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Abstract

Research Objective: To observe the effect of different types of thigh prosthesis and knee joint on
gait of amputees. Research Method: By using the methods of documentation, CAREN system acqui-
sition and analysis, mathematical statistics and other research methods, the gait data of 8 patients
with lateral thigh amputation who wear mechanical prosthetic knee joint (3R20) and intelligent
prosthetic knee joint (C-leg4) on different slopes were collected and analyzed, and the gait sym-
metry formula was used to explore the thigh. The gait status of amputated patients and gait para-
meters of normal people were compared and analyzed in order to study the gait difference be-
tween the two kinds of thigh prosthetic knee joints and provide theoretical basis for improving
the thigh prosthetic knee joints. The results showed that: When walking at 0 degree gradient, the
percentage of double support period of wearing 3R20 is 2% larger than that of wearing C-leg4; the
hip flexion and extension angle of wearing 3R20 is 3.46 degrees larger than that of wearing C-leg4;
the difference between knee flexion and extension angle of wearing 3R20 and that of wearing
C-leg4 is 0.54 degrees; and the difference between ankle flexion and extension angle of wearing
3R20 and wearing C-leg4 is 0.23 degrees. The relative symmetry index of wearing 3R20 is 0.12 less
than that of wearing C-leg4. The deviation index and symmetry index of wearing 3R20 are 9% and
7% higher than those of wearing C-leg4, respectively. When walking on a slope of +5 degrees, the
percentage of double support period in wearing 3R20 is 0.94% higher than that in wearing smart
knee joint. The hip flexion and extension angle of 3R20 is 3.68 degrees larger than that of C-leg4,
the difference between knee flexion and extension angle of 3R20 and that of C-leg4 is 0.96 degrees,
and the difference between ankle flexion and extension angle of 3R20 is 0 degrees; the relative
symmetry index of 3R20 is 0.05 less than that of C-leg4, and the deviation index of 3R20 is 0.05
less than that of C-leg4. The deviation index and symmetry index are 6% and 9% higher than those
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of C-leg4. The percentage of double support period of wearing 3R20 is 4.47% higher than that of
wearing smart knee joint when walking at -5 degree slope. The hip flexion and extension angle of
3R20 is 1.45 degrees larger than that of C-leg4, the difference between knee flexion and extension
angle of 3R20 and C-leg4 is 0.08 degrees, and the difference between ankle flexion and extension
angle of 3R20 is 0.16 degrees; the relative symmetry index of 3R20 is 0.12 less than that of C-leg4,
and the deviation index of 3R20 is 0. The deviation index and symmetry index of C-leg4 are 14%
and 8% higher than those of C-leg4. Research Conclusion: 1) The essential difference between
mechanical prosthetic knee joint and intelligent prosthetic knee joint lies in their different flex-
ibility and stability. Therefore, it is necessary to improve the structure of the knee joint of the
thigh prosthesis to achieve reasonable compensation for flexibility and stability. 2) The gait of
mechanical prosthetic knee joint and intelligent prosthetic knee joint differs greatly in different
gradients. The gait status is mainly reflected by the balance and coordination symmetry of the
human body. Therefore, it is necessary to improve the structure of the knee joint of the thigh
prosthesis. 3) The gait of the knee joint of the intelligent prosthesis is closer to that of the normal
person, but the symmetry of the amputated side and the healthy side still lags behind that of the
left and right legs of the normal person. Therefore, the knee joint of intelligent prosthesis needs to
be improved from the aspects of flexibility and symmetry.
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BF5EE B TEEAS [F] 2R B 1 R BB B i B oS T X AR Ji B 2D A B . BF 5L 5% SR SCHR B RHE . CAREN
RGREG I BEER RS T v, it F MU BRSST (3R20) M fB B SS9 (C-legd)
1842 B KRR AR i BB TEA M AT & S B HATEIRREM W, FHEESTNREAR, BTXK
BEES: B BRI, HEIEE ASSSEHTH oW, BEERAFRMARBEBRATHNIEER,
SRR BR AR SRR S TR BRI . TG B RO BATERT, ZE3R20MXC M H 4 L % C-lega
RIS E 2 K 2%; 2 3R20 A8 JE 10 A1 B L C-lega B < 1 B /1 E K3.46°, F3R20M1/%
KH SR A B 5 T C-legd BT B A B 2/E80.54°, BT B A B £1850.23°; F3R20[K 4
SRR TR R 5 C-leg4 BT AR X AR P840 /N0.12, F 3R20/R ZE AR FR EHa 45205 L 5 C-leg4 F R
ZREAXRERR K% 7%. TE+5° 3 ETERN, FIR20XHEBIE 4 L F R SRR T I L
EEHSHK0.94%. F3R20HESTT B A B LT C-lega B <7 B A FER3.68°, F3R20[ERT
JEA A B 5 5 C-legd F R SSTT JE A £ 2R 0.96°, BRI B A EZME80% F3R20/I B AEX R 194
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H & C-lega IRT AT R IEFE £/ 0.05, ZE3R20RZ TR AR X IR EEFE 45 20 Bl EL 58 C-leg4 IR Z FR AR A1
SRR A 6% 9%. TE-5HEEITERN, ZF3R200NEIEIE S F LT N E
K4.47%. ZF3R20MBETTJEMAFE HFC-legd BT B A E K145, FIR20MBEXTIEMHAE
52 C-lega MR B A B Z1E50.08°, BXTEMAEZEN0.16° FIR20 AT AN AR S
ZF C-legd IR AR A8 E0/N0.12, F3R208RZE TR KT ARE Te 4520 B L5 C-leg4 IR E R R AT R
BEHIRK14%. 8%, B ®: 1) HUBREBRST AR e ST AR X AT =& Rl
REMAHE. Bk, BEAKBBERSHEWIITEGE, K2 REEMREHREEARE. 2) HIRE
AT S H BB AT ERAAEENSEERBEKR. MEERAEERBE T NEKPEE. iRk
SRR PSR R . Rk, FEEMNKRRBBREST RSEMETEGE. 3) FREBEBRSHRSEFEELEFA
B, EEBM. BUATRESES ALERISIREMALES — 2. Fit, 8EEERSTE
BEMNRIEME. SRR AT

XK ia
KRB B, KB, BT, WE, B3
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1. 5|8

TN N =R AW R 5 TR A BTy T FE PR A . 48 58 IR A AR Nl S R, &
[ HUA BAAEIRN 2412 75, Horb Ay 226 IR (1] (2] BUBEE T 0% T BN, BB BB ¥ R
8. A EETR. BEAEREMWANTTE, —2IRMNEEBIRNIhRE, R yRAhR AR Ak
o TEARS LIRS AEMATEDIRE . TERIPE SONPBRHE, WP, P L& H Al 5477
I ThRE, 76 CEFRIhAE . AR AME 5> 28 ) (International Classification of Function, Disability and Health,
ICE)H, ATERE 14 B 1E 2 AU DR RE /I REZ A & 30 1) — 855

KHERARE (Above knee prosthesis)fis A B 119 R BRAB , 38 FH T AR Z5 9 F 10 em Z TR B _E
8 cm YO[B N AORRR o ARJBCR R T IR IR, KBRS, W2 IhRekk, (AN B AR
i, ZFRGMINLR, BFDATBEEER EARE, RECmETERER KRB, AMEFR HATE, WHA]
HIP, @& E5REIZF3] [4]. Hr, B BROCH . BOCTHT, H2 . B B R H BORBR R
FEER, RREERSEEER, v AR AR B, Bk, KEMERMMRRLZ, itk
2t R R AR IR AR LA OR MR B, A0 58 UK R AR B AT B i R BB o MR O o N\ A B K e B 2 1)
KAT, B3 BAE N KBRBRI (A% OB, HF B 2 BRI st 5 AR KT IZ23)
B AR AE BB M B S AR PIREE, DR, XSRS WLALIE S U AT TR OB . KPR AR R
KATILEE T DL A RO . 2RO TSR RE BB . fRIBsh v Loy
9 MUBRIRRTT . AR RO, BIRRIROCTT o AN [F) 25 AN [R] 45 34 o) 1) DR R A JR 55 759
FEWTE S E BB B 8 A 55 7 AR AEAE AR ORI 22 (5]

KRB ) 3= EE D Re BB A 2 R OGRS T O E B v 22 . | TR 2R 25 TR
KT, AT/ AT TRt v e R, N B AR B R SE NN, PAT AR E M e PR
PG g 220, R U R BB AR B o TR R I DR OCT AOB R, T DAHS BBk PR 2 S Bk ST
[RIFRE SOPATIERR I B ORI, S35 kB 5 (AP AT RE I 7KT-6]
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TR SR 2 BB i B B DI RE B o et P E A1 IR e 5 5 T A GRAIE A8 1 SCHR A R RS E TR AT
AR REE, SCERBE R ATIIRE7]. HATE A SNSRI, B BB IR R S 4 i
SRS LN REARE 2P AT RE I I SCEAE RVEOR, (HIPAE R 2 N3 B 0 4570 M s & op (i e e i o0
ITER, ZHIT LR, AR, Toik B O R BB A S B A3 vh % A [RLMBUR
BRI R AT RE/ITE L8] (9]

AT I 0 R A o R — S5 . SRR SN 7T U 3R20 Al C-legd (2B APk 2535 1.
USRS EE S I o0 Ll WG IR A . MRS R A B RO i A A B S S Bt AT 4t

2. BB

FRFTIEL R AN TR ST KR A B e O 1 o 8 S8 AT 7 20 AT BB RE R [10] o S GRXoH TR i e 5 4
BEAT T ERIR, BRI T A FRBRBUB R SS9 ) 57t (Al o A SCl I X % 3R20 AT C-leg4 [ 8 44 KMEAL B ¥ A2
AFEO S +5°y —5SHOTER KA D, PR XU SCHER Tt S mm AR, Bk
TR AL RO R A A AT s BT, SRR A, TR RO I AR XA R R 22 A
PRy AXPESREEES L S HORBRBURCEE P RO, IF 5 1R N ESHOT W, B RN
7 3R20 AR BERR RTINSt KRB G T S it — e A BB 4R

3. IREMREHFZE
3.1. FRMNR

BEHLIEREDY )1 )\ — e b (DU )1 BER EERE) 2018 4F 6~12 H RA e e KBRIBUBR ST 1 8 44
PR K BEAR R S CEAE B ILE 1), Hrb, A REMEBUERE & 4 4. ARSI NIE )\ —FE
(V1148 RE R B2 e )18 BE 2% B3 > ki

NNPRHE: 1) FAORBRAEUR s 2) R 18~60 LT LIT]; 3) BRI EERT 10 cm; 4) 5k
BERSRIE AT 5) fEMIThRE R AT 6) B B H R miG R 2 AR E, 7) HEizWss R, Hib
BAIAES . BRI W R A E R

HERRARAE: 1) HEEREAM TR S BEFE PSR EIMN; 2) WEET EERFESHE: 3) BI&ME
DRI TR M A 1

EREARE: 1) FFEINREE; 2) BTG A B ISR #E 3) MR E R eI E .

KB ESC A2 3R20 PUEEAF 3R20 1 C-legd. WHRMEE IR Gt — (M52 i S e Fe . B
B R ALY i R BN TR SE R

Table 1. Basic information of subjects

1. FHEEAKER

w4, 53 FEI (D) LF Hi(cm) TR (kg) B AL
BT XXX 5B 28 163 50 VPN
X 5B 24 173 60 VEUN ]
I XX % 26 163 47 VPN
X % 26 162 50 VPN
£ XX L 28 165 65 YEDN, ]
i XX z 55 165 61 VPN
WX B 41 174 75 VEUN]
X X 5B 27 168 60 VEUN]

DOI: 10.12677/acm.2019.910185 1204 I IR = =23t e


https://doi.org/10.12677/acm.2019.910185

MY IR

He, BHEsS 4, FHER29+6%, FHEE 168 +4cm, TIARE 62 +9ke, &34, T
HERE 35+ 16 %, PSR 163 £ 1 cm, FIKE 52+ 7kg. Bt 84, FHER31£10%, FiT
166 £ 4 cm, “FHIAE 58 £ 9 kg,

3.2. ARFA*E

3.2.1. XCERERE
Tz A N AMZ O AT B DA R AR R BRSPS T SE A e 1048, RO T KRB
T G S S SRR BERE, A ST 5 B8 52 — S O BR R SRtk

3.2.2. CAREN RERESHE

KJ CAREN HEE R4, ZASH—MWHHE T8, —MNREREG. 2 RREN LS, 124
Vicon LM E SR 1. K 2). BB EBL RG(GOAT) LG MM, Xt 8 4 5l K
R 2 3R20 AT C-legd £ 3 PSR BE (AT 2 Sh AR IEAT = 4 B AF SE it B R EE R 4E, Vicon 118 3)
RBIHE N 120 Hz, REERIIIRN 6 Hz, it D-Flow ¥ofh, TR AAKS R, Bl B
PR G RAER IS E S HNN 2 24 D-Flow RS, SEHLSL KI5

Figure 1. CAREN rehabilitation system chart
& 1. CAREN RE R%E

Figure 2. CAREN rehabilitation system assessment test
[ 2. CAREN RE RGITER

3.2.3. BBGHE
] spss22.0 Zrit-Brfbxt 8 Z RRREEH b, Dk DA SR SCHER Iyt Bk
TRARA L RO A A L« BROCTT I W A B S S HOHAT GE i 0T
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4. BR5TTR
4.1.3R20 X2 H Hth

@i 1D = TO/T[0.62(Ss/ Sm)+0.38(Ws /W) | BARHIFRAEA, o, 70 AR A ]
SFEME; Ssa Smo 73 AR SR SCEE IR B IMEA R KB W, Wm 53 530 0 SRR SN 31 0 d /M ELAT B K AR
TEH NAEAT AN, A RSN 3{H 49(0.95 £ 0.05); @it DV = [(BESHUE - IE% ASHE)
LW NSHAE] x 100% Wz A, /U BN O S0 n 248 br. DV O, RIS WS 1L HH
B, MR SI= | AP ZEEAIE | x 100% w2 5 bR A, AT LS H AR 5 (O3 AR e i s ST
TR, 2 I B 2 M 88 IE 8 (AR 22 (4] 7T LAFS H « 5 3R20 7E 074 FF A7 2 B AR Bt R ik i s KA 0.93,
RMEN 0.69, THMEDN 0.77 £0.07. AURN S5 AE M Z 38 b7-T- BHED 17 + 8%, AU 5 4@ X Fr 45
PP IME 17 £ 1%; FE+5°4T 7L I AR AR PE SR B R BN 0.88, F/MEN 0.72, “FEIMEN 0.8040.06,
U5 OO Z 4R AR T IIMEN 15 + 6%, BUB-5 MR FREE FEAR -1 1H 25 + 23%; fE-5°4T &I I
MR PSR KBy 0.92, BFe/MEDN 0.67, “FIMEDN 0.77 £ 0.08, U5 0 i 2= 45 b2 {E D 18 +
9%, B 5 X AR LR BRI 30 + 14%.

4.2. C-legd XS H S

DAMEEHE, wILAfGH: %F C-legd 1£ 074 BEATAE RS (S ARG FRPEFREUR KAE N 0.98, H/ME N 0.8,
SFEIME N 0.90£0.06, AR5 B0k ZE 3R AR IME N 8 + 7%, B M52 N FR EEFR bR~ 3{EH N 10 +
14%; 1E+5°47 &I I A FR bt F £ i KB 0.9, /MBS 0.83, “FIIMEN 0.85 +0.03, B 5 gl
T ZEFa AR YA 9 + 3%, B M5 EEMIXTFRE T AR-FIMH 16 + 13%; 75547 7 I R A X R 48 20
KAEN 0.96, F/MEN 0.84, “FHIMEN 0.90 £ 0.04, EE M5 MR Z bR FAME N 4 + 3%, BENS
TR XS FR B FRAR-TIME A 22 + 20%.

Table 2. Relevant parameters of amputated side and healthy side from patients wearing 3R20 knee joint

2. PR 3R20 BRXTIRRREIR B E RN SEME XS H

0°3% f¥ +5° —5°
A fgf] A fgf A A
ik 0.81+0.11 0.81+0.11 0.72+0.13 0.72+0.13 0.72+0.11 0.71+0.11
LS 0.54 +0.07 0.49 + 0.09 0.53+0.10 0.45+0.10 0.46 +0.10 0.41+0.09

RLHE A 43 L 34.84 +2.06 34.82+2.07 36.72 +3.05 36.72 +3.01 37.21+3.80 37.28 £3.77

TR E 12.57+£4.76 12.63 £4.79 15.78 £5.78 15.84 £5.82 10.50 = 4.87 10.51 £4.89
Y S A AT 11.39£5.01 8.41 £4.03 14.24 £6.04 14.25+5.24 10.14 £5.08 9.34+4.49
TR Y et A £ EE 17.77+£4.05 1441+£3.92 20.70 +£7.85 17.12+2.20 17.45+3.48 12.35+4.49
BRSSP 8.47 +0.60 6.89 £3.28 8.09 +£0.37 7.71+£1.94 8.97+1.06 11.13 £3.58

LA 1.19£0.09 1.19+£0.09 1.28£0.04 1.28£0.04 1.18£0.11 1.18+£0.11

Wl m/s; B my XCHEAT O % BRBRAL: 0 BOCTRMAL: 0 BRTEMAL: s BSCTEMAL: 5 PEA: s
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Table 3. Relevant parameters of amputated side and healthy side from patients wearing C-leg4 knee joint

3. ZFE C-legd BARTTAREMRBESRMSRMBXSHK

0" +5 —5° Yt
AR A e AR e AR e

s 0.85+0.17 0.85+0.17 0.76 = 0.09 0.76 + 0.09 0.70 = 0.18 0.70 = 0.18

Bk 0.49 +0.10 0.52 +0.08 0.48 + 0.09 0.49 + 0.08 0.39 + 0.09 0.42 +0.14

WL HEE 43t 32.84 +4.60 32.87 +4.68 37.66 +5.81 37.65+5.78 32.74 +4.83 32.72 +4.81
AT A 12.98 + 6.46 13.02 + 6.42 15.64 + 6.46 15.71 +6.39 13.63 + 5.66 13.67 + 5.66
B3R5 JEE A £ 7.93+3.62 12.12+7.05 10.57 +3.79 14.66 + 7.49 8.69 +4.79 12.22 + 6.46
A 5 JE AW A1 17.23+6.92 12.66 +2.69 19.74 + 5.86 14.88 +1.43 17.53 +8.10 11.91+2.12
L SR A F 8.70 + 1.66 6.89 +3.55 8.09+1.35 6.99 +0.99 9.13+2.44 10.49 +2.26
A R 1.28 +0.07 1.28 +£0.07 1.39+0.10 1.39+0.10 1.24+0.11 1.24+0.11

Wk m/s; DA my BCCHEIMIE S % BRMIRMAE: 5 BOOWEMMAE: s BOSWIEMAEE: o BOCNEMARE: o AW s.

L 2. 3L

TE 0" FEATAERS, % 3R20 RS FE I 40 LU b 2 R BER OGNS B 43 EE K 2% % 3R20 [R5 K
R AL T C-legd IESSTT A K 3.46°, 5 3R20 HIMRICTT B AH A E 5 5 C-legd VIR ST i )
JEZEAE Y 0.54°, BRI A B 22 09 0.23°; %F 3R20 [RINT AR FRIEFERLEL 2 C-legd RIS AR XS B 36 %5/
0.12, % 3R20 MIfmZFRbr AR FREZE Habn 7 BIEL 5 C-legd HIRZEFEAR AT TR EEFEAR K 9% 7%

TE+S Y EEAT RS, 2 3R20 AN HE T E 43 LU LU 28 R BRI OGS DU 1 40 LK 0.94% . %8 3R20 (15
KT TR FE LT C-legd HIMESSTT MM E K 3.68°, % 3R20 MIRSCHT R M E 5 % C-legd MR JE{H
FHPEZEME N 0.96°, BRI TR ZEE M 075 %F 3R20 AU AR AR IEFE B L 5 C-legd (I AHXT FRPEFE KN
0.05, % 3R20 [ Z= FE bR ANKI AR B Fab 73 BILL 5 C-legd HM ZEFEAR RIS FR BE HEAR K 6% 9%

TE=S"FEATHERS, 27 3R20 IR EEIA 4 L LU 2 B RE IR AT I X% H 40 LK 4.47%. % 3R20 1)
T O JE A A L 28 C-legd FOBSC 3T R A 2K 1.45°, % 3R20 (BT TR M 5 % C-legd (BT
JEAR A FE ZEMH N 0.08°, BRICHT JE AT B 255 M 0.16°5 %F 3R20 MBS AN AR MR AL LL 2 C-legd (I AHXTHR
PEFREUN 0.12, %% 3R20 M ZE SRR FIRTFREE TR AR 20 AL 5 C-legd () ZE 4R AR AU FREEFRFR K 14%.
8%

gk LATR AT LA

1) % 3R20 F1 C-legd 7E—5"Y§ B MR HERT AR, HUGR 03 . FZEE, 7T a2 Kk
JRE RIS AR B 25 R YUE o 3R20 75 B 18 Ik WUR SCHE I (RN SRAREE AR B 1, 1T C-legd T I f5 /KA . AR
FACERES . IR AL T3 BEVU BT 4% B RGOk R AT e E L T e e tt. 3R20 A —
ANEI R, @ N B IR S O RIS TR AT . C-legd RN LR ARG R EH, RE
GE BT L WY MR BRIR LR MR A — AR ORI, 7EFE S AR A CPU SR
.

DOI: 10.12677/acm.2019.910185 1207 I IR = =23t e


https://doi.org/10.12677/acm.2019.910185

MY IR

2) % 3R20 I C-legd 76 0°HI+5 i FEAT A I J 0 17 A1 J 2 A5k 9 3R20 55 C-legd T IR 11 i
FPE T, 25 Tt R IO B A o R T BB D A O B, BB
R 2

3) 16 3 BORF TR, % 3R20 HOBTHURFRYESGHL. I 22 15k MO FR B PG RR HE 2 Colegd Ko 66
W 3R20 [T MIE R M AT 5 Colegd 1F . =58 J50 DRT Tl 2 e (0 6 45 AR B8 DM B 45 10 2 R 2 iy
BATRBL -

5. R4

1) HUBSAR B 50755 AR e AR I 50 3T O A o X AE T — 38 i R AR @ EA . (R, AR
RRAB LR 2 5 A R EAT 250t IR B RF AR R P 0 5 A

2) HUBABB AR 55 5 R RE BB IR R W AEAS RSB L 2D A Z2 5 0K o b 30IR 0L 3 2R i MR
e PrRVERSRRPER B o DAL, R B MR IRAR IR 54 PR 45 A AT 52t

3) BREBUBR R HE S R IR AP, (BRSO xRS IR % N2 A7 R A R A
P —E . I, B R BB ST IE 5 ZE M R E P AR IS5y T AT it

e HE

VU4 AR RIAE & 22 A RS (00 H %5 16PI378): i [ FE 5 16 VR AL (U H % 5
20160204); HE R N4 BY 28 Hob O B F R . CJFJRRB10-2018; LT A HARES: THS 5!
20170540056

SE WK

[11 e, Mot B ANAMEBR R B IRET). P EELS TR, 2012, 16(13): 2451-2454.
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