Stress distributions in mandibles around osseo-integrated implants, according to the occlu-
sion pattern, using MSC/NASTRAN three-dimensional modeling

ABSTRACT

Stressdistribution induced by mastication loads in bones holdisgeointegrate@nplants, has
been studied bynany authorsOne of themainreasons for that research is that stress concentra-
tion in aspecific boneregion, canunchainthe process obonereabsorption (loss witkhontrac-
tion) and, consequently, the failure of the implant-based therapy.

The properchoice of the occlusiopattern, hereafter considered thay prosthetic and dental
cuspsfit together, isundamentafor the homogeneous distribution of masticatimadingaround
implants that totally support the prosthesis.

Through theFinite ElementMethod, the stresdistribution around the prosthesis supporting im-
plants has been studied. Two kinds of occlugiatierns have been considerednine guide and
balanced occlusion. The three-dimensional finite element modieédbwerjaw with a prosthesis
supported bysix osseointegratednplantswas developed andnalyzed regardingpoth loading
(occlusion) conditions. MSC/XL was used for pre and post-processing and MSC/NASTRAN for
the analysis.

Considering just the biomechanical aspects, it was observed that:
» The balanced occlusion shows stress distributions around the implants more homogeneous than
the canine guide;

* The regions around distal (borjlemplants onboth sides ofthe mandiblewere the most
stressed,;

» The working side shows higher stress concentration in both simulations.

Many interesting challengegereidentified allowing toexpect forincreasing interest in thiater-
disciplinary field of research.
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1. INTRODUCTION

Osseointegrateiplant, as dherapeutic resource in odontolodgnas been used ftwo decades.

In this short period, the dental surgeons witnessed, widyudoubt, the fastesvolution of the
reconstructive therapy ever seen in odontology. However, as a consequence, some knowledge has
been lost regarding the real behaviour of the phenomena during osseointegration.

Among the missingpoints, the one concerning mechanical behaviour gerhaps one of the
greatest. There are doubts aboutdistribution of the mastication loads in bones viitiplants,
originating numerous interrogations. Among thene should mention: Whédading level each
implant can withstandWhich one is the best configuration for the prosthasigported by im-
plants?

Oncethat there is nalevice such athe periodontaligament ofthe natural teeth, to reduce the
impact ofthe occlusal loads transmitted tbe bone, one iallowed to conclud¢hat it isneces-
sary some occlusal pattern adequate to the prosthesis supported by implants.

Otherbiomechanicafactors interferalirectly inthe stresses transmitted to the bone through the
prosthesis supported loyplants: quality othe bone, muscular powesize and shape e im-
plant, type of the antagonistic arc amative mastication habits. Howevénge factorgpreviously
described vary tremendously, fromdividual to individual, beingquite achallenging field of
studies in clinical research.

According toour understanding, the choice of theperocclusalpattern isextremely important
to the success arldngevity ofthe prosthesis supported byplants, for,once reached the os-
seointegration, the main cause of bone loss arountnients isthe overloading of thattach-
ments associated to the bacterial plate.

According to PARKER (1993),manyauthors are smuchconcerned with theesign ofthe im-
plant - and its intermediate parts - and with the study of the interface bone-irtipaéatitey seem
to forget the importance of the occlusion to the success of the prosthesis supported by implants.

Many authors suggesicclusion patterns to prosthesigpported bymplants, inorder to get bet-
ter stress distribution in the bone withplants.However, there is no worghowingthe variation
of the stress distribution in the surrounding bone, as a function of the occlusal pattern.

In our previous works, the stresisstribution transmitted to the bogentaining a single osseoin-
tegratedmplantwas studiedrarying both the type of bone and the direction of dpplied load.
However, the results shoultbt beconsidered wheithe implant is connected to another one
through a frame, as a part of a prosthesis supported by implants.

According to BRANEMARK (1983), natural teeth presemtrves in the periodontatembrane,
that protecthem against excessive occlugaices. Althoughmany other factors are present in
the action of the neuromusculaflex arc, the osseointegrat@dplants donot presentany spe-
cific protection against that type of trauma. Therefore, restorationglefitient occlusion, in os-
seointegrated implants, can present a quite higher failure potential.

As shown hereafter, some authors suggfest the complete prosthesis supportedrbglants
should be made with an occlusipattern the as close pessible tahe natural teethyhile other
defend occlusiompatterns equal tthoseapplied tototal prosthesis. Such\ariety of opinions
leads us to believe that there is not enough evidence for conclusive statements.

1



According toour judgment, it isnot valid to proposesome type oifdeal occlusion tdhe prosthe-
sissupported bymplants, inorder to get ainiform distribution ofthe occlusal loads between all
implantsthat supporthem, without knowing how thienplantsabsorb the stresses generated by
mastication loads.

HOBO et ajls(1989) report that there afew works studyingthe relationship betweethe types
of occlusion and thecclusal loads generated in prosthesipported bymplants.Thus, it is not
known, so far, the effect of various types of occlusal schemes in prosthesis supported by implants.

2. LITERATURE REVIEW

In order to soften the literature review, this chapter was split in two parts:

* Occlusal patterns proposed in literature

» Study of the stresses transmitted to the bone containing osseointegrated implants.

2.1 Occlusal patterns proposed in literature

Examiningthe relatedibliography, itwas observed that the authors trynlome and describe oc-
clusalpatterns thatransmit the stresses generated during masticeyide tothe periodontatis-
sues, without causing any damage tostoenatognati¢masticationsystem.

According to MOHL*® (1989),BONWIL? (1885) stated the "Geomettiaws and articulation me-
chanics", analyzin@nd describinghe mandible interms of an equilateral triangle with 10 cm
sides,that connect botlcondyles andhe mesio-incisal angles dhe lower centraincisors. His
concept of an ideal geometry was "with the purpose of puttingntact the most of thgrinding
surface of the premolars antblars and, athe same time, havingll incisors in action during lat-
eral movements" for complete prosthesis. The resultegnbed occlusion would allow the
"equalization ofthe muscles’action of bothsides simultaneously, obtainisg, notonly the most

of the grinding surface in each movemdnit also “theequalization of pressure and force in both
sides orparts of thedental arcs ". Those conditiormesumablywould help toreduce thelevia-
tion and the displacement of the total prosthesis active in the mouth.

The concept of balanced occlusion, is often credited to FERDINAWRAF SPEE*? who, in
1890, presentedis observations about theinction of human naturakeeth. According to his
writings, the lowerteethocclusalcontactsurfaces slide againgtose of the upper teeth; those
contact areas are in tlsame cylindricalsurface and theylinder horizontal axis ofcurvature
passes through the centre of the onbédial surface,behindthe lachrymalduct. Theocclusion
works as grindingmill and themandible movemerdccurs in"circular paths, as a pendulum and
around araxis". The ternSpee Curve derives froms observatiorthat, when seen laterallythe
molars’ mastication surfacese aligned in adownward convex curve, along theandible". He
also believedhat acontinuation of that curve would pass along ¢badyleanterior surface, that
"also moves in circular path witthe same radius ithe molars’ occlusal surfaces", i.€in the
same cylindricasurface". He concludetthat, as forwar@nd backwaranandible movements hap-
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pen, in a circulapath, thosealisplacements caaccur at largedistances, withouany need of
arcs’ separation, assuring thire mastication @é€iency. A separation of thecclusal surfaces is
unavoidable only t@vercome the contact of tis&ronglyprotruded uppeand lowerteeth. How-
ever,thatalso can be eliminated by abrasi®hat should be considered in the construction of the
prosthesisnot only to allowthe best mastication, but also to avoid ¢hetilever effects during
mastication.

For some timethe concept obalanced occlusion was also appliedte natural teeth. Patients
without those principles had their occlusion considered "pathologiaiahycasesaiming to get
balanced occlusion itoothedpatients, occlusal wastages were ddmeughabrasivepastes to
get simultaneous contacts of all teeth in their excursions.

NAGAO** (1919) and SHAW (1924) were the first to disagree about the applicatidralzinced
occlusion to the naturadeth,stressing the importance of thanine as a guide tie excursive
movements. However, his works were not accepted at the beginning.

McCOLLUM? (1938) introduces the concepttefminal axis of simplsupport,defending bal-
anced occlusion for natural teeth and in toothless people rehabilitation.

In the 20’s, various researchers, as STILLMAMcCALL** (1927), cogitated thagxcessive
forces transmitted to teeth would be the cause of bone reabsorptions in bearers of total prosthesis
and periodontal lesions in natural teeth.

SCHUYLER?® (1929) was théirst to believethat the concepts of balancedclusion should be
applied tothe natural teeth. In 1935, the auffigroposes the use of balanastlusion and an
even distribution of thecclusal loads betweall teeth of the arcs, through contact between the
functional cusps.

Only in 1955,McCOLLUM; STUART®, and later STUART; SALLAR*® (1957) developed
clinical works in whichthe occlusion waprotected by theanine. Theauthors noticed thatyhen
balanced occlusion was used, the works failed due to the trauma caused by simuttanmizcts,
periodontal problems or dysfunction of the temporal-mandibular articulation.

D'AMICO® (1958), throughhis study abouskulls of primitive merand Californian Indians, also
disputed the philosophy tis days,about the prescription of thelateral balanced articulation to
the rehabilitation of toothed patients, stressing the importance of the canines.

Among his conclusions it should be mentioned:

» the morphology of human natural teeth is designed for mastication of carnivorous diets;
» the canines are constants in number, position and alignment on dental arc;

» thecaninesareuseful to guideéhe mandibleduring eccentric movements, when antagonistic
teeth are in functional contact;

» the position of condyles in the fosses is produced by dental contacts, and not by the guides;

» the uppercanines, when in functionabntactwith the lowercanines and pre-molars, de-
termine the side and protrusion (forward) mandible movements;



» thecaninesareextremely sensitivand, when their antagonistieeth are in contaaturing
eccentricmandible movements, transmit more thamy other tooththe impulses of the
periodontal properceptors to theastication muscleseduce the mustar stress and per-
haps also the magnitude of the applied force, playing then a protective function.

JERGEL® (1963) found thénighest concentration of nervestire canine, when comparesith
the other teeth. That observation strengthened the concept of occlusion protected by the canine.

KAWAMURA " (1967) demonstrated that teeth diecreasingrder ofsensitiveness to pressure
are, the incisors, canines, premolars and molars.

STALLARD; STUART* (1963) accepted tHall of the theory of balanced occlusion to the natu-

ral teeth,admittingthe failure of many clinicatases workedut in toothedpatients, according to

the concepts of that type otclusion. Performing a study where they analythedgrinciples un-
derlying occlusafestorations in natural teetthey observedhat in balanced restorations the ca-
nineswere,sometimes, lefout ofthe occlusion andometimes left so lowhatmake them unable

of interfering inthe lateral and protrusive movements. In some occasions, a restoration was
placed in thdingual surface of the superi@anine inorder to put it in contaatith the inferior

one.All that was done as if thmanine had no functiotdowever, probablyhe canines havstill

the same potential that they had primitively. One of their functions would be to prevent traumas to
thevestibular cusps and to avdltkincisorswaste during lateral movements. T¢anines should

be carefullyrestored in order to protect the anterior teeth; th@ken closed in protrusiveosi-

tion (peak-to-peak), protect the edges of posterior teeth's cusps.

STUART" (1960) observed thecclusion of 60-year and older patients withaomtactand no-
ticed thattheir molars dichot touchduring eccentric movements; bye otherside, inmaximum
contact between cusps, anterior teeth presented a labial contact.

The works of SALLARD; STUART*® (1957),D'AMICO® (1958) and of STUARY (1960)
called speciahttention to anterior teeth, as protective of the posterior dngsg excursive
movements andnhile theseprotect the anterioones during centric positionshis principle, to-
day denominated "Mutual Protection", is stated by M&H1989), as follows:

* in the position oimaximumcontact between cusps, thegmary occlusaload, directed axi-
ally, is absorbed bygontact area®nly in posterior teeth. Anterior teeth just touch and
should not support the strong potentially forces in the centric position.

* in protrusion, the horizontal angertical trespass ratios tiie incisorsproduce arincisor
guide steep enough to interrupt the occlusion of posterior teeth.

* in lateral excursion, the trespasgartical and horizontal ratios of contactitgeth, in the
working side, should be steep enough to calisecclusion ofall teeth of the balancing
side. The question about whether only the canine should be in certtathe workingside
(canine guide), whethéine premolars should also beciontact, orall posterior teeth at the
working side should be ioontact (grougunction), is determined based upon eaphcific
case, depending upaifinical factors as previous relationshipspt-crown proportions and
the degree of mobility or trembling of participant teeth.



According to HOB®’ (1989), thecanine should bthe only guide of the lateral movement, once
it presents a satisfactory proportiooot-crown, a gooé&nd dense alveolar boreound it and
being far fromthe articulation; factorthat reduce the stressasting on it. In addition, theanine
presents a greaumber ofproperceptoralong its periodontal membrarte one that controls
the load during lateral movements.

SCHUYLER?® (1929) introduced the concept of "Group functidmélievingthat in some cases
the caninewas not in goodcondition to withstand alone the lateral loads during lateral move-
ments. In this type of occlusion, along wikte canine the external slopesof thevestibular cusps

of the lower posterior teeth, at the workisige, guide the lateral movemesliding against the
internal slopes othe vestibular cusps of antagonisteeth,simultaneously, whiléeeth of the bal-
ancing side have no contact.

WILLIAMSON; LUNDQUIST?®® (1983) afirm that only when aposteriordisocclusion is ob-
tained through an adequate anterior guidehtple activity ofthe temporal and massetauscles
is reduced. However, it 3ot the contadbetween theanineshat reduces thactivity of the lift-
ing muscles, but the elimination of the posterior occlusal contacts.

HARALDSON' ° (1977) (1985) compared thmastication force in patients with natutekth
and patients using prosthesigpported bymplants, concludinghat there are nsignificant dif-
ferences betweethe cases. Héelievesthat themastication force in patients using prosthesis
supported byimplants is controlled byhe neuromusculamechanismthrough themastication
muscles.

According to LEKHOLM? (1983), a baacclusion is responsibler loads and stressetstrib-
utedheterogeneously, leading to bone loss anadbility of the implants.For a better load distri-
bution, he proposes the use of balanced occlusion to prosthegetelysupported bymplants,
for thence, the lateral forces generated duexgursive movements would lkegually distributed
between all teeth.

However, according to HOB® (1989), lalanced occlusion isot indicated tothe prosthesis
completelysupported bymplants, for, during excursive movement®sterior teeth of waing
and balancing sidefhat contact, generateanylateral loads. Those loads agmeejudicial to the
components of the prosthesis supportedhiglants,mainly tothe interface bone-implant. In or-
der todefend higooint of view, he stilladds that théoads generated by the contact of posterior
teeth in centric position akgell supported by themplants,once that those are transmitted verti-
cally and simultaneously to the implants.

JEMT"™ (1986) agreewith HOBO" (1989),concerning thecclusalpattern used in the prosthe-
sis completelysupported bymplants. He justifies hiposition bysayingthat theimplantsthat
support those prostheses are overloaded bilatbmal loads generated by tbentacts of poste-
rior teeth,during eccentric movements, ontattheyact in the anterior portion of theandible.
In other words: therexists a cantilever (a free extremity) potentializihg lateral loadgener-
ated in the posterior region.

MIRALLES; MANNS?® (1989), through comparativaectromiographic (muscular activity visu-
alization) study othe lifting muscles ofthe mandible (timerabnd masseter), betwedéalanced
occlusion and canine guide tiotal prosthesis, noticedrminor muscular action ahatlast one,
during lateral movements. That action can be a factor to prevent nocive mastication habits.



LOPEZ* (1993) prescribes the Mutual Protectigith canine guide and Centric Relation coinci-
dent with the position afhaximumcontact between cusps to the prosthaselly supported by
implants.That position iexplained bythe fact that theanine guide ishe easiest to be adjusted,
for one simplyeliminates in lateralityall contacts thashouldnot be in theegion anterior. In the
case of balanced occlusion, it can be quite difficuistinguishthe contacts considergihysio-
logical of those which are true interferences.

HOBO et a® (1989) add that there is nehough researdfstifying aconcept of occlusion ap-
propriate to the prosthesis supporteditoplants,but suggest théllowing criteria to different
clinical situations, in order to reduce the horizontal loads over the implants:

» for prosthesesompletelysupported bymplants,one should search the Mutual Protection
to get the posterior disocclusion;

« balanced occlusion should be used in overdentures;

* in prosthesis supported lmplants inthe anterior region around tleanines,the group
function (an occlusapattern between kmnced occlusion and canine guide)réesom-
mended. Therefore, during horizontal movements, the lateral loads wiVided between
the prosthesis and natural teeth;

* in posterior prosthesis supportedibylants, withanterior teeth present, the Mutual Pro-
tection with posterior disocclusion is indicated.

PARKER®® (1993), after a thorough literature review about ithportance of the occlusion in
odontology, concludethat themajority ofthe authors adopt treame criteria of optimum occlu-
sion applied to naturaéeth, to the prosthesis supportedraplants. He still emphasizéise im-
portance ofeliminatingthe nocive mastication habits amshabling an optimum occlusion to the
prosthesis supported by implants with respect to the natural teeth.

2.2 Study of the stress distribution transmitted to the bone around osseointegrated implants

Many authors believethat excessivestress concentration in the bone wiithplants causes ne-
croses and, as a consequence, reabsorption of that bone. By thadahtyw stresgevels can
produce osseous atroplsynilar tothe loss of thalveolarcrest,whenone removes natural teeth
(HASSELER et df (1977), RIEGER et i (1990), MEIJER et &f (1993)).

WOLFF et a* (1990) proposed the concept of osseous remodelihged bystress. However,
themagnitude as well abe direction of the stresgesponsible bysseous reabsorption or appo-
sition, presently configure a point of controversy betwiberresearchergctually, it isaccepted
the existence of a critical stress value that unchains higher reabsorption.

Presently, it is admitted adeal value ofstress, fomwhich reabsorption equals appositioralies
above or below thodevels lead tdhe osseous atrophy. Theseas is obvious, maximumload,
once that high stress values cause large osseous destruction, considered pathologic reabsorption.



HASSLER? (1977) studied the osseorsnodeling in rabbits. Hisork consisted iimplanting
scaleable loadells over theircraniums.Thoseanimals, when submitted @650 psi in compres-
sion, presented more osseous appositdnle those submitted to stresskigher than400 psi
presented higher reabsorption.

Aiming to detectpossible regions subject twsseous reabsorption due dbsence or excess of
stressmanyauthors started to study the strdggribution transmitted to the bone, generated by
the mastication loads applied to the osseointegrated implants.

HARALDSON?® (1980),using photoelasticity in loadnalysisaround osseointegrateéahplants,
with cylindrical thread, concluded th#itey present a load distribution arouhd implanted piece
more favorable tohe osseoumtegrity. He emphasizdkat the threaded osseointegrataglant,
presents lower shearing stresseth@interface bone-implant, the artificial element is submitted
to vertical loads. That opinion is corroborated by SKAL*AKL988) and HOBO et al (1988}

SKALAK ** (1988)still considerghatsuch a configuration transmits theial loads to thealveo-
lar bone always as compression, by meartbread characteristiaclined planes. Theauthor af-
firms that cylindrical pieces, butvith rugged surface, present th@meproperties of the threaded
implants, for avoiding shearing stresses.

ADELL et af"? (1981) (1986) documented that §émary or secondary occlusahuma causes
loss of the osseous tissue around the osseointegrated implant.

BORCHERS; REISCART(1983) used thénite elementsnethod toanalyzethe stressegener-
ated by aceramic implant. Highestresses were observed in the region ofdlveolarcrest,
mainly whenthe implantwas submitted to transverse loads. They observedrasthepresence
of hard lamina or conjunctive tissue around the implant helps to reduce those stresses.

MEROUEH et &® (1987)analyzedthe stresses generated in teeolar bone by a fixed pros-
thesis, having as supportaccording to inferior premolar and an IM¥seointegrateamnplant.
Theanalysiswas done byneans of a bi-dimensional model, usthgfinite elementsnethod. The
authorsdescribed therevalence of compression stresses ardhednaturaltooth and tension
stresses around the implant.

McGLUMPHY et af* (1988) studied, byneans of photoelasticityhe stresses generated by a
cantilever applied load on an IM¥&seointegratedylindrical implantwith "shock absorber". The

goal of the study was to evaluate the reftady of the resilient internal elemernhat those im-

plants present. According to the authors, there was no statistical difference in stresses generated
around the implants, with or without the presence of the resilient element.

TAKUMO et al'’ (1988) noticed the stresses generated arémpthnts of alumingKyocera

Co.), Hydroxyl-apatite (KurarayCo.) and titanium plasma sprggtrauman Institute, ype F) by

means othefinite elementanethod. The results wesmalyzed according tthe Criterion of the
Stresses of von MiseBor each type ofimplanttwo modelswere built: a firstone inwhich the

interface bone-implant was in perfemtintact,and another, with interposed conjunctive tissue
between both. The results indicated that the stresses generated in the crest regiamplziriia

alumina, with conjunctivéissue, weresignificantly lower than those observed in ts@ame model

without that tissue. Thanplants of titanium and of hydroxyl-apatite, withe presence of con-
junctive tissue, presented stresses more homogenous without high stress concentration in the crest
region.



KITOH et af’® (1988) analyzedthe distribution ofvertical loads applied on amplant of hy-
droxyl-apatite, and concludetatsuch type ofmplant alsgoresents a direct contaetith the al-

veolar bone, as the osseointegrateglants. Contrarily toother researchershey usedhe bi-
dimensional finite elementsiethod, with a section in theestibule-lingual direction. They ob-
served, agairthe highest load concentration the region of cortical bone around tingplant’s

neck. because of the cross-section, &rdied that notonly thatportion of the cortical bone was

highly loaded, but also the whole cortical bone shell presented a large concentration of forces. The
observed stresses in the cortical bone, arounahplant'sneck, were 2%imes higher thathose
observed in the spongy bone. Téethors added that in the uppegion of the corticabone
compression stresses were observed, while in the lower part tension stresses were detected.

MAILATH et al** (1989) examined, by means of the finite elements methatipiants submitted

to physiological loads, the places of stress concentration and the thetanfluencedthe occur-

rence of those concentrationghey studiedthe stresses generated in the bone around the im-
plants, bothgualitative and quantitatively, according ttee variations osize and material of the
implanted piece. They emphasizéat thecylindrical implantsshould be preferred to tle®nical

ones, for thamplants of lager diameter generate a more homogeneous stress distribution. Be-
cause of that, the Young’s Modulus of the piece should be lower than 110 008.N/mm

FRENCH et dl (1989)analyzedhe transmission othe loads to the bone in four brands of os-
seointegrated implants: cylindrical Core-Vent, Integral-cylindrical, IMZ-Cylindrical with shock ab-
sorber and threaded Screw-Vehihey usedhe photoelasticityapplying axialand oblique forces,
and concludedhat thesystem<Core-Vent and Screw-Veninchained minostresses in the bone.
By the otherside, thesystems IMZ and Integrgresented a better stredistribution along the
surface of the piece. However, none of the feystems showed superior withspect to the
stress distribution around the interface bone-implant. Byiits the shock absorber in thgstem

IMZ became fractured after the application of successive oblique loads, lower than 20kg.

RIEGER et &’ (1990), based in the works of HASSLER &£ §1977), proposed adealload of
250psi to be transmitted tthe bone witimplants. Regions with values bel@00 psi would be
subject to atrophy and above 400 psi to pathologic reabsorption.

RIEGER' (1990), based in literatudata, studied byneans othefinite elementsnethod, in six

brands of implants, Branema®pre-Vent, DenarMiler, Stryker and a new type ¢iis author-

ship, the transmission of stresses to the bone aroumahplents. The resultshowed possible ar-

eas of atrophy and osseous reabsorption, possibly caused by hypo or hyperstress concentration in
most of thepieces analyzed. Treuthorcommented one of the advantages of the usagéants

over theconventionalotal prosthesis. Thodast ones dmot cause stress enough to the bone to
prevent atrophy in thalveolar region. Ithat work it is observed that the autloansidered the

whole bone around thienplant with uniformproperties for cortical bone. Therefore, @rapli-

tude of the observed stresses shows lower when compared with other works.

VALENTIN et aP*® (1990),usingthefinite elementsnethod, developed threodel of apart of the
mandible, containing prosthesis supportedesially by asecond premolar andistally, by an os-
seointegratedmplant. Withthe purpose of comparisothey developedwo models:the first,
with a cylindrical and massive implanand theother, with an emptycylindrical one. Inthis last
one, according to the casehen bone was formed the holedpart of thecylinder, both models
had thesame loading distributeghiformly in the elementghat corresponded to the cusps of the
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prostheses crowns. The results showed that the osseous portiateth#td interior of the cyl-
inder didnot present stresses upper than those observed in the restabfgblar bone. In both
cases, the osseous distal crest region presented higher stresses.

MATSUSHITA et af® (1990), bymeans othe bi-dimensional finite elementsethod in a section
vestibule-lingual ofthe mandible,noticed the variation of the stress distribution afydndrical
implant of hydroxyl-apatiteaccording to the variation of the prostheslg&imeter. Theauthors
concludedthat the stress in theortical bone was higher than tine spongy bonanainly in the
region of theimplant’s neck. In the presence of lateral loads, the stresses were twhighas
and the stresses in the cortical bone decreased inversely to those in the implant.

TORTAMANO?® (1992) studied the stredsstribution transmitted to thamandible by amsseoin-
tegratedmplant, varyingthe thickness otthe cortical bone and the direction of tyeplied load
by means othe finite elementsmethod. Atri-dimensional finite elementsiethod was used, ana-
lyzing anosseous blockontaining in its center gn-millimeter Branemarksseointegrated im-
plant, fortwo different configurations: thigrst with higher thickness of cortical bone, considering
theimplant simplysupportedelow the cortical bone, and the second, where the extayealof
cortical bone was thinner, mrder toavoid theimplant to contactits lower portion. It was ob-
served that:

» the occlusal loads transmitted Iblge implant tothe bone around it, occur nomiformly
along the surface of the piece;

» in all analyzed situations, the cortical bone around the implants’ neck presented higher stress
concentration;

» theimplant simplysupported apically in the cortical bone, reduces the peak of observed
stresses in the bone around the neck;

» the stresses in theesialand distal sides adheimplant’s neckare higher tharthose in the
vestibular and lingual sides of the same region;

» under oblique loads @ccurs anincrease of peak values stiresspeingthe implant simply
supported or not on the cortical bone;

* an increase of stress is observethm bone inside the thread step. That proves that the ac-
tion of the thread reduces the shearing stresses in the interface bone-implatbhenhece
undergoes axial loads.

MEIJER et a’ (1993) studied by thénite elementsmethod of a tri-dimensional model of the
mandible the stress distribution transmitted to the bonéway osseointegratennplants fixed in

its anterior portion. Thenplantswere loaded byneans of vertical, horizontal and oblique loads,
and studied separately or connected by a heetadr. The higher observed stressds/ays oc-
curred in the bone around the implant’s neck. Oblique loads induced bigtesesyhile vertical
loads resulted in better distributed stresses.urien ofthe implants bythe metallic badid not
showsignificant changesegarding the observed stressésr that reason, the stress peaks that
appear in the bone should fmnimizedthrough the best direction of the loagsplied tothe im-
plants, instead of trying to connebe attachments or looking for new configurations for the su-
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pra-structure of the prostheségcording to the authors, the stress observed in the bone around
the implants was not due only to the local deformation of the bone caused by the movement of the
implants, but also to the deflection of the mandible due to the muscularToateworkseems to

be the first one to study the stress distribution in the bone, considering more than one implant

KREGZDE" (1993), through a tri-dimensional model afkall containing rosthesis supported
by implants ottheleft premolars and molars, analyzbe best distribution amplants inorder to
get afavorablestress distribution in the bone around them. Ten diffestamtal solutions were
analyzed to find out which one would have the best prognostic, producing the begslisiibss
tion in the bone withmplants. Theanalyzedoptionstook into account the variations in the
strength of the mandible bone, the type of food masticatedutnber of implantsupporting the
prosthesis and the shape of union with the remaining natural teeth.

The best results were obtained with fouplants,supporting the prosthesis, atis onedivided
in three parts, having just the two mesial implants connected.

KREGZDE" (1993) suggested that programsfinite elementsshould be used in dentiglinics
to help in the planning of prosthesis supported by implants in order to increésegehaty in the
treatments.

HARALDSON; CARLSSON? (1977)analyzedthe mastication &tiency in 19patients who had
at least one of the themaxillariesrehabilitated with prosthesmupported bymplants. The pa-
tients reportedatisfaction with the masticationfielency acquired after theehabilitation. Three
measurements ahe forces of bite were done in each patiéglt bite (15.7N),during mastica-
tion (50.1N) andnaximumforce (144.4N). It is important temphasiz¢éhatantagonistic teeth to
the prosthesis supported by implants were always nated, prosthesis or prosthesis supported
by implants.

RANGET et af® (1989)analyzecthe biomechanical behaviour dlfie prosthesisompletely sup-
ported byimplants, comparing them to a seesaw. Thplants inanterior position in the arc
would be subject to tension stresses, according tprthortion between tharm of resistance -
distance between the implants - anddha ofpower -length ofthe freeextremity. Theposterior

implantswould be subject to compression forces, resulting floesummation ofthe occlusal

loads with thébalancing of tensioforces. Those would be mopeejudicial tothe supra-implant
structures, because of ttendency to separate them from theplants, whilethose related to
compression, even being the upper region, tend to keep th@imed. Theauthorsstill added

that thefree arm ofthe prosthesisompletelysupported bymplants shouldhot belonger the 20
mm in themandibleand in themaxilla. Due to the lowenquality of the bone, thakength should
not be superior the 10 mm.

3. PROPOSITION
In the literaturereview, it was possible teerify the preoccupation of the authavgh the trans-

mission ofthe occlusal loads alontipe bone around osseointegrair@glants, having in minthat
those present a biomechanical behaviour completely different of natural teeth.

The possible regions of excesssteess ardeingresearched, according to the variation of the
type, form,material and size dhe implants, intending to diagnoske zones of stress with po-
tential to osseous reabsorption.
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The Finite Elementdviethodhas beemsed, withhigh efficiency, bysome researchers, reason by
which it isused here to determine an occlysaitern for the prosthest®ompletelysupported by
implants in which occlusal loads should be distributed more homogeneously among the supporting
implants.

4. MATERIAL AND METHODS
4.1 Finite elements method

Practically all natural phenomena, should be biological, geological or mechanical, can be described
with help ofthe laws of Physicghat relate, through algebraic, fdifential or integral equations,

the variables ofinterest. Although the theoreticedrmulation ofthose equations isot an ex-
tremely complexask, thedetermination of their exact solution, in practical problems, is a won-
derful challenge.

One alternative increasingly viable, giviére advances in thieeld of computation, is to use nu-
mericalmethodsthat, applied tothe problem undeanalysis,and usinghe same equations, pro-
duce results very close of the exact ones and highly reliable.

Among those methods, one shouiaentionthe Finite ElementdMethod, that, for agiven real
structure, can be synthesized in the following steps:

» Geometric modelingone creates a mathematical (geomemoplel ofthe object olsystem
in study. ypically, that is done in a computer prograile ofproducing a solid model of
the mechanical structure in consideration;

* Modeling by Finite Elementsinesubdividegshe geometrienodel in discrete elements. The
resulting set is called mesh. One imposehéomesh elementgroperties of thenaterials in
the real model;

» Definition of the Environment: inlatphase of the process, itimposed tathe model the
same boundary and loading conditions that one wants to study in the real model;

* Analysis:one calculates the resu(isplacements, stresses deformationstbervariables
of interest), thais, the responses of threodel ofthe structure to staticlynamic or thermal
loading;

» \erification ofthe results: one compares the results withdgsgn admissible limits. If the
structureseems to be reliablene can simply present the results as a table, graphic or
visualization inprograms of graphical presentation. In case¢hef development of a new
structure, onecan then, redesign, adjusting its characteridticgetting satisfactory re-
sponses regarding to the specifications.

4.2 Stress analysis

In the present study, the stresses were the results of interest. dantke&t of the developed
model, i.e., dri-dimensional meslsomposed of tetra, penta and hexagonal elemiraknowl-
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edge of the stresses permitseamluationboth qualitative and quantitative, tihe degree of load-
ing to which each volumetric element, osseous or prosthetic, is submitted.

However, the stresanalysisobtained by the processing of theite elements model it is not
something easy to bmterpreted: the results obtained by the prograniirae elements are
stresses of tension, compression and shearirtheinaxes Z, Y, and X (because of the tri-
dimensional modeling) for each one of the elements that composes the mesh.

One way of showing all stresses that act upon an element of the mesh is the use of the Criterion of
the Principal Stresses of von Mises.

The analyses oftructures, both natural artificial, have ane of its goals to predict, with a
certain degree oprobability, the maximumstrength of that structureyhen subject to a given
loading.

In the triple state of stresses, ggiilibriumoccurs in thdri-dimensionakpace, and generaliza-
tion of the strength criterion should contemplate the thoemal principalstresses that act upon
the element.

4.3. Computational Support.
4.3.1 Software

MSC/XL

MSC/XL* is a software developed by The MacNeal-Schwer@tep., designedspecifically to

the preparation of data to thdSC/NASTRAN™ 32 and analysis ofits results. It provides,
through graphical interface compatible witthe environment ofworkstations, to develop all
phases described in the creation of finde elements modekxcept theanalysis.lts scope is,
thus, pre and post-processor for MSC/NASTRAN.

MSC/NASTRAN

MSC/NASTRAN is a software of The MacNeal-Schwendler designed to solve structural prob-
lemsdescribed by finite elements modélfie acronym NASTRAN derived from “NAS&TRuc-

tural ANalyses”, preservdbe origin and its basic objectivege., theanalysis ofstructuresdevel-

oped by NASA, its rockets and artificial satellites. Its scope, however, was greatly improved, once
that the method that it usegjite elementswas found extremelpdequate to thanalysis of a

wide range of structures,oin problems in heavy mechanids simulations ofodontological os-

seous systems.

Its algorithms allowthe evaluation of structural responses due to statiding (inclusive ther-
mal), the verification of its modes of vibration, ithynamicbehaviour in response to forceitbra-
tion, both in thdinear andnon linearcontext ofloading and materials, in steastate, or in tran-
sient. In addition, evaluations tfie possibilities ofstructural optimization, i.e., keepirtge in-
tegrity of the structurevith the use ofdss material or better dynamperformance, can be
counted among the highest points in the software.
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4.3.2 Equipment

A workstation Hewlett-Packardmodel 9000/730, with operationabystem HP-UX 9.01,
64Mbytes of RAM memory and tapeunit DAT, was the main platform afork. Secondary ac-
cesses to its systewere an Xterminal, also HP, and a personal microcompd88DX2, with 8
Mbytes of RAM memory, network board angemulation of X terminathrough the software
DESQview\X.

All thatequipment (andhe programsnentioned irthe previous item), property of the Instituto
Nacional de Pesquisas Espaciai$Sao José do€ampos, and in the Department of Space Me-
chanics andControl, was used in a context atademiccooperation andncentive to multi-
disciplinar research.

Workstations at Compugraf Tecnologia e Sistemas weregalstly offered, before April/1995,
while the Instituto Nacional de Pesquisas EspacidINNPE) did not have thesoftware
MSC/NASTRAN operational nor space enougldisk forthe analysis of a model ;fuchmagni-
tude.

4.3.4. Description of the model

The majority ofthe works,using finite elementsnethod with the purpose studyingthe stress
distribution transmitted to the bone with osseointegratgulants, was done according to bi-
dimensional modeld he authors that use thaethodologybelievethat theclinical situations can
be wellrepresented through those typesvaidels. However, ISMAIL et & (1987) compared
the results from bi antti-dimensional models, representitige sameclinical situation.According

to the authors, the result®i bothmodels presented differemélues of stresses and also differ-
ence in the proportion between the stress values and the direction of the load.

In view of those results, three-dimensional modeling was chosen.

From a reamandible, containing six 17 mBranemark implants, configureymmetrically in the
inter-mentonian regiothat support anetal-ceramic prosthesis (extended fritmafirst left molar
to the first right molar), the finite elements model was developed.

The real geometry, both in tineandibleand in themplants andgrosthesis, waglealized through
tri-dimensional finite elemen{&igurel). Somesimplifications,consideredot much impacting in
the qualitative stress analysis, were done:

» suppression of the coronoid procésscondary apices the posterior region of thmandi-
ble, near the condylesgccording to the figure;

» mandible transversal section approximated by linear boundaries, as is shown in Figure 2;
» choice of perfect symmetry with respect to the sa@ratical simmetry) plane;
* medium line of the inter-mentonian region with constant radius;

* medium line of the mandible body linear ascending with 5.6 degrees;
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* medium line of the ascending branch linear with slope of 50.1 degrees;
» oblique internal line represented by transversal constant section;

the condyleswere modeled betwedwo vertical planes parallel tthe plane XZ by juxtaposing a
triangular oblique prism to a prismatic oblique profile approximately rectangular, assigned to the
section of the mandible.

The resulting model is composedl#467 nodes, 54 tetragonal, 2740 pentagonal and 9122 hex-
agonal elements. The calculated mass of the model is 70 grams.

The properties of the materials in the model are presented in the Table 1.

Figure 1 - Complete view of theodel that represents thmandible containinghe prosthesis
supported by implants

i

Figure 2: Mandible transversal section
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Cortical Spongy Titanium Gold Porcelain
bone bone ceramic
Young’s 13 700 1370 103 400 100 000 67 700
Modulus N/mn N/mnt N/mn+ N/mnt N/mnt
Poisson’s 0.3 0.3 0.35 0.3 0.35
Coefficient
Density 4.5 10-7 1.0 10-7 4.5 10-6 1.9310-5 5.56 10-6
kg/mn? kg/mn? kg/mn? kg/mn? kg/mn?

TABLE 1 - Material properties

4.3.4.1Dimensions of the mandible and its components

» Distance inter-condyle 98 mm

* Length 89 mm

* Height 73 mm

» Height of the anterior portion 20 mm

» Width of the anterior portion 10 mm

» Length of the center line of the body 32 mm

» Length of the center line of the branch 68.3 mm
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4.3.4.2Dimensions of the implants and of the prosthesis

* Implants
Length 17 mm
Diameter 3.75 mm
* Abutment
Length 5 mm
Diameter 4 mm

* Prosthesis

Height distance (cervical-occlusal) 10.15 mm

Extremity free 17.3 mm

Ratio power/resistance of arm  17/12.4 mm

4.3.5. Boundary conditions and applied loading

The simulations studied €anine guide and Balanced Occlusiowere done through different
boundary conditions applied to the described finite elements model:

4.3.5.1. Canine guide

The nodes in th@naginary linethat passes through the center of tmndyleswere considered
free torotateonly inthe Xaxis.So,the movements of opening and closingtioé mandiblewere
simulated, having as fulcra the center of the two condyles.

The node 10260, corresponding to the edges of the cusp cnire athe working side, was
clamped in the Y axis, having, consequently, freedom of rotation in the axes X and Z. Thus, it was
simulatedthe contact of the cusp of tleanine athe working sideguiding alonghe movement

of closing of the mandible to the centric position.

4.3.5.2. Balanced Occlusion

As in the situation o€anine guidethe nodes in themaginary linethatpasses through the center
of the condyles, were considered free to rotate only in the X axis.
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To simulatethe contactsimultaneous othe canine, premolars and first molar the working
side, aswvell as ofthe premolars anfirst molar ofthe balancing sidethe same type of constraint
applied tothe canine, inthe case oCanine guidewas applied tdhe other teethBeing so, one
tried to simulatethe contact of those teetluring occlusapattern of balanced occlusion, as de-
scribed in the literature.

In both situations, the presence of food in the working sidang the masticatioycle was
simulated.Thatsimulationwas done byneans of “springs” applied tme nodes corresponding to

the bottom of the fosse of the premolars and the first molar at the working side. Each one of those
four springs hadhe coeficient of 175 N/mm, both in the X and Z axes. Thalue ofthat coeffi-

cient simulates the food resilience as suggested by KREEZDE93).

In both situations, the forcegpplied tothe modelwere equalirying to simulatehe action of the
muscleMasseter. Based in theork of HARALDSON; CARLSSON?Y%1977) thatestablished the

force of the bite abeing 50 N irpatients using prosthessipported bymplants, during mastica-

tion cycle, 20 points ahe bottom of thenandiblebody were taken, 10 at each side, apglied

in each one a 2.887 N load. The 20 vectors corresponding &pfiieation ofthe forces were
parallel and directed to the anterior region of the mandible, with an angle of 30 degrees. Thus, one
tried to represent the direction of insertion of the beams of the Masseter, acting in the boundary of
the mandibleand pulling it upwards during masticatiacycle. The decomposition of eaohe of

those vectors shows the values of 1.44N and 2.5 N to the axes Y and Z, respectively.

5. Discussion of the Results

The analysesconsidered anandible containing six implants the inter-mentonian regiorthat
supports anetal-ceramic prosthesis. To better understaedanalysis, 14cross-sections in the
inter-mentonian region dhe finite elements modelere selected, in each of the situations pro-
posed irthis study:the first,parallel tothe horizontaplane, inthe height ofthe implant’s necks;
the second, alsparallel tothe horizontablane,two millimetersabove the bottom of theandi-
ble; and twelve vertical cross-sectiomsre donegcoinciding withthe mainaxis of the implant,
exposing the interface bone-implant, both in mesial and distal sides (Figure 2).

As shown in the literatureeview, various authors, between théfASSELER et df (1977);
RIEGER et &’ (1990); MEIJER et &f (1993),intended to avoid stress concentration along the
bone with implants, anthe consequent osseous reabsorption. However, theologysof that
phenomenon isot well known yet. It is known that themxists a range of stresses where the
bone presents dynamic equilibrium ofapposition and osseous reabsorpt{VOLFF et al*
(1990)). However, thealue ofthat range of stressesnest known. Inview of that, the works of
research intended to perform qualitative steesslyses, giving leamportance to the quantitative
results. Thereforeggur workalso stressed thpualitative aspects, often expressed in percentages,
once that the quantitative aspects do not have much clinical meaning.

For aclearer understanding of the results, ithhelantswere numbered fronone tosix, in the
centerline of the mandible,respecting therder ofgeneration in thdinite elements model, as
shown in the Figure 3.
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Figure 3: Implant numbering

L,

Figure 4 shows the results for tbanine guidelinical situation from anupper vew of the man-
dible inter-mentonian region. That view shows, globdg, stresses generated in the bone around
the neck of thesix implants. Analyzinghatfigure, higher concentration of vdvlisesstresses in
the bone with implants that are in the mandible working side can be observed.

The best proof the observation juséntioned is found ithe portion of boneontainingdistally
theimplant 3,that presents stresses in the range from 10.53 toN7ro2r, while the implant 6,
positionedsymmetrically tothe number 3 but in thebalancing sidepresents vomMises stresses
55% lower, between 4.68 and 2.35 N/fin the same osseous region.

It is alsonoted, theinequality instress distribution arounthosetwo implants. Inthe implant 3,
theytake anterior directiorgoing to thevestibularportion of the corticamandiblebone. By its
turn, in the implant 6, those stresses, quite lower, concentrate around it.

It wasverified inaddition, in the Figure 4hat the stress in the borentainingthe six implants
decreases, as one goes fromithplant 3 tothe implant 5, and increases againtive osseous
portion around the implant 6.

With respect to themplants 2, 1, 4 and Bhe vestibularportion of the bone around their necks is
the most loaded. That portion of the bone aroundrtiptant 2shows 4.6aN/mn?, close to the
surface of thémplant, decreasing tb.18 N/mnv, while one moveswway. The same phenomenon
occurs in theémplants 1 and 4but with stresses in the range fradb1 to 1.18N/mn¥. In the
same region, the implant 5 presents stresses afrtie of 1.18N/mm2. Wherone gets closer to
the implant 6, the stress levels return to the values between 3.51 and 1.18 N/mm

Figure 5 shows the results for thalanced occlusiodlinical situation in theinter-mentonian re-
gion. Analyzingthe behaviour of von Misestresses in thdigure, it is observethat the waoking
side presents stress concentratiaslightly higherthat thebalancing sideThat observation is ex-
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plained bythe presence of th@mulatedfood, in the posterior region dihat side ofthe mouth,
done throughsprings placed ithe model.Also in that situation, the istal portion of thebone
around theimplant's neck number 3vas more loaded, with stresses betw&e33 the 6.48
N/mn?; while in the same regioraround theimplant 6 those stresses were 22% lower, in the
range from 6.48 to 3.71 N/nfm

That observatiogives us evidences ofraore homogeneous stress distribution between the im-
plants in the case of laadced occlusion, when compared wvtitle canine guide. In spite aftress
peakes observed in both cases in the same place - distal portion of the bone aroypidrthé -

in the case of balanced occlusidhat peak was 21% lower than in the caseafine guide
(10.53 and 8.33 N/mfn

In Figure 5, it is observed, in additiadhat thevestibularportion of the cortical bone around the
implant’s necks continues to be the most loadedthiat region, the stresses starting at 3.71
N/mn? around thémplant 2, decrease tilhe value 0f0.93N/mn? close to of thémplant 5, in-
creasing agaiaround thamplant 6. This phenomena@howedsimilar results as the situation of
canine guidebut with a homogeneity ithe stress distributioslightly higher in balanced occlu-
sion.

So, as inthe case of theanine guidethe vestibularportion of the cortical bone, around the im-
plants’ necks numbers 2, 1, 4 and 5, was more loaded, when compénedéstibularportion:

in theimplant 2, values 08.71N/mn¥ close to the surface of tiweceare found, decreasing as
one goes in direction to theandible vestibulaboundary, attaininghe value 0f0.93 N/mnv. In
the implants numbered 1, 4 and that phenomenon is observed withe range of stresses be-
tween 2.78 and 0.98/mn¥. Whenone gets closer to thimplant 6those stresses return to the
range from 6.48 to 0.93 N/nfm

A more careful observation tfie stresses in the distal portion of the bone aroundrplant’s

neck number 3, iboth casesnalyzed, presentgery interestingesults. In both models, it is the

most loaded osseous region, although as previously descrilbtled situation otanine guide it is
significantly higherthan in balanced occlusiod0.53 and 8.33\/mn¥ respectively.However,

there exists aignificant difference ithe localization ofthe most loaded region: in the case of the
canine guide, it follows a triangle with vertdikected to thenandible vestibulaboundary, while

in the balanced occlusion, the vertex of the triangle points to the distal. It is observed also, in both
cases, that the distribution of those stresses takes the direction of the external oblique line.

Figure 6 shows the results for thanine guideclinical situation,according to a cross-section 2
mm above the bottom of theandible.That view showsglobally, the stresses generated in the
portion of the cortical bone where the apex of it@lants is simply syported. This cross-
section, in thategion of themandible, ismportant to observe theart of the stressésmansmitted

to the cortical bone through the apex of the implants.

It can be noticed that the cortical bdhat supports thanplant 3,presents highestresdevels of
von Mises inthe portions of the cortical bortlkat support the otheémplants.That stress was 66
% higher than imtherregions ofthatfigure. It is observed a homogeneity of stressekarbone
below the other implants.

Figure 7 shows the results foalanced occlusion, on a cross-section 2 mm atie/éottom of
the mandible.
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As observed in Figures 1 and 2, the simulation of balanced occlusion presented more homogenous
stresslevels. The portion of the cortical bone around thelant 3, remainednore loaded, but
then, withlevels 33 % highethan of the other one$his fact isexplained bythe increase of the
stress level around the implants 6 and 5, absorbing larger portion of the mastication loads.

It can be concluded, in additiothat inspite of thehigh increase o$tress noticed in theone

close to themplant 3, inthe case otanine guide, and dheimplants 3, 5 and 6r balanced oc-
clusion, most otthe mastication loads are absorbed by the cortical bone aroumtplaats’

necks.

Analyzing, then, the stress distribution, separately, in each implant, through a sectiomaal¢he
along theaxis of eaclone of theimplants. Each sectioproducetwo views, one mesialand the
other distal, of the interface bone-implant.

The Figures 8a and 8b sha@raphicallyvon Misesstress distribution in the bone around the im-
plant 1, for canine guide simulation.

By the observation of the Figures 8a and 8b,\ertfied that the lower voMisesstresses - 0.03
N/mn? - occur in the portion of the spgy bone containinthe apical thirdpart of thatimplant.
Going through that interface occlusally, the stresses increase, till gettimgutireumvalue regis-
tered for that implant - 4.79 N/nfmin the vestibular portion of the cortical bone around its neck.
As will be shown inotherimplants,that portion of bone will always be the most load&aialyz-

ing still, the Figures 8a and 8D, it is notidbdt thecortical bone irwhich the apex of themplant

is supported presentssiight increase oftress - 0.50\/mn? - when compared tthe portion of
spongy bone just above it.

If one compares the Figures 9a and 9b withttixe previous figures, it will be noticedreat
similarity between them. That occurs once, according tpaitative analysisyon Misesstress
distribution is verysimilar in both cases. The tifrences noticedccuronly in the stresdevels.
Thus, the portion of cortical bone around imglant’s neck remainethore loaded - 3.88//mn?

- but with values 18.79% lower thahe case otanine guideThe lower portion of the cortical
mandiblebone, interface withhe implantbottom, presentedalues ofthe order of 0.4IN/mnf¥,
18% lower than the simulation of canine guide.

The analysis ofthe layer of corticalbone around themplant 1 indicateshe existence of a slight
stress concentration in itgigual inferior portion, in both situationsimulated. The difference
happens only ithe values ofthose stresses: 0.98mm2 inthe situation ofcanine guidep.41
N/mmz2 in balanced occlusion, representing a difference of 58%.

Although, in the case of canine guide, the calculated stresses along the bone aroopidribé,
should be considerably higher thi#nose calculated in the case of balanced occlusion, the stresses
keep thesame proportionality. Having compartte diferences of stress betwetre apex and

neck regions in a given implant, lioth situations, it will be noticed that there weresigmificant
differences. In the case cfnine guidethe region of thamplant's neckpresentedmaximum
stress of 4.79/mnY, and the region of the apex presemekimumstress of 0.3/mn¥; 89%

lower. In balanced occlusion, thosalues, as already mentionedere 3.89 and 0.4N/mn¥ in

the osseous regions of the neck and apex aftpkant, respectivelyvhatgives usthe same dif-
ference around 89%.

20



The Figures 10a and 10b show von Mises stress distribution, in the bone aroomalahe2, for
canine guide simulation.

The von Misesstress distribution in the bone around thmplant 2, inthe situation ofcanine
guide, wassimilar to the observed for thenplant 1. The peak of stresggain happened in the
portion of the bone around tiraplant’s neck 4.99N/mn¥ - having a decrease tifat stress, as
one goes to the apex of thmeplant. Theportion of the cortical bone around the apex of the im-
plant presented vohlises stresses around 1M/mn7; 6.9% lower than the peak oflculated
stresses in the portion of the cortical bone around the nettkabimplant. The spongy bone,
again showed very low values, between 0.09 and 0.83 Ai/mm

Figures 11a and 11b show vbMsesstress distribution, in the bone aroundithplant 2,for bal-
anced occlusion simulation.

Having undergonéhe simulation of balanced occlusiotie implant 2 alsgresented its peak of
stresses in the uppeestibulamportion of the cortical bone - 3.™/mn? - but 25% lower that in
the simulation of canine guidénalyzingthe Figures 11a and 11b, it is notiahét vonMises
stresses decrease, as one goes to the apex iofpaet, till getting valuesaround 0.43N/mn.
Again the stressemcrease close tthe cortical bone and the apex of thelant -1.19 N/mn.
This value i20% lower than theame regiompresented irsimulatingthe canine guide and 68%
lower that the peak of calculated stresses in the same simulation of balanced occlusion.

So, as intheimplant 1,the qualitative analyses afon Misesstress distribution presentsomilar
results in both situations. For thatplant,the diferences betweethe calculated stresses in the
bone around the neck and the apex, in both situations, were identical, around 69%.

The Figures 12a and 12b show von Mises stress distribution, in the bone aroomalahe3, for
canine guide simulation.

The analysis of the Figures 12a and ifthcates a significant difference tine qualitativeanalysis

of von Misesstress distribution, in the bone aroundithplant’s neck number 3, whaompared

to both previousmplants.For thatimplant, stress peakes was also observed in the upper portion
of the cortical bone around the implant, but, contrarily to what was previously observed, that peak
- 11.69N/mn¥ - is notfound anymore irthe vestibularportion of theimplant, but in its distal
portion. This phenomenon is justified Itre load imposednainly tothatimplant, bythe free arm

of the prosthesis. As a consequence, that one is also, the mostregidadof the entirenodel

of the mandible.For that reasoraccording toour understandingthat should be theritical area

in terms of probability of failures in a mandibiéth prosthesis totallgupported bymplants.That
stress, as discussed by RANGET &t @989) will behigher, as is increasete freearm of the
prosthesis. Thus, the authors do not recommend free arms longer than 20 mm.

Following the interface formed betweethe bone and thenplant, apically, it isnoticed that the
stress distribution fothatimplant is similar tothe othercases; the stresses decreéi8egetting
the apical portion of the cortical bone, where they present a slight increase - 2.39 N/mm

The Figures 13a and 13b show von Mises stress distribution, in the bone aroomalahe3, for
balanced occlusion simulation.

The comparison between the results presented by the Figures 13a and 13b, and 12a and 12b
shows resultsimilar to the implant 3, inboth situationssimulated. Theportion of the cortical
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bone that interfaces with the apex of ifm@lantpresents stresslues ofthe order of 1.N/mnt,
20% lower that in the situation of canine guide in the same region.

As one goes to the upper portions of bone, the stress values increase, till the value of 925 N/mm
So, as irthe case otanine guidethat peak of stress, spite of being21% lower, occurred dis-
tally, differently of what was observed in the implants 1 and 2.

So, as irthe simulation ofthe canine guidethat osseous portion was the most loaded of the en-
tire themodel of simulation of balanced occlusidie fact that stress is 21Réwver, in compari-

son with thecanine guide, indicates thde occlusalpattern of balancedcclusion offers a higher
margin of safety. Imther words, thehange from occlusglattern to balanced occlusion, lowered

in 21% the stress from the most critical point, as already discussed, in the finite elements model.

It can be concluded, in additiotihat in thequalitativeaspect, the foutlustrations regarding to
the implant 3 do not present significant differences.

In what follows, the results around the three implants of the balancing side are presented.

The Figures 14a and 14b show von Mises stress distribution, in the bone aroumalahe4, for
canine guide simulation.

That figure presents a stress distribution, in iin@tant, similar tothe observed in the other ones.
The uppervestibularportion of the cortical bone around tmeplant’s neck, was agaithe most
loaded, presenting peak of vMisesstresses equal .83 N/mnt. Those stresses decrease, as
one movespically, till values 0f0.32N/mn7, increasing again ithe lower portion of the cortical
bone up to 0.60 N/mm

As observed in the other cases, it is noticatight increase o$tress in the lowerestibular por-
tion of cortical bone containing that implant, up to 0.60 Nmm

The Figures 15a and 15b show von Mises stress distribution, in the bone aroumalahe4, for
balanced occlusion simulation.

Theanalysis ofthe results showthat, contrarily tothe observed in thiplants positioned in the
mandibleworking side, the stresses observethia implantwas higher thathose in thesimula-
tion of balanced occlusion. In spite of stress peakes continuiogcto in thesame region of the
bone around thenplant's neck -3.43N/mn? - now, in balanced occlusiothat was 17 %igher
than in case of canine guide.

In the same way, von Misestresses calculated in the lower portion of cortical borthadf im-
plant - 0.72 N/mrh- were 16% higher that in the simulation of canine guide.

It is noticed alsdhat the area of stress concentratioalimplants, inthelingual side otthe cor-
tical bone, was 20% higher than the observed in the situation of canine guide.

It could be observed then, as in the otimeplants,that the diference between thealculated
stresses in the bone around the neck and the apdatomplant, kept thesameproportion in
both situations simulated, 78%.

The Figures 16a and 16b show von Mises stress distribution, in the bone aroomalahe5, for
canine guide simulation.
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A more carefulanalysis ofthe Figure 16b shows an interestiplgenomenon in von Misedress
distribution in the implant 5, for canine guide simulation, thatmedobserved in the othanaly-
ses. The peak of stregmmmon toall individual analyses amplant, inthe cortical bone around
theimplant'sneck, in this case, walvided intwo pointsaround the neck. Two different regions
can benoted, showing hat the stress was bettdistributed around thémplant. As a conse-
guence, there was a decrease in the stress pé compared tahe otherimplants, 1.84
N/mn?, 34% lower that in the implant 4.

As in the otheimplants,the stress decrease, as one goes taploalportion of theimplant, re-
turning to the levels of 0.64 N/nfmwhen getting the bottom of the cortical bone.

The analysis ofthosetwo Figures shows, also, a difference of implant 5, withrespect to the
other ones. The zone of stress of itferior lingual vestibulaportion of the cortical bonehat
appears in all implants, in this case showed wider, with values between 1.1 and 0.76 N/mm

The Figures 17a and 17b show von Mises stress distribution, in the bone aroomalahe5, for
balanced occlusion simulation.

The qualitativeanalysis ofvon Misesstress distribution around tlaplant 6,for balanced occlu-

sion simulation, followedhe pattern presented by the other ones. It is observed the peak of the
stresses in the uppeestibularportion of the cortical bone around timaplant's neck -3.51
N/mn? - 48% higher tharthe value calculated ithe same regiorfor canine guide simulation.

That observatioronfirmsthe tendency observed in thaalysis ofthe implant 4,where the im-
plants of thebalancing sideare more loaded during lateral movements, thanntpéants at the
working side.

That stress, aalreadyexpected, decreases, as one goes to the apexiofdiaat, down to 0.05
N/mn?.

The portion of lower cortical bone, where the apex ofithglant stands, presents vdvises
stresses equal the 0.74 N/fmrh4% higher than in case of canine guide.

Analyzing the difference betwedine calculated stresses in the bone around the neck aapethe

of theimplant 5, itwas noticed by thérst time, that itdid not keep thesameproportion in both
cases. In the case c&nine guidethe stress calculated in the region of the bone around the im-
plant’s neck wa$5% higher than that athe cortical bone imvhich the apex is supportednd in

the simulation of canine guide, that difference was 78% higher.

That observation could perhaps be explained by the better distribution of stress in the bone around
the implant’s neck number Suring case of canine guide. Withat, stress peakes of thagion
decreased and, consequently, also its difference of stressegjitbct to the bone that supports

the apex of that implant.

The Figures 18a and 18b show von Mises stress distribution, in the bone arouomalahe6, for
canine guide simulation.

The qualitativeanalysis ofvon Misesstress distribution in thienplant 6, inthe simulation of ca-
nine guide, presents a difference with respect tdottadization ofstress peakes thhasoccurred
in the portion of the bone around tingplant’sneck. Thispeak of stresses, that to tingplants of
number 1, 2 and dccurred in thevestibularportion, in theimplant 6, as observed the implant
1, occurred in the distal portion of timplant. This phenomenon is explainedtbg loading im-
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posed by the frearm ofthe prosthesis, to thos&o implants. The form ominimizing that over-
loading was already discussed, wlaralysingthe stress distribution around tmeplant 3. The
value of that stress calculated in the implant 6 was of 4.39 Ri/mm

Another fact worth of notice, as to the strdssribution, is theabsence othe area of load con-
centration in the lowelingual portion of the cortical bone arounidat implant. That could per-
haps be explained by the distal position of that implant in the arc.

The spongy bone around timeplantwas agaimot muchloaded, presenting stresses around 0.89
N/mn?. The portion of cortical bonthat receivesthe apex of thémplant presented voMises
stresses equal to 0.90 N/rhm

The Figures 19a and 19b show von Mises stress distribution, in the bone arouomalahe6, for
balanced occlusion simulation.

As in the case afanine guidethatimplantpresented stress peakes - NIBINY - in the cortical
bone around thamplant's neck, displacedistally. That stress was 38%igher tharthe observed
in the same region in the simulation of canine guide.

The stress observed in the cortical bone where the apexiofglaat is simplysupported was of
1.44 N/mnf; 38% higher than in the same region when undergone to the canine guide simulation.

So as in the case ofnine guide, it imoted theabsence ofhe area of load concentration in the
lower lingual portion of the cortical bone dhatimplant. That fact stresses thgypothesis that it
is due to the implant position in the arc.

For theimplant 6,the difference between the calculated stresses in the bone around the neck and
the apex of that implant showing the same proportion; 79% in both simulations.

During bothsimulations irthe six implantsthe portions of the cortical bone around imglant’'s
necks were the most loaded. That observation agvi#eshosealready shown by KITOH et &l
(1980), BORCHERS:; REISCART1983), FRENCH e&l7 (1989), MATSUHITA et &°(1990),
TORTAMANO*® (1992).

Those authors alsmrroborate ouopinion in whathe spongy bonbkas little participation in the
absorption of the mastication loads.

The cortical bone that supports the apex of the implants had a significant increase in stresses, in all
implants, indicating that it participates in the absorption of the loads transmitted by the prosthesis.

Analyzingthe results, it i€learly noted that, in botlsimulations, canine guide and balanced oc-
clusion,the bone withmplants inthe mandibleworking side is more loaded thdéne bonewith
implants in the balancing side.

Comparing the stress levels calculated in the bone aroumndplat’'s necks, once thdhis is the

one thatabsorbs the morggnificantportion of the loadapplied onthe prosthesis, it can be con-
cludedthat during balanced occlusiahere was a more homogeneous stress distribution, for, in
the situation ofsimulation of canine guidehe difference between thmaximumand minimum
stresses was quite larger.

However, thattonclusion isnot suficient to indicate balanced occlusion the electedcclusal
pattern for that type of prosthesis, once fhat biomechanicabspects were taken into account
for thosetwo occlusalpatterns. Aspects as propercept{tmoth tact), musular force, type of
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antagonistic teeth and protection of tamporal-mandibular articulation against possible interfer-
ences, that were naobjective ofour work, should have been taken into account. Other studies
will be added thehis one, to adefinitive positioning concerninthe occlusalpattern adequate to
prosthesis supported by implants.

It is worth stressing, in addition, that tRmite ElementdMethod is ahelpingresearchool. Being
so, thatmethodology, althoughot producingdefinitive results, vill certainly help to preview the
natural phenomena insidee bodies in study, shoulldey bealive orcreated by the man. It is our
hope that the results of thabrk provide somesubsidy topeople interested in théeld of the
Odontology and serve also to guide future researches, in their search of science perfection.

6. CONCLUSIONS

Based in the results, and according to what was already explained, it can be concluded that:

» Both in the balancedcclusionclinical situation,and in thecanine guide, a high@oncentra-
tion of von Misesstresses in the bone withplantsthat are in thenandibleworking side was
observed.

» The stress distribution was more homogeneous in the bonamytants in balanced occlu-
sion, when compared witthe situation oftanine guide. Takinghto account, just thbiome-
chanical aspects, balanced occlusion would be more indicated to that type of prosthesis.

» The stress peaks occurred in the distal portion of the bone inrbplnts positioned back-
wards in themandible.The working side presented bettress in the situation afanine
guide, when compared to balanced occluswanile the balancing sidgresents better stress
during balanced occlusion.

» For the four implants situated between tive distalimplants,the maximumstress occurred in
the vestibular portion of the bone around them.
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Von M ses stresses, canine guide, intermentonian region, upper view

Figure 4 -




bal anced occl usion, intermentonian region, upper view

Von M ses stresses,

Figure 5 -




47 Figure 6 - Von Mses stresses, canine guide, horizontal section
1 \( two mllineters above mandibl e bottom




47 Figure 7 - Von Mses stresses, balanced occlusion, horizontal section
1 \( two mllineters above mandibl e bottom




Figure 8a -

Von M ses stresses

mesial ly seen around inplant 1
axial section, canine guide
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bal anced occl usi on

Von M ses
stresses mesially
seen around inplant 1,
axial section,
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Von M ses
stresses distally seen around
inplant 1, axial section
bal anced occl usi on

Figure 9b -




Fi gure 10a -

Von M ses stresses

mesial |y seen around inplant 2
axial section, canine guide



distally seen around inplant 2
axial section, canine guide

Von M ses stresses

Fi gure 10b -




bal anced occl usi on

Von M ses

stresses nesially seen
around inplant 2,

Figure 1la -
axi al section,
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' around inplant 2
=X axial section, balanced occlusion
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Figure 12a - Von M ses

\\\Q:\‘;;; stresses nesially seen
- X around inplant 3

axial section, canine guide
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around inplant 3,
axial section, canine guide
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Figure 13a - Von M ses
stresses nesially seen

around inplant 3,

axi al section,

bal anced occl usi on




Figure 13b - Von M ses

/7 stresses distally seen
around inplant 3,

axi al section,

bal anced occl usi on




Von M ses

stresses nesially seen
around inplant 4

Figure l4a -

axi al section, canine guide
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A N—LX Figure 14b - Von M ses

stresses distally seen
around inplant 4,
axi al section, canine guide




Von M ses

stresses nesially seen
around inplant 4,

Figure 15a -

bal anced occl usi on

axi al section
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Figure 16b - Von M ses

stresses distally seen
around inplant 5,
axi al section, canine guide




bal anced occl usi on

Von M ses

Figure 17a -

stresses nesially seen
around inplant 5,

axial section,




Von M ses
bal anced occl usi on

Figure 17b -

stresses distally seen
around i npl ant 5,

axi al section,
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Figure 18a - Von M ses
stresses nesially seen
Jr; around inplant 6,

\( axi al section, canine guide
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Figure 19a - Von M ses
stresses nesially seen
around inpl ant 6,

\( axi al section, balanced occl usion
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Figure 19b - Von M ses

stresses distally seen

around inpl ant 6,

axi al section, balanced occl usion




