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ABSTRACT KEYWORDS
Purpose:A three dimensional finite element model which covers part of Fractures of the mandible;
maxillary fracture, four kinds of mandibular fractures and rigid internal Three-dimensional finite-
fixation isestablished in this paper, aiming at four partswhere mandibular elementanalysis (3D FEA);
fractures occur frequently in clinical.Methods:CT images of the patients Biomechanics.

are imported to Mimics medical modeling software for jaw bone
reconstruction. Maxilla and mandible structures of cortical bone and
cancellous bone are distingui shed respectively by adj usting the threshol d,
and their 3D model sare established for editing and processing. File data
arerefined in Geomagic Studio, noise and sharp structures areremoved to
form Nurbs surface, thus igs files are exported.Files are imported to
SIEMENS.PLM.NX.V to be stitched into the materialization model. And
then the model s are cut and assembled for the final fracture model which
coverspart of maxillary bone and the mandibular bone. Results: The model
established for part of maxillary fracture, four kinds of mandibular fractures
at different partsand rigid internal fixationcan accurately reflect the shape
and anatomical characteristics of jaw bone, and can provide precise
geometric configuration and materials group for the later FEA analysis.
Conclusion:Biomechani cs anal yses are applied between theimplant sites
of titanium screw and the direction of traction according to different kinds
of mandibular fractures with FEA method, the results show that 3D finite
element model of part of maxillary fracture, four kinds of mandibular
fractures and rigid internal fixation has good geometry and mechanics
similarity, which can be used to further explore the optimal implant site of
titanium screw and the best traction direction of the rubber band for normal
occlusion, to provide biomechanics theory basis for treatment of
mandibular fractures by internal fixation with titanium plateand titanium
screwbetween jaws. © 2013 Trade SciencelInc. - INDIA
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INTRODUCTION

Inrecent years, maxillofacia fracturestendtoin-
creaserapidly year by year, combined with more seri-
ousinjury toleranceand moresophiticatedinjuries. Gen-
erdly speeking, thefracturd pogtiononthemandibleis
related to itsanatomical structure. Thepositionison
the projecting portion of the body and takes up one
third of thel ower faceand onethird of theintermediate
faceontheboth sides, liableto get injured and witha
highincidencerate. Therefore, theincidence of man-
diblefracturesisthehighest amongall themaxillofacia
fractures. Themedica treatment of mandiblefracture
hasawaysbeen highly concentrated by scholarsat home
and abroad. Among the emerging new treatmentsand
theories, the main point ishow to achieve perfect re-
sultsand reduce theincidence of complications. Some
positionson themandiblearestructurally and mechani-
cally weak, for example, fractures of the symphysisO
fractures of mental foramenOfractures of mandibular
angleand fracturesof condylearehigh-incidenceareas
of fractures. When fracturestake place on this posi-
tion, because the muscle groupsthat cling to the bone
pieceshavedifferenttraction directions, fracture pieces
areeadly to get displaced and an occlusa disorder will
happen, causing facia malformationsthat bring about
somefunctiona barrierstothechewing, swalowingand
languege.

Theimplantation siteof thetitanium screw usedin
theintermaxillary traction, dongwith thedifferent trac-
tion directions of the rubber band, will makethedis-
placement and direction of each position on the man-
diblebecomedifferent, thushaving adirect influence
ontheheding of thefracture. By comparing different
implantation sitesandintermaxillary traction directions,
theresearchwill study and anayzethe stressdistribu-
tion of the mandible and the di splacement of the bro-
ken ends of fractured bones with the expectation to
givesomeguidanceon clinica gpplications.

MATERIALS

Specimen selection

Heal thy adult men with complete dentition and no
ord discaseswere sdlected asthetestee. Multidicespird
CTtomography was conducted to their maxillasand
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mandible. Thescanning rangestartsfromthezygomatic
boneto theinterior border of themandible, with 384
layersin total and alayer thickness of 0.488mm and
layer disganceof 0.625mm. Thesavingformat isDicom.
The rigid internal fixation uses the small-sized
quadripunta ordinary titanium plate and small-sized
bridging quadripuntaltitanium plateaswel | asretention
screwswith thedimension of 2x8mm.

Classification of common mandiblefractures

Four most commonly seen mandiblefracturesare
fracturesof the symphysis, fracturesof mental foramen,
fracturesof mandibular angleand fracturesof condyle
neck.

Softwar eand equipment selection

® 3D mechanical drawing software
SIEMENS.PLM.NX.V8.0 from Siemens AG, Ger-
many; @ modeling software mimics 15.0 from
Materidiselnc., Belgium; @CAE FiniteElement Ana:
Iytical (FEA) software Ansysworkbench 13.0 from
ANSY SylInc., US;@surface reconstruction software
Geomagic Studio 2013 from Raindrop Inc.Us; ®Dell
Precision T7600desktop workstationwith thefollow-
ing configurations: WIN7 UltimateOperatingSystem,
6E5-26434-digit CPU, 16G DDR3 1333MHz
memory, NV IDIA Quadro 4000 professional graphic
card and 1TB 7200RPM hard disk.

METHODSTOBUILDA3DFINITE
ELEMENTANALYTICAL (FEA) MODEL

How tobuild theFEA moddsof rigid inter nal fixa-
tion used in thefour typesof mandiblefractures
on different positions

SavetheCT datain Dicomformat andimport it to
mimics 15.0. Select the reconstruction areaby using
the Threshol dof the software; then usethe Image Edit-
ing function to add or deetetheimageborder and make
thereconstructed image clearer; use the Region Grow-
ing function to give an image segmentation to the se-
lected imageand reconstruct imageswith different struc-
tures, including thereconstruction of maxillary boneand
mandibleaswell astheteeth thereon; finally, usethe
3D Cdculationfunction to completethereconstruction
and clearly regppear the structures of themaxillary bone
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and mandiblewhich includethewholedentition. Save
themodel in STL format and import it to Geomagic
Studio 2013. Processthe 3D model with afinetrim-
ming and createaNURBS curved planeand export as
igs document. Import the curved plane to
SIEMENS.PLM.NX.V8.0to createaphysica modd.
Then cut and assemble the model to make somedate
preparationtothe 3D Finite Element Analysislater and
saveitin Parasolid format.

Assumed conditionsof 3D finiteelement analysis

@®Toimitatethe biomechanical featuresin curing
themandiblefixation, the study processed themandible
model toseparate the mandible on the highincidence
area. The shapeof thefracturelinewasassumed to be
adraightline. @Thetooth and aveolar boneare assumed
to haveabonded contact relationship and havenorela
tivemotion. Themaxillary and mandibular tooth havea
“No Separation” contact relationship and a slight slip-
pageisacceptable. @ltisassumed that thereisnofric-
tion between thefractured ots, which havea“No Sepa-
ration” contact relationship and a slight slippage is ac-
ceptable. @Thetitanium plate, screw and mandiblehave
abonded contact relationship and the latter two are
permanently connected.

N

Figurel: Screw

Figure3: Fracturesof thesymphysis

Amongthevariousclinica waysof curingtheman-
diblefractures, the study chosethewiddy-used tech-
nology of rigidinternd fixation, inwhich puretitanium
was used. (Figure 1-6) Two titanium plateswere placed
a thefracturelinewithaninterval of 2mm. Theupper
titanium platewas symmetricaly placed at thefracture
lineto protect thetooth root from been damaged.™

RESULTS

Combined with CT scanning technol ogy, software
suchasmimics15.0isapplied to establish thethree-
dimensiond finiteelement model of part of the maxil-
lary and four kindsof mandibularfracturerigidinterna
fixation. Thismodd hashigh smulation, and itsgeom-
etry and biological propertiesare closeto the entity.
The establishment of this3D model isfast and accu-
rate, and themodeling procedureissmplewith shorter
time. On the model, different number of titanium
screws, different implanted |oci and the direction of
traction rubber band can be continued to establish.
Thewholemodel has578875nodesand 361107 units.
(Figure 1-6)

Figure4: Fracturesof mental foramen
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Figure5: Fracturesof mandibular angle

TABLE 1: per The characteristics of various materials
tested.[2,3,4,5]

M aterial Elastic Poisson’s

M odulus(M Pa) ratio

Cancellous 1.37%104 0.30

bone

Cortical

bone 7.93x103 0.30

Teech 2.0x104 0.30

Miniplate 2x10s 0.30

Sutura 1 0.30
DISCUSSION

In 1973, Thresher applied Finite Element Method
(FEM) tothedentistry for thefirst time, which hasbe-
comean effectiveanalytica tool intheresearchingarea
of oral cavity biomechanicsand provided theoretical
basisto thetreatment of oral diseasesand optimal de-
sgnsof medicd instrumenty 6]. 3D FniteElement Ana-
Iytical (FEA) method hasbeenincreasingly and widdly
adopted because of itsincomparable superiority. 3D
FEA methodisanumerica methodinmechanicsandysis
and is also common in the biomechanics area. The
method dividesthe continuousel astomerinto many fi-
nite unitsand replacesthe origina elastomer withthe
combination and finally getsthe property of thewhole
elastomer after studying that of each unit. The
methodcan ssimply imitatetheirregular complex struc-
ture and substancesformed by different materidsand
dividetheminto smaler and smpler ementsand grid
(discretely dividethecontinuous body) them, therefore,
itissuitablefor the mechanical research of avariety of
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Figure6: Fracturesof condyle

problemd™. Thediscretely divided finiteunitswill be
used to replacetheorigina object and providewith a
property analyssof itsphysicd fidd; ultimatey thephysi-
ca property of thewhole modd will be obtained with
the property of the unit®.

When studying the biomechanicd traitsof theman-
diblefractures, thematerial mechanicsfeaturesandthe
|oading manner of theimitated mode played avita role
intheaccuracy of theanaytical results. Thebiggest ad-
vantage of the experiment istheaccurate reconstructed
model, which derivesfrom the concrete shapesof the
CT-scanned maxillas and mandibles.® 1@ The model
can berotated freely and observed from different posi-
tionsand angles. Besides, themodel canimitatethe
fractureson different jaw positionsand the fixed pat-
tern of different fracturelines. Complex fracturefixa-
tion can beimitated through themodeling.!

Thetrestmentsof mandiblefractureincludemanua
reduction and traction replacements. Stable environ-
ment hel psto better hedling themandiblefractures. AO/
ASIFfundamentd principlesholdthat the stablefixa-
tionisthe precondition of healing the broken ends of
fractured bonesand fulfilling early functiond activities®.
The new technology of Rigid Internal Fixation (RIF)
has devel oped in recent 20 yearsand hasbeen widely
used in the treatment of mandiblefractures, featured
with good results, convenienceand reducedfixingtime.
The most frequently applied method to recover and
maintaintheocclusd reationshipisintermaxillary trac-
tion, which usesthe traction titanium screws between
themaxillaand mandibletofix thetraction. Compared
with arch barsplintfixation, intermaxil lary fixation tita-
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nium screwhas the advantages of reduced operation
time, convenience, lessinjuriestogingiva papillaandora
mucosaand easily maintained ora hygiene.

Currently, intheclinica applicationsat homeand
abroad, theimplantation site of intermaxillary traction
titanium screwsand theintermaxillary traction direction
are decided based onthedoctors’ clinical experience.
Thetreatment of mandible fracturesaimsto recover
the chewing function and the appearance. Therecov-
ery intentsto return back to the occlusal relationship
beforethe patient get injured. Themodel canimitate
any implantation Steof intermaxillary tractiontitanium
screwsand can adjust the rubber band to any traction
direction. Thedisplacement and direction of each posi-
tion onthemandible under different fracturd Stuations
can beobserved at any time. The mandiblefractural
position, theimplantation siteof intermaxillary traction
titanium screwsand theintermaxillary traction direction
under different situation can be biomechanically ana-
lyzedinthemodel. Themodel helpsprovidesomein-
tuitive biomechanicd basisto observing thedentd dis-
placement and thefixation of maxillaand mandibleas
well asthegpplication of theintermaxillary tractiontita:
nium screwsintheintermaxillary tractionfixation.

Thestudy showsusareconstructed modd, inwhich
themaxillasand mandiblesof someregular youngmaes
were sel ected asthe sample. Therefore, the study may
givesomereferentia valueto thetrestment of mandible
factures of young men, but may be not necessarily suit-
ablefor other age groups. The mandible stressof eld-
erly patients, in particular, willmake some changesdue
to the changes on cortica bone and sponge boneand
alveolar boneresorption caused by tooth defect or
agomphiasis. Inthiscase, anindividuaized sampling
model should be created to make some biomechanical
andysig? 13,
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