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[ Abstract] With the accelerating global aging process, the problem of mobility impairment caused by lower limb function decline in
the elderly population has become increasingly prominent. As a key rehabilitation assistive device to improve mobility and walking
safety, the adaptability of walkers to the lower limb kinematic characteristics of users has become a research focus. However, the
dynamic coordination mechanism between current walkers of different types and structural parameters and the activities of the hip,
knee, and ankle joints of the elderly remains unclear, resulting in a lack of sufficient theoretical support for personalized adaptation.
This study aimed to explore the dynamic adaptation mechanism between ambulation modes and lower limb joint movements by
quantitatively analyzing the effects of different mobility aid types ( frame-type/wheel-type) and structural parameters (height/width) on
the lower limb kinematic characteristics of elderly individuals, thereby providing a theoretical basis for the personalized adaptation of
mobility aids. Six healthy elderly participants were recruited, and the Vicon optical motion capture system combined with the OpenSim

simulation platform was employed to collect lower limb joint kinematic data under three conditions; independent walking, walking with
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wheel-type mobility aids (5 widths x 5 heights), and walking with frame-type mobility aids (5 widths X 5 heights). Changes in the
flexion-extension angles and angular velocities of the hip, knee, and ankle joints were quantitatively analyzed. The results show that for
the hip joint, mobility aids restrict its range of motion. Under the configuration of frame-type mobility aids with H50 (5.0 c¢m higher
than the standard height) and W60 (1.5 times the shoulder width) , the gait is closest to the natural state. For wheel-type mobility
aids under the same configuration, the reduction in hip flexion angular velocity is 10% or less, resulting in better gait propulsion
capability. At the knee joint, frame-type mobility aids significantly limit the flexion angle ( with a reduction of 15% ~20% ). In
contrast, under the configuration of wheel-type mobility aids with HS0 and W40 (equal to the shoulder width) , the knee flexion range
ranges from —-60.41° to —5.95°, and the angular velocity is close to that of independent walking. Regarding the ankle joint, the
wheel-type mobility aids configured with HOWS50 ( standard height + 1.25 times the shoulder width) and W70 (1.75 times the
shoulder width) exhibit the largest range of motion ( —8.4° to 18. 13°). For frame-type mobility aids, the H50 configuration achieves
a balance between stability and flexibility. In conclusion, frame-type mobility aids enhance stability by restricting joint movements,
making them suitable for elderly individuals with poor balance and slow walking speed (the H50 + W60 configuration is
recommended ). Wheel-type mobility aids are more conducive to maintaining the naturalness of joint movements, thus being suitable for

users requiring higher gait flexibility (the H50 + W40 configuration is recommended). This study provides empirical evidence for the

design of personalized rehabilitation assistive devices and adaptation strategies.
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Fig. 1  Schematic diagram of the musculoskeletal

system of the lower extremities
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Table 1 Joint data during normal human gait

KA H R AALTL R/ (©)
8 7 2 -23.75 ~20.07
A1 e A -6.68 ~5.34
5 4 £ B2 -9.50 ~6.87
W JeE A £y B2 -69.57 ~1.90
R R A -9.10 ~13. 69

1.3 XWHESE
1.3.1 ZBAWSHRTH =

W NARIZ Zh 4 5 ) 2 i R R G A
Toah AT 8 (e XS HEX) TEAR 25 S50 (=
JES SR L E T X T MGE 32 5 AW ) R R
SO SR 92 00 g 5 ) 5 BT, TR bR o AL 3R B
G132 LR E 2 8 58 i — R Y BT 55, 2K
SCES A4S . (D = 452 sh il 2 R SE (vicon vantage
V5) SREOC T (LR R AR B 5 @78 f 45 il i ot by i i
RGBT &8 00 = B 5 S8 B A S A
HAE, LIS S5 S BB AL iz 3 it i 52

LL OpenSim £ #5517 & 24 J5 2 43 B £ {1k & 7 i
15 ) 2 g NS | 5 2 3 B 0 2 5 S LA
WG 5307, ST B AT &% 2805 A W) 07 5 e g 22 JR) Y
ERFR, BT MR R T 5256 W & 5 07 553
B AR 45 & 1 B9 SR
1.3.2 %R 5t EmE

S N G2 B A8 A bR E N HEBR AR E QD3R 2 TR
SCUOHT, BRI B TR 2 AR S B
AR A I 2 98 1] 7 3 35 WE 3 95 50 O WL 42 ff 1A 52 3k
HTRATE B Z BRAE O, 24T B AT 2% 48 50, O
2 E EFZ AN E S, PR NEEST T
eI I FEWE IS IT B i 3R AT T 322 0L S i
A FHLIE (45 . S20220304 ) . R4 32 K H 99 A F1
HEBRAm o, L e B 6 44 B AF N, FF 8 (64.50 %+
3.39 %) HE (161 cm +2.23 cm) JAH (60. 67 kg +
5.68 kg) JEH(90.10 cm £0.75 e¢m) JF 5 (39. 75 em +
0.71 em) AL XF A,

S0 A B B ™ R R A o AL U AR LR A
VAT KA TR .15, R A Vicon Nexus 2. 12 i sl 4/
PR G 58 N AMIE 38 5 2 800 & Hok, K 4
Vicon Plug-in Gait Full body 4= 5 ) J7 2= B () bR
WERLYE | 78 32 3035 1A 3R R 7 i 1) B8 Ml o7 5 K Y Rl
BHAR 14 mm B9 30 LG hRad Bk, 3t 39 A ARl
RN 2 s 25 BRad st R v S04 FR AR 3
JroR s BE TS, 6z 3 B &R ge AT R B = 4 S (R
b o 50K BE RS UE 5 B e, RS2 o E AT B AT g Bl
RS AL SR, X — RINES TAEM LR 1 iz 30
Fili $E B 1 o A R T SR

5 Fa M 1k . www. stae. com. cn



2026,26(26)

B | 45 . B AT A8 200 TR B8 Bh 2 A 52 i) 11203

F2 FiEBHANHBRRAE

Table 2 Inclusion and exclusion criteria for subjects
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Table 4 Flexion and extension angles of the hip joint
TP AL/ (°)
HE 5 i
H-50 10.23 ~33.93 -10.73 ~27. 15
H-25 3.43 ~32.27 -12.91 ~25.51
H25 4.55 ~36.39 —-15.24 ~26.03
H50 6.43 ~30.53 -12.99 ~27.67
HOWS50 18.29 ~32.43 -12.59 ~26.09
W40 2.85~29.03 -15.99 ~27.16
W60 4.10 ~34.47 —15.63 ~28.94
W70 4.43 ~37.14 -15.10 ~24. 15
W80 4.04 ~33.48 —13.64 ~28.02
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Table 5 Flexion and extension angular velocity of

the hip joint
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KRR Eo R e
H-50 -68.09 +11.62 ~104.27 +24. 15
H-25 ~47.06 +7.20 -92.55+16.41
H25 ~52.67 £13.90 -99.86 +18.58
H50 -62.41 +10.21 ~91.36 +23.54

HOWS50 -60.17 +18.20 ~94.76 +26. 45
W40 -59.77 +6.24 -97.17 £21.22
W60 -56.10 +9.87 ~93.69 +19.53
w70 ~44.60 +16. 65 ~105.77 +18.25
W80 -33.09 +13.46 ~103.19 +14.98
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Fig. 5 Comparison of angular displacement and angular velocity of hip joint flexion movement (frame-type walker)
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Fig. 6 Comparison of angular displacement and angular velocity of hip joint flexion movement ( wheeled walker)
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Fig. 7  Effect of ambulation modes on the angular displacement of hip joint flexion movement
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Fig. 8 Effect of ambulation modes on the angular velocity of hip joint flexion movement
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Table 6 Flexion and extension angles of the knee joint
R AT/ (°) ‘
HE =X X
H-50 -60.96 ~ -7.07 -59.50 ~ -6.62
H-25 -53.87 ~ -4.37 -57.57T ~ -4.87
H25 -53.99 ~ -3.31 -59.49 ~ -7.45
H50 -53.69 ~ -2.13 -55.15~ -3.30
HOWS0 -53.57 ~ -4.63 -58.31 ~ -4.01
W40 -52.86 ~ -3.61 -60.41 ~ -5.95
W60 -60.95 ~ -4.67 -53.72 ~ -2.86
W70 -53.87 ~ -1.85 -60.35 ~ -4.11
W80 -55.46 ~ -4.25 -58.87 ~ -3.06
xRT BRXTEMEE
Table 7 Flexion and extension angular velocity of
the knee joint
5 bt ‘%kﬁﬁwwfﬂ
HE 2 LM
H-50 -296.70 £32.56 -296.71 +18.99
H-25 -275.63 £19.56 -275.63 +£21. 64
H25 —-286.17 £25.36 —286.17 £28.06
H50 -301.68 +37.21 -301.69 £27.33
HOWS0 -292.02 £42.36 —255.93 +34.23
W40 —-288.33 £35.62 —288.34 +£30. 49
W60 -272.59 £29.65 -272.59 £25.58
W70 —-289.09 +30. 46 —289.09 £28. 89
W80 -273.91 £27.99 -273.92 +27.92
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Fig. 9 Comparison of angular displacement and angular velocity of knee joint flexion movement (frame-type walker)
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Fig. 10 Comparison of angular displacement and angular velocity of knee joint flexion movement ( wheeled walker)
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11 Effect of ambulation modes on the angular displacement of knee joint flexion movement
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Fig. 12 Effect of ambulation modes on the angular velocity of knee joint flexion movement
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Table 8 Flexion and extension angles of the ankle joint

e AL/ (©)
AT e e
H-50 3.31 ~12.89 ~17.15 ~14.25
H-25 1.97 ~11.89 -13.08 ~15.81
H25 1.33 ~10. 94 -11.48 ~17.26
H50 2.53 ~11.37 ~10.76 ~ -0.96
HOW50 1.30 ~14. 89 -8.40 ~18.13
W40 5.41 ~14.90 -15.35~17.44
W60 1.47 ~14.32 —-13.73 ~ -=1.29
W70 5.96 ~12. 14 ~11.06 ~17.24
W80 1.49 ~11.09 -4.92~16.92

R RXTEMEE
Table 9 Flexion and extension angular velocity of

the ankle joint

RRME/L() s ]

JIESE N R e
H-50 -67.46 £15.65 -123.73 £26.35
H-25 -12.55 +6.36 -197.91 +24.75
H25 -56.92 +17.36 -203.84 +16.24
H50 -20.32 +5.37 -269.39 +33.48
HOW50 -86.05 +16.32 -169.41 +16.89
W40 -38.10 £8.65 -252.04 +28. 46
W60 -61.20 +11.24 -219.89 +24.22
W70 -86.15 +21.02 -200.43 +19.61
W80 -97.64 +17.89 -182.73 £23.47
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Fig. 13 Comparison of angular displacement and angular velocity of ankle plantar flexion movement ({rame-type walker)
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Fig. 14 Comparison of angular displacement and angular velocity of ankle plantar flexion movement ( wheeled walker)
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Fig. 15 Effect of ambulation modes on the angular displacement of ankle plantar flexion movement
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Fig. 16  Effect of ambulation modes on the angular velocity of ankle plantar flexion movement
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