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A Simulation Model of the ACL Function Using MADYMO
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Abstract

A mathematical knee model was constructed using MADYMO. The purpose of this study is to present a
more realistic model of the human knee to reproduce human knee motion. Knee ligaments were modeled as
line elements and the surrounding muscles were considered as passive restraint elements. A calf-free-drop test
was performed to validate the suggested model. A calf was dropped from the rest at about 65 degree flexed
posture in the prone position. The motion data were recorded using four video cameras and then three
dimensional data were acquired by Kwon3D motion analysis software. The results showed that general shapes
of angular quantities were similar in both the experiment and computer simulation. Functional stability of the
anterior cruciate ligament was explicitly revealed through this model.
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Fig. 1 Fine meshes of the femoral contact area to
compensate for geometrical simplicity

Fig. 2 Facet lower extremity model with locations of
body centers of mass in the global coordinate
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Fig. 3 Line elements of knee ligament bundles (small
characters: a=anterior, m=middle, p=posterior; large

characters: AC=anterior cruciate, PC=posterior
cruciate, MC=medial collateral, = LC=lateral
collateral)
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Fig. 4 Force-strain curves for knee ligaments
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Table 1 The line elements for ligament bundles ( £ is the
stiffness and ¢, is the initial strain for the knee

at 65 degree flexion )
Ligament Bundle k [kN] %o
aAC 5 0
ACL
pAC 5 -0.28
aPC 9 -0.3
PCL
pPC 9 047
alL.C 2 0
LCL
pLC 2 -0.17
aMC 2.75 -0.06
MCL mMC 2.75 -0.1
pMC 2.75 -0.28
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Fig. 5 Ligaments (belt element) and restraining muscles
(kelvin restraint element)

Fig. 6 Animation from results of MADYMO analysis
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Fig. 7 Motion measurement of calf-free-drop test

Table 2 Anthropometric dimensions of a 30 years old
male subject participated in the drop test (weight
in kilograms and all other dimensions in

centimeters)
Ankle circumference, 22 | Height, H 181.5
AC
Calf circumference, 38 | Sphyrion height, SH 7
CcC
Calf depth, CD 11.8 | Tibia height, TH 46.5
Calf length, CL 39.5 | Weight, W 73
Foot length, FL 26

Japan)E A}-&3te] Aol FLolA HAol9
Ade AP ARG AAole A
AL tAY AXE BEs 1557 A8 ME
EE 110000 22 AAHPon HEY Frle
2% 30 Fo|Actt. Aol Wt AdF AAdAN
32 259 P& FAU AFE AAE Hojd
V5ol ol 4 Aol 10 3 o]Fg wES F
539 Wy 25 SABAC.

a2 FE 3 AYer J|Estn Axtar] 4
3ty #E o) AR (greater trochanter), THEF W/
9] &4 FH(medial/lateral  epicondyle), ZAIF T}
(medial malleolus), =¥ & X (heel), L5 (instep), 2
A WS dA L7t (medial big toe) T FH
25 7 49 ¥} spAE BEASA A9 3 2
4 X ANt % EMolE= Kwon3D(Visol
Corp., Korea) 2T E9 o1& AME-3Itt. AIATE
o] &3t 7129 FA ARE AFEHOA ELY
F dEe 94 A2 94 RdE wEsd A5
At AZd Y& Kwon3D A BHEH Z
A olA JAE vl A2 AHHH AFoE
272 48 ¥ #H (direct linear transformation) & 312
Zo 23 39 HEE AdstAdch aElm 3
® 9}l mkAY R 954ARE OiF PR,

I 2 o



SYEE ol gd AIAAAY Jl5 g 2

WEdaet g A 24, 2232 $HEXNY
WE GRS ¢ 42 KwondD oA A9
st Ztzt BAY LF4E AT Al
ot Axd HAEe 2FH A3 AHHE A3
Excel 34 FH2o2 23t At

I3 = R

+ Fig. 8 ﬁr L}E}
EQ} Zt MEEE
o EFHAE 2¥ T 1+E}LH°1E}. a=h-l EE*‘
3 Hdgo AL 9 0.7 %29 A AHo] o]Fo]
Attt F&o) Q= v Y3 ZEL ¢ 04 R
& Adg A HYow 1 o)%9 Axe
7§ 49 ZJE F& FHe=2 FAd] g
oo JehdA ggich Aol 259 AHgoz
F22 uj HE A 223 ndr 2o 9
A AA7Az Azko]l o 03 25t XA 7S
T AA g 23 2 st dukg wEE
rygch

o2 mdol zk WMo 003 = oM F
o] gl v ¥3 299 zF WPy A9 2
ol F%E }211:}7} O 32 =AY AHghd
AR, ¢ 04~07 = FHANE AY A
of FEHA HY o AT} & W F
29 gk, 222 0.65~0.85 & T-7+ F7} 7
= H Ad Aot fFAENY. a8y =7
0~0.4 = FoA v& g3 RdxdE D557}
AA 55 &% 2o W& 343 QojAH 4
msec & AR (&2 B £ AdH vid=
Rdo) 7t Jt&ExE F3 AR o AF9 2
2 EFsa Jo] MR AFs T WHE AL
st} Aer F34 3 Hz 2 BEHY [k YHE
AZRAR o] 7} tEmE Zh4E JYE 004 2
T Ago=2 0~06 = T AAIL AF
Hg ®WEo) ok zeln &Exe T2 AAk
= ey :

Fig. 9 © vltR 249.& o] g3l A7 ols} =
 H933g W HEF 4dH  F4H(intercondylar
eminence)®] HWHE JEHATE o] YA= uEF
of dig FF9 Jddd d9E & Jehir) o
2ol MAsG o, AdAzlIdlY do] Zad
o2y BAsE olgdt FxE Yehle FHge
2 AR5t

Fig. %)= X & %afe] W9 s veldn o
e 10~100%E 713 A= At Eold 0%
o vlal 0.7(Z¢A AA)09NHE o2 FTE)x Tt

1413

I*: Experiment —MADYMO — - No resu'aintJ

— e

Angle(deg.)
&

0 \ il N | I L
D17

10 P01 02 03 04 05 06 07 08 09

Time(sec)
(a) Angular displacement

Angular velocity(deg/sec?

Time(sec)
(b) Angular velocity
200
.. 100 |
W0 b S
) S I+
z oo T8 4 05 06 £7/08 09
3 -100 | N
E; AN
2
£ 200 AN
) \
2 500 | AN
\
-400 A

Time(sec)
(c) Angular acceleration
Fig. 8 Angular quantities of the knee joint during calf-
free-drop test
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Fig. 9 Displacement of the knee joint at intercondyle
eminence of tibia during calf-free-drop test
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