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31 SUMMARY:
32 A new rehabilitation method is presented for rebalancing the vestibular system in patients with
33  asymmetric responses, which consists of unidirectional rotations toward the weaker side. By
34  directly modifying the vestibular pathway rather than enhancing the multisensory aspects of
35 compensation, asymmetry can be normalized within 1-2 sessions and show lasting effects.
36
37  ABSTRACT:
38 The vestibular system provides information about head movement and mediates reflexes that
39 contribute to balance control and gaze stabilization during daily activities. Vestibular sensors
40 are located in the inner ear on both sides of the head and project to the vestibular nuclei in the
41  brainstem. Vestibular dysfunction is often due to an asymmetry between input from the two
42  sides. This results in asymmetrical neural inputs from the two ears, which can produce an
43  illusion of rotation, manifested as vertigo. The vestibular system has an impressive capacity for
44  compensation, which serves to rebalance how asymmetrical information from the sensory end
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organs on both sides is processed at the central level. To promote compensation, various
rehabilitation programs are used in the clinic; however, they primarily use exercises that
improve multisensory integration. Recently, visual-vestibular training has also been used to
improve the vestibulo-ocular reflex (VOR) in animals with compensated unilateral lesions. Here,
a new method is introduced for rebalancing the vestibular activity on both sides in human
subjects. This method consists of five unidirectional rotations in the dark (peak velocity of
320°/s) toward the weaker side. The efficacy of this method was shown in a sequential, double-
blinded clinical trial in 16 patients with VOR asymmetry (measured by the directional
preponderance in response to sinusoidal rotations). In most cases, VOR asymmetry decreased
after a single session, reached normal values within two sessions, with the effects lasting up to
6 weeks. The rebalancing effect is due to both an increase in VOR response from the weaker
side and a decrease in response from the stronger side. The findings suggest that unidirectional
rotation can be used as a supervised rehabilitation method to reduce VOR asymmetry in
patients with longstanding vestibular dysfunction.

INTRODUCTION:

Vestibular dysfunction is a common disorder with a prevalence of ~¥35% in adults above 40
years old'. Most vestibular disorders result in an asymmetry between input from both sides,
resulting in an illusion of rotation called vertigo. In the absence of normal vestibular function,
even simple daily activities can be challenging. Vestibular dysfunction is often quantified by the
vestibulo-ocular reflex (VOR). During natural activities, such as walking or running, the VOR
moves the eyes in opposite directions and with the same velocity as head movement. This
reflex has a short latency of ~5 ms, and it is mediated in the horizontal plane through a simple,
three-neuron arc?. The information travels from vestibular receptors to the vestibular nuclei,
then to the abducens motor neurons. These eye movements result in stabilization of horizontal
gaze during daily activities. The symmetry of the VOR in response to clockwise and
counterclockwise rotations is an important test of vestibular function.

Unilateral vestibular dysfunction produces central compensatory changes and centrally driven
peripheral changes to overcome defective asymmetric VOR and resulting vestibular imbalance.
Even after permanent vestibular lesions, such as a unilateral vestibular neurectomy, the vertigo
and accompanying symptoms improve over a short period (days to weeks) of time. Due to this
ability, the vestibular system has been a model for studying adaptation and compensation in
neural pathways. It has been previously shown? that changes in central vestibular pathways can
be implemented by a unidirectional rotation based on a hypothesis proposed about 20 years
ago. Other studies have also shown compensatory changes in different parts of the sensory
pathway, including the vestibular nuclei (VN)*2, commissural pathways between the VN on
both sides?, cerebellar input'®, and the vestibular periphery!l. These compensatory changes
result in a new balance in the activity of VN neurons on both sides.

Despite the impressive ability of the vestibular system to compensate for asymmetric inputs
from the two ears, research has shown that responses to fast movements are never fully

compensated'>13, It is now known that natural vestibular compensation does not use the full
capacity of the system, and the compensated VOR response can be improved in animals that
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have participated in visual-vestibular training**°. It has long been known that vestibular-
rehabilitation exercises improve the compensation in patients with chronic imbalance problems
by enhancing the (non-vestibular) multisensory nature of balance control*®-?1, The goal of these
vestibular-rehabilitation exercises is to use physiological or behavioral approaches to improve
symptoms as well as a patient’s quality of life and independence???3,

Described herein is a rehabilitation method that uses unidirectional rotations toward the
“weaker” side (Figure 1A). The basic idea for this method comes from Hebbian plasticity, in
which neural connections become stronger when they are stimulated. This method specifically
modifies vestibular input rather than enhancing multisensory integration, which is the basis for
other vestibular-rehabilitation exercises. Previous research has shown that unidirectional
rotations decreases VOR asymmetry in 1-2 sessions in patients with unilateral vestibular
dysfunction3. This effect was mainly due to an increase in the activity of the side with a lower
response (LR), as well as a slight decrease in the activity of the side with a higher response (HR).
This change is most likely mediated by modifications in the central pathways (e.g.,
strengthening of afferent pathways, such as VN connections or changes in commissural inputs).
In effect, this technique may be used as a supervised method for vestibular rehabilitation in
those with longstanding vestibular asymmetry.

PROTOCOL:

The data presented here and previously published® were obtained by studies carried out in
accordance with the recommendations of the Ethics Committee of Shahid Beheshti University
of Medical Sciences, Tehran, Iran and a protocol that was approved by the Institutional Review
Board of the University.

1. Participant screening and preparation

1.1. Recruit participants who have had a history of balance problems for more than one year.
NOTE: Vestibular compensation happens most effectively over the first month after a lesion.
The one year timepoint was chosen to provide enough time for natural compensation to reach
its plateau and also ensure that the patient does not have a fluctuating vestibular disorder.

1.2. Use the following exclusion criteria for patients:

1.2.1. History of central nervous system problems (e.g., head trauma, stroke, brain tumor, etc.)
that may affect the central vestibular pathways, which are required for proper compensation.

1.2.2. Diagnosed with a fluctuating vestibular disorder (e.g., benign paroxysmal positional
vertigo [BPPV] or Meniere’s disease).
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1.2.3. Patients using other forms of vestibular rehabilitation program or types of physical
activity (e.g., athletes) that may improve vestibular compensation independent of the
unidirectional rotation rehabilitation should be excluded.

NOTE: This criterion is suggested only for research purposes and to control for extraneous
variables.

1.3. Do not limit participants based on age or gender.

NOTE: Similar to other compensation, this rehabilitation method is expected to have less
pronounced effects in older subjects.

1.4. Instruct participants to refrain from using any medications that suppress the central
nervous system, including antihistamines or any anti-vertigo drugs for at least 1 day prior to

each experimental session.

1.5. Instruct participants not to use any nervous system stimulants, including amphetamines
and caffeine for at least 1 day prior to each experimental session.

1.6. Instruct participants to refrain from drinking alcoholic beverages in quantities that impair
normal functioning, as this can interfere with functioning of the vestibular system and affect
the results.

2. Measurement of the vestibulo-ocular reflex (VOR)

2.1. Use either videonystagmography (VNG) or electronystagmography (ENG) to measure the
VOR response during whole-body rotation.

NOTE: The data presented in the results section was recorded by ENG. The current equipment
shown in the movie uses VNG.

2.2. Perform all recordings in the dark, with the head positioned 30° nose-down.
NOTE: For visualization purposes, the associated video is not performed in the dark.

2.3. Ask participants to sit in the rotary chair, secure them in the chair with the harness, put the
infrared goggles on, and fix the head in the headrest at a ~¥30° nose-down position.

2.4. After participants acclimate to the dark, calibrate the eye signal by asking them to look at
laser targets that are projected on the wall at +10° angles (e.g., to the right, left, above, and
below midline).

2.5. Begin running the protocol once the eye tracker is calibrated accurately, when the subjects
are ready.
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2.6. Keep subjects alert and distracted during all vestibular testing by asking them questions or
having them do mental arithmetic (e.g., count backwards from 100).

3. Unidirectional rotation stimulus

3.1. With the subject seated in the rotary chair, use a unidirectional rotation that consists of an
asymmetric triangular velocity profile with an acceleration of 80°/s? over 4 s to reach a
maximum velocity of 320°/s?, then slowly decelerate at 10°/s? to stop in about 30 s.

NOTE: The slow deceleration is particularly important in order to have a smooth stop in order
to avoid stimulating the opposite side.

3.2. Perform five such rotations with 1 min intervals. The five rotations together are considered
a rehabilitation session (Figure 1B).

3.3. Keep the subject in the chair after the last unidirectional rotation to test the symmetry with
a bidirectional sinusoidal harmonic acceleration (SHA) rotation test at 40 min and 70 min post-
unidirectional rotation.

NOTE: Keeping the patient in the chair will decrease the variability.

3.4. Perform the SHA test using a wide range of sinusoidal rotations at frequencies of 0.05 Hz,
0.2 Hz, and 0.8 Hz, with a peak velocity of 60°/s.

NOTE: For data presented in the results, a sinusoidal rotation at 0.2 Hz (40°/s) was used for all
evaluations.

4. Experiment design

4.1. Evaluate subjects with a full battery of vestibular tests during the initial session (see below)
in order to test VOR asymmetry and rule out any central problems.

4.2. One week later, expose the subjects to the unidirectional rotation and an SHA test (steps
3.1-3.4).

4.3. Repeat this process for a total of six sessions for 2x per week during the first 2 weeks, then
1x per week for the next 2 weeks (total of six sessions).

4.4. Administer an SHA test at the beginning (step 3.4) and end (steps 3.3 and 3.4) of each
session and calculate the directional preponderance (DP) as a measure of asymmetry:

_ Vir — Vir

DP = ——
Vir+ Vig

x 100
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Where: Viyr and V(g represent peak eye velocities during rotations toward the side with higher
responses (HR) and lower responses (LR), respectively.

NOTE: The directional preponderance provides a normalized measure of the difference in peak

eye velocity for rotations in the two directions. While it is mainly used for measuring

asymmetry in caloric responses, it can be (and is) used for quantifying VOR asymmetry in SHA?*
28

4.5. Perform another SHA test (step 3.4) 1 week after the last rehabilitation session.
5. Sessions details
5.1. Initial session

5.1.1. During the first visit, take a brief history of the patient’s imbalance problems to verify the
duration of vestibular asymmetry and ensure no indication of a fluctuating disorder.

5.1.2. Perform a complete set of vestibular tests, including saccades, smooth pursuit,
optokinetic, gaze holding, positional and positioning, caloric, and rotational tests.

5.1.3. Only recruit patients with VOR asymmetry during rotation who have clear abnormal
directional preponderance (DP), typically with asymmetry values of more than 10%. This will be
considered the initial (baseline) DP for each subject.

NOTE: Different equipment might provide different normal ranges and it is best to use the
range specified for your device or to base the normal range on lab-specific normative data.

5.1.4. Clearly explain to the subjects the procedure of unidirectional rotation (5x in one session)
and the total number of sessions (six times total).

5.1.5. Ask each subject to sign a consent form that has been approved by the local Institutional
Review Board (or equivalent, for experiments performed outside of the United States), while
clearly informing them that they can drop out of the study at any point and for any reason.

5.2. Unidirectional rotation sessions (six sessions)

5.2.1. Expose subjects to the unidirectional rotation (steps 3.1-3.4) during six sessions (steps
4.3 and 4.4).

5.2.2. At the beginning of each rehabilitation session, perform an SHA test (step 3.4) and
calculate the DP value.

NOTE: This will provide the pre-rehabilitation DP for that session and long-term post-
rehabilitation DP for the previous session.
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5.2.3. Do not perform the unidirectional rotational rehabilitation if the pre-rehabilitation DP
value falls in the normal range (<10%) in any of the sessions and instruct the subject to return
for the next session.

5.2.4. If the pre-rehabilitation DP is in the abnormal range, wait 5 min after the SHA test and
perform the unidirectional rotational rehabilitation.

5.2.5. Perform a second SHA test 40 min and 70 min after the end of unidirectional rotation
rehabilitation (step 3.4) and calculate the post-rehabilitation DP for this session.

5.2.6. Instruct the subjects to return for the next session.

5.3. Final session

5.3.1. Perform an SHA test only (step 3.4) and calculate the DP value.
NOTE: This will serve as the final asymmetry measurement.

5.3.2. Do not use unidirectional rotation in the last session.

REPRESENTATIVE RESULTS:

Short-term effects of the unidirectional rotation were evaluated by measuring the VOR with a
0.2 Hz (40°/s) sinusoidal rotation test at 70 min after rehabilitation?. Figure 2 shows the peak
eye velocities during the VOR responses to rotations in the two directions (Figure 2A) and the
change in the DP (Figure 2B). Following unidirectional rotation, the response to rotations in the
direction of the side with the lower response (LR) was increased, and the response to rotations
in the opposite direction (the direction with the stronger response [HR]) decreased, resulting in
decreases in VOR asymmetry and DP value. It should be noted that the phase of the response is
not calculated in the current study, since subjects had asymmetric VOR responses, while the
VOR phase is a sensitive measure in compensated patients with normal symmetric gains and
remains abnormal for low frequencies of rotation?62%-31,

Exposing subjects to the unidirectional rotation during multiple sessions further decreased the
DP value. The effect of this rehabilitation was retained between sessions (Figure 2C), and the
cumulative effect resulted in most subjects having a normal DP after only two sessions. Similar
to the short-term effect, the improvement in DP was the result of an increase in VOR responses
for rotations toward the LR side and decrease in VOR responses during rotations toward the HR
side3.

FIGURE LEGENDS:

Figure 1: Unidirectional rotation decreases asymmetry between the two sides. (A) Schematic
showing the hypothesis behind the unidirectional rotation. Stimulation of the side with lower
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response (LR) and inhibition of the side with the higher response (HR, red arrows) will result in a
change in commissural inputs as well as direct afferent inputs. This results in an increase in the
response of LR neurons and decrease in the asymmetry between the two sides (black arrows).
(B) Experimental design and rotational paradigms.

Figure 2: Short-term and long-term effect of the unidirectional rotation. (A) In the first session
and 70 min after unidirectional rotation, peak eye velocity (°/s) showed a 14% increase in
response to rotations toward the side with lower response (LR) and 16% decrease for rotations
toward the side with higher response (HR, n = 16). Although these changes were not
statistically significant (for LR: 25.0 £ 2.2 vs. 26.75 + 5.3 °/s, paired Student's t-test, p = 0.23; for
HR:35.0 £ 3.6 vs. 26.0 + 4.4 °/s, paired Student's t-test, p = 0.15), they resulted in a decrease in
overall asymmetry. Error bars represent SEM. (B) Corresponding DP values decreased
significantly (paired Student's t-test, p = 0.0006) and reached normal values. Error bars
represent SEM. (C) The effect of the unidirectional rotation stayed for a longer time period and
was cumulative. Pre-session values were measured before rehabilitation in a session and post-
session values were measured 70 min after rehabilitation in that session. Negative DP values
indicate reversal of the direction of asymmetry compared to the beginning of the study.
Sessions are comparable to the Figure 1B schematic. Error bars represent SEM. This figure has
been modified from Sadeghi et al.3.

DISCUSSION:

The rehabilitation method presented here consisted of repeated unidirectional rotations in the
dark toward the less responsive (LR) side in patients with vestibular imbalance and VOR
asymmetry. Most rehabilitation techniques enhance multisensory integration in order to
improve balance'®?°, The method presented here targets the vestibular pathway, and its
effects may be explained by a response increase in the VN on the LR side and a decrease in VN
response on the HR side. These effects may be mediated at the afferent VN synapse due to the
unidirectional stimulation of the sensors and nerves on the LR side and simultaneous decrease
on the HR side. It may also affect VN activity through changes in the commissural inputs, which
are known to play an important role in vestibular compensation®. Regardless of the mechanism,
this method provides an effective way for decreasing asymmetry in responses of the two sides.

Previous studies have shown that repeated rotations could result in habituation of responses in
normal animals and humans3?37, While this appears to be in contrast with these results, the
conditions are different when the system is compensating for an asymmetry. Furthermore, a
critical step in the design of the unidirectional rotation is to have a very slow deceleration in
order to avoid stimulation of the other side. None of the previous studies have used such
asymmetric stimulation.

It was found here that most subjects showed normal DP after two sessions3. This suggests that
patients should be evaluated after two sessions to determine their progress and plan for future
sessions. Furthermore, it is not known whether changes in DP are correlated with changes in
subjective perceptions of retinal slippage. Future studies are required to evaluate this
relationship using standardized vestibular/balance questionnaires before and after
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unidirectional-rotation sessions. Finally, a change in VOR asymmetry was only evaluated at
lower frequencies of rotation (0.2 Hz). 1) The effects of this treatment on VOR phase or 2)
whether or not this improvement transfers to higher frequencies of rotation or to the vestibulo-
spinal pathways requires further investigation.

It is well-known that customized and supervised exercises provide better results in patients
compared to unsupervised exercises that can be performed at home3343, Here, to perform the
unidirectional rotations, an expensive rotary chair is used that limits the use of this method.
However, two important parameters for successful unidirectional rotation are a relatively high
peak velocity during acceleration and a slow deceleration, which can be achieved by any
rotating chair to which the patient can be securely attached using a trained partner to perform
the asymmetrical rotation, or through the use of tele-health approaches. If confirmed by future
studies, alternative low-tech approaches may provide a far less expensive alternative for
performing this vestibular rehabilitation service.

Overall, in this preliminary study, unidirectional rotation provides an effective way for reducing
VOR asymmetry in patients, even in the compensated stage. The results show that this method
may be used as an effective supervised method for vestibular rehabilitation even in patients
with longstanding vestibular dysfunction.
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Using unidirectional rotations to improve imbalance

in patients with vestibular dysfunction

Author(s):

Nayer Rassaian, Navid Sadeghi, Bardia Sabetazad,
Kathleen McNerney, Robert Burkard, Soroush Sadeghi

Iltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:
Standard Access

Iltem 2: Please select one of the following items:

D Open Access

The Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

|:|The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JOVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
pubtish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.
5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” hox has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.
6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.
7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in ltem 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JOVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JOVE reserves the right, in its absoclute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to
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the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination  procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JOVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name:
Soroush Sadeghi
Department: Communicative Disorders and Sciences
Institution: SUNY Buffalo
Title: Assistant Professor
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Editorial Comments:

¢ Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no
spelling or grammatical errors.
We have proofread the article.

* Protocol Language: Please ensure that ALL text in the protocol section is written in the imperative
voice/tense as if you are telling someone how to do the technique (i.e. “Do this”, “Measure that” etc.)
Any text that cannot be written in the imperative tense may be added as a “Note”, however, notes
should be used sparingly and actions should be described in the imperative tense wherever possible.
1) Examples NOT in imperative voice: 1.2-1.8, 3.1

All protocol steps were checked and changed to have the imperative voice/tense.

¢ Protocol Detail: Please note that your protocol will be used to generate the script for the video, and
must contain everything that you would like shown in the video. Please add more specific details (e.g.
button clicks for software actions, numerical values for settings, etc) to your protocol steps. There
should be enough detail in each step to supplement the actions seen in the video so that viewers can
easily replicate the protocol.

1) Please include an ethics statement before your numbered protocol steps indicating that the protocol
follows the guidelines of your institutions human research ethics committee.

The ethics statement is added. Note that the data shown in the manuscript is from the published article
in the Frontiers in Neurology and hence we mention the ethics committee of that institution.

2) 2.4: Unclear how the targets are presented in the dark. Are they projected using light/lasers on a
wall?
That is correct and this is now mentioned in the text.

3) 2.5: how is the calibration performed?
We have added the calibration method to the text in Section 2.4.

4) 3.2: How are the rotations performed? Is the chair motorized?
We have added more details to the text.

5) 3.3, 5.2.2,5.2.5: Unclear what is done during SHA. Is an instrument used?
We have added step 3.4 to describe SHA and refer to it when SHA is mentioned later.

6) 4.2: is the unidirectional rotation performed exactly as in section 3?
That is correct and this is now referenced in the text.

7) 5.2.1: Please reference steps where you described the rotation.
We now reference the appropriate steps for this section.
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¢ Protocol Highlight: Please highlight ~2.5 pages or less of text (which includes headings and spaces) in
yellow, to identify which steps should be visualized to tell the most cohesive story of your protocol
steps..

1) The highlighting must include all relevant details that are required to perform the step. For example,
if step 2.5 is highlighted for filming and the details of how to perform the step are given in steps 2.5.1
and 2.5.2, then the sub-steps where the details are provided must be included in the highlighting.

2) The highlighted steps should form a cohesive narrative, that is, there must be a logical flow from one
highlighted step to the next.

3) Please highlight complete sentences (not parts of sentences). Include sub-headings and spaces when
calculating the final highlighted length.

4) Notes cannot be filmed and should be excluded from highlighting.

5) Please bear in mind that calculations cannot be filmed.

¢ Discussion: JoVE articles are focused on the methods and the protocol, thus the discussion should be
similarly focused. Please ensure that the discussion covers the following in detail and in paragraph form
(3-6 paragraphs): 1) modifications and troubleshooting, 2) limitations of the technique, 3) significance
with respect to existing methods, 4) future applications and 5) critical steps within the protocol.

Thank you for the reminder. We have addressed all of these points in the Discussion.

* Figure/Table Legends:

1) Figure 2: please define the scale bars.

We now mention in the caption that error bars represent the standard error of the mean. Otherwise,
the figure does not have any scale bars.

* References: Please spell out journal names.
The references were made by using JoVE as the output style in EndNote, as instructed in author
guidelines.

e If your figures and tables are original and not published previously or you have already obtained figure
permissions, please ignore this comment. If you are re-using figures from a previous publication, you
must obtain explicit permission to re-use the figure from the previous publisher (this can be in the form
of a letter from an editor or a link to the editorial policies that allows you to re-publish the figure).
Please upload the text of the re-print permission (may be copied and pasted from an email/website) as a
Word document to the Editorial Manager site in the "Supplemental files (as requested by JoVE)" section.
Please also cite the figure appropriately in the figure legend, i.e. "This figure has been modified from
[citation]."

We have uploaded the information from the Frontiers website as a Supplementary File during the
current submission. The Frontiers website mentions that no formal permissions are required for reusing
figures:

“In most cases, adaptation and reuse of figures is permitted provided that the authors and original
source are appropriately credited and that no third-party licenses apply (please see the citation on the
article on-line page). Frontiers does not provide any formal permissions for reuse.”



Comments from Peer-Reviewers:

Please note that the reviewers raised some significant concerns regarding your method and your
manuscript. Please revise the manuscript to thoroughly address these concerns. Additionally, please
describe the changes that have been made or provide explanations if the comment is not addressed in a
rebuttal letter. We may send the revised manuscript and the rebuttal letter back to peer review.

Reviewer #1:
Manuscript Summary:
Nice work....

Thank you!

Minor Concerns:

Please emphasize that the patients have a directional preponderance, not necessarily a unilateral
weakness. Each can be considered a vestibular "asymmetry" but they represent different processes as
the authors know. Did any have a UW? How many, and how much?

We believe that the reviewer is referring to the first sentence of the Summary statement, which is the
only place that unilateral weakness is mentioned. We have not in this document considered patients’
diagnoses, except for excluding those with fluctuating disorders (e.g., Meniere’s disease). Our concern
was to find patients with asymmetric VOR responses, suggesting an input imbalance in the vestibular
system between the two sides and then investigate whether this kind of stimulation could bring the two
sides closer to each other. We have changed the sentence in the Summary section to ‘patients with
asymmetric responses’.

Reviewer #2:

Manuscript Summary:

The protocol described in this manuscript is quite simple and well-articulated, however, the design of
this rehab procedure is flawed.

Below, we have tried to address the main two concerns of the reviewer, namely use of ‘imbalance in
patients’ in the title (which we now understand was misleading, when what we meant to state was
imbalance between the two sides) and use of phase for evaluating the VOR.

Major Concerns:

1. If the authors want to prove the procedure is effective to improve imbalance, then the outcome
measures should be a test of balance function such as SOT, not VOR asymmetry.

The reviewer is absolutely correct if referring to balance ability, but as mentioned in the previous
comment and stated in the text, we are referring to imbalance of the peripheral vestibular system on
the two sides. The title of the paper may have been misleading and therefore we have changed
‘imbalance’ to ‘asymmetry’ in the title as well as in most other places in the manuscript.

2. The VOR asymmetry is not the most effective measure of VOR, or peripheral vestibular loss. The most
sensitive value of VOR is the VOR phase, then the gain.



The reviewer is correct that the VOR phase is an important measure. However, this measure may be
most useful when assessing VOR responses in compensated patients with normal / symmetric VOR gains
and mainly in the lower frequency range of rotations as a measure of the velocity storage function. In
this study, our subjects had asymmetric gains as a recruitment criterion. In this case the change in gain
and asymmetry are indeed a measure of improvement of the horizontal VOR responses after our
rehabilitation. We have added a sentence to the text to address this point.

3. The data shown in Figure 2 did not indicate statistical significance.

The lack of significance is now mentioned in the figure caption. Note that changes in DP are significant
(Fig. 2B).

Minor Concerns:

The definition of VOR asymmetry is the difference between the peak eye velocity during CW (right-
beating) and CCW (left-beating) rotations, not directional preponderance (DP).

Using the difference in peak velocities, would also show the significant change (13.1+1.9vs. 4.6 £ 2.3,
paired t-test, p = 0.01). The directional preponderance provides a normalized measure of the difference
in peak eye velocity for CW and CCW rotations and has been traditionally used for measuring the VOR
symmetry and is reported as % symmetry in most clinical studies (e.g., Funabiki and Naito, 2002,
Zalewksi 2018). Furthermore, we found that rotation DP was well correlated with that of the caloric test
as shown below (unpublished data from patients in Sadeghi et al., Frontiers in Neurol. 2019). We have
added text to the manuscript to reflect these points (see below).
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The term of DP is usually used in the caloric test, describing the difference between left-beating and
right beating nystagmus. So, to use DP in VOR testing is misleading.

We have edited this section to make it clear that directional preponderance (DP) is referring to an
asymmetry in VOR response from rotary chair measures.

For both these points, we have added the following text to step 4.4:

‘Administer an SHA test (step 3.4) at the beginning and end of each session and calculate the asymmetry
by calculating the directional preponderance (DP) as a measure of asymmetry [...] Note: The directional
preponderance provides a normalized measure of the difference in peak eye velocity for rotations in the



two directions and while it is mainly used for measuring asymmetry in caloric responses, it can be (and
is) used for quantifying rotational asymmetry.’

We thank the reviewers for their constructive comments in this manuscript.
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