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Biodynamics of mandibular angle fractures has been extensively discussed in the literature in search for
the best way to fixate and expedite recovery of trauma patients. Pioneers like Michelet and Champy had
the greatest impact on evolving of osteosynthesis in maxillofacial traumatology; they introduced their
basic principles frequently used to describe the biomechanics of mandibular fixation. Their concept
states when a physiologic load is applied on mandibular teeth a negative tension will be created at

superior border and a positive pressure will appear at inferior border. These simple definitions are the

basis for the advent of fixation modalities in mandibular angle fracture. This article sought to reassess

Ke ds:

Ng:éoiglflar angle these principals based on load location via finite elements method.

Fracture © 2019 Chinese Medical Association. Production and hosting by Elsevier B.V. This is an open access article
Osteosynthesis under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction functional load by finite element method (FEM).'®~2! We assess

The mandibular angle fracture is second most hospitalized
emergency admission of facial fractures and it has the most
complication reports.' The internal fixation is used as definitive
treatment. There are many methods availed for internal fixations
and the Champy's method is one of more acceptable method for
internal fixation of mandibular angle fracture. In Champy and
Michelet original report they placed force on mandibular ante-
rior teeth of this model and developed principles that are the
basis for nearly all treatment modalities (Fig. 1).>~> While a
trauma patient who has undergone internal fixation even under
the best conditions will never apply force on anterior teeth for
several weeks, even patients are instructed to not use their
anterior teeth. Many authors believe posterior loading will
completely change the biomechanics.® Failure of internal fixa-
tion device during function will cause infection and other
complication which is bring more morbidity specially psycho-
socially and long-term inter maxillary fixation.” ' Since poste-
rior loading is major source of function. The assessment of
posterior load would be more logical. Many author simulate the
stress distribution of implanted devices in mandibular under
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stress distribution on a fractured mandible in a finite element
model while we load the mandible clenching (Fig. 2), which is
more probable function in a post-operative trauma patient to
compare with anterior loading (Fig. 3) and discuss possible
changes simple modifications will make on our understanding of
biomechanics of mandibular angle fracture.

Methods

A 3-dimensional model was fabricated from a computed to-
mography scan of a human mandible. Serial axial sections of were
converted to 0.3-mm segments, and the 3-dimensional model was
constructed via Catia software (Dassault Systemes, Vélizy-Villa-
coublay, France; v 7) and assessed via ANSYS software (v 10; ANSYS,
Canonsburg, PA) for nonlinear stress analysis with FEM. The
condyle was selected as a fulcrum where occlusal forces were
simulated in two stages namely:

Placement of linear vertical load on the middle third (molars
and premolars) perpendicularly to the occlusal plane (200N).
Fraction of force on the first premolar, second premolar, first molar,
and second molar locations was 10%, 20%, 50%, and 20%, respec-
tively (Fig. 2), for loading.

Placement of linear vertical load on anterior teeth (200N) as
proposed by Champy in original method (Fig. 3).
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Fig. 1. Stress distribution in anterior mandibular loading: tensile stress is created at the superior border and compressive forces will be generated on inferior border while stress
distribution in posterior mandibular loading: in contrast to anterior loading, compressive forces are seen at the superior border and tension is see at the inferior border.

Then stress distributions at the mandibular angle at the buccal
cortex were assessed.

Results

The von Misses stress at the mandibular angle was analyzed in
the two aforementioned conditions by the FEM; a color scale pre-
sented the stress distribution upon loading. The tridimensional
model (Figs. 2 and 3) was loaded once at the posterior part of
mandible (as normal physiologic jaw clenching force, Fig. 2) and
once on anterior teeth as proposed by Champy (Fig. 3). Posterior
loading reversed the pattern of stress distribution completely
(Fig. 2) shows that there is compressive force on superior border
while tension is seen at the inferior border.
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Fig. 2. Finite element model in anterior loading shows that a negative strain or tension
is mostly seen on the superior border.
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Fig. 3. Finite element model in posterior loading shows that strain distribution pattern
is completely modified and tension zone is transferred to the inferior border.

Discussion

Tridimensional movements of the lower jaw, effects of masti-
catory muscles on fractured bone and existence of teeth have
prevented a unanimous solution for mandible angle fractures.
Creating a biomechanical model is a known method for analyzing
fracture dynamics in all bones of the skeleton; in these models
usual functional forces are posed to find the best place and best
technique to repair these fractures. Champy and Mechilet were
among the first who used these orthopedic principles and applied
these models in mandibular fracture lines; tension band
compression zone and neutral zone are some basic terms that are
subsequently introduced by them and then frequently repeated in
maxillofacial literature.? >??~2% Many studies were designed to
find the best technique with the least complications.” 2%°3* we
prepared a similar tridimensional model (Figs. 2 and 3) and applied
a load of 200 N once on the posterior part of the mandible (as
normal physiologic force in clenching movements of the jaw (Fig. 2)
and on the anterior teeth (as was proposed by Champy, Fig. 3); it
was seen that in posterior loading the pattern of stress distribution
changed. Compressive force on superior border was seen while
tension was seen at the inferior border.

This modeling was purely to re-evaluate the basic stress pat-
terns; we did not assess fixation techniques. If we consider the
common modalities evaluated by Gear et al*>? in 2005 the afore-
mentioned findings may potentially change the optimal line of
fixation originally advocated by Champy et al.>>22~24

Funding

None.

Acknowledgments

None.

Ethical statement

This article does not contain any studies with human partici-
pants or animals performed by any of the authors.

Conflicts of interest

The authors declare that they have no conflict of interest.



B. Bohluli et al. / Chinese Journal of Traumatology 22 (2019) 117—119

References

10.

11.

12.

13.

14.

15.

. Allareddy V, Nalliah RP. Epidemiology of facial fracture injuries. J] Oral Max-

illofac Surg. 2011;69:2613—2618. https://doi.org/10.1016/j.joms.2011.02.057.

. Champy M, Lodde JP. Mandibular synthesis. Placement of the synthesis as a

function of mandibular stress. Rev Stomatol Chir Maxillofac. 1976;77:971—976.

. Champy M, Lodde JP, Jaeger JH, et al. Mandibular osteosynthesis according to

the Michelet technic. I. Biomechanical bases. Rev Stomatol Chir Maxillofac.
1976;77:569—-576.

. Michelet FX, Deymes ], Dessus B. Osteosynthesis with miniaturized screwed

plates in maxillo-facial surgery. ] Maxillofac Surg. 1973;1:79—84.

. Michelet FX, Moll A. Surgical treatments of fractures of the corpus mandibulae

without blockage, with diminutive screwed plates inserted via the endobuccal
route. Rev Odontostomatol Midi Fr. 1971;29:87—105.

. Rudderman RH, Mullen RL, Phillips JH. The biophysics of mandibular fractures:

an evolution toward understanding. Plast Reconstr Surg. 2008;121:596—607.
https://doi.org/10.1097/01.prs.0000297646.86919.b7.

. Ellis 3rd E. A prospective study of 3 treatment methods for isolated fractures of

the mandibular angle. J Oral Maxillofac Surg. 2010;68:2743—2754. https://
doi.org/10.1016/j.joms.2010.05.080.

. Ellis 3rd E. Treatment methods for fractures of the mandibular angle. Int J Oral

Maxillofac Surg. 1999;28:243—-252.

. Ellis 3rd E, Karas N. Treatment of mandibular angle fractures using two mini

dynamic compression plates. J Oral Maxillofac Surg. 1992;50:958—963.
Kaukola L, Snall J, Lindqvist C, et al. Health-related quality of life after surgical
treatment of mandibular fracture. Oral Surg Oral Med Oral Pathol Oral Radiol.
2015;119:402—407. https://doi.org/10.1016/j.0000.2014.11.018.

Omeje KU, Adebola AR, Efunkoya AA, et al. Prospective study of the quality of
life after treatment of mandibular fractures. Br J Oral Maxillofac Surg. 2015;53:
342—-346. https://doi.org/10.1016/j.bjoms.2015.01.009.

Omeje KU, Rana M, Adebola AR, et al. Quality of life in treatment of mandibular
fractures using closed reduction and maxillomandibular fixation in comparison
with open reduction and internal fixation-a randomized prospective study.
J  Craniomaxillofac ~ Surg. 2014;42:1821-1826. https://doi.org/10.1016/
j.jcms.2014.06.021.

Laino L, Troiano G, Dioguardi M, et al. Patient discomfort during and after
surgically assisted rapid maxillary expansion under local anaesthesia.
J Craniofac Surg. 2016;27:772-775. https://doi.org/10.1097/
SCS.0000000000002535.

Herford AS, Tandon R, Stevens TW, et al. Immediate distraction osteogenesis:
the sandwich technique in combination with rhBMP-2 for anterior maxillary
and mandibular defects. | Craniofac Surg. 2013;24:1383—1387. https://doi.org/
10.1097/SCS.0b013e318292c2ce.

Cicciu M. Real opportunity for the present and a forward step for the future of
bone tissue engineering. | Craniofac Surg. 2017;28:592—593. https://doi.org/
10.1097/SCS.0000000000003595.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

119

Cicciu M, Cervino G, Milone D, et al. FEM investigation of the stress distribution
over mandibular bone due to screwed overdenture positioned on dental im-
plants. Materials (Basel). 2018;11. https://doi.org/10.3390/ma11091512.
Bramanti E, Cervino G, Lauritano F, et al. FEM and von mises analysis on
prosthetic crowns structural elements: evaluation of different applied mate-
rials. Sci World J. 2017;2017:1029574. https://doi.org/10.1155/2017/1029574.
Cicciu M, Bramanti E, Cecchetti F, et al. FEM and Von Mises analyses of different
dental implant shapes for masticatory loading distribution. Oral Implantol
(Rome). 2014;7(1):1-10.

Lauritano F, Runci M, Cervino G, et al. Three-dimensional evaluation of
different prosthesis retention systems using finite element analysis and the
Von Mises stress test. Minerva Stomatol. 2016;65:353—367.

Cicciu M, Risitano G, Maiorana C, et al. Parametric analysis of the strength in
the “Toronto” osseous-prosthesis system. Minerva Stomatol. 2009;58:9—23.
Cervino G, Romeo U, Lauritano F, et al. Fem and von mises analysis of OSSTEM
((R)) dental implant structural components: evaluation of different direction
dynamic loads. Open Dent J. 2018;12:219—229. https://doi.org/10.2174/
1874210601812010219.

Champy M, Lodde ]JP, Jaeger JH, et al. Mandibular osteosynthesis according to
the Michelet technic. II. Presentation of new material. Results. Rev Stomatol Chir
Maxillofac. 1976;77:577—582.

Champy M, Lodde ]JP, Jaeger JH, et al. Mandibular osteosynthesis according to
the Michelet technic. Justification of new material. Results. Rev Stomatol Chir
Maxillofac. 1976;77:252—255.

Champy M, Lodde JP, Schmitt R, et al. Mandibular osteosynthesis by miniature
screwed plates via a buccal approach. J] Maxillofac Surg. 1978;6:14—21.

Ellis 3rd E. Treatment of mandibular angle fractures using the AO recon-
struction plate. J Oral Maxillofac Surg. 1993;51:250—254. discussion 55.

Ellis 3rd E. Treatment methods for fractures of the mandibular angle.
J Craniomaxillofac Trauma. 1996;2:28—36.

Ellis 3rd E, Ghali GE. Lag screw fixation of mandibular angle fractures. J Oral
Makxillofac Surg. 1991;49:234—-243.

Ellis 3rd E, Sinn DP. Treatment of mandibular angle fractures using two 2.4-mm
dynamic compression plates. ] Oral Maxillofac Surg. 1993;51:969—973.

Ellis 3rd E, Walker L. Treatment of mandibular angle fractures using two
noncompression miniplates. | Oral Maxillofac Surg. 1994;52:1032—1036. dis-
cussion 1036—1037.

Ellis 3rd E, Walker LR. Treatment of mandibular angle fractures using one
noncompression miniplate. ] Oral Maxillofac Surg. 1996;54:864—871. discus-
sion 871—-872.

Farris PE, Dierks EJ. Single oblique lag screw fixation of mandibular angle
fractures. Laryngoscope. 1992;102:1070—1072.

Gear AJ], Apasova E, Schmitz JP, et al. Treatment modalities for mandibular
angle fractures. J Oral Maxillofac Surg. 2005;63:655—663.

Kang DR, Zide M. The 7-hole angle plate for mandibular angle fractures. J Oral
Maxillofac Surg. 2013;71:327—334. https://doi.org/10.1016/j.joms.2012.09.015.


https://doi.org/10.1016/j.joms.2011.02.057
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref2
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref2
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref2
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref3
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref3
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref3
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref3
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref4
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref4
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref4
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref5
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref5
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref5
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref5
https://doi.org/10.1097/01.prs.0000297646.86919.b7
https://doi.org/10.1016/j.joms.2010.05.080
https://doi.org/10.1016/j.joms.2010.05.080
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref8
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref8
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref8
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref9
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref9
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref9
https://doi.org/10.1016/j.oooo.2014.11.018
https://doi.org/10.1016/j.bjoms.2015.01.009
https://doi.org/10.1016/j.jcms.2014.06.021
https://doi.org/10.1016/j.jcms.2014.06.021
https://doi.org/10.1097/SCS.0000000000002535
https://doi.org/10.1097/SCS.0000000000002535
https://doi.org/10.1097/SCS.0b013e318292c2ce
https://doi.org/10.1097/SCS.0b013e318292c2ce
https://doi.org/10.1097/SCS.0000000000003595
https://doi.org/10.1097/SCS.0000000000003595
https://doi.org/10.3390/ma11091512
https://doi.org/10.1155/2017/1029574
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref18
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref18
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref18
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref18
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref19
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref19
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref19
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref19
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref20
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref20
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref20
https://doi.org/10.2174/1874210601812010219
https://doi.org/10.2174/1874210601812010219
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref22
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref22
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref22
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref22
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref23
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref23
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref23
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref23
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref24
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref24
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref24
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref25
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref25
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref25
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref26
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref26
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref26
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref27
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref27
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref27
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref28
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref28
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref28
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref29
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref29
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref29
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref29
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref29
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref30
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref30
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref30
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref30
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref30
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref31
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref31
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref31
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref32
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref32
http://refhub.elsevier.com/S1008-1275(18)30237-2/sref32
https://doi.org/10.1016/j.joms.2012.09.015

	Treatment of mandibular angle fracture: Revision of the basic principles
	Introduction
	Methods
	Results
	Discussion
	Funding
	Acknowledgments
	Ethical statement
	Conflicts of interest
	References


