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Abstract
Introduction:Clinically, there is a kind of patients with positional vertigo or dizziness, which occurs when they turn left or right, look
down or up, lie down or sit up. With a long duration and varying frequency, it is not consistent with the manifestations of benign
paroxysmal positional vertigo (BPPV). In addition, the persistent geotropic direction-changing positional nystagmus (PG-DCPN) was
observed in a supine head-roll test.

Patient concerns: With no apparent trigger for visual rotation and a sense of self instability, an 81-year-old female patient had
suffered from vertigo for 3days. The vertigo occurred every day, lasting several minutes each time, and associated with head
movements and changes in body position. In a supine head-roll test, it appeared persistent geotropic direction-changing positional
nystagmus for a long time, without latency, fatigability and in the presence of 3 zero planes.

Diagnosis: Light cupula.

Interventions:Difenidol hydrochloride 25mg orally 3 times/day for 2weeks and betahistine hydrochloride 12mg orally 3 times/day
for 1month were administered.

Outcomes:After 1month of treatment, the patient’s vertigo symptoms disappeared. And in the supine head-roll test, the persistent
geotropic direction-changing positional nystagmus disappeared.

Conclusion:We report the characteristics of nystagmus produced in a typical patient with light cupula during the supine head-roll
test. After reviewing the relevant literatures, we believe that a simpler method can be used to identify canalolithiasis and cupula
disease, to distinguish light and heavy cupula, and to determine the pathological semicircular canal to which the lesion belongs.

Abbreviations: BPPV = benign paroxysmal positional vertigo, PG-DCPN = persistent geotropic direction-changing positional
nystagmus.
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1. Introduction

We clinically describe a new class of patients with positional
vertigo or dizziness. The clinical characteristics of these patients
are very similar to those of benign paroxysmal positional vertigo
(BPPV). However, the duration of positional vertigo is
comparatively long and the nystagmus performance in the
positional experiment does not conform to typical BPPV. In a
head roll test, persistent geotropic direction-changing positional
nystagmus (PG-DCPN) can be observed. The duration of
nystagmus is comparatively long, with no incubation period
and without any fatigue. In addition, the direction of the
nystagmus can change when the zero plane is exceeded. The
nystagmus in otoliths has a short incubation period as well as
fatigue.
“Light cupula” is an emerging concept introduced by Shigeno

et al to explain this variant of PG-DCPN.[1,2] The incidence rate
of light cupula was 4.9% in patients diagnosed with BPPV (a
misdiagnosis in these patients) and 14.2% in patients diagnosed
with DCPN.[3] The rate and frequency of light cupula recurrence
are higher than those of canalolithiasis and cupulolithiasis.[4] The
mechanism underlying the light cupula remains unclear, and the
“lighter cupula,”[5–8] “light debris,”[9–11] and “heavier endo-
lymph” hypotheses[12–15] have not been confirmed. To date, no
clear diagnostic criteria for light cupula have been presented. The
clinical features reported in the literature include[8,14,16]:
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1.
 weak spontaneous nystagmus on the healthy side in the sitting
position;
2.
 PG-DCPN nystagmus without incubation period in the roll
test;
3.
 disappearance of the nystagmus after the head is turned to the
affected side about 15 to 30 ° in the supine position (second
zero plane);
4.
 horizontal nystagmus points to the affected side in the bow
test, and the healthy side in the lean test;
5.
 horizontal nystagmus toward the healthy side in the supine
position;
6.
 a poor reset effect in HC-BPPV;

7.
 exclusion of migraine, BPPV, Meniere’s disease, central

vertigo, and other diseases.

Most researchers in the field agree that light cupula is not an
independent disease. Instead, the light cupula is a pathological state
of receptors of the external vestibular system receptors with
multiple unknown etiologies. Thus, the light cupula can be
described as a clinical syndrome (or syndrome). Here, we report a
caseof light cupula, review the literature, analyze the characteristics
of cupula and DCPN, and summarize their key diagnosis points.
2. Case presentation

We present an 81-year-old woman who had visual rotation
without obvious inducement. This instability (which began three
days earlier) was related to changes in head movement and body
position. She recounted that visual rotation was persistent in both
standing and lying positions, which was also accompanied by
continuous dizziness. No cochlear or neurological problems were
reported. No obvious abnormality was found in the general
examination, the nervous system examination, the tracking test,
and the scanning test. No staring nystagmus or eye deviation was
found. No acute disease was found on MRI or DWI. Although
the patient had a history of hypertension and coronary heart
disease, she had no history of episodes of vertigo, tinnitus, or
hearing loss.
3. Results of positioning test

3.1. Roll test
1.
 Left-sided nystagmus with a slow angular velocity SPV of 7.8°/
s could be observed when the patient was in the supine
position (Fig. 1A).
A turn of her head 90° to the right could induce a right
2.

nystagmus (geotropism nystagmus). It was very fast and
abrupt (no incubation period), with attenuation, and was of
long duration (>5minutes), showing an initial SPV of the
nystagmus of 5.2°/s. After reaching the maximum nystagmus
40second later (SPV of 25.8°/s), the nystagmus gradually
decreased. After 5minutes of observation, the nystagmus had
attenuated to 7.0°/s, and the mean value of the slower angular
velocity SPV was 24.2°/s (Fig. 1B).
3.
 In the process of turning her head slowly to the left from the
90° position to the right, a continuous right nystagmus could
be observed. The intensity of the nystagmus gradually
decreased, and the nystagmus disappeared at the 30° position
to the right (Fig. 1C; second zero plane). After a further turn of
the head to the left to reach the midline, a faint left nystagmus
could be seen, with a slow angular velocity SPV of 3.9°/s.
2

4.
 A turn of her head 90° to the left could induce a left nystagmus
(geonystagmus). This nystagmus showed no fatigue, attenua-
tion, and was long-lasting (>5minutes), showing an initial
SPV of the nystagmus of 24.6°/s. After reaching the maximum
nystagmus 14second later (SPV of 38.1°/s), the nystagmus
gradually decreased. After 5minutes of observation, the
nystagmus had attenuated to 6.4°/s, and the mean value of
the slower angular velocity SPV was 9.2°/s (Fig. 1D).
5.
 In the process of turning her head slowly to the right from the
90° position to the left, a continuous left nystagmus could be
observed. The intensity of the nystagmus gradually decreased,
while the nystagmus and its direction remained.

3.2. The bow test
1.
 A weak left horizontal nystagmus with an SPV of 1.5°/s could
be observed when the patient was in the sitting position
(Fig. 1E).
2.
 The right horizontal nystagmus with an SPV of 14.1°/s could
be observed when the patient was in the sitting position with
her head down at 90°, although the intensity of the nystagmus
gradually decreased (Fig. 1F).
3.
 As the patient gradually raised her head to 30° down, the right
nystagmus gradually weakened and disappeared (Fig. 1G; first
zero plane).

3.3. The lean test
1.
 The right horizontal nystagmuswith an SPV of 22.6°/s could be
observed when the patient was in the prone position (Fig. 1H).
2.
 A turn of her head to the right could induce a gradual
weakening of the horizontal right nystagmus. At 30°, a slight
left nystagmus with a slow angular velocity SPV of 2°/s could
be observed. The left nystagmus gradually increased as the
patient continued to turn her head to the right (Fig. 1I; third
zero plane).

On the basis of the above examinations and displacement tests,
all the diagnostic criteria of light cupula were met. In addition, all
other vertigo-inducing diseases could be excluded. The patient
was prescribed 25mg of Difenidol hydrochloride tablets and 12
mg of Betahistine to be taken orally three times a day. At the
telephone follow-up 1 month later, the patient reported that her
vertigo symptoms had disappeared.
4. Discussion

Under normal conditions, the density of the endolymph is similar
to that of the cupula, and the hair cells in the cupula are not
activated or inhibited by a change in head orientation relative to
gravity. However, when the density of the cupula is lower or
higher than the density of the endolymph, the cupulamay become
sensitive to changes in head orientation. When the head is in
upright position, the horizontal semicircular canal is high in the
front and low in the back, and there is an angle of about 30°
between the canal and the horizontal plane. The direction of
growth of hair cell cilia in the horizontal semicircular canal is
anteromedial oblique to the posterolateral, forming an angle of
30° with the anomalistic line. Ichijo reports that this anatomical
angle is about 20° (with the posterior inner side as the ampulla
side, and the anterior outer side as the tube side).



Figure 1. (A) A left horizontal nystagmuswith an SPV of approximately 7.8°/s could be observed in the supine position. (B) In the Roll Test, a 90° rotation of the head
to the right side induced sustained horizontal right nystagmus with an SPV of 24.2°/s. (C) With the head turned 15 to 20° to the right in the supine position, no
nystagmus (second zero plane) was observed. (D) In the Roll Test, with the head turned 90° to the left, sustained horizontal left nystagmus was observed with an
SPV of 9.2°/s. (E) A horizontal left nystagmus with an SPV of approximately 1.5°/s could be observed in the sitting position. (F) A horizontal right nystagmus with an
SPV of 14.1°/s could be observed when the head was lowered 90° down in the sitting position. (G) The nystagmus disappeared (first zero plane) when the headwas
lowered 30° down in the sitting position. (H) A horizontal right nystagmus with an SPV of 22.6°/s could be observed in the prone position. (I) When the head was
turned 15 to 30° to the right in the prone position, the direction of the nystagmus changed from right to left (reflecting the third zero plane). However, the actual plane
of the nystagmus could not be found.
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Figure 1. (Continued)
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Figure 1. (Continued)
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Figure 1. (Continued)
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Figure 1. (Continued).
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Due to this anatomical feature, several effects are observed
when the density of the cupula changes:
1.
 When the patient lowers their head by 30°, the first zero plane
is formed. When the patient raises their head by 60° or tilts
their head by 30° to the affected side in the supine position, the
second zero plane is formed. When the patient lowers his head
90° or tilts his head 30° to the affected side in the prone
position, the third zero plane is formed. The first zero plane is
not a unique zero plane of cupula disease (this zero plane is
also observed in patients with horizontal semicircular canal-
olithiasis). In contrast, the second and third zero planes are
unique zero planes of cupula disease (these zero planes do not
occur in canalolithiasis).
2.
 An opposite nystagmus is observed when the head is on either
side of the zero plane. Due to anatomical variations in the
human body, the angle of the zero plane may not be exactly
equal to 30°. According to Ichijo, the anatomical angle is about
20° (the actual zero-plane angle is between 5° and 89°). It may
be difficult to find the zero plane where the nystagmus
completely disappears during clinical examination. Therefore,
the existence of zero plane can be inferred from the
observation of a reverse in the nystagmus near the zero plane.
3.
 If the angle of movement does not exceed the zero plane when
the head is moved to 1 side (either the healthy side or the
affected side of the zero plane), then the direction of the cupula
pulling the hair cell cilia remains unchanged. Under these
circumstances, the direction of the nystagmus also remains
unchanged. However, if the angle of the long axis of the hair
cell cilia relative to the deflection of the gravity vector plane
changes, then the intensity of the nystagmus will change
7

accordingly (although the direction of the nystagmus remains
unchanged). In patients with otolithiasis, the opposite
situation is observed. When the head is turned to one side,
the nystagmus will change direction. Nevertheless, if we still
keep a constant speed, the intensity of the nystagmus will
remain the same even if the direction of movement is different,
(Fig. 2A–B).
Excitatory nystagmus towards the affected side is caused by
4.

the real excitatory stimulus of the diseased semicircular canal,
while pseudoexcitatory nystagmus towards the uninfected side
is caused by inhibitory stimulation of the affected side.
According to Ewald’s law, the intensity of the excited
nystagmus is greater than that of the inhibitory nystagmus.
Therefore, theoretically speaking, the direction of stronger
nystagmus in canalolithiasis and cupula disease should point
to the affected side. In the 90° head-down or prone position,
the hair cells of the light cupula drift to the ampulla side and
produce excitatory stimulation. In contrast, when the head is
in the 60° up or supine position, the hair cells of the light
cupula drift to the side of the tube and produce inhibitory
stimulation. The opposite is true for heavy crest caps for heavy
cupula. Therefore, if there is a second or third zero plane, the
nystagmus intensity observed during head down is greater
than the nystagmus intensity observed during head up, and
light cupula can be inferred (and vice versa).

Both the light cupula and the HC-BPPV present geotrophic
DCPN, while both the heavy cupula and the horizontal
semicircular canal forearm canalithasis present apogeotrophic
DCPN. The expected duration of the nystagmus produced by
HC-BPPV is less than 1minutes, and the intensity of this

http://www.md-journal.com


Figure 2. (A) Patients with cupula diseases. When a patient with cupula
disease in the decubitus moves his head from right to left, the drift direction of
the heavy cupula (black arrow) and light cupula (white arrow) does not change,
and the direction of the nystagmus remains unchanged. Thus, the left
nystagmus is observed with heavy cupula, and the right nystagmus is observed
with light cupula. However, the angle made with the gravity line gradually
decreases and the intensity of the nystagmus gradually changes. Patients with
canalolithiasis. (B) Otoliths in a canalolithiasis patient move from point A to the
ampulla to point B (dashed arrow), resulting in a right nystagmus. In the process
of the patient turning his head from right to left, the otoliths move from point B to
the ampulla to point C (dashed arrow), reversing the nystagmus (that is,
producing the left nystagmus). As long as the flow speed remains unchanged,
the intensity of the nystagmus remains unchanged.
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nystagmus is expected to easily fatigue (to weaken or disappear).
However, the duration of nystagmus of cupula disease is more
than 1minutes. We propose that the short duration of the
nystagmus in HC-BPPV is not caused by the fatigue of the hair
cells but by the time limit of otolith flow to the lowest point. If the
number of otoliths in HC-BPPV is large (or if there is a stenosis in
the semicircular canal), a ’hourglass effect’ may be created and
the flow of the otoliths may be prolonged (to >1minutes). If the
otoliths are within the lumen of the horizontal semicircular canal,
the otolith flow will continue as long as rotation of the head
causes the otoliths to change their relative position. Under these
circumstances, there may not be a definite incubation period.
In the present case, nystagmus was observed when the roll test,

the bow test, and the prone position test were performed. While
8

the duration of these nystagmus was relatively long, some
attenuation was apparent. It can be concluded that nystagmus in
cupula disease also shows fatigue. This fatigue in light cupula
nystagmus has not been previously reported in the literature.
However, if the duration and latency of nystagmus are not the
most critical diagnostic criteria, then the presence of second and
third zero planes and the occurrence of reversed nystagmus
should be considered the most characteristic signs when the head
is located on either side of the zero plane.
We can infer several facts from our observations of the patient

in the present case study.
1.
 The first and second zero planes could be demonstrated in the
patient. Although the position where the nystagmus complete-
ly disappeared was not found during head turning to the right
in the prone position, the original right nystagmus changed to
a slight left nystagmus when the head turned 30° to the right.
Thus, a zero plane (the third zero plane) was present between
these 2 head positions. From this observation, it can be
inferred that the patient had cupula disease instead of
canalolithiasis.
2.
 The patient presented left nystagmus in the sitting and supine
positions, and right nystagmus in the head down and prone
positions. Furthermore, the nystagmus in the prone position
was greater than the nystagmus in the supine and sitting
positions (that is, the intensity of the right nystagmus was
greater than that of the left nystagmus). According to Ewald’s
law, the prone position is where the hair cell cilia deviate to
the ventral side of the ampulla to produce greater nystagmus.
Therefore, it can be inferred that the patient had a light
cupula (not a heavy cupula) and the lesion was on the
right side.
3.
 During the head down position, the prone position, and the
roll test, when the patient moved his head on either side of the
zero plane, it was found that while the direction of the
nystagmus did not change (as long as the zero plane was not
crossed), the intensity of the nystagmus did change. In the
process of turning the head to the left in the right decubitus
position (when the second zero plane was not crossed), the
intensity of the right nystagmus gradually weakened. As the
head crossed the zero plane, the nystagmus direction changed
to the left. The left nystagmus then gradually weakened during
the process of turning the head to the right from the left
decubitus position to the midline.
4.
 Although the duration of the nystagmus (at several different
positions) lasted for a comparatively long time (observation
time> 5minutes), some attenuationwas apparent (Fig. 3A–B).
Thus, it can be concluded that nystagmus in cupula disease
also shows fatigue.

According to the “heavy endolymph” hypothesis, the heavier
endolymph makes the cupula lighter. In a specific head position,
the cupula pulls the hair cell cilia, causing them to drift to the
ventral or tube side of the ampullae, resulting in PG-DCPN
nystagmus. However, Kim proposed a new hypothesis in 2019.
According to Kim, the light cupula may actually be caused by a
higher specific gravity of exolymphatic fluid, rather than a higher
specific gravity of endolymphatic fluid.[17] In this “heavy
exolymph” hypothesis, the increased density of the exolymphatic
fluid causes the lighter endolymphatic fluid to float upward,
which accounts for the PG-DCPN nystagmus. Kim and
colleagues reported a case of light cupula that affected the three
right semicircular canals. Kim suggested that changes in



Figure 3. (A) The horizontal right nystagmus can be observed with the head turned 90° on the right side in the roll test. The right nystagmus (geotropic nystagmus)
with no latency and long duration (>5minutes) was recorded. (B) The SPV of the initial nystagmus was 5.5°/s and the maximum nystagmus (SPV of 25.8°/s) was
reached after 40second. The nystagmus then gradually decreased, reaching 7.0°/s after 5minutes.

Wang et al. Medicine (2022) 101:1 www.md-journal.com
endolymphatic density could simultaneously affect the three
semicircular canals on the same side. The resulting nystagmus
demonstrated rotation and vertical components during the
induction test. Several related studies were also reported.[16]
9

In the process of measuring the zero plane of patients with PG-
DCPN, Ichijo noted that the actual zero plane varied greatly.
Furthermore, he figured it was not exactly attributed to the
anatomical variation but more likely, those differences in the
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location of particles adhering to the cupula.[8] However, the
heavy endolymph and heavy exolymph hypotheses cannot
account for this variation, because they do not posit a role for
diseased particles. Therefore, PG-DCPN may be caused by
cupula disease, rather than changes in the specific gravity of the
endolymph and exolymph.
In the present study, the zero plane angles of each body position

during the induction testwere roughly the same,which is consistent
with the hypotheses of heavy endolymph and heavy exolymph.
However, no significant rotation or vertical components of the
nystagmus were observed, which is consistent with the hypothesis
of granular disease. It remains possible that changes in the density
of internal and external lymphatic fluid result in vertical and rotary
nystagmus, and that these changes are masked by the strong
horizontal nystagmus. It remains to be determined whether PG-
DCPN is caused by changes in internal or external lymphatic
density, granule disease, or a combination of both.
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