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ABSTRACT

Individuals with limb amputations appear to benefit both physically and
psychologically from participation in sports and/or regular physical activity, leading
to a healthy lifestyle. However, individuals with unilateral transfemoral amputations
(UTFA) have difficulties in preventing falls due to prosthetic knee buckling, defined
as the sudden loss of postural support during weight-bearing activities. Despite the risk
of prosthetic knee buckling can be evaluated by the prosthetic knee angular impulse
(PKAI) during the stance phase, little is known about the factors associated with
PKALI in individuals with UTFA. Therefore, the aim of this study was to investigate
the demographic factors associated with prosthetic knee buckling risk in runners with
UTFA. Fourteen participants with UTFA performed running on a 40-m of runway,

where seven force platforms and optical motion capture cameras. We quantified the risk
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of knee buckling as prosthetic external knee flexion angular impulse, which is the time

integral of external knee flexion moment during the stance phase of prosthetic limb.

We used the Pearson's correlation coefficients to examine the relationship between the

demographic data and risk of knee buckling. Only the body mass and body height had

the significant negative correlation with the risk of knee buckling. These results suggest

that unilateral transfemoral amputees with a smaller body height and body mass may be

exposed to a higher risk of prosthetic knee buckling during running.
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Time since 100-m

Participant  Gender Amputated Height Mass Age

amputation personal

Residual limb Prosthet@c Prosthetlc foot

side (ecm) (kg) (yn) (yn) record(s) length knee unit
1 M L 176 630 24 2.7 22.00 Long TF 3R95  KATANA (cat.8)
2 M L 167 572 42 6 17.66 Long TF 3S80  Sprinter 1E90 (cat.2)
3 M L 170 666 52 29 16.78 KD 3S80  Sprinter 1E90 (cat.3)
4 M R 1785 636 44 28 23.00 Short TF 3S80  KATANA (cat.8)
5 F R 1485 439 38 15 1741 Long TF 3S80  Sprinter 1E90 (cat.2)
6 M L 167 564 21 18 16.81 Short TF 3S80  Sprinter 1E90 (cat.3)
7 M L 168  67.7 43 16 15.73  Middle TF 3S80  Sprinter 1E90 (cat.3)
8 F R 149 444 21 9 20.66 Short TF 3S80  Sprinter 1E90 (cat.1)
9 M L 167 620 33 16 12.61 Long TF 3S80  Sprinter 1E90 (cat.3)
10 F R 156 474 32 6.5 18.16  Middle TF 3S80  Sprinter 1E90 (cat.2)
11 F R 156 583 18 35 1760  Middle TF 3S80  Sprinter 1E90 (cat.2)
12 M L 180 837 32 24 12.11 KD 3S80  Runner (cat.3)
13 M R 175 660 26 5.2 14.08  Middle TF 3S80  Sprinter 1E90 (cat.3)*
14 M L 161 58.7 34 21 17.82  Middle TF 3S80  Runner (cat.5)
Mean 1656 599 329 14.3 17.3
SD 9.9 101 98 8.7 3.0
HWEALE LS00, EilAIETHL. L .
. 2
Ao C, IR OEETE A, FEEIC
Bz 5 ST oI AR & EEAR 1.1 #HERE

LTwa. 2oz, BREEADREIL, FEkRR
YIErE OFEBEPICB T 2B A 7 & 2w
i3 27200 FHEE LD 9 5.

ZO L) A 7R Th & i ifE L
DHLIRELZHHTLZ E1E, FET =12k
LB O EE L, MO TERELZEREZFFO.
B, B A7 LEEOH HRTFE LT, B
IRELY TS IR BB 2 B IR IE AT H T
WA BT TIE, B - ARE - AR - DUIRTEE -
FEOMHRE L S TRV O B)EE)) & B
RO EAVEENTWS L2 2 =
ZEO BRIE, FHERRBRYIME BT, =27
o) A7 28, BRITNBERT (&
5 - ARE - AR - DIRTEE - SEOMHE) & o
BEHOICT LI 2 HET 5.

AT [ SR - KE - Tl - IR - 22
OERBED I ) A7 LEEDR D 5| L v iR
P& MREE L 72

TH Y N AR—YFEE Vol. 41

WebREd, HEMISEBEZIT> Tw b AR
BRUIMTE 144 & L7z (R1). & TOWBRE L%
B ML OB T35 X DR FRMMERIL 7T X
T 7 HOBNFREREZHMLTEBY, Zhbid
W BB BN TV R D THo 7z,
FEEREAT ) BICIE, ETOMBREIIT L, AR
DHE, JEB X OHEICHE ) etk 2 025
BIL, BRSNS B f72. w, A7
(XA ZE B 38 N RESE BT A T 7 N B 252
BB & 0ARZ G TIrbiz (A2013 - 450).

1. 2 ERHE

EERPE LRGBS IAF N2 T o+ — A
7L — I (BP400600-1000; AMTIAL#) B X O
Bl ) TAIEE S N2 ARIMR A A (VICON MX
¥ AT L ; Oxford Metrics f134) 720 SR ST
L. W ZMET 72012907 4+ — AT
L—b2MHL, 7Y v 79 2000Hz
EL7z F7-, MEAEBLUOEEHE— 2 M
LB 7 =Rt~ — 7 R A ST 5 7012 =



— 202 —

1 Rt~ — S L ORED)) FETIVER
Al ly~— (R BTN L7232 70 C RS & OV Ol S AL lfkE 71
(a) T L (b) B0 SR REROIR AT (¢) A0 N A R EB O S0 8

WILE—>ary¥x7F v A7 4 (VICON) %
fEHL, B> 7Y > ZREEEIZ200Hz & L7z, B
BREDOAY — Mg SEHIT) THIRO 7 o+ —
ATL—=bMETIEBLZ2mTH Y, EHEEED
PEEE & L C45m Pl EF RIS 72

TR D, WERE T CRHENH RV L DI
ThHDIL, EREVIRELRKEEHSE
JEE R RS B~ — o (1) 20D 17
7o, Ya—XIBWwTE, BAEICIEESERLT
WIS 2 — X, BNRRITIIE AN, 70D
WTWaWnwy — )LxFEHSER 25612, BnX
b Ly FEQEMER) & T 5 FH R, FEEREREEA
BN S L7057 % e 2 307 72
BB\ T EIERAT) LD BURL, ZOR
DT ST & BT~ — F O B % TS L 7z,
74— AT L — MNTEME, FEBOmEIE
WENDHER L7 RIT R RIIERATE L, B4
ATy TULOWHFTPHESNL T, #0R
Lt &2 1T 572, SEBR ICHEBRE DR 2 & U 72
Yred, BATHIC 0 e ARRERE R 2 5L, BRBRE
A 2 &L v KR IT R it L7z
REHICHER Lo~ — B g, EHF0 %5

B R ST ZEIT YRR LT 25177 —
FR=2% b EIC LY, SREMIZETHEE D
LWV b, BT T Ty — Il L7
F 7S R R IR0 S B R & A L7
BRI A % A o3t 6 ISR L 72 191617

1. 3 HERICBWIIZNEETIESE

AWFSE TN I SIRTCEIEf#IT Y 7 F Th %
Visual3D (C-motion#L#; USA) %= w27z, FiE
2B 2 TREE L ORHMOEERE LT O
Y= H4FTEKAEFRLTC.

TFRRER AT (P ED) , SeoRliER i (P i)

JEFR AR ME S (WAL, 7L — R (WAL

TR BY 2 E =3 5— Y BREAEI AN
HLTWLREHROMEEZHERL, BNt Eifs LU
EMTFOEEE— 2 Y MIFRZENE KB L
O HAE &3 AT 5 = & CHEE L 72 (B 1b-c).
UGB X ORGAEICB I 528127 A v PO
BXOWEMEE— 2~ ME, Hanavan ¥ o T %
HWTHE LR, F7, RBEEZHVWTERT S
B LIE, R E RO R, _ERT
B e KiE T OB X OKdRT- & g PR R

FH Y N AKE— VR Vol 41



WOMEE» SR L2, AT, #EROE
X 4fF % Grabowski, et al. 2 OFFFefEH % 0124
&L, Visual3D \ZHfili % A L TR RAET O
rEM L7

1. 4 F—2IN&ES LUBEH

BB OB (B - (RE - Pl - VIR -
FROMAHEE) 12T 7—41%, Y FHE
W& oT FEBRTHGLAMmKIE~Y—DD
B D A7 — % 121%, 47RO Butterworth low
pass 7 A )V F wnlF, A RXEKRILZ v b
+ 7 B, WEK 07— 513750210, < —
7 DAL IEREIE 20H 19 & L7z BEIE— A > b
I Visual3D TEME & 9497 L, #ER L1572 Rif
eIk, |EFICBI 2BEEHE— X MEiL
I B WCEHM L, R o BB A A A
(E— X > b ORRESE) KDz (H2). #f
SrIXEE, SO0 ~ 100% & L 7-.

B L 7o R R B A AR & B TR R & DA
ME e b0, €7 0 ORBMBREE V.

Flexion

Knee external moment (N-m)

Extension

0 100
Stance phase (%)

X2 I B L FEBEREEE ) ©
E— X v bOREWTE
FHE A EN, TR MR A DR R

TH Y N AR—YFEE Vol. 41

—203 —
W, ANEFETILfEMRE 5% KIEZ L EHARICH &
L, @& TOMEH#AT X SPSS for Windows ¥ 7
Fr 7 ON=Y 3 » 220, IBMALEL) ZMH L
7z

2. & R

K3 IZEBESMNRE— A Y r oL HE -
RE L DA Z RS, 5K EOMBRE
fabrzEiz 2 2 1e=060, p=0023& %Y, &
RLIZHBELZAOHBEN S 5 2 Lol s iz,
KIS, RE L OMBIRE, Rz Eir=
0.66, p=0.010& 72V, FEL OHFELHADOMEN
HBH I EDHERI N

WA, Fin - TITHE - EOMHIE & OB =
AT E T & OMBREE X OfERERIE e
=002, p=0941 & 7 ), 4ElG & DM I
BEN kol YINE L OMBIREE L Oakk
T ZNENr=-0.18 p=0533L 7%, YIWEL
DB LR S N oz, wiRIZ, FEMH
JiE & MRS & OfakERIE 22 4=0.20,
p=0504 & 72 1), FRMHAE L OMB BRI
Pl

3. % =

AWFFED HEE, R HIRBREIS O 2 5E R
BT DI A D & AR T TR ERT
fliL, W (& - RE - i - YIIE - 5%
JROFHIE) L OBREMALPIZTEIETHo
7z, HBSHT OFER, B EARED DR A
DR EABLRAOMBZ RS Z LR S 7z
INHORMRIE, [HE - AFE - Fip - UIITE -
FKROMHAEI B 27 LBEE 2RO &
WO IR E TSR T A5 D TH -7z,

B3R & )12, BEBRHE O & EARE AR
HiANBEABELRAOMEZHEOZ LAREN
7z —IREGIS, ORIBRDITE AS LI 2 A AL %
PRAFS 27201218, FEE M IR B i R % UHa



— 204 —

(B) (C)
r=-0.66 r= 002
= ® p=0941
®
[ ] L ]
> ] @
™
L @
@ [ ]
55 70 15 35 55
Mass (kg) Age (years)
(E)
r= 0.20
p = 0504
[ ]
i Y
1 1
10 20

Current prosthetic use history (years)

B3 EBYE AR & R (S - AR - AR SR - SRR OFERIE) & OB AT OfE R

(A)
O .
Flexion r=-0.60
p=0023
-5 ® s.
% -10
€
z
8 | Extension »
g 157
s 1.45 165 785 40
2 Height (m)
C
é .. (D)
2 Flexion r=-0.18
. ®,_0s533 L
@ . p= . ®
S @ ¢
5 oo °
° @
® [ ®
10 +
Extension o °
15 |
| I
0 15 30 0
Time since amputation (years)
SHLPLEEHL, COLE FBENFLIVEL,

Ho, BREPFLDEWIIERETE L T
EFE— ALY PMEIRELLRD)BIENHENT NS
2 Lho T, HEFE BEFEVIE)
FBBETIC BT L ) K& R AR %
ZFAHZENTE, B 27 o EEifEx
FEHTETWLLEEZOND., D EOZLEND,
FEBER OB A7 KRS 57201213, 1)
HHBREOHEY A X (FK) s FLTwb I L,
BLO2) IR B B BRI o -
WEETH DL Z EDTRE SN
BATOWHTATFWRER RER Y 7 v b, 754
TrEONN—y L3R, BREEO%E%ES
BT 4 X - ERIZ, UHEEBEAOZERHE
HE ML TERIEDRTERNI LD S,
ZO7z0, MMERYINE & LT, KRR YT
T o TE, FMUBHFTH - THHMWLE

ERLVBELC AL, LizdioT, HEORE VY
Mg DA, MhT% L R (v & AT
CENTELHS AT, ZoETEBSMES-
BRI E VS B R 2 A B B A L
N7, KERYIMTE OAAT 2 xR & LA THi%E
ZBWTIE, SEEOBMTFfo2RZE, 7
W2 350 5 R SE A EA#E L C 2 B 2 X
PRBENTWE D, 2070, BHFORE -
FERICHT AT A Z0BRE, L EEIC
LT 2 e, KRERYIBTE OBy 2 7 &5
B> TW EEZ NS,
AWFZETIE, LB A A & B AH B
PR R W e S AL kot ZOEA
D—ok LT, REFZEIZ BT 5 WbaE OLERE )T,
FATHRZE TRl G & SNV 2 HBE X Y & HIEHYIC
BAEMTH -7 ENEZ BND. BB HIE
TH2ERO—2L LT, FHRBNOKT S5

FH Y N AKE— VR Vol 41



W2 L, e & LI T T2
TINS5 2 EIFIE BN TN B D% s,
BB %% 2 5 L CBERT R A TSI, 50
RASKE CIET T 2 HETICH 50 KifgLC
B2 WERE OEMIE L, 329198 ThH -7
CEREETLE, EEHICE DTGB T
ELTOWAEDoTHAI) IEHELLND. £
72, VIWREE - SR OMMES, MBI G
M E R ol SR, BET v —
OAEW - YIWEL - REOMHHESED, A0S
A LA MY =T, EBEPORTINY A7 %
FHIHERVE V) ZERRELTVA.

4. & @

AEFFEO HigiE, R RIRBRY S o 4
BT AN 27 2 EIB L, P IUEER T
(R - KE - 4Fn - YR - FEOMHERE) &
OBREHSNITHI ETHoT. RFIEOHE
0o, BENFIDVKL, o, KEILHEN
REREIWTE 1L, L DSV 27 12iliE T
WEIZEPHSpE o7

B

KRIFEDERIZH 720, B EED £ L7
DA HENAARTL G T 2 b AR = FRaR
WENZOE DL L RiIFES. 72, EBICD
I T2 2N TR O RE, BESERUAS AL
T OBIFRERRIC S G L B S5

Xk

1) M.J. Asken, The challenge of physically challenged:
Delivering sport psychology services to physically
disabled athletes, The Sport Psychologist, 5, pp.370-
381(1991)

2) E.M. Blinde, L.R. McClung, "Enhancing the
physical and social self through recreational activity:
Accounts of individuals with physical disabilities,
Adapted Physical Activity Quarterly, 144, pp. 327-
344(1997)

TH Y N AR—YFEE Vol. 41

3

=

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

— 205 —

JIASURER, BiREIH, di)ll%:, Phaes?, “setae B
45 4hi (2015)

K.R. Kaufman, J.A. Levine, R.H. Brey, B .K.
Iverson, S.K. McCrady, D.J. Padgett, M.J. Joyner:
Gait and balance of transfemoral amputees using
passive mechanical and microprocessor-controlled
prosthetic knees, Gait. & Posture, 26, 489-493
(2007)

Nevitt M.C., Tolstykh I., SHAKOOR N., NGUYEN
U.D.T., SEGAL N.A., LEWIS C., FELSON D.T.:
Symptoms of Knee Instability as Risk Factors for
Recurrent Falls, Arthritis Care & Research, 68, No.
8, August , pp 1089-1097(2016)

Nguen U.D.T., Felson D.T., Niu J., White Dk, Segal
N.A., Lewis C.E., Rasmussen M., Nevitt M.C.: The
impact of knee instability with and without buckling
on balance confidence, fear of falling and physical
function: the Multicenter Osteoarthritis Study,
Osteoarthritis and Cartilage, 22, 527-534(2014)
Buckley J.G., Sprint kinematics of athletes with
lower-limb amputations, Arch. Phys. Med. Rehabil.,
80: 501-508(1999)

Burkett B., Smeathers J., Barker T., Walking and
running inter-limb asymmetry for Paralympic
trans-femoral amputees, a biomechanical analysis,
Prosthet. Orthot. Int.,, 27: 36-47(2003)

DiAngelo D.J., Winter D.A., Ghista D.N.,
Newcombe W.R., Performance assessment of
the Terry Fox jogging prosthesis for above-knee
amputees, J. Biomech., 22 (1989)

R.C. Hibbeler, Engineering mechanics: statics and
dynamics (13th edition). New Jersey: Prentice Hall
(2012)

Hisano G., Hashizume S., Murai A., Kobayashi Y.,
Nakashima M., Hobara H., Relationships between
body size and knee buckling risk during walking in
unilateral transfemoral amputees, World Congress of
Biomechanics,(WCB, 2018)

H. Hobara, Y. Kobayashi, S. Tominaga, T.
Nakamura, N. Yamasaki, T. Ogata, Factors affecting
stair-ascent patterns in unilateral transfemoral
amputees, Prosthet. Orthot. Int., 37, 222-226 (2013)
E.M. Puhalski, D.M. Taylor, T.M. Poulin, How are
transfemoral amputees using their prosthesis in
Northwestern Ontario?, J. Prosthetics Orthot., 20,
53-60(2008)

A2, RIS, FELIER, BT — 5 X —



— 206 —

15)

16)

17)

18)

19)

20)

21)

A (2015)

Rigney, S.M., Simmons, A., Kark, L.A prosthesis-
specific multi-link segment model of lower-limb
amputee sprinting, J. Biomech., 49: 3185-3193
(2016)

Buckley, J.G., Biomechanical adaptations of
transtibial amputee sprinting in athletes using
dedicated prostheses, Clin. Biomech., 15: 352-358
(2000)

Baum B.S., Hobara H., Koh K., Kwon H.J., Miller
R.H., Shim J.K., Amputee Locomotion: Joint
moment adaptations to running speed using running-
specific prostheses after unilateral transtibial
amputation, Am. J. Phys. Med. Rehabil.,(2018)
Hanavan E.P., A mathematical model of the human
body, AMRL-TR-64-102. Aerospace 1-149(1964)
Davis R.B., Ounpuu S., Tyburski D., Gage J.R.,
A Gait Analysis Data Collection and Reduction
Technique, Hum. Mov. Sci., 10: 575-587(1991)
Grabowski A.M., McGowan C.P., McDermott W.J.,
Beale M.T., Kram R., Herr H.M., Running-specific
prostheses limit ground-force during sprinting, Biol.
Lett., 6, 201-204(2010)

Kuitunen S., Komi P.V., Kyréldinen H., Knee and

ankle joint stiffness in sprint running, Med. Sci.

22)

23)

24)

25)

26)

Sports Exerc., 34:166-173(2002)

J.R. Baxter, S.J. Piazza, Plantar flexor moment
arm and muscle volume predict torque-generating
capacity in young men, J. Appl. Physiol.(1985).
116,538-544(2014)

M. Hekmatfard, F. Farahmand, I. Ebrahimi, Effects
of prosthetic mass distribution on the spatiotemporal
characteristics and knee kinematics of transfemoral
amputee locomotion, Gait Posture., 37, 78-81 (2013)
Visser M., Goodpaster B.H., Kritchevsky S.B.,
Newman A.B., Nevitt M., Rubin S.M., Simonsick
E.M., Harris T.B.: Muscle Mass, Muscle Strength,
and Muscle Fat Infiltration as Predictors of Incident
Mobility Limitations in Well-Functioning Older
Persons. Journal of Gerontology: MEDICAL
SCIENCES, 60A, No. 3, 324-333(2005)

Klitgaard H., Ausoni S., Damiani E.: Sarcoplasmic
reticulum of human skeletal muscle: age-related
changes and effect of trainirig, Acta. Physiol. Scand.,
137, 23-31(1989)

Lindle R.S., Metter E.J., Lynch N.A., Fleg J.L.,
Fozard J.L., Tobin J., Roy T.A., Hurley B.F.: Age
and gender comparisons of muscle strength in 654
women and men aged 20-93yr., J. Appl. Physiol., 83
(5) : 1581-1587(1997)

FH Y N AKE— VR Vol 41



