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Fig 1. Hybrid external fixator without bar to ring
connection.

Fig 2. Hybrid external fixator with bar to ring
connection. The curved arrow indicates arch
plate. The straight arrow indicates articulated
supporting bar

Fig 3. Hybrid external fixator with bar to ring
connection. The threaded rods were placed at
the coronal plane
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Fig 4. Hybrid extemal fixator with bar to ring
connection. The threaded rods were placed
posterior to the coronal plane
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2. 1% 23 BYE (Anteroposterior stiffness)

AX 2F A= AR E 717)171 7HE A4
U3y 138 F458S AAEA G2 A 23]
P EE A EE Y AT A FZ oM =
AN 5&55E AHAT 3457 BF B 2
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Fig 8. Hybrid external fixator without bar to ring
connection. Double ring fixation for the
periarticular fragment

Fig 6. The curved arrow indicates the zig for
bending load
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Table 1. Summery of the stiffness

Group Gl G2 G3 G4 G5 G6
(I-4R") (H-5/8,3w')  (H-58,3wt) (H-58,3w?) (H-58,3wl) H-two5i8Y)

Coronal Posterior

Load No Support U-Support -Support -Support
Axial 97301941 3647+124 6455+1.63 58.65+395 51.52+123 51.24+1.21
Torsion} 1.31+£0.02  094+002 096+0.03 098+002 098+0.02 0.96+0.01
Anterior!  74.60+3.16  42.03+03  53.40+045 59.25+101 55824033 49.26+1.67
Posterior  57.23+0.70 38.70+0.60 47.67+0.13 53.00+£0.50 51.20+2.10 48.40+0.40
Right”™  7508+1.12 38.63+0.57 57.97+146 52094532 51.53+0.77 47.50+0.23
Left't  7381+1.17 39.15+025 59.124+095 52.84+1.03 5022+0.66 46.34:+0.18

* : Tlizarov frame constructed with 4 whole rings
t : Hybrid frame with three wires on a 5/8th ring

¥ : Hybrid frame with two 5/8th rings for articular fragment fixation

§: Torsional stiffness(N-m/° )

|| : Anterior bending stiffness (N/mm)
**: Right bending stiffness

t 1 : Left bending stiffness

91 : Posterior bending(N/mm)
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Fig 7. Axial and bending stiffness.
20 This graph shows the stiffness
pattern of entire frames tested
0 T T T T T in this study
Gr1 Gr2 Gr3 Grd Gr5 Gré
U

4. 97 ¥4 (Torsional stiffness)
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Nephew A}2} hybrid strutE AM-£3% H o2 Ho}
Khalily?7} A8V} 8] o) 2] A\ ) & H X 3 R0
2 Btk Pugh"5 & o] AA 7 Z2HF T ¢ 3|
RRAEE 27N 7)A & Aol A 1 £8A
grAHo 2 Yrsgck 1 19 AY AHE
B Qo) F23 02 Mg AR vl ofs) T2
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Gr6 Fig 8. Torsional stiffness.
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The Biomechanics of Hybrid External Fixator
- Effectiveness of Bar to Ring Connection -

Jong-Keon Oh, M.D., Duk-Young Jung, M.A*., Seong-Yong, Yoon, 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 biomechanical effects of bar to ring connection in a hybrid external
fixator have not yet been clearly identified. The purpose of this study was to identify
the biomechanical effects of bar to ring augmentation in the hybrid external fixator.

Methods. Simulated tibial plateau fractures were created using a polyvinylchloride
pipe. Groups of simulated periarticular tibia fractures were stabilized with one of six
different external fixation constructs with components from one manufacturer. Six
frame configurations were tested : a four-ring Ilizarov frame, a hybrid frame without
bar to ring augmentation, hybrid frames with three different bar to ring augmentations,
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 four-ring Ilizarov fixator was the stiffest in all modes of testing. Frame
augmentation with three different types of bar-to-ring connection did increase stiffness
in all modes of testing. No statistical difference was found between the stiffness of the
frames with three different types of bar to ring augmentations. The stiffness of a hybrid
frame constructed with multiple levels of fixation in the periarticular fragment was
comparable to that of the fixators with bar to ring augmentation.

Conclusion. Our results show that the bar to ring augmentation increases the overall
stiffness of hybrid external fixators in this periarticular tibia fracture model by
27~76%.

Key Words : Tibia, Plateau fracture, Hybrid external fixator, Biomechnics, Bar to
ring connection.
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