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Comparison of Biomechanical Stability of the Ilizarov External Fixation
Methods for Treatment of Tibial Pilon Fractures

Hak-Sun Kim,M.D.*, Tae-Kyun Kim M.D.*
and Young-Hak Huh Ph.D.**

Department of Orthopedic Surgery, WonKwang University Hospital*
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In order to compare mechanical stability of the Ilizarov external fixation methods for treatment of
pilon fracture of the tibia, six human amputed tibiae were utilized to simulate Ruedi type [, I, and
Il fractures anatomically and non-anatomically reduced. Six fracture models which were either
anatomically(3) or non-anatomically(3) reduced were first stailized by the Ilizarov construct com-
posed of two tibial rings and foot assembly with connecting rods and ankle hinges and underwent
axial load compression test using Instron. And then same tests were repeated on the models in which
ankle hinges between the tibial rings and foot assembly were removed to examine biomechanical
effect of the ankle hinges on the fracture stability. When the fracture model was fixed by the con-
struct without ankle hinges, 720 N-780 N were required to disrupt fracture stability. When the frac-
ture was non-anatomically reduced and was fixed by the construct without ankle hinges, 420 N-520
N were required to disrupt the fracture stability. The current study suggests that Ilizarov fixation sys-
tem should have the construct composed of two tibial rings and foot assembly with connection rods
and ankle hinges to prevent fracture destabilization during early ankle motion and weight-bearing in
the tibial pilon fracture.
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Fig. 1-A. Photograph showing pilon fracture of the cadaver's tibia is fixed by Ilizarov external fixator with ankle

hinges.

B. Photograph showing pilon fracture of the cadaver's tibia is fixed by Ilizarov external fixator without ankle

hinges.

Fig. 2. Photograph showing axial loading compression
test using Instron.
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Axial Compression with Hinge System

Axial Compression with Hin
(Type I, Anatomical reduction) P thoilt 9o Sysiom

(Type lll, Anatomical reduction)
2000 Force (N)

Chart speed:20mm/min

Chart speed:20mm/min Cross head speed:2mm/min

Cross head speed:2mm/min

A Time (sec) 60

Fig. 3-A. Graph showing the strain-stress curve on axial load compression in the case of anatomic reduction of the
Ruedi type [I fracture fixed by Ilizarov external fixation with ankle hinges.
B. Graph showing the strain-stress curve on axial loading compression in the case of anatomic reduction of
the Ruedi type I[ fracture fixed by Ilizarov external fixation without ankle hinges.

Table 1. The medhanical stability of Ilizarov external fixation on axial load compression according to the Ruedi's

fracture type.
With hinge apparatus Without hinge apparatus -
Type
Anatomic Non-anatomic Anatomic Non-anatomic
I More than 1500 N* More than 1500 N 780N 520N
I More than 1500 N More than 1500 N 720N 450N
i More than 1500 N More than 1500 N 730N 420N

N* : Newton
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