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SUMMARY

Introduction/Objective The absence of functional loading due to molar loss might cause changes to
the microstructure of the bone. Therefore we investigated and visualized deformation and strain pattern
distribution of the mandibule with full arch dentition (FDA) and shortened dental arches (SDA) during
occlusion.

Methods A 3D model of an adult cadaveric dentate mandible, without pathological and traumatic dam-
ages, was developed based on CT scan images, set to 0.7 mm slice thickness. The scanned slices were
imported into software where the bone and teeth were identified and modelled separately based on
image density thresholding. Using the software and based on the grey-scale analysis of the slices initial
meshes for the cortical, cancellous bone and teeth were generated.

Results Highest stress/strain values were registered in the structures adjacent to molars i.e. molar region
of processus alveolaris assigned by blue color in FDA model. Similar to FDA, the SDA models exibited
deformation with evident highest strain (9.33%) at the processus coronoideus and mandibular angle.
The highest overall stress (5 MPa) and strain (6.67%) was found in the mandibular intercanine segment
of the SDA model, considering the mandibular body.

Conclusion Finite element method can be employed as a powerfull tool for visualization of the stress
and strain of the loaded mandible models with full and shortened dental arches. It was registered that
molar support loss caused higher stress and strain in SDAs compared to FDA model.

Keywords: partially edentulous mandible; digital image correlation method; removable partial denture;

bone strain

INTRODUCTION

The term ‘shortened dental arches’ (SDA)
was first introduced in 1981 by Arnd Kayser,
explaining a dentition functional status with
posterior teeth loss [1]. Since then, the pro-
posed concept is still considered controversial
by many clinicians [2]. It was speculated that
molar loss is associated with reduced mastica-
tory performance and in some cases, it has been
reported that it led to mandibular displace-
ment and various changes [3, 4]. Also, it was
suggested that SDA might be associated with
an increased risk for changes in the temporo-
mandibular joint (TM]) [5, 6]. On the other
hand, epidemiological studies on SDA subjects
emphasized that SDA is not a risk factor for
temporomandibular dysfunction [7, 8] con-
firmed with the in vivo and in vitro findings
of Hattori et al. [9]. In spite of the extensive
assessment of the effects of molar support loss
on the migration of the remaining teeth, pos-
sible interactions with temporomandibular
disorders, and chewing function alterations,
the influence of molar loss on loading distri-
bution to the remaining supporting tissues was
not widely analyzed. Kondo and Wakabayashi

speculated that increased strain is likely to oc-
cur in a certain proportion of patients with
bilateral loss of molar support, representing a
potential activator of bone degradation [10].
Furthermore, the absence of functional load-
ing due to molar loss and occlusal loading
center shifting anteriorly might alter the bite
force distribution pattern with resultant strain
(deformation) concentration that might cause
changes to the microstructure of the bone. The
objective of this study was to investigate and
visualize stress and strain pattern distribution
of the mandibula with full arch dentition (FDA)
and shortened dental arches (SDA) during oc-
clusion. We aimed to test the hypothesis that
loss of molar support causes increased strain
and alter the stress distribution pattern in the
supporting mandible bone.

METHODS

In order to perform the study on a three-di-
mensional (3D) numerical model of a full den-
tate human mandible, named FDA model, was
constructed, and the generated stress and strain
were evaluated during clenching. The same
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analysis was conducted on 3D models of the mandible with
shortened dental arches, determined as the SDA models.
Shortening of the dental arch was done up to premolar
(SDA 1) and up to canine (SDA 2). So, SDA 1 was high-
lighted as a model with absence of molar teeth only, while
SDA 2 had only anterior teeth left. Due to obvious practical
reasons, as direct strain measurement in the functioning
human mandible cannot be achieved, it was assumed that
finite element modelling may be used instead to predict
the real biomechanical responses in mandible models [11].

A 3D model of an adult cadaveric dentate mandible
was developed based on CT scan images (Siemens, So-
matom Sensation 16, Germany) and set to 0.7 mm slice
thickness, after it was visually inspected and established
to be without pathological and traumatic damages. The
skeletal specimen was obtained from the Laboratory for
Anthropology of the, Institute of Anatomy, at the Faculty of
Medicine, University of Belgrade. According to data from
the Laboratory archive, the mandible donor was a Serbian
man in his late forties.

The scanned slices (total number of 248) were imported
into a visualization software (Mimics 9.0; Materialise, Leu-
ven, Belgium), where different hard tissues of the bone
(cortical and cancellous) and teeth were identified and
modelled separately based on image density threshold-
ing. Using the software, and based on the grey-scale analy-
sis of the slices initial meshes for the cortical, cancellous
bone and teeth were generated. The periodontal ligament
(PDL) was modelled as uniform, elastic layer of 0.3 mm
around the teeth roots. Also, the mentioned materials that
compose the structure under investigation were assigned
different material properties within the next phase of finite
element definition. Young’s modulus and Poisson’s ratio
for all modelled materials are given in Table 1 and are
imported from the literature data [11-15].

Table 1. Material properties assigned to the structure under inves-
tigation

Structure Young’s modulus (GPa) Poisson’s ratio
Compact bone 9.1 0.3
Cancellous bone 4.5 0.3
Hard dental tissues 20 0.3
PDL 7.5%x103 0.3

The digital models created in this way were imported
into the Hyper Mesh software and total number of 3D
tetrahedron was obtained. Due to geometry complexity
of the investigated structures, it couldn’t be possible to
use hexahedron finite elements. Therefore, it was decided
that tetrahedron was considered better for describing the
dento-alveolar complex. The total number of nodes and
elements composing the finite element mesh are presented
in Table 2.

Table 2. Total number of nodes and elements representing each mate-
rial of the structure under investigation

Material Nodes Elements
Mandible 86,072 130,910
Teeth 6,185 34,714
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Processing and post-processing was performed in MSC
Patran 2002, while MSC Nastran 2002 was used as solver.

Simulation of biting and clenching in the mandibles
with full and shortened dental arches was done using static
vertical loading parallel to the teeth long axis. The fol-
lowing points were established for loading protocols for
models while the force intensity was accepted according
to literature data [16, 17]:

1. Load was applied bilaterally symmetrical to the mid-
line in the FDA model simultaneously along the dental
arch with the following distribution of force intensity:
anterior teeth 150N, premolars 200N and 300N.

2. Load was applied bilaterally symmetrical to the midline
in the SDA models, simultaneously along the dental
arch with the following distribution of force intensity:
anterior teeth 150N, premolars 200N and 300N.

Furthermore, the mandible in all researched models

were constrained at the occlusal surface of the biting teeth
and at both TM]. These restraints correspond to fixation of
the mandible at the endosteal surfaces of temporal bones
assuming that both condyles are centered in the glenoid
fossas (Figure 1). Lines of masticatory muscles actions were
imported from the literature [17, 18].

RESULTS

The results of this experimental study were represented
using software images/figures and table. An interpretation
of software images was done using the scales next to fig-
ures. The coloured scales graduated the intensities of stress
and strain. The highest stress of 9.33 MPa was assigned
by green colour of the mandible models. Overall, a large
portion of strain and the highest stress/strain values were
registered in the structures adjacent to molars i.e. molar
region of processus alveolaris assigned by blue color in
FDA model (Figure 2). Similar to FDA, the SDA models
exibited deformation with evident highest strain (9.33%).
The red colour was used to determine the highest strain at
the processus coronoideus and mandibular angle (Figure
3). However, gradually reducing number of teeth led to
overloading of the premolar region, the foramen mentale
and the mandibular anterior region, respectivelly. Thus,
the highest overall stress (5 MPa) and strain (6.67%) was
found in the mandibular intercanine segment of the SDA
model, considering the mandibular body.

Generally, regarding the mandibular body the highest
stress/strain values were detected in the marginal peri-
odontium of the teeth and retromolar region. A uniform
overall strain was detected in both body and processus
while overall stress was not evenly distributed along pro-
cessus. The uniform strain was additionally seen on the lin-
gual side of processus alveolaris and along the basal side of
the corpus and assigned by different gradient of pink color
(Figure 3). The posterior segments of mandible model in-
cluding mandibular processus shown the highest strain and
the lowest stress values, although the retromolar region
revealed the highest stress and strain in all models (Figures
2, 3). The highest values of the average stress and strain
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Figure 1. Investigated models (missing posterior teeth, missing molars and full dentate arch) were con-
strained at the occlusal surface of the biting teeth and at both TMJ

Figure 2. Collage of the mandible models exposed to stress viewed
from frontal-lateral (first and second row), caudal-lingual aspect (third
row) and occlusal (fourth row), respectively from up to down

Table 3. Average stress and strain values obtained for three models:
model with full dental arch, model determined by absence of molars
and model with anterior teeth left

average values
Stress and — — -
strain Full dentate | Missing molars | Missing posterior
(FDA) (SDA) teeth (SDA)
Stress (MPa) 4.00 4,01 4,01
Strain (%) 6.62 6.64 6.68

FDA - full dental arch; SDA - shortened dental arch

were registered in mandible model with anterior teeth left
(Table 3). The stress and strain were more concentrated in
the anterior region of the SDA models compared to FDA
model, that is supported with images, in frontal aspect
(Figures 2, 3). The highest strain was also detected in the
lingual side of alveolar bone and basal side of the corpus
of SDA models (Figure 3).

DISCUSSION
So far, 3D finite element analysis (FEA) has been used
many times in dentistry research field for various purposes

[19, 20]. FEA has many advantages over other digital meth-
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Figure 3. Collage of the strained mandible models imaged from the
frontal-lateral (upper row), occlusal and lingual-caudal aspects (lower
row), respectively from up to down

ods in simulating the complexity of clinical circumstances
[10]. Still, the clinical studies were found to be more rel-
evant for practice compared to the FEA evidence. In addi-
tion, FEA analyses can provide full visualization of stress
and strain distribution without involving human subjects
and thus excluding ethical dilemma [21].

This study is a simulation of an every-day clinical situ-
ation during biting and chewing of full dental and short-
ened dental arches. In the present study, FEA was used to
examine the effects of the static loads on the stress/strain
distribution in mandible models similar to previous study
conducted using the digital image correlation method [22].
As a result of occlusal loading of the analyzed mandible
models full stress/strain fields were observed [22]. The
study revealed that shortening the dental arch partially
changed the pattern of occlusal load distribution and in-
creased stress and strain in the anterior mandibular seg-
ment which is supported by previous findings [7, 8, 9, 21,
22]. A location of the areas of higher stress was associated
with the loading position and site [20, 22], but the action
of masseter, medial pterygoid and temporalis contributed
to the compressive stresses in the ramus and lingual side
of alveolar processus and corpus observed during both
simulated loading protocols [23]. Thus, the highest strain
intensity at the coronoideus process was expected, because
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of the insertion of the masticatory muscles closest to force
attack point and their function during closing. Strain of the
lingual side is a consequence of mandible occlusal loading
but also a result of masticatory muscles action. Therefore,
results of this study may provide support for the idea that
twisting and bending loads associated with condylar reac-
tion and muscle forces must have a significant impact on
states of stress and strain throughout both the basal and
alveolar regions of the corpus [23].

The biomechanical behavior of FDA and SDA models
under simulated load was observed and evaluated in rela-
tion to the stress—strain development. Whereas comparison
between two investigated models in the study were done
comparing principle strain where maximum strain is used
to observe tensile strain and minimum for the compressive
strain. Nevertheless, tensile stress and compressive strain
showed significance during these courses due to their spe-
cifically allocation and accumulation. Tensile stress was
observed at the lingual side of processus alveolaris and basal
side of corpus mandibularis. On the other side compressive
strain of 1.17-6.45% was observed at the loading point a
few millimeters inside the bone. Furthermore, compres-
sive strain was localized in the anterior region of processus
alveolaris and basal corpus. The highest compressive strain
was evident at the ramus and processus condylaris. Com-
pressive strain values in SDA models were of lower intensity
than the yield reported to cause deterioration effects [24].
However, from the biomechanical viewpoint compressive
strain concentrated around the premolar and canine in SDA
models may be of potential damage to alveolar bone at the
site with the resultant resorption [22, 24]. The results of
the study support the findings of previous studies when
compressive stress and strain distribution is concerned in
SDA [10, 22]. It is evident that the PDL and surrounding
bone of premolars in SDAs with molar loss will be suscep-
tible to higher compressive strain. Whether such teeth are
prone to biomechanical stimuli, the weakening will pri-
marily depend on individual patient characteristics and
pathogenic bacterial accumulation [25]. Also, as stated,
decreasing number in occlusal units may compromise
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Aunctpubyumja HanoHa u gedpopmaumja y A0H0j BUAULM ca cKpaheHum 3y6HUM
NYKOM — CTyAMja METOA,0M KOHAUHUX enemMeHaTa

Anekcangpa Munuh-Jlemuh', MiBan TaHacuh?, JburbaHa Tuxauek-LUojuh!
'YHuBep3uTeT y beorpagy, CromaTonowki dakyntet, KnHuKa 3a cTomaTonoLuKy npotetuky, beorpag, Cpbuja;

[lom 3apaBmba O6peHosaL, beorpag, Cpbuja

CAMETAK

YBop/Liwm OfcycTBo dyHKUMOHanHor ontepehera ycneq ry-
6VITKa MOJlapa MOXe 13a3BaTu NMPOMEHE Yy MUKPOCTPYKTYpU
KoCTW.

Linmb oBor nctpaxuatba je 610 fa ce UcnuTajy 1 BU3yenusyjy
HanoHu 1 fedopmaumje y MaHanbynama ca HTaKTHUM 3yOHVM
nykom (/3J1) n ckpaheHnm 3y6HUM nykom (C3J1) y ToKy okny3uje.
MeTtop 3[] Mofien KafjlaBepcke OHe BUMLE OApacie ocobe
(NpouerbeHa BU3yenHUM npernefom 6e3 naTtonowkKmx 1 Tpay-
maTcKux owTeherba) pa3BujeH je Ha ocHoBy KT cnvke, pebrbuHe
cnoja og 0,7 mm. CKeHnpaHu npecewm cy yHeTn y codTaep rae
Cy naeHTMGMKOBaHa 1 MofenmpaHa TBpfa TKrBa KOCTv 1 3y6u
nojefMHaYHO Ha OCHOBY cerMeHTaLmje civke. MoyeTHe Mpexe
3a KOPTMKaHy KOCT, CMOHFMO3HY KOCT 11 3y6e cy npov3seae-
He Kopuwherbem codTBepa 1 Ha OCHOBY aHaNM3e CMBE CKase
npeceka.
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PesyntaTtm Hajsehe BpegHOCTU HamoHa 1 gedpopmaumja cy
perncTpoBaHe y CTpyKTypama AoHe BUIMLIE HENOCPeHO Y3
Monape y T3B. MOJIAPHOM PETVIOHY anBeO0IapHOT HaCTaBKa, LUTO
je o3HaueHo nnaBom 60jom Ha U3J1 mogeny. Cnnuno W3/, n C3)1
Mopenu cy nokasanu Hajsehe BpegHocTn gedopmauja (9,33%)
Y KOPOHOMAHOM HacTaBKy U MaHAnbynapHom yriny. Hajsehu
HanoH (5 MPa) n pedopmauuja (6,67%) npoHaheHu cy y nH-
TepkaHyHoMm pernoHy C3J1 Moaena, yKonmnko ce pasmarpa Teio
[Otbe BUVLE.

3aksbyuyak MeTooM KOHauHMX enemeHata Cy BU3yenn3oBaHe
CNVIKe HamoHa 1 fepopmaLivja MoAena foHe BUNMLIE ca MyHUM
1 cKpaheHrM 3y6HUM NlyKOBMMa. YOUeHO je ia rybuTtak MonapHe
noTnope 13a3uBa jaye HarnoHe n aedopmauuje y C3J1 mogenmma
y nopebhemy ca U3J1 mogenom.

KmbyuHe peun: fora BUVLA; METOS KOHAYHVX efleMeHaTa;
cKpaheH 3y6HN nyK
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