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Effects of the Amount of Proximal Tibia Resection on the Bone
Strength of Prepared Bone Surface: A FEM Study

Kwang Kyoun Kim, M D, PhD, Ye Yeon Won, MD,, PhD.* Myong-Hyun Baek, PhD*,
WenQuan Cui, MD* Soon Haeng Kwon, M D, Joo-Hong Lee, MD, and Yong-Beum Kim, MD.

Department of Orthopedic Surgery, Gongju Mediccal Center, Gongju,
*Ajou University College of Medicine, Suwon, Korea

Purpose: We wanted to evaluate the mechanical strength of proximal tibia as resection distance

increased from the joint surface.

Materials and Methods: We obtained the CT images of twenty knee osteoarthritis patients undergoing
total knee arthroplasty. The finite element models were created based on the computed tomography
images. The 8-node hexahedron element was made from BIONIX™ (CANTIBio. Co, Suwon, Korea),
which is automatic mesh generation software program. The finite element model of the proximal tibia
was resected at 6 mm, 8 mm, 10 mm, 12 mm, 15 mm and 18 mm from the lateral joint surface. A

1% strain rate was applied to a model by using HyperMes

h™ software (Altair Engineering. Inc, Seattle,

USA). The ultimate stress was calculated from the finite element analysis with using ANSYS 9.0 (ANSYS.

Inc, Orlando, USA).

Results: The mean ultimate stress was 906.84 MPa, 877.22 MPa, 895.93 Mpa, 852.70 MPa, 742.90
Mpa and 585.51 Mpa at the 6 mm, 8 mm, 10 mm, 12 mm, 15 mm and 18 mm resection levels. As
compare to the 6 mm resection level, the bone strengths at 15 mm and 18 mm were decreased with
statistical significance (15 mm: p=0.005, 18 mm: p=0.000).

Conclusion: The ultimate stress was decreased as the resection distance increased from the joint sur-
face. But within a 12 mm resection distance from the lateral condyle articular surface of the tibia, the
ultimate stress was not significantly decreased (p>0.05).
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Fig. 1. Segmentation method by Bionix program on proximal
tibia,
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Fig. 2. Volumetric mesh model from computed tomographic
data, (A) Results of region-growing algorithm. (B) Voxel size: X:
0163 mm, Y: 0,163 mm, Z: 1.000 mm,

SHsegmentation)}& A8t ofuf &5 Y AT}
5 Ye gh(130-255 gray—scale) A7gsHcHFig. 1).

FAETE IE e R As 4] FA(auto—
matic mesh generation) AZEYo] BIONIX™
(CANTIBIio. Co, Suwon, Korea) L2132 0|85}
847 A48 24(8—node hexahedron element) &
2elE skt EAl(voxel) 9] 271 0,163 mmX
0.163 mmx 1,000 mm& HAks} sz Zodoja] de
e 2719 T THEig. 2).

Aok 25kE BdolA Fx oS BEHoRRE 6
mm, 8 mm, 10 mm, 12 mm, 15 mm, 18 mm= &A|
6719 f3tesh wEe BEIck(Fig. 3).
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6 mm cutting 8 mm cutting

10 mm cutting § 12 mm cutting

15 mm cutting

Fig. 3. The hexahedron mesh models of proximal tibia at each
resection,
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Fig. 4. Boundary condition, A strain was applied at the top face
(©) while displacement was constrained at the bottom face (@).

A3 A (linear elastic) & 7FYFAL, EHAJAG(
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Z 9= 3 HyperMesh ™ (Altair Engineering. Inc.
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AZEJ0ol ANSYS 9.0 (ANSYS. Inc. Orlando,
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Fig. 5. Mean value of ultimate stress at each resection level,

Table 1. Ultimate Stress (MPa) Obtained from Finite Element Analysis

Resection level

Patient No.

6 mm 8 mm 10 mm 12 mm 15 mm 18 mm
No, 1 627.75 628.42 806.40 46042 450,50 42938
No, 2 457 44 41861 43476 447 21 31276 300.77
No. 3 946.90 923,56 900,16 55914 54047 892 .90
No. 4 1,134.00 1,105.00 913,42 1,095.00 80425 72397
No. 5 90552 848.84 73344 70733 457 19 590,99
No. 6 81561 81631 924 11 902 .39 97195 633.10
No, 7 411.07 40497 402.34 39995 39728 39412
No. 8 35514 354 58 354 65 354 85 350,16 343,90
No. 9 703.60 570,73 58846 590.07 45087 434 17
No, 10 966 .25 693.51 833.46 832.84 677.06 396.69
No, 11 1,099.00 1,290.00 1,386.00 1,112.00 936.05 871,76
No, 12 547 17 854 66 67845 77977 52778 358.17
No, 13 77107 869.06 839,23 667 26 64343 302.60
No, 14 1,928.00 1,997.00 2,073.00 2,097.00 1,956.00 98173
No, 15 1,002.00 853.30 860.48 810,81 74593 518 44
No, 16 899 31 1,045,00 1,082.00 1,036.00 73727 533.39
No, 17 1,154.00 957 66 1,305.00 1,337.00 1,619.00 1,003.00
No, 18 1,251.00 121100 1,173.00 1,071.00 639.75 556 .65
No, 19 1,002.00 853.30 860.48 810,81 74593 518 .44
No, 20 1,160.00 848 91 769 .68 98317 894 35 926.04
Average 906.84 87722 89593 852,70 74290 585 51
SD* 357.30 364,73 387.75 397 40 409.04 234 .90

The values are reported as ultimate stress (MPa), *SD, standard deviation,
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Table 2. p-value in Ultimate Stress (MPa) at Each Resection
Level

Resection level p-value
6 mm vs 8 mm 0.389
6 mm vs 10 mm 0774
6 mm vs 12 mm 0145
6 mm vs 15 mm 0.005
6 mm vs 18 mm 0.000
8 mm vs 10 mm 0502
8 mm vs 12 mm 0494
8 mm vs 15 mm 0.032
8 mm vs 18 mm 0.000
10 mm vs 12 mm 0.205
10 mm vs 15 mm 0.003
10 mm vs 18 mm 0.000
12 mm vs 15 mm 0.005
12 mm vs 18 mm 0.001
15 mm vs 18 mm 0.021

231 0.0000194 L, d4H Ak ko] Hdf 52 |

3= 6 mmet 8 mm, 8 mme} 10 mm, 1OIDIII-9—]‘12
mm, 12 mm& 15 mm I3 15 mme} 18 mmojA]
p—value= Z}ZF 0,389, 0,502, 0.205, 0.005 1&]iL
0.0210]91tH(Table 1, 2).
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(ANSYS. Inc, Orlando, USA)E o]&ste] ) $-3(o0,, Ulimate stress) T}t

4 ok FF ) 28 6 mmollA] 906.84 MPa, 8 mmellA 877.22 MPa, 10 mmejlA] 89593 MPa, 12 mmo]]
4] 852,70 MPa, 15 mmollA] 742,90 MPa, 18 mmollA] 58551 MPag2 #HAHo 2YE HA| Az} T71d4E
Aol Ho) §-o] 7HAashE AE%E B 15 mme} 18 mmoAe FAFLE ou|9le AAE BITH(1S5
mm: p=0.005, 18 mm: p=0.000).

4 2 3F d9= BN AA Aglel whE Aohde] B kA9l A4S Holu 12 mm oJujdME
AAHY] FBEE FosiA FARAT|A] Wkt

MOITHOf: =, ek 34, S84, dd $4, €84 ¥






