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26 SUMMARY:
27  This experimental protocol demonstrates the use of virtual prism adaptation therapy (VPAT) in
28  healthy adults and the association between VPAT and functional near infrared spectroscopy to
29  determine the effect of VPAT on cortical activation. Results suggest that VPAT may be feasible and
30 could induce similar behavioral adaptation as conventional prism adaptation therapy.
31
32 ABSTRACT
33 Hemispatial neglect is a common impairment after stroke. It is associated with poor functional
34  and social outcomes. Therefore, an adequate intervention is imperative for the successful
35 management of hemispatial neglect. However, the clinical use of various interventions is limited
36 inrealclinical practice. Prism adaptation therapy is one of the most evidence-based rehabilitation
37  modalities to treat hemispatial neglect. To overcome any possible shortcoming that may occur
38  with prism therapy, we developed a new system using immersive virtual reality and depth-sensing
39 camera to create a virtual prism adaptation therapy (VPAT). To validate the VPAT system, we
40  designed an experimental protocol investigating the behavioral errors and changes in cortical
41  activation via the VPAT system. Cortical activation was measured by functional near infrared
42  spectroscopy (fNIRS). The experiment consisted of four phases. All four included clicking, pointing
43 orrest applied to right-handed healthy people. Clicking versus pointing was used for investigating
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the cortical region related with the gross motor task, and pointing with VPAT versus pointing
without VPAT was used for investigating the cortical region associated with visuospatial
perception. The preliminary results from four healthy participants showed that pointing errors by
the VPAT system was similar to the conventional prism adaptation therapy. Further analysis with
more participants and fNIRS data, as well as a study in patients with stroke may be required.

INTRODUCTION:

Hemispatial neglect, which affects the ability to perceive the contralateral hemispatial visual field,
is a common impairment after stroke2. Although rehabilitation after hemispatial neglect is
important, due to its association with poor functional and social outcomes, rehabilitation is often
underutilized in real clinical practice®*.

Among the various existing rehabilitation approaches suggested for hemispatial neglect, prism
adaptation (PA) therapy has proven effective for recovery and improvement in hemispatial
neglect in patients with subacute or chronic stroke®®. However, conventional PA is underutilized
due to several drawbacks®1°. These include 1) high cost and time requirement due to the prism
lens needing to be changed to adjust to the degree of deviation; 2) the need to set up additional
materials to be pointed at and to mask the hand trajectory; and 3) PA can only be used by patients
who can sit and control their head position.

A recent study reproducing the adaptation effects in the virtual reality (VR) environment reported
that it may be possible for the virtual prism adaptation therapy (VPAT) to have different effects
depending on the subtypes of neglect!!. It was also suggested that cortical activation for PA may
vary according to brain lesions!?2. However, little is known about the cortical activation pattern
seen in VR-induced PA.

To overcome these obstacles and promote the use of PA in a clinical setting, we developed a new
PA therapy system using an immersive VR technology called virtual prism adaptation therapy
(VPAT), via the use of a depth-sensing camera. We designed an immersive VR system with the
ability to provide visual feedback about the position of a virtual limb to promote spatial
realignment?!3, Using this immersive VR technology, which mimicked the effect of conventional
PA, we designed an experiment to validate the VPAT system in healthy participants.

By conducting our visualized experimental protocol, we investigated whether the new VPAT
system can induce behavioral adaptation, similar to conventional PA. Additionally, we would like
to explore whether the VPAT system can induce the activation in the cortical regions associated
with visuospatial perception or recovery of hemispatial neglect after stroke.

PROTOCOL:
All procedures were reviewed and approved by the Seoul National University Bundang Hospital

Institutional Review Board (IRB). To recruit healthy participants, posters were used to advertise
around the hospital.
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1. Experimental set-up

1.1. Participant recruitment

1.1.1. Perform the subject screening process using the following inclusion criteria: 1) healthy,
between 18 and 50 years old; 2) right-handed, assessed by Edinburgh handedness inventory4; 3)
able to wear the head mount display for VR and to detect objects within VR; and 4) no history of

diseases affecting the brain, such as stroke, Parkinson’s disease, or traumatic brain injury.

NOTE: These criteria were designed to screen participants with the ability to participate in the
experiment and regulate factors affecting the results.

1.1.2. Recruit participants and provide a detailed explanation of the entire study and expected
clinical issues. Consent must be obtained prior to inclusion.

1.2. Experimental system

NOTE: A customized VPAT system using an immersive VR system and depth-sensing camera was
used. Functional infrared spectroscopy (fNIRS) was simultaneously used to investigate the cortical
activation. VPAT and fNIRS were linked together for the experiment (Figure 1).

1.2.1. VPAT system

NOTE: The VPAT system consists of a head mount display for VR implementation, a hand tracking
sensor that can recognize hand gestures for intuitive input by the user, and a hardware push
button. The overall composition is shown in Figure 1.

1.2.1.1. Make sure that the hand tracking sensor is not tilted in front of the head mount display.

1.2.1.2. Check that the reference camera for the VR system is properly installed on top of the front
monitor.

1.2.1.3. Secure the push button in a location near the hand to be used by the participant for the
experiment.

1.2.1.4. Run the software to make sure there are no errors.

NOTE: The virtual environment was implemented to match the actual environment as close as
possible. The task was performed through hand pointing within the virtual environment and
button input through the push button.

1.2.2. fNIRS

1.2.2.1. Use a commercial fNIRS system including a personal computer (PC), 31 optodes (15 light
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sources and 16 detectors), textile EEG caps, and data recording software.
1.2.3. Linkage between VPAT system and fNIRS (Figure 1).

1.2.3.1. Use the remote keyboard control software using TCP/IP communication to synchronize
the starting event in the VPAT system with the timing of recording in the fNIRS system.

1.2.3.2. Use the remote command key in the computer to start fNIRS recording.
2. Experimental set-up (Figure 2)
2.1. fNIRS measurement setting

2.1.1. Place the participant in a chair with his/her back in a straight posture, about fifteen
centimeters away from the table. Confirm that the participant’s hand does not hit the table when
reaching out.

2.1.2. For fNIRS cap setting, select the cap size according to the participant’s head circumference.
Place the cap so that the vertex (Cz) is located at the intersection of the midpoint between the
inion and nasion and the midpoint between the left preauricular and right preauricular areas.
Display the montage on the screen and connect 15 sources and 24 detectors to the montage. If
necessary to improve the gain from the light source, use conductive gel after hair preparation and
insert the optode. Have the participant wear a retaining cap.

NOTE: The study used three different sizes of textile EEG caps with circumferences of 54, 56, and
58 cm.

2.1.3. For software setting (calibration, etc.), run the fNIRS system software and load the neglect
montage.

2.1.4. Let the montage be displayed on the screen and set 15 sources and 24 detectors according
to the montage (Figure 3).

2.1.5. Press the calibrate button. If "Lost" is displayed on the screen, repeat the hair preparation,
and then recalibrate.

2.2, VPAT system setting

2.2.1. Connect the HMD, reference camera, and Leap motion camera, and push the button
connecting the computer to set up the VPAT system.

2.2.2. Mount the virtual reality head-mounted display (VR HMD) on the participant’s head over
the cap for fNIRS. Make sure to avoid movement of the cap.
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2.2.3. Run the VPAT software. Enter the participant's information (name abbreviation, age,
handedness) and press the "Start" button.

2.2.4. Confirm the visualization of the virtual hand in the display. Proceed with a two-step
calibration (i.e., screen calibration and target distance calibration).

2.2.5. Instruct the participant to watch the red cross mark (+) in the center, then press the "r" key
to calibrate the screen.

NOTE: Screen calibration places the virtual space in front of the user’s visual range by recentering
the coordinate system.

2.2.6. Instruct the participant to point to the target (i.e., ball) with his or her right hand, then
press the "O" key to calibrate the hand position.

NOTE: In our study, the object that the participant had to target was a white ball on a pink stick
that came down from the top of the view. Target distance calibration places the target within the
reach of the user. This is used to correctly position the target during the experiment.

2.2.7. After calibration, press the "w" key to begin the experiment.

2.3. VPAT and fNIRS linkage setting

2.3.1. Use the event synchronization software to enter the trigger for analysis into fNIRS and
connect VPAT to fNIRS.

2.3.2. For time synchronization between VPAT and fNIRS, connect the computers with the two
systems to the same network, and then synchronize them through the self-produced key
transferring program.

2.3.3. After connecting through the IP and Port inputs of both computers, start the experiment
session via the "w" key in the VPAT program. The event synchronization software is executed

automatically, and triggers during execution are automatically transferred to fNIRS and saved.

2.3.4. After the experiment, obtain the software auto-termination and VPAT data. Then stop the
VPAT and fNIRS system software.

NOTE: The participants must return their hands to their original position after pointing during the
VPAT experiment.

3. Experiment to validate VPAT system

3.1. Block designed experiment with fNIRS recording (Figure 4)
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3.1.1. After completing the set-up process in step 2, confirm the participant’s readiness to start
the experiment.

3.1.2. Start the VPAT system without the prism mode and instruct the participant to point to the
target in the VR system immediately for familiarization with the procedure.

3.1.3. Each phase consists of blocks for pointing, clicking, or resting (Figure 4). Again, instruct the
participant to click on the button or point to the target in the VR system with their right index

finger as quickly as possible.

3.1.4. Start the experiment with four phases simultaneously with fNIRS recording by clicking the
start key.

NOTE: During the pointing task, the white ball had to be touched within a fixed time.

3.1.4.1. Instruct the participants to point, click, or rest when the appropriate icon appears.
NOTE: During the task, pointing and clicking were indicated by an icon directly above the white
ball and right side of the timer bar. The time to perform the task was indicated by the timer bar

as shown in Figure 2.

3.1.4.2. Tell the participant to touch the target that appears on the left or right side within 3 s.
For the clicking block, instruct the participant to press the push button.

NOTE: The target set containing the white ball was located at a distance of -10° or 10° from the
participant’s center, obtained by calibration. The target set appeared randomly on the right or left
side. According to the experimental design, the target appeared for 3 s, then disappeared, and
then regenerated to a new position.

3.1.4.3. Ensure that the participant performs the same way when the phase is switched.

NOTE: In the pointing task, Virtual Prism Adaptation Mode showed a deviation of 10° or 20° to
the left side of the imaginary hand in the VR space relative to the participant's head. Zero degrees
indicated that the positions of the virtual hand and the actual hand coincided.

NOTE: The experiment (Figure 4) consists of a total of four phases, with each phase consisting of
pointing and clicking or rest alternately (Phase 1 and 4 were pointing and clicking, and phase 2
and 3 were pointing and resting).

4. Data analysis

4.1. Pointing error analysis

NOTE: The data were stored from the moment the experimenter pressed the start button "w".
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The data were automatically stored at about 60 Hz every frame through the VPAT software. The
phase name, elapsed time, and virtual index finger position were stored over time. The pointing
error was the angle value between the target and index finger, centered on the participant's head
position.

4.1.1. Classify the pointing task data by phases (pre-VPAT, VPAT 10°, VPAT 20°, post-VPAT).

4.1.2. Classify the data of the pointing task and the clicking task in the data of each phase (phase
1and 4).

4.1.3. Classify the data by sub-phase in units of 30 s according to each phase and each type of
task.

4.1.4. Extract the median value of 10 trial error (pointing error) values from the index finger
position data for median pointing error analysis.

4.1.5. Use the repeated measures analysis of variance test (ANOVA) to analyze the difference
between each phase.

NOTE: In the case of hand tracking using the Leap motion sensor, outliers were due to occlusion
or false detection of the hand posture. With the exception of false hand position data, the median
value was used to find the representative pointing error value in the sub-phase.

4.2. fNIRS data processing

4.2.1. Launch the fNIRS analysis software and load the raw data file and probe information.

4.2.2. Perform a marker setting process by editing the event record to verify each condition
during the experiment.

4.2.3. Carry out data preprocessing by deleting the experimentally irrelevant time intervals,
remove artifacts, such as steps and spikes, and apply frequency filters to exclude experimentally

irrelevant frequency bands.

NOTE: All data sets were filtered with a 0.01 Hz high-pass filter and a 0.2 Hz low-pass filter to
remove instrumental or physiological noise contributions.

4.2.4. Specify wavelengths by entering the value of the peak illumination wavelengths (i.e., 760
and 850 nm). Use a physical distance of 3 cm between the source and detector for channel.

4.2.5. Select the baseline field, which refers to the time period that corresponds to a baseline
wherein participants are typically resting quietly.

NOTE: We selected the baseline field as the full-time course of the data set, which was the default
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setting.

4.2.6. Compute the time series of hemodynamic states to finish the preprocessing from the
filtered data.

REPRESENTATIVE RESULTS:

Data from four healthy participants (1 man and 3 women) were used as representative results. A
pointing error is shown in Figure 5A, with the averages of median value of 10 trials in the sub-
phase of each pointing task lasting 30 s. Values on average for the median pointing errors in the
first block of each phase were 0.45 + 0.92 (pre-VPAT), 4.69 + 3.08 (VPAT 10°), 5.43 + 2.22 (VPAT
20°), and -5.17 + 1.60 (post-VPAT). The trend of pointing error change was statistically significant
(p = 0.001) via the repeated measures ANOVA. A pointing error for each subject is presented in
Figure 5B, illustrating the adaptation during the VPAT phase and post-prismatic adaptation
(negative pointing error).

FIGURE AND TABLE LEGENDS:

Figure 1: Experimental setting with VPAT and fNIRS linkage system. VPAT = virtual prism
adaptation therapy; fNIRS = functional near infrared spectroscopy. This figure was previously
published by Kim et al.*

Figure 2: The subject performing the experiment with VPAT and fNIRS system. VPAT = virtual
prism adaptation therapy; fNIRS = functional near infrared spectroscopy.

Figure 3: Montage containing 54 channels by arranging 15 light sources (red circles) and 24
detectors (blue circles) at intervals of 3 cm. Space between the nearest sources and the detector
constituted one channel, which is represented as yellow circles with a number.

Figure 4: Experimental design. VPAT = virtual prism adaptation therapy; Pt = pointing; Cl = clicking;
Re = resting.

Figure 5: Pointing errors in each block. (A) Average value graph of subject’s median pointing error
in each block. This figure was previously published by Kim et al.»> (B) Median pointing error in
each block by each subject. The counterclockwise direction (i.e. left from the target) is the positive
value.

DISCUSSION:

This study implemented the prism adaption therapy using a translated hand movement in a VR
environment. It investigated whether the deviation implemented was causing angle overshooting
and behavioral adaptation, as in conventional prism adaption therapy.

In the median pointing error result (Figure 5) and the first pointing error result, the pointing error
changed significantly when the phase was switched. Although some hand-recognition errors were
eliminated, there may still be false detection. The use of a median value to eliminate systematic
error, such as false tracking, showed that the average pointing error results were lower than
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expected. Post-prismatic adaptation was constantly shown in each subject (Figure 5B). These
results showed similar behavioral adaptation to the conventional prism adaptation therapy.

There were some problems in the experiment. False detection of the hand occurred frequently
in the pointing task. In some cases, even though the hand reached the target during pointing, the
virtual hand was not tracked due to a Leap motion recognition error. In addition, because the
participants were wearing HMD in the clicking task, it was difficult for them to locate the push
button and the experimenter had to provide continuous assistance. The weight of the HMD and
its long-term application could also cause pain in the area that comes into contact with the fNIRS
optode. Therefore, there were times when the HMD was lifted or the participants themselves
were holding the HMD.

If we overcome the shortcomings of the system and consolidate the results of the experiment
through more data analysis, including fNIRS data, it could potentially be used in the treatment of
visuospatial neglect. In addition, game-friendly contents can be applied to present an immersive
and fun treatment modality. Nonetheless, further study with a more advanced VPAT system
proving clinical efficacy in stroke patients with visuospatial neglect is needed.

Several previous studies have reported motion sickness induced by the use of Immersive VR, or
head-mounted VR sets!®. Motion sickness is reported to be infrequent if VR is implemented in
seated positions!’. Motion mismatch can also cause motion sickness, but it can be reduced by
independently configuring the background in the virtual environment!®®°, In this system, only the
hand deviation angle caused motion mismatch, which should have less impact on motion sickness
overall.

Participants in this experiment were normal adults, so there were no consistent problems.
However, to be used as therapeutic treatment for stroke patients, the above issues need to be
considered, and virtual prism therapy protocols need to be taken into account, such as taking
breaks during treatment or the length of treatment time.
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EASYCAP

Company

Easycap

Leap Motion 3D Motion Controller Ultrahaptics

Leap Motion VR Developer Mount
for VR Headset
Matlab R2015a

NIRScout

nirsLAB v201605

NIRStar 14.1

Occulus Rift DK2
PowerMate USB Multimedia
Controller

superlab 5.0

Ultrahaptics
mathworks
Medical
Technology
LLC

Medical
Technology
LLC

Medical
Technology
LLC
Occulus
Griffin
Technology

cedruc corp.

Catalog Number
C-SAMS

FBA_LM-C01-US

VR-UAZ

NSC-CORE

NA16029
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Comments/Description

Platform to accommodate fNIRS optodes

Hand detection device attached HMD

Programming language running with NIRStar

fNIRS system

Software for analyzing data collected with NIRScout

NIRScout Acquisition Software

VR HMD

Push Button in task
Synchronize the stimulus presentations allied to NIRScout
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Editorial comments:

We greatly appreciate your thorough review and comments. We did our best
to incorporate all comments as much as possible into our manuscript.

Comment 1: Please take this opportunity to thoroughly proofread the
manuscript to ensure that there are no spelling or grammar issues.

Response 1:

Thank you for the kind comment. The original manuscript was edited by English
editing service. We reviewed the manuscript and resolved any spelling and
grammar issues as much as possible through an English correction service again.

Comment 2: 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].”

Response 2:

Thank you for the kind comment. Figures 1 and 5 were reused. We received
permission from |IEEE and uploaded the license from RightsLink. This was
appropriately cited in the legends of both figures.

Comment 3: JoVE cannot publish manuscripts containing commercial
language. This includes company names of an instrument or reagent. Please
remove all commercial language from your manuscript and use generic terms
instead. All commercial products should be sufficiently referenced in the Table
of Materials and Reagents.

Response 3:

Thank you for your careful review. We removed all commercial language and
used generic terms instead. All commercial products were referenced in the
Table of Materials and Reagents.
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Comment 4: Please use h, min, s for time units.
Response 4:

Thank you for your advice. Accordingly, we made these changes in the
manuscript.

Comment 5: There is a 2.75 page limit for filmable content. Please highlight
2.75 pages or less of the Protocol steps (including headings and spacing) in

yellow that identifies the essential steps of the protocol for the video, i.e., the
steps that should be visualized to tell the most cohesive story of the Protocol.

Response 5:

Thank you for your careful guidance. As directed, we highlighted the steps for
the video.

Comment 6: Please avoid long notes/steps (more than 4 lines).
Response 6:

Thank you for your suggestion. We shortened the notes and steps.

Comment 7: Figure 3: Please add a short description of the figure in Figure
Legend.

Response 7:

We added a short description of Figure 3.

Comment 8: Figure 5: Please add a title for the whole figure in Figure Legend.
Response 8:

We added a title for the whole figure in the Legend of Figure 5.



Comment 9: Please sort the items in alphabetical order according to the
name of material/equipment.

Response 9:

Thank you for your suggestion. We sorted the items in alphabetical order in
the Table of Material file.

Reviewer #1:
Thank you for your careful review. We tried to reflect all of your comments.

Comment 1: The sample size is quite small and unbalanced between male and
female participants, a bigger sample size could improve the research conducted.
Response 1: | agree with your opinion. This paper was written to introduce our
experimental protocol in detail with video demonstration. The results are
preliminary, and the data from more participants and fNIRS data will be analyzed
further in future studies.

Comment 2: Possible sickness problems, caused by using VR in stroke patients
should be at least introduced and discussed.

Response 2: Thank you for your comment. We agree with your opinion. To be
used in patients with stroke, the experimental design with the consideration of
possible sickness problems has to be considered. We briefly introduced and
discussed this issue in the last part of the Discussion Section.

Comment 3: Authors claim that False detection of hand occurred frequently in
the pointing task due to a Leap motion recognition error, I've used Leap motion
for several experiments and it is quite stable. Is there any issue with the software
or with the setup of the experiment?

Response 3:

Thank you for your kind review. As you mentioned, the leap motion is stable.
However, when performing the pointing task, the index finger is sometimes
obscured by different parts of the hand and could not be detected by the leap



motion attached to the front of HMD. In such situation, the hand posture is
recognized as the fist posture, and the fingertips of the index finger are not
recognized properly. In addition, during the quick motion of the pointing task
(pointing and returning to original state), the index finger was sometimes
recognized as staying in the target position for a period of time even when the
hand returned to the starting position. In this case, the hand had to be
positioned close to the corresponding location again to be recognized again.

Comment 4: Authors claim that because the subjects were wearing HMD in the
clicking task, it was difficult for subjects to locate the push button and the
experimenter had to provide continuous assistance.

To solve this issue a virtual button could be inserted into the virtual
environment to give users clear feedback on the real button position.

Response 4 :

Thank you for your kind comment and idea. A virtual button that is visible at
the location of the actual button would make it easier to assist the experiment.
This will be considered in the next experimental setup. Thank you again for the
valuable suggestion.

Reviewer #2:
Thank you for your thorough review. We accepted your advice and modified the
manuscript to adhere to your suggestion as much as possible.

Comment 1: The literature review provided in the Introduction is insufficient.
Key articles must be reviewed on this topic, in my opinion, are the following.
Rossetti, Y., Rode, G., Pisella, L., Farne, A, Li, L., Boisson, D., & Perenin, M. T.
(1998). Prism adaptation to a rightward optical deviation rehabilitates left
hemispatial neglect. Nature, 395(6698), 166-169. doi:10.1038/25988

Redding, G. M., & Wallace, B. (2006). Generalization of prism adaptation.
Journal of Experimental Psychology-Human Perception and Performance,
32(4), 1006-1022. doi:10.1037/0096-1523.32.4.1006

Gammeri, R., Turri, F., Ricci, R., & Ptak, R. (2018). Adaptation to virtual prisms
and its relevance for neglect rehabilitation: a single-blind dose-response study



with healthy participants. Neuropsychological Rehabilitation, 1-14.
doi:10.1080/09602011.2018.1502672

Saj, A., Cojan, Y., Assal, F., & Vuilleumier, P. (2019). Prism adaptation effect on
neural activity and spatial neglect depend on brain lesion site. Cortex, 119,
301-311. doi:10.1016/j.cortex.2019.04.022

Among the articles | listed above, Gammeri et al. (2018) is probably the first
report using VR to induce behavioral effects like prism after-effects. | may be
incorrect, but your study is definitely not the first.

Response 1:

Thank you for your kind comment and idea. The above articles you listed have
been added to the introduction.

Comment 2: The manuscript is poorly organized and poorly written. The
Methods section is especially difficult to read with too many unnecessary
detailed subsections and paragraphs labeled with "NOTE". Do you want
readers to read the notes? | suggest a total revision of this section and make
sure the section is written following a style that is easy to follow and conveys
necessary details. Please consult with an editor who is specialized in science,
English writing.

Response 2:

Thank you for your careful review. As suggested, the sections labeled with
“NOTE” were shortened, removed, and/or rewritten more concisely. The
whole manuscript was reedited by an English editing service.

Comment 3: Related to my previous point, | have great difficulty
understanding the clicking task. What was it exactly? What was the purpose of
it? How was it performed?

Response 3: Participants just clicked the button when the virtual target emerged.
In the clicking task during the pre-VPAT mode, the participant just clicked the
push button instead of pointing the target using their index finger. Therefore, in



the clicking task, the visual perception and attention might be the same as the
reaching task but the gross motion is minimal compared to the motion during
the reaching task. Therefore, we hypothesized that we might see the activation
in the hand motor cortical area when the fNIRS data from the reaching task were
analyzed in contrast to the data from the clicking task.

Comment 4: In Figure 5, errors were positive or negative in direction. Was
left positive or negative?
Response 4:

Thank you for your careful review. Counterclockwise direction, i.e. the left,
from the target, was the positive value. We added this in the legend of Figure
5.

Comment 5: Where are fNIR data? You did not analyze it or report it here.
Response 5: Thank you for pointing this out. This paper was written to
introduce our experimental protocol in detail with video demonstration. The
results are preliminary, and data from more participants and fNIRS will be
analyzed in future studies. Although we have the preprocessed fNIRS data
from 4 participants, there is insufficient sample size to derive meaningful
results from statistical anslysis.

Comment 6:"Visuospatial hemispatial neglect" is unnecessary mouthful. Most
of the time, you used "hemispatial neglect". Then just use this term and be
consistent throughout of the manuscript.

Response 6:

Thank you for your careful review. The corresponding part was changed to
“hemispatial neglect.”

Comment 7: "People", "subjects", or "participants"? At one point (2.1.1) the
word "patient" is used. | suggest you change the title to ".... in healthy adults"
and remove the period at the end of the title. | suggest you refer your study
participants as "participants" rather than "subjects".

Response 7:



Thank you for your careful review. As suggested, we used “participants” to
refer to our study participants.

Comment 8: Remove the word "non-motor" in the Abstract and the
Introduction. Such descriptor does not convey any information.

Response 8:

Thank you for your careful review. As recommended, we removed the word
“non-motor” from both sections.
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Isokinetic robotic device to improve the test-retest and inter-rater reliability for stretch
reflex measurements in stroke patients with spasticity

Author(s):

Sungmin Cho, Won-Seok Kim, Seo Hyun Park, Jihong Park, Nam-Jong Paik

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

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

Standard Access

Item 2: Please select one of the following items:

I:l 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.

DThe 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 Agresment; “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
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developad (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 abowve. The foregoing rights may be exarcised 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.

B. 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) abowve 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 Wideo 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 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 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
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

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
respansibility of the Auther 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 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: Won-Seok Kim

Department: Department of Rehabilitation Medicine

Institution: Seoul National University Bundang Hospital

Title: Associate professor

Signature: fJ % 4‘4 Date: Aug 2nd, 2019

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Faxthe documentto +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Types of Use

Complete terms and conditions and "TYPES OF USE" can be found in the License
Agreement that will be available to you during the online order process. Certain
terms of use in some IEEE licenses may take precedence over and supersede certain
rights granted through RightsLink services. IEEE also reserves the right to restrict the
types and total number of items that may be reused in any type of publication or
medium.For additional information on the types of use available by IEEE and through
RightsLink, please refer to
http://www.ieee.org/publications_standards/publications/rights/rightslink_usetypes.html

Authorized Use

The license granted is granted for a one-time use for REPUBLICATION IN THE "TYPE
OF USE" and "FORMAT" that you outlined in the RightsLink form in connection with
this transaction, to be completed within one (1) year from the date upon which this
license is effective, with a maximum distribution equal to the number that you
identified in the RightsLink form in connection with this transaction.

Restrictions on Use

All uses not specifically authorized in this license and specified in the options for
reusing IEEE Licensed Material available through the RightsLink service are prohibited,
including (i) altering or modifying the Licensed Material in any manner, translating the
Licensed Material into another language or creating any derivative work based on the
Licensed Material; (ii) storing or archiving the Licensed Material in any electronic
medium or in any form now invented or devised in the future, except where
permission is granted to do so. For additional information on the types of use
available by IEEE and through RightsLink, please refer to
http://www.ieee.org/publications_standards/publications/rights/rightslink_usetypes.html

If the Licensed Material is altered or modified in any manner, it must be within the
scope of the license granted and it must not alter the meaning of the Licensed
Material or in any way reflect negatively on the IEEE or any writer of the Licensed
Material.

Any use of the Licensed Material in any way that would be considered libelous,
defamatory, abusive or obscene, in violation of any applicable law or the proprietary
rights of a third party and or used in connection with the advertising or promotion of
any product or service is also prohibited.
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You agree to use your best efforts to prevent unauthorized use of the Licensed
Material.

License Effective Only Upon Payment and Author Approval

The license granted to you is effective only upon (i) receipt of full payment fromyou
as provided in CCC's Billing and Payment terms and conditions and (ii) yourhaving
obtained the author's approval of your proposed use of the LicensedMaterial as
described here.

IEEE Intellectual Property Rights

You agree that IEEE is the owner of all right, title and interest in the Licensed Material
and/or has theright to license the Licensed Material, including all copyright rights
andother intellectual property rights under United States and international law.
Termination

In the event that you breach any of these terms and conditions or any of CCC's
Billing and Payment terms andconditions, the license granted herein shall be
terminated immediately. Any useof the Licensed Material after termination, as well as
any use of the LicensedMaterial beyond the scope of these terms and conditions, may
constitutecopyright infringement and IEEE reserves the right to take any and all
actionto protect its rights in the Licensed Material.

Copyright Notice

You must include the following copyright and permissionnotice (WITH DETAILS FILLED
IN BY YOU) in connection with the Authorized Use ofthe Licensed Material:

© [Year] IEEE. Reprinted, with permission, from [complete publication information].
Warranty and Indemnity

You warrant that you have all rights necessary to enter into this agreement and
hereby indemnify andagree to hold harmless IEEE and CCC, and their respective
officers, directors,employees and agents, from and against any and all claims arising
out of youruse of the Licensed Material other than as specifically authorized pursuant
tothis license.

Limited Warranty and Limitation of Liability

THE RIGHT TO USE THELICENSED MATERIAL IS GRANTED ON AN "AS IS" BASIS AND
IEEE MAKES NO WARRANTY, EXPRESS OR IMPLIED WITH RESPECT TOTHE LICENSED
MATERIAL, INCLUDING ALL WARRANTIES OF QUALITY, ACCURACY AND/ORFITNESS
FOR A PARTICULAR PURPOSE, AND IEEE SHALL NOT BE LIABLE UNDER
ANYCIRCUMSTANCES FOR ANY LOSSES RESULTING FROM YOUR RELIANCE ON OR
USE OF ANYINFORMATION CONTAINED IN THE LICENSED MATERIAL.

No Transfer or Assignment of License

This license is personal to you and may not be sublicensed, assigned, or transferred
by you to any otherperson without IEEE's written permission.

Objection to Contrary Terms

IEEE hereby objects to any terms contained in any purchase order, acknowledgment,
check endorsement orother writing prepared by you, which terms are inconsistent
with these termsand conditions or CCC's Billing and Payment terms and conditions.
These termsand conditions, together with CCC's Billing and Payment terms and
conditions(which are incorporated herein), comprise the entire agreement between
you andIEEE concerning this licensing transaction. In the event of any conflictbetween
your obligations established by these terms and conditions and thoseestablished by
CCC's Billing and Payment terms and conditions, these terms andconditions shall
control.

Payment Terms
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If you would like to pay for this license now, please remit this license along with your
payment made payable to "COPYRIGHT CLEARANCE CENTER" otherwise you will be
invoiced within 48 hours of the license date. Payment should be in the form of a
check or money order referencing your account number and this invoice number.
Payments should be sent to the address noted below:

Copyright Clearance Center

29118 Network Place

Chicago, IL 60673-1291

Once you receive your invoice for this order, you may pay by credit card. Additional
information is provided to users at the time their credit card order is placed.

For suggestions or comments regarding this order, contact RightsLink Customer
Support: customercare@copyright.com or +1-855-239-3415 (toll free in the US) or
+1-978-646-2777.

Comments and Questions for IEEE

All comments and/or questions related to RightsLink permission services or
comments and questions regarding IEEE licensing policies should be sent to
discoverservices@ieee.org. Users may also call Author Support & Content Discovery
staff at 732.562.3965.

A copy of both the license and these terms should be retained for your files.
Other Terms and Conditions:

Updated 12/2011 nbd-IEEE

Questions? customercare@copyright.com or +1-855-239-3415 (toll free in the US) or +1-
978-646-2777.
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