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A Finite Element Analysis of Biomechanical Stability of Compression Plate Fixation System
in according to Existing of Fracture Gap after Bone Fracture Augmentation

Duk-Young Jung, Ph.D.*T, Bong-Ju Kim, Ph.D.T, Jong-Keon Oh, M.D."

Senior Products Industrial Center™, Busan Techno- park Korea,
AK Project, Graduate School of Medicine, Kyoto Unlver5|ty Kyoto Japan,
Department of Orthopedic Surgery, Korea University College of Medcine™, Seoul, Korea

Purpose: This study using the finite element analysis (FEA) focused on evaluating the biomechanical stability of the LC-DCP
in accordance with existing of the fracture gap at the facture site after bone fracture augmentation.

Materials and Methods: For FEM analysis, total eleven types with different fracture models considering clinical fracture cases
were constructed according to the fracture gap sizes (0, 1, 4 mm)/ widths (0, 25, 50, 75, 100%). Limited contact dynamic
compression plate (LC-DCP) fixation system was used in this FEM analysis, and three types of load were applied to the bone-plate
fixation system: compressive, torsional, bending load.

Results: The results in FEM analysis showed that the 1, 4 mm fracture gap sizes and 75% or more fracture gap widths increased
considerably the peak von Mises stress (PVMS) both the plate and the screw under all loading conditions. PVMS were con-
centrated on the center of the LC-DCP bone-plate, and around the necks of screws.

Conclusion: Based on the our findings, we recommend at least 50% contact of the fracture faces in a fracture surgery using
the compression bone-plate system. Moreover, if x-ray observation after surgery finds 100% fracture gap or 50% or more fracture

EMMAL:2 = A Address reprint requests to : Jong-Keon Oh, M.D.
AEA TET T2F 80 Department of Orthopedic Surgery, Korea University College of
ety o)t A o)kl Medcine, 80, Guro-dong, Guro-gu, Seoul 152-703, Korea
Tel : 02-2626-3088 * Fax : 02-2626-1164 Tel : 82-2-2626-3088 - Fax : 82-2-2626-1164
E-mail : jkoh@korea.ac.kr E-mail : jkoh@korea.ac.kr

4= 2009. 10. 7
AAEA: 2009. 11. 9

83



84

gap width, supplementary measures to improve biomechanical stability must be taken, such as restriction of walking of the patient

or plastering.

Key Words: Bone fracture, LC-DCP, Fracture gap, Biomechanical stability, FEM
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Fig. 1. Bone fracture augmentations with compressing plate
(A), the arrow indicates the fracture gap at the bone fracture
site (B), and the arrow indicates callus formation around the
bone fracture site (C).

SETE
o 274

—Q—X
]

nAd = eRloft A9 IH= (¢
S WV HD 2, olHd IHELe 2%
Felolre] S tAge Hojmg]
A ERHEE Astess AR s 7
Zag aclo] ®r. A, F59E ol8% 14
4 29 FHdx] BolRE ofF AL ozt o3t
4 e B G322 A Al
A7 HPor wojAa gor B AREE IfHE
T 2HTe] EA wE ol=3dAS AL At (Fig. 1.

AA| AskA P AL ol FETEE Qg £218 H

s sle) Fawe] P UARRe] 1494 el
A & TR ARG aela AT AFH st
1:}4*("”*15*17)_ Zlﬂil/} ‘ﬂ"‘/_l\‘ %;g ‘3‘! H%‘}fﬂ- 531:/]]/] —é—xé_f‘,:%
oM W] Wshs SRde §F A Feld Wl He
FHE @79t eyt FEAS 0183 F 1 A
(bone-plate fixation system)2] AJA|sHa] Qb de] &
Hog olu Ax g3k = = Q=X TME 1M
.

webe, B d7e B39 Sd%dY e & 29F

m_

e o
M

&
T

H

_,d
R

QN
ru
m1>
i o fo

d

oI8}A

X:
ik

)4

4
S 1R o WSS S50l BHEE £ ¢
o F4ute] JAE Yol o= HE TS F
3 B ¥4, oF Hgow

WEAE Fassis
e F Al B3 spol=giels Aljbstazt gt

0

|:H Al

| "o
o od

1. dA9 +4

24%e F 24 29 Pl He 295 9
2 A e st el BdEe
Fig. 20X HolF= 23 Zo] A5 o@iﬁ s
fracture gap size (FGS, mm)2 12|31
HES fracture gap width (FGW, %)=Z @Qs}g}gm}, 0]
AR viEoR oHor FHYHE B2 el 1, 4
mm (25, 50, 75, 1000)¢] &7 E2d=E &

hey A OF
_L.XE—]

97l (fracture
gap size/fracture gap width)9] 3z} sloArd
o] TR =, 0 mm/0%e] REle ool AR
o) ool 24 Rl KG9} FOWT EASH B
ZAog FEon, v 7 2 FGset 7 W
FGWE 7HE 4 mm/100% 2de Z43e 5 Y798t



OIEA D} RBQAGHA 85

0 mm, 0%

4 mm, 25%

Table 1. Mechanical properties and component interface
conditions assigned to FEA models

4 mm, 75%

Young’s Poison Referenced
Materials modulus ratio fracture
(GPa) ) strength (MPa)
Bone 16.7 0.3 -
Pure titanium 117 0.34 800~ 1,500
Interface Bone/Screw  Rigid fixation -
condition Bone/Plate 0.37 -
Screw/Plate 0.37 -
Ao /14 ¥e4R whede A, 2o o,

50, 75, 100%°] FGWE 7HE AAls Sfds & =4
Qo 39 A W £ 2 el A

el FFE FeAE vlusk] s FAESI
Fetaseidex mE 35 mmo| 7 25 mmo| F
7AZ 7HAH, 16,7 GPag] Young’s modulus®}t 0,32¢] Poison
ratio® 7HAE 32k B2 AN 12la mE 5
A (isotropic)®F %54 (homogeneous) &2 7} EQ]
oS53 14 e P B2 o
2IPA] SAAF| Ak o g ARE-E:= limited contact-
dynamic compression plate (LC-DCP; Synthes, Korea)&
AREEEeM, Aol 124 mme] 77H¢) E& THAE 554

< Zo] 35 mm, 4.5 mm FHUARE (cortex screw)S 9]

Fig. 2. Test specimen with
LC-DCP fixation system for
validating the 3-D FEM model
(A), the bone-plate fixation
system 3-D FEM model (B),
and the fracture gap sizes and
widths (C).
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Fig. 3. Von Mises stress distributions and levels on the
screws (A) and the plates (B) according to the changes of
the fracture gap size and fracture gap width under
compressive load.
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Fig. 4. Comparisons of peak von Mises stress (PVMS)
according to the change of fracture gap size and width
under the compressive load.
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Fig. 5. Comparisons of peak von Mises stress (PVMS)
according to the change of fracture gap size and width
under the torsional load.
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O plate with Tmm fracture gap size
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Fig. 6. Comparisons of peak von Mises stress (PVMS)
according to the change of fracture gap size and width
under the 4-point bending load.
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