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Abstract

Research Purpose: The gait analysis of patients with leg amputation wearing different prosthetic
knee joints was used to evaluate the different prosthetic knee joints scientifically. Research Me-
thods: This paper intends to use the Karen system to study the gait ability of patients with unila-
teral thigh amputation wearing four different kinds of artificial knee joints (mechanical four-link
artificial knee joint, hydraulic four-link artificial knee joint, double-pneumatic multi-axis artificial
knee joint, and intelligent artificial knee joint) under three walking conditions(0°, £5° walking),
and evaluate the fitting effect of four kinds of artificial knee joints under different road conditions,
so as to provide theoretical reference and data support for the selection of clinical artificial knee
joints. Research Results: 1) Under the walking condition of 0°, the walking speed of the subject is
the maximum; Walking speed decreased at 5° and -5° to enhance walking stability. 2) At 5°, the
walking frequency of subjects wearing the four Kkinds of artificial knee joints is the minimum,
among which 3R20 step is smaller than the other three groups and has significant difference with
the other three groups under the same walking condition. 3) Under three walking conditions, the
single-step length of 3R20, 3R60, 3R106 and C-LEG of the four kinds of artificial legs and knees all
show that the affected side is smaller than the healthy side, and the step length is asymmetric.
Among them, 3R20 has the largest difference in step length on the healthy side and the worst per-
formance. C-LEG has a large difference in 5° walking condition, indicating that C-LEG should be
improved in uphill walking condition. 4) From the value of swinging period, 3R20 showed the
largest difference and the worst performance in swinging period. Under the conditions of 0° and
-5°, the difference between the healthy side and the affected side in the C-LEG swinging stage was
the smallest and the performance was the best, while at 5°, the performance of 3R60 was the best.
Conclusion: Among the four kinds of artificial knee joints, 3R20 has the worst gait performance
under three walking conditions. C-LEG performs best, but the fitness of the subject in uphill condi-
tions should be enhanced to improve performance in uphill conditions.
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FEATENRES, R LTPARZ 7k, HANEE GRS MIE s E5%, & TR =
B ARGy, DA 2 K BMBU (R SE ZL DD RE R . BUBR SRR L, H Al AR FH BRI 5%
TAEIRIRE PR T o WU ST AURBR ST MURRRSCTT . BRI S5, XN BT
REJIHEAT — B T3

ROE AW AEE P E LB —, BTAULA. SRR RSk, B RS EINE T e e
S| MR, 5SS, BB RS T AMEIA B A A R, PRI TE VR AR SBOE AT 7E PRI
JS A R R R SRS, TS BOR LT 2] 3] B, X TEREFBE TS, BRI E R g 3)
P+ B 4]

ARSCAY S BN A PR AR B 5 B 4 AN [R] BRI O (WU DU ST BB 54 ¥ DU S A f PR e
KA AL M BB R . B REBUBIR RT3 MuBAT /AT TR (07, 57478 P R AT I AT,
PEAT 4 BB O TTAE A R DL P R BOIEFCRCR S 9 RABUB R 5% 19 )iz 3 SR (1 R 258 MU S8

2. ARMEREFZ*
2.1. AR

HEFE 2018 £F 6~12 AKRIU )14 )\ — RER rhLo(DU )11 48 FE 52 e ) Uk BB S KRR AR B 8 44,
Horp ZE KRR 2 4 4, AMRREBE R 4 4. OB AXT RIEATR, AR, il &
s R BURRR L PR . ARSI BN 1148 J\— BES bl (U 1148 BT IR B ) 16 B R A 2 Atk
BHERRMNERLF, BFHLFEFASEERHRER, ZRE AL 1.

Table 1. Basic information of the subjects

=1 ZRAFBREKEER
FEA &= FR () B i(em) R (kg) BRI K (cm)
N=8 18~50 150~180 45~75 11~38

GINARAE: 1) CREA S BB 2) Sl 18~50 &5 3) BRI AT 10 em HL A% B ks ik R4
4) EMIDIREIER: 5) A 8 MA M EFEEMBIINATH(NE 1),

HeBbratE: 1) WP e mfe s 2) B M SB R PEEM A 3) im0 REs
B 4) MER T FE b ey RIS

RO FR S PRI e B R O D b B R DG 4 s B0 3R LR DU S AU A 96 15 BR20) T/
JE VU 5G15 (3R60) . XU 22 HlviB B A 96 15 (BR106) A1 e U 6 15 (C-LEG) [5] (LI 1).

v
Figure 1. Four prosthetic knee joints (3R20, 3R60, 3R106, C-LEG)
B 1. MR (MWEZEAMKR S 3R20. 3R60, 3R106, C-LEG)
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22. ARAZE

22.1. WEHZE

R18 RYi(CAREN System)& i 12 MLAMEG L. 2 NN EBEE IR 6 BHERZES A UM
AN 220°BKTE KB %E AT D-Flow B EH MR RERE R4, Hh 6 HHZEIMERIE X, Y. Z fh
E=HEJ7 MR s), Bl BRI A SIS, 456 R s A0E HHE . S RE M 6] (W,
2). AEEBNERE R AR RAC KA T G 8AE L FK I Fdt47, XA, 2 AR RO R
GiHsEh & I T 7 B . Marker HEIG AL E UL 3. 3 2,

Figure 2. Caren system (left) and test site (right)
2. FERG(E)RMAIMIZE(H)
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Figure 3. Schematic diagram of marker position
3. SR Marker $MGA B /R EE

Table 2. Marker position correspondence table

5% 2. Marker $hIG{L B 3T N 3

1 LASIS JE A A Tk 11 LTOE T A B A i

2 RASIS A HE T _EoR 12 LMT5 e EE TLRh o

3 LPSIS FENHE 5 bR 13 RGTRO K+

4 RPSIS FiNHE 5 bR 14 FRTHI FAN A 2/3 Ak
5 LGTRO RN g 15 RLEK A e R

6 FLTHI LM 173 4k 16 RATI FANHEEE T 173 4k
7 LLEK Fe A e R 17 RLM AR

8 LATI LR 172 4k 18 RHEE iR

9 LLM VNS 19 RTOE 0 R A R S
10 LHEE FEM R 20 RMTS5 T U
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2.2.2. HIEALE

18 F SPSS19.0 Xt 3RS B HEAT GE i A A B ML BEA T 4856 M U XHREAS T #056), B AP EA
o =005 (1. 2. 3HFRE 07, 5°0 —5(FEREZER; a. by cv d 73RS 3R20. 3R60. 3R106.
C-LEG fFEREESR: #. * TN SN, BMAFAEEEZER).

3. IRGER

=B ST E RV E Tk, W LUK E B E DS SH,  fEIRR K B R i) iz
FEFI7]. A 2 Al AR VAR SER S R AR I AR 2 P R AR OUREAT 0 M A (28 2 e ik S B

3.1. BATREX S

e 3 AI5, 7B 5° -5 N, ZREBATHEEL/NT 0°, BT EE RN SR e e, £5
Fe PRI, W N FIRE S B AR D AT DA SRR e R [8] . DUMME B IE G 0° 1 5 45 1F AT E IR R BN
3R20 < 3R60 < C-LEG < 3R106; 7E—5°%&fF R |24 3R20 < 3R60 < 3R106 < C-LEG; 3R20 P47 & /N T3
fth =4 ALAEFRESAT M A B 2 R (p < 0.05), HAh =AM AFES 227 @ > 0.05); [FH—F{E
R IEHIAE 0 5254738 46 N5 A7 46 B35 22 :(p < 0.05), 3R20. 3R60. 3R106 ATHE N 0°>5° >
=5°, Horft C-LEG R IA 0° > —=5° > 5°; 55 0" M LL, £5° %A N 2 i 1 2 B2 DLBS s Ae € 14, {2 C-LEG
Al 3 A IR RO Z 2, FER RN C-LEG KA TR G, 527, B b3 4%
VAT RO B B (R 3).

Table 3. Walking speed under different conditions of prosthetic knee joints (m/s)
7= 3. BB ARIEH T SITERE (/'s)

3R20 3R60 3R106 C-LEG

0° 0.81£0.11,230ed 0.91 +0.1223¢ 0.95+0.10>3¢ 0.92 +£0.12%3
5° 0.71 £ 0.09"%¢ 0.80 + 0.08'* 0.81+0.04'% 0.76 + 0.04'
-5° 0.67 +0.12'04 0.76+0.17" 0.77 £ 0.05'¢ 0.78 £ 0.06'*

3.2. SIREEa#r

H# 4 AIA1, 78 0°%64 1, 3R20. 3R60. 3R106. C-LEG #4147}y 91.89 step/min. 100.49 step/min.
102.42 step/min. 100.91 step/min; 7 5° 2625 T, VU R i 12 G 15 049 585153 51l F 88.48 step/min. 93.35 step/min.
94.78 step/min. 93.74 step/min; 7E—5°251F T, DUME B IR G II2E 4173 7124 94.64 step/min. 101.82 step/min.
101.31 step/min. 102.07 step/min. 7E 3 FATERMT, 50 4 FUEIE ST E A /N, HAS H AP
AT HE S AF DI AE 3 22 R (p < 0.05), TEHARPIFAT E KA T 4 PR BARIMA —5, Hrh
3R20. 3R60. C-LEG A 0° <—5°; ifif 3R106 KN 0°>—5°; 3R20 LA/ T HoAth =41 HAEFIFEBAT 44
THHAL = A BEMZER@ <0.05), HAh =HPIMAFFEG % 5 (p > 0.05) (I3 4).

Table 4. Step frequency under different conditions of prosthetic knee joints (step/min)
7z 4. FP R AR 514 T 2 45i(step/min)

3R20 3R60 3R106 C-LEG

0° 91.89 + 6.29*<¢ 100.49 + 7.13%* 102.42 + 7.89% 100.91 + 6.59%*
5° 84.88 + 6.60">04 93.35 £ 6.27" 94.78 £ 5.92'3 93.74 +£3.33'3
—5° 94.64 + 9.22%b<d 101.82 +7.02%* 101.31 £ 8.79** 102.07 + 8.29%*
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33. BKxttE ot

B R R A R R, B S B MRS S A RIS 9]. B4 4 AIAN, AL
RS2 I T 22 A AR, R T AU U RN 2 B B B S T AL, BRI KA —E
[5]e AXTFRDEI R TATE P BB AR . B2 5 7TH1, 3 Fiir2&M4F 3R20. 3R60. 3R106. C-LEG 4
TR PR 1 B D K B R TR g S /N T (A, 5 2L 11 25 R A 1R AN A7 535 22 R (p > 0.05) . 7E 071, 3R20,
3R60+ 3R106+ C-LEG 4 FEi A 56 7 4 J ) 520 K 22 7433 0.05 my 0.02 m. 0.02 m. 0.02 m, H 3R20
KRN BB K 2 Rk, BRI, C-LEG K&Kk, EIELF. 76 50, 4 R e i fit
B SRR 58 0.08 my 0.04m. 0.04m. 0.06 m; 7E—-5°IF, 4 FiER B I d Bl b K 2 70y
524 0.04 my 0.04 m. 0.00 mv 0.00 m; HIMEA] WL B3I S DA 22 A8k, 3R60. 3R106 P R A
KRS, FHIHEKZERE/N, 3R106. C-LEG EFIEIF(WZ 5). HILAT W, C-LEG MiZ7E_FI
PEOUATE RS AT SO =

Table 5. Step length under different conditions of prosthetic knee joints (m)
= 5. OMBRAESETELK(m)

3R20 3R60 3R106 C-LEG

el fiEM A el byl el byl fi g
0° 0.50+0.08  055+0.06 0.51+0.07 053+0.08 0.52+006 054+£0.07 0.53+0.07  0.55+0.06
5° 046+0.09  054+0.08 048+006 052+0.10 048+0.05 052+0.07 046+0.05  0.52+0.06

-5° 0.41+0.08 0.45+0.09 040+0.13 0.44+0.08 0.44 +£0.07 0.44+0.08 0.45+0.08 0.45+0.07

3.4. RN R JSTARIAX EL 34T

i 6 mIA1, 3 AT ESMHF F 3R20. 3R60. 3R106. C-LEG 4 FiE BT B HIFT &5 & 4 LR B
BN BRSO, SR, XS RTIIRF A SE R—E10], HAAMEFEATE LT
3R20 f AR B B 70 LUAFAE B3 22 T (p < 0.05),  HoAth = 2 4g S5 S & 2 LU AR L4128 L (p >
0.05). 3 FATAEZM T STHTHEBN R, X 3R20 S°#EahIA S 0755 17 1F .38 22 7 (p < 0.05). 0°HF, 3R20,
3R60. 3R106. C-LEG 4 Ffi /B O 1 i S AW 20 3 22 5 40 il 9—9.05% —4.3% —4.52%. —4.09%; fE
STIF, 4 FRBURE IR G 8 BN Bh B 25 7 40 i R —6.25% —3.73%. —3.97%. —3.86%; fE-5°If, 4 FpEJE
e A R AR B B2 T 0 TIN-9.29% —2.93%. —4.12%. —2.74%; MEUE KRG, 4 Mg L4
3 PATAE AT 3R20 R ZE T ik, RIMEZE; 16 0°M-5%M~, C-LEG 23 g B0 2 5 &b,
RIS, TAE S°H, BN 2ZEREIA 3R60 < C-LEG < 3R106 < 3R20, iiH] 3R60 R IHLHIHF (W7 6).

Table 6. Percentage of swing stage under different conditions of prosthetic knee joints (%)

= 6. MR EIFMG TEBE (%)

3R20 3R60 3R106 C-LEG

i e b3l i byl e byl fim

0° 37.89 + 3.34" 28.84+£2.67" 3545+127 31.15+138 3521+2.06 30.69+1.15 3504=1.16 30.95+1.30
5° 33.96 +3.89" 27.71£220° 3340152 29.67+147 33.68+1.96 29.71+£1.60 32.86+1.40 29.00+1.99

-5° 37.72£3.97 2843+£247  3357+2.07 30.64+199 3435+189 3023+127 3295+2.01 3021+1.76
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t e 7 7750, 3 MATE 4 E T 3R20.3R60.3R106.C-LEG 4 FHER JH < F5 2 5 AT 2 3 22 R (p > 0.05),
Fort 3 FATIERAE N ST IR T H AP AT E 6 1F, (HEE R 6 235 22 R (p > 0.05),  [A] I 2]
R ZE SR, BB R HE I A 23 Bax — 4R AR TEAS [EBUB DG M 72 rP A U (L3 7).

Table 7. Step length under different conditions of prosthetic knee joints (m)
= 7. OMBREAESE TR LK (m)

3R20 3R60 3R106 C-LEG
byl fEM A el byl i byl fi g

0° 33424427 3345+434 3439+1.87 3440+1.84 3405+3.00 3412+3.00 3401+1.77 34.02+1.78

5° 38.33+£5.33  3833+531 36.62+2.65 36.60+2.63 36.62+297 36.61+2.97 37.40+275 37.43+2.86

-5 33.69+4.87 33.65+4.83 36.70+£3.55 36.79+3.52 3545+289 35434290 34.85+279 34.85+2.77

4. RS

I 8 44 F KBRS B B 58 3R20. 3R60. 3R106. C-LEG 4 FRME K HIE 00y 50 —5° =l
1B FREEEATI AT, BAS B N &k

1) 18 047 E M N, ZRE AT R R 5° —5 I B AT B Sk s LASS 5 D AT R e 1k

2) 1E 5°0F, 2k TR 4 MBI AT AR S AN, Hodh 3R20 BV T Hoth = 40 HLAE [RIRE 5
AT 56T 5 HA = 20 18]G 2 35 1 2 s FLA PR AT 28 2640 4 PMEBURR OGBS B — B, Horb 3R20,
3R60. C-LEG 521 FEILT 0°%4F T 1M1 3R106 78 0°%64F FRIMLT-5°%1F: 3R20 M/
T HAL =20 HAEFFEPAT %M T 5 A=A B3 % R < 0.05), HAM =4 A FEG T #E57
(p>0.05).

3) 3 FiTEZME T 3R20. 3R60. 3R106. C-LEG 4 FpEERICTT Hb KGRI BN T, H
DUBKAKIFRAVIE DL, Foh 3R20 78 3 AT EFKM4 MEEMEE K ZER R, HRIEZE: 16 0°H-51TE
MR, C-LEG BKEK, RIEAF: 16 SATEFKM MERMPKZEREK, 3R60. 3R106 A E
KATRIMENAF, C-LEG 4 BT 3R60. 3R106. fE 547K T HKZERH/N, 3R106. C-LEG KILHK
UF. HUMEA UL, C-LEG FETE STATE KM T T Stk 4 &

4) MIZEFHEUE K , 3R20 1 BB A ZE S K, A2 =P Sk NI RIUE s A2 O°FI-5°2%1F T,
C-LEG #2230 B0 2 R e/, RINEAF, WTE 5°F, 3R60 RILHLT -

25 ERrik, MSZIGSE kA, 4 FRIBIE ST o 3R20 16 3 FTE &M TSR ZE: C-LEG £
U, ARRIINSETE b3S fF T 52 aE 1A00dE B 1 AR /e 3 e i R B

5. iRRE

A FE IR R A 5 8 52 A S8 2 SR B R IR O e R 4 SR s, L T F AR FRE I DG 1)
ENGE R, EA RS A S — D e . AR R ST BAR 1  JE R AR A A 4k 75 ZE AR
AMEIIIRSS, RIS, BeRi FIARE AR s AN B 5 B R SR I A A R v, oy
B A A R 2 AR
& H

V9112 BAEMRIAERZ AP R (H % 5. 16PI378); v [H Bt S B W RS (I H % 5
20160204); LT HAFEHEE(20170540056); 1 [E H NG B2 E LRV CJFIRRB10-2018.
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