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A study on the usability of a soft hand rehabilitation robot in upper limb training for stroke

patients

DI Yaxuan', SUN Huaiqing"?, YAN Peng', ZHANG Ruirui', CAO Hui', WU Ting"*

'Department of Neurology, the First Affiliated Hospital of Nanjing Medical University, Nanjing 210029; *Jiangsu
Province Key Laboratory of Neurodegeneration, Nanjing 211166, China

[Abstract] Objective: To evaluate the usability of a portable soft hand rehabilitation robot in clinical and home-based upper limb
rehabilitation for stroke patients. Methods: Thirteen stroke patients with hemiplegia were recruited to participate in a usability
evaluation of the hand rehabilitation robot. Participants first received two weeks of supervised in -hospital training to learn device
operation;, followed by six weeks of unsupervised home-based rehabilitation (33 minutes per session, twice daily). After training, the
system usability scale (SUS) and semi -structured interviews were used to assess usability of the robot. In addition, the Fugl-Meyer
assessment upper extremity (FMA-UE), action research arm test(ARAT) , and activities of daily living(ADL)scale were applied before
and after the intervention, as well as during training, to assess patients’ upper limb motor function and ability to perform activities of
daily living. Results: The mean SUS score of the 13 participants was 85.8 = 10.5, indicating an “Excellent” level of usability. Semi-
structured interviews revealed that the device was easy to operate and portable, while highlighting areas requiring improvement, such
as device connectivity, hardware stability, and training module diversity. After the intervention, several participants demonstrated
improvements in FMA-UE, ARAT, and ADL scores compared with baseline, reaching the mini clinical important difference (MCID).
Conclusion: The soft hand rehabilitation robot demonstrates high usability and safety for both clinical and home-based upper limb
rehabilitation in stroke survivors with hemiplegia, suggesting its potential as a promising tool for post-stroke hand rehabilitation.
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Figure 1 A soft hand rehabilitation robot utilizing honey -

comb pneumatic actuators
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Table 1 Patient demographics

Affected

hand disease (months) level

Duration of Education

No.case Sex Age

1 Female 33 Left 0.6 Associate degree
2 Male 52 Right 0.3 Middle school
3 Male 55 Left 0.2 Primary school
4 Female 49  Left 12.0 High school
5 Male 52  Left 5.0 Middle school
6 Female 74  Right 0.7 Primary school
7 Male 53 Right 0.1 Middle school
8 Male 82 Right 0.2 High school
9 Female 83  Left 5.0 Middle school
10 Male 62  Left 2.0 High school
11 Male 67 Right 2.0 High school
12 Male 59 Right 0.1 Middle school
13 Female 67  Left 6.0 Middle school
22 TR

Fir 53 SUS = 3R 315 43 4 (85.8+10.5) 7
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Figure 2 Individual results on SUS scale

JRE B D RE R AL 2R 2 2 2 FMA-UE W 42 T
8.0(3.0,27.00 77, 13 5 & v 7151 8 Ji J5 FMA-UE
PE4rLF] T MCID(FE 3), ARAT ¥ 4215 1 6.0(1.0,
24.5) %y, 8 4l &35 ARAT VW40 1A 2] T MCID (] 4),
#0451 ADL V73 BUHT 20, 52155 0€0,20.00 73
(5. FEREINZRIINE], AR S AT A R FA

%2 BEI%EFMA-UE.ARAT.ADLIEH T4k

Table 2 Changes in FMA-UE.ARAT.and ADL scores of patients after training

I:M(P257P75):|

Variable TO T3 TO-T3 Z P

FMA-UE 7.0(4.0,34.5) 32.0(11.5,59.5 8.0(3.0,27.00 -3.061 0.002
ARAT 0€0,30.5) 18.0(5.0,46.0) 6.0(1.0,24.5) -2.937 0.003
ADL 55.0(35.0,80.0) 80.0(47.5,90.0) 0€0,20.00 -2.214 0.027

TO: before the intervention began; T3: intervention for 8 weeks.
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Different colored lines represent 13 different patients. TO: before
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the intervention began; T1: intervention for 2 weeks; T2: intervention for
4 weeks; T3: intervention for 8 weeks.
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Figure 3 Changes in FMA - UE scores at each time point

from O to 8 weeks
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Figure 4 Changes in ARAT scores at each time point from

0 to 8 weeks
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BEl5 ADLFH7E0-8 B &Rt iE SRIEN
Figure 5 Changes in ADL scores at each time point from 0

to 8 weeks
FEI I 22 48T, IR IR VAL R BoR B E 128 )
DNReAFTEAS [FIFR BE 035, $ 7 1 % 1T 1 D i 2
B PRI — M7 %

i 2 1 Ty e AR 40 T SRR Y B R
HE M AT S5 7 1 R e B ) I SR (i g e 22 ]
IRPEE BB AT, AN AR AR e (]
HE P EAIZR, 553G 4 n] I M 11 25 5
T, DR 0 32 A N PR R SR A B S . BHRTH T
0 2 o 5 T Ty e JE S AL 2 N ATS DA Sk i i 5
Py 28, 3@ i AT 5K B B o S I B A R
Fe iz h ik B, 75 3 2 PRI GRS 15 B 4 ) 7 T 2L
H—EAHAE SR, W AL 38 N A7 7 5
ORGSR E R AT & AN 2 DL A R - 2
FHE KT B A PR 25 i, AT PR 1) 1 L AE B A
5 K B AT G B R R ™Y AL T, Fetk T
TF IR LA A 28 B AT I 1 3 e P R A (4
PEJT T B A RBERS, GG R BRI K
WE EINgAMTh e S g™ . AW R R
AT F TR B, BT3B 451
SEIL 2 AR U R 12 By, 78 CRAIE A FH 22 4 1 14 7] BF Sife ot
TR IE M HIERCE, & A RN IR &R RIS TR
J&D1RE T 1A 1 25

r ] A 5 e o R 4 4 5 2020 A ik 4
w4 e TR AR (10.700+0.005) d 2, HBE
Ja BT s 5 AR B2 TR, 7R =
N EEFEEMEEME AR E . Aguirre-Ollinger
FUO AR SRS IR R AL, JE AT L
BN A IS A AT B A 24% , Ry i o P R SR 43t
W K (3995 NN & 55 <iaBviok = O /1 TP = 1 DS
B BRI B A T JE AT R E AL N B 5T
P, Je IR = 0 £ 2 7E B S SR I B A B A
RS 5 22 2 I R VPAL, A FL I 25 R X —

TR T A B UEYE .

52 5040UTT e 2~4 J& J& IR FEA [P,
KB FN BB R T 8 A IE LI 45, SUS *F
BI155 N 85.8 43, Ab T “Excellent” 2B 5, [ Wt 1 B
WA AT . BRI BB (W1 5.6 5 ) 4>
A, (H 455 U5 iR 2550 BT, 1T Re 5 D A FE
H M7 RIS A K. ARFTORR B E W B
Ji7 32 B B G A2 FE AR B 1), 40N 2 35 2 28 FMA-UE A
ARAT [0 [ 5 55 (4~56 43 J2 0~44 53 ) A BT A B3
I RETE R A RE IS Ak sl 78 58 S B T 52 ol 4k
Ui B 1% T 8 0 AN R D Re /KPR B R &
FAPE o At £ 2 0 T DS o <A L <A
SRR R — "S5, W CET R4 R E T T
FARIAEAL s J5 SRR A T o] 33— B4 AR e P 5 I 25
FE . AR, B IR 2R K AR
Z 5 AN, XN B e AR 7 T 1A

B S, AHIEFU ) 32 2 H bR A % %
(AT 1 T AR T RGAIE , 52 FE AR B R 5T TR
il To ik MR B 5 2 J2 T IE B 8 4 %o T RE K 1 gk
SRR . R, KZHEHENL G B
TheEH ks, Hodh FMA-UE &% 7 6 3% LU &
ARAT " 8 il 35 1A B 1 MCID, X 5 BE A Ji AL 8%
NFEE T4 R —3"" . Dromerick ™\ A, i
PN 5 i 26 H 5 2~3 A F IR 97 R0 B, Tkt
P 6 N AR EE SO AR . AR A
MCID H) 8, A 3B AR 5 AN B, 776 BR A
S50, (HA 52 BN ) FR K I R A T o
PERREIAEME — oM R R . AW IR BR ) B 3
A 3B 52 Fofh R a7, TR B i Th g e AN RE 52
EERFHLEAULR. A, BRKZHEEWE
SR AT i s, (H ADL T H AN B3, X 5 BEfE
W — 5, BRI B IZ B R 7 1 28 HEA L AR AR
A s LR T RB R

B0 AT RE S mA AT 4 5 R R AE DG B R AT
WG s RO A4 R EoR, RGN R 2 3 &
BN VRAE Je b T RE /KPR B SR 5, 6
AN 125 25 2 I HE 0 o D4 52 P R R A PR A
5, 145 5 REAE A DG Fe ko — 8. B R
PEoR, AT TR I 2 P AT 28 30 T R R & A
AN TEV A M 0l S AN [R) I i 3 ) e 1 e 14D A 2 o
B R B RO E AT R R I

B FAAFAE— /R Bk, HFAER
N R Z TR, FTRE SRS RO A R . K B
Uy B[R AE X 58 A, 10 T0 2 PP 8 4% 1 A5 FH 1 4 A



* 480 * (IS VS N 1

546 55 4 1
20264 A

YL HXT T REAR AL B FF SERE I o LR b, AAIT T AR
B TR Y13 32 O L At B 5B TR AT T A A ) R
il R A EA L S NP LA S
B FU AT AE LR AL BT R BE AL IR, N 2 b
A, I RERBE VT A, DA — P I IR i R AN
JRE LI B b (R PR T R0 IHe AR AT 5 5 R R M U Ui
RACUNZR A EAC IR T5 58 LAt — 2B 5 THBL& 1
At EER TS 5E.

Z3 BRI, AT 7T W A o s i B R AR
IR HIEE I, AT TS B e O R R
Hofs SR T AR E LA AT BRI ZR. KoK
i ot — AR & BT, AR AR AR, 3 E IR
B, DABR T A 52 BB 0T ) L I 775 9
A rp R 1B D REVR R SR AR T AT R A

PR R:

P R P B TE R 28 o R

Conflict of Interests:

All authors disclose no relevant conflict of interests.

{E& SImk A AR :

B S ST A BT B CER 20 IR TR S s IR
BT B P2 MG B 5 R R P TR R ST B i
8 R TR RS

Author’s Contributions:

DI Yaxuan was responsible for experiment design, data
analysis, and manuscript writing. SUN Huaiqing was responsi-
ble for manuscript revision. YAN Peng was responsible for data
organization. ZHANG Ruirui and CAO Hui were responsible for
data collection. WU Ting was responsible for manuscript guid-
ance.

(&%t ]

[1] TUWJ,WANG L D, YAN F, et al. China stroke surveil-
lance report 2021[J]. Mil Med Res,2023, 10(1): 33

[2] TU W J, ZHAO Z P, YIN P, et al. Estimated burden of
stroke in China in 2020[J]. JAMA Netw Open, 2023, 6
(3):€231455

(3] [ A A BEZ N o i A o Bl ia AR 1 58 Ak
PRILRE L R Gz, H I (2024 4 rb [ i 2 H B 6
WA DEELI ], BB RE RS 544, 2025, 46 (6) : 947
960
Stroke Prevention Project, National Health Commission,
JI Xunming. Brief report on stroke prevention and treat-
ment in China, 2024 [J]. Journal of Capital Medical Uni-
versity, 2025,46(6) : 947-960

[4] TOLLAR J,NAGY F, CSUTORAS B, et al. High frequen-
cy and intensity rehabilitation in 641 subacute ischemic

stroke patients [J]. Arch Phys Med Rehabil, 2021, 102

(1):9-18

[5] CHEN C,CHEN T,ZHAO N, et al. Regional maldistribu-
tion of human resources of rehabilitation institutions in
China Mainland based on spatial analysis[J]. Front Pub-
lic Health, 2022, 10: 1028235

[6] XUE X L, YANG X W, DENG Z Y, et al. Global trends
and hotspots in research on rehabilitation robots: a biblio-
metric analysis from 2010 to 2020 [J]. Front Public
Health,2021,9: 806723

[7] FORBRIGGER S, DEPAUL V G, DAVIES T C, et al.
Home-based upper limb stroke rehabilitation mechatron-
ics: challenges and opportunities[J]. Biomed Eng Online,
2023,22(1):67

[8] WANGH G,GUOJL,ZHANG Y Q, et al. Closed-loop re-
habilitation of upper - limb dyskinesia after stroke: from
natural motion to neuronal microfluidics [J]. J Neuroeng
Rehabil, 2025,22(1): 87

[9] PARKJM,PARK HJ,YOON S Y, et al. Effects of robot-
assisted therapy for upper limb rehabilitation after stroke:
an umbrella review of systematic reviews [J]. Stroke,
2025,56(5):1243-1252

[10] AGUIRRE-OLLINGER G, CHUA K S G, ONG P L, et al.
Telerehabilitation using a 2-D planar arm rehabilitation
robot for hemiparetic stroke: a feasibility study of clinic-to
-home exergaming therapy[J]. ] Neuroeng Rehabil , 2024,
21(1):207

[11] CHEN Y, ABEL K T, JANECEK J T, et al. Home-based
technologies for stroke rehabilitation: a systematic re-
view [J]. Int ] Med Inform, 2019, 123: 11-22

[12] NIELSEN J, LANDAUER T K. A mathematical model of
the finding of usability problems [ CJ//Proceedings of the
INTERACT’ 93 and CHI’ 93 Conference on Human Fac-
tors in Computing Systems. Amsterdam: ACM, 1993: 206~
213

[13] B PARI Ao 4, h R R MR 0 &
o ML 2 . e SR R PR AR s R g 202301,
2R 6, 2024, 57(6): 523-559
Chinese Society of Neurology, Chinese Stroke Society.
Chinese guidelines for diagnosis and treatment of acute
ischemic stroke 2023[J]. Chinese Journal of Neurology,
2024,57(6):523-559

[14] LAIJ W,SONG A G, WANG ] J, et al. A novel soft glove
utilizing honeycomb pneumatic actuators (HPAs) for as-
sisting activities of daily living [J]. IEEE Trans Neural
Syst Rehabil Eng,2023,31:3223-3233

[15] BANGOR A, KORTUM P T, MILLER J T. Determining
what individual SUS scores mean: adding an adjective rat-

ing scale[J]. J Usability Stud, 2009, 4: 114-123



5464555 4 1] IKEE, FMEDS, ™ M5, 5. T R LA NTE M 45 b 3 1 B v iyl A M o) ).
2026 4F 4 H M BER R 22 A (A ARBLERRD 5 2026, 46(4) : 475-481 ° 481 *

[16] PAGE S J, FULK G D, BOYNE P. Clinically important

based study from bigdata observatory platform for stroke

of Chinal[ J]. Stroke,2022,53(9):e415-e417

differences for the upper-extremity Fugl-Meyer scale in

people with minimal to moderate impairment due to chronic [24] DEVITTORI G, DINACCI D, ROMITI D, et al. Unsuper-

stroke[J]. Phys Ther,2012,92(6):791-798

VAN DER LEE J H, DE GROOT V, BECKERMAN H,
et al. The intra- and interrater reliability of the action
research arm test: a practical test of upper extremity
function in patients with stroke[J]. Arch Phys Med Rehabil,
2001, 82(1)>:14-19

INIFE, R . PR Mg IRk A PR TR iE
(T 72 P LY ). i At R B K 2 A4l CH R B RO
2023,43(4):577-581

SUN Y Y, WU J. Research progress on the critical role of
neural network remodeling in functional recovery after
stroke[J]. Journal of Nanjing Medical University (Natural
Sciences),2023,43(4):577-581

YANG X W, SHI X B, XUE X L, et al. Efficacy of robot-
assisted training on rehabilitation of upper limb function
in patients with stroke: a systematic review and meta-anal-
ysis[J]. Arch Phys Med Rehabil, 2023, 104 (9) : 1498-
1513

SHIX Q, TICE, LU HY, et al. Task-oriented training by
a personalized electromyography-driven soft robotic hand
in chronic stroke: a randomized controlled trial[J]. Neuro-
rehabil Neural Repair, 2024, 38(8): 595-606

TOH S F M, FONG K N K, GONZALEZ P C, et al. Appli-
cation of home - based wearable technologies in physical
rehabilitation for stroke: a scoping review[J]. IEEE Trans
Neural Syst Rehabil Eng,2023,31:1614-1623

BARDI E, GANDOLLA M, BRAGHIN F, et al. Upper
limb soft robotic wearable devices: a systematic review[J].

J Neuroeng Rehabil,, 2022, 19(1): 87

vised robot-assisted rehabilitation after stroke: feasibility,
effect on therapy dose, and user experience[]]. ] Neuro-
eng Rehabil, 2024,21(1):52

PROIETTI T, NUCKOLS K, GRUPPER J, et al. Combin-
ing soft robotics and telerehabilitation for improving motor
function after stroke[ J ]. Wearable Technol, 2024, 5: el
GUILLEN-CLIMENT S, GARZO A, MUNOZ-ALCARAZ
M N, et al. A usability study in patients with stroke using
MERLIN, a robotic system based on serious games for
upper limb rehabilitation in the home setting[J]. ] Neuroeng
Rehabil, 2021, 18(1):41

TANCZAK N, PLUNKETT T K, LIN S J, et al. Feasibility
of post-stroke hand rehabilitation supported by a soft
robotic hand orthosis in-clinic and at-home[J]. J] Neuroeng
Rehabil, 2025,22(1): 183

DROMERICK A W, GEED S, BARTH ], et al. Critical
period after stroke study (CPASS) : a phase Il clinical
trial testing an optimal time for motor recovery after
stroke in humans [J]. Proc Natl Acad Sci U S A, 2021,
118(39): 2026676118

WADDELL K J, STRUBE M J, BAILEY R R, et al. Does
task -specific training improve upper limb performance in
daily life poststroke? [J]. Neurorehabil Neural Repair,
2017,31(3):290-300

GERMANOTTA M, MAURO M C, FALCHINI F, et al. A
robotic rehabilitation intervention in a home setting
during the COVID-19 outbreak: a feasibility pilot study in
patients with stroke [J]. J Neuroeng Rehabil, 2025, 22
(1):93

(Y #5:2025-12-01; {&[E]: 2026-02-02; F F: 2026-02-04)
(K tm#t: & E)

[23] TU W J, YAN F, CHAO B H, et al. Treatment and 1-year

prognosis of ischemic stroke in China in 2018: a hospital-

I SUE LT I SUEA )

R TS L

3
&





