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Purpose: This study examined the structural and mechanical stability as well as the clinical significance
of various fixation constructs for distal tibial fractures using finite element analysis.
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Fig. 1. (A, B) The tibiofibular model was produced from three-dimen-
sional (3D) computer-aided design files, which were imported into 3D-
Matics® software. The ideal reduction and symmetric congruency of
distal tibiofibular syndesmosis were simulated, and syndesmotic liga-
ments (20 mm in width and 2 mm in thickness), including the antero-
inferior tibiofibular ligament, posteroinferior tibiofibular ligament, and
interosseous ligament were formed in their anatomical positions.
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Fig. 2. Distal tibial plates were placed in the ideal position. (A) Distal
tibial plate of Zimmer. (B, C) Distal tibial plates of Depuy Synthes.
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Fig. 3. Assembly models were constructed as follows. No tibia fracture group: (A) intramedullary nail (IMN) fixation model of two-screw, (B) three-
screw, and (C) plating model. Tibia 20-mm gap group: (D) IMN fixation model of two-screw, (E) three-screw, and (F) plating model. Tibia 120-mm
gap group: (G) IMN fixation model of two-screw, (H) three-screw, and (I) blocking screw model. Tibiofibular 20-mm gap group: (J) IMN fixation

model of two-screw and (K) three-screw model.
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D Fig. 4. (A-D) Two reference lines were
virtually placed and aligned on the
medial surface of the middle shaft and
distal shaft using the Mimics® software.
(E, F) Tibia models were converted from
three-dimensional (3D) models into
two-dimensional axial models using
3D-Matics® software. The acute angle
by two reference lines was measured
as distal tibial torsion. (G) According to
these three points, the DOC (diameter

G of the curve) of the distal medial surface
was measured.

0.2252 AA=At 9xE dEo] F¢ 1.5 g/em’, J
HZo] A% 0.2 g/em’Art? B Ao JFAAE
o] RE F&S Heby gFog s, ol 74
A4, S, B9 54& 7Hta o AR Eetw &
2] 92 96,000 MPa, Zot H-&2 0.36, Q134

B UL E 462 g/em’2 27500k 12§ BA0 JE

200,000 MPa, Eo} H-&-2 0.30]%icE” 154t
oF A4 HEstgon, S50 EE F540 HH, 24

5w Apo]] AFozlg2 vt ol A=l (D =

o,
il
rlo
b oo & rlo o



Stable Fixation Strategies for Distal Tibial Fractures: Finite Element Analysis Studies

Tf AHUAL Abo] o] QAL i) Aok Aoz ZHgst
Aot () 5580 S542 7144 Fotz Qls) Mot @A
221 Aol slieta 2 Slek AR 0
THo] UpAL 1AL HEEglom, @) wubAeE F45A0]
g Atel= 3}01 HEo] JE Aoz maysirt A
431 Ansys® AL EQJo]2 AL8ato] FE 248 48519

o] von Mises stress (VMS)E AH-8-5t5itt.

AA| 2719] 3D A BHo] YR HELS =4
3l Mimics® i&EﬂME AFgatgt E o] 71EAe
AT WA Aol 1/2 Aol =7t 7o Y= muy} A
9] $AR) 50 mme] AHel 99) B7heko] ApAko 2 )
2] W ZEEQd}. 13 g 3D A& Re-S 3D-Matics” 4
LE9ol& 714} 2D £ mEl2 WiglElo] A HEY E
A 2242 AASEE. 5 Y] 71 Alo] BasHs lzhe €

ZAZ vEgo g =A5cH(Fig. 4; tibial torsion). Th-2

>

" ] G: original, plate
e Eaunaient Stress 3 —

Type: Equivalent (von-Misissaion
Type: Equivalent (von-Mises) S #
Unt NPy Uity

Kooz
Equa
e sw e e S

ime:
20221047 23 1112

Time 15
20221013 2% 444

Tsionesaz
19162 Max
16

Equivalent Stress S Equivalent Stress 4 - /
Type: Equialent (on-Mises)Stress p alent (von-Mises) Sress
s Eaiit tossised e Eqanalet ron-Mises) St g » Tpe. Eqmv alent (von-Mises) Stre}
15 e+ - unt s
10132 E
20221013 23 451 20221014 23 221 L —
17,29 Max 15w
o 92.461 Max
70 uhs ®
i Ce 0
50 H so 3
0 H « 50
30 H s 40
20 H 0
10 20
00662 Min aousTzMia 10
00027873 Min

Sung Hun Yang, et al. I

Fig. 5. (A-C) By moving the plate anteriorly, the gap was increased in
the distal diaphysis, and the mismatch could be visualized clearly in the
internal rotational view.
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Fig. 6. (A) Stress distribution areas had maximum von Mises stress (VMS) values at the lateral cortex around the 1st interlocking screw in intramed-
ullary nail (IMN) models and at the medial cortex of most proximal hole under the plate in the plating model. (B) The VMS value of the tibia in the
similar area was the lowest in the plating model (TDMT). (C) Stress distribution areas had the maximum VMS values at the 1st hole for the inter-
locking screw in IMN models and the 3rd locking hole from the distal end in the TDMT model. (D) The VMS value of implant in the similar area was

highest in the IMN of two-screw model (T2S). T3S: three-screw model.
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Fig. 7. (A) The assembled tibia model with a 20-mm gap indicates the maximum displacement occurring at the upper part of the tibia. (B) The to-
tal displacement was the highest in the TDMT model. (C) Stress distribution areas had the maximum von Mises stress (VMS) values at the medial
cortex around the 1st interlocking screw in IMN (intramedullary nail) models and at the medial cortex of just the proximal hole above the fracture
in the TDMT model. (D) The VMS distribution of the distal fixation constructs was the highest in the TDMT model. T2S: two-screw model, T3S:

three-screw model, TDMT: plating model.
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Fig. 8. (A) The assembly tibia model with a 120-mm gap indicates the maximum displacement occurring at the upper part of the tibia. (B) Total dis-
placement was the highest in the IMN of three-screw model (T3S). (C) Stress distribution of the implant had the maximum von Mises stress (VMS)
values in the 1st interlocking screw hole. (D) VMS distribution of implant was the highest in the T2S model. T2S: two-screw model, T2BS: blocking

screw model.
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Fig. 9. Assembled tibiofibular model
with a 20-mm gap indicates the maxi-
mum von Mises stress distribution in the
1st interlocking screw hole, similar to
the tibia model. T2S: two-screw model,
T3S: three-screw model, TF2S: tibiofibu-
lar two-screw model, TF3S: tibiofibular
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AL

Fig. 10. (A) Total deformation of the fixation construct was the highest in the plating tibia with a 20-mm gap. Among the fixation constructs of a
120-mm gap, the blocking screw model (T2BS) had the least deformation. Thus, it was stiffer than the three-screw model. (B) Among the fixation
constructs of the 120-mm gap, the T2BS model had the least von Mises stress (VMS) distribution of the implant. Thus, it was biomechanically more
stable than the T3S model. The units on the vertical axis are mm (A) and MPa (B). T2S: two-screw model, TF2S: tibiofibular two-screw model, T3S:

three-screw model, TF3S: tibiofibular three-screw model.
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