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Effects of Pre-tension and Additional Half-pin on Fracture Stability in Hybrid External
Fixator System

Y. H. Kim(School of Advanced Technology. KHU), H. K. Lee(School of Advanced Technology. KHU)
W. M. Park(School of Advanced Technology. KHU), J. K. Oh(College of Medicine, EWU)

ABSTRACT

It is clinically well known that pre-tension of wires increases the fracture stability in ring or hybrid external

fixation. In some cases, additional half pin should be necessary to increase the stability when soft tissue impalement

occurs during fixation. In this paper, the fracture stability of a hybrid external fixator system with different

pre-tension effects and additional half-pins was analysed using FEM to investigate the effects of these pre-tension and

half pin on the system stability quantitatively. 3-D finite element models of five different fixator frames were

developed using by beam elements. In axial compression analysis, the fracture stiffness was increased maximally 62%

as the pre-tension increased. In torsion analysis, in the other hand, there is little variations in the fracture stiffness.

Additional half pin increased the system stiffness about 200 %. From the results, proper pre-tension and additional

half pin would provide good methods to increase the fracture stability of the hybrid external fixator and provide more

surgical options to minimize soft tissue damage at the fracture site.
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Fig. 1. The hybrid external fixator configuration
analyzed in this study (A) General frame design (B)
Model 1 : two wires with convergence angle of 60°,
Model 2: two wires with convergence angle of 60°
and additional bisecting wire, Model 3: two wires
with convergence angle 30° Model 4: two wires
with convergence angle of 30° and additional
anteromedial two half pins, Model 5: one wire and
anteromedial two half pins
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Stiffness Pretension (kg)

(N/mm) 0 30 60 9 120
Model 1 356 378 401 423 444
Model 2 382 417 434 462 486
Model 3 309 322 335 351 363
Model 4 814 811 817 818 817
Model 3 764 779 T79 783 786

Table 1. The stiffness of the hybrid external fixator in
variation of pretension under 300N of axial
compression
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Fig. 2. The stiffness of the hybrid external fixator in
variation of pretension under 300N of axial
compression
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Fig. 3. Fracture stiffness for different wire pre-tensions
and loads in each model
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Fig. 4. The stiffness of the hybrid external fixator in
variation of pretension under 3 Nm of torsion.
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