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Abstract. Localized corpus and dental arch distortions mea-
sured directly on human and animal mandibles suggest com-
plex deformation patterns at other mandihular sites during
functional loading. To describe these, we simulated selected
static bites on a three-dimensional finite element computer
maodel of the human jaw. Five clenching tasks were modeled:
intercuspal position, left group function, left group function
plus balancing contact, incisal clenching, and right molar
clenching. Under conditions of static equilibrium and within
the limitations of the current modeling approach, the human
jaw deforms elastically during symmecrical and asymmetri-
cal clenching tasks. This deformation is complex, and in-
cludes the rotational distortion of the corpora around their
axes.Inaddition, the jawalsodeforms parasagiteally and trans-
versely. The degree of distortion depended on each clenching
task, with actual deformations heing relatively small and
ranging from 0.46 mm to 1.06 mm for the tasks modeled when
all sites were taken into account. The predicted overall nar-
rowing of the dental arch is consistent with clinical reportsin
the Hterature during similar,although not identical, static jaw
function. The predicted regional deformations of the upper
condylar surfaces imply dilferential loading at their upper
surfaces, Although still constrained to forceful static biting
conditions, the simulated mandibular and dental arch distor-
tions sheould be taken into consideration in the design and
testing of prosthetic devices in the lower jaw.
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Introduction

Several human clinical studies have demonstrated changesin
lower posterior dental arch width during function. When
various mediolateral arch dimensions were evaluated during
dyramic jaw movernents such as retraction and protrusion,
the lower dental arch has been shown te widen (Burch, 1972;
Omar and Wise, 1981) or narrow (Burch, 1972; Goodkind and
Heringlake, 1972; Omar and Wise, 1981; Grant, 1986), respec-
tively, A decrease in lower dental arch width has also been
measured at open and protruded jaw positions (Jung, 1957,
1959, 1960; McDowell and Regli, 1961; Osborne and Tomlin,
1964; Regliand Kelly, 1967, De Marcoand Paine, 1974; Fischman,
1990). In these studies, the tasksinvolved muscle co-activation
at various non-occlusal mandibular positions, and dental oc-
clusion was purposefully neglected toavoid the eftect of peri-
odontal and alveolar bone delormation on mandibular distor-
tior. Deformation of the paradental tissues seemsto be signifi-
cant at low force levels (Muhlemann and Zander, 1954).

Few investigations have dealt with the measurement of
dental arch deformation during static biting. Clenching be-
tween premolar and molar teeth on the working side seemsto
increase the dental arch widch at more posterior teoth leca-
tions {Koeck and Sander, 1978}, and induce tooth movement
on the balancing side (Picton,1962), both of whichare thought
to be caused by jaw deformation due to muscle activity. Also,
the inclusion of a balancing-side contact during a working-
side molar clench apparently narrows the arch between the
second molars (Koeck and Sander, 1978),

Animal experiments have shown that the mammalian
mandibular corpus can deform transversely, parasagittally,
and in a rotational manner during (unction, and that these
patternsmay occuralone,incombination, unilaterally,or hilat-
erally (Kakudo et al, 1973; Weijs and De Jongh, 1977; Hylander,
19792,b, 1977; Hylander and Bays, 1979; Hylander and
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Crompton,1986; Hylander et al, 1987){see Fig 1).In themonkey,
jawdeformationshave proved tobe complexand arecharacter-
ized mainly by vertical and rotational components. During
unilateral biting, the macaque’s jaw seems to deformaround its
long axison the working side (Hylander,1979). Thisrotational
deformation could have a variable transverse effect on the
dental arch. It would seem that during unilateral biting the
dental arch width could contract posteriorly and at the same
timeexpandanteriorly.

In the present study, we used a model of the human jaw to
describe the three-dimensional (3D) deformation of the lower
jaw border during simulated clenching tasks. We tested the
hypothesis that rotational deformation occurs in the human
mandible during function, and we compared the transverse
deformation of the dental arch with that of the lower border.

Materials and methods

A [reshly dissected and fully dentate human mandible was
immersed in saline and imaged in the [rontal and mid-sag-
ittal planes by computerized tomography (CT) (Siemens
Somatom DR 2, Siemens GmbH, Miinchen, Germary). The
images were obtained with thin collimation (1-mm thick-
ness) at small slice intervals (2-mm increments). All dental
and cortical bone outlines were traced sequentially on ac-
etate overlays, digitized, and assembled intoa three-dimen-
sional (3-D) wireframe model by means of commercially
available sofrware (I-DEAS® 6.0, SDRC, Milford, OH). Each
mandibulat outline wasdivided into several cubic splinesat
specific landmarks to allow for better control of the geom-
etryand to minimize the distortion of the finite element(FE)
mesh, thus increasing the predictive accuracy of the model.
The interconnection of the lower landmarks formedaspline
which ran lingually from the mid-region of the corpus along
the mylohyoid ridge up to the condylar neck and then back
along the lateral region of the human corpus o its anterior
midline, The upper landmarks ormed & spline which out-
lined the superior and lateral-most portion of the alveolar
bone, followed by the coronoid process and notch, and the
upper susface of thecondyle. Teethwere modeled withsingle
or bifurcated roots, including their periodontal ligaments
and laminae durae (see Fig, 2C). The structure of the tem-

poromandibular jeints was modeled as a two-layered “cap’,

where the firse cap consisted of the combined thicknessesof

condylar, articular,and temporal f ibrocartitage, and the sec-
ond of temporal cortical bone {Hansson et al., 1977). This
permitred analysis of the stress distribution on the condyles,
while allowing for the “buffering’ effect of thearticulardisk
against the rigid temporal bone. In the wireframe model,
each group of chree or four intercannected curves formed a
closed boundary area (i, mesh area), and five or six inter-
related areas { ormed wedge or brick-shaped volumes (ie.,
mesh volumes). The final model consisted of 53926 elements
with7375nodes(seeFig. 2A). The elements were either linear
wedge or linear brick solids with 6 or 8 nades, respectively.
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Figure L Diagram illustrating the relevant nomenclature used to
explain mandibular deformation. In addirion to the possible
parasagittal and rransverse deformation patterns, the corpus and ta-
mus on each side may undergo rotations such as the one in which the
lower mandibular border is everted and the coronoid process is de-
formed inward {i.e. inverted).

Thus, the solution was performed as 2 linearly elastic simu-
lation.

The different structures in the FE medel of the human jaw
were assigned material characteristics conforming to data
available in the literature, Cortical bone was considered to
hehave orihotropically, that is, its properties were assurmed to
be dissimilarin three perpendicular directions, with the largest
elastic constantsoriented along the longitudinalaxis of the jaw
(Arendts and Sigolotto, 1989, 1990 Dechow et al. 1992, 1993).
Since the elastic properties of human mandibular cancellous
bone are unknown, isorropic values determined from human
tibial bone material were used {Ashman et al, 1987). The
orthotropic marerial properties for cortical bone were assigned
by use of a local coordinate system corresponding to natural
mandibular geometry, with a curve representing the long axis
of thejaw. Thiscurveran along theentire lowerjaw border,and
its longitudinal direction represented the material x-axis of
each boneelement The y-axiswasaligned perpendiculartothe
x-axis but tangentially to each related jaw cross-section. The
material z-axis was derived from the x and y axes and lay
perpendicular to both. The elastic propertiesof the periedontal
ligament are thought to vary with root length, at least for
human premolar teeth (Mandel etal, 1986). In themodel, there-
fore, the periodontal space of each tooth was divided into api-
cal, middle, and coronal thirds, and each third was assigned a
different elastic stiffness. These parameters did not dilfer
among teeth. Since the majority of studies dealing with me~
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Table 1. Isotropic material properties assigned to the FE model of the human jaw

Isotropic Materials
{parallel to long tooth axis)

E(in GPa) v Allowable Tensile Stress (GPa)

Ename! 800 030
Dentin? 176 Q.25
Fibrocartilage® 0.006 047
Periodontium 56

Upper root third 00032 0.45 0.0024

Middle root third 00027 0.45 00024

Basal raat third Qo023 045 00024
Cancellous Bone? 0378 (.30

E  Young's Modulus of Elasticiry.
v Poisson’s Ratio,
GPa GigaPascal (1 GPa =10%Pa - 10% N/m?),

References: ICraig et al, 1961; Craig and Peyron, 1958; 3Wong and Carter, 1988; *Mandel et al, 1986, SWidera et al,1976; Ralph, 1932,

7Ashman et al, 1987.

chanical propertiesof the periodontal ligament have measured
its tensile strength characteristics, the model was also given
maximum tensile stress parameters(ie, yield points) along the
dental long axes (Ralph, 1982). All remaining tissues were as-
sumed tobeisotropic(i.e,directionallyindependent), Although
enamel and dentin also have anisotropic material characteris-
ties (Howavd et al, 1990} and possess regicnal stiffness varia-
tions (Craig et al, 1961), they were modeled isotropically due to
the difficulry of establishing principal axes of anisotropy (Lees
and Rollins, Jr, 1972). The isotropic (Craig and Peyton, 1958,
Widera et al, 1976; Wong and Carter, 1988) and orthotropic
material properties assigned to ail structural elements of the
model are listed in Tables1 and 2, respectively.

The FE model was submitted to validation tests which
have been published elsewhere (Korioth, 1992), The predicted
principal strains during complex corpus bending were com-
pared with strain readings measured experimentally from six
rosettes placed on the periosteal cortical surface of the freshly
excised mandible, near the left lower corpus border in the
molar region. According to experiments performed on living
animals, the mammalian jaw is subjected to multiple {orces
which generate complex bending patterns during mastica-
tory function. For example, during the power stroke of masti-
cation in macaques, the mandibular corpora undergo
parasagittal and transverse bending, and torsion (Hylander
1979}, Since these complex patternsare dif ficult toimitate, the
mandible wassubjected tocontrolledartificial loadsthat could
be more accurately defined. Corporal torsion in the jaw was
induced by the application of artificial loadsina medial direc-
tiot to the left gontal region. The mandible was restrained
from movement by embedding both the condyles and the
anterior dentition, including the premolars, i acrylic resin,
which was rigidly attached woa metal framework. Validadion

of the modelrevealed small differences betweenobservedand
predicted principal strains{from 1.0%109.2%),demonstrating
the model’s potential to predict physical events on the peri-
osteal cortical surface of the jaw. These small inconsistencies
were probably due tothe model'sinnerstructural inaccuracies
and the incomplete and limited assignment of rheclogical
properties to irs various components.

Toanalyze furtherthe interde pendency between the mate-
rial properties and the geometry of cortical bone upon princi-
pal strains in the corpus region, multiple sensitiviry analyses
were perfarmed on the model during the simulated medial
loading of the jaw at che left gonial angle (Korioth, 1992). These
simulations indicated that the material properties which af-
fected predicted cortical principal strain the most were the
orthotropic shear moduli(alone or in combination—up to 30%
in difference from the unchanged, original state), the orienta-
tion of material properties of the elements (37%), and the
absence of cancellous bone (up to 34%). Alterations to the
geometry of the molar cross-section, such as increases in the
external corpus dimensions, had the greatest ef{ect on princi-
pal strain magnitudes (up to 16%). Modifications to geometric
variables affected the principal strain values only locally, in
the vicinity of the translated nodes,

The model was then used to simulate five static biting
tasks. These tasks involved clenching in the intercuspal posi-
tion (ICP); with the teeth in left group function (LGF) and in
left group function with a cross-arch balancing contacton the
second molar (I-GF+B); incisal clenching (INC); and right uni-
lateral molar clenching (RMOL). In ICP, the canines, premolars,
and molars were bilaterally and vertically restrained {rom
moveraent (excluding the right third molar, which was par-
tially erupted). In LGF, the left canines, premolars, and molars
were vertically restrained; in addition to these teeth, the right
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Figure 2. FE model of the dentare human mandible. {A) is 3 hidden
line view of the discretized element mesh seen antera-iateratly from
the naht side. Derital and articufar rescraines, as well as the muscle
loads, have been omited (ot clarity. Some eletencs of the tight tem-

oromandibular joint have been deleted to show the presence of a
lbmcartlla§enouSpad(stlpglad) barween thecondyleand the temgpo-
ral bone. (B) shows the right ramus with multiple parallel veciors
simulating the masserer muscle loads. All vectors are graphicail
Tepresented by their x, ¥, and z companents and appear 1o be embed-
ded in the mode! due tothe nature a?the display. 1n[()C). acut window
of the right corpus displays the underlying tissue components. Many
cancellous bone elements were delered to reveal the dental roots.
Abbreviations: Co, cortical bone: Ca, cancellous bong; Bn,enamel; De,
dentin; Ld, lamina durs; Pe, periodontal ligament.

second molar wasrestrained in LGF+B. During INCand RMOL,
the four incisors and the first right molar, respectively, were
not allowed to translate upward.

To simulate muscle forces over wide areas of attachment,
the model was loaded with multiple force vectors. Groups of
paraliel vectors simulated nine pairs of masticatary muscles
(supesficial and deepmasserer; anterior, middle, and posterior
temporalis; medial pterygoid; superior and ipferior lateral
pterygoid; and anterior digastric) assumed to be directly at-
cached to bone (see Fig, 2B, Their directions were derived
alggbraicallyasuni{vectors(i.e.,direction cosines)romsingle
vectorsof muscwlaracachmencavaitable in the licerature and
summarized in Table 3. The magnitude of the total muscle
force (M) exerted by each muscle duting isometric contrac-
rion was given by the product

3 %
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Figure 3. Supero-inferior (upper graphland anterc-posterior {lower
graph) de[or?:atiuns of thegtgfver faw bonder far S:.: % simulated
¢lenching tasks, fn each case, the torizontal axis represents the posi-
rionsof nodesalong the fower bovderof the mandible fromrigheralet
condyle. The verrical axis represents displacements in mym.

X, -KI-EMG,, =M,

where X, isthe cross-sectionalarea of muscle M, inem” Kisu
general conversion constant for skeleral muscle texpressed in
N/cmd), and EMG, (s the ratio or scaled value of the muscle
contraction relative to its maximum possible activiry forany
task (Pruim et al, 1980; Weijs and Hillen, Y9842 The product
X, - Kl is referred to as the Weighting Eactor given 1o the
muscle M, and the value EMG,  asirs Scaling Factor {Table+}.
The product of M, and its cortesponding unit vecior thus
yielded the orthogonal vector {orce components, witich were
subsequently proportioned between the nodescompsising the
corresponding area of muscleattachment (see Table 4). (nthe
case of nodes which included parts of two muscles. their re-
spective forcecomponents were vecoriallycombined{Korioth
eral, 1992),

Far acctusal tagks involving posterior teeth, the model
was restrained from movement at the buccal and central
rhirds of the occlusal surlaces. For those involving the ante-
rior teeth, rescraints were placed on the entire incisal surface
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Table 2. Orthotropic material properties assigned to the cortical bone in the FE model of the human jaw

Orthotropic Marerials

E(in GPa) v G{in GPa)
X ¥ 7 XY Yz Xz XY Yz X2
Cortical Bone

Symphyseal® 229 142 105 019 0.31 0.29 6.0 37 48
Canine-PM? 255 145 102 015 030 025 6.2 34 50
First Molar® 195 136 02 039 0.20 0.55 62 4} 59
M2-M39 197 14.0 109 0.37 0.25 047 52 42 50
Ramusi®iL 170 69 82 031 033 031 46 28 28

E  Young's Modulus of Elasticity.

v Poisson’s Ratic.

G Shear Modulus,

GPa GigaPascal (1 GPa = 10% Pa=107 N/m?).

X AXIAL (long axis of the mandible}, Y, TANGENTIAL (perpendicular to X and tangential to cortical cross-section),

Z, RADIAL {perpendicular to XY plane).
PM Premolar; M2, Second Molar; M3, Third Molar.

References: SDechow ctal, 1992, 1993 WArendis and Sigelotio, 1983; ! Arendis and Sigolotto, 1990,

Table 3. Directions of muscular orthogonal components derived as nnit vectors (i.e, direction cosines) from single vectors of muscular

artachtnent
Right Side Left Side

€osx cos-y o5z cosX €os-y cos-2
Superficial Masseter -0.207 0.884 0419 0207 0.884 0.419
Deep Masseter -0.546 0.758 -0.358 0546 0758 0358
Medial Pterygoid 0.486 0791 0.373 -0.486 0.791 0373
Anterior Temporalis -0.149 0988 0.044 0149 0.988 0044
Middle Temporalis 0222 0837 -0.500 0222 0837 -0.500
Posterior Temporalis -0.208 0474 -0.8553 0.208 0.474 -0.855
Inferior Lateral Prerygoid Q430 -0174 Q757 LDE30 Q174 0757
Superior Lateral Prerygoid 0.761 0074 0643 -0.761 0.074 0645
Anterior Digastric -0.244 -0237 -0840 0244 -Q237 0940

Whenseen {rom the front, the x-z plane was parallel to the floor, with the + axis oriented toward the right, the +y axis running upward,and the

+2 axis oriented lorward {anteriorly).

of each tooth involved. These restraints acted perpendicu-
larlytothe occlusal plane (y-direction)at the lower support-
ing cusps,allowing freedom of displacementin the horizon-
tal plane, Restraints were also placed bilaterally at the en-
dosteal cortical surfaces of the temporal bones, These lim-
ited movement in three dimensions and simulated fixation
of the system at the cranium. The five clenches were simu-
latedwith both condylescenteredin their glenoidfossae. All
simulations were carried out with the I-DEAS® package on
aHewlew-Packard 9000-series-38Q0UNTX®-based minicom-
puter with a high-resolution workstation (HP 98789A) and
peripherals.

Results

The model of the mandible deformed differently for each
clenching task. When all mandibular sites were taken into
account, actual deformation values were relatively small. Fig,
3shows the supero-inferior and the antero-posterior deforma-
tions of the lower jaw border. In both graphs, the horizontal
axis represents the lower border from the right to the left
condyle, and the vertical axis the amount of delormation. The
upper graph shows that the lower corpus deformed upward
during all clenching tasks. The lower graph shows that the
lower jaw border alsodeformed forward. The most significant
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Figure 4. Transverse deformation of the lowe&iaw border [or the 5 simulared clenching tasks. In each case, the
lateral (L AT}de{ormarions,and the vertical axis representsthe

horizontal axis represents the medial (MED)an
positions ol nodes irom condyle to menton.

deformations occurred on the balancing side when clenching
was carried out on theright first molar. The large deformation
on the balancing side was probably due to the absence of
contacts on this side.

Fig. 4 shows the transverse deformations of the lower jaw
border, During ICP, the lower border deformed outward, due
mainly to the high activity of the masseter muscle. However,
the lower border deformed inward during INC, probably due
wastrongactivity of the medial and inferior lateral prerygoid
muscles. In both eccentric lateral positions LGF and LGF+B,
the jaw greatly deformed toward the left; this was probably
due to a relatively high activity of the right medial pterygoid
muscle pulling the jaw medially.

The combination of transverse deformations measured at
five locations at the dental arch and the lower jaw border is
shown In Fig. 5. The sketchat the top illustrates these locations.
Changes in dental arch width were measured at five pairs of
teeth from molar to canines, and changes in jaw width were
measured at five pairs of homologous, projected lor.‘a[ion§ on
the lower jaw border. During ICP, the unfilied bars to the ngh[
indicated an overall transverse expansion of the lowel.' jaw
botder, This expansion was larger posteriorly than anteriorly.
Here. the dental arch expanded only betwe‘en the second mo-
lars, ;jmd contracted unevenly ar more anteror tooth locations.
During LGF and LGF+B, the dental arcl'.l cogtmcted.but the
lower jaw bhorder expanded at more antetior sites. During INC,

contracted the most, and the lower jaw border

the dental arch ; .
expanded at more antexior sites, During RMOL, the posterior
dcﬁtal arch contractiont Was accompanied by an expansion of

iy border posteriorly.
e o show frontal and horizontal views of the

igs. 6 to 10 : :
mofltggl‘ss undeformed and deformed states during the five

INC RMOL
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clenching tasks. In each
Fig., the undeformed
state depicts the modet
with its structural ele-
ments in their unloaded
condition; the deformed
state represents one in
which the action of the
muscle loads and coun-
teractions at the bite
point and cranium have
displaced the structural
elements, and in which
the model has reached a
state of static equilib-
rium.Inordertomake the
mandibulardeformation
more apparent in those
Fig. the maximum dis-
placement was magni-
fied to equal 10% of the
displayscreen width,and
allremainingsmallerde-
formations were scaled to this maximum value.

The expansion of the lower jaw border during ICPand its
contraction during INC were accompanied by the inward
rotation of both coronoid processes during ICP and their out-
ward rotation during INC. These results indicated a strong
rotation of the rami during symmetrical clenching rasks.
Whereas the lateral condylar poles deformed upward during
ICP, the medial polesdid soduring INC, suggesting differential
surface loading at the condyles for these two tasks.

During asymmetrical clenching, such as LGF, LGF+B, and
RMOL, the balancing-side corpusdeformed strongly ourward
and upward. These patterns, coupled with an overall anterior
jaw deformation, indicated a corkscrew-like or helical defor-
mationof the mandible toward the working side. At the condy-
larlevel, the lateral condylar pole on the balancingside seemed
to be most distorted, deforming upward and forward.

MED '/

Discussion

The model's predictions confirm that rotational deformations
oceur in the human mandible. Rotarional distortion originates
at the rami due to the action of the masticatory musclesand is
manifested inthedentalarchandat thecondyles. Themamma-
lian jaw thusdeformselastically during static function,and the
magritude of the predicted stresses seems to be wichin the
elastic range of the materials studied, in particular the cortical
boneof thecorpus.

The general upward deformation of the lower jaw border
during all clenching tasks supportsthe notion of parasagiteal
bending of the corpus. However, the bilateral superior defor-
mation seems to contradicr the results from one study per-
formed in humans, where tocalized mandibular distortion
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Figure 5. Combination of transverse delormation measured at 5
locations on the dental arch (fitled circles) and 5 homologous loca-
tions projected vertically to the lower jaw border, shown here as a
continuousline. Changesindental arch and jaw border widthsduring
the Sdeformed statesareillustrated by filled and unfilled bars, respec-
tively.

was measurecl in vivo withinductance strain gauges onscrews
rigidly attached to the gonial and symphyseal regions (Marx,
1966). Thisstudy showed thatduringaunilateral molarclench,
the working-side corpus deformed downward and the bal-
ancing-side corpus upward. Although our model seemed to
deform upward on both sides, the results shown in the upper
graph onFig. 3indicated a slight convex (oriented downward)
deformation on the working side and an evident concave
deformation on the balancing side. In this graph, the position
ol the x-axis could have shifted superiorly if the vertical re-
straints imposed on the dental surfaces would have allowed
freedom of movementof the jaw in theinferior direction. Since
technical limitation impeded this freedom in our simulations,
the results actually confirm Marx’s results (1966) but allow
only for qualitative comparisons between these experiments.

The anterior deformation of the lateral condylar poles,

JDent Res73(1) 1994

ICP

Figure 6. Mandibular deformation during a simulared intercuspal
clench(ICP).Frontal (a)and horizontal (b) hidden line views of the FE
madel in its undeformed (quer) and deformed (lower) states. In this
and all subsequent Figs, only the cutline of the model isshown in its
undeformed state. In addition, the restraints, loads, and articular ele-
ments have been omitted. The maximum jaw deformation was 0.46
mm and occurred at the right coronoid process(shown byanasterisk).
The maximum deformation was magnified 35 times to equal 109 of
the display screen.

predicted by the model for the majority of clenching tasks,
supportssimilar suggestions mace by others (Huls et #1,1985),
Huls et al. (1985} speculated that the lateral prerygoid muscle
would tense its lateralmost fibers the most during eccentric
Jjaw positions, thus imposing a rotational and anterior defor-
maticn on the condyle, In our model, the attachment site of
this muscle was restrained to the fovea prerygoidea and did
not cover the entire medic-lateral length of the condyle, as in
thestudy by Hills et al. (1985). Hence, the anterior deformation
of the lateral condylar pole predicted by our model was prob-
ably due to the strong anterior rotational deformation of the
ramus, and not the lateral prerygoid muscle per se.

The unilateral medial transverse deformation of the bal-
ancing-side corpus observed during the left group function
tasks (LGF and LGF+B) seems at first glance to be the pattern
opposite that observed during the power stroke of mastication
in macaques. In the macaque study, the pattern of cortical
defarmation was measured while the mandible apparently
moved through the power stroke toward the balancing side
(Hylander et al., 1987). Here, the jaw was being displaced medi-
ally at the working side and laterally at the balancing side. In
the simulated group function of the model, isometric muscle
contraction deformed the mandible laterally at the working
side and medially at the balancing side. The simulated taslk
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Table 4. Node number, weighting, and scaling {actors assigned to the masticatory muscles for five clenching tasks

Human Jaw Deformation

Weighting
Node Factor Scaling Factor
Number (Newton) 1cp LGF LGF+B NC RMOL
Right Lelt Right Lelt Right Left Right Left Right left Right Left
Superlicial Masseter 67 67 190.4 100 100 027 018 026 012 040 040 072 060
Deep Masseter 38 38 Bl6 100 100 026 036 02 036 026 026 072 060
Medial Prerygoid 3l 50 174.8 076 076 O0v6 007 073 Q09 078 078 084 0860
Anterjor Temporalis 43 40 1580 098 098 007 066 023 054 008 Q08 Q73 058
Middle Temporalis 18 1§ 956 09 09% 006 064 012 05 006 006 086 067
Posterior Temporalis 15 15 736 094 094 006 062 008 059 004 004 052 03
Inferior Lateral Prerygoid 5 5 66.9 027 027 014 059 071 07l 030 065
Superior Lateral Pterygoid 4 4 287 059 039 008 020 050 050
Antgerior Digastric 8 8 400 028 028 033 051 050 030

ICP - Intercuspal Position; LGF - Left Group Funetion; LGF+B - Left Group Function plus Balancing Molar Contact; INC - Incisal Clench;

RMOL - Right Unilateral Molar Clench.

actually reversed the direction of muscular efforc used in
chewing. If in fact the distortion patterns described in the
macaque mandible duringchewing arecomparable withthase
of the human condition, our results highlight the essential
differences between jaw deformationsdescribed during “not-
mal” dynamic chewing and those observed during static
occlusal clenching,

LGF

Figure 7. Mandibular deformation duringa simulated left group
{unction clench (LGF), Frontal (a} and herizonta) (b) hidden line
views of the FEmodel in its upper undeformedand lower deformed
states, The maximum jaw deformation was 0.92 mm and occurred
at the right central incisor (shown by an asterisk). The maximum
deformation was magnified 18 times to equal 10% of the display

screen.

In the horizontal plane, the magnitudes of dental arch
contraction simulated in the model fell within the range of
dimensions measured in young adults{Burch, 1972} Consid-
ered antero-posteriorly at the measured sites, the simulated
arch contractions would produce non-uniform curves with
peaks at sites of single, restrained teeth, such as RMOL and
the balancing-side molarduring LGF+B.Several factorscould

LGF+B

Figure 8. Mandibular deformation during a simulated left grou
funcrion clench wich balancing-side molar contact (. GF+B). Fronta
{a) and horizontal (b) hidden line views of the FE model in its upper
undeformed and lower deformed srates. The maximum jawdeforma-
tion was 0.73 mm and occurred at the right central inciscr {shown by
an asterisk}. The maximum deformation was magnified 22 rimes ro
equal 10% of the display screen.
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INC p

Figure 9. Mandibular deformation during a simulated incisal
clench (INC).Frontal{(a)and horizonral (b} hidden line viewsof the
FE model in its upper undeformed and lower deformed states. The
maximum jaw deformation was 0.52 mm and occurred at the left
central incisor (shown byan asterisk). The maximum deformation
was magnified 26 times to equal 10% of the display screen.

have affected rhese results. First, the dimensions and loca-
tions of the dental tissues in the mandible were imprecisely
modeled due to the inability of modern CT imaging to depict
the paradental tissues adequately, and to the manipulation
of outlines to form the element mesh. Second, the material
properties of the paradential tissues were necessarily simpli-
fied,and the interproximal dentral friction wasdiscounted.In
the former, the anisotropic and non-linear behavior of the
periodontal ligament simply could not be modeled, due to
the lack of experimerual data. In the latter, interproximal
friction coefficients—which have been measured and are
available in the dental literature {Osborn, 1961; Southard et
al,, 1990)—~were not included in the modeling process, due ro
the inability of the software to cope with the complexity of
the calculations. This difficulty needs to be overcome in the
future by application of other hon-linearsolverste the model,
since the absence of interproximal contacts could signifi-
cantly and incorrectly maximize the dental arch deforma-
tions during funcrion.

When measuring the mediolateral distances between the
lower second molarsatseveraldifferentcrown levelsor heights
in the frontal plane, Jung (1960) determined a gradient of
transverse arch contraction, with more arch narrowing at the
superior than at more inferior levels of the molar teeth. Al-
though hisexperimentsincluded only non-occlusal jaw func-
tion, Jung concluded that the mandibular corpora had o ro-
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Figure 10. Mandibular deformation during a simulated unilateral
right molar clench (RMOL). Frontal (a) and horizontal (b) hidden line
views of the FE model in its upper undelormed and lower deformed
srates. The maximum jaw deformation was 106 mm and occurred ai
the left gonial angle (shown by an asterisk), The maximum delorma-
tion was magnified 15 times to equal 10% of the display screen.

tate around their long axes, moving the teeth medially during
jaw opening and protrusion. In various studies which evalu-
ated mediolateral dental arch dimensions in humans {Jung,
1957,1958,1960; McDowell and Regli, 1961; Osborneand Tomlin,
1964; Regliand Kelly,1967, De Marcoand Paine, 1974; Fischman,
1990), the horizontal jaw def lections measured at the posterior
tooth level ranged from 0.03 to 0.78 mm, being consistently
higher for protrusive efforts than for jaw opening. The large
range of results in the various investigations is probably at-
tributable to differences in methodology, and to variations in
muscle activity among the subjects tested. Nevertheless, the
notion of rotational deformartion of the corpus in humans is
substantiated by the predictions of our model, and seemsalso
toapply tofunctional jawactivities involving dental contacts.
This rotational deformation may have a significant effect on
prosthetic devices placed on the lower arch, especially if these
devicesare implants interconnected by rigid superstructures.
Cyclic rotational deformation of the corpora could impose
complex bending on these structures, with resulting adverse
effects on its elements.
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