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SUMMARY: 28 
Impairment of postural reflexes, termed postural instability, is difficult to quantify. Clinical 29 
assessments such as the pull test suffer issues with reliability and scaling. Here, we present an 30 
instrumented version of the pull test to objectively characterize postural responses.  31 
 32 
ABSTRACT: 33 
Impairment of postural reflexes, termed postural instability, is a common and disabling deficit in 34 
Parkinson’s disease. To assess postural reflexes, clinicians typically employ the pull test to grade 35 
corrective responses to a backward perturbation at the shoulders. However, the pull test is prone 36 
to issues with reliability and scaling (score/4). Here, we present an instrumented version of the 37 
pull test to more precisely quantify postural responses. Akin to the clinical test, pulls are manually 38 
administered except pull force is also recorded. Displacements of the trunk and feet are captured 39 
by a semi-portable motion tracking system. Raw data represent distance traveled (in millimeter 40 
units), making subsequent interpretation and analysis intuitive. The instrumented pull test also 41 
detects variabilities influencing pull test administration, such as pull force, thereby identifying 42 
and quantifying potential confounds that can be accounted for by statistical techniques. The 43 
instrumented pull test could have application in studies seeking to capture early abnormalities in 44 
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postural responses, track postural instability over time, and detect responses to therapy. 45 
 46 
INTRODUCTION  47 
Postural reflexes act to maintain a balance and upright stance in response to perturbations1. 48 
Impairment of these postural responses in disorders such as Parkinson’s disease results in 49 
postural instability, and commonly leads to falls, reduced walking confidence and diminished 50 
quality of life2-4. In clinical practice, postural reflexes are typically assessed with the pull test, 51 
where an examiner briskly pulls the patient backward at the shoulders and visually grades the 52 
response5-8. Postural instability is usually scored using the Unified Parkinson’s Disease Rating 53 
Scale (UPDRS) (0 – normal to 4 – severe), as published by the International Movement Disorder 54 
Society5. This method has been used extensively in the assessment of individuals with Parkinson’s 55 
disease but suffers poor reliability and very limited scaling (score/4)6,7,9. Pull test scores often do 56 
not correlate with important clinical endpoints such as falls and the integer-based rating lacks 57 
sensitivity to detect fine postural changes10,11. 58 
 59 
Laboratory-based objective measures offer precise information about the nature of balance 60 
response by quantifying kinetic (e.g., the center of pressure), kinematic (e.g., joint 61 
goniometry/limb displacement) and neurophysiological (e.g., muscle recruitment) endpoints12. 62 
These methods may identify abnormalities before postural instability is clinically evident and 63 
track changes over time, including responses to treatment13,14. 64 
 65 
Tools for Quantifying Postural Instability 66 
Conventional techniques of dynamic posturography commonly employ moving platforms. 67 
Resulting postural responses are quantified using a combination of posturography, 68 
electromyography (EMG), and accelerometry12,15,16. However, the bottom-up responses of 69 
platform perturbations – which evoke a response like slipping on a wet floor, are fundamentally 70 
different from the top-down postural responses of the clinical pull test – as may occur when being 71 
bumped in a crowd. Emerging evidence suggests truncal perturbations yield different postural 72 
characteristics to those of moving platforms17-19. Accordingly, others have attempted truncal 73 
perturbations in the laboratory using complex techniques including motors, pulleys, and 74 
pendulums15,20-22. Methods of measurement are often expensive and inaccessible and comprise 75 
of video-based motion capture that requires dedicated space in specialized laboratories20,21. 76 
Ideally, an objective method to characterize pull test responses should have excellent 77 
psychometric properties, be easy to administer, simple to operate, widely accessible, and 78 
portable. This is important to facilitate widespread adoption of the technique as an alternative 79 
assessment tool to assess postural responses within research and potentially, clinical settings.  80 
 81 
The Instrumented Pull Test  82 
The aim of this protocol is to offer researchers a technique for objective assessment of postural 83 
responses to the pull test. A semi-portable and widely available electromagnetic motion capture 84 
system underpins the technique. The perturbation involves manual pulls that do not require 85 
specialized mechanical systems. This method has sufficient sensitivity to detect small differences 86 
in postural reaction times and response amplitudes; therefore, it is suited to capturing potential 87 
abnormalities rated from normal up to grade 1 postural instability according to the UPDRS 88 



  

(postural instability with unassisted balance recovery)5. This method may also be utilized to 89 
explore the effects of therapy on postural instability. The protocol described here is derived from 90 
that in Tan et al.23. 91 
 92 
PROTOCOL: 93 
All methods described were reviewed and approved by the local human research ethics 94 
committee at Melbourne Health. Informed consent was obtained from the participant prior to 95 
the study.  96 
 97 
1. Equipment setup 98 
 99 
1.1. Prepare the electromagnetic motion tracker with 3 miniature motion sensors as per the 100 
manufacturer’s guidelines. Prior to data collection, ensure each sensor is sampled at a minimum 101 
250 Hz, displacement is measured in millimeter units and rotations (pitch, roll, and yaw) are in 102 
degrees. Ensure that all internal filterings are disabled, and the position of the sensors set to 103 
reference a static origin (usually the electromagnetic transmitter). 104 
 105 
1.2. Affix a load cell (minimum tension range 100 N, S-type recommended) to the patient harness 106 
at shoulder-level using a rope with a minimum diameter of 10 mm.  107 

 108 
NOTE: The harness system and rope are suitable for use in participants weighing up to 120 kg. 109 
 110 
1.3. Connect the load cell to data acquisition unit (A/D Converter).  111 
 112 
1.4. Connect the trigger output from the data acquisition unit into a trigger input of the motion 113 
tracker to ensure synchronized recording. Set data acquisition unit sampling rate to match the 114 
motion tracker and disable all filtering.  115 
 116 
1.5. Conduct the experiment in a quiet room to minimize distractions during the assessment. 117 
Allow enough space for participants to take several corrective steps to regain balance.  118 

 119 
NOTE: Patients with Parkinson’s disease and retropulsion are known to take 5-6 steps backward 120 
during the pull test.  121 
 122 
1.6. Place falls mat on the floor as a precautionary measure. 123 
 124 
1.7. Clean the harness, sensors, and wires with a hospital grade disinfectant wipe before testing 125 
each participant.  126 
 127 
NOTE: Video recording (e.g., using a portable camera on a tripod) of the instrumented pull test 128 
procedure is recommended so that any irregularities during data processing can be referenced 129 
against the video data of a trial.  130 
 131 
2. Participant selection and preparation 132 



  

 133 
2.1. Identify appropriate participants for study: participants can comprise a range of ages, 134 
disease conditions and severity where postural responses are of interest and balance assessment 135 
typically employs the clinical pull test. Ensure that participants can stand independently and 136 
generate a corrective balance response not requiring assistance to recover (i.e., up to Grade 1 137 
postural instability according to the UPDRS).  138 
 139 
2.2. Exclude any persons with cardiovascular, vestibular, vision and musculoskeletal conditions 140 
(including persons requiring foot orthotics or splints), that may impair balance performance 141 
unless this is the subject of the investigation, those on contact precautions, and those on 142 
medication known to affect balance or attention (e.g., antidepressants, neuroleptics, 143 
benzodiazepines, antiepileptics, antiarrhythmics, and diuretics).  144 
 145 
2.3. Have the participant wear comfortable loose clothing on the day of the experiment and 146 
remove shoes prior to the pull test procedure. 147 
 148 
2.4. Assist the participant in putting on the customized trunk harness with the load cell. Click the 149 
buckles around the chest and waist. Ensure adjustment straps on the harness are tight but 150 
comfortable. Do not allow more than 50 mm of slack in the harness when pulling on the rope. In 151 
participants with known postural instability, ensure that an assistant is present when the harness 152 
is applied while the participant is standing. 153 
 154 
2.5. Attach motion sensors using medical tape to the sternal notch (at the level of the second 155 
and third thoracic vertebra), and on the feet at the right and left ankle malleolus.  156 

 157 
NOTE: Apply the sensors on participants with known postural instability in sitting. All cables must 158 
be routed carefully to avoid trip hazards. 159 
 160 
2.6. Ask the participant to stand bare feet, in a comfortable stance (according to the participant’s 161 
preferred base of support) along vertical and horizontal line markings on the floor. Note the 162 
participant’s feet position. Ask the participant to also note their own feet position in order to 163 
revert to the same position after every pull. Monitor the participant’s feet placement after every 164 
trial and ask the participant to return to the original feet position if any deviations are observed. 165 
 166 
2.7. Instruct the participant to focus on artwork 1.5 m ahead at the eye level with hands by their 167 
side to minimize distractions between pulls.  168 
 169 
3. Instrumented pull test procedure 170 
 171 
3.1. Perform the instrumented pull test in accordance with the clinical pull test guidelines 172 
described by the UPDRS5.  173 
 174 
3.2. Explain the test procedure, and let the participant know that stepping is allowed to regain 175 
balance following the backward pull. Discourage anticipatory responses such as forward trunk 176 



  

flexion, stiffening in posture or knee flexion prior to the pull. Note these responses if they occur 177 
during the experiment.  178 
 179 
3.3. Prior to each pull, ensure the participant is attentive by asking the participant to focus on a 180 
picture hanging on the wall. Ensure the participant is standing upright, with eyes open, hands by 181 
their side, and their feet placed on the designated markers in a comfortable stance. 182 
 183 
3.4. Stand behind the participant. Apply a brisk pull of sufficient force to generate a trunk and 184 
step response via the rope and load cell held perpendicular to the shoulder level of the 185 
participant. 186 
 187 
3.5. After each pull ensure the participant returns to the original feet positioning. Reset the 188 
position back to designated markers on the floor and repeat 35 times.  189 

 190 
NOTE: The number of trials can be varied according to the experimental design and clinical 191 
population.  192 
 193 
3.6. Allow participants a short rest of 2 min after every 10 trials or as required to reduce the 194 
effects of fatigue and ensure attention is focused on the task. Participants can choose to sit or 195 
stand. Request that participants refrain from talking in between pulls unless requesting a break 196 
or expressing discomfort during the procedure.  197 
 198 
3.7. As an additional safety precaution, ensure that the assessor and assistant are standing with 199 
their backs close to a wall while allowing enough room for the participant to take several steps 200 
backward.  201 

 202 
NOTE: The assessor must always be prepared to catch the patient. An assistant is required for 203 
safety when participants with known postural instability are assessed. 204 

 205 
3.8. Detach sensors and assist the participant out of the harness following completion of the 206 
instrumented pull test procedure. 207 
 208 
4. Signal processing 209 
 210 
NOTE: Use a suitable data science platform such as MATLAB, R, or Python. Commands shown 211 
here are for MATLAB and example code is available as Supplementary File. 212 
 213 
4.1. Import data recorded during step 3.4 into a suitable data science platform: csvread(). 214 
 215 
4.2. Align the motion tracker and load cell data using trigger signals and resample to a higher 216 
sampling rate: 1 kHz resample() function if required. 217 
 218 
4.3. High-pass filter all motion tracking and load cell data with a 0.05 Hz cut-off frequency to 219 
remove base-line drift: butter() and filtfilt().  220 



  

 221 
4.4. Double differentiate the trunk motion tracking displacement data to obtain trunk velocity 222 
and acceleration: diff(). 223 
 224 
4.5. Using either the trigger signal or a peak-detection algorithm applied to the load cell data, 225 
slice recordings to obtain epochs of each individual pull test trial: findpeaks() function. 226 
 227 
4.6. Detect and reject trials with the anticipatory truncal movement. A forward trunk 228 
displacement immediately prior to the pull administration usually presents as a peak at least 229 
three standard deviations above the baseline mean of the trunk sensor: std() and mean(). 230 
 231 
4.7. Determine postural reaction time as the difference between the onset of trunk displacement 232 
(3 standard deviations above baseline mean) following the pull and the turning point of the trunk 233 
velocity curve (indicating the beginning of trunk deceleration): differentiate, diff(), and use zero 234 
crossing detector, zcd(). 235 
 236 
4.8. Determine the magnitude of the postural response as the peak deceleration of the trunk: 237 
min() or max(). 238 
 239 
4.9. Calculate the step reaction time as the difference between the onset of truncal displacement 240 
(as per 4.7) to the initial movement of the stepping limb: 3 standard deviations above the baseline 241 
mean.  242 
 243 
4.10. Determine the step response magnitude by calculating the total displacement of the foot 244 
in millimeters (mm), from initial foot lift-off to contact of the stepping limb arresting backward 245 
retropulsion. Exclude steps less than 50 mm, as the change in the base of support is considered 246 
negligible24: min() or max().  247 
 248 
4.11. Calculate the peak pull force and rate of force development from the load cell: max() for 249 
pull; max() and diff() for rate of force.  250 

 251 
NOTE: The peak pull force indicates the instantaneous maximum force delivered, whereas the 252 
force rate is the slope of the force versus time curve indicating how rapidly the force was 253 
generated.  254 
 255 
REPRESENTATIVE RESULTS 256 
The instrumented pull test (Figure 1) was used to investigate trunk and step responses in a young, 257 
healthy cohort23. Thirty-five trials were presented serially, with an auditory stimulus delivered 258 
concurrently with each pull (Figure 2). The auditory stimulus was either 90 dB (normal) or 116 dB 259 
(loud). The loud stimulus has been demonstrated as sufficient to trigger StartReact effects, where 260 
pre-prepared responses are released early by a startling auditory stimulus25. StartReact effects 261 
can be used as a probe to explore mechanisms underlying motor preparation26. The first-trial was 262 
kept to analyze unhabituated responses, and four subsequent trials discarded to allow for 263 
practice effects, which have been shown to habituate over five initial trials27. Subsequent 264 



  

habituated trials comprised 20 normal-intensity and 10 loud trials randomly intermixed. Inter-265 
trial intervals (10 - 15 s) were variable. The analysis was conducted using linear mixed models 266 
due to multiple contributing factors that could influence trunk and step postural responses (e.g., 267 
variability of pull force between trials or participant height and weight). Linear mixed models’ 268 
analysis was conducted using the following equation:  269 
 270 

Yij=(β0+θ0j)+β1TrialTypeij+β2Weightj+β3Heightj+β4PeakForceij+β5ForceRateij+ϵij  271 

 272 
where Y𝑖𝑗is the participant’s reaction time or response magnitude for trial 𝑖, 𝛽0−5 are the fixed 273 

effect coefficients, 𝜃0𝑗  is the random effect for participant j (random intercept), and 𝜖𝑖𝑗 is the 274 

error term.  275 
 276 
The instrumented pull test distinguished first-trial responses and StartReact effects to a backward 277 
perturbation. During the first-trial, step reaction time was slower (first-trial vs. subsequent trials 278 
mean difference: 36.9 ms, p = 0.009), and stepping size was larger (first-trial vs. subsequent trials 279 
mean difference: 60 mm, p = 0.002) (Table 1). Trunk reaction time and response magnitude 280 
remained unchanged. StartReact effects were only present in the trunk to subsequent habituated 281 
pulls. A loud auditory stimulus accelerated truncal reaction time (loud vs. normal stimuli mean 282 
difference: 10.2 ms, p = 0.002) and increased truncal response magnitude (loud vs. normal stimuli 283 
mean difference: 588 mm.s-2, p < 0.001) (Figure 3 and Table 2). Variables contributing to the pull 284 
test responses were explored. Notably, examiner peak pull force was found to influence the size 285 
of stepping responses (p < 0.001) and trunk reaction times (p < 0.001) (Tables 3 and 4). Participant 286 
weight influenced step reaction times (p = 0.008) (Table 3). Otherwise, participant height and 287 
weight did not influence results. 288 
 289 
FIGURE AND TABLE LEGENDS 290 
 291 
Figure 1. Set up of instrumented pull test. The instrumented pull test allows an assessor to apply 292 
a shoulder-level backward perturbation using a rope and harness (a). The force of the 293 
perturbation is recorded using a force gauge (b); the truncal response via a sensor placed at the 294 
sternal notch (c); and stepping via sensors on the left and right ankle malleolus (d). The motion 295 
tracking system encompasses a processing unit (e) which calculates three-dimensional positions 296 
of up to four sensors with respect to an electromagnetic transmitter (f). Auditory stimuli are 297 
delivered via headphones. This figure has been modified from23. 298 
 299 
Figure 2. Data collected from a representative trial from the instrumented pull test. Vertical 300 
broken lines indicate markers on the time (t) axis. The onset of pull occurs at marker 0 with 301 
subsequent onset of trunk displacement at marker 1. Positive truncal displacement indicates 302 
backward movement. The auditory stimulus begins at the falling edge of the sound trigger, within 303 
21 ± 6 ms of peak pull force. The onset of trunk deceleration at t2 occurs at the reversal of peak 304 
trunk velocity. The postural response (i.e., truncal reaction time) is defined as the difference 305 
between markers 2 and 1..This figure has been modified from23. 306 
 307 



  

Figure 3. StartReact effects in truncal postural responses. Raw data representative of single trials 308 
associated with the normal stimulus at 90 dB (normal), indicated by the grey lines and loud 309 
auditory stimulus at 116 dB (loud), indicated by the blue lines. Vertical broken lines indicate 310 
markers on the time axis. StartReact is demonstrated by quicker reaction times in trunk velocity 311 
to the loud auditory stimulus, indicated by the blue broken vertical line, compared with the 312 
normal auditory stimulus, indicated by grey broken vertical line (A). Response magnitude to the 313 
postural task is derived from trunk acceleration. Horizontal broken lines indicate markers on the 314 
trunk acceleration axis. The largest response magnitude is shown in the loud trial, as indicated 315 
by the blue broken horizontal line representing the minimum point of the acceleration curve, 316 
compared to the normal trial, represented by the grey broken horizontal line (B). This figure has 317 
been modified from23. 318 
 319 
Table 1. Mean differences (𝚫) between the first pull test trial and subsequent trials with 90 dB 320 
(normal) or 116 dB (loud) auditory stimuli for step reaction time and response magnitude. This 321 
table has been modified from23. 322 
 323 
Table 2. Mean differences (𝚫) between the first pull test trial and subsequent trials with 90 dB 324 
(normal) or 116 dB (loud) auditory stimuli for trunk reaction time and response magnitude. 325 
This table has been modified from23. 326 

  327 
Table 3. Coefficient estimates, 95% confidence intervals (CI), and statistical significance of 328 
instrumented pull test predictors resulting from linear mixed models for step response. This 329 
table has been modified from23. 330 

 331 
Table 4. Coefficient estimates, 95% confidence intervals (CI), and statistical significance of 332 
instrumented pull test predictors resulting from linear mixed models for the truncal response. 333 
This table has been modified from23. 334 

 335 
DISCUSSION: 336 
Here, we have demonstrated the protocol for instrumentation of the clinical pull test, taking a 337 
method widely used in clinical practice and yielding an objective measurement of postural 338 
responses in addition to the important aspect of the pull administration. Using semi-portable 339 
motion tracking, this method offers a means of measurement that is more accessible compared 340 
to conventional laboratory techniques28. Using this method, researchers can explore 341 
characteristics of postural responses to a top-down perturbation across populations of varying 342 
ages and conditions.  343 
 344 
While the protocol was used successfully, several limitations should be noted. Motion tracking 345 
detects net movement rather than the onset of muscle recruitment, commonly measured by 346 
EMG29-31. If desired, EMG (e.g., measured from muscles including tibialis anterior, soleus, 347 
hamstrings, quadriceps, rectus abdominis and lumbar paraspinals) could be integrated into the 348 
protocol with relative ease. The motion sensors we employed are connected by wires to the base 349 
unit. These wires are of sufficient length in the laboratory to record pull test kinematics, yet a 350 
wireless system would be more practical particularly in a clinical setting. Further validity and 351 



  

reliability testing in cohorts of different disease states and severity is required before this method 352 
can find credibility as a standardized assessment tool to assess postural responses scored up to 353 
a grade 1 according to the UPDRS (postural instability with unassisted balance recovery)5.  354 
  355 
The Instrumented Pull Test as an Assessment Tool for Postural Instability 356 
Electromagnetic motion tracking is relatively inexpensive and semi-portable compared to other 357 
solutions which report displacement data21,32,33. Recording of displacement in millimeter units is 358 
crucial to the simplicity of the technique as it negates the requirement for complex signal 359 
processing, so the data can be intuitively comprehended. Other commonly used techniques such 360 
as accelerometry cannot be easily converted to displacement without the use of adequate 361 
sensor-fusion techniques to remove several confounds (gravitational artifact, drift over time, 362 
calibration error)28,34,35. 363 
 364 
Critical steps were discerned in this protocol to ensure accurate collection of data. Importantly, 365 
we defined postural reaction time in the instrumented pull test by the onset of truncal 366 
displacement, rather than the onset of the examiner-initiated pull. This was crucial to exclude 367 
any movement of the harness and rope at the time of the pull that contributes to the response 368 
latency. In previous work, the peak acceleration of postural responses occurred earlier, and with 369 
larger amplitudes in the upper body compared to the sacrum in response to a truncal 370 
perturbation17. The pull of non-standardized force was elicited manually, similarly to the clinical 371 
pull test. Stepping is defined as the foot moving past the stance foot in the backward direction, 372 
excluding movement in any other direction. We found peak force significantly affected step and 373 
trunk responses. Recording of force is therefore imperative to the methodology and results can 374 
account for pull force by using mixed effect models. Depending on the load cell specifications a 375 
pre-amplifier and separate power supply may be required. Use the calibration curve supplied by 376 
the manufacturer to convert the recorded voltage to pull force (Newtons). The trigger may also 377 
be used to time the delivery of auditory or visual stimuli for further characterization of balance 378 
mechanisms.  379 
 380 
When 35 trials are performed, the instrumented pull test procedure takes approximately 20 381 
minutes to complete. Users of this protocol will need to determine if timeframes required for the 382 
experiment are appropriate compared to their usual methods of assessing postural instability. 383 
During the task, participants are instructed to focus on the picture, as attention is known to 384 
attenuate with repeated exposure to a threat to balance control36. Attention to a postural task is 385 
associated with increased conscious monitoring of posture, and the corresponding decrease in 386 
amplitude of postural displacements37. During testing, the safety of participants and potential 387 
falls risk to both assessor and patient are of imperative concern. Additional safety precautions 388 
include the use of an assistant for patients with known postural instability and proximity to a wall 389 
to safeguard the assessor from falling together with the participant9. 390 
 391 
StartReact and Motor Preparation 392 
The instrumented pull test has demonstrated the capability to detect small changes in response 393 
latency of postural responses. In the representative results, we delivered auditory stimuli 394 
concurrent with the perturbation to assess for acceleration in reaction time that occurs with loud 395 



  

(116 dB) compared with lesser intensity (90 dB) stimuli, known as the StartReact effect25,38. We 396 
were able to detect an average difference in truncal response latency of approximately 10 ms 397 
with the instrumented pull test protocol in a cohort of 33 participants23. Acceleration of such 398 
movement onsets to the StartReact effect typically occur with a magnitude of less than 20 ms 399 
using EMG15. Differences in stepping latency were also detected in first trial responses, with 400 
larger step responses. This is consistent with the greater destabilization found in ‘first-trial 401 
effects’ using moving platforms39,40. 402 
 403 
This method described in this manuscript has demonstrated the capability of the instrumented 404 
pull test to provide precise quantification of postural responses in response to the typically 405 
employed clinical pull test. At present, the instrumented pull test is intended as an alternative 406 
method to assess postural responses in the research setting. Further work in reliability and 407 
validity is required before its use in the clinic. The number of instrumented pull test trials can be 408 
adjusted at the user’s discretion dependant on statistical power calculations. To increase the 409 
participant’s comfort during testing, particularly with females, a modified harness which fastens 410 
from behind could be considered in a future version of the instrumented pull test. Further 411 
research is required to fully explore these responses in patient populations with balance 412 
abnormalities (up to grade 1 postural instability according to the UPDRS) to investigate effects of 413 
therapy and elucidate mechanisms contributing to postural instability.  414 
 415 
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Trial  Type 

Comparison

Mean Δ 

(ms)

95% CI p-value Mean Δ 

(mm.s-2)

95% CI p-value

First vs. Normal 36.9 4.7, 69.2 0.009 60 17,  103 0.002

First vs. Loud 46.1 13.1, 79.2 0.002 53 9, 97 0.005

Normal vs. Loud 9.2 -3.1, 21.5 0.072 -7 -23, 9 0.315

Step Reaction Time Step Response Magnitude
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Trial  Type Comparison Mean Δ 

(ms)

95% CI p-value Mean Δ 

(mm.s-2)

95% CI p-value

First vs. Normal -6 -31.1, 19.0 0.692 162 -412, 737 0.497

First vs. Loud 4.2 -21.2, 29.6 0.692 -425 -1008, 158 0.12

Normal vs. Loud 10.2 3.0, 17.5 0.002 -588 -750, -425 < 0.001

Trunk Reaction Time Trunk Response Magnitude
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Predictor Estimate 95% CI 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

Step Reaction Time Step Response Magnitude
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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

Trunk Reaction Time Trunk Response Magnitude
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Name of Material/ Equipment Company Catalog Number Comments/Description

Analog to Digital Convertor & SoftwareCED 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 Lowepro LP36282
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RESPONSE TO EDITORS  

JoVE59309R1 

 

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 is 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:  

Yij=(β
0
+θ0j)+β

1
TrialType

ij
+β

2
Weight

j
+β

3
Height

j
+β

4
PeakForceij+β

5
ForceRateij+ϵij  

Where Y𝑖𝑗is the participant’s reaction time or response magnitude for trial 𝑖, 𝛽0−5 are the 

fixed effect coefficients, 𝜃0𝑗  is the random effect for participant j (random intercept), and 𝜖𝑖𝑗 
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 t2 

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:  

 

6. “Figure 2: t2 and t1 - 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 markers 2 and 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 from23. 
 

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.  



Journal of Neurophysiology  

Copyright and Permissions  

Link: https://www.physiology.org/author-info.permissions   

 Reuse by Authors of Their Work Published by APS 

The APS Journals are copyrighted for the protection of authors and the Society. The 

Mandatory Submission Form serves as the Society's official copyright transfer form. 

Author’s rights to reuse their APS-published work are described below: 

Republication in 

New Works  

Authors may republish parts of their final-published work (e.g., 

figures, tables), without charge and without requesting permission, 

provided that full citation of the source is given in the new work. 

Meeting 

Presentations and 

Conferences  

Authors may use their work (in whole or in part) for presentations 

(e.g., at meetings and conferences). These presentations may be 

reproduced on any type of media in materials arising from the 

meeting or conference such as the proceedings of a meeting or 

conference. A copyright fee will apply if there is a charge to the 

user or if the materials arising are directly or indirectly 

commercially supported1. Full citation is required. 

Theses and 

Dissertations  

Authors may reproduce whole published articles in dissertations 

and post to thesis repositories without charge and without 

requesting permission. Full citation is required. 

Open Courseware  Authors may post articles, chapters or parts thereof to a public 

access courseware website. Permission must be requested from the 

APS1. A copyright fee will apply to a book chapter and during the 

first 12 months of a journal article’s publication. Full citation is 

required. 

Websites  Authors may not post a PDF of the accepted or final version of 

their published work to any website including social and research 

networking platforms; instead, links may be posted to the APS or 

publisher partner website where the work is published1 (see 

exception to authors’ own institution’s repository, as note below). 

Institutional 

Repositories 

(non-theses)  

Authors may deposit their accepted, peer-reviewed journal 

manuscripts into an institutional repository providing: 

o the APS retains copyright to the article1 

o a 12-month embargo period from the date of final 

publication of the article is observed by the institutional 

repository and the author 

o a link to the article published on the APS or publisher-

partner website is prominently displayed alongside the 

article in the institutional repository 

o the article is not used for commercial purposes 

o self-archived articles posted to repositories are without 

Copyright permissions APS Journals Click here to access/download;Supplemental File (Figures,
Permissions, etc.);Copyright permissions APS Journals.docx

https://www.editorialmanager.com/jove/download.aspx?id=1001955&guid=3aeb3647-5c75-4dd7-8cb5-5274ea2ba5fd&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1001955&guid=3aeb3647-5c75-4dd7-8cb5-5274ea2ba5fd&scheme=1


warranty of any kind 

 

1Unless it is published under the APS Open Access 

(AuthorChoice) option, which allows for immediate public access 

under a Creative Commons license (CC BY 4.0) (See also the APS 

Policy on Depositing Articles in PMC.)  

 

https://www.physiology.org/author-info.depositing-articles-in-pmc


  

Supplemental Coding Files

Click here to access/download
Supplemental Coding Files

Supplementary coding file.docx

https://www.editorialmanager.com/jove/download.aspx?id=1001960&guid=a046aeed-2391-4881-9286-971294fbc5ea&scheme=1

