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Biomechanical Analysis of Hybrid External Fixation for the Distal Tibial Fractures: A FEM Study

Duk-Young Jung, Ph.D. candidate, Boug-Ju Kim, researcher”, Seok-Bae Ryu, M.D.™, Jong-Keon Oh, M.D.™*

Department of Biomedical Engineering Simulation, Institute for Frontier Medical Sciences, Kyoto University, Kyoto, Japan
Department of Physiology and Biophysics, Kyoto University Graduate School of Medicine, Kyoto University, Kyoto, Japan®
Department of Orthopedic Surgery, Dongdaemun Hospital, Ewha Womans University, Seoul, Korea™

Objectives: To analyze the biomechanical effects of different frame configurations of the hybrid external fixators for distal tibial fractures on the
frame stiffness and stress distribution with a finite element method (FEM).

Materials and Methods: Five configurations were simulated: Group I: two wires with convergence angle of 60°, Group II: 3rd wire on a bisector
axis of the group 1. Group ll: two wires with 30°. Group IV: 3rd wire on a bisector axis. Group V: two wires with 30° and a half pin on the distal
articular fragment. Each group was simulated under compression, torsion, anterior-posterior and lateral-medial bending load. Stiffness, stress
and deformation values were calculated.

Results: The overall stiffness was increased by 15~30% with the addition of a third wire, and by 150~400% with a anteromedial half pin on the
articular fragment. The half pin decreased the stress level of the frame by about 43% and the deformation of the 5/8 ring by about 30%.
Conclusion: The addition of a half pin on the articular fragment is not only a method of increasing the stiffness but also a way of decreasing the
stress concentration and the deformation of the frame.
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A: 3D Model

Fig. 1. (A) A hybrid external fixator model is mounted on a poly vinyl chloride (PVC) pipe simulating an unstable distal tibial fracture.

(B) Five groups of configurations are shown as analyzed in this study. G1 (Group 1): two wires with a convergence angle of 60°, G2
(Group 11): 3rd wire on a bisector axis of the group I, G3 (Group 111): two wires with a convergence angle of 30°, G4 (Group 1V): 3rd wire
on a bisector axis of the group 11, G5 (Group V): An additional anteromedial half pin on group I11.



e dellA Akl 2Es ASskl (Fig. 1A).

EE A 84 BdS2 WS #3784 2RIkl
ANSYS 7.0 (Swanson Analysis Systems, Inc., Houston, PA,
USA)E ol&ste] skl Wakdol gle 844 84
a0 444 A 225 TN

2. dAlel 4

1) A5E Ak s o] gste] A= d9F =4 A
o] AREE= AR v A S TSI 29
HE 57 =% A7 5 mm half pin A 7|2 Ao A8t
Atk (Fig. 1A). 99 24 =L 160 mm 2% <] 5/8 a1
Shol] M2 ok 7o} Jhge] A% half pine =2 114
At} (Fig. 1B).

2) A 138 58 AR T Ao 2AE NG 7)E
EEBE

R LR CER S LR
wrsko = 747k s Akelate] A
.]

al
gence angle)©] 60EE o] FL= A3t (Fig. 1B).

3) Al 2vm2 1719 FAelA e s FUtsk A
A wApzte] 0= 7M7)t REHEE FAESIT (Fig. 1B).
4) A 372 HH 72 (anterior compartment)S 7o)

S AF sb] flEl AxbEo] vlgel Bagh WA
AT AR TSR, WA HeZoR 0%
3 AT HS 7|FoR 15654 TUSoA M= ek &
Sl AUS wgFon F sl RS Aglete] wxzt
0L o] F=5 353Ut (Fig. 1B).

5) Al 42 379 FAA F S SRS F (bise-
ctor axis)ol] 1S skt o F7hste] FA8kSATE (Fig. 1B).

6) Al 52 379 Y$ W FH half pin sFUE F71
S}2lt}. Half pin A HolA] =02 0% 8747 W
gol] AFJ3ATt (Fig. 1B).

3. 5% w
FE 82 WS olB3t] 2 Toll hs) FA SP, AF
2% 9 ZW 23 %, 19 MY 5L el B

Boundary Condition
Compression Torsion
ML-Bending AP-Bending
Compression Torsion
ML-Bending AP-Bending

—

Loading Condition

Fig. 2. Loading configuration and boundary conditions for finite element analysis.
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Hls A s F718E 2, 4te] A= 247} 155, 16.8%
Z7kel o, 3ol half ping 5713+ A 53] A==
wrel] Blal] 1454% 1= AT (Table 1).

2) M= 4= (Anteroposterior stiffness)
A= &4 okul Aol 7ke AEES 1Y)
9] A3k 1, 37t0] Hls| A
F718k 2, 4vte] A== 22 307, 295%7) 5715
o half ping F7F8t A 539] A EE=
ol H]3)] 293.8%7} F71EATh (Table 1).

3= (Side bending stiffness)
JE AA] =4 ket o] Ayjel e
o} 1, 370] vl 2, 45-2] A+ 2t} 28,6,
245%7t S7¥erl e, 5ue] g 3ol HIs| 489.2%
7} 571 ATt (Table 1).
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Zo] 713 e Wl A3 oF Eo A W (three di- 4) 3™ ZME (Torsional stiffness)
mensional displacement)S- 2= (6)F W GwolA 44 A A== A AN S o] &3 2743 4to] T
ZA510ich oA Zx|o] MA| HAAe] that ol el A uEhton T vkl 53 183 T Ae] AL o
AE-S Yolry] ot I Il SHE Al 13 gt |8 1373} 3770] 7P e 7S B3l (Table 1).
Hlnl ghto g2 AT
7 2. 33 oM (Stress analysis)
| 2t 1) oIy 2ol Witz U Ji4 W0l ME S dE
. Zh o] 74 &8 ke 19 (wAHt 60%) S e s
1. ®A| ZME (Stiffness) Soe e (
HwsIATh b5 skeollAE 2, 3, 479 A 9 o] 1
1) 58 24 Z9 (Axial stiffness) Hrp S7bEE AdE Bol A wA fast A =
A g BT A 5ol 7P Eda v 27 7t whe} ZAel §Eeo] HFye A4S Btk =3 3
4ol Bls=gk A5 Wlow, 13 3ue] HE AR FolAE 2, 3, 1183 47 A &8 ghol 13T A9 ]
g wekth wd Iy 7 e M-S 1A 1, 370 52%F A8 (£10% ou)S Hith whHel half ping F7}
Table 1. Summary of stiffness
Group
Loading | ] 1l \V4 Vv
Axial compression (N/mm) 25.6 29.6 24.0 28.1 59.0
AP Bending (N/mm) 22.0 28.8 21.2 274 83.3
ML Bending (N/mm) 19.7 25.3 19.1 23.8 112.7
Torsion (Nm/°) 2.7 8.4 25 74 3.7

Table 2. Relative peak von Mises stress values on the tension
wires

Group - o161

Loading G3/G1 G4/G1 G5/Gl
Axial compression 1.67 1.90 1.59 0.70
AP Bending 1.08 0.99 1.07 0.30
ML Bending 0.93 0.96 0.93 0.15
Torsion 1.34 154 1.34 0.42

Table 3. Peak von Mises stress on the 5/8 ring (unit; MPa)

Group

Loading Gl G2 G3 G4 G5

Axial compression 437.7 3191 4051 3215 1745
AP Bending 2841 2219 2728 2116 1674
ML Bending 3143 2627 3106 2547 1357
Torsion 948 1257 1491 1107 50.7




Table 4. Lateral (5,) and Medial (6y) deformations at the ends of 5/8 half ring tips in relation to the changes of loading conditions (unit:
mm)

Group [ I 1] \Y v
Loading 5 Sn 5 Sn 5 Sm 5 Sn 5 Sm
Axial compression 6.2 42 6.8 5.4 6.4 6.8 6.33 6.5 19 2.3
AP Bending 4.6 35 4.3 34 3.8 4.1 3.8 41 12 1.6
ML Bending 45 3.7 4.2 3.7 4.3 49 41 4.7 11 14
Torsion 0.04 0.02 0.08 0.06 0.07 0.04 0.05 0.05 0.31 0.25

Compression AP-Bending ML-Bending Torsion
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Fig. 3. Von Mises stress levels and distributions on the 5/8 ring in relation to the loading conditions. In group I-1V, stress concentration is
presented at the anterior part of the ring in all but torsional mode. In group V, in contrast, even distribution of the stress is clearly visible.
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o1 73 mapzte] 60t H7) 91 FuiFel A Azt 3
o] A -2 (anterior compartment)S E3}3H = A8}
AT (Fig 1B). °o] 7o) &A= A 818 Stah= 4
o] F2 P A7 1Elw THE WET & ook ol
oD, 3, 4l AApEe] WA dSEd 75 S Al
3 QTS F)FoR Aol A T8 =
T, T Ak Al wakze] 0w FHasta
7] 23 F (bisector axis)> WL 7|0 R <F 20
A58 Al T8Il (Fig. 1B). it 3, 4ol A
A wApzt ew QA3 dPdEE AR ke Hed)
S 28 2 A7 deiol 9= A FHe) QS half
ping F7Fsto] T8kt (Fig. 1B).
A A3k A v Qg BHe) ke PHEst wE 8
T 304 oF 15~30%2] S7HE Rl e, S oF 6~9%
52U} (Table 1).
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