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Table 1. Mechanical properties of bone of the ankle joint and screw

materials used in finite element analysis 15

Table 2. Stiffness of values of |igaments 16

Table 3. von Mises stresses and net syndesmosis widening of 3.5mm

and 4.5mm screws at mid-stance state of stance phase at different

levels, different number of cortices 17

Table 4. von Mises stresses and net syndesmosis widening of 3.5mm
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levels, different number of cortices 18
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Figure 1. Three-dimensional models of ankle. (a) reconstructed

three—dimensional finite model of ankle by Mimics program and (b)

physiologic loadings on proximal tibia 19

Figure 2. Three-dimensional model of titanium screw (3.5mm, 4.5mm).
(a) 3.5mm cortical screw reconstruction model and (b) 4.5mm

cortical screw reconstruction model by Solidworks 2013 ——————— 20

Figure 3. Syndesmotic screw was fixed through the fibula and into

the tibia angled 25-30° from posterolateral to anteromedial

direction 21

Figure 4. 3.5mm syndesmotic screws fixed at different locations,
different numbers of cortices. (a) 3.5mm tricortical fixation, 20mm
above ankle joint, (b) 3.5mm quadricortical fixation, 20mm above
ankle joint, (c) 3.5mm tricortical fixation, 30mm above ankle joint,

(d) 3.5mm quadricortical fixation, 30mm above ankle joint, (e)

Collection @ chosun



3.5mm tricortical fixation, 40mm above ankle joint, (f) 3.5mm

quadricortical fixation, 40mm above ankle joint 22

Figure 5. 4.5mm syndesmotic screws fixed at different locations,
different numbers of cortices. (a) 4.5mm tricortical fixation, 20mm
above ankle joint, (b) 4.5mm quadricortical fixation, 20mm above
ankle joint, (c) 4.5mm tricortical fixation, 30mm above ankle joint,

(d) 4.5mm quadricortical fixation, 30mm above ankle joint, (e)4.5mm

tricortical fixation, 40mm above ankle joint, (f)4.5mm
quadricortical fixation, 40mm above ankle joint 23
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ABSTRACT

Biomechanical Comparison of Various Screw Fixation

Methods in Ankle Syndesmotic Injury

Kim Hyun Hak
Advisor : Prof. Lee Jun Young
Depar tment of Medicine,

Graduate School of Chosun University

Purpose : Screw fixation have been used most widely as a surgical methods
for the syndesmosis injury, but the ideal screw diameter, number of cortices,
position of the screw are still controversy.

Although numerous biomechanical studies performed using of cadavaric model,
correspondence between the results of the study using cadavar and the
functional results seems to obscure. Also, many biomechanical studies have
been performed comparing each screw diameters, number of cortices, position
of screw or between two factors, however there is rarely studies that
compar ing biomechanical studies above three factors in our country.

So, we evaluated the ideal screw fixation by setting a study model to
compare a position of screw at the same time the screw diameter, number of
cortices, after adding a load to the syndesmosis using a three—-dimensional

computer ankle model .
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Materials and Methods: Through the CT image data of the ankle joint, we
reconstructed three-dimensional finite element model. We apply the 12 method
of fixation by using screw(3.5mm or 4.5mm) and tricortical or quadricortical

fixation and distance from the tibial plafond(20mm, 30mm, 40mm).

And physiologic loads approximating those during both mid-stance and heel-
off stats of stance phase of normal walking were applied to evaluate the
stress in the screw and widening of the syndesmosis.

Results: Among the 12 of fixation methods, von Mises load is lowest in the
case of 30mm location from the ankle joint wusing 4.5mm diameter

quadricortical fixation. And in the case of 30mm location from the ankle
joint wusing 3.5mm diameter quadricortical fixation, diastasis of the
syndesmosis is most small expenses 0.005mm. And in the case of 30mm location
from the ankle joint using 4.5mm diameter quadricortical, diastasis at each
position expenses 0.004mm.

Conclusion: Through research, there is no great difference in screw diameter.
Screw located 30-40mm from the ankle joint showed advantages in the case

using quadricortical fixation.

Key words: ankle joint, syndesmosis, screw fixation, finite element analysis,

biomechanical study
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Table 1. Mechanical properties of bone of the ankle joint and screw materials

used in finite element analysis

Young’'s Poisson’s Tensile
modulus(MPa) ratio strength(MPa)
Cortical bone 17000 0.3 -
Cancel lous bone 700 0.2 -
Titanium (Ti-6A1-4V) 106000 0.33 896
- 15 -
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Table 2. Stiffness of values of |igaments

Ligaments Stiffness values(N/cm)
Anterior talofibular Iigament 399.9
Calcaneofibular |igament 705.1
Posterior talofibular Iigament 397.5
Deep peroneal |igament 1288.2
Interosseous membrane |igament 2242
Interosseous talocalcaneal |igament 700
Cervical talocalcaneal Iigament 700
Lateral talocalcaneal |igament 700
- 16 -
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Table 3. von Mises stresses and net syndesmosis widening of 3.5mm and 4.5mm
screws at mid-stance state of stance phase at different levels, different

number of cortices.

Screw Number of Max von Syndesmosis
. Level (mm) . Mises(MPa) S
diameter cortices widening(mm)
stress
tricortical 554.90 0.006
3.5mm 20
quadricortical 561.09 0.005
tricortical 543.27 0.005
3.5mm 30
quadricortical 549.89 0.005
tricortical 380.17 0.007
3.5mm 40
quadricortical 444 27 0.006
tricortical 420.35 0.004
4.5mm 20
quadricortical 430.17 0.003
tricortical 429.32 0.004
4.5mm 30
quadricortical 435.62 0.003
tricortical 327 .31 0.005
4.5mm 40
quadricortical 385.71 0.005
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Table 4. von Mises stresses and net syndesmosis widening of 3.5mm and 4.5mm

screws at heel-off state of stance phase at different levels, different number

of cortices.
Max von .
Screw Number of . Syndesmosis
. Level (mm) . Mises(MPa) S
diameter cortices widening(mm)
stress
tricortical 727.83 0.007
3.5mm 20
quadricortical 739.56 0.006
tricortical 719.33. 0.005
3.5mm 30
quadricortical 737.46 0.005
tricortical 485.79 0.009
3.5mm 40
quadricortical 562.46 0.008
tricortical 547 .39 0.005
4.5mm 20
quadricortical 555.39 0.004
tricortical 542.78 0.005
4.5mm 30
quadricortical 559.45 0.004
tricortical 415.94 0.007
4.5mm 40
quadricortical 450.30 0.007
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Figure 1. Three—dimensional models of ankle. (a) reconstructed three-
dimensional finite model of ankle by Mimics program and (b) physiologic

loadings on proximal tibia.
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Figure 2. Three-dimensional model of titanium screw (3.5mm, 4.5mm). (a)
3.5mm cortical screw reconstruction model and (b) 4.5mm cortical screw

reconstruction model by Solidworks 2013.
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25°-30°

Figure 3. Syndesmotic screw was fixed through the fibula and into the tibia

angled 25-30° from posterolateral to anteromedial direction.

{Z/Collection @ chosun

_21_



(a) (b)

(c) (d)

(e) (f)

Figure 4. 3.5mm syndesmotic screws fixed at different locations, different

numbers of cortices. (a) 3.5mm tricortical fixation, 20mm above ankle joint, (b)

3.5mm quadricortical fixation, 20mm above ankle joint, (c) 3.5mm tricortical fixation,
30mm above ankle joint, (d) 3.5mm quadricortical fixation, 30mm above ankle joint, (e)

3.5mm tricortical fixation, 40mm above ankle joint, (f) 3.5mm quadricortical fixation,
_22_
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40mm above ankle joint.

(a) (b)

(c) (d)

(e) (f)

Figure 5. 4.5mm syndesmotic screws fixed at different locations, different

numbers of cortices. (a) 4.5mm tricortical fixation, 20mm above ankle joint, (b)

4.5mm quadricortical fixation, 20mm above ankle joint, (c) 4.5mm tricortical fixation,
30mm above ankle joint, (d) 4.5mm quadricortical fixation, 30mm above ankle joint, (e)

4.5mm tricortical fixation, 40mm above ankle joint, (f) 4.5mm quadricortical fixation,
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40mm above ankle joint.
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