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SHORT ABSTRACT:

The article describes a practical method for recording horizontal eye movements with high
accuracy by electro-oculogram in neurological patients, using a cup Ag-AgCl electrode with a
wide plastic fringe. Stable measurement requires proper selection and fixation of electrodes,
taking sufficient time for light adaptation to occur, and re-calibration as needed.

LONG ABSTRACT:

Electro-oculogram (EOG) has been widely used for clinical eye movement recording, especially
horizontal saccades, although the video-oculography (VOG) has largely taken the place of it
nowadays due to its higher spatial accuracy. However, there are situations in which EOG has
clear advantages over VOG, e.g., subjects with narrow eye clefts or having cataract lenses, and
patients with movement disorders. The present article shows that if properly implemented,
EOG can achieve an accuracy almost as good as VOG with substantial stability for recording,
while circumventing problems associated with VOG recording. The present paper describes a
practical method for recording horizontal saccades using oculomotor paradigms with high
accuracy and stability by EOG in neurological patients. The necessary measures are to use an
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Ag-AgCl electrode with a wide plastic fringe capable of reducing noise, and to wait for sufficient
light adaptation to occur. This waiting period also helps to lower the impedance between the
electrodes and the skin, thereby ensuring stable signal recorded as time goes by. Furthermore,
re-calibration is performed as needed during the task performance. Using this method, the
experimenter can avoid drifts of signals, as well as contamination of artifacts or noise from the
electromyogram and electroencephalogram, and can collect sufficient data for clinical
evaluation of saccades. Thus when implemented, EOG can still be a method of high
practicability that can be widely applied to neurological patients, but may be effective also for
studies in normal subjects.

INTRODUCTION:

There are three major ways to record eye movements, the conventional EOG, the VOG
recorded by the video-based eye tracking system, and the scleral search coil (SSC) method.
Among them, EOG has been frequently used for recording eye movements in patients since the
1970s because of its simplicity. Widely applicable to the clinical population, this method has
been extensively utilized for the diagnosis of neurological patients and has provided useful
information about the pathophysiology underlying the disorders. In addition, it is still the only
technique that can be feasibly used for recording eye movements during sleep (rapid eye
movement during REM sleep and other forms of eye movements).

Since the eyeball is positively charged in its anterior aspect including the cornea relative to its
posterior aspect, there is a voltage difference between the anterior and posterior aspects of the
eyes termed the corneo-retinal potential. Due to the presence of this potential, the right
electrode will become more positive than the left when the subjects turns their gaze toward
the right, and become negative when they turn their gaze to the left. Since the voltage
difference between the left and right electrodes correlates significantly with the rotation angle
of the eyeballs for horizontal saccades, it can be used to measure horizontal eye movements.
However, this correlation does not hold for the vertical direction, although vertical EOG still can
be used to measure eye movements®. On the other hand, some studies mainly use vertical EOG
for monitoring blinks.

Recently, however, VOG has largely taken the place of EOG due to its higher spatial accuracy
reaching up to 0.25-0.5 degrees, and has now become the standard method for saccade
recording in the clinical setting. Meanwhile, EOG has come to be considered rather outdated,
since its spatial accuracy, at most 0.5 degrees, is inferior to that of VOG.

However, VOG also has its own drawbacks if used in the clinical setting. There are cases in
which VOG is not feasible; for example, eye tracking becomes inaccurate in subjects with a
narrow eye cleft such as when the greater area of the cornea is occluded by the eyelids. In
patients with cataract lenses, aberrant reflection of the infrared light hampers reliable
recording of the gaze direction. Furthermore, EOG can offer advantages for some people for
whom their movement disorder makes VOG recording difficult. In addition, the VOG system is
more expensive compared to the setup of EOG, which often makes the former unavailable in
ordinary medical facilities.



On the other hand, the SSC method is regarded as the gold standard for measuring eye
movements. Compared with VOG and EOG, this method provides the highest spatial accuracy,
down to 0.1 degrees, and is especially useful when the recording involves high-frequency head
motion®. However, this method is potentially invasive, i.e., painful and very irritating to the
eyes, and allows recording for only a brief period, approximately under 30 min or shorter’1°,
This short duration makes it a method unsuitable for extensive clinical application, although it
has been used successfully in some specialized facilities*®.

Based on previous studies recording more than 250 neurological patients and 480 normal
subjects by the same group*?®°, the present study shows that EOG can be accurate enough to
serve as a standard technique of eye movement recording, and widely applicable to the clinical
population, while circumventing various drawbacks of VOG and SSC. The present article
describes a stable EOG recording method, using an electrode with a wide fringe to allow wide
and stable contact with the skin, similar to that of an EEG electrode attached securely on the
scalp by collodion for recording a long time period. The impedance of the electrode goes down
and the recording becomes stable with time, thereby effectively reducing the artifacts from
facial muscles and electroencephalography. This method is compared with simultaneously
recorded VOG. When properly prepared and implemented, EOG is as good as VOG in terms of
accuracy for recording saccades in neurological patients, and EOG may even be more amenable
to saccade recording in normal subjects.

PROTOCOL:

All experimental procedures in this study were approved and conducted according to the
guidelines of the institution’s human research ethics committee after obtaining informed
consent.

1. Prepare the Subject and the Room for Recoding

1.1.  Perform recording in a room with low ambient illumination, to allow sufficient light
adaptation.

1.2.  Have subjects sit in front of a black, concave dome-shaped screen measuring 90-cm in
diameter that contains light-emitting diodes (LEDs) embedded in pinholes, which serve as the
fixation points and saccade targets used for the oculomotor paradigms.

Note: The LEDs are arranged in horizontal, vertical and oblique arrays in a black, concave dome-
shaped screen, i.e., in 8 directions separated by 45 degrees from the center and at an interval
of 5 degrees from the center, as was originally devised by Kato et al.?° for behavioral and
physiological studies, and modified for human use by Hikosaka et al.?!

1.3.  For controlling the oculomotor tasks, make each subject hold a microswitch button
connected to a microcomputer, which allows the subject to initiate and terminate a task trial by
pressing and releasing the button.



Note: Tasks and data acquisition are controlled by a custom-made program operating on a
typical Windows PC.

1.4. Stabilize the subject’s head position by chin and forehead rests, as well as by a head
band.

2. Place the Electrodes for EOG

2.1.  Use an Ag-AgCl cup electrode for recording EOG (Figure 1), which has a diameter of 1.8
cm and a thickness of 3.5 mm. The bottom of the cup comprises the Ag-AgCl electrode and the
lateral wall is surrounded by a plastic fringe of 5 mm thickness, enabling wide contact with the
skin.

2.2.  Wipe the skin with an alcohol swab.

2.3.  Fill the cup with electrode paste.

2.4.  Stably fixate the electrode on the skin by placing double-stick adhesive tape beneath the
plastic and attach the fringe to the skin.

2.5.  For recording horizontal saccades by EOG, place the electrodes at the bilateral canthi of
the eyes, whereas for recording vertical saccades, place the electrodes above and below one
eye.

3. Set Up the Amplifiers for Recording

3.1. Use adirect current (DC)-amplifier for recording the EOG, with the signal digitized at 500
Hz.

3.2. Record VOG simultaneously, using the video-based eye tracking system, which records
ocular fixation position data at a sampling rate of 500—1,000 Hz.

3.3. Feed the analog output of the horizontal and vertical eye positions and set the filter of
the data acquisition system, with the signal low-pass filter at 20 Hz.

3.4. Also, set the filter to attenuate the high-intermediate frequency noise, such as
electromyography and electroencephalography.

Note: For analysis, a further smoothing process is necessary for calculating saccade velocity
profiles from the eye position data (here, 3-point smoothing was performed three times).

3.5. If possible, measure the impedance between the electrode and the skin and keep it
below 20 k Q.



4, Waiting Period after Placing the Electrodes for Light Adaptation

4.1. Wait 10-20 min after placing the EOG electrode on the skin, until sufficient light
adaptation takes place.

4.2. Allow the recording to stabilize and the impedance between the electrode gel to
decrease.

5. Calibrate the EOG and VOG Signals

5.1. Perform eye movement calibration before each test session by having the subjects look
at 5 pre-specified locations.

5.2.  More specifically, make subjects view visual targets in the center and those that appear
20 degrees to the left, right, upwards, and downwards of the fixation point, both for EOG and
VOG.

5.3.  Adjust the gain of EOG as the subjects fixate on these spots, so that using the custom-
built data acquisition system for monitoring the current eye position displayed on the computer
screen matches the target position displayed on the screen.

6. Record Saccades Using the Oculomotor Paradigms and Recalibrate the Eye Positions as
Needed During the Session

6.1. Instruct the subjects about the oculomotor paradigms.

Note: Two oculomotor tasks are typically used for clinical studies, the visually guided saccade
(VGS) and antisaccade (AS) tasks. Briefly, in VGS, when subjects press the button, a central spot
is lit in the center of the dome, and the subjects are first required to fixate on this spot. 1.5-2 s
later, a target is presented, randomly at a location 5, 10, 20, or 30 degrees horizontally to the
left or right of it, at the same time as the central fixation spot is extinguished. The subjects are
instructed to make a saccade toward that target. In the AS task, make the subjects first press
the button and then require them to fixate on the central fixation point as it appears. 1.5-2 s
later, the target jumps to the left or right of it, similar to above. The subjects are required to
make a saccade towards a mirror-symmetrical position across the central fixation spot.

6.2. Have the subjects press the button and begin the trials.

6.3. During the session, adjust the gain of EOG during the task performance, so that the
current eye position displayed on the monitor is always aligned with the target position
simultaneously displayed on the same screen. Both for EOG and VOG, perform re-calibration for
adjustment when necessary throughout the experiments.



6.4. To compare the performances of the two methodologies, analyze the filtered and
digitized EOG signals from the DC-amplifier and VOG by a custom-built computer program and
show the EOG and VOG signals together in the same trace.

REPRESENTATIVE RESULTS:

Figure 2 shows representative simultaneous records of EOG and VOG in a normal subject. 8
trials of VGS are superimposed for EOG (gray curves) and VOG (red curves; Figure 2A).
Calibrated by the present method, EOG and VOG data are known to be linear over a range of 5—
30 degrees, and the spatial accuracy of the data is 0.5 degrees.

The records obtained by the two methods largely overlap with each other. Also, the saccade
parameters, such as latency and amplitude, are almost comparable for the two recording
methods, although the velocity is slightly smaller for EOG (VGS: Figure 2B, AS: Figure 2C).

For EOG, electromyography and electroencephalography can confound eye movement records,
which usually necessitates the use of low-pass filtering for proper eye recording. The use of
low-pass filtering at 20 Hz has been reported to decrease the peak velocity, and to increase the
onset of saccades slightly; the velocity of saccades is smaller by up to 10% for VGS and MGS,
and the latency measured by EOG is longer than that measured by VOG by 2—-3% (or on the
order of 8-10 ms), whereas the amplitude of saccades is largely comparable??. On the other
hand, previous studies by other groups have reported larger saccade velocity for EOG as
compared to both VOG and SSC’-%0, and the discrepancy between studies was considered due
to the use of a smoothing procedure to calculate the saccade velocity profile and the low-pass
filtering as mentioned.

FIGURE LEGENDS:

Figure 1: The electrode and adhesive tape used for recording EOG. The electrode has a
diameter of 1.8 cm and a thickness of 3.5 mm, where the bottom comprises the Ag-AgCl
electrode and the lateral wall is surrounded by a plastic fringe of 5 mm thickness. This enables
wide contact with the skin, allowing close and stable fixation, and serves to reduce the
impedance between the skin and the electrode. Due to this, the recording becomes stable with
time, thereby effectively reducing the artifacts from facial muscles and
electroencephalography.

Figure 2: Representative traces of saccades recorded by EOG and VOG. (A) Representative
traces recorded by EOG and VOG. 8 VGS traces are superimposed, time-locked to the signal
instructing the start of saccades. Saccades towards targets of four different eccentricities (5, 10,
20, and 30 degrees) to the left and right from the central fixation spot are recorded. The
horizontal axis gives the time and the vertical axis gives the eye position (upper trace) or
velocity (lower traces). The red curves are for VOG and the gray curves are for EOG. Ticks below
are marked at a 100 ms interval. Gray curves are for EOG measured by the DC amplifier, and
the red curves are for VOG measured by the video-based eye tracking system. When the eyes
move to the right, the traces deflect upwards and when the eyes move to the left, they deflect
downwards. Note the substantial overlap between the traces, except that the gray traces (EOG)



are slightly displaced towards the right compared to the red traces (VOG), implying a slightly
longer latency for EOG relative to VOG. (B) Comparison of EOG and VOG traces in the VGS task.
Red curves are for EOG and black and blue curves are for VOG of the left and right eyes,
respectively. The upper trace is for eye position, and the lower figure is for eye velocity. Again
note the substantial overlap between the traces for EOG and VOG, but the latency is slightly
longer for EOG, and the velocity curve of EOG shows a slightly lower peak velocity than that of
VOG. (C) Comparison of EOG and VOG traces in the AS task. Similar EOG and VOG traces when
subjects perform the AS task. Note again the substantial overlap and that the latency is slightly
longer for EOG, and the velocity curve for EOG shows a slightly lower peak velocity than that for
VOG.

DISCUSSION:

Although nowadays, the prevailing method for recording saccades has become the VOG, the
present study showed that EOG can achieve an accuracy almost comparable to that of VOG if
properly implemented (Figure 2). The present EOG method has been shown to achieve a good
correlation with VOG when recording horizontal saccades and has been successfully used in
many previous studies by the same group??1°,

Admittedly, VOG has a higher spatial accuracy than EOG and has largely replaced EOG in the
clinical setting, but the higher accuracy of VOG and SSC should not always be taken at face
value. EOG has been recorded in combination with VOG or SSC, and has shown performance
comparable to the latter two despite small differences’®. Comparison of saccade peak
velocities simultaneously measured by EOG, VOG, and SSC consistently showed that peak
velocity measured by EOG is slightly but consistently faster than those measured by the other
two methods’. This faster velocity measured by EOG is generally ascribed to the greater noise
level for EOG recording, such as contamination from the alpha and beta bands of EEG®. On the
other hand, peak velocity measured by VOG is also higher than that recorded by SSC
simultaneously’. This difference is attributed to the load of the search coil, influencing the
saccade dynamics; possible slippage of the coil over the cornea, especially during blinks, may
reduce the accuracy of eye movement measurement, leading to a slightly larger peak velocity
measured by SSC than by VOG. In the present study, the peak velocity was lower when
measured by EOG as compared to VOG. Presumably, this is because the low-pass filtering used
here tends to decrease the peak velocity. Therefore, the difference in “accuracy” of each
methodology may be due not only to the confounding noise, but also to how signals are
processed (e.g., low-pass filtering) as well as to inherent limitations of each recording method
(e.g., slippage of the search coil).

Meanwhile, EOG has a clear advantage over the other eye movement recording methods in
certain recording situations, i.e., subjects with narrow eye clefts and with cataract lenses. To
adjust the method for the narrow eye cleft, experimenters can tape up the eyelids of subjects
while recording, but this can irritate the eyes and result in excessive blinking and tears, which
hampers reliable recording. In contrast, EOG can be used in patients with cataract lenses. For
VOG, the signal is lost due to aberrant reflection associated with cataract lenses. Similarly,
blinks may virtually “truncate” the VOG records, because the signal is lost during blinks. In



contrast, horizontal EOG is less affected by blink artifacts, although small “spikes”
corresponding to blinks in the records may be seen.

EOG requires only a short time for preparation, and may even be applicable to many patients
with movement disorders that are less severe. Some neurological patients may have difficulty
in stabilizing their trunk. Such movements may be detrimental for recording VOG as well.
Considering these aspects, EOG shows a sufficient level of accuracy for clinical assessment; it is
not that EOG is inherently “inaccurate” as a method for recording eye movements.

A practical guideline for recording the EOG in clinical applications has been published in 201723,
The protocol here extends this proposal by including some additional procedures to further
stabilize the EOG recording. The corneo-retinal potential can fluctuate with time, due to factors
such as the alertness of subjects or environmental influences such as ambient light. The
magnitude of the corneo-retinal potential difference is affected by various conditions and
increases during light adaptation, while dark adaptation causes a decrease?*?°. With sufficient
dark adaptation, therefore, the corneo-retinal potential is expected to stabilize, leading to
reduced drift. To reduce fluctuation further, the gain of EOG was continuously monitored
throughout the experiment, and re-calibration was also performed for adjustment when
necessary throughout the experiments. This re-calibration procedure took only 10-20 s to
perform, so this did not intervene much with the recording procedures, and reduced the
fluctuation of EOG signal. If the experimenter waits for 10-20 min after placing the electrodes,
sufficient light adaptation will take place and the impedance between the electrode and the
skin will also decrease and gradually asymptote to a low level (down to 20kQ). The waiting
period enables the recorded potential to stabilize dramatically from the beginning of the
recording and to become increasingly stable with time.

Instead of the specialized dome embedding LEDs as described in this article, any board with
LEDs embedded in a similar arrangement may be used. An alternate current (AC) amplifier can
be used instead of a DC amplifier, but in this case, the amplitude of recorded saccades will not
be reliable enough for qualitative assessment because of the signal decay. Electrodes having a
wide fringe, which also serves to maintain close and wide contact with the skin, may be
substituted for the electrode described in this article.

Some drawbacks of EOG should also be acknowledged. EOG is generally only adequate for
recording horizontal eye movements, as raised in the Introduction. Furthermore, it is difficult to
reliably assess microsaccades by the EOG method, whereas VOG has the capability to do so.
This issue is especially important because of the saccadic spike potential and its fingerprint in
the high frequency range?®. Although these aspects could be problematic in the clinical context,
they cannot be solved even with the present protocol and remains to be addressed in future
studies. On the other hand, the eye position signal recorded by EOG can be contaminated by
artifacts and noise, such as electromyography from facial muscles and electroencephalography.
Also, when a DC amplifier is used, the recorded EOG signal can drift with time. These issues can
be largely resolved by using an electrode with a plastic fringe that allows close and stable
fixation as well as reduction of impedance between the skin and the electrode, effectively



reducing the surrounding noise. Secondly, increasing the contact area between the gel and the
skin by using a cup-electrode as described above, helps to lower the impedance at skin contact.
Another way to avoid the drift is to wait for a period of 10—15 min after electrode placement,
until sufficient light adaptation takes place. This waiting period also helps to further lower the
impedance between the electrode (gel) and the skin, and the recorded EOG signal usually
stabilizes as the time elapses. Repeating calibration and setting the gain of the gaze signal
appropriately during the performance of oculomotor tasks can further help to improve the
recording quality. The drift of eye position signal can pose a problem when recording smooth
pursuit for which recording is usually made for an extended period. However, for recording
saccades, whose duration lasts only for several tens of milliseconds, this is usually not an issue.

In summary, for achieving “accurate” EOG recording, it is not the methodology itself that
matters, but how the experimenter implements it. The critical step is how to cope with the
instability of the recording. The necessary measures are to use an Ag-AgCl electrode with a
wide plastic fringe capable of effectively reducing noise, and to wait for sufficient light
adaptation. This waiting period also helps to lower the impedance between the electrodes and
the skin, thereby ensuring a stable signal recorded. Furthermore, re-calibration is performed as
needed during the task performance. Thus implemented, EOG can still be a method of high
clinical practicability that can be widely applied to neurological patients, especially for recording
saccades in the horizontal direction. Indeed, EOG can be a preferable method when only this is
available for economic reasons or in practical clinical situations where a readily implemented
method is required and where omission of data is not permissible.
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Name of Material/ Equipment
Electrode
Electrode paste
Adhesive tape
DC-amplifier

video-based eye tracking system
Filter
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Nihon-Kohden (Tokyo, Japan)
Nihon-Kohden (Tokyo, Japan)
Nihon-Kohden (Tokyo, Japan)
Nihon-Kohden (Tokyo, Japan)

SR research (Mississauga, Ontario, Canada)
NF corporation

Catalog Number
NS111-115
Gelaid Z-101BA
H261
AN-601G

Eyelink Il
MS-521
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Comments/Description
cup electrode
gel electrode paste to fill in the cup electrode
double-stick tape for fixating the electrode
amplifier for EOG

eye tracking system for recording VOG
filter for the EOG signal
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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.
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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 publish,
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” box 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 Item 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 rights permitted under such
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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. 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.

9. 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.

10. 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 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 absolute 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
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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.

11. 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 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
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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.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication 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.

13. 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.
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Rebuttal Letter

Click here to download Rebuttal Letter
JOVE_revise_comment_RIV.docx

Dear Sirs,

Thank you for giving comments to our paper " How to record horizontal saccade
performances accurately in neurological patients using electro-oculogram” submitted to
Journal of visualized experiments (JOVE- 56934 _R1_RIV). The authors are grateful to the
editorial comments. We revised the manuscript for your kind consideration of its suitability
for publication in your journal. The changes made in the text are indicated in the edit mode.
We hope that these changes have improved our paper and that it is now acceptable for

publication in Journal of visualized experiments.

Sincerely Yours,
Yasuo Terao

The address for correspondence is as follows:
Yasuo Terao, M.D.
Department of Cell Physiology, Kyorin University
6-20-2 Shinkawa, Mitaka, Tokyo, 181-8611 Japan
(Phone)+81-422-47-5511 Ext. 33784
(Fax)+81-422-47-4801

Editorial comments:

The manuscript has been modified and the updated manuscript, 56934 R1.docx, is
attached and located in your Editorial Manager account. Please use the updated version

to make your revisions.

1. Please provide full affiliation for each author including university, city, (state) and country.

>

Full affiliation for each author is now provided.

2. The short abstract is over 50 word limit.

>

The abstract was shortened to 50 words.

3. Please include an ethics statement before the numbered protocol steps, indicating that
the protocol follows the guidelines of your institution’s human research ethics committee.

>

I now included the ethics statement before the numbered protocol steps.

I+
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4. Please obtain explicit copyright permission to reuse any figures from a previous
publication. Explicit permission can be expressed in the form of a letter from the editor or a
link to the editorial policy that allows re-prints. Please upload this information as a .doc
or .docx file to your Editorial Manager account. The Figure must be cited appropriately in the
Figure Legend, i.e. “This figure has been modified from [citation].”

>

The figures used are all original.

5. Protocol step 5.1: Please specify how to calibrate.

>

In now provided how to calibrate.

6. Please remove all headers in the Discussion.

>
All headers in the Discussion were removed.

7. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you",

our
etc.).

>

| now avoided the use of any personal pronouns.

8. Please ensure that the references appear as the following:

Lastname, F.I., LastName, F.l., LastName, F.. Article Title. Source. Volume (Issue),
FirstPage — LastPage, doi: DOI (YEAR).

For more than 6 authors, list only the first author then et al.

>

I now comply to the reference format.

9. Please take this opportunity to thoroughly proofread the manuscript to ensure that there
are no spelling or grammar issues.

>

Once again, | thoroughly proofread the manuscript to ensure that there are no spelling or

grammar issues.



