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ABSTRACT

Knowledge of the running mechanics will provide greater insight into the manner
in which lower-extremity amputees wearing running-specific prostheses (RSPs)
regain running capacity and compensate for replacement of an active leg with a
passive prosthetic implement. Despite joint moment is commonly-used biomechanical
parameters to enhance our understanding of muscular effort and joint control during
running, it remains unclear about joint moment of transfemoral amputees to improve
running speed. The purpose of this study was to investigate joint moments during
maximal sprinting in unilateral transfemoral amputees wearing RSPs. We recruited
four paralympic contestants and ten non-paralympic contestants with unilateral

transfemoral amputation. The participants performed maximum sprinting over an
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indoor 40-m straight runway, where seven force platforms and optical motion capture

cameras were placed approximately 22 m from the starting line. The prosthetic “ankle”

joint was defined by the markers on the most acute point on the prosthesis curvature

attached to the midpoint between the RSP medial and lateral edges. Joint moments

were calculated through an inverse dynamics approach. Paralympic contestants had

greater hip extension moment in intact limb than non-paralympic contestants. Further,

in the prosthetic limb, paralympic contestants also had greater plantarflexion moment

than non-paralympic contestants. The results of the present study suggest that strength

training for muscles around hip joint and loading on running-specific prosthesis may be

key factors to improve running speed for unilateral transfemoral amputees.
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=1 MR
Subject Sex Age Height Mass  Timesince  100-mPersonal ~Amputated — Causeof  Residual limb Prosthetic RSP model
(years) (m) (kg)amputation (years)record (s) limb amputation  length(m)  knee unit(category of siffness)
Paralympic contestants
1 M 32 180 8370 24.00 12.11 Left  Cancer Long 3S80  1E91 Runner (#3)
2 M 33 167 6198 16.00 12,61 Left Trauma Long  3S80  1E90 Sprinter (#3)
3 F 18 156 58.27 3.50 17.60 Right Trauma Middle 3S80 1E90 Sprinter (#2)
4 F 38 149 4389 15.00 1741 Right Infection Long  3S80 1E90 Sprinter (#2)
Mean 30.25 163 61.96 14.63 14.93
SD 858 0.14 1646 8.44 298
Non-paralympic contestants
M 21 167 5637 18.00 16.81 Left  Cancer Short 3S80  1E+90 Sprinter (#3)
2 M 42 167 5724 6.00 17.66 Left  Cancer  Long  3S80  1E+90 Sprinter (#2)
3 M 34 161 5867 21.00 17.82 Left Sarcoma Middle 3S80 1E+91 Runner (#5)
4 M 24 176 63.00 2.70 22.00 Left Trauma  Long 3R95 KATANA (#8)
5 M 52 170 6663 29.00 16.78 Left  Trauma LongKD 3S80 1E90 Sprinter (#3)
6 M 43 168 67.68 16.00 15.73 Left Trauma Middle 3S80 1E90 Sprinter (#3)
7 M 4 179 6364 28.00 23.00 Right Trauma  Short 3580 KATANA (#8)
8 M 2 175 6604 520 1408  Right Trauma Middle 3580 1E90 Sprinter (#3)
9 F 21 149 4437 9.00 20.66 Right Sarcoma  Short ~ 3S80  1E90 Sprinter (#1)
10 F 32 156 4741 6.50 18.16 Right Trauma Middle 3S80 1E90 Sprinter (#2)
Mean 3390 167 59.11 14.14 18.27
SD 1093 0.09  8.02 9.66 2.81
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. Paralympic contestants (n=4) Non-paralympic contestants (n=10)
Joint Moment Intact limb Prosthetic limb Intact limb Prosthetic limb
Hip Flexion 6.44 (2.38) 1.57 (0.49) 543 (1.53) 1.10 (0.19)
Extension 8.04 (2.01) 2.26 (1.19) 5.66 (1.54) 1.90 (1.14)
Knee Flexion 2.75 (0.62) 1.52 (0.32) 1.90 (0.82) 1.44 (0.62)
Extension 3.69 (0.68) 0.22 (0.17) 3.23 (0.62) 0.15 (0.21)
Ankle Plantarflexion 3.21 (0.29) 6.44 (1.17) 3.80 (0.78) 5.01 (0.83)

Bold letters indicate significant difference between group (p < 0.05)

Yy 7 I e AN C IR R IC B S
BiE— A PR LS, N9 v Ey 7 i
ARSI B L B E— A > FB &

UOFIERIC BT % EHEHIKIEE— 2 Y PDEEIC

RKELMEZRS Z LR SN,

IS DRER

(&, R E R 2R LT 2 RBREI I 1k

T2 b AR =Y EE Vol. 40



BEIOMEE— A ¥ FAKEW, LW REE —
HEFT LD TH -7z
FPMRBESICERT AL, X5 ) Yy 7 1
FEEALIGRE L DB BT A RE—X > b
DY =N KRERMER Lz 72, H2%
5 &= 7 EIZ AT TwD,. Tl
HEHEDT = 7K (350m/s ~8.95m/s) B X
OCENBGERIZBIT 2T — 2~ MEMEEL7C
ST & MAE ORI 2R L7 22 ST
2B D HIT R N7 VISR BT B & ORI
OFFIAIEST 52 L s, MBIEE I -
MR FRA~NO/EE— A VAL D, =
IS ABICHEE— 2> PELTIE, E2
\RT &) I BEHEE— A > b B X OB
JEHE— AV "M2VEL TR EEZLNDL. /2
BHBEIRE L2BATIIZE T, EREHK L
FACEBIETE— A 2 P OKT B Z LR S
T 2 S ICFREE &% s L%k
I2& 5L, UEICEBT 2 REEOMEE— X
b ASEREEICEH L T 2 s T
wa B e X, B OGS EE
BT AEEEHOMBE— A Y FAEREETH LS
EAVRIE S Tz
WIZHEBEETCE T T4 &, HEREFMNTHEER
IR SN o7, K2 % WA &I
SRR — A v b ERE 2R, MRE—
AV IEELTWD ZEPHEREIND. ZOMRFR
FEEE AR RE R L2 AT
RN & B L, MEREBIIERE 2R S TH IR
HiE—AY MOHEAERIMRI N b o722
—, FREIGERT 5 &, KBRUIEEE 1228
BT 2L CWwb 7z, BEEA R G#EAST
S\, F7z, KEBRYEEEILT =2 7o
IZBWT, Bz Callseamir T L
TWD EHESNTVS 34 =5 LT
OEImECIHBLTBY, IhH0HERS
JRBAET I B CII B REH CRABIE— A~ b D

FH Yk AR— Y FEEE Vol. 40

253

FENE Lol bHEEND.

WAz, RBEECERT L, T v Ey s
WIGTEIANIGIE L D ABICRERIEREE— X~
FOE—=ZfERR LT, TNEHHETLOEOD
FRELT, HMERITOKREENBTONDS, X
R— HFIE % 555 L7 TR o M 5O
TR, EHEMAEICERICMATLZ L
BRERINTHE D BHE— 2 v b OEH LS
IOV T WAz, MR OKRE SH
CORRIZEN oo R END. ZOHOER
ELTIE, AR—YHREOIMENB T O NS,
THRREIIrE O BREE 2 A L 728 TR IC L B L,
BRRRIREE S K E VWERTIT R BIT 5 AR —
VHFREOHESKECEHE SN TNE D),
DFN, XTI HEEIIARERELD D
VRN AR —Y R ICmELY L, k=%
VE—OERE L2 X YRI5 2 & CTHEtED
EIFTWA T EAURIE STz

& &

KifFgeo B, ek hhZEFEIcH %
7 VM AL, Bfit— X2 MEER
58T, FEKERYINGE 1231 5 7k # R
AHZANRHRAT B ETHo 7. AEOH
E s, KEEGIBF LNV D850 v €y 7 Hil#E
&, SN BT 2 AR oo B RA Eii R E — X
YN BLURERICBIT L EHEEKEE— X+
ARECELEEL L TERELZERL TV
CEHHIBHL 7.

I

KRIFZEDERIZH 72, BRI ZE D XLk
DA HE NAARTL & T o b AR — B RE
WENZOE DL L B Ed. £/, EBRIZD
WANAYAVAARVAL 3.7 X0k 3 M S5y oeey i
AT OBIFRE R b I L L E 9



— 254 —

Xk
D WAV Y Ey 785 ¥ ¥y 7 B Mk

2)

3)

4)

5)

6)

7

8)

9)

10)

11)

12)

13)

14)

ZHE, HH 2020 K X 2R AR, 13-14(2015)
AAREEE AR - Vs BEEAR-Y OFER
LB, 38-44(2012)

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)

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

Makimoto A., Sano Y., Hashizume S., Murai A .,
Kobayashi Y., Takemura H., Hobara H., Ground
reaction forces during sprinting in unilateral
transfemoral amputees, J. Appl. Biomech., 33: 406—
409(2017)

Py, BRHFA, AR—INAF A =T A
20w, HAEE (2000)

David A., Winter, Biomechanics and motor control
of human movement 4th edition, Round Flat (2009)
Huang L., Liu Y., Wei S.,Li L., Fu W., Sun Y., Feng,
Y., Segment-interaction and its relevance to the
control of movement during sprinting, J. Biomech.,
46: 2018-2023(2013)

Hunter J.P., Marshall R.N., McNair P.J., Segment-
interaction analysis of the stance limb in sprint
running, J. Biomech., 37: 1439-1446 (2004)

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)

Nolan L., A training programme to improve hip
strength in persons with lower limb amputation, J.
Rehabil. Med., 44: 241-248(2012)

Sanderson D.J., Martin P.E., Joint kinetics in
unilateral below-knee amputee patients during
running, Arch. Phys. Med. Rehabil., 77: 1279-1285
(1996)

A2, BRIBEEY, SRR, B T — 5 N —

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

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)

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.
Lert., 6, 201-204(2010)

Kuitunen S., Komi P.V., Kyroldinen H., Knee and
ankle joint stiffness in sprint running, Med. Sci.
Sports Exerc., 34:166-173(2002)

Vaughan N.D., Gamble J.B., The Modeling and
Simulation of a Proportional Solenoid Valve, J. Dyn.
Syst. Meas. Control, 118-120(1996)

Winter D.A., Human balance and posture control
during standing and walking, Gair Posture., 3: 193-
214(1995)

Schache A.G., Blanch P.D., Dorn T.W., Brown N.A.
T., Rosemond D., Pandy M.G., Effect of running
speed on lower limb joint kinetics, Med. Sci. Sports
Exerc., 43: 1260-1271(2011)

Sun Y., Wei S., Zhong Y., Fu W., Li L., Liu Y., How
joint torques affect hamstring injury risk in sprinting
swing-stance transition, Med. Sci. Sports Exerc., 47:
373-380(2015)

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)

McGowan C.P., Grabowski A.M., McDermott W.J.,
Herr HM., Kram R., Leg stiffness of sprinters using
running-specific prostheses, J. R. Soc. Interface, 9:
1975-1982(2012)

Willwacher S., Funken J., Heinrich K., Miiller R.,
Hobara H., Grabowski A.M., Briiggemann G.P.,
Potthast W., Elite long jumpers with below the knee
prostheses approach the board slower, but take-off
more effectively than non-amputee athletes, Sci.
Rep., 7: 1-16(2017)

T v AR =V EEE Vol. 40



