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28 SUMMARY:
29 Impairment of postural reflexes, termed postural instability, is difficult to quantify. Clinical
30 assessments such as the pull test suffer issues with reliability and scaling. Here, we present an
31 instrumented version of the pull test to objectively characterize postural responses.
32
33  ABSTRACT:
34  Impairment of postural reflexes, termed postural instability, is a common and disabling deficit in
35 Parkinson’s disease. To assess postural reflexes, clinicians typically employ the pull test to grade
36  corrective responses to a backward perturbation at the shoulders. However, the pull test is prone
37 toissues with reliability and scaling (score/4). Here, we present an instrumented version of the
38 pulltestto more precisely quantify postural responses. Akin to the clinical test, pulls are manually
39 administered except pull force is also recorded. Displacements of the trunk and feet are captured
40 by a semi-portable motion tracking system. Raw data represent distance traveled (in millimeter
41  units), making subsequent interpretation and analysis intuitive. The instrumented pull test also
42  detects variabilities influencing pull test administration, such as pull force, thereby identifying
43  and quantifying potential confounds that can be accounted for by statistical techniques. The
44  instrumented pull test could have application in studies seeking to capture early abnormalities in
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postural responses, track postural instability over time, and detect responses to therapy.

INTRODUCTION

Postural reflexes act to maintain a balance and upright stance in response to perturbations?.
Impairment of these postural responses in disorders such as Parkinson’s disease results in
postural instability, and commonly leads to falls, reduced walking confidence and diminished
quality of life?*. In clinical practice, postural reflexes are typically assessed with the pull test,
where an examiner briskly pulls the patient backward at the shoulders and visually grades the
response>8, Postural instability is usually scored using the Unified Parkinson’s Disease Rating
Scale (UPDRS) (0 — normal to 4 — severe), as published by the International Movement Disorder
Society”. This method has been used extensively in the assessment of individuals with Parkinson’s
disease but suffers poor reliability and very limited scaling (score/4)®”°. Pull test scores often do
not correlate with important clinical endpoints such as falls and the integer-based rating lacks
sensitivity to detect fine postural changes'®1,

Laboratory-based objective measures offer precise information about the nature of balance
response by quantifying kinetic (e.g., the center of pressure), kinematic (e.g., joint
goniometry/limb displacement) and neurophysiological (e.g., muscle recruitment) endpoints®2.
These methods may identify abnormalities before postural instability is clinically evident and
track changes over time, including responses to treatment314,

Tools for Quantifying Postural Instability

Conventional techniques of dynamic posturography commonly employ moving platforms.
Resulting postural responses are quantified using a combination of posturography,
electromyography (EMG), and accelerometry'?*>'¢, However, the bottom-up responses of
platform perturbations — which evoke a response like slipping on a wet floor, are fundamentally
different from the top-down postural responses of the clinical pull test —as may occur when being
bumped in a crowd. Emerging evidence suggests truncal perturbations yield different postural
characteristics to those of moving platforms!’*°. Accordingly, others have attempted truncal
perturbations in the laboratory using complex techniques including motors, pulleys, and
pendulums!>?9-22 Methods of measurement are often expensive and inaccessible and comprise
of video-based motion capture that requires dedicated space in specialized laboratories?%2?,
Ideally, an objective method to characterize pull test responses should have excellent
psychometric properties, be easy to administer, simple to operate, widely accessible, and
portable. This is important to facilitate widespread adoption of the technique as an alternative
assessment tool to assess postural responses within research and potentially, clinical settings.

The Instrumented Pull Test

The aim of this protocol is to offer researchers a technique for objective assessment of postural
responses to the pull test. A semi-portable and widely available electromagnetic motion capture
system underpins the technique. The perturbation involves manual pulls that do not require
specialized mechanical systems. This method has sufficient sensitivity to detect small differences
in postural reaction times and response amplitudes; therefore, it is suited to capturing potential
abnormalities rated from normal up to grade 1 postural instability according to the UPDRS
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(postural instability with unassisted balance recovery). This method may also be utilized to
explore the effects of therapy on postural instability. The protocol described here is derived from
that in Tan et al.?3,

PROTOCOL:

All methods described were reviewed and approved by the local human research ethics
committee at Melbourne Health. Informed consent was obtained from the participant prior to
the study.

1. Equipment setup

1.1. Prepare the electromagnetic motion tracker with 3 miniature motion sensors as per the
manufacturer’s guidelines. Prior to data collection, ensure each sensor is sampled at a minimum
250 Hz, displacement is measured in millimeter units and rotations (pitch, roll, and yaw) are in
degrees. Ensure that all internal filterings are disabled, and the position of the sensors set to

reference a static origin (usually the electromagnetic transmitter).

1.2. Affix a load cell (minimum tension range 100 N, S-type recommended) to the patient harness
at shoulder-level using a rope with a minimum diameter of 10 mm.

NOTE: The harness system and rope are suitable for use in participants weighing up to 120 kg.
1.3. Connect the load cell to data acquisition unit (A/D Converter).

1.4. Connect the trigger output from the data acquisition unit into a trigger input of the motion
tracker to ensure synchronized recording. Set data acquisition unit sampling rate to match the

motion tracker and disable all filtering.

1.5. Conduct the experiment in a quiet room to minimize distractions during the assessment.
Allow enough space for participants to take several corrective steps to regain balance.

NOTE: Patients with Parkinson’s disease and retropulsion are known to take 5-6 steps backward
during the pull test.

1.6. Place falls mat on the floor as a precautionary measure.

1.7. Clean the harness, sensors, and wires with a hospital grade disinfectant wipe before testing
each participant.

NOTE: Video recording (e.g., using a portable camera on a tripod) of the instrumented pull test
procedure is recommended so that any irregularities during data processing can be referenced

against the video data of a trial.

2. Participant selection and preparation
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2.1. Identify appropriate participants for study: participants can comprise a range of ages,
disease conditions and severity where postural responses are of interest and balance assessment
typically employs the clinical pull test. Ensure that participants can stand independently and
generate a corrective balance response not requiring assistance to recover (i.e., up to Grade 1
postural instability according to the UPDRS).

2.2. Exclude any persons with cardiovascular, vestibular, vision and musculoskeletal conditions
(including persons requiring foot orthotics or splints), that may impair balance performance
unless this is the subject of the investigation, those on contact precautions, and those on
medication known to affect balance or attention (e.g., antidepressants, neuroleptics,
benzodiazepines, antiepileptics, antiarrhythmics, and diuretics).

2.3. Have the participant wear comfortable loose clothing on the day of the experiment and
remove shoes prior to the pull test procedure.

2.4. Assist the participant in putting on the customized trunk harness with the load cell. Click the
buckles around the chest and waist. Ensure adjustment straps on the harness are tight but
comfortable. Do not allow more than 50 mm of slack in the harness when pulling on the rope. In
participants with known postural instability, ensure that an assistant is present when the harness
is applied while the participant is standing.

2.5. Attach motion sensors using medical tape to the sternal notch (at the level of the second
and third thoracic vertebra), and on the feet at the right and left ankle malleolus.

NOTE: Apply the sensors on participants with known postural instability in sitting. All cables must
be routed carefully to avoid trip hazards.

2.6. Ask the participant to stand bare feet, in a comfortable stance (according to the participant’s
preferred base of support) along vertical and horizontal line markings on the floor. Note the
participant’s feet position. Ask the participant to also note their own feet position in order to
revert to the same position after every pull. Monitor the participant’s feet placement after every
trial and ask the participant to return to the original feet position if any deviations are observed.

2.7. Instruct the participant to focus on artwork 1.5 m ahead at the eye level with hands by their
side to minimize distractions between pulls.

3. Instrumented pull test procedure

3.1. Perform the instrumented pull test in accordance with the clinical pull test guidelines
described by the UPDRS>.

3.2. Explain the test procedure, and let the participant know that stepping is allowed to regain
balance following the backward pull. Discourage anticipatory responses such as forward trunk
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flexion, stiffening in posture or knee flexion prior to the pull. Note these responses if they occur
during the experiment.

3.3. Prior to each pull, ensure the participant is attentive by asking the participant to focus on a
picture hanging on the wall. Ensure the participant is standing upright, with eyes open, hands by
their side, and their feet placed on the designated markers in a comfortable stance.

3.4. Stand behind the participant. Apply a brisk pull of sufficient force to generate a trunk and
step response via the rope and load cell held perpendicular to the shoulder level of the
participant.

3.5. After each pull ensure the participant returns to the original feet positioning. Reset the
position back to designated markers on the floor and repeat 35 times.

NOTE: The number of trials can be varied according to the experimental design and clinical
population.

3.6. Allow participants a short rest of 2 min after every 10 trials or as required to reduce the
effects of fatigue and ensure attention is focused on the task. Participants can choose to sit or
stand. Request that participants refrain from talking in between pulls unless requesting a break
or expressing discomfort during the procedure.

3.7. As an additional safety precaution, ensure that the assessor and assistant are standing with
their backs close to a wall while allowing enough room for the participant to take several steps

backward.

NOTE: The assessor must always be prepared to catch the patient. An assistant is required for
safety when participants with known postural instability are assessed.

3.8. Detach sensors and assist the participant out of the harness following completion of the
instrumented pull test procedure.

4. Signal processing

NOTE: Use a suitable data science platform such as MATLAB, R, or Python. Commands shown
here are for MATLAB and example code is available as Supplementary File.

4.1. Import data recorded during step 3.4 into a suitable data science platform: csvread().

4.2. Align the motion tracker and load cell data using trigger signals and resample to a higher
sampling rate: 1 kHz resample() function if required.

4.3. High-pass filter all motion tracking and load cell data with a 0.05 Hz cut-off frequency to
remove base-line drift: butter() and filtfilt().
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4.4. Double differentiate the trunk motion tracking displacement data to obtain trunk velocity
and acceleration: diff().

4.5. Using either the trigger signal or a peak-detection algorithm applied to the load cell data,
slice recordings to obtain epochs of each individual pull test trial: findpeaks() function.

4.6. Detect and reject trials with the anticipatory truncal movement. A forward trunk
displacement immediately prior to the pull administration usually presents as a peak at least
three standard deviations above the baseline mean of the trunk sensor: std() and mean().

4.7. Determine postural reaction time as the difference between the onset of trunk displacement
(3 standard deviations above baseline mean) following the pull and the turning point of the trunk
velocity curve (indicating the beginning of trunk deceleration): differentiate, diff(), and use zero
crossing detector, zcd().

4.8. Determine the magnitude of the postural response as the peak deceleration of the trunk:
min() or max().

4.9. Calculate the step reaction time as the difference between the onset of truncal displacement
(as per 4.7) to the initial movement of the stepping limb: 3 standard deviations above the baseline
mean.

4.10. Determine the step response magnitude by calculating the total displacement of the foot
in millimeters (mm), from initial foot lift-off to contact of the stepping limb arresting backward
retropulsion. Exclude steps less than 50 mm, as the change in the base of support is considered
negligible?*: min() or max().

4.11. Calculate the peak pull force and rate of force development from the load cell: max() for
pull; max() and diff() for rate of force.

NOTE: The peak pull force indicates the instantaneous maximum force delivered, whereas the
force rate is the slope of the force versus time curve indicating how rapidly the force was
generated.

REPRESENTATIVE RESULTS

The instrumented pull test (Figure 1) was used to investigate trunk and step responses in a young,
healthy cohort?3. Thirty-five trials were presented serially, with an auditory stimulus delivered
concurrently with each pull (Figure 2). The auditory stimulus was either 90 dB (normal) or 116 dB
(loud). The loud stimulus has been demonstrated as sufficient to trigger StartReact effects, where
pre-prepared responses are released early by a startling auditory stimulus?®. StartReact effects
can be used as a probe to explore mechanisms underlying motor preparation?®. The first-trial was
kept to analyze unhabituated responses, and four subsequent trials discarded to allow for
practice effects, which have been shown to habituate over five initial trials?’. Subsequent
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habituated trials comprised 20 normal-intensity and 10 loud trials randomly intermixed. Inter-
trial intervals (10 - 15 s) were variable. The analysis was conducted using linear mixed models
due to multiple contributing factors that could influence trunk and step postural responses (e.g.,
variability of pull force between trials or participant height and weight). Linear mixed models’
analysis was conducted using the following equation:

Yij=(Bo+eoj)+[31TriaITypeiJ.+[.%ZWeightJ.+B3Heightj+[34PeakForceij+B5 ForceRate;+€;

where Y;;is the participant’s reaction time or response magnitude for trial i, §,_s are the fixed
effect coefficients, 6,; is the random effect for participant j (random intercept), and ¢;; is the
error term.

The instrumented pull test distinguished first-trial responses and StartReact effects to a backward
perturbation. During the first-trial, step reaction time was slower (first-trial vs. subsequent trials
mean difference: 36.9 ms, p = 0.009), and stepping size was larger (first-trial vs. subsequent trials
mean difference: 60 mm, p = 0.002) (Table 1). Trunk reaction time and response magnitude
remained unchanged. StartReact effects were only present in the trunk to subsequent habituated
pulls. A loud auditory stimulus accelerated truncal reaction time (loud vs. normal stimuli mean
difference: 10.2 ms, p =0.002) and increased truncal response magnitude (loud vs. normal stimuli
mean difference: 588 mm.s?, p < 0.001) (Figure 3 and Table 2). Variables contributing to the pull
test responses were explored. Notably, examiner peak pull force was found to influence the size
of stepping responses (p <0.001) and trunk reaction times (p < 0.001) (Tables 3 and 4). Participant
weight influenced step reaction times (p = 0.008) (Table 3). Otherwise, participant height and
weight did not influence results.

FIGURE AND TABLE LEGENDS

Figure 1. Set up of instrumented pull test. The instrumented pull test allows an assessor to apply
a shoulder-level backward perturbation using a rope and harness (a). The force of the
perturbation is recorded using a force gauge (b); the truncal response via a sensor placed at the
sternal notch (c); and stepping via sensors on the left and right ankle malleolus (d). The motion
tracking system encompasses a processing unit (e) which calculates three-dimensional positions
of up to four sensors with respect to an electromagnetic transmitter (f). Auditory stimuli are
delivered via headphones. This figure has been modified from?23.

Figure 2. Data collected from a representative trial from the instrumented pull test. Vertical
broken lines indicate markers on the time (t) axis. The onset of pull occurs at marker 0 with
subsequent onset of trunk displacement at marker 1. Positive truncal displacement indicates
backward movement. The auditory stimulus begins at the falling edge of the sound trigger, within
21 + 6 ms of peak pull force. The onset of trunk deceleration at t> occurs at the reversal of peak
trunk velocity. The postural response (i.e., truncal reaction time) is defined as the difference
between markers 2 and 1. This figure has been modified from?3.



308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351

Figure 3. StartReact effects in truncal postural responses. Raw data representative of single trials
associated with the normal stimulus at 90 dB (normal), indicated by the grey lines and loud
auditory stimulus at 116 dB (loud), indicated by the blue lines. Vertical broken lines indicate
markers on the time axis. StartReact is demonstrated by quicker reaction times in trunk velocity
to the loud auditory stimulus, indicated by the blue broken vertical line, compared with the
normal auditory stimulus, indicated by grey broken vertical line (A). Response magnitude to the
postural task is derived from trunk acceleration. Horizontal broken lines indicate markers on the
trunk acceleration axis. The largest response magnitude is shown in the loud trial, as indicated
by the blue broken horizontal line representing the minimum point of the acceleration curve,
compared to the normal trial, represented by the grey broken horizontal line (B). This figure has
been modified from?3,

Table 1. Mean differences (A) between the first pull test trial and subsequent trials with 90 dB
(normal) or 116 dB (loud) auditory stimuli for step reaction time and response magnitude. This
table has been modified from?23,

Table 2. Mean differences (A) between the first pull test trial and subsequent trials with 90 dB
(normal) or 116 dB (loud) auditory stimuli for trunk reaction time and response magnitude.
This table has been modified from?3.

Table 3. Coefficient estimates, 95% confidence intervals (Cl), and statistical significance of
instrumented pull test predictors resulting from linear mixed models for step response. This
table has been modified from?3.

Table 4. Coefficient estimates, 95% confidence intervals (Cl), and statistical significance of
instrumented pull test predictors resulting from linear mixed models for the truncal response.
This table has been modified from?23.

DISCUSSION:

Here, we have demonstrated the protocol for instrumentation of the clinical pull test, taking a
method widely used in clinical practice and yielding an objective measurement of postural
responses in addition to the important aspect of the pull administration. Using semi-portable
motion tracking, this method offers a means of measurement that is more accessible compared
to conventional laboratory techniques?®. Using this method, researchers can explore
characteristics of postural responses to a top-down perturbation across populations of varying
ages and conditions.

While the protocol was used successfully, several limitations should be noted. Motion tracking
detects net movement rather than the onset of muscle recruitment, commonly measured by
EMG?3L, If desired, EMG (e.g., measured from muscles including tibialis anterior, soleus,
hamstrings, quadriceps, rectus abdominis and lumbar paraspinals) could be integrated into the
protocol with relative ease. The motion sensors we employed are connected by wires to the base
unit. These wires are of sufficient length in the laboratory to record pull test kinematics, yet a
wireless system would be more practical particularly in a clinical setting. Further validity and
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reliability testing in cohorts of different disease states and severity is required before this method
can find credibility as a standardized assessment tool to assess postural responses scored up to
a grade 1 according to the UPDRS (postural instability with unassisted balance recovery)®.

The Instrumented Pull Test as an Assessment Tool for Postural Instability

Electromagnetic motion tracking is relatively inexpensive and semi-portable compared to other
solutions which report displacement data?'3%33, Recording of displacement in millimeter units is
crucial to the simplicity of the technique as it negates the requirement for complex signal
processing, so the data can be intuitively comprehended. Other commonly used techniques such
as accelerometry cannot be easily converted to displacement without the use of adequate
sensor-fusion techniques to remove several confounds (gravitational artifact, drift over time,
calibration error)?8343,

Critical steps were discerned in this protocol to ensure accurate collection of data. Importantly,
we defined postural reaction time in the instrumented pull test by the onset of truncal
displacement, rather than the onset of the examiner-initiated pull. This was crucial to exclude
any movement of the harness and rope at the time of the pull that contributes to the response
latency. In previous work, the peak acceleration of postural responses occurred earlier, and with
larger amplitudes in the upper body compared to the sacrum in response to a truncal
perturbation'’. The pull of non-standardized force was elicited manually, similarly to the clinical
pull test. Stepping is defined as the foot moving past the stance foot in the backward direction,
excluding movement in any other direction. We found peak force significantly affected step and
trunk responses. Recording of force is therefore imperative to the methodology and results can
account for pull force by using mixed effect models. Depending on the load cell specifications a
pre-amplifier and separate power supply may be required. Use the calibration curve supplied by
the manufacturer to convert the recorded voltage to pull force (Newtons). The trigger may also
be used to time the delivery of auditory or visual stimuli for further characterization of balance
mechanisms.

When 35 trials are performed, the instrumented pull test procedure takes approximately 20
minutes to complete. Users of this protocol will need to determine if timeframes required for the
experiment are appropriate compared to their usual methods of assessing postural instability.
During the task, participants are instructed to focus on the picture, as attention is known to
attenuate with repeated exposure to a threat to balance control®®. Attention to a postural task is
associated with increased conscious monitoring of posture, and the corresponding decrease in
amplitude of postural displacements3’. During testing, the safety of participants and potential
falls risk to both assessor and patient are of imperative concern. Additional safety precautions
include the use of an assistant for patients with known postural instability and proximity to a wall
to safeguard the assessor from falling together with the participant®.

StartReact and Motor Preparation

The instrumented pull test has demonstrated the capability to detect small changes in response
latency of postural responses. In the representative results, we delivered auditory stimuli
concurrent with the perturbation to assess for acceleration in reaction time that occurs with loud
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(116 dB) compared with lesser intensity (90 dB) stimuli, known as the StartReact effect?>38. We
were able to detect an average difference in truncal response latency of approximately 10 ms
with the instrumented pull test protocol in a cohort of 33 participants?3. Acceleration of such
movement onsets to the StartReact effect typically occur with a magnitude of less than 20 ms
using EMG?°. Differences in stepping latency were also detected in first trial responses, with
larger step responses. This is consistent with the greater destabilization found in “first-trial
effects’ using moving platforms324°,

This method described in this manuscript has demonstrated the capability of the instrumented
pull test to provide precise quantification of postural responses in response to the typically
employed clinical pull test. At present, the instrumented pull test is intended as an alternative
method to assess postural responses in the research setting. Further work in reliability and
validity is required before its use in the clinic. The number of instrumented pull test trials can be
adjusted at the user’s discretion dependant on statistical power calculations. To increase the
participant’s comfort during testing, particularly with females, a modified harness which fastens
from behind could be considered in a future version of the instrumented pull test. Further
research is required to fully explore these responses in patient populations with balance
abnormalities (up to grade 1 postural instability according to the UPDRS) to investigate effects of
therapy and elucidate mechanisms contributing to postural instability.
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Table 1

Trial Type
Comparison

First vs. Normal
First vs. Loud
Normal vs. Loud

Step Reaction Time
MeanA  95%Cl p-value
(ms)

36.9 4.7,69.2  0.009
46.1 13.1,79.2 0.002
9.2 -3.1,21.5 0.072

Step Response Magnitude
Mean A 95%Cl  p-value

(mm.s'z)

60 17, 103  0.002
53 9,97 0.005
-7 -23,9 0.315
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Table 2

Trial Type Comparison

First vs. Normal
First vs. Loud
Normal vs. Loud

Trunk Reaction Time
MeanA 95%Cl p-value
(ms)

-6 -31.1,19.0 0.692
4.2 -21.2,29.6  0.692
10.2 3.0,17.5 0.002

Trunk Response Magnitude
Mean A 95% Cl p-value

(mm.s'z)

162 -412, 737 0.497
-425 -1008, 158 0.12
-588 -750,-425 <0.001
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Table 3

Step Reaction Time

Step Response Magnitude

Predictor Estimate 95% ClI p-value || Estimate 95% CI p-value
Peak Force -0.12 -0.44,0.19 0.436 1.02 0.55, 1.49 <0.001
Force Rate -0.01 -0.04, 0.02 0.575 0.01 -0.03, 0.06 0.528

Height -64.65 -283.98, 154.69 0.542 240.26 -797.51,1278.03 0.629

Weight 2.37 0.72,4.03 0.008 -2.51 -10.56, 5.55 0.518
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Table 4

Trunk Reaction Time

Trunk Response Magnitude

Predictor Estimate 95% CI p-value | Estimate 95% CI p-value
Peak Force 0.36 0.22,0.51 <0.001 0.98 -2.95,4.91 0.623
Force Rate -0.01 -0.03, 0.00 0.062 -0.12 -0.47,0.22 0.486

Height 45.97 -31.16, 123.11 0.233 -708.94 -3362.70, 1944.82 0.587

Weight -0.17 -0.75, 0.42 0.566 2.08 -18.04, 22.19 0.834
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Name of Material/ Equipment Company Catalog Number Comments/Description
Analog to Digital Convertor & SoftWCED Micro 1401-3 Any suitable digital acquisition system can be used
Load Cell Omegadyne LCM201-100N
MATLAB Software MathWorks Inc. NA Any data science platform can be used
Motion Sensor Ascension 6DOF, type-800
Motion Tracker Ascension 3D Guidance trakSTAR |Mid-range transmitter

S&F Technical Harness and Belt
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ltem 1: The Author elects to have the Materials

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

{tem 2: Please select one of the following items:

I:I Open Access

'EThe 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.

I___lThe 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: "Agrepment" 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 3.0
Agreement (also known as CC-BY), the terms and conditions
of which can be found at:
http://creativecommons.org/licenses/by/3.0/us/legalcode
; "CRC NonCommercial License" means the Creative
Commeons Attribution-NonCommercial 3.0 Agreement (also
known as CC-BY-NC), the terms and conditions of which can
be found at: http://creativecommons.org/fiicenses/by-
nc/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

612542.6

affiliates or agents, individually or in collabaration with the
Authar or any other parties, incorporating all er 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, repraduce, 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
transiations, 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 ali such rights in the Article as
provided in, but sub)ect to all limitations and requirements
set forth in, the CRC License. If the "Standard Access" box

For questions, please contact us at'submissions@jove.com or +1.617.945.9051.
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has been checked in ltem 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 NonCommercial License.
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 websita, 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 Articie, 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
. thecked in Item 1 above or if no box has been checked in
ftem 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 Actess. 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
copyrlght in the Article, including any extensions thereto)

license {a) to publish, reproduce, distribute, display and.

store the Video in ail 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 (¢} 1o 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 technicaily
necessary to exercise the rights in other media and formats.
7. Government Employees, [f 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.5.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

ARTICLE AND VIDEO LICENSE AGREEMENT - UK

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
ail 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 auther 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 en 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 Materlals does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual praperty 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
discretion, elect not take any action with respect to the
Article until such time as it has recelved complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion andwithout giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shail 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 Materfals,
including, without limitation, to all decisions regarding
editing, fighting, filming, timing of publication, if any,
length, quality, content and the like.

12. tndermnification. 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 ather
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 Authot's institution's
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, persenal 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 of
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 contaminationdue to
the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or

ARTICLE AND VIDEO LICENSE AGREEMENT - UK

decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author's expense. All indemnifications provided herein
shall include JoVE's attarney's fees and costs related to said -
losses or damages. Such indemnification and holding

" harmiess shall include such losses or damages incurred by,

or in connection with, acts or omissions of JoVE, its
employees, agents ot independent contractars.

13, Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
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editorial or production decision, these funds will he
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submitted Materials after final peer review approval will
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completion of filming, production and publication of the
Materials will be suspended until payment is received.
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Manuscript:
JoVES59309R1

Title:
An instrumented pull test to characterize postural responses

We attach the response to editors in the revised manuscript and have incorporated suggestions to the
paper. A marked and final copy of the revised manuscript is attached.

Yours sincerely,

Ms Joy Tan

PhD Candidate

Department of Medical Bionics

The University of Melbourne, Australia
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RESPONSE TO EDITORS
JoVES9309R1

Responses to the editorial and production department are given below. Editorial comments
are in red and revisions to text are underlined.

1. “These steps need explicit explanation. Please provide actual commands/codes for
performing these steps for your experiment. What data goes in each step? Actual codes on
how to perform these steps can be included as a supplementary file.”

Codes have been included in a supplementary file under: “Supplemental coding file”
The following has been added:

“NOTE: Use a suitable data science platform such as MATLAB, R, or Python. Commands
shown here are for MATLAB and example code is available under supplementary materials.”

2. “4.1. From which step?”
The following has been added:

“4.1. Import data recorded during step 3.4 into a suitable data science platform. e.g.,
csvread().”

3. “Figure 2 1s not shown in the result section.”

Figure 2 has been added to the results section of the video at 9:15.

4.” Include the equation presented in the video here in the text as well.”
This has been added:

“Linear mixed models analysis was conducted using the following equation:

Y;i=(B,00,)+8, TrialType, +B, Weight+B, Height+f , PeakForce; +f3; ForceRate; +;

Where Y; J,-is the participant’s reaction time or response magnitude for trial i, 5,_- are the
fixed effect coefficients, 8, ; is the random effect for participant j (random intercept), and ¢; ;
is the error term.”

5. “Figure 2: Marker 0, 1,2 is not defined. X- axis needs a unit.”
This has been revised:

Figure 2: “...Vertical broken lines indicate markers on the time (t) axis. Onset of pull occurs
at marker 0 with subsequent onset of trunk displacement at marker 1. Positive truncal
displacement indicates backward movement. The auditory stimulus begins at the falling edge
of the sound trigger, within 21 £ 6 ms of peak pull force. Onset of trunk deceleration at t»
occurs at reversal of peak trunk velocity. The postural response, i.e., truncal reaction time, is
defined as the difference between markers 2 and 1...”




The X-axis has been fixed:
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6. “Figure 2: t; and t;-Where is this in the figure?

This has been revised:

Figure 2: “... The postural response, i.e., truncal reaction time, is defined as the difference
between markers2and 1...”

7. “Please include: What does blue and grey line represent? What does broken straight lines
both blue and grey”

The following has been added:

Figure 3. StartReact effects in truncal postural responses. Raw data representative of



single trials associated with the normal stimulus at 90 dB (normal), indicated by the grey
lines and loud auditory stimulus at 116 dB (loud), indicated by the blue lines. Vertical broken
lines indicate markers on the time axis. StartReact is demonstrated by quicker reaction times
in trunk velocity to the loud auditory stimulus, indicated by the blue broken vertical line,
compared with the normal auditory stimulus, indicated by grey broken vertical line (A).
Response magnitude to the postural task is derived from trunk acceleration. Horizontal
broken lines indicate markers on the trunk acceleration axis. The largest response magnitude
is shown in the loud trial, as indicated by the blue broken horizontal line representing the
minimum point of the acceleration curve, compared to the normal trial, represented by the
grey broken horizontal line (B). This figure has been modified from?3.

Video:
Please ensure all the result figures are presented in the video as well. Presently Figure 2 is
missing. Once done please ensure that the video is no more than 15 min in length.

Figure 2 has been added to the video.
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