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Effects of Prosthetic Mass Distribution on Musculoskeletal System
during Amputee Gait
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ABSTRACT

The optimized prosthetic mass distribution was a controversial problem in the previous studies because they are not
supported by empirical evidence. The purpose of the present study was to evaluate the effect of prosthetic mass
properties by modeling musculoskeletal system, based on the gait analysis data from two above-knee amputees. The
joint torque at hip joint was calculated using inverse dynamic analysis as the mass was changed in knee and foot
prosthetic components with the same joint kinematics. The results showed that the peak flexion and abduction torque at
the hip joint were 5 Nm and 15 Nm when the mass of the knee component was increased, greater than the peak flexion
and abduction torque of the control group at the hip joint, respectively. On the other hand, when the mass of the foot
component was increased, the peak flexion and abduction torque at the hip joint were 20 Nm and 15 Nm, greater than
the peak flexion and abduction torque of the control, respectively. The hip flexion torque was 4.71-fold greater and 7.92-
fold greater than the hip abduction torque for the knee mass increase and the foot mass increase on the average,
respectively. Therefore, we could conclude that the effect of foot mass increase was more sensitive than that of knee
mass increase for the hip flexion torque. On the contrary, the mass properties of the knee and foot components were not
sensitive for the hip abduction torque. In addition, optimized prosthetic mass and appropriate mass distributions were
needed to promote efficiency of rehabilitation therapy with consideration of musculoskeletal systems of amputees.
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Fig. 1 The process of musculoskeletal modeling
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FZA JAHARHAHE FE AR FU.
£ 7 oA @AY YL £ 37
o Wit wet ez FAY £ YEE A

8 st}

224 S N E I8 MA 29

QA THS ddHE9 9z mdyL a7z
A7 HEZ ol & Tolo e g4dd ndg
FEHAY. L& HFHoz FA #HAd
£ £ UAES 7Y 9A FL AD @3l
333 283 BEEo|t) o] W A EF 4
L UYE 280 YR=2 E&HA FEE FHee
g8g =8 24y 59 c(Fig 4).

w

23 oX| PHLE0 e 2AH HF

F4A R FAY Wzte] o Zae 9z
T4 249 FAZ Wsusz 7| FAEA W3
gokE ZHRsteA 29 =AUk FARE
A FA FAHol #AHD e 2 2d- 4
%9, JFE-2 UFoA &gt mt& o9z F
Adake FA WAg Azt R FAH_49 FA
g 7I1E22 9 25%° SFE = 0.25kg 4 kg 7
2 GAEE tste WwHoez AAsd

Ir

f

|



WERs - @ - Pl

. _‘?_-_"—i'_/kg :

FIHLEFEEA 24 A AL

Wzt FA e BHARAEE ANEA HY
g F T4 @M S FYsTE o] W EA AF
3 g2 7178y WEe fide MRS 9% 9
g M e S5
24 224 WS 0| S8 SHE 4

5883 Aol Kane o AL o] {31y
%HE Symbolic Dynamics Inc 2] SD/Fast solver & ©]
43t ma 9 W z+ #dI I8 Fof
A ANFEH, £F5%Y Aad oy LA AE
FHIEE stux oo

548 iAol AdA Kane HAS HEd) 9
qMe dud uEEFY 2F, AFFTA, FdHB4
EAEE Fatojof @t a2y FddE dEHI9

T+ A% HYE AT uUmAYg Fs ZFHA
e Zol] et Winter'? o] 7|23 AAZHGH
A BANS A3z AHRY 71 gl g
A & dFAME HdE dEHId g A8}
FAgoz A, A otrt M2 vdE d4F EY
o] ZAz Hed dEEE 2o v §9%

MEEL

72t 3ol ER 33 thEig 9).

Fig. 5 Rigid body model for amputated femur
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