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Three-dimensional finite element analysis of the stress  
distribution and displacement in different fixation methods of  
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Abstract (J Korean Assoc Oral Maxillofac Surg 2012;38:271-5)

Objectives: This study evaluated a range of fixation methods to determine which is best for the postoperative stabilization of a mandibular osteotomy 
using three-dimensional finite element analysis of the stress distribution on the plate, screw and surrounding bone and displacement of the lower 
incisors.
Materials and Methods: The model was generated using the synthetic skull scan data, and the surface model was changed to a solid model using 
software. Bilateral sagittal split ramus osteotomy was performed using the program, and 8 different types of fixation methods were evaluated. A vertical 
load of 10 N was applied to the occlusal surface of the first molar. 
Results: In the case of bicortical screws, von-Mises stress on the screws and screw hole and deflection of the lower central incisor were minimal in 
type 2 (inverted L pattern with 3 bicortical repositioning screws). In the case of plates, von-Mises stress was minimal in type 8 (fixation 5 mm above 
the inferior border of the mandible with 1 metal plate and 4 monocortical screws), and deflection of the lower central incisor was minimal in types 6 
(fixation 5 mm below the superior border of the mandible with 1 metal plate and 4 monocortical screws) and 7 (fixation 12 mm below the superior 
border of the mandible with 1 metal plate and 4 monocortical screws). 
Conclusion: Types 2 and 6 fixation methods provide better stability than the others. 
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results	are	possible	 thanks	to	 the	development	of	surgical	

techniques,	 instruments,	 and	 fixation	methods.	Note,	

however,	that	a	number	of	fixation	methods	after	osteotomy	

itself	are	currently	being	used.	Therefore,	accurate	analysis	

of	 stress	distribution	and	displacement	according	 to	 the	

fixation	methods	is	important.	Generally,	proximal	and	distal	

segments	after	SSRO	are	 fixed	with	bicortical	screws	or	

metal	plates	and	monocortical	screws.	Various	studies	on	

fixation	materials	and	methods	have	been	performed.	Note,	

however,	that	studies	on	stress/strain	of	bone,	metal	plates,	

and	screws	according	to	number	and	position	are	rare3-5.	

This	study	sought	to	evaluate	the	fixation	methods	after	

SSRO	using	three-dimensional	finite	element	analysis	(FEA)	

of	stress	distribution	on	the	plate,	screw,	and	surrounding	

bone	and	displacement	of	the	lower	incisors.

I. Introduction

Sagittal	split	ramus	osteotomy	(SSRO)	was	first	reported	

by	Trauner	and	Obwegeser	 in	1957	and	modified	by	Dal	

Pont,	Hunsuck,	and	Epker1.	The	SSRO	technique	has	been	

modified	continuously	and	widely	used	for	 the	correction	

of	mandibular	disharmonies1,2.	Nowadays,	more	 stable	
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superior	to	the	mandibular	inferior	border.	Three	screws	were	

positioned	in	reverse	L	shape.

Type	3:	The	first	screw	was	fixed	5	mm	posterior	to	the	

osteotomy	line	and	5	mm	inferior	to	the	superior	border.	The	

second	screw	was	fixed	7	mm	posterior	 to	 the	first	screw	

and	5	mm	inferior	to	the	superior	border.	Two	screws	were	

positioned	perpendicular	to	the	vertical	osteotomy	line.

Type	4:	The	first	screw	was	fixed	5	mm	posterior	to	the	

osteotomy	line	and	5	mm	inferior	to	the	superior	border.	The	

second	screw	was	fixed	5	mm	posterior	to	the	osteotomy	line	

and	5	mm	superior	to	the	mandibular	inferior	border.	Two	

screws	were	placed	parallel	to	the	vertical	osteotomy	line.

Type	5:	The	first	screw	was	fixed	5	mm	posterior	to	the	

osteotomy	line	and	5	mm	inferior	to	the	superior	border.	The	

second	screw	was	fixed	7	mm	posterior	 to	 the	first	screw	

and	5	mm	inferior	 to	the	superior	border.	The	third	screw	

was	fixed	7	mm	posterior	 to	 the	second	screw	and	5	mm	

inferior	 to	 the	superior	border.	Three	screws	were	placed	

perpendicular	to	the	vertical	osteotomy	line.

Group	2	was	the	plates-fixation	group	using	monocortical	

screws	and	was	divided	as	follows	(Fig.	1):

Type	6:	A	metal	plate	was	 fixed	using	4	monocortical	

screws.	The	screws	were	placed	between	the	second	premolar	

and	the	first	molar,	between	the	first	and	second	molars,	and	

II. Materials and Methods

1. Model creation 

A	mandibular	surface	model	was	created	by	three-dimen-

sional	(3D)	scanning	(Breuckmann	Inc.,	Meersburg,	Ger-

many)	of	 the	mandible	model	 (QS7/E,	Somso	modelle,	

Coburg,	Germany).	Rapidform	software	(INUS	Technology	

Inc.,	Seoul,	Korea)	then	converted	the	mandibular	surface	

model	 into	a	3D	solid	model.	A	commercially	available	

computer-assisted	design	tool,	CATIA	(Dassalut	System	Inc.,	

Paris,	France),	was	used	to	simulate	SSRO.

2. Study group

Group	1	was	the	bicortical	screw-fixation	group	and	was	

divided	as	follows	(Fig.	1):

Type	1:	One	 screw	was	 fixed	5	mm	posterior	 to	 the	

osteotomy	line	and	5	mm	inferior	to	the	superior	border.

Type	2:	The	first	screw	was	fixed	5	mm	posterior	to	the	

osteotomy	line	and	5	mm	inferior	to	the	superior	border.	The	

second	screw	was	fixed	7	mm	posterior	 to	 the	first	screw	

and	5	mm	inferior	 to	the	superior	border.	The	third	screw	

was	fixed	5	mm	posterior	to	the	osteotomy	line	and	5	mm	

Fig. 1. Finite element model. A. Type 1. B. Type 2. C. Type 3. D. Type 4. E. Type 5. F. Type 6. G. Type 7. H. Type 8.
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and	 the	 lengths	were	7	mm	and	10	mm.	The	mechanical	

properties	of	cortical	and	cancellous	bone	were	assumed	to	

be	the	same.(Table	2)	A	load	of	10	N	was	placed	on	the	90o	

occlusal	plane	of	both	lower	first	molars.(Fig.	2)	

Stress	on	screws	(group	1)	and	metal	plates	 (group	2),	

deflection	of	 the	central	 incisor,	and	stress	on	bone	in	the	

vicinity	of	screw	holes	were	analyzed.	

III. Results

1. Group 1

1)	Stress	on	screws

Maximum	von-Mises	stress	was	measured	on	the	screw	of	

type	1.	Minimal	stress	was	measured	on	the	screws	of	type	

5.(Table	3)

2)	Deflection	of	central	incisor

Maximum	deflection	was	measured	on	type	1.	Types	2	

5	mm	inferior	to	the	superior	border	of	the	mandible.

Type	7:	A	metal	plate	was	 fixed	using	4	monocortical	

screws.	The	screws	were	placed	between	the	second	premolar	

and	the	first	molar,	between	the	first	and	second	molars,	and	

12	mm	inferior	to	the	superior	border	of	the	mandible.

Type	8:	A	metal	plate	was	 fixed	using	4	monocortical	

screws.	The	screws	were	placed	between	the	second	premolar	

and	the	first	molar,	between	the	first	and	second	molars,	and	

5	mm	superior	to	the	inferior	border	of	the	mandible.

3. FEA

The	data	obtained	in	CATIA	was	imported	into	a	commer-

cially	available	FEA	program,	ANSYS	version	12	(ANSYS	

Inc.,	Canonsburg,	PA,	USA).	A	solid	element	type,	“SOLID	

186”	was	chosen	to	model	the	bone	segments.(Table	1)

The	miniplates	(Lefort	system;	Jeil	Medical	Co.,	Seoul,	

Korea)	were	modeled.	The	thickness	of	the	actual	miniplates	

was	0.5	mm.	The	diameter	of	the	actual	screws	was	2	mm,	

Table 1. Number of elements used in 8 different models

Group Type Number of elements

1

2

1
2
3
4
5
6
7
8

37,280
38,986
36,424
34,923
36,306
41,856
41,107
42,063
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Table 2. Mechanical properties used in FEM models

Material Poisson’s ratio Young’s modulus (N/m2)

Titanium plate
Titanium screw
Cortical bone

0.33
0.33
0.30

 105×109

 105×109

14.8×109

(FEM: finite element methods)
Kyoung In Yun et al: Three-dimensional finite element analysis of the stress distribution 
and displacement in different fixation methods of bilateral sagittal split ramus osteotomy. 
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Fig. 2. Boundary conditions of the finite element model of the 
mandible. (A: fixed, B: force, C: force)
Kyoung In Yun et al: Three-dimensional finite element analysis of the stress distribution 
and displacement in different fixation methods of bilateral sagittal split ramus osteotomy. 
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Table 3. Maximum von-MISES stress (MPa) of screws or plates for different types of fixation techniques 

Type 1 Type 2 Type 3 Type 4 Type 5 Type 6 Type 7 Type 8

Screw/plate* 
Bone in the vicinity 
  of screw hole

65.8
16.3

49.7
4.8

52.3
8.5

63.4
5.5

41.7
7.2

175.4
4.8

164.0
7.6

142.0
7.4

*Group 1 (types 1-5) was measured by maximum von-Mises stress of screws, and group 2 (types 6-8), by maximum von-Mises stress of plates.
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to	 reduce	displacement	of	 the	 condyle	 and	 to	 improve	

the	 stability	of	bony	 segments	 in	SSRO10-12.	Triangular	

configurations	of	screws	are	known	to	be	 the	most	stable	

method13,14.	The	semi-rigid	 fixation	method	using	metal	

plates	and	screws	can	reduce	the	displacement	of	the	condyle	

and	nerve	damage15.	This	method	seems	to	be	less	stable	than	

rigid	fixation	using	bicortical	screws,	however16.	The	ideal	

method	of	fixation	has	not	yet	to	be	found.	Furthermore,	most	

reports	were	on	animal	studies.	

In	this	study,	five	rigid	fixation	methods	using	screws	and	

three	semi-rigid	 fixation	methods	using	metal	plates	and	

screws	were	compared.	The	major	model	of	rigid	fixation	was	

Spiessl’s	tripod	method.	In	this	study,	we	found	that	the	rigid	

fixation	model	using	one	screw	(type	1)	showed	relatively	

high	stress	around	the	screw	and	more	displacement	on	the	

area	of	incisor.	On	the	other	hand,	the	rigid	fixation	model	

using	three	screws	(type	5)	showed	the	least	stress	around	

the	screws	and	bone	 in	 the	vicinity	of	screw	holes.	Such	

was	related	to	stress	distribution.	These	results	suggest	that	

multiple	screws	have	some	mechanical	advantages.	This	

study	also	showed	that	type	4	(two	screws	were	parallel	to	

the	vertical	osteotomy	line)	had	more	mechanical	advantages	

than	 type	3.	This	 implied	 that	complex	mechanical	 loads	

from	occlusal	forces	were	transferred	more	effectively	in	the	

type	4	method.	Type	2	may	also	be	an	effective	method.	

In	group	2,	we	found	that	higher	stress	was	delivered	to	the	

metal	plates	located	on	the	vertical	osteotomy	line.	Complex	

loading	around	the	plates	causes	deflection	of	metal	plates,	

inferior	displacement	of	the	anterior	mandible,	and	relapse.	

Major	forces	delivered	to	the	plates	are	bending	and	torsion17.	

Type	8	showed	lower	von-Mises	stress	than	types	6	and	7,	

but	minimal	deflection	of	central	incisors	was	noted	on	type	

6.	Type	6	may	be	a	less	stable	method	from	a	mechanical	

prospective,	but	a	more	effective	method	considering	surgical	

stability.	

Comparing	groups	1	and	2,	types	2	and	6	showed	relatively	

less	stress	on	screws	and	deflection	of	central	incisors.(Tables	

3,	4)	Thus,	types	2	and	6	can	be	said	to	be	the	most	stable	

methods	for	the	fixation	of	the	mandible.	

and	4	showed	minimal	deflection	because	of	 the	effective	

distribution	of	bending	moments	and	 torsional	moments.

(Table	4)

3)	Stress	on	bone	in	the	vicinity	of	screw	holes

Maximum	von-Mises	 stress	was	measured	on	 type	1.	

Minimal	stress	was	measured	on	type	2.(Table	4)

2. Group 2

1)	Stress	on	metal	plates

Stress	on	group	2	was	concentrated	on	the	metal	plates	

in	contrast	to	group	1.	Type	6	showed	relatively	high	stress	

concentration	on	 the	plates	and	screws.	Type	8	exhibited	

minimal	stress.(Table	3)

2)	Deflection	of	central	incisor

Types	6	and	7	showed	minimal	deflection	because	of	the	

effective	distribution	of	moments.	In	contrast,	type	8	showed	

maximum	deflection	of	the	central	incisor.(Table	4)

3)	Stress	on	bone	in	the	vicinity	of	screw	holes

Maximum	stress	was	measured	 in	 type	7,	and	minimal	

stress	was	measured	in	type	6.(Table	3)

IV. Discussion 

SSRO	is	a	common	orthognathic	surgery	in	the	treatment	

of	dentofacial	deformities.	Bony	segments	are	stabilized	

by	various	fixation	methods	classified	into	non-rigid,	semi-

rigid,	and	rigid	fixation1,6-9.	Non-rigid	fixation	uses	wires	

and	has	some	disadvantages	such	as	prolonged	period	of	

intermaxillary	fixation	and	callus	formation	between	both	

segments.	On	the	other	hand,	semi-rigid	and	rigid	fixation	

methods	offer	 sufficient	 stability	of	both	 segments	and	

shorter	periods	of	intermaxillary	fixation.	The	first	report	on	

rigid	fixation	using	screws	was	published	by	Spiessl10.	He	

proposed	that	proximal	and	distal	segments	be	fixed	with	

three	compression	screws	with	 triangular	configuration.	

There	have	been	various	suggestions	on	the	fixation	methods	

Table 4. Maximum deflection (mm) of central incisors for different types of fixation techniques

Type 1 Type 2 Type 3 Type 4 Type 5 Type 6 Type 7 Type 8

Deformation (mm) 1.23 0.92 1 0.95 0.96 0.91 0.95 0.99
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V. Conclusion

Type	2	(inverted	L	pattern	with	3	bicortical	repositioning	

screws)	and	type	6	(5	mm	below	the	superior	border	of	the	

mandible	with	1	metal	plate	and	4	monocortical	screws)	

fixation	methods	provide	more	stability	than	others.
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