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Effect of Fracture Gap on Biomechanical Stability of Compression Bone-Plate
Fixation System after Bone Fracture Augmentation

Duk-Young Jung, Ph.D.*'§, Sung-Jae Lee, Ph.D.T, Seon-Chil Kim, Ph.D.T, Jong-Keon Oh, M.D.8
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Department of Biomedical Engineering, Inje Universityf, Gimhae,
Department of Radiologic Technology, Daegu Health Collegef, Daegu,
Department of Orthopedic Surgery, Korea University College of Medicine®, Seoul, Korea

Purpose: The goal of this study using the biomechanical test was to evaluate the mechanical stability of the bone-plate fixation
system according to changes of the fracture gap sizes and widths.

Materials and Methods: For mechanical test, four types with different fracture models simulating the clinical situations were con-
structed depending on the gap size (FGS, mm) and the gap width (FGW, %) at the fracture site: 0 mm/0%, 1 mm/100%,
4 mm/100%, 4 mm/50%. For analyzing the effects of fracture gap on the biomechanical stability of the bone-plate fixation system,
4-point bending test was performed under all same conditions.

Results: It was found that the fracture gap sizes of 1 and 4 mm decreased mechanical stiffness by about 50 ~60% or more.
Furthermore, even without fracture gap size, 50% or more fracture gap width considerably decreased mechanical stiffness and
suggested the possibility of plate damage through strain results.
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Conclusion: Our findings suggested that at least 50% contact of the fracture faces in a fracture surgery would be maintained
to increase the mechanical stability of the bone-plate fixation system.

Key Words: Bone fracture, LC-DCP, Fracture gap and width, Biomechanical stability
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Fig. 1. The LC-DCP bone fixation system and the epoxy
pipe represented as a bone (A) and specimen configurations
(B) for the fracture gap sizes & width (mm/%).
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Bending jig
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Fig. 3. Determination of the initial and final bending stiffness
(Nm/°) with the bending moment (Nm)-bending angle (°) curve.
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Fig. 2. Mechanical experiment
through 4-pont bending test
(A—B—D—() with LC-DCP
bone- plate fixation system.
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Fig. 4. Comparison of bending moments according to the
fracture gap sizes and widths on the LC-DCP fixation
system.
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Fig. 5. Comparison of the initial and final bending stiffness
(Nm/°) according to the fracture gap sizes and widths of
LC-DCP: *indicates significant difference compared with 0
mm/0% model in the initial stiffness.
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Fig. 6. Comparison of the micro strains («¢) through the four
channels (Chl~Ch4) according to the fracture gap sizes and
widths on LC-DCP (p<0.01): *indicates significant difference
compared with 0 mm/0% model in the initial stiffness.

glo] w2 bending angle(®) - bending moment (M) =41
< Hlaske] HofFal Qe FGSeF FGWe| 7)ol AR
o] 22 Rl BAE EAT A% 37 A} 9%
Wil Wl dake A2 @ 4 Ao olea B
HshE shae] S7hl we Fdde] HSol 71QlH

2 A1) wjitol Qlol olaHe E4o) olFol
0 mm/0%2] AN 71
AR e A1 9RE AL o 4 Aew, ol
ozl ZAH 2719k 3719 WY BAHEE vugds v |
s Iiet. whd, Sddo] de FEHA e AAE,
= 1 mm/100%% 4 mm/100% Aol qojA= FGS (,
4 mm)e] A7|ol BAIFle] 279 AEETF 0 mm/0% F
Aot HluRAE vl v Sgton, a5 St wE =
Ave] REF PA} 27 B FAE Bl =
g, AW 50%e] THFHEE M= 4 mm/50% FHA
e 7] AAEE 0 mm/onRdd} v &R A
442 a5l Z71l et Aok A%e wolh

%7] ¥38 A= 82y ul, 100% FGWE o] 43
=

o2 H3td AA 0 mm/owdl H3IM w3 A=E d
Al T (p<0.05). Tt 4 mm/50%2] #7] 7}
e

JEE 0 mm/0%e} B8 3he HAFt) (Fig, 5).

2. 2EZQl (Strain)

EA5k= FGSeF FGWel Fejol ul
2 F&9 v 7leAS #5317 98] 4-point bending
A ZEHIEES vluatltt (Fig. 6). i 2EdRI
BAQLe]l FHl 71 77k B9 (CHA)
oA WAEtoH, HAEe] 2EHQl Aol CH3, CH4



224

Fig. 7. The facture gap shapes after compression plating with
bone-plate fixation system: the white arrows indicate bone
fracture position.
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