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SUMMARY: 36 

This study reports the development of a novel robot-assisted task-oriented program for 37 

hand rehabilitation. The developmental process consists of experiments using both healthy 38 
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subjects and subjects who have had a stroke and suffered from subsequent motor control 39 

dysfunction.  40 

 41 

ABSTRACT:  42 

A robot-assisted hand is used for the rehabilitation of patients with impaired upper limb 43 

function, particularly for stroke patients with a loss of motor control. However, it is unclear 44 

how conventional occupational training strategies can be applied to the use of rehabilitation 45 

robots. Novel robotic technologies and occupational therapy concepts are used to develop a 46 

protocol that allows patients with impaired upper limb function to grasp objects using their 47 

affected hand through a variety of pinching and grasping functions. To conduct this 48 

appropriately, we used five types of objects: a peg, a rectangular cube, a cube, a ball, and a 49 

cylindrical bar. We also equipped the patients with a robotic hand, the Mirror Hand, an 50 

exoskeletal hand that is fitted to the subject’s affected hand and follows the movement of 51 

the sensor glove fitted to their unaffected hand (bimanual movement training (BMT)). This 52 

study had two stages. Three healthy subjects were first recruited to test the feasibility and 53 

acceptability of the training program. Three patients with hand dysfunction caused by 54 

stroke were then recruited to confirm the feasibility and acceptability of the training 55 

program, which was conducted on 3 consecutive days. On each day, the patient was 56 

monitored during 5 min of movement in a passive range of motion, 5 min of robot-assisted 57 

bimanual movement, and task-oriented training using the five objects. The results showed 58 

that both healthy subjects and subjects who had suffered a stroke in conjunction with the 59 

robotic hand could successfully grasp the objects. Both healthy subjects and those who had 60 

suffered a stroke performed well with the robot-assisted task-oriented training program in 61 

terms of feasibility and acceptability. 62 

 63 

INTRODUCTION:  64 

Most (80%) stroke patients experience a deficit in the hand and have difficulty in 65 

independently performing manual tasks that are pertinent to daily living1. However, the 66 

complex nature of manual tasks means that it is a significant challenge to design a 67 

task-oriented training program for hand rehabilitation2. In recent years, many robotic 68 

devices have been developed for hand rehabilitation3,4, but few training protocols assisted 69 

by robotic devices allow a patient to interact with real objects. It is unclear exactly how a 70 

task-oriented training program for hand function rehabilitation can be applied using robotic 71 

devices for patients who experience hand dysfunction due to stroke. 72 

 73 

Task-oriented training is used to improve hand function5,6 and is commonly applied in the 74 

rehabilitation for upper limb dysfunction due to stroke. It is used to increase neuroplasticity 75 

and is highly dependent on individual neurological deficits and functional demands7. 76 



   

However, during task-oriented training, patients experience difficultly in manipulating 77 

objects if hand function is impaired. Examples of this include poor grasp or limited pinch 78 

functions. Therapists also show difficulty in guiding patients’ finger movements individually, 79 

which therefore limits the variation of grasping tasks. Robotic devices are thus necessary to 80 

increase the effectiveness of task-oriented training by explicitly guiding hand movement 81 

during repetitive training2,8. 82 

 83 

Previous studies only used rehabilitation robots for task-oriented training on upper-limb 84 

reaching tasks3. It is unclear how robot-assisted rehabilitation can be employed for 85 

task-oriented training targeting at hand function. An exoskeletal hand, HWARD, has been 86 

used to guide the fingers to grasp and release objects8. However, this device does not allow 87 

varied grasping patterns because it lacks the necessary degrees of freedom. Recently, other 88 

devices that target moving a patient’s fingers individually have been developed9. However, 89 

these devices have not previously been used for neurorehabilitation. The robotic devices 90 

mentioned above are all unilateral robots. In contrast, the robotic hand system presented 91 

here needs the cooperation of unaffected and affected hands. The robotic hand system is 92 

specifically designed for rehabilitation purposes using the master–slave mechanism to 93 

achieve symmetric bimanual hand movements. The system consists of an exoskeleton hand 94 

(worn on the affected hand), a control box, and a sensory glove (worn on the unaffected 95 

hand). Each finger module of the exoskeleton hand is driven by a motor with one degree of 96 

freedom and its joints are linked using a mechanical linkage system. Two sizes, S and M, are 97 

designed to fit different subjects. The control box provides two therapeutic modes, the 98 

passive range of motion (PROM) and mirror-guided motion modes, through which the 99 

patient’s affected hand can be manipulated by the exoskeleton hand. In the PROM mode, 100 

the control box sends input commands to the exoskeleton while moves the subject’s hand 101 

to perform full finger flexion/extension. It contains two modes: single-finger mode (acts in 102 

sequence from thumb to little finger) and five fingers mode (five fingers move together). In 103 

the mirror-guided motion mode, the master (sensor glove)–slave (exoskeleton hand) 104 

mechanism is implemented, in which the movement of each finger is detected by the sensor 105 

glove and signals of the joint angles are transmitted to the control box to manipulate the 106 

exoskeleton hand. 107 

 108 

When equipped the robotic hand system, the subjects were instructed to move their 109 

affected hands under the guidance of the exoskeleton hand controlled by unaffected hands 110 

which is bimanual movement training (BMT)10. According to previous research, BMT is able 111 

to activate similar neural pathways in both hemispheres of the brain and prevent the 112 

trans-hemisphere inhibition that hinders the recovery of neuronal function in the lesion 113 

hemisphere10. Brunner et al.11 compared BMT to constraint-induced movement therapy 114 



   

(CIMT) in sub-acute stroke patients. They suggested that BMT tends to activate more neural 115 

networks in both hemispheres than CIMT, and there was no significant difference in 116 

improvement of hand function between the BMT and CIMT approaches. Sleimen-Malkoun 117 

et al.12 also suggested that through BMT, stroke patients are able to re-establish both 118 

paretic limb control and bimanual control. That is to say, training should comprise bimanual 119 

tasks that focus on using the affected arm. Moreover, the coordination of both hands is 120 

necessary for activities of daily living (ADL)11,12. Therefore, it is crucial to develop a bimanual 121 

robot-assisted task-oriented training program for post-stroke patients and objects that can 122 

be grasped or pinched by patients wearing the robotic hand system.  123 

 124 

In this study, a variety of grasping objects were designed based on the needs of 125 

occupational therapy and the mechanical properties of rehabilitation robots. A 126 

task-oriented training protocol was developed using robotic rehabilitation devices for 127 

patients with distal upper limb dysfunction due to stroke. The purpose of this study was to 128 

investigate the feasibility, and acceptability of the task-oriented training program using an 129 

exoskeleton robot and newly designed grasping objects.  130 

 131 

PROTOCOL:  132 

 133 

The training protocol and informed consent document were reviewed and approved by the 134 

Institutional Review Board of the Chang Gung Medical Foundation. The details of the study 135 

and the procedures were clearly explained to each subject.  136 

  137 

1 Recruitment of three healthy adults  138 

 139 

1.1 Perform the screening process using the following inclusion criteria: (1) age 20–60 140 

years, (2) already signed informed consent, (3) normal function in upper limbs, (4) 141 

Mini-Mental State Examination (MMSE) score ≧24. 142 

 143 

1.2 Conduct Trial 1: manipulating objects without wearing the robotic hand system. 144 

 145 

1.2.1 Instruct the subject to sit upright in a chair with a firm back and no armrests. Seat 146 

the subject in front of a table. Stand by the subject’s non-dominant side. 147 

 148 

1.2.2 Teach the subject how to manipulate the designed objects for 5 min. Include a 149 

palmar prehension to pick up the peg, a lateral prehension to pick up the rectangular cube, 150 

a three-point chuck to pick up the cube, a spherical grasp to pick up the ball, and a 151 

cylindrical grasp to pick up the cylindrical bar. 152 



   

 153 

NOTE: The objects are shown in Figure 1A. The experimental setup is shown in Figure 1B. 154 

The subjects learned the specific grasp patterns for each object. The grasping pattern is 155 

shown in Figure 2. 156 

 157 

1.2.3 Place two bases bilaterally in front of the subject’s hands. Place each object used 158 

in the rehabilitation on top of these bases to assist manipulation. For all the objects, repeat 159 

the following sequences 20 times. Ask the subjects to grasp the objects in the starting area 160 

of the base, lift, and move them to the midline and release using their non-dominant hands.  161 

 162 

1.2.4 At the same time, measure the success rate for these 20 attempts. Perform this 163 

procedure on 3 consecutive days. The success rate is the number of successful 164 

manipulations per 20 attempts x 100%. Successful manipulation is defined as when the 165 

subjects are able to complete the sequences with specific grasp pattern according to the 166 

objects and without dropping them. 167 

 168 

1.3 Conduct Trial 2: manipulating objects using robotic hand system (Figure 3). 169 

 170 

NOTE: The mechanisms of the robotic hand system are as follows. In the exoskeleton hand, 171 

the joints in each finger module are designed in mechanical linking and driven by an 172 

individual linear actuator with a constant speed of 10 mm/s. The exoskeleton has different 173 

ranges of motion in each finger module (thumb: MCP= 0° to 55°, DIP= 0° to 70°; index and 174 

middle fingers: MCP= -10 ° to 55°, PIP=0° to 35°, DIP=0° to 35°; ring and little fingers: MCP= 175 

-5 ° to 55°, PIP= 0° to 35°, DIP= 0° to 35°). In the sensor glove, each finger module is installed 176 

with a flex sensor which measures the joint angle and sends input signals to the control box 177 

through cables. 178 

 179 

1.3.1 Sensor glove setup (Figure 1B, b) 180 

 181 

1.3.1.1 Put the sensor on the subject’s dominant hand. Use the Velcro to secure the wrist. 182 

 183 

1.3.2 Exoskeleton setup (Figure 1B, b) 184 

 185 

1.3.2.1 Use a clean pad to wrap the non-dominant hand from left to right. Fasten the 186 

Velcro snugly. 187 

 188 

1.3.2.2 Loosen the thumb mechanism of the exoskeletal hand to allow adjustment of the 189 

thumb-opening angle. Place the non-dominant hand in the exoskeletal hand. Fasten the 190 



   

fingers one by one, beginning with the forefinger and finishing with the thumb.  191 

 192 

1.3.2.3 Fasten the Velcro to the palm through the fastening ring. Then, fasten the Velcro 193 

parallel to the wrist through the fastening ring. Adjust the thumb to a comfortable angle and 194 

then tighten the thumb mechanism.  195 

 196 

1.3.3 Control box setup (Figure 1A, c) 197 

 198 

1.3.3.1 Insert the cables for the exoskeletal hand and sensor glove into the sockets in the 199 

exoskeletal hand and sensor glove, respectively. After that, insert the cables for the 200 

exoskeletal hand and sensor glove into the socket in the control box. Finally, insert the 201 

power cable into the control box and connect it to an outlet with the correct voltage. 202 

 203 

1.3.4 Conduct a warm-up session (The PROM mode) 204 

 205 

1.3.4.1 Switch on the control box and adjust the mode to Five Fingers. This mode allows 206 

the exoskeleton hand to move the subject’s fingers passively. Ask the subject to perform a 207 

grasp-and-release task guided by the exoskeleton hand for 2.5 min. 208 

 209 

1.3.4.2 Switch the mode to Single Finger and let the exoskeletal hand move the subject’s 210 

fingers individually and passively. Ask the subject to extend and retract individual fingers for 211 

2.5 min, guided by the exoskeletal hand. 212 

 213 

1.3.5 Conduct a robot-assisted bimanual movement session. 214 

 215 

1.3.5.1 Switch the mode to Mirror. In this mode, the movement of the non-dominant 216 

hand wearing the sensor glove controls the exoskeleton hand’s movements. Any movement 217 

that is made by the sensor glove is mimicked and mirrored by the exoskeletal hand. For 218 

example, a flexion of the sensor glove’s index finger corresponds to a flexion of the 219 

exoskeleton’s index finger. 220 

 221 

1.3.6 Instruct the subject to perform a grasp-and-release task for 2.5 min and make 222 

individual finger movements for a further 2.5 min while wearing the sensor glove. This 223 

action is mirrored by the exoskeleton hand, which guides the subject’s non-dominant hand 224 

in performing the required tasks. 225 

 226 

1.4 Conduct the task-oriented session.  227 

 228 



   

1.4.1 Teach the subject how to manipulate the designed objects using the robotic hand 229 

system for 5 min. Include a palmar prehension to pick up the peg, a lateral prehension to 230 

pick up the rectangular cube, a three-point chuck to pick up the cube, a spherical grasp to 231 

pick up the ball, and a cylindrical grasp to pick up the cylindrical bar. 232 

 233 

1.4.2 Place two bases bilaterally in front of the subject’s hands. Place each object used 234 

in the rehabilitation on top of these bases to assist manipulation. For all the objects, repeat 235 

the following sequences 20 times. Ask the subjects to grasp the object in the starting area of 236 

the base, lift, and move them to the midline and release using the robotic hand system.  237 

 238 

1.4.3 At the same time, measure the success rate for these 20 attempts. Perform this 239 

procedure on 3 consecutive days. The success rate is the number of successful 240 

manipulations per 20 attempts x 100%. Successful manipulation is defined as when the 241 

subjects are able to complete the sequences with specific grasp pattern using the robotic 242 

hand system and without dropping them. 243 

 244 

NOTE: The success rate will be used to assess the feasibility of the bimanual robotic hand 245 

system in healthy subjects.  246 

 247 

2 Recruit three stroke patients to determine the applicability of the training program 248 

 249 

2.1 Perform the screening process using the following inclusion criteria: (1) age 20–60 250 

years; (2) signed informed consent; (3) diagnosed with unilateral stroke ≧ 1 month (4) 251 

Modified Ashworth Scale (MAS) score ≦2; (5) Brunnstrom stage ≦2; (6) MMSE score ≧24. 252 

 253 

2.2 Conduct Trial 1: manipulating objects when not using robotic hand system (Figure 2). 254 

 255 

2.2.1 Let the subject sit upright in a chair with a firm back and no armrests. Seat the 256 

subject in front of a table. Stand by the subject’s affected side. Place a sling under the 257 

subject’s elbow and exoskeleton hand to support his/her affected arm. 258 

 259 

2.2.2 Teach the subject how to manipulate the designed objects for 5 min. Include a 260 

palmar prehension to pick up the peg, a lateral prehension to pick up the rectangular cube, 261 

a three-point chuck to pick up the cube, a spherical grasp to pick up the ball, and a 262 

cylindrical grasp to pick up the cylindrical bar. 263 

 264 

2.2.3 Place two bases bilaterally in front of the subject’s hands. Place each object used 265 

in the rehabilitation on top of these bases to assist manipulation. Ask the subject to 266 



   

manipulate the five different objects using his/her affected hand 20 times. Support the 267 

subject in moving his/her upper arm if needed.  268 

 269 

2.2.4 At the same time, measure the success rate for these 20 attempts. Perform this 270 

procedure on 3 consecutive days. 271 

 272 

2.3 Conduct Trial 2: manipulating objects using robotic hand system (Figure 3). 273 

 274 

2.3.1 Fit the exoskeleton hand to the subject’s affected hand and the sensor glove to 275 

the unaffected hand. Repeat steps 1.3.1–1.3.3. Place a sling under the subject’s elbow and 276 

exoskeleton hand to support his/her affected arm. 277 

 278 

2.3.2 Conduct a warm-up session (The PROM mode). 279 

 280 

2.3.2.1 Switch on the control box and adjust the mode to Five Fingers. Ask the subject to 281 

perform a grasp-and-release task guided by the exoskeleton hand for 2.5 min. 282 

 283 

2.3.2.2 Switch the mode to Single Finger. Ask the subject to extend and retract individual 284 

fingers for 2.5 min, guided by the exoskeleton hand. 285 

 286 

2.3.2.3 Switch the mode to Mirror. Instruct the subject to perform a grasp-and-release 287 

task for 2.5 min and make individual finger movements for a further 2.5 min while wearing 288 

the sensor glove. This action is mirrored by the exoskeleton hand, which guides the subject’s 289 

affected hand in performing the required tasks. 290 

 291 

2.3.3 Conduct a task-oriented session. 292 

 293 

2.3.4 Teach the subject how to manipulate the designed objects using the robotic hand 294 

system for 5 min. Include a palmar prehension to pick up the peg, a lateral prehension to 295 

pick up the rectangular cube, a three-point chuck to pick up the cube, a spherical grasp to 296 

pick up the ball, and a cylindrical grasp to pick up the cylindrical bar. 297 

 298 

2.3.5 Place two bases bilaterally in front of the subject’s hands. Place each object used 299 

in the rehabilitation on top of these bases to assist manipulation. For all the objects, repeat 300 

the following sequences 20 times. Ask the subjects to grasp the objects in the starting area 301 

of the base, lift, and move them to the midline and release using the robotic hand system.  302 

 303 

2.3.6 At the same time, measure the success rate for these 20 attempts. Perform this 304 



   

procedure on 3 consecutive days. The success rate is the number of successful 305 

manipulations per 20 attempts x 100%. Successful manipulation is defined as when the 306 

subjects are able to complete the sequences with specific grasp pattern using the robotic 307 

hand system and without dropping them. 308 

 309 

NOTE: The success rate will be used to assess the feasibility of the robotic hand system in 310 

stroke patients.  311 

 312 

3 Patient evaluation 313 

 314 

3.1 To assess acceptability, ask the subjects following questions at the end of each session: 315 

(1) was the robotic hand system helpful for you to manipulate the objects? (2) were there 316 

any adverse events happened during or after the training program? 317 

 318 

REPRESENTATIVE RESULTS:  319 

A total of six subjects were enrolled in this study, including three healthy subjects and three 320 

post-stroke subjects. The demographic data of both groups are shown in Supplementary 321 

Table 1. The average age of the healthy group was 28 (range: 24–30), whereas the average 322 

age of the patient group was 49 (40–57). The average assessment scores of the patient 323 

group were as follows: (1) MMSE=27 (26–29), (2) FMA=11.3 (6–15), (3) MAS=1, (4) 324 

Brunnstrom stage=2.  325 

 326 

In Step 1, the subjects in the healthy group (n=3) perfectly manipulated all of the objects 327 

with and without the robotic hand system (Supplementary Tables 2–6). The average 328 

success rates over the 3 days without the robotic hand, as shown in Figure 4, were as 329 

follows: peg=100±0% (mean ± S.D.); rectangular cube=100±0%; cube=100±0%; ball=100±0%, 330 

nd cylindrical bar=100±0%. The average success rates over the 3 days using the robotic 331 

hand, as shown in Figure 4, were as follows: peg=100±0%; rectangular cube=100±0%; 332 

cube=100±0%; ball=100±0%, and cylindrical bar=100±0%. The results supported the 333 

feasibility of the robotic hand system in the healthy group. 334 

 335 

In Step 2, all the patients (n=3) exhibited difficulties in manipulating the objects without the 336 

robotic hand system (Supplementary Tables 2–6), showing 0±0% success rates for all 337 

objects, but their success rates increased significantly when they used the robotic hand 338 

system (Figure 4). Specifically, their success rates were as follows: peg=98.89±1.92%, 339 

rectangular cube=97.78±3.84%, cube=97.78±2.55%, ball=99.44±0.96%, and cylindrical 340 

bar=100±0%. The success rates when using the robotic hand system in the patients were 341 



   

similar to those in the healthy subjects. The results supported the feasibility of the robotic 342 

hand system in stroke patients. 343 

 344 

In Step 3, all the patients reported that the robotic hand system was helpful to manipulate 345 

objects. In addition, all the subjects completed the procedure in 3 consecutive days without 346 

reporting any adverse events. The results supported the acceptability of the training 347 

program. 348 

 349 

FIGURES: 350 

Figure 1: Experimental objects and design. (A) Designed objects: (a) peg (head: 4.5 cm 351 

diameter, body: 3 cm diameter, BRS=3), (b) rectangular cube (1 cm x 4 cm x 4 cm, BRS=4), 352 

(c) cube (4 cm3, BRS=4), (d) ball (6 cm diameter, BRS=5), (e) cylindrical bar (4 cm diameter, 353 

BRS=5) and (f) base; (B) Experimental setup: (a) Sling, (b) exoskeleton hand, and (c) control 354 

box. 355 

 356 

Figure 2. Subjects manipulating objects without using a robotic hand system 357 

 358 

Figure 3. Subjects manipulating objects using a robotic hand system 359 

 360 

Figure 4. Results of grasping tasks. The results showed a difference between the healthy 361 

and patient groups (Mann-Whitney U test) without using the robot (Non-Robot condition), 362 

but the difference was no longer observed with the robot (Robot condition). 363 

 364 

DISCUSSION: 365 

The results of this study showed the following: (1) both groups could successfully grasp the 366 

objects provided with the robotic hand system. They were able to complete this task with a 367 

nearly 100% success rate, which verifies the feasibility of the proposed robot-assisted 368 

task-oriented training program. (2) There were no reports of injury or adverse events during 369 

the study period and all patients reported that the robotic hand system was helpful to 370 

manipulate objects. This confirmed the acceptability of the robotic hand system and the 371 

training program.  372 

 373 

This is the first protocol that uses a bilateral robotic hand system to interact with real 374 

objects8,13,14. Everyday activities depending on hand function are complicated15, especially 375 

bimanual tasks12, such as putting on pants or wringing a towel. We propose that the training 376 

program involving practicing different grasping patterns bimanually will be able to facilitate 377 

subjects’ hand function and enhance actual ADL performance. The objects for this study 378 

were designed with feasibility, stability, and elasticity in mind. Specifically, the shapes, sizes, 379 



   

and materials of the objects were designed to fit the rigid joint positions of the exoskeleton 380 

hand and allow adequate sensory feedback. In addition, each shape was designed to train a 381 

different grasp pattern outlined in the “Brunnstrom stage.” It gives therapists a structured 382 

system that allows them to grade the difficulty of the task. Moreover, the robotic hand 383 

system can be applied to stoke patients who have a severely impaired hand function (i.e., 384 

Brunnstrom stage ≤2). They can obtain motor experience and sensory input through the 385 

assistance of the exoskeleton robotic hand.  386 

 387 

The robotic hand system has several limitations. The movement speed of the exoskeleton 388 

hand is fixed and unable to accurately match the movement speed of the sensor glove. This 389 

might influence the effects of BMT and limit the variation of training tasks. The small 390 

exoskeleton hand might be too big for some subjects, because it was designed based on a 391 

male’s hand. The exoskeleton hand only has one degree of freedom in finger movement and 392 

the position of the thumb is fixed, which prohibits three-dimensional movement of the 393 

fingers and increases the difficulty of interacting with real-life objects. The weight of the 394 

exoskeleton hand is a burden for stroke patients. They showed difficulty reaching out 395 

independently with the robotic hand, so a suspension system applied to the arms and 396 

forearms is necessary to support the proximal part of the affected upper limbs and assist 397 

the hand-training program.   398 

 399 

It is important to enhance the symmetry between the sensor glove and exoskeleton hand to 400 

achieve truly bimanual-mirrored movements. Extra fixation should be applied to fit smaller 401 

hands. A refined version of the exoskeleton hand should be equipped with more adjustable 402 

joints to allow the robotic hand to perform multi-dimensional movements and complicated 403 

hand training tasks. Furthermore, a portable type of the robotic hand system with the 404 

rehabilitation programs remotely planned by therapists may be applied in home-based 405 

rehabilitation programs.  406 

 407 

There were several limitations in subject inclusion that may affect the generalization of 408 

applying the training protocol. This is a pilot study for assessing the feasibility and 409 

acceptability of the training program and thus the sample size is very small. The functional 410 

characteristics of the stroke patients are quite homogeneous, with MAS = 1, Bunnstrom 411 

stage = 2, and FMA score ranging from 6 to 15. These patients have severe motor 412 

impairment at their affected hands, so that, following the augmentation using the system, 413 

they had a significant improvement in the motor performance as compared with their prior 414 

state, a property that may overestimate the effect of our robotic system. In addition, we 415 

recruited subjects with lower spasticity for easily guiding the movement of the affected 416 

hands by the robotic system, but these devices might not be suitable for patients with 417 



   

strong spasticity. As a feasibility and acceptability study, we did not conduct post-treatment 418 

assessments. After this study, we will conduct a randomized controlled trial to characterize 419 

the effects of the robotic-assisted task-oriented training program. 420 

 421 

This study aimed to develop a novel robot-assisted task-oriented hand rehabilitation 422 

program. The protocol created extensively covered the setup and requirements of the 423 

procedures while assessing the program’s feasibility and acceptability. The program was 424 

concluded to be feasible, acceptable, and safe. The results of the program demonstrated 425 

that the training protocol and the objects specifically designed for robot-assisted 426 

rehabilitation are suitable for neurorehabilitation for stroke patients. In order to verify these 427 

findings, a randomized controlled trial is necessary to determine the therapeutic effect of 428 

the training program. 429 
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Name of Material/ Equipment Company Catalog Number Comments/Description

Control Box

Rehabotics Medical Technology 

Corporation HB01

The control box includes a power supply, 

sensor glove signal receiver, motor signal 

transmitter,

and exoskeletal hand motion mode 

selection unit.

Exoskeletal Hand

Rehabotics Medical Technology 

Corporation HS01

It is a wearable device causing the patient's 

fingers to move and is driven by an external 

motor and mechanical assembly.

Sensor Glove

Rehabotics Medical Technology 

Corporation HM01

Worn on the patient's unaffected side hand. 

The sensors in the sensor glove will detect 

flexing and extension of the hand, and this 

data will be used to control the exoskeletal 

hand when in bimanual mode.
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Editorial comments: 

1. Please number the figures in order of appearance. Figure 1B should be Figure 1A, 

etc. Figure 2 is cited first. Why is supplementary Table 6 cited before Supplementary 

Tables 1-5? 

Reply: 

We have modified as instructed. 

 

2. Move the note in step 1.3 to the Introduction. 

Reply: 

We have rearranged the content as instructed. 

P.3, 3rd paragraph 

The robotic hand system is specifically designed for rehabilitation purposes using the 

master–slave mechanism to achieve symmetric bimanual hand movements. The 

system is an exoskeleton and consists of an exoskeleton hand (worn on the affected 

hand), a control box, and a sensory glove (worn on the unaffected hand). Each finger 

module of the exoskeleton hand is driven by a motor with one degree of freedom 

and its joints are linked using a mechanical linkage system. Two sizes, S and M, are 

designed to fit different subjects. The control box provides two therapeutic modes, 

the passive range of motion (PROM) and mirror-guided motion modes, through 

which the patient’s affected hand can be manipulated by the exoskeleton hand. In 

the PROM mode, the control box sends input commands to the exoskeleton while 

moves the subject’s hand to perform full finger flexion/extension. In the PROM, the 

control box sends input commands to the exoskeleton and move subject’s hand to 

perform full finger flexion/extension. It contains two modes: single-finger mode (acts 

in sequence from thumb to little finger) and five fingers mode (five fingers move 

together). In the mirror-guided motion mode, the master (sensor glove)–slave 

(exoskeleton hand) mechanism is implemented, in which the movement of each 

finger is detected by the sensor glove and signals of the joint angles are transmitted 

to the control box to manipulate the exoskeleton hand. 

 

3. Is Figure 1A, a cited? 

Reply: 

No, it is an original figure. 
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4. Step 3: Please specify the data analysis done here. 

Reply: 

According to the comment and references provided by reviewer #2, we modified our 

definition and assessment of the acceptability as follows: 

P.9, step 3 

To assess acceptability, ask the subjects following questions at the end of each 

session: (1) was the robotic hand system helpful for you to manipulate the objects? 

(2) were there any adverse events happened during or after the training program? 

 

The results are also shown in 

P.10, 2nd paragraph 

In Step 3, all the patients reported that the robotic hand system was helpful to 

manipulate objects. In addition, all the subjects completed the procedure in 3 

consecutive days without reporting any adverse events. The results supported the 

acceptability of the training program. 

 

 

 

Reviewers' comments: 

Reviewer #1: 

Major Concerns: 

As for clinical application some limitation should be inserted: 

1) The sample size is very small and the study must be classifies as feasibility, safety 

pilot study 

2) Stroke patients are very severely disable and, above all, they do not show any 

spasticity symptoms (MAS = 1; Bunnstrom stage are 2 and FMA score is very low 

3) What happen after the treatment? What about post treatment assessment? Do 

FMA and MAS change after treatment 

Reply: 

Thank you for your advice. We have inserted the limitations mentioned above in the 

Discussion section as follows: 

P.12, 2nd paragraph 

There were several limitations in subject inclusion that may affect the generalization 

of applying our training protocol. (1) This is a pilot study for assessing the feasibility 

and acceptability of the training program and thus the sample size is very small. (2) 



The functional characteristics of our stroke patients are quite homogeneous, with 

MAS = 1, Bunnstrom stage = 2, and FMA score ranging from 6 to 15. (3) These 

patients have severe motor impairment at their affected hands, so that, following 

the augmentation using our system, they had a significant improvement in the 

motor performance as compared with their prior state, a property that may 

overestimate the effect of our robotic hand system. In addition, we recruited 

subjectswith lower spasticity for easily guiding the movement of the affected hands 

by the robotic hand system, but these devices might not be suitable for patients with 

strong spasticity. (4) As a feasibility and acceptability study, we did not conduct 

post-treatment assessments. After this study, we will conduct a randomized 

controlled trial to characterize the effects of the robotic-assisted task-oriented 

training program. 

 

 

 

Reviewer #2 

Minor Concerns: 

My only concern is with the terminology used to described feasibility and 

acceptability. While the authors tried to defined each term, they did not refer to the 

literature about technology implementation. Thereby, the way the term 

"acceptability" is defined is difficult to distinguish then the term "feasibility". As a 

suggestion, please refer to previous work clearly establishing how feasibility should 

be measured and what it involves (for example, Orsmond & Cohn, 2015 DOI: 

10.1177/1539449215578649; Tickle-Dengnen, 2013 doi: 10.5014/ajot.2013.006270 

and other authors describing framework to determine users' acceptability). 

Reply: 

According to National Institute for Health Research (2012) and Orsmond & Cohn 

(2015), a feasibility study is pieces of research done before a main study in order to 

answer the question "Can this study be done?”, while acceptability is whether the 

research is likely to be acceptable to potential subjects. It is usually assessed through 

subjects’ respond to the procedure.  

In our study, we used the success rate of manipulation with the robotic hand system 

to assess the feasibility of using the robotic system on the task-oriented training 

program. During the end of each training sessions, we asked the subjects following 

questions to assess the acceptability of our training program: (1) was it helpful for 



you to manipulate the objects; (2) were there any adverse events happened during 

or after the training program.      

 

We have revised the definition of acceptability as follows: 

P.9, step 3 

3 To assess acceptability, ask the subjects following questions at the end of each 

session: (1) was the robotic hand helpful for you to manipulate the objects? (2) were 

there any adverse events happened during or after the training program? 

 

 

 

Reviewer #3: 

Major Concerns: 

INTRODUCTION 

- The sentence "It is unclear exactly how a task-oriented training program for hand 

function rehabilitation can be applied using robotic devices for patients who 

experience hand dysfunction due to stroke" is not clear and quite equivocal, since it 

is then stated that robotic devices could be used to drive and enhance task-oriented 

training. 

Reply: 

To clarify the literature review, we revised the content as follows: 

P.3, 3rd paragraph 

“Previous studies only used rehabilitation robots for task-oriented training on 

upper-limb reaching tasks. It is unclear how robot-assisted rehabilitation can be 

employed for task-oriented training targeting at hand function.” 

 

- Please specify also in the introduction that the sensory glove is attached to the 

unimpaired hand 

Reply: 

We have revised the sentence as instructed. 

P.3, 3rd paragraph 

“The system consists of an exoskeleton hand (worn on the affected hand), a control 

box, and a sensory glove (worn on the unaffected hand).”  

 

- Can the patient sit in his/her personal wheelchair (if wheelchair-bounded) while 



using this device? 

Reply: 

When using the device, the patients cannot sit in their personal wheelchairs because 

the height of standardized table is too low for regular wheelchairs to fit in. 

 

PROTOCOL 

- Sec 1.2.3: why were the subject asked to manipulate objects using their 

non-dominant hand? 

Reply: 

We wanted to imitate the condition when a stroke patient is using this device. That 

is, the non-dominant hands of healthy subjects represented the affected hands of 

stroke patients. 

 

- Please, specify how you measure the success rate (e.g., how do you define success 

in manipulating object? Do you also evaluate the quality of subject's grasping? How 

many times each object was grasped?) 

Reply: 

The definition of success in manipulation is that: the subject can first grasp the 

object placed on the starting area of the base, then lift and move it to the midline, 

and, finally, release it without dropping the object. We did not evaluate the quality 

of the subjects’ grasping. However, if a subject did not use the assigned grasp 

pattern (the definition of specific grasp pattern was shown in step 1.2.2: a palmar 

prehension to pick up the peg, a lateral prehension to pick up the rectangular cube, a 

three-point chuck to pick up the cube, a spherical grasp to pick up the ball, and a 

cylindrical grasp to pick up the cylindrical bar), the trial was defined to have an 

unsuccessful manipulation. 

     

We have revised the protocol to define the success rate more specifically as follows:    

P.5, step 1.2.3 

1.2.3 …For all the objects, the following sequences are repeated 20 times. Ask 

the subjects to grasp the objects in the starting area of the base, lift, and move them 

to the midline and release using their non-dominant hands. At the same time, 

measure the success rate for these 20 attempts. Perform this procedure on 3 

consecutive days. 



Note: … Success rate is number of success manipulation / 20 *100%. Definition of 

success manipulation is when the subjects are able to complete the sequences with 

specific grasp pattern according to the objects and without dropping them.  

 

The define the success rate also been revised on P.7, step 1.4.2 and P.9, step 2.3.5. 

 

- It would be interesting to know some more details about system: which motors 

were involved in the exoskeleton? Which is the exoskeleton movement speed? 

Which sensors are integrated in the glove to acquire the motion of the healthy hand? 

How does the glove send input commands to the exoskeleton? Around which axis 

does the rotation of the fingers take place? 

Reply: 

We added the details as follows: 

P.5, step 1.3 

Note: The mechanisms of our robotic system are as follows. In the exoskeleton hand, 

the joints in each finger module are designed in mechanical linking and driven by an 

individual linear actuator with a constant speed of 10 mm/s. The exoskeleton has 

different ranges of motion in each finger module (thumb: MCP= 0° to 55°, DIP= 0° to 

70°; index and middle fingers: MCP= -10 ° to 55°, PIP=0° to 35°, DIP=0° to 35°; ring 

and little fingers: MCP= -5 ° to 55°, PIP= 0° to 35°, DIP= 0° to 35°). In the sensor glove, 

each finger module is installed with a flex sensor which measures the joint angle and 

sends input signals to the control box through cables.  

 

- Please, clarify how the PROM works. 

Reply: 

We have inserted the PROM mechanisms in introduction as follows: 

P.3, 3rd paragraph 

“…In the PROM, the control box sends input commands to the exoskeleton and 

move subject’s hand to perform full finger flexion/extension. It contains two modes: 

single-finger mode (acts in sequence from thumb to little finger) and five fingers 

mode (five fingers move together).”  

 

RESULTS 

In the results section it is not proper to talk about statistical significance, since you 



did not conduct any test, and 3 subjects are too few to perform statistical analysis. 

Reply: 

Thank you for your advice, we have revised the sentence as followed: 

P.10, 1st and 2nd paragraphs 

“The success rates when using the robotic hand system in the patients were similar 

to those in the healthy subjects.” The results supported the feasibility of the robotic 

hand system in stroke patients. 

In Step 3, all the subjects reported that the robotic hand system was helpful for 

them to manipulate objects. In addition, they all completed the procedure in 3 

consecutive days without reporting any adverse events. The results supported the 

acceptability of the training program 

 

DISCUSSION 

It would be interesting to discuss more deeply the reason of the very high 

improvements that patients obtained thanks to the exoskeleton, since without it 

their success rate was always zero. It would be interesting to argue also the 

suitability of the conducted protocol, since without exoskeleton patient did not 

succeed in accomplish any grasping movement. If you have performed also a clinical 

scale (e.g., Fugl-Meyer) it would be very interesting to show the results. 

Reply: 

We have discussed this issue in the study limitations of the Discussion section as 

follows: 

P.12, 2nd paragraph 

(3) These patients have severe motor impairment at their affected hands, so that, 

following the augmentation using our system, they had a significant improvement in 

the motor performance as compared with their prior state, a property that may 

overestimate the effect of our robotic hand system. In addition, we recruited 

subjects with lower spasticity for easily guiding the movement of the affected hands 

by the robotic hand system, but these devices might not be suitable for patients with 

strong spasticity. (4) As a feasibility and acceptability study, we did not conduct 

post-treatment assessments. After this study, we will conduct a randomized 

controlled trial to characterize the effects of the robotic-assisted task-oriented 

training program. 

 



Minor Concerns: 

Details are missing in some references in the reference list. 

Reply: 

Thank you for reminding this issue. We have revised the reference list. 



Group H1 H2 H3 P1

Age 24 29 30 40

Gender F M M M

MMSE - - - 29

Fugl-Meyer     (upper 

limb) - - -
15

MAS-finger - - - 1

Brunnstrom Stage - - - 2
Supplementary Table 1. Demographic Data. H: Healthy Subject; P: Patient; 

F: Female; M: Male; MMSE: 1.1 Mini-Mental State Examination; MAS: 

Supplemental Table 1 Click here to access/download;Supplemental File (Figures,
Permissions, etc.);suppl. Table 1.xlsx

https://www.editorialmanager.com/jove/download.aspx?id=1183496&guid=5c0ab852-d23e-483f-8f4f-6ea78418999b&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1183496&guid=5c0ab852-d23e-483f-8f4f-6ea78418999b&scheme=1


P2 P3

49 57

M M

26 26

6 13

1 1

2 2
Supplementary Table 1. Demographic Data. H: Healthy Subject; P: Patient; 

F: Female; M: Male; MMSE: 1.1 Mini-Mental State Examination; MAS: 



Day 1 Day2 Day3 Day 1 Day2 Day3

H1 20 20 20 20 20 20

H2 20 20 20 20 20 20

H3 20 20 20 20 20 20

P1 0 0 0 20 20 18

P2 0 0 0 20 20 20
P3 0 0 0 20 20 20

Non-Robot Robot

The peg-Raw data

Supplementary Table 2. Counts of Successfully Grasping 

The Peg. Non-Robot: grasp wtihout wearing robotic hands; 

Robot:grasp with robotic hand; H: Healthy Subject; P: 

Patient
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Day 1 Day2 Day3 Day 1 Day2 Day3

H1 20 20 20 20 20 20

H2 20 20 20 20 20 20

H3 20 20 20 20 20 20

P1 0 0 0 20 20 20

P2 0 0 0 19 20 17

P3 0 0 0 20 20 20

The retangluar cube-Raw data

Non-Robot Robot

Supplementary Table 3. Counts of Successfully Grasping 

The Rectangular Cube. Non-Robot: grasp wtihout wearing 

robotic hands; Robot:grasp with robotic hand; H: Healthy 

Subject; P: Patient
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Day 1 Day2 Day3 Day 1 Day2 Day3

H1 20 20 20 20 20 20

H2 20 20 20 20 20 20

H3 20 20 20 20 20 20

P1 0 0 0 20 19 20

P2 0 0 0 17 20 20

P3 0 0 0 20 20 20

Non-Robot Robot

The cube- Raw data

Supplementary Table 4. Counts of Successfully Grasping 

The Cube. Non-Robot: grasp wtihout wearing robotic 

hands; Robot:grasp with robotic hand; H: Healthy Subject; 

P: Patient
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Day 1 Day2 Day3 Day 1 Day2 Day3

H1 20 20 20 20 20 20

H2 20 20 20 20 20 20

H3 20 20 20 20 20 20

P1 0 0 0 20 20 20

P2 0 0 0 20 20 20

P3 0 0 0 19 20 20

Non-Robot Robot

The ball- Raw data

Supplementary Table 5. Counts of Successfully Grasping 

The Ball. Non-Robot: grasp wtihout wearing robotic hands; 

Robot:grasp with robotic hand; H: Healthy Subject; P: 

Patient
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Day 1 Day2 Day3 Day 1 Day2 Day3

H1 20 20 20 20 20 20

H2 20 20 20 20 20 20

H3 20 20 20 20 20 20

P1 0 0 0 20 20 20

P2 0 0 0 20 20 20

P3 0 0 0 20 20 20

Non-Robot Robot

The cylindrical bar- Raw data

Supplementary Table 6. Counts of Successfully Grasping 

The Cylindrical Bar. Non-Robot: grasp wtihout wearing 

robotic hands; Robot:grasp with robotic hand; H: Healthy 

Subject; P: Patient
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