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Abstract

Objective: To improve the adaptability of mobile assistive devices for people with limited mobility,
an improved design of a lower limb rehabilitation walker is proposed. Methods: By analyzing the
usage process of the lower limb rehabilitation walker, the usage posture problems were identified.
A patient model was constructed using Jack simulation software, and simulations were conducted
to analyze the reachable area, movement range, posture load, and energy consumption of the pa-
tient in key usage scenarios. Based on these analysis results, targeted design optimizations were
made to components such as the seat board, front and rear wheels, handrails, and backrest of the
lower limb rehabilitation walker. Results: After analyzing the optimized design, it was found that
the number of operation steps for the patient in three key actions—sitting posture switching, toilet
seat usage, and assisted walking with the walker—was reduced, and the patient’s posture load was
decreased, indicating good ergonomics of the improved design. Conclusion: Through the case of hu-
man-machine improvement of the lower limb rehabilitation walker, a reference case for human-
machine simulation in the design of medical rehabilitation products is provided, and the practical-
ity and high efficiency of Jack simulation technology are further demonstrated.
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Figure 1. Design process of Jack’s realistic fusion
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Figure 2. Analysis of the patient experience map
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Table 1. Relevant size data of the P5 female, P50 male, and P95 male simulation humans

£ 1.P5 %, P50 B, P95 BIHEARNBEERTHIE

B P5 % (1482 mm) P50 (1678 mm) P95 5(1775 mm) AE7
JA & 1210 1367 1429 GB/T 10000-2023
JA B 363 431 469 GB/T 10000-2023
TSRS 954 1024 1096 GB/T 10000-2023
TR R (%) 650 720 780 BRI (2005)
AT v 458 493 554 GB/T 10000-2023
AN AL 382 413 448 GB/T 10000-2023
PR 289 315 338 GB/T 10000-2023
[HIRERS 216 238 247 GB/T 10000-2023
B 5 363 431 469 GB/T 10000-2023
WEORATAEEC) 90~100 90~100 90~100 B (2005)
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Figure 3. Establishment of P5 female, P50 male and P95 male anthropomorphic models
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Figure 4. Key postures
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Figure 5. Analysis of the reachable region of the patient
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Figure 6. Overall view of the gait cycle during walking with lower limb rehabilitation walking aid
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Table 2. Decomposition of walking cycle actions during walking with assistive devices
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Figure 7. Static analysis diagram of P50 male in stage (a) and the force distribution of L4/L5 at P50 male in stage (b)
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Table 3. The force distribution (N) of L4/L5 at each stage for P5 females, PS0 males, and P95 males
F3.P5 %\ P50 B, P95 BEMELH LA/LS(N)FZ H1ER

TR a®lhE  bAREKR o3 dSTHEM e #REM S g B

BERE ™ m) " R A A IepY ] A
650 1342 1089 1527 842 798 917 1015

P5 & 735 1215 912 1368 715 692 786 892
900 1486 1243 1672 968 903 1035 1127

650 1927 1186 2043 872 842 912 1083

P50 & 735 1821 1098 1935 825 809 827 1009
900 1732 1011 1866 797 777 827 945

650 2415 1728 2583 1327 1265 1428 1553

P95 735 2187 1521 2349 1198 1143 1287 1392
900 1936 1326 2075 1053 1012 1137 1216
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Figure 8. Static postures of P5, P95, and P50 (a) and static mechanical anal-
ysis diagram (b)
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B FE AR o I8 XS EE i DG T AR (<25 Nem) B AN A (<30°) R it A1 (120°~135°) [16] = TR B e bn
PR TS E . £ 4 80E: P5 0fE 650 mm A1 900 mm =B SEH U A, 735 mm AN IE BABAT T i
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Figure 9. Prediction analysis diagram of standing static strength for P95/P50/P5
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Table 4. Comfort level of handrail height for P95 males, P50 males, and P5 females in the standing support position
F#4.P95 B\ P50 B\ PS5 LEWMM T ERS THRFSEFER

P5 %4t P50 5 P95 5

BT OGRS BRI BRI R IORTAN BSCHTHIE OSTTE R R4
ENm)  HMEC) RMEC) ENm)  HMEC) RBMEC) Nm)  HMAEC) RMEC)

650 mm 7~9 150~160 35~45 4~6 130~140 20~30 2~4 110~120 10~20
735 mm 4~6 130~140 20~30 2~4 120~130 15~25 3~5 120~130 15~25
900 mm 9~11 110~120 40~50 4~6 110~120 25~35 3~5 120~130 15~25
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Figure 10. Design practice
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Figure 11. Analysis of the reachable region of the patient
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B Jack A EA4HT, F Lower Back Analysis il L4/LS 5 Beah &S ik, HAEMLAL 5 BT 2%
AN 15 avidtE. e 5, B WA RAEAL S & S L4/LS & 13k h5 . BhAS e BE Y
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Table 5. The force conditions of L4/L5 (N) at each stage before and after optimization
5. MALETREI B ERE L4/LS N)ZH1ER

B flitkar  HRFE aflls  bAREN o XHEFR  dTEM e Bz FEZIME g EaM
et G JE (mm) EHih M FHEA AKIH Hi i R
" i} 735 1215 912 1368 715 692 786 892
P5
G 735 467 519 498 452 448 467 529
i 735 1821 1098 1935 825 809 827 1009
P50 B
JG 735 700 624 704 521 524 492 599
i} 900 1936 1326 2075 1053 1012 1137 1216
P95 5
S 900 744 754 755 665 655 676 721

5.3. MILIERBEEIHFE D

AL G AL BT IE BT B T4 AN 12 fin: PS5 BRI\ 69%$2 T4 100%, AR ZFa 1l o
W2 AT o X FEAR AT 5 B 8T 3 FE BB ( 6), LA T HIA(<25 N'm). JB AME A1 (<30°) A1
A (120°~135°) i Fabr, ALY ETIE S IH I 5038 o

X ARG )5 MIPS KT RE I Fi 43 L Xt HEARAL A 5 (RIPS0K Y5 fE 1 F 43 Lh

105 105 110

ARG )5 KIP95 X AT RE I i 4 Lt
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e (RAL P e (AL ST PS = (4L iP50 == fit fLiP50 e (AL [POS e {1 L ST POS

Figure 12. Static biomechanical analysis diagrams of the sitting postures before and after optimization for PS, P95, and P50

& 12. P5/P95/P50 BIL AL B [ e R EHS F1FE S E

Table 6. Comfort level in standing posture before and after optimization

6. MURIRAEHERETEER

0l ®F etk B LA
RE [ HiJ i G HT HI A (Nm) Ji 2 e il AR BEC) JBRATIMEAAFEC)
i} 4~6 130~140 20~30
P5 % 735
=] 0.5~0.8 120~125 15~20
P50 5} 735 it} 2~4 120~130 15~25
=] 0.3~0.6 110~115 10~15
Pos 5 900 i} 3~5 120~130 15~25
& 0.1~1 110~115 10~15
DOI: 10.12677/sheji.2026.111002 22 Peitittk


https://doi.org/10.12677/sheji.2026.111002

M 5F

R FEAT B T MRIS R A T A R 1 BB 7R : AR PS Lo PEBROGTS B 47 FEAIK 14%,
P95 T FIEME IS SR /D 18%: BT (PS5 & 735 mm/P95 F 880 mm)J&,  FELHE NG E 47 i 45 £E 2100
N W, fFEtadE; STERESCEIA <5 Nm, JBIMNE <25°). Sk, 10 44523803 S e w7
& FEHRTFH90%IAT]), L H I AI4H%E 40% (5.2 s 4055 3] 3.1 s); e aVER SRR T MR, Bt +50%);
VRS S (R AR — BB A BN 100%, IR 30%), KRG “ S M St Eis, W% 7.

Table 7. Verification results of optimization scheme
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