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. DynaExtor® (BK Meditech,
Koreg)

151.8mm 2
H 1 4
781012,1314) .
1.8mm
60 o1y, 60 130Kg
5mm  Haf pin
3Cm
20mm .
o, 2 2 160mm
5/8 1.8mm
319 Half pin . (wire crossing
angle) 60 0Kg
Hdf pin . 5mm  Hdf pin
58 3Cm 20mm
a1, . Half pin
Hdf pin
6781314
half pin (Figure?).
3 3 2
hdf pin
(Fgurel).
4H 4 2
1 hdf pin
(figure 2).
5 5 2
hdf pin
7').
(stainless stedl) (figure3).
160mm  (haf ring) 6 6 half pin

6mm threaded rod . 5
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Fig. 2. Hybrid externa fixator constructed with one
tensioned wires and two half pins fixed the
anteromedial surface on the sagittal plane.

Fig. 1. Hybrid external fixator constructed
with two tensioned wires and a half
pin on the sagittal plane.

Fig. 3. Hybrid external fixator constructed with a
tensioned wire and two half pinson
anteromedial and anterolateral surfaces

respectively
hdf pin
1.8mm half pin
(Figure4).
n 7 5/8
5mm  hdf
pin
3.
Instron Model 8511.20 ,
Fig. 4. Hybrid external fixator constructed Insron Model
with awire and a half pin on ante 8521 ) 10

romedia surface N 300 N 10
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Table 1. Summery of the stiffness

Group Gl G2 G3 G4 G5 G6 G7
(I-4R) (H-5/8) (H-5/8) (H-5/8) (H-5/8) (H-5/8) (H-two 5/8)
Load 3 wires 2wires 1 wire Iwire Iwire 2wires
IHPsxgitta  2HP(LtLt) 2HP(LtRt) IHP(LY) 2wires
Axid 97.30+ 941 3647+ 124 9603+ 099 8879+ 729 6209+ 598 6207+ 081 5124+ 121
Torson 131+ 0.02 094+ 0.02 116+ 0.02 127+ 005 129+ 001 088+ 001 096+ 001
Anterior  74.60+ 316 4203t 0.3 5518+ 122 8852+ 121 7752+ 269 66.3%+ 238 4926+ 167
Poderior 5723+ 070 3870+ 060 5014+ 257 6250+ 580 6500+ 170 56.64+ 086 4840+ 040
Right 7508+ 112 3863+ 057 5025+ 153 4205+ 126 5482+ 068 4253+ 092 4750+ 0.23
Left 7381+ 117 3915+ 025 5167+ 270 4624+ 052 5255+ 102 47.14+ 0.78 46.34+ 018
10N/sec 100N 2 (Anteroposterior stiffness)
4
zg . 1°/sec 5 1 6
10N 9 3 7 2
1 3 2
9 30%
9
Haf pin
456
4 (Table1, Figure6).
one way ANOVA test
Post Hoc Tests  Turkey s Studentized Range- 3 (Side bending stiffness)
(HSD) (multiple comparison)
p-vaue<0.05
3 5
46,7 2
1 (Axial stiffness)
Hdf pin 2 3
3,4 5 30%
6 7 2 (Teblel, Figure7).
2
Half pin 4. (Torsional stiffness)
3 263% (Table1,
Figure5). 4 5 3 267
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Gi1: standard lizanov, G2: 3 wires, G3; 2 wires + 1HP sagittal, G4:; 1 wire « ZHP, L1,
G5; 1 wire + ZHP, L1 & AL GE&: 1 wire + THP, L1, GT: IHP, sagittal

Stiffness(N/mm)
8 &8 & &
|

e

G1 Gz G3 G4 G5 GE GT

G1; standard Ilizanov, G2: 3 wires, G3: 2 wires + 1 HP sagittal, G4: 1 wire +2HP, L1,
G5 1wire + ZHP, Lt & Rt G6: Twire + 1HP, Lt GT: 3HP, sagittal

Fig. 5. Axia Compression Stiffness

Fig. 6. Anterior-Posterior Bending Stiffness
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70 11
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G1: standard llizanov, G2; 3 wires, G3; 2 wires + THP sagittal, GA: 1 wire + ZHP. LY
GE ;1 owire « 2 HP, LI & BRI, G6 : 1 wire + THP, Lt . G7 ; 3 HP. sagittal

120

[ Anterios

100 . B Posterior
£ 80 | +I
z
@ 60
o
£
LE; 20

20

0
G az G3 G4 GS G G7

G1: standard llizanov, G2: 3 wires + THP sagitial, GA: 1 wire + ZHP, Lt,

G5: 1 wire + 2HP, Lt & Ri. GB: 1 wire + THP, Li, G7; 3HP, sagitial

Fig. 7. Right-Left Bending Stiffness

(Figure8).

5-6mm  hdf pin
half pin

12451015.16)

haf pin

(injury access) 124500,

Fig. 8. Torsiona Stiffness

haf pin
5/8
(Fgurel).
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(bisecting axisto the wire crossing angle)
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911)
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60%, 24% . haf pin
(pin plane)
312,
27
14,
™, helf 4
pin 2
315,16)_
haf pin
678101314 (
3)
@)
haf pin 124517)
Pugh= hdf pin 5
15
(multi-leve fixation) T ) 4
3 5 haf pin
hdf pin 3 6
2 263% 2 . 4 5
30%
23%
3 58 7
(pin plane)
83%
3 2
hdf pin
. 1 hdf pin
hdf pin 3
) 263%,
1 . 30%
3 a)
2. haf pin
7).
haf pin , 88%
4 3

10% ,
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3. hdf pin
78%
4, haf pin
1
5. hdf pin
@)
2
6. hdf pin
G )
15
half pin
haf pin haf.pin (pin
plane)
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Abstract

The Biomechanicsof Hybrid External Fixator
- The Effect of Periarticular Half Pin on Frame Stiffness-

Jong-Keon Oh, M.D., Duk-Young Jung, Ph.D candidate’, In-Su Kim, M.D.

Department of Orthopedic Surgery, College of Medicine, Ewha Womans University, Seoul, Korea
Institute for Frontier Medical Sciences, Kyoto University, Kyoto, Japan *

Objectives. The purpose of this study was to identify the biomechanical effect of
periarticular half pin in the hybrid external fixator.

Methods. Simulated tibial plateau fractures were created using a polyvinylchloride
pipe. Seven frame configurations were tested : afour-ring llizarov frame, a hybrid
frame with three wires on peri-articular fragment, hybrid frames with wires and half
pins on peri-articular fragment by four different configurations, a hybrid frame
constructed with multiple levels of fixation in the periarticular fragment. A materials
testing machine was used to apply pure compression, anterior and posterior bending,
medial and lateral bending, and torsion. Stiffness values were calculated from the load
deformation and torque angle curves

Results. The overall stiffness of the hybrid frame was increased up to 30% by
replacing a coronal tension wire with a half pin placed on the sagittal plane. The
hybrid frame constructed with two wires and a half pin on the sagittal plane of the
periarticular fragment showed overall stiffness compatible with that of multi-level peri-
articular fixation frame.

Conclusion. Our results show that the half pin placed on the periarticular fragment
can be a effective tool to increase the stiffness of hybrid external fixatorsin this
periarticular tibia fracture model.

Key Words: Tibia, Plateau fracture, Hybrid external fixator, Biomechnics, Half pin.
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