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EFFECTS OF FEMORAL TUNNELS ON MECHANICAL PROPERTIES OF
HUMAN FEMUR
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Abstract:  Firstly in this paper, a three dimensional model of human femur was built based on spiral CT images
utilizing the software Mimics 8.1. Based on this femur model and according to the demand of the ligament
reconstruction surgery, three approximately 3D finite element models corresponding to intact femur model, the
femur model with a signal tunnel and femur model with double tunnels are built. Then, the loads received by the
femur in joint movement are decomposed into three forces: namely compress, bend and torsion forces and are
applied to the three finite element femur models to carry out the finite element simulation. This paper introduces
the sectional stress comparison method, which extract the max virtual stress and max primary stress from stress
nephogram of femur sections to evaluate the tunnels’ effects on femur’s mechanical properties. The results show
that, the femoral tunnels affect the distribution of femur section stress insignificantly after ACL reconstruction,
with the max virtual stress and max primary stress change less than 5.06% and 6.85% respectively. Therefore,
surgeons can only concentrate their attentions on considering the precise sites of the femoral tunnels in the surgery.
Also, the section stress comparison method proposed in this work suggests a new way to evaluate femur’s
mechanical properties after ACL reconstruction.

Key words: femur; finite element model; femoral tunnels; stress; biomechanics

ek HT: 2008-10-30; &5CH W1: 2009-09-07

R4 H : HFRH SR H (2006BA103A16): AE5THT AR 2006 4 RHETRIEE KI5 H (H060720050230)

VEF I * 2R BE(1955—), &, HIA, El#d, Wt WSS R EY )% 5097 BRI ST (E-mail: buaahry@yahoo.com.cn);
VFERI(1985—), 5, Wb, fid:, AN ) %57 (E-mail: xuyongang221@163.com);
TFHE(1960—), 5, WAbA, #Z, W, Bt A A/AUNEHLE AT L B LR 6 5T (E-mail: itm@buaa.edu.cn).



T ™

i 2 252

JBE ¢ 5 Ab 1) BT AZ X 717 (Anterior  Cruciate
Ligament, ACL)/Z KTl S i #6467, ACL
P 0 R a8 s Yy Re it B R R, WA
KMBIGIT, KahRE . S ABEEAS B, 5
ERAIEA . HATX ACL #i45 iGyr LLE A
=, T A3 o B R R i 5 vk
(W& 1), Woo™ H Yagil® il it 76 7 fchras L gt
PRI, 7921 H R A e A BRI i,
T EN AN B 50 2 A R 2 BB A e it R 7 3R 28
VERTI IR . AN 4518 . Edwards ™ i) 52 86:40F
BT s OO A R 2 AR 5 TR OG44I 1 3
fiE,  RESEAF AN R KT A e K, HE T
RENEHE . B FEOX R TEERIKFAR L
(e AR A 24, 78 ACL SEEA R o0y 2051 ,
Pena PS40 T 1 4 i i 07 %1 60° b Ff ACL Bkt
W5z KB R B A RS AR PR T FA B B 52, 48 RS A
)iy 4047 32 BN R e R R R T ) A
Yusuke!™45 43 H7 T B BCRINUR. ACL T T AN R
JBE T A A fk N ) R T AR () s ), B H B ok ]
REox 5 DRI DG A DG4 2 R0 2 14 s RO R, G
HU R RHE A E Y. SR, KT BmbEE T
B AL R AT AH ICHRAE o A SO RO
T BRTE T B ) 27 Ik R PR 5 e 6T B A AT
FTEANRENN =9 IR JE CT(Computer
Tomography) ¥l % H04 H 8 R OCT IR i BE28Ys i e 7%
T REIE A S, AL BEIE A R oEAL; X ACL
A BB B AT A PR oA B &R TN )
SR, RN BEE T BB Y ) s LI . AR
i A= AT TN R a7 1B i BN AT TR N SR N
A 5 d5 RS — N B R VP € 7 BE T8 i/ 16 )
FHERER T, AR S VR E B AR AR TR A
THARE .

K1 ACL FAREEE (/o) MR FEHE(f)
Fig.l1 Single-bundle ACL reconstruction (L) and
double-bundle ACL reconstruction (R)

1 IRBBRITHEEEL

1.1 HERE

S5 % F TOSHIBA/Aquilion B2 i CT #1414 —
G, I RO E RS BT, RS
LA I RV Y F el o 0 T S R IR (1
REBTARI, EHR R 512x512, HY) A
#4301 )2, JZIEEEA 0.782mm.
12 BEEAEEMBEREEE

3D B AR FEE#EAE Mimics 8.1 B AF T & Lkt
17, WHh: EBoE BRI, =4idEgd. Hrp
BIG oy E R TRTE CT BIMG R i o B i i 4 21
5 BFICH R I A, AR BIE - #. AL
BN, SO A B AT ARG 48
SRR AR B AR T SR AR AR, i
TR — 2V EAA A4 — e R i
HAEF VA P SRR, A
R 2),

() F&IE (b) FEERHA{E

B2
Fig.2 Reconstruction of femur model
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Fig.3 Femur model with femoral tunnel
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Fig.4 Femoral tunnel planning: Quadrant method
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Fig.5 Finite element models of intact femur
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Table 1 Material property of femur
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Fig.6 Femurs under the compressive, bending or torsion loads respectively
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Fig.7 Stress distribution of femur under compressive loads
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Fig.8 Stress distribution of femur under bending loads
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Fig.9 Stress distribution of femur under torsional loads
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Fig.10 Stress distribution of each three sections of intact,
single-tunnel and double-tunnel femurs under three loads
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Table 2 Max von Mises stress of each femur sections under
the three loads (— for the stress concentration it exists)
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Table 3 Max st principal stress of each femur sections under
the three loads (— for the stress concentration it exists)
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