did not describe Ewald’s second law (not first law). It states that ampullopetal deflection 

causes greater stimulation than ampullofugal deflection. See attached file (Pathology of the ear, 

Schuknecht). In AN, healthy-ear-down position causes stronger nystagmus. Measure the maximum 

SPV and think about the validity of Ewald’s second law.  

 

As following your suggestion, we describe Ewald's second law.  

In discussion part  

"On the basis of Ewald's second law15, in HSCC a flow of endolymph toward the ampulla causes 

greater stimulation than flow away from the ampulla. When the affected side is left, by the head 

rotation to left (affected side) from the neutral head position (inserted figure c in Fig.6A, B), light 

cupula deviates to ampullopetal direction (inserted figure d in Fig.6A) and heavy cupula deviates 

ampullofugal direction (inserted figure d in Fig.6B). As shown in Fig. 6A and B, in patient A with left 

light cupula in HSCC, the head rotation to left (affected side) from the neutral head position caused 

greater SPV than the head rotation to right (healthy side) (8.9sin(x+149) vs 4.1sin(x+149)) and in 

patient B with left heavy cupula in HSCC, the head rotation to left (affected side) from the neutral 

head position caused lesser SPV than the head rotation to right (healthy side) (3.6sin(x-22.0) vs 

7.0sin(x-22.0))."  

 

5) Long abbreviation words are bad. Use PGN, AN and SPV.  

 

As following your suggestion, we used PGN, AN and SPV.  

Minor comments  

1) Do the spell check (grey, gray).  

 

We changed "grey" to "gray".  

 

2) Use a term, video-oculography, because it has been a common noun.  

 

As following your suggestion, we used the term "video-oculography".  

 

The comments of reviewer 1 shown in figures  

Fig 1  

 

As following your suggestion, we changed Fig. 1.  

 

Fig 2  

 

As following your suggestion, we deleted Fig. 1A.  

 

Fig 3  

 

As following your suggestion, we deleted Fig. 3A. But we kept X and Y components. The reason is 
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mentioned in the answer to your comment 2).  

 

Fig 4  

 

As following your suggestion, we used PGN and AN.  

We did not analyze the difference of TC between PGN and AN statistically because the TC that was 

more than 3600sec was very huge. In this figure, we want to say both TCs of patients with PGN and 

patients with AN were more than 35sec, not to say whether there was difference of TC or not.  

 

Fig 5  

 

As following your suggestion, we deleted Fig. 5A.  

 

Fig 6  

 

As following your suggestion, we deleted Fig. 6C.  

As following your suggestion, we used PGN, AN and SPV.  

We do not want to change the affected side. The reason is mentioned in the answer to your comment 

3).  

 

Fig 6A, B  

 

We do not want to cut the explanations of inserted figures because the explanations were used in the 

manuscript. But as following your suggestion, we shortened the explanations.  

 

Fig 6D  

 

As following your suggestion, we used PGN, AN and SPV. We can not shortened the sentences 

anymore.  

We do not want to make a data mirror image. The reason is mentioned in the answer to your 

comment 3).  

 

 

Reviewer: 2  

It is a very interesting theory of semicircular canal morbidity.  

The concept of heavy cupulolithiasis is possible from the paper of Schknecht, etc.  

I think that the view of this paper is important as one idea about the concept of light cupula.  

As for BPPV, the concept of the canalolithiasis or cupulolithiasis in semicircular canal is established 

mostly.  

I want the concept of light cupula to explain concretely in what kind of semicircular canal endolymph 

phenomenon.  

Although Brandt has explained light cupula by alcohol etc., it is thought that it is not a phenomenon 

which always happens easily.  

Although the experiment of alcohol, glycerol, heavy water, etc. is conducted, does morbid endolymph 

change like an experiment in general clinic take place? .  

The phenomenon in which cupula is related to specific gravity and viscosity of endolymph.  

It is said that endolymph specific gravity and viscosity change on a person and a condition at that 

time, but what is the cause of endolymph specific gravity and viscosity variation if the change 

assumes it a cause?  

 

As following your suggestion, we added the following sentences in discussion part.  

" Bergenius and Ichijo also speculated that the attachment of the debris of lower density makes a 
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cupula in HSCC lighter than endolymph6 15. Or substance in the blood such as alcohol which has 

lower density than the endolymph diffuses into the cupula earlier than the endolymph owing to its 

proximity to capillaries and the cupula becomes lighter than endolymph16."  

 

Although the affected side of one side explains this time, is it necessary how to take into consideration 

the influence of the semicircular canal of an unaffected side?  

 

As following your suggestion, we added the following sentence in discussion part.  

"The attachment of the debris of lower density is feasible explanation because the affected side is 

usually only one side." 

VERSION 2 – REVIEW 

REVIEWER Masahiko Yamamoto, MD, PhD 
Dept. of Otolaryngology, Sakura medical center,  
Toho University School of medicine. 

REVIEW RETURNED 30-Oct-2014 

 

GENERAL COMMENTS It is important for the idea of Light cupula theory to clarify that it is 
the theory explaining one morbidity of horizontal semicircular canal 
type BPPV.  
It is thought that verification research of whether this theory is right 
will be recommended from now on.  
I wish the result of verification research desires to agree with this 
research. 

 

 

VERSION 2 – AUTHOR RESPONSE 

Reviewer: 2  

 

It is important for the idea of Light cupula theory to clarify that it is the theory explaining one morbidity 

of horizontal semicircular canal type BPPV.  

 

Following the reviewer’s suggestion, we added the following sentence to the discussion section 

(page12, line 12):  

 

“This light cupula theory is important for the explanation of morbidity associated with H-BPPV.”  

 

It is thought that verification research of whether this theory is right will be recommended from now 

on.  

I wish the result of verification research desires to agree with this research.  

 

We will continue the research aimed at verifying this theory. We thank for the reviewer for his 

comment. 
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