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Article Information Abstract
Original Research Paper Nowadays, the alignment of broken bones using unilateral external fixators has been popular. However, their
Received: 5 July 2022 adjustment to hold bone pieces from four areas and move them by loosening the screws for ossification is
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associated with errors and consequently various problems. The present study aims to assess the stability and
Accepted: 12 September 2022 q y p p y ty

strength of a unilateral external fixator equipped with four motors, which is able to accurately move the bone

Keywords: pieces from four areas using the motors without error. The device is designed in SolidWorks software. Then,

Unilateral External Bone Fixator its simulations and analyzes are performed using the finite element method in ANSYS software. The results of
Bone Fracture the simulations in dynamic mode in a period of 1 s, compressive forces of 150 N and 130 N, and eight-point
Bone Los bending force of 150 N confirm the stability of the device and by applying a twisting torque of 8 Nm, the
Orthopedic device still maintains its stability. The results show that the designed device has the necessary stability,

Finite Element Method rigidity, and strength to keep the bone stable. Moreover, using the electronic control unit of the motors, this

device can precisely move the bone pieces for ossification. Therefore, it is recommended to manufacture and
use this device in orthopedic surgeries.
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° Bilateral external fixator frames
1 Intra-medullary pin

" Epiphyseal bone
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2 plate-type external fixator

* Timoshenko

* Finite element solver FEAP
3 Finite Element Method
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Fig. 1 Motorized unilateral external bone fixator modeled in
SolidWorks, the SCHANZ, and how the threaded SCHANZ is attached
to a fractured bone, part of which has been destroyed.
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Fig. 5 The boundary conditions considered to simulate the eight-point
bending test and the device analysis in dynamic mode for the fractured
bone. Determining the movement direction of the two intermediate
units of the device for a 0.25 mm displacement and F is the force
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Fig. 3 The boundary conditions considered to simulate the pressure test
and the device analysis in dynamic mode for the fractured bone,
including the movement direction of the two intermediate units of the
device for a 0.25 mm displacement and F is the force.
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Fig. 4 The boundary conditions considered in the simulation of the
torsion test in dynamic mode. M is the location for applying a torque of
8 Nm to the end of the fractured bone, its direction, and the location of
the fixed end of the bone. Determining the direction of the two
intermediate units of the device having a displacement of 0.25 mm.
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Fig; 8 The displacement distribution and the deformation in all parts of
the system under a 130 N force in the direction of the fractured bone in
dynamic mode, and the movement of the two intermediate units of the
device
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Fig. 9 Von Mises stress distribution in all parts of the system under a
130 N force in the direction of the fractured bone in dynamic mode, and
the movement of the two intermediate units of the device
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Fig. 6 The displacement distribution and the deformation in all parts of
the system under a 150 N force in the direction of the fractured bone in
dynamic mode, and the movement of the two intermediate units of the
device
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Fig. 7 Von Mises stress distribution in all parts of the system under a
150 N force in the direction of the fractured bone in dynamic mode, and
the movement of the two intermediate units of the device
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Total Deformation ANSYS
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Fig. 10 The displacement distribution and the deformation in all parts
of the system under a 8 Nm torque in the direction of the fractured bone
in dynamic mode, and the movement of the two intermediate units of
the device
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Fig. 11 Von Mises stress distribution in all parts of the system under a
8 Nm torque in the direction of the fractured bone in dynamic mode,
and the movement of the two intermediate units of the device
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Table 2 Maximum displacement and stress in the pressure test under
the two forces of 130 N and 150 N

O oSk el pe S 95

(JB5wl ) (o sk (g
Y-VIY VYA \Y-
YESIFY i 10

(Seebus Sl o jlad g Jlosl (giluaned azs

5 wsls Il 5l oad b olSius a5 ol ol ik
bid g coul Jloy03 5 (es V00 (gLid g9y Jlesl (Lo
Gl o eslil Sy slapls eloly a5 bapls
Lz bl sal aid a5 o o laslisl cdls o saugl )l
05 5o by wbloe el bl apls iz S cpl
5 10lasl o JELbKe Yoo a5 ol il audes i
5 PR et )l (e VW g9, Jlosl (siluancd o VP
3 Hee V0 sy Jles!l giloand g (Cusd) abnle
plaSEee )3 (Jg s ) (oo CuSd g bl pp i 2o
ojle g Dlakad 10 (6 A wad plxil oo
Qopls 28,8 15,0 ey leiil oaiS ol olKzuws
Wl i )led s Jlesl cnlply 00,5 ood oaline
25 05l (oo doaple olowle g p b osd 4 4> g b (g
Ol g el ouls azd 3 i o o failiwl Shee 4 bl
Jlosl b a5 0t sunlice a5 > o 5,005 o9 Ll 4o i
S A7y b @ plees )L (Tes 100 6,L8 (55,0
So 2ln > s JB )kl oliws Gl ply S e

Olee 3 0392 519,95 5 ol Jloel ((H9s VO+) i JLa3
Seelss b o cad cpl jo olKiws Cudo gl

28,5 )8 anli 050 g osllas

Soolyd cdle 50 oliws g Cond —Y-Y
A Glesd) chomy s Jlosl 5 oliws iluad L
3 Seelus a0 ouls wllSl lgPnl 4 (6 e g
Sy gl (g e o /YO olls 5 4l SO ey Do
aaleply 5 50 5 JSE i 5 belr gl 50 el
& A g Glggul o Sl oluls iSlas a8 ol saslic
YIVY sga> e IS @lhe o] on )l slapls jo o
ol ateive e g aiboe JEKLLe Yo L ol )

SVl abuls g p ) i g GBS i S5 0 Max

€ oplois A 0093 VE-N 15wl 3dss 5 il waie



Ve 9 LS ol jp LS e

03 SilgZiml YIS 28) i 03w (A1 1) gig0 Ad b S 3B 034 gl ol S Ik (W)

Shear Stress
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Fig. 12 Shear stress contour in XZ planes, torsion test
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Fig. 13 Shear stress contour in YZ planes, torsion test
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Shear Stress
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Fig. 14 Shear stress contour in XY planes, torsion test

iz Cond XY Slorio [0 by G 68 1 S

€ ol A 0993 N E-N s ol 3dgs 9 il Swdiie

S Jloel b Gt cad 50 05 5 ol peu Sl polie ¥ Jgu

Srec g A Ggless) (ciomn
Table 3 Maximum displacement and stress in the torsion test under the
torsional force (torque) of § Nm
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ANSYS
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Type: Equivalent (von-MisedlB
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Fig. 16 Von Mises stress distribution in all parts of the system under
the bending forces applied in 8 points perpendicular to the axis of the
fractured bone in dynamic mode, and the movement of the intermediate
motors.
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Table 4 Maximum shear stress in the torsion test under the torsional
force (torque) of 8 Nm
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Table 5 Maximum displacement and stress in the eight-point bending

test.
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Fig. 15 The displacement distribution and the deformation in all parts
of the system under the bending forces applied in 8 points
perpendicular to the axis of the fractured bone in dynamic mode, and
the movement of the intermediate motors.
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Table 6 Comparing the simulation results and (experimental) tests of
reference [21] with the simulation results of the present study

e O lad Jlad ]
Q)
e NES ebel> ebl> ebl>
(owleo) (Lol (Gosh) (o o) "
N A s R S A S A
(& lwands
“IA Y/E0 VA IAYD o)
vyl
2Kl
-1V YIVO VA < JAYO =)
dvy]
lsdacds
- IB) .Y VIVE VYA SO
ol axllla
Ye



Ve 9 LS ol jp LS e

03 SilgZiml YIS 28) i 03w (A1 1) gig0 Ad b S 3B 034 gl ol S Ik (W)

Infected Non-union of Tibia Based on Bone Gap
Quantification, Springer, Indian Journal of
Orthopaedics, Vol. 54, pp. 495-503, 2020.

[11]S. Jain, P. Patel, S. Gupta, External Fixator as A
Definitive Treatment for Tibial Diaphyseal Fractures,
Orthopaedic Journal of M P Chapter, Vol. 26, Issue
1, pp. 34-39, 2020.

[12]D. Shi, K. Liu, H. Zhang, X. Wang, G. Li, L. Zheng,
Investigating the biomechanical function of the
plate-type external fixator in the treatment of tibial
fractures: a  biomechanical study, BMC
Musculoskeletal Disorders, Vol. 21, No. 128, 2020.

[13]K. Karunratanakul, G. Kerckhofs, J. Lammens, J.
Vanlauwe, J. Schrooten, H. V. Oosterwyck,
Validation of a finite element model of a unilateral
external fixator in a rabbit tibia defect model,
Elsevier Ltd., Medical Engineering & Physics, Vol.
35, pp. 1037—- 1043, 2013.

[14]L. M. Roseiro, M. A. Neto, A. Amaro, R., P. Leal, M.
C. Samarra, External fixator configurations in tibia
fractures:  1Doptimization and 3D  analysis
comparison, Elsevier Ireland Ltd., Computer
Methods and Programs in Biomedicine, Vol. 113, pp.
360-370, 2014.

[15]J. Li, X. Zhao, C. Tao, R. Ji, Investigate of the
influence of pin deviation on the biomechanical
environment of fixator-bone system by finite
element method, Vibroengineering Procedia, Vol.
20, pp. 128-133, 2018.

[16]L. Roseiro, A. Neto, Optimal Configuration of
Uniplanar-Unilateral External Fixators in Tibia
Fractures, Springer Science & Business Media
Dordrecht, pp. 461-468,2013.

[17]T. Matsushita, K. Nakamura, I.
Kurokawa, Sliding performance of unilateral
external fixators for tibia, Elsevier, Medical
Engineering & Physics, Vol. 20, pp. 66—69, 1998.

[18]L. Osagie-Clouard, J. Kaufmann, G. Blunn, M.
Coathup, C. Pendegrass, R. Meeson, T. Briggs, M.
Moazen, Biomechanics of Two External Fixator
Devices Used in Rat Femoral Fractures, Wiley
Periodicals, Inc., Orthopaedic Research Society, pp.
293-298, 2019.

[19]R. Shahar, Y. Shani, Fracture stabilization with type
IT external fixator vs. type I external fixator with IM
pin, Schattauer GmbH, 2004.

Ohnishi, T.

[20]K. Karunratanakul, J. Schrootenb, V. H.
Oosterwycka, Finite element modelling of a
unilateral ~ fixator for bone reconstruction:

Importance of contact settings, Elsevier, Medical
Engineering & Physics, Vol. 32, pp. 461467, 2010.

[21]M. Elmedin, A. Vahid, P. Nedim, R. Nedzad, Finite
Element Analysis and Experimental Testing of
Stiffness of the Sarafix External Fixator, Elsevier,
Procedia Engineering, Vol. 100, pp. 1598-1607,
2015.

Yo

3 ol 4 asgl aldl e 3350 loyo o (g0l Coen
a4 paatte Sy ki Gl oSlws a6l 5 olaul
o)l ool (b sKws yogr slexel LB g 580 &g
G el ol aS wls ol en a1y Glojs Job yo oLl JLs
3leslawl g colu plplo oyl gob) 5l leyo Caude &g,
5 009 Jli )50 6‘-\’5’)‘ 6Lm‘5>‘)? S 0 ‘5'>|J.lo oK

&=l -0

[1] A. T. Fragomen, S. R. Rozbruch, The mechanics of
external fixation, HSS Journal, Vol. 3.1, pp. 13-29,
2007.

[2] C. Simon, Classification and Nomenclature of
External Fixators, External Skeletal Fixation, Vol.
22, No. 1, 1992.

[3] P. Hernigou, History of external
treatment of fractures, Springer,
Orthopaedics (SICOT), 2016.

[4] B. Fleming, D. Paley, T. Kristiansen, M. Pope, A
Biomechanical Analysis of the Ilizarov External
Fixator, Clinical Orthopaedics and Related
Research, No. 241, 1989.

[5] M. Wei, J. Chen, Y. Guo, H. Sun, The computer-
aided parallel external fixator for complex lower
limb deformity correction, Springer, Int J CARS,
2017.

[6] J. X. Zhao, C. Li, H. Ren, M. Hao, L. C. Zhang, P. F.
Tang, Evolution and Current Applications of Robot-
Assisted Fracture Reduction: A Comprehensive
Review, Biomedical Engineering Society (BMES),
2019.

[7]1D. Y. Lee, I. H. Choi, C. Y. Chung, J. S. Shim, A
modified Wagner technique for femoral lengthening
in skeletally mature patients with poliomyelitis,
Springer-Verlag, International Orthopaedics
(SICOT), Vol. 17, pp. 154-157, 1993.

[8] T. Apivatthakakul, O. Arpornchayanon, Minimally
invasive plate osteosynthesis (MIPO) combined with
distraction osteogenesis in the treatment of bone
defects A new technique of bone transport: a report
of two cases, Elsevier, Injury, Int. J. Care Injured,
Vol. 33, pp. 460—465, 2002.

[9] C. Sangkaew, Distraction osteogenesis for the
treatment of post traumatic complications using a
conventional external fixator A novel technique,
Elsevier, Injury, Int. J. Care Injured, Vol. 36, pp.
185-193, 2005.

[10]J. Wadhwani, R. Rohilla, R. Siwach, R. Singh, A.
Devgan, S. Vashishth, Comparison of Clinico -
radiological Outcomes of Monolateral Fixator in

fixation for
International

Eoploid 093 N E-) s ol pal 3ss 5 wibin Swiiie



