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SUMMARY: 18 
Arms contribution in Sit-To-Stand (SitTS) is determined by the legs’ muscle condition. Several 19 
compensating strategies were discovered in efforts to achieve complete SitTS cycles. These 20 
findings triangulate the spinal cord injury (SCI) persons’ biomechanical measures with their 21 
subjective feeling of load borne by both their limbs throughout the SitTS approaches. 22 
 23 
ABSTRACT: 24 
Execution of SitTS in incomplete SCI patients involves motor function in both upper and lower 25 
extremities. The use of arm support, in particular, is a significant assistive factor while executing 26 
SitTS movement in SCI population. In addition, the application of functional electrical stimulation 27 
(FES) onto quadriceps and gluteus maximus muscles is one of the prescribed management for 28 
incomplete SCI to improve muscle action for simple lower limb movements. However, the 29 
relative contribution of upper and lower extremities during SitTS has not been thoroughly 30 
investigated. Two motor incomplete SCI participants performed repetitive SitTS to fatigue 31 
exercise challenge. Their performance was investigated as a mixed-method case-control study 32 
comparing SitTS with and without the assistance of FES. Three sets of SitTS tests were completed 33 
with 5-min resting period allocated in between sets, with mechanomyography (MMG) sensors 34 
attached over the rectus femoris muscles bilaterally. The exercise was separated into 2 sessions; 35 
Day 1 for voluntary SitTS and Day 2 for FES-assisted SitTS. Questionnaires were conducted after 36 
every session to gather the participants’ input about their repetitive SitTS experience. The 37 
analysis confirmed that a SitTS cycle could be divided into three phases; Phase 1 (Preparation to 38 
stand), Phase 2 (Seat-off), and Phase 3 (Initiation of hip extension), which contributed to 23% ± 39 
7%, 16% ± 4% and 61% ± 6% of the SitTS cycle, respectively. The contribution of arms and legs 40 
during SitTS movement varied in different participants based on their legs’ Medical Research 41 
Council (MRC) muscle grade. In particular, the applied arm forces start to increase clearly when 42 
the leg forces start to decline during standing. This finding is supported by the significantly 43 
reduced MMG signal indicating leg muscle fatigue and their reported feeling of tiredness.  44 
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INTRODUCTION:  46 
Sit-To-Stand (SitTS) is a significant movement in a human’s activity of daily living (ADL). It is also 47 
a prerequisite for basic functional activities such as standing, transferring, and walking. For 48 
patients with incomplete spinal cord injury (SCI), SitTS exercise is a crucial activity for their 49 
functional independence1,2. This exercise is essential for independence training, which eventually 50 
helps SCI population to improve their quality of life. In order to perform a sufficient and adequate 51 
SitTS exercise, the knowledge regarding their biomechanics and muscle activity should be feasibly 52 
measurable during the training. 53 
 54 
In a clinical rehabilitation program, SCI patients with grade ASIA Impairment Scale (AIS) C have a 55 
better progression and chance of recovering their motor function than those with grade AIS B, 56 
who has complete motor deficits. The SitTS performance plays an important measure in an SCI 57 
patient to indicate their motor functionality during the recovery process3. However, SCI AIS C 58 
patients require both support from the upper and lower limbs to achieve successful series of 59 
repeated SitTS movements. The upper limb support plays an important role in unloading the 60 
knees while providing adequate lifting forces and assuring the body balance during the exercise4. 61 
 62 
The purpose of this study is to describe the biomechanical contributions of arms and legs 63 
throughout repetitive SitTS in incomplete SCI individuals. This study positions the biomechanical 64 
analysis in relation to the participants’ subjective sense of their arms and legs muscle 65 
performance and feelings of ‘effort and tiredness’ throughout the SitTS exercise. 66 
 67 
Many previous SitTS studies only concentrated on investigating the kinematics and kinetics 68 
aspects of the activity4–7. In a wider context of SitTS training, the development of this method 69 
which includes the instrumented standing frame (SF) and force plate analysis, could lead 70 
researchers to assess both upper and lower limb contribution of other populations such as stroke, 71 
elderly, and patients with osteoarthritis8–10. A previous study by Zoulias et al., who instrumented 72 
custom-built hardware and software of SF presented a large frame design11. This method can be 73 
challenging to replicate. Hence this SitTS study highlighted a portable instrumented SF that can 74 
be adopted by other researchers with an existing motion analysis laboratory setup.  75 
 76 
PROTOCOL: 77 
 78 
The SitTS exercise and informed consent in this manuscript are described under ethical 79 
consideration by University Malaya Medical Centre Ethics Committee (2017119-4828)12. Study 80 
procedures were explained in detail to each participant, and written informed consent was 81 
obtained before beginning the SitTS trial. This study was conducted as mixed-mode, where 82 
quantitative data were obtained using biomechanical analysis, whereas subjective scores were 83 
obtained from feedback sessions (of the participants) and audio recordings (of the researcher–84 
participants interactions during the study). This pilot study compared the participant’s 85 
contributions of arms and legs in SitTS exercise voluntarily versus their performance with the 86 
presence of FES. 87 
 88 



   

1 Participants selection 89 
 90 
1.1 Perform an evaluation with potential SCI participants. 91 
 92 
1.1.1 Explain the details of the SitTS protocol, including the length of study (4 days) and length 93 
of session (SitTS: 2 h).  94 
 95 
NOTE: Voluntary SitTS was conducted on Day 1, followed by rest for 2 days. Functional electrical 96 
stimulation (FES)-assisted SitTS is then continued on the next day and defined as Day 2. 97 
  98 
1.1.2 Describe the medical requirements to the potential participant, including male or female 99 
with SCI, American Spinal Injury Classification (AIS) C (who can stand up), 18–60 years old, greater 100 
than 12-month post-injury, and demonstrate a willingness to wear specific clothes. 101 
 102 
NOTE: SCI AIS C participants provided written, informed consent to volunteer in this study. 103 
Participant 1 was a male (45 years; BMI 20.32 kg/m2) and Participant 2 was a female (49 years; 104 
BMI 33.54 kg/m2). Both of them presented 95 months and 33 months after the SCI injury, 105 
respectively. Both participants had their lower extremities (LE) muscle grade assessed. The LE 106 
muscle grade of Participant 1 were 2 (right side) and 4 (left side). Meanwhile, Participant 2 had 107 
LE muscle grade of 4 bilaterally12. Both participants had good trunk control. Participant 1 was 108 
diagnosed with a flaccid right leg with absent knee and ankle reflexes indicating a lower motor 109 
neuron injury. Besides that, his right leg was observed not to show any response to FES.  110 
 111 
1.1.3 Describe the exclusion criteria to the potential participants, including medical conditions 112 
that would cause them to fail in completing the instructions during the study. Other exemption 113 
criteria include participants that have osteoporosis and bone fracture12, cardiac pacemaker or 114 
other implanted electronic system, had existing electrical stimulation device (implantable 115 
cardioverter defibrillator, pacemaker, or spinal stimulation) or had botulinum toxin. 116 
 117 
2 SitTS experimental setup 118 
 119 
NOTE: In this SitTS exercise, three parameters will be recorded. The first parameter is arms force 120 
and the second parameter is legs force. The third parameter is mechanomyography (MMG) which 121 
looks at the rectus femoris muscle activity. 122 
 123 
2.1 Chair and SF setup. 124 
 125 
2.1.1 Design an armless chair with a height of 45 cm13,14 without a backrest according to the 126 
dimension of force plate 1 embedded in the floor of the motion analysis laboratory (Figure 1).  127 
 128 
2.1.2 Place the chair on the top of the force plate 1. 129 
 130 



   

2.1.3 Instrument each SF leg independently with force sensor15 at the bottom of SF’s leg given 131 
the sensitive range of each sensor is from 0–12 kg (Figure 2). 132 
 133 
NOTE: The sum values of four force sensor readings from SF were referred to as the arms force 134 
contribution. 135 
 136 
2.1.4 Position a portable and foldable SF in front of the chair within arm’s reach12.  Position four 137 
legs of the SF securely outside of force plate 2 to avoid double measurements (Figure 1).  138 
 139 
2.2 Motion analysis setup 140 
 141 
2.2.1 Enter participant’s details (i.e., leg length, ankle width, knee width) in the motion analysis 142 
system. 143 
 144 
2.2.2 Place sixteen reflective markers on the participant’s lower limbs with double-sided tape 145 
as mentioned in steps 2.2.3–2.2.5. 146 
 147 
2.2.3  Attach these markers directly over the bilateral anterior and posterior of the superior 148 
iliac spine. Second, attach markers on the lateral epicondyle of the left and right knee.  149 
 150 
2.2.4 Attach the marker over the lateral surface of the bilateral thigh and shank. Next, attach a 151 
marker on the lateral left and right malleolus.  152 
 153 
2.2.5 Attach markers over the left and right of the second metatarsal head. Attach the markers 154 
on the calcaneus at the same height of the second metatarsal head. 155 
 156 
NOTE: The placement of reflective markers is based on the setup of the motion analysis system16.  157 
 158 
2.3 Participant’s preparation 159 
 160 
2.3.1 Instruct the participant to be seated with their knees flexed at 90° with both feet 161 
positioned on force plate 2.  162 
 163 
2.3.2 Ensure the participant’s head and trunk are faced forward while sitting in an upright 164 
position. Ensure the participant is barefooted. 165 
 166 
2.3.3 Place hands on the handle of the SF.  167 
 168 
2.3.4 Identify the rectus femoris muscle by palpating the middle and bulky area of the thigh.  169 
 170 
2.3.5 Place two MMG sensors at the thigh area of the rectus femoris muscle bilaterally, one 171 
MMG per leg, to accurately measure the leg muscles’ sit-to-stand and stand-to-sit efforts12.  172 
 173 



   

2.3.6 Secure the sensors with a double-sided tape. Strap the MMG sensors around the thigh to 174 
reduce motion artefacts12.  175 
 176 
2.3.7 Connect the MMG sensors to the MMG device and the computer. 177 
 178 
3 SitTS protocol 179 
 180 
3.1 Day 1: Perform voluntary SitTS exercise.  181 
 182 
NOTE: Participants were instructed to do a repetitive SitTS event with the assistance of the SF. 183 
 184 
3.1.1 Before the experiment starts, ensure to turn on all setups to record the selected 185 
parameters.  186 
 187 
NOTE: The parameters recorded were force sensors for upper limb contribution, force plate for 188 
lower limb contribution, and MMG data for muscle rectus femoris activity. 189 
 190 
3.1.2 Ask the participant to stand up from the stationary sitting position at the end of a 191 
countdown of 5 s timed by an electronic timer.  192 
 193 
3.1.3 Let the participant stand for 3 s and then sit back on the chair. 194 
 195 
3.1.4 Ask the participant to rest for 5 s. 196 
 197 
NOTE: This was the resting interval in between the trials.  198 
 199 
3.1.5 Continue to do SitTS trials (repeat steps 3.1.2 and 3.1.4 until the participant cannot 200 
perform the same routine any longer).  201 
 202 
3.1.6 Turn off all the recorded data. 203 
 204 
3.1.7 Then, ask the participant to rest for 5 min before continuing the next set of the SitTS 205 
routine. Give 5 min break in between sets to provide muscle recovery amongst sets17.  206 
 207 
3.1.8 Repeat steps 3.1.1–3.1.7 for another two sets. 208 
 209 
3.1.9 Allow the participant to rest for at least 48 h. 210 
 211 
3.2 Day 2: Perform FES-assisted SitTS exercise.  212 
 213 
NOTE: Participants were instructed to do repetitive SitTS events with the assistance of the SF and 214 



   

FES. 215 
 216 
3.2.1 Place FES electrodes on quadriceps and gluteus maximus muscles18.  217 
 218 
3.2.2 For quadriceps muscle, place the first electrode horizontally about two finger widths 219 
above the knee. Position the second electrode horizontally about a palm width below the hip 220 
joint.  221 
 222 
3.2.3 For the gluteus maximus muscle, ask the participant to bend forward and place the first 223 
electrode vertically closest to the hip bone. Attach the second electrode vertically closest to the 224 
tail bone, side by side from the first electrode. 225 
 226 
3.2.4 Attach all FES electrodes to the FES device and connect them to the FES software in the 227 
computer. 228 
 229 
3.2.5 Set up the FES software by selecting the pulse width of 300 and the frequency of 35 Hz.  230 
 231 
3.2.6 Define the FES current intensity by asking the participant if they can tolerate the current 232 
given to achieve knee and hip extension7. Determine the FES current amplitude through a 233 
number of practices before starting the actual trial. 234 
 235 
NOTE: Table 1 shows the FES current stimulated towards the participants’ selected muscles 236 
during assisted FES SitTS session. 237 
 238 
3.2.7 Before the experiment starts, ensure to turn on all setups to record the selected 239 
parameters.  240 
 241 
3.2.8 Ask the participant to stand up from the stationary sitting position at the end of a 242 
countdown of 5 s timed by an electronic timer. At the end of the countdown, switch on the FES. 243 
 244 
3.2.9 Let the participant stand for 3 s. Then switch off the FES and let the participant sit back 245 
on the chair. 246 
 247 
3.2.10 Ask the participant to rest for 5 s. 248 
 249 
3.2.11 Continue to do SitTS trials (repeat steps 3.2.7–3.2.10 until the participant cannot perform 250 
the same routine any longer).  251 
 252 
3.2.12 Turn off all the recorded data. 253 
 254 
3.2.13 Then, ask the participant to rest for 5 min before continuing the next set of the SitTS 255 
routine.  256 
 257 



   

3.2.14 Repeat steps 3.2.7–3.2.13 for another two sets. 258 
 259 
4 Data acquisition and analysis 260 
 261 
4.1 Arm force contribution 262 
 263 
4.1.1 Extract all raw data of the force sensor to the workbook file in the computer for offline 264 
analysis.  265 
 266 
4.2 Leg force contribution 267 
 268 
4.2.1 Analyze raw data of the SitTS kinematic and kinetic in the motion analysis software. 269 
Extract the force plate data and knee angle data to the workbook file in the computer for offline 270 
analysis.  271 
 272 
NOTE: Force plate data represent the leg force contribution 273 
 274 
4.3 MMG of rectus femoris muscle 275 
 276 
4.3.1 Extract and store raw MMG data of rectus femoris muscle using two acquisition units and 277 
a vibromyography software to the workbook file for offline analysis.  278 
 279 
NOTE: The MMG signal were recorded by a vibromyography sensor at a sampling rate of 2 kHz. 280 
A finite impulse response band-pass filter between 20 Hz and 200 Hz was used to relay and 281 
transform the raw data of the MMG signal as recommended by the manufacturer for the muscle 282 
effort assessment19. For every trial, all data set were normalized and then synchronized as a 283 
complete cycle of SitTS exercise. An independent sample t-test was done to observe significant 284 
differences in mean time between voluntary and FES-assisted SItTS exercises. 285 
 286 
5 Feedback session 287 
 288 
5.1 Record audio during the feedback session (researcher-participant interactions).   289 
 290 
5.2 Ask four questions regarding the stability and fatigue experienced by the participants 291 
during the accomplishment of SitTS in Day 1 and Day 2.  292 
 293 
NOTE: In this section, stability was interpreted by the participants as the highest balance in the 294 
SitTS event. The highest balance was achieved when they could hold on to the selected event 295 
longest. Meanwhile, fatigue was identified as their feeling of ‘tiredness’ that leads to their lowest 296 
performance retrieved during the SitTS exercise.  297 
 298 
5.3 Collect and transcribe the audio. 299 
 300 
REPRESENTATIVE RESULTS:  301 



   

A total of 399 and 463 SitTS trials were completed without and with FES assisted correspondingly. 302 
The trials that contributed to each set are tabulated in Table 2. The participants could perform 303 
more SitTS trials with the presence of electrical stimulation on their legs, i.e., FES. Overall, both 304 
participants managed to perform more SitTS trials with the aid of FES. This suggests that FES 305 
helps in stimulating participants’ quadriceps to execute SitTS action in a prolonged period20. 306 
There were three phases of SitTS described in this study. Phase 1 began with the start of the 307 
movement and lasted when the buttocks left the seat. Phase 2 referred to the time when 308 
buttocks leave the seat up to the maximum hip flexion event. Phase 3 denoted from the 309 
beginning of hip extension and lasted until the end of the movement. Each phase contributed 310 
23% ± 7% for Phase 1, 16% ± 4% for Phase 2, and 61% ± 6% for Phase 3 of the SitTS cycle, as 311 
illustrated in Figure 3. Three phases of SitTS were defined in this study following an earlier study 312 
by Kagaya et al. that had a similar protocol of exercise in which SCI participants used the aid of 313 
hand-assists21. Phase 1 displayed the highest SD of its contribution with ±7% proving that 314 
participants recruit diverse strategies to initiate buttocks lift-up from the seat throughout the 315 
study. 316 
 317 
Overall, the mean time of FES-SitTS cycle between the initial trial in each set was identified to be 318 
significantly shorter (t = 1.28 s) as compared to the final trials (t = 1.66 s) in each set (p < 0.0005), 319 
as shown in Table 3. This indicates slower standing-up movement, most likely due to muscle 320 
tiredness or fatigue, and the added effort to stabilize themselves during the standing-up 321 
movement. FES-evoked exercise caused participants to be more prone to fatigue towards the 322 
end of their SitTS action in each set. Meanwhile, a non-significant difference of mean time was 323 
observed during voluntary SitTS activity p = 0.571, which suggests that there are several 324 
strategies of SitTS accomplishment initiated by participants throughout the voluntary SitTS 325 
session. There were some factors that might contribute to these several strategies, which 326 
consumed diverse time allocation. Participants’ feet placement22,23 and trunk control22 during 327 
the early phase of voluntary SitTS played a major contribution as there were a few times 328 
participants tended to lift one of the feet and sway their trunk from front to back24 first before 329 
they started leaving the chair. This is also associated with the previous study by Lee & Lee24 that 330 
investigated the forward-and-backward swaying in preparation to stand was affected by the 331 
height of the chair. 332 
 333 
The presence of negative values at the leg% during the early to middle stage of SitTS (Figure 4A, 334 
Figure 5A, Figure 6A, and Figure 7A) were due to the calibration procedure of force plate 2 that 335 
was taken while participants’ feet were in contact with these force plate. This initialized the 336 
stationary sitting force as zero, as their legs were lifted slightly when repositioning in preparation 337 
to stand, resulting in the force value appearing negative. Since both participants had the pattern 338 
of adjusting their feet position by lifting the leg during the early stage of SitTS, force plate 2 339 
showed a negative magnitude of force which indicated the eliminated force that existed by the 340 
feet before the calibration process took place. The habit of adjusting their feet position before 341 
actually standing might be a common practice of biomechanical preparation among all, which 342 
needs to be considered in other standing-related exercises25. Similarly, Camargos et al. reported 343 
that patients need to adopt a spontaneous SitTS strategy which results in higher functional 344 
levels25. Additionally, normalized RMS-MMG exhibited a similar graph pattern throughout the 345 



   

study. The amplitude of RMS-MMG was correlated to quadriceps muscle contraction and its force 346 
production26. The highest peak amplitude of normalized RMS-MMG described that the 347 
quadriceps muscles produced the highest force in between Phase 1 and Phase 2 of SitTS cycle 348 
(Figure 4C, Figure 5C, Figure 6C, and Figure 7C ). These highest forces were generated by the 349 
participants to prepare their legs for early knee joint stabilization before its extension. In 350 
addition, quadriceps muscles were observed to produce greater muscle contraction during the 351 
late phase of SitTS to help the legs to stabilize the feet and legs for standing posture22,25. 352 
 353 
Furthermore, muscle contraction at the right leg was significantly higher as compared to the left 354 
leg for both participants during voluntary SitTS action (p < 0.05). These voluntary SitTS allowed 355 
them to use all strength from their limbs, especially from their legs, to execute the SitTS action. 356 
Hence both participants were assumed to use more effort on the right leg during these actions. 357 
In addition, Participant 1 had contracture of the right quadriceps muscle, which resulted in 358 
continuous contraction, thereby generating constant muscle force throughout the experiment. 359 
Meanwhile, Table 4 summarises the answers given by the participants regarding their experience 360 
in performing the SitTS exercise. The contribution of arms and legs during SitTS movement varied 361 
among the participants based on their MRC muscle strength grade. In this study, the lower limbs’ 362 
muscle strength for each participant is accessible in step 1.1.2. Hence in this step, the SCI 363 
participants’ arms and legs contributions are presented individually, as shown in Figure 4 to 364 
Figure 7. 365 
 366 
Biomechanical contributions of arms versus legs 367 
Overall, throughout the SitTS action in both sessions, Participant 1’s arm percentage showed a 368 
higher contribution in total body weight percentage as compared to his leg percentage (Figure 369 
4A and Figure 5A). This result occurred as Participant 1 completely utilized his strength in both 370 
arms and left legs to bring up his upper body for standing. Both arms were used to support the 371 
left leg in providing stability for the whole body. Therefore, he endured most of his body weight 372 
using the arms and SF during the accomplishment of SitTS. Participant 1 had several joint 373 
contractures in the right knee and right ankle of the leg. As a result, Participant 1 did not put his 374 
body weight onto the right leg during the exercise. By comparing the two sessions, a higher 375 
contribution of Participant 1’s arm percentage was presented during FES SitTS. This result 376 
proposes that his arms were utilized to control a full right knee extension that was stimulated by 377 
FES. Even though the muscles were electrically-stimulated in Participant 1, his right knee could 378 
not provide full knee extension during the end phase of SitTS. This statement is validated as the 379 
right knee angle did not reach normal knee extension range of motion (0° to 5°) during late phase 380 
of SitTS, as shown in Figure 4B and Figure 5B.  381 
 382 
For Participant 2, there were huge increases of leg percentage from Phase 2 to Phase 3 of SitTS 383 
in both sessions. In general, Participant 2 had a better score of MRC muscle grade for legs as 384 
compared to Participant 1. As a result, Participant 2’s arms and legs contribution pattern changed 385 
drastically throughout the SitTS action. Towards the end of the SitTS cycle, Participant 2’s legs 386 
contributed 79.5% (without FES) and 78.8% (with FES) of the load-bearing, proving that her legs 387 
provided good weight-bearing to support her whole body during standing. The results suggested 388 
that the arms play a minor role in assisting Participant 2 during SitTS study.  389 



   

 390 
In contrast, by comparing 2 sessions (Figure 6A and Figure 7A), a higher contribution of leg% 391 
during the end phase of voluntary SitTS proposed that Participant 2 exerted more strength onto 392 
her legs to bear the full body weight. In addition, during the final set of voluntary SitTS, Participant 393 
2 exhibited a smaller knee angle during the early stage of the movement (Figure 6B). This finding 394 
suggests that towards the final set of voluntary SitTS tasks, Participant 2 compensated her 395 
fatigued state by positioning a smaller knee angle that provided lesser pressure on the feet27. In 396 
addition, FES stimulation helped Participant 2 perform SitTS by giving less strength exertion to 397 
the legs at the force plate during the end phase of session 2. 398 
 399 
Subjective feedback  400 
Among the 3 phases, which included 5 events of SitTS (Figure 3), both participants reported that 401 
their arms were the most tired during Event B while their legs were most tired during Event C. 402 
These 2 events were closely related to each other as both events occurred at Phase 2 of the SitTS 403 
motion. During Event B, i.e., when the buttocks lift-up was initiated, Participant 1 was observed 404 
to increase arm strength to lift his upper body from the chair (Figure 4A and Figure 5A). 405 
Meanwhile for Participant 2, the maximum contribution of arms was detected during Event B for 406 
FES-assisted SitTS (Figure 7A). These coincided with the accomplishment of SitTS action that was 407 
continued with the preparation of legs to stand without falling during Event C as observed by the 408 
motion analysis system (Figure 4B, Figure 5B, Figure 6B, and Figure 7B ). These assumptions were 409 
verified as both participants’ knee angles started to decrease (knee started to extend). These 410 
ideas are supported by participants’ opinions during the interview. Participant 2 selected Event 411 
A in both conditions as the most stable position. The answer given by Participant 2 was expected 412 
as she felt secure while sitting on the chair.  413 
 414 
Conversely, without the help of FES, Participant 1 felt most stable during Event C. This result was 415 
due to the presence of arm strength that assisted him to carry his body weight upward. While 416 
with the aid of FES, Event E was chosen as the most stable as he agreed that FES had helped him 417 
to straighten both his knees and allowed him to stand up confidently. Besides that, Participant 1 418 
experienced the least stable position at Event E during voluntary SitTS due to his weak right leg 419 
(Quadriceps MRC muscle grade: Grade 2). These statements were proven by his major arms 420 
contribution towards the end of SitTS phase, as illustrated biomechanically in Figure 4A and 421 
Figure 5A. Next, with the aid of FES, Participant 1 felt the least stable during Event B, as reflected 422 
in Figure 3. Even with the presence of FES, Participant 1 believed that these events were where 423 
the initial transition of his body moving from sitting to standing. Meanwhile, Participant 2 felt the 424 
least stable during Event C in both sessions. These corresponded with the arrangement of both 425 
leg and arm to stand without falling as observed by the motion analysis system and illustrated in 426 
Figure 6 and Figure 7. The verbal expression was biomechanically verified as Participant 2’s knee 427 
started to fully extend (Figure 6B and Figure 7B).  428 
 429 
In addition, the normalized RMS-MMG of the quadriceps muscle showed a peak value during 430 
Event C. This indicated his effort to straighten his body to increase the hip angle when standing. 431 
Additionally, during the final trial of FES assisted SitTS session (Figure 7C), both quadriceps 432 
muscles displayed a small constant normalized RMS-MMG value throughout SitTS phase as 433 



   

agreed by Participant 2, who already felt tired, which emphasized the point of using the upper 434 
body to straighten herself in the final few standing process. In addition, following the FES-assisted 435 
SitTS session, both participants were confident with the use of FES device. Overall, participants 436 
experienced positive outcomes during their exercise. 437 
  438 
FIGURE AND TABLE LEGENDS:  439 
Figure 1: Custom-made chair setup. The custom-made chair was placed inside force plate 1. Both 440 
feet were placed on force plate 2. This figure shows the overall setup of the participant’s initial 441 
position on the custom-made chair and instrumented SF with the force plates.  442 
 443 
Figure 2: Placement of the force sensor. (A) An instrumented force sensor was placed at the 444 
bottom part of the rubber stopper of SF (side view). (B) The placement of four instrumented force 445 
sensor (top view). The figure presents the placement of the force sensor at the bottom part of 446 
the rubber stopper of the SF. 447 
 448 
Figure 3:  A cycle of SitTS activity assisted by SF. The figure describes a complete cycle of SitTS 449 
with the presence of a standing frame. 450 
 451 
Figure 4: Participant 1’s body weight contribution, knee flexion angle, and normalized 452 
quadriceps RMS-MMG during voluntary SitTS (Set 1-Initial Trial versus Set 3-Final Trial). The 453 
figure illustrates the parameters obtained by Participant 1 during the voluntary SitTS exercise. 454 
 455 
Figure 5: Participant 1’s body weight contribution, knee flexion angle, and normalized 456 
quadriceps RMS-MMG during assisted FES SitTS (Set 1-Initial Trial versus Set 3-Final Trial). The 457 
figure explains the parameters obtained by Participant 1 during FES assisted SitTS exercise. 458 
 459 
Figure 6: Participant 2’s body weight contribution, knee flexion angle, and normalized 460 
quadriceps RMS-MMG during voluntary SitTS (Set 1-Initial Trial versus Set 3-Final Trial). The 461 
figure illustrates the parameters obtained by Participant 2 during the voluntary SitTS exercise. 462 
 463 
Figure 7: Participant 2’s body weight contribution, knee flexion angle, and normalized 464 
quadriceps RMS-MMG during assisted FES SitTS (Set 1-Initial Trial versus Set 3-Final Trial). The 465 
figure explains the parameters obtained by Participant 2 during FES assisted SitTS exercise. 466 
 467 
Figure 8: The condition of SCI participants lifting the leg hence producing the negative value of 468 
the legs force during the early phase of SitTS. The figure verifies the negative value obtains from 469 
the legs’ force when participant tries to lift the heel during the initial phase of SitTS. 470 
 471 
Figure 9: The combination of the determinants in the SitTS experiment. The figure concludes 472 
the combined parameters involved in the SitTS study. 473 
 474 
Table 1: FES current stimulated during SitTS study. The table shows the amplitude of FES current 475 
for each participant on the quadriceps and gluteal maximus muscle.  476 
 477 



   

Table 2: Number of completed trials of SitTS movements by two SCI individuals. The table 478 
provides the total number of SitTS trials by the participants. 479 
 480 
Table 3: Mean time for a complete cycle of SitTS during initial and final trials in each set. The 481 
table presents the mean time taken for participants to complete a cycle of SitTS during initial and 482 
final trials in each set. An independent sample t-test was done, values were given as mean ± SD 483 
(N = 60). Means with superscripts ‘a’ were significant (p < 0.0005). 484 
 485 
Table 4: Reported stability and fatigue experienced by participants during the accomplishment 486 
of SitTS activity. The table shows the answer given by participants regarding their stability and 487 
fatigue experienced during SitTS exercise. 488 
 489 
DISCUSSION: 490 
The current study demonstrated a bodyweight contribution in SCI individuals during SitTS 491 
exercise. This study presented SF as an essential assistive device for these populations to do a 492 
successful SitTS cycle. Moreover, an instrumented SF was developed to ensure the arms force 493 
can be assessed too28. The application of MMG was added in the study to observe prime SitTS 494 
muscle that helps researchers to understand SitTS performance better. Furthermore, the 495 
feedback session enabled researchers to obtain insights regarding their subjective feeling that 496 
support the evidence of quantitative data of the SitTS study.  497 
 498 
Representative results showed a negative magnitude of legs force which indicated the eliminated 499 
force that existed at the feet before the calibration process took place (Figure 8). These SitTS 500 
protocol addressed a limitation of producing negative value of legs’ force during the early phase 501 
of the exercise. Hence researchers shall anticipate a modification technique of these conditions 502 
for future similar SitTS exercises. Additionally, we found that MMG device is more suitable to 503 
measure muscle activity during the FES-assisted SitTS exercise as compared to the 504 
electromyography (EMG).  505 
 506 
MMG proposes an alternative to the utilization of EMG, especially in addressing the sensitive 507 
response to skin impedance changes. These impedance fluctuations may be initiated by sweating 508 
& incorrect measurements caused by the FES-induced electrical artifacts. While EMG detects the 509 
electrical activity of prime muscle of these movements, the presence of electrical stimulation 510 
through the muscle during the exercise interferes with the electrical-based motor action 511 
potential captured MMG has been reported to be unaffected by the limitations of EMG29, which 512 
makes it advantageous for FES assisted SitTS exercise applications. Wessell et al. reported that 513 
MMG is more sensitive to muscle’s mechanical responses generated by electrical stimulus 514 
compared to EMG, which is affected by other common electrical background30. 515 
 516 
This study is limited by two main practical factors. Firstly, only 2 SCI participants fulfilled the 517 
inclusion criteria of the SitTS study from our accessible SCI volunteers. The low sample size of the 518 
population presents as the limitation of the study as they may not represent the highly different 519 
incomplete SCI population. This SitTS pilot study revealed the variation in arms and legs 520 
contribution based on their legs’ MRC muscle grade. Further studies with more participants with 521 



   

different MRC muscle grade scores are recommended to further explain other potentially varying 522 
limbs strategies. Another limitation of this study is the learning effect achieved by the 523 
participants after completing the SitTS exercise on Day 1 that may have affected their 524 
performance on Day 2. The SitTS exercise was expected to display a higher number of trials on 525 
Day 2 since the same training had been done before in Day 1, and FES was applied in addition31. 526 
Hence, alternating the treatment between Day 1 and Day 2 (with and without FES) and between 527 
participants is ideal for performing the SitTS experiment to ascertain any potential benefit over 528 
the other. In this study, the order of the SitTS exercise for Participant 2 was switched (i.e., FES-529 
assisted in Day 1 and voluntary SitTS in Day 2), and these orders shall be alternated with new 530 
participants’ intake in the future. 531 
 532 
The significance of this SitTS study highlighted a portable instrumented SF where it can be easily 533 
replicated by other researchers with an existing motion analysis laboratory setup. This technique 534 
was supported by another study from Chang et al. that also had instrumented walker with two 535 
load cells. His study focused on the implanted neuroprosthesis users who mostly relied on their 536 
upper limbs during Stand-To-Sit activity28.  537 
 538 
Although the FES intervention in SitTS exercise did not obviously alter the biomechanical 539 
contributions of arms and legs, the participants’ perception of arms and leg fatigue was positively 540 
influenced by FES. This may not manifest itself in terms of the ground reaction force or joint 541 
angles but was felt by the SCI participants while performing the SitTS exercise. FES application 542 
gave participants a major impact to execute the better training performance in terms of more 543 
trials can be achieved. Both participants acknowledged the therapeutic benefit of the FES, in 544 
particular, the increased muscle mass11; hence they felt more motivated to participate in the 545 
SitTS study. The findings of this study provide important insight into FES in the clinical 546 
rehabilitation program. FES is believed to have more potential benefits for the post-SCI 547 
population.  548 
 549 
The results obtained are helpful for researchers and clinicians to interpret the fatigue stage of 550 
patients throughout SitTS training in a clinical rehabilitation setting, especially for spinal cord 551 
injury patients whose legs were reported to be partially involved when stimulated with FES5. As 552 
SitTS training has high outcome specificity2, it is crucial for the training sessions to be fully 553 
informed of the movement and muscle performance. Clinicians may use these important 554 
parameters to evaluate the fatigue experienced by the targeted participants. Hence the current 555 
SitTS results promote a more rational approach to designing a proper SitTS training program.  556 
 557 
Since SCI patients do not utilize the momentum transfer manouver5 as do healthy able-bodied 558 
people, it becomes more important that the training be done using a complete but relatively 559 
simple and portable setup as SCI patients relied heavily on their arm support to perform SitTS28. 560 
This should include primary outcome measures recommended in the clinical practice guideline14.  561 
Hence this study may benefit the clinical society as it is easy to replicate while taking into account 562 
the participants’ feedback, at the same time looking at the biomechanics and the muscle activity 563 
level through MMG. Other potential outcomes that can be gained from SitTS training are bone 564 
mineral density improvement11 and better ground reaction force transfer rate7 with different 565 



   

stimulation parameters. The setup can also be used for safe and controlled Stand-to-sit 566 
movement28 training among people with incomplete SCI. 567 
 568 
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This figure shows the overall setup of participant's initial position on the custom-made
chair and instrumented SF with the force plates.
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The figure describes a complete cycle of SitTS with the presence of standing frame. Click here to access/download;Figure;Figure 3.jpg
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The figure verifies the negative value obtains from the legs' force when participant tries
to lift the heel during the initial phase of SitTS.
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The figure concludes the combined parameters involved in the SitTS study. Click here to access/download;Figure;Figure 9.jpg

https://www.editorialmanager.com/jove/download.aspx?id=1410754&guid=8bfa234c-2426-4f05-8e52-bc30130fb16e&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1410754&guid=8bfa234c-2426-4f05-8e52-bc30130fb16e&scheme=1


Quadriceps Gluteal Maximus

R 58 46

L 46 46

R 35 28

L 35 28

Participant Leg

FES current (mA)

1

2
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Set 1 Set 2 Set 3 Set 1 Set 2 Set 3
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Participant
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No FES FES

Mean time (s) Mean time (s)

Initial 60 1.57 ± 0.244 1.28 ± 0.123a

Final 60 1.84 ± 0.210 1.66 ± 0.295a

Trials N
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Without 

FES
With FES

Without 

FES
With FES

Which event(s) do you think is the 

most tiring for your upper limbs?
B B B B

Which event(s) do you think is the 

most tiring for your lower limbs? 
C C C C

Which event(s) do you think is the 

most stable during experiment?
C E A A

Which event(s) do you think is the 

least stable during experiment
E B C C

Participant 1 Participant 2
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Line 70-71 

“Describe the exclusion criteria to the potential 

participants including medical condition that 

would cause them fail in completing the 

instructions during the study. Other exemption 

criteria include participants that have 

osteoporosis and bone fracture12, ….” (page 3 

line 107-109)   

 

Line 99-100  

“… Strap the MMG sensors around the thigh in 

order to reduce motion artefacts12.” (page 5 line 

169-170) 

 

Line 144-146 

“The MMG signal were recorded by a 

vibromyography sensor at a sampling rate of 2 

kHz. A finite impulse response band-pass filter 

between 20 Hz and 200 Hz was used to relay and 

transform the raw data of MMG signal as 

recommended by manufacturer for the muscle 

effort assessment20.” (page 7 line 275-278) 
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Furthermore you could add that the 

training of this activity is essential for 

independence. Finally to perform a 

sufficient and adequate training the 

knowledge about muscle fatigue should 

be easily and feasible measurable 

during training. Now you could talk 

about SCI patients and continue as you 

already did in section 2 of the 

introduction. 

“There were three phases of SitTS described in 

this study. Phase 1 began with the start of 

movement and lasted when buttocks leave the 

seat. Phase 2 referred to from the time when 

buttocks leave the seat up to the maximum hip 

flexion event. Phase 3 denoted from beginning of 

hip extension and lasted to the end of the 

movement.” (page 8 line 303-306) 

 

The further elaboration has been added as 

suggested in introduction section.  

 

“This exercise is essential for independence 

training, which eventually helps SCI population 

improve their quality of life. In order to perform 

a sufficient and adequate SitTS exercise, the 

knowledge regarding their biomechanics and 

muscle activity should be feasibly measurable 

during the training.” (page 2 line 47-50)  

4. Please revise the Introduction to 

include all of the following with 

appropriate citations: 

a) A clear statement of the overall goal 

of this method 

b) The rationale behind the 

development and/or use of this 

technique 

c) The advantages over alternative 

techniques with applicable references 

to previous studies 

d) A description of the context of the 

technique in the wider body of 

literature 

e) Information to help readers to 

determine whether the method is 

appropriate for their application 

We thank the reviewer for this opportunity to 

clarify. 

 

“The purpose of this study is to describe the 

biomechanical contributions of arms and legs 

throughout repetitive SitTS in incomplete SCI 

individuals. The proposed method will outline 

the biomechanical analysis in relation to their 

subjective sense of muscle performance and 

feeling of ‘effort and tiredness’ regarding their 

arms and legs contribution throughout the SitTS 

exercise. 

Many previous SitTS studies only concentrated 

on investigating the kinematics and kinetics 

aspects of the activity4-7. In a wider context of 

SitTS training, the development of this method 

which includes the instrumented of standing 

frame (SF) and force plate analysis will lead 

researchers to assess both upper and lower limb 



contribution of other populations i.e. stroke, 

elderly, osteoarthritis8-10. Previous study by 

Zoulias et al., whom instrumented a custom built 

hardware and software of SF presented a large 

frame design11. This method may be found to be 

challenging. Hence this SitTS study highlighted a 

portable instrumented SF where it can be easily 

replicated by other researchers with an existing 

motion analysis laboratory setup.” (page 2 line 

58-69) 

5. JoVE cannot publish manuscripts 

containing commercial language. 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. For example TSD250A 

(Sonostics VMG BPS II Transducer), 

CoolTerm software (version 1.4.6; Roger 

Meier’s), AcqKnowledge 4.3.1, BIOPAC 

System Inc., USA, etc. 

Thank you reviewer for the comment. All 

commercial language have been removed from 

the manuscript. 

 

“Instrument each SF leg independently with 

force sensor15 at the bottom of SF’s leg given the 

sensitive range of each sensor is from 0 kg to 12 

kg (Figure 2).” (page 4 line 127-128). 

 

“Place two MMG sensors at the thigh area of 

rectus femoris …” (page 4 line 165). 

 

“Place FES electrodes on quadriceps and gluteus 

maximus muscles18.” (page 6 line 213). 

 

“Extract and store raw MMG data of rectus 

femoris muscle using a two acquisition units and 

a vibromyography software ...”(page 7 line 272-

273) 

6. Please adjust the numbering of the 

Protocol to follow the JoVE Instructions 

for Authors. For example, 1 should be 

followed by 1.1 and then 1.1.1 and 1.1.2 

if necessary. 

We thank and appreciate the reviewer for this 

valuable comment. 

 

The numbering of protocol has been added in 

manuscript page 2-8 line 82-295. 

7. Please provide the participant 

selection details in the following format: 

a) CASE PRESENTATION: (required, if 

applicable) 

b) Include patient demographics, 

applicable family/social/medical 

histories, symptoms and signs, past 

Thank you.  

 

The participation selection has been improved 

and added in manuscript page 2-3 line 82-112. 

 



treatments, and results of physical tests 

in paragraph form here... 

c) Diagnosis, Assessment, and Plan: 

(required, if applicable) 

d) Include an explanation of initial tests 

performed, the rationale behind the 

tests, diagnosis reached, symptoms or 

signs leading to diagnosis, additional 

tests or procedures used to confirm the 

diagnosis, differential diagnosis, 

treatment plan, the rationale behind 

planned treatment/procedure, 

complications, and side effects of 

treatment in paragraph form here... 

8. Please ensure that all text in the 

protocol section is written in the 

imperative tense as if telling someone 

how to do the technique (e.g., “Do this,” 

“Ensure that,” etc.). The actions should 

be described in the imperative tense in 

complete sentences wherever possible. 

Avoid usage of phrases such as “could 

be,” “should be,” and “would be” 

throughout the Protocol. Any text that 

cannot be written in the imperative 

tense may be added as a “Note.” 

We really appreciate and thank the reviewers for 

the comment. 

 

 All text in the protocol section had been changes 

into imperative tense and have been added in 

manuscript page 2-8 line 83-295. 

9. Please add more details to your 

protocol steps. Please ensure you 

answer the “how” question, i.e., how is 

the step performed? Readers of all 

levels of experience and expertise 

should be able to follow your protocol. 

 

Line 97: How were the quadriceps 

muscles identified? How were the 

sensors placed and secured? 

 

Line 101: How was the position of these 

markers determined? How were they 

placed and secured? 

 

Thank you for the recommendation. 

 

All steps has been revised to ensure all levels of 

experience and expertise should be able to 

follow the protocol. 

 

 

For line 97, the protocol details has been added 

in manuscript page 4-5 line 163-170. 

  

 

For line 101, the protocol details has been added 

in manuscript page 4 line 143-151. 

 

 



Line 108: What was the countdown 

timing? 15 s, 30 s, 1 min, etc. 

 

Line 114: What all parameters were 

monitored by the researchers? How 

were these recorded and analyzed? 

 

Line 116: How were the quadriceps and 

gluteus maximus muscles identified? 

Where exactly were the electrodes 

placed? How were they secured?  

 

 

 

 

How was this trial different from the 

previous one? Is the presence of an FES 

the only difference? Was the same 

exercise repeated in this trial as the 

previous one? If not, please describe the 

new trial exercise. 

 

 

Line 125: Please clarify the term 

“highest balance”. Does it mean to what 

extent they could raise their body, or 

does it mean how long they could hold 

this position? 

 

Line 131: How was the data extracted? 

What all datasets were extracted? What 

program was used? If this step needs to 

be filmed, please make sure to provide 

all the details such as “click this”, “select 

that”, “observe this”, etc. Please 

mention all the steps that are necessary 

to execute the action item. Please 

provide details so a reader may replicate 

your analysis including buttons clicked, 

inputs, screenshots, etc. Please keep in 

mind that software steps without a 

For line 108, the protocol details has been added 

in manuscript page 5 line 186-187. 

 

For line 114, the protocol details has been 

revised in manuscript page 3 line 115-117, page 

5 line 180-181, line 198, page 7 line 257-282.  

 

For line 116, a reference has been added 

following to the FES electrode placement in the 

manuscript page 6, line 213-221. 

 

The FES electrode is consist of a gel layer that has 

an adhesive surface which is easy to be secured 

to the skin surface.  

 

To clarify, these SitTS study propose an 

additional parameter of arm force contribution. 

The same exercise routine has been repeated for 

both Day 1 and Day 2. Hence the arm 

contribution is observed when participants 

perform the voluntary SitTS (Day 1) and with the 

assisted FES SitTS (Day 2).  

 

For line 125, “Highest balance is achieved when 

they could hold on to the selected event 

longest.” (page 7 line 291-292) 

 

 

 

For line 131, the protocol details has been 

revised in manuscript page 7 line 257-282. These 

steps will not be filmed. 



graphical user interface (GUI) cannot be 

filmed. 

10. Please include a single line space 

between each step, substep, and note in 

the protocol section. 

Thank you for the comment.  

 

A single line space between each step, substep, 

and note in the protocol section had been added 

in the manuscript page 2-8 line 81-295. 

 

 

11. Please do not use the 1 – 1.1 – 1.1.1 

numbering format for the results 

section. 

We thank reviewer for the comment.   

 

The numbering at the results section had been 

deleted in the manuscript page 9-10 line 358 and 

392. 

 

 

12. Please include all the Figure Legends 

together at the end of the 

Representative Results in the 

manuscript text. Please include a title 

and a description of each figure and/or 

table. 

Thank you. 

 

All figures, tables and their titles are included at 

the end of the representative results. The 

description has been added at the each figure 

and table as in the manuscript page 11-13 line 

458-513. 

 

 

13. Please remove the embedded 

figure(s) and table(s) from the 

manuscript. Please remove the titles 

and Figure Legends from the uploaded 

figures and tables. The information in 

the Figure Legends after the 

Representative Results is sufficient. 

Thank you reviewer for the comment.  

 

Embedded figure(s) and table(s) were deleted in 

the manuscript. Additional description have 

been added following the figures and tables’ 

title.  

 

All titles from the uploaded figures and tables 

have been removed. 

 

14. As we are a methods journal, please 

revise the Discussion to explicitly cover 

the following in detail in 3-6 paragraphs 

with citations: 

a) Critical steps within the protocol 

Thank you reviewer for the comment.  

 

The revised discussion has been added in the 

manuscript page 13, line 516-562. 



b) Any modifications and 

troubleshooting of the technique 

c) Any limitations of the technique 

d) The significance with respect to 

existing methods 

e) Any future applications of the 

technique 

15. Table 1: Was this Table reused from 

any previously published article? In that 

case, please obtain explicit copyright 

permission to reuse any figure/table 

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/Table must be cited 

appropriately in the Figure/Table 

Legend, i.e. “This figure/Table has been 

modified from [citation].” 

Thank you reviewer for the advice. 

 

We have deleted Table 1 to avoid any 

copyrighted issue. The content of the table are 

included in the manuscript “Participant 1 was a 

male (45 years; BMI 20.32 kg/m2) and Participant 

2 was a female (49 years; BMI 33.54 kg/m2). Both 

of them presented 95 months and 33 months 

after the SCI injury respectively. Both 

participants had their lower extremities (LE) 

muscle grade assessed. The LE muscle grade of 

Participant 1 were 2 (right side) and 4 (left side). 

Meanwhile Participant 2 had LE muscle grade of 

4 bilaterally12.” (page 3, line 98-102) 

 

Reviewer #1: 

Manuscript Summary 

This study compared the arms and legs 

contributions during repetitive electrically-

assisted sit-to-stand exercise in incomplete 

SCI patients. The study topic is important. 

However, significant limitation of this study 

is the lower number of subjects (only 2 

incomplete SCI patients). Therefore, it is not 

enough to reach these conclusions: 

 

1. It has been proven that the chair height 

had significant effects on biomechanical 

properties of subjects. So please explain the 

basis of chair height selection. 

 

 

 

Thank you reviewer for the informative 

comments. 

 

 

 

 

 

 

 

1. In this study, a custom made chair with 

height of 45cm was used. This selection of 

height is based on the previous journal that 

published a clinical practice guideline for 

adults with neurologic conditions13,14. In this 

guideline, a SitTS exercise with 

recommendation of a standard height chair 



 

 

 

 

2. Where were the markers positioned? At 

least a reference should be included to 

provide readers with specifics of the marker 

placement. Without these data, no one will 

be able to repeat your experiment. 

 

3. The quadriceps muscles included vastus 

lateralis muscle, vastus medialis muscle, 

rectus femoris muscle and vastus 

intermedius muscle. The author stated that 

Mechanomyography (MMG) sensors were 

attached over the belly of the quadriceps 

muscles. Which part of quadriceps muscles 

did you choose? 

 

4. Surface electromyograms (S-EMG) 

sensors have been proven useful in 

measuring muscle activity. But in this study, 

Mechanomyography (MMG) sensors were 

used, rather than S-EMG sensors. Please 

explain why you did not choose S-EMG 

sensors. 

 

5. It is well-known that clinical significance is 

important for such researches. Did the 

results of this research have clinical 

significance? Please discuss this issue based 

on the earlier literature. 

 

 

 

 

 

 

6. English should be carefully checked 

through all the manuscript, since some 

errors are present. 

is selected. The height range is between 43-

45 cm. The references have been added in 

the manuscript page 3 line 121. 

 

2. The reflective markers are positioned at 

the participants’ lower limb. The detailed 

marker placement and reference has been 

added in the manuscript page 4 line 143-

151. 

 

3. The revised statement of the selection of 

quadriceps muscle has been added in the 

manuscript page 1 line 32 and page 4 line 

163-167. 

 

 

 

 

 

4. The explanation of using MMG instead of 

EMG has been stated in the manuscript page 

13 line 527-532. 

 

 

 

 

 

5. “… the results are genuine to the 

researches to interpret the fatigue stage of 

the SitTS training in the clinical rehabilitation 

setting. Clinicians may use these important 

parameters to inform them about the 

fatigue experienced by the targeted 

participants. Hence the current SitTS results 

promotes a more rational approach to 

design a proper SitTS training program.” 

(page 13 line 556-559)   

 

6. Proofread of the manuscript has been 

done as suggested by the reviewer. 

 



Reviewer #2: 

Manuscript Summary 

In this interesting paper the authors aimed 

to quantify the arms and legs contributions 

during repetitive electrically-assisted sit-to-

stand exercise in incomplete spinal cord 

injury individuals. This issue is very relevant 

for the studied population, since SitTS 

exercises promotes functional 

independence. I have some specific 

comments: 

 

1. I suggest included in the title: pilot study, 

or initial results or case study. 

 

 

 

 

 

 

 

 

 

 

2. FES seems to increase the numbers of 

SitTS trial and decrease mean time to 

complete the cycle. Please provide the 

statistical test used (p??) and a clear 

description in tables 3 and 4 and in the text. 

 

3. While EMG detects the electrical activity 

of prime muscle of these movement, the 

presence of electrical stimulation of muscle 

during the exercise disturbed the collection 

data of its activity. EMG data are reliable and 

is it worth in this context? 

 

4. The authors could discourse about some 

learning effect, since FES was performed in 

the second day... 

Thank you reviewer for the valuable 

suggestion. 

 

 

 

 

 

 

 

 

1. The title has been revised as below: 

 

Original: Quantifying Arms and Legs 

Contributions during Repetitive Electrically-

Assisted Sit-To-Stand Exercise in Incomplete 

Spinal Cord Injury Individuals. 

 

Suggested:  Quantifying Arms and Legs 

Contributions during Repetitive Electrically-

Assisted Sit-To-Stand Exercise in 

Paraplegics:  A Pilot Study 

 

2. The statistical test and results used for 

mean time to complete the SitTS cycle has 

been revised in manuscript page 7 line 280-

282 and page 8 line 312-320 respectively.  

 

 

3. In this study, MMG has been used to 

measure the activity of rectus femoris 

muscle. The explanation of using MMG 

instead of EMG has been stated in the 

manuscript page 13 line 527-532. 

 

 

4. The learning effect has been discussed in 

the manuscript page 13 line 533-538. 

 



 

5. The 2 participants were very excited to 

use FES.. do you believe that this behavior 

impact the final outcomes?  

 

 

5. Yes, both participants were very excited 

as the FES was used during the study. We do 

believe with the presence of FES, this 

application gives participants a major 

impact to execute the better training 

performance in terms of more trials can be 

achieved. Both participants acknowledged 

the therapeutic benefit of the FES i.e. 

increased muscle mass11 hence they feel 

more motivated to participate in the SitTS 

study.  

 

This statement has been added in the 

manuscript page 13 line 550-553. 

 

We thank the reviewers for all comments and suggestions. 

 

Thank you. 
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ins�tu�onal,  laboratory,  hospital,  ethical,  human  and        
animal  treatment,  privacy,  and  all  other  rules,  regula�ons,          
laws,  procedures  or  guidelines,  applicable  to  the  Ar�cle,          
and  that  all  research  involving  human  and  animal  subjects           
has  been  approved  by  the  Author's  relevant  ins�tu�onal          
review   board.   
11. JoVE  Discre�on.  If  more  than  one  author  is  listed           
at  the  beginning  of  this  Agreement,  JoVE  may,  in  its  sole             
discre�on,  elect  not  take  any  ac�on  with  respect  to  the            
Ar�cle  un�l  such  �me  as  it  has  received  complete,           
executed  Ar�cle  License  Agreements  from  each  such         
author.  JoVE  reserves  the  right,  in  its  absolute  and  sole            
discre�on  and  without  giving  any  reason  therefore,  to          
accept  or  decline  any  work  submi�ed  to  JoVE.  JoVE  has            
sole  discre�on  as  to  the  method  of  reviewing,  forma�ng           
and  publishing  the  Ar�cle,  including,  without  limita�on,  all          
decisions   regarding   �ming   of   publica�on,   if   any.     
12. Indemnifica�on.  The  Author  agrees  to  indemnify        
JoVE  and/or  its  successors  and  assigns  from  and  against           
any  and  all  claims,  costs,  and  expenses,  including          
a�orney’s  fees,  arising  out  of  any  breach  of  any  warranty            
or  other  representa�ons  contained  herein.  The  Author         
further  agrees  to  indemnify  and  hold  harmless  JoVE  from           
and  against  any  and  all  claims,  costs,  and  expenses,           
including  a�orney’s  fees,  resul�ng  from  the  breach  by  the           
Author  of  any  representa�on  or  warranty  contained  herein         
or  from  allega�ons  or  instances  of  viola�on  of  intellectual           
property  rights,  damage  to  the  Author’s  or  the  Author’s           
ins�tu�on’s  facili�es,  fraud,  libel,  defama�on,  research,        
equipment,  experiments,  property  damage,  personal       
injury,  viola�ons  of  ins�tu�onal,  laboratory,  hospital,        
ethical,  human  and  animal  treatment,  privacy  or  other          
rules,  regula�ons,  laws,  procedures  or  guidelines,  liabili�es         
and  other  losses  or  damages  related  in  any  way  to  the            
submission  of  work  to  JoVE,  or  publica�on  in  JoVE  or            
elsewhere  by  JoVE.  All  indemnifica�ons  provided  herein         
shall  include  JoVE’s  a�orney’s  fees  and  costs  related  to  said            
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losses  or  damages.  Such  indemnifica�on  and  holding         
harmless  shall  include  such  losses  or  damages  incurred  by,           
or  in  connec�on  with,  acts  or  omissions  of  JoVE,  its            
employees,   agents   or   independent   contractors.   
13. Fees.  To  cover  the  cost  incurred  for  its  work,           
JoVE  must  receive  payment  before  publica�on  of  the          
Ar�cle.  Payment  is  due  21  days  a�er  invoice.  Should  the            
Ar�cles  not  be  published  due  to  the  JoVE’s  decision,  these            
funds  will  be  returned  to  the  Author.  If  payment  is  not             
received  before  the  publica�on  of  the  Ar�cle,  the          
publica�on   will   be   suspended   un�l   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  Massachuse�s  without  giving  effect  to         
any  conflict  of  law  provision  thereunder.  This  Agreement          
may  be  executed  in  counterparts,  each  of  which  shall  be            
deemed  an  original,  but  all  of  which  together  shall  be            
deemed  to  me  one  and  the  same  agreement.  A  signed            
copy  of  this  Agreement  delivered  by  facsimile,  e-mail  or           
other  means  of  electronic  transmission  shall  be  deemed  to           
have  the  same  legal  effect  as  delivery  of  an  original  signed             
copy   of   this   Agreement.   
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