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[Abstract]

This study examined the gait characteristics of four individuals with transfemoral amputations after wearing
micro/non-microprocessor knees. Accordingly, time, distance, and kinematic variables were measured while the participants walked
uphill and downhill on a treadmill set at £7°. To determine statistical significance, a single-group pre/post test and Wilcoxon test
were conducted, with a significance level set at a=0.1. The results showed that time/distance and kinematic variables did not
exhibit statistical significance. However, the kinetic moment value for flexion of the microprocessor knee significantly decreased
on both the amputated and normal sides, and stability increased while walking downhill. It was predicted that the microprocessor
would be superior to the non-microprocessor in the stance and swing phases. There was no statistically difference in the gait

analysis results.
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Fig. 1. Marker position
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Table 1. General characteristic of subjects

K-level
(MFCL)

K3
K3

Mass

(kg)
74.3
67.3
70.3 ™ Left 35 K3
64 70.6 AC Left 40 K3

1. AS; Amputated side 2. TSA; Time since amputation(year) 3.
MFCL: Medicare functional classification level 4. TM; Trauma 5.
AC; Accident

Age

AS
year)

Subject ( Etiology TSA

24
25

™
AC

Right
Left

1
2
3
4
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Table 2. Select prosthetic componentry characteristics for

MPK & N-MPK
) MPK
Sifle] e Suspension Knee Foot
y Ischla.l containing RHEO Pro-flex
suction socket
> Hybrid sqck.et silicone Genium Triton LP
pin liner
3 IschlaAI containing C-Leg 4 C-walk
suction socket
4 Hybrid suction socket RHEO Pro—flex
) N-MPK
otleee Suspension Knee Foot

Ischial containing Otto bock _

! suction socket 3R80 C-walk

Hybrid socket silicone  Otto bock .

2 pin liner 3R80 C-walk
Ischial containing Otto bock _

8 suction socket 3R80 C-walk

. ) Otto bock
4 Hybrid suction socket 3R80 C-walk
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IFISZEIEES
WHRA A &% PR nlo] LD Ao ural _1?‘%1 Table 3. Spatio-temporal parameter during treadmill

negotiation MPK & N-MPK

AgA] Zg A} nlupo]A® Aouba] FLEpdax] A _ Treadmill ascent
A 2= wale 77t 0.65 m/sec, 0.65 m/seci L}E} Side  Parameter MPK N-MPK b
A, iE e Hae Z17F 0.52 m/sec, 0.52 m/sec® WERY E/el/ocitx; 0.65+0.21  0.65£0.21  1.00
Frelat Aol ATk B Barpte vholaz Ao oo
B2y 29 A9} uulo] e Aol HEyld e (sooam) 980113 100.0+2.24  0.06
Al e28 Bale 242} 98,0 steps/min, 100,5 steps/min RL St”d? "?”gth 0.87£0.29  0.86£0.29  0.59
2 vhebda, Welet ®ale 212 1005 steps/min, 100,6 Stanom e
b 64.042.10  64.4+2.63 0.71
steps/min® e, (% GC)
R T L EL I SEREE BRRE Cheeg . 014 sy 014
3e Aok vlulo] 7 Ao PR B A 02w n 00
I cono 0874028 0.85:029  0.06

32 242 0.87 m, 0.86 m= e, Wt B3l 2zt
P

0.70 m, 0.66 m= Leht, who]=L2 Alojd2] FEadgA| L See Pl 7194387 7143434 027

g A 23 A vehdeh A4% Bug WA viol2 .
= Swingphase g 51387  28.544.34 0.27
2 Ao yATg o)A FE2WEGH] g A9} vinfo] A (% GC) T T '
Z Aok GAT o] FERAAX] ZQ A =k B Side Parameter Treadmill descent
e 747} 0.87 m, 0.85 m ek, Wele B 7z} T UELS RHEES 2
0.71 m, 0.66 m& YEh} nlo] A2 Aojulal =2a454] (miooe) 0.5240.11  0.52£0.11  1.00
28 Al FrelRh 2fel 7k HERsith Cadence 44051160 106.3+14.4 0.06
VS Q2] Bitghe vholAR Alohy FEEYA| Lsetpsmin)
tride lengt
8 A9} v)njo) T2 AoPura] BEp A e A ozm RL o 0.7040.21  0.66+0.18  0.10
B2 27 64.0%, 64.4%% FERRAL e B B 2t Stance phase g 11315  61.743.58 0.14
50.1%, 6L.7%% VeRdth. 445 9271 A Bagke vl g 89
a2 Aol BEpdgx] 24 A9} ujnlo| Iz Aol (% GO) 40.8£3.15  38.3£3.50 0.14
TEWEGA AE A =R B A7 71.9%, T1.4%% Stide length 4 714020 0664018  0.06
ek, Weleh wae 2k2t 68.5%, 70.3%2 Lkt s
Ag= 971 Bt o HpA) =) 2 IL ance bhase  gg 5+4.48  70.3+3.51  0.27
dd= £27] 2 mho] A= Ao FEE A (% GC)
HE Ak wirtel s Ao} FEwkE A A 228 B SMIOLW®  a14x448 2964351 027
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RL; Residual Limb, IL; Intact Limb

e P JPud §Y Aolghe vlolaz Aoy e
EATE e FRAaEa e ) estp naE o AR g A9} ninfo] A2 Aoy WHrie|o)x] ¥-E3k
=) O
28.0%, 28.5!73% ‘ifE“*i’ et B2 77 31.4%, A=) g A 020 B 747} 37.5° 36.6°= LhERG
29.6%% HERITHE 3). 31, elut wee 747} 24.5°, 23.7°% Lkt vlo] 22 A
- o oA BERAGA) e A 23 ) e 44 o
3-3 REY 4T M (Kinematic Parameters) QA W HEgO ulo|am AoliAl TEpaaa e
A= G d 13 HUghke nlo]| a2 Aojuke] F-E53 Aot Hptol A2 AP FERARA A8 A 22w u
SO SRRE W T e 7h7h 0,400, -1.39°% L}EM o] Aoy -5
WA A9 Aol Aol FEuaE 18 s

DA 28 Al o] 7FAsga, W 13e 7247
° R e ~ T
A e e 2 s 3w e, w0t R ST

B A 1987 14 Ve ol A FE BT
AR g A 27 B4 Uebgeh 2 Jyad 3 F e e ¥

=

ST slol oLz A0S FEWAIA 245 A

2 Aol PEaaga 48 A e=u nae 24

Ag
=g
o
)
2
[
)

X
i’

@& FE0E 1Y Uk vlo] A= Aok F
2kg- Al9} Hlmfo]| A2 A|loA FEIEGH]
b BE)e 747} 45.5° 47.2°%2 Vel e B

0>4

-1 /\]
_ o _ o w57 o} Mo 7FzF °
ST JE}M’ HIETE RS HH 029N e spars0.10 760 et
- . AN .

http://dx.doi.org/10.9728/dcs.2023.24.12.3239 3242



ofo| 2.2 HojhAl 2t 8|ajo| T2 M oA PERUIA| ALE WE{CH| BEtRe] Eal S HALR 228t 2|t BHA| 54

A FE3E F H5gk vhe] AR Ao ek Aok g s g HUighe whelaw Aoy
A Z-G Ao} nluto] AR Aok FEEGA] A Al FEEAEA 28 A9} vlvte] AR Aok FEEd A
S=ut WEPe 7H7F -0.76°, —4.33°% YER} wlo] A= Ao Zg A e2uk BEl 7b7F 9.82°, 8.82°% UERaL, WE
WA FE é%ﬂ 2g Al ol ZHAaskiar, vieet e oF wee Zb7h 7.75°, 4.49°% JERgth AdS 2Edd
2y} 0.01°, —2.35°% YEh who] AR Ao} FEyhdsd e 9] HSghe vlolA® Al FEvEdA] 2
2] 28 A A %‘ 7h A vkt Ao} Hlnpol A& Ao -SR] A48 Al o= B

AdS TRV =Y HAYEE viol AR Ao FEd BS 247 -3.91°, -4.16°%= Upeht wlo] A& Ao F5
A 2 Ao} vptolaw Aloja] FE3 %ji%}il A& WG 2g A dube mRlo] AL, ey R 7}
Al @29 1L 747} 53.6°, 54.0°2 YEkskar, el 2 7} —6.83°, ~7.42°% UER} vio|A = Ao FEvEd
o 72} 52.0°, 54.4°% ekt A4S ‘%’%G?—i a4 2] 2 Al ke 53] A7 b
FS vholAZ Ao FEdgA] 2 Ao} Hnto] A 43S Il B 5 HUge vhelaw Ao
= Ao FEvd A8 Al e=v B 747 -3.39°, FEWEAA] 28 A9} nlvte] AR Aok A
-2.39°%2 vebgkar, Wy Bae zkz 0.98°, -2.93°= 1} 28 Al 28 Bl 7b7F 10.0°, 12.0°2 YR, WiE
ERLt o] A= Aok FEAdA] A8 A H ATt = Bh 1S 7b7h 6.17°, 7.42°% YERth A aEdd

Al Vbt ket 53] H5egh vho] A Alopi] FEyEdA| A
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Table 4. Kinemetic parameter of treadmill negotiation using

MPK & N-MPK 3-4 258 4 (Kinetic Parameters)
: Parameter Treadmill ascent
Side (angle(")) MPK N-MPK .
P A ¥ H3 RRlE HYghe nlo] A= Alo]i2]
i o] + +
($§D+Jg>r<]t—) Zl —383 ;920_:1.3239 —8111.2317?;9496 8.;2 TEHRARA 2 A Atela AEY FRaddA
o T ’ 28 A e 2uk waje 717k 051 Nm/kg, 0.48 Nm/kg= 1
AL Knee joint M 45.5+12.4 47.2+14.3 0.71 - - S0 A7)
o=
(FX+EX-) N -0.76+1.85 -4.33+519 0.46 Ebkan, el ey B 22t 0.50 Novke, 0.60 Nm/kg® 1
Anklejoint M 9.82£2.60  8.22+1.06 0.14 EiF el AP FRARA A8 A 25 Al
(DF+PF-) N -3.9142.25 -4.16%2.16 0.71 EPstth 9= e B RHE A5 mhelam Ale]
Hipjoit M 375£7.02 36.6%6.38 0.46 B SR A8 Alsh Himte] AR Ao Sk
(FX+EX-) N -0.4043.67 -1.39+3.19 0.71 A g Al o= Wee 717t —0.36 Nm/kg, -0.31
L Kneejoint M 563.65.31 5404674 0.46 Nm/kg= vreb mlo] Az Ao FE5dd7dx] 218 Al
(FX+EX-) N -3.3941.51 -2.93+4.25 0.46 B EHEZ Aaeigian, el Bale 742F -0.18 Niv/kg,
Ankle joint M 10.0£0.53  12.0+2.44 0.14 -0.32 Nm/kg®Z YE}st)
(DF +PF-) N -21.242.81 -16.1+4.24 0.06 45 JPE HE EHE HYUghS vho] A2 Ao
Sl Parameter Tradmill descent REaRAdgx] 28 A9} vHlnlo|A R Aojvkal TLEH X
1ae
(Angle) MPK N-MPK p g A 9 zut wale 717 0.06 Nm/kg, 0.12 Nm/kg 1}
Hip joint M  19.81+5.97 18.4+4.64 0.46 B3, ygle R ae 2k 0.10 Nm/ke, 0.09 Nm/kg &2 vt
(FX+EX-) N -5.29+3.78 -12.94+3.53 0.06 B} wlo) T2 Alo]uhA] BEpAAs] 2E A] 22 =4 U
AL (}'(:?(ef JEO;(rit) M 50.1+£14.0 47.6+£10.5 0.71 ]ﬂ');\\:]r, Xé}(\)}_:'_ OJ%L‘&@ _rg Utﬂ E X]Z‘:%){‘,Q_ n]'olﬂi ;('“01
N 0.01%1.92 =2.3543.76 0.71 W2 S 2R Ao} Hlulo| AR Ao S
ioint M 7.75+1.22  4.49+0.96  0.06 oo .
(gr;klf FJ>OFIn—t) N -6.8312.49 -7.42+2.80 1.0 A2 e 2| o=@ BAS A= 060 Nmke, -0.51
ho ot M ) 5;3 '13 23' 7;3 '67 5 e Nm/kg® who]| A2 Aloia] F-53d7d=x] 28 Al 3 =l
Ipjomn e e ) 1= V<& 77 } yalo zhz)r -
(FX+EX-) N 0.8545.37 -1.39+3.19 0.27 E7F AL ieley B 2 -0.57 Nm/%{g’_ 0.65
Kneejoint M 52.0+4.58 544+611 014 Nmvkg® Heh} who] a2 Ao FEaddA) 28 A
i L)
L X+ BX) N 0084250 203425 071 B RHE Gt e
Ankle joint M 6174323  7.42%2.46 0.46 AES F5 5 BHE HYgE vholaR Ao
(DF +PF-) N -21.0410.3 -18.746.83 0.46 =R 28 Ao} nlvto| A= Aok FE¥EAA|

| 229 2 747t 0.48 Nm/kg, 0.59 Nm/kg= 1}
a3, g ®Bae 217t -0.05 Nm/kg, 0.21 Nm/kg=

*FX: Flexion, EX: Extension, DF: Dorsi Flexion, PF: Plantar
Flexion, RL: Residual Limb, IL: Intact Limb, M: Max, N: min
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Table 5. Kinetic parameter of treadmill negotiation using

MPK & N-MPK
—_— Parameter Treadmill ascent
(moment Nm/kg) MPK N-MPK P
Hipjoint M 0.51+0.27  0.48+0.18  0.71
(FX+EX-) N -0.36+0.26 -0.31+£0.12 0.46
L Kneejoint M 0.48+0.28  0.59+0.08 0.46
(FX+EX-) N -0.23+0.31 -0.03£0.12 0.27
Ankle joint M 0.08£0.14  0.0940.06  0.71
(DF+PF-) N -1.07+0.30 -1.01£0.13 0.71
Hip joint M 0.064£0.07  0.12£0.07 0.27
(FX+EX-) N -0.60+0.23 -0.51+0.15 0.10
L Knee joint M 0.50+0.35  0.54+0.17  0.71
(FX+EX-) N -0.294005 -0.484+0.19 0.14
Ankle joint M 0.01£0.03  0.03+0.03  0.46
(DF+PF-) N -1.30+0.15 -1.20+0.26 0.27
. Parameter Treadmill descent
(moment Nm/kg) MPK N-MPK o
Hipjoint M 0.504£0.38  0.60£0.21  0.46
(FX+EX-) N -0.18+0.37 -0.32+0.22 0.14
n Kneejoint M -0.05+£0.41 0.21£0.13 0.14
(FX+EX-) N -0.53+0.37 -0.25+0.17 0.14
Ankle joint M 0.21£0.20  0.11£0.09  0.14
(DF+PF-) N -0.78+0.17 -0.62+0.37 0.71
Hip joint M 0.10£0.33  0.09+0.24  0.71
(FX+EX-) N -0.5740.39 -0.65+0.31 0.46
L Knee joint M 0.28+0.45  0.35+0.35 0.71
(FX+EX-) N -0.11+£0.23 -0.03+0.15 0.71
Ankle joint M —0.06£0.09 -0.06+0.07 1.0
(DF+PF-) N -1.09+0.19 -1.02+0.10 0.46
*FX: Flexion, EX: Extension, DF: Dorsi Flexion, PF: Plantar

Flexion, RL: Residual Limb, IL: Intact Limb, M: Max, N: min

http://dx.doi.org/10.9728/dcs.2023.24.12.3239
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