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SUMMARY

Introduction/Objective Finite element analysis (FEA) is mathematical method which can be used for
the assessment of biomechanical behavior of dento-alveolar complex.

The objectives were to analyze biomechanical behavior changes of teeth and supporting tissues under
occlusal load in cases of horizontal and vertical alveolar bone loss, to assess potential impact of tooth
displacement and altered stress distribution on further damage, and to evaluate the impact of regenera-
tive periodontal therapy.

Methods Three patient-specific three-dimensional finite element (3D FE) models were developed from the
acquired cone beam computed tomography, comprising the patient’s upper left canine, first and second
premolar, and adjacent bone. Model 1 represented horizontal bone loss. Model 2 included intrabony
defect along distal aspect of tooth #24. Model 3 represented situation six months after the regenerative
periodontal surgery. Displacement, Von Mises, and principal stresses were evaluated through FEA, under
moderate vertical occlusal load.

Results FEA demonstrated that in the model with vertical bone loss significant tooth displacement was
present, even though the clinically evident tooth mobility was absent. Biomechanical behavior and stress
distribution of teeth and surrounding tissues under moderate occlusal load was much more altered in
case with vertical bone loss in comparison with horizontal bone loss. Six months following the regenera-
tive therapy, the values of all evaluated parameters were noticeable reduced.

Conclusion Regenerative periodontal therapy improved the biomechanical characteristics of the affected
teeth and the related periodontal structures.
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INTRODUCTION

Alveolar bone loss is one of the main features
of periodontitis. Bone defects may vary in their
localization, shape, and extent. Generally, bone
destruction may occur in two diverse pat-
terns, as horizontal or vertical bone loss [1].
Horizontal bone loss is the most commonly
seen and it is characterized by the linear re-
duction of bone height around the tooth. The
vertical or angular bone defects are those that
appear in the oblique direction [1]. Deep verti-
cal (intrabony) defects associated with vertical
bone loss are the standard indication for peri-
odontal regenerative therapy [2].

It is evident that tooth with reduced bone
support has compromised occlusal force tran-
sition to the jaws, and the further damage the
residual periodontal tissues may occur [3]. In
cases of horizontal or vertical bone loss dif-
ferent stress distribution may be expected.
However, what is the outcome of these differ-
ences and how much do they affect the tooth?
Would the increased stress level further harm

the remaining periodontal tissues? How high is
the level of stress in the affected supporting tis-
sues if the tooth does not have clinically evident
pathological mobility? There is not enough sci-
entific evidence which could give the answers
to these questions.

Several regenerative procedures aiming at
repairing the lost periodontal tissues, includ-
ing the alveolar bone, periodontal ligament
(PDL), and root cementum are in daily practice
[4]. Although therapy of periodontitis aims to
eliminate the periodontal pockets as the main
collector of subgingival deposits and microor-
ganisms, we are questioning the influence of the
regenerative periodontal therapy on biomechan-
ical behavior of affected dento-alveolar complex.
Literature survey demonstrated that the biome-
chanical aspect of differences between horizontal
and vertical bone loss cases has not been ana-
lyzed and fully understood so far. Furthermore,
benefit in biomechanical behavior after surgical
regenerative treatment has not been analyzed.
Moreover, it has already been pointed out that
clinically evident tooth mobility negatively
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influences the outcome of the regenerative therapy [4].
However, is it also important to analyze the biomechanical
behavior of teeth and related structures in periodontally af-
fected sites without measurable tooth mobility?

Three-dimensional finite element (3D FE) method is a
very powerful tool which can give insight into the biome-
chanical behavior of analyzed dento-alveolar complex. It
has been widely implemented in research related to den-
tistry [5-13].

In this study, the first objective was to analyze the stress
distribution in cases with horizontal and vertical bone loss
with no clinically evident tooth mobility. The goal was to
test the hypothesis that in case of vertical bone loss PDL
and alveolar bone are affected with higher occlusal stress
which could further damage these structures, despite the
fact that tooth mobility was not detected. The second aim
of the study was to investigate whether regenerative peri-
odontal therapy decreases displacement and stress values
in the affected teeth and surrounding tissues. We used
3D FE analysis of three patient specific models developed
from cone beam computed tomography (CBCT) in order
to mimic the clinical situations.

METHODS

A CBCT image of a 38-year-old man was used to cre-
ate a patient specific 3D FE models. The patient was in
good systemic health, nonsmoker, with generalized se-
vere chronic periodontitis. The patient was thoroughly
informed about the purpose of the study and gave his writ-
ten consent before clinical examination. The study was
approved by the Ethics Research Committee of the School
of Dental Medicine, University of Belgrade, Serbia (ethics
approval N° 36/41).

Surgical procedure

Six weeks following the initial periodontal therapy, the
patient underwent a periodontal surgery for the de-
bridement of all periodontal defects with probing depth
> 6 mm. Periodontal clinical parameters were assessed
using a manual periodontal probe graded in millimeters
(PCPUNC-15; HU-Friedy, Chicago, IL, USA): probing
pocket depth (PPD), gingival recession, and clinical attach-
ment level (CAL), whereas only the deepest site per tooth
was reported (tooth #23: PPD = 3 mm, CAL = 2 mm; tooth
#24: PPD = 8 mm, CAL = 8 mm; tooth #25: PPD = 4 mm,
CAL = 3 mm). After application of local anesthesia, in-
trasulcular incisions were performed from the distal as-
pect of the tooth #23 to the distal aspect of the tooth #27.
A full-thickness flap was reflected buccally and palatally.
The denuded roots were thoroughly debrided using ul-
trasonic devices and hand instruments. Exposed roots
were chemically prepared with 24% EDTA gel (PrefGel®,
Biora, Malmo, Sweden and Straumann, Basel, Switzerland)
and rinsed thoroughly with sterile saline before the ap-
plication of enamel matrix derivative (EMD) (Emdogain
gel®, Biora and Straumann). Subsequently, a three-wall
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intrabony defect along the distal aspect of tooth #24 was
reconstructed using bovine porous bone mineral gran-
ules (BioOss®, particle size 0.25-1 mm; Geistlich Pharma,
Wolhusen, Switzerland). Flaps were repositioned and
sutured using the standard procedure. A post-operative
visit was scheduled in seven days when the sutures were
removed. Six months following the surgery periodontal
clinical parameters were assessed (tooth #23: PPD = 3 mm,
CAL =2 mm; tooth #24: PPD = 3 mm, CAL =4 mm; tooth
#25: PPD = 3 mm, CAL = 3 mm).

Cone beam computed tomography scanning

Imaging was performed using a high resolution CBCT de-
vice (SCANORA 3Dx, SOREDEX, Tuusula, Finland). The
patient was scanned twice, before periodontal surgery and
six months following the surgical procedure. Examinations
were performed using an 80 x 100 mm field of view,
0.25 mm voxel size, 90 kV tube voltage, and 10 mA tube
current and 2.4 s scanning time. All the scans were stored
in the standard DICOM format for the further analysis.

Finite element analysis
Development of the finite element models

In total, three patient-specific 3D FE models were de-
veloped from the acquired CBCT scans (Figure 1a—c). The
models comprised the patient’s upper left canine, first and
second premolar, and adjacent alveolar bone. For each
tooth, we considered its enamel, dentin, pulp chamber, and
PDL, while the root cementum was neglected. Mimics soft-
ware version 10 (Materialise, Leuven, Belgium) was used
for the reconstruction of the FE models from the CBCT
scans through the following steps. The masks of cortical,
trabecular bone and teeth were generated respectively. The
Mimics STL+ model was used to convert all the masks into
the stereolithography (STL) format. In order to optimize
the quality of the triangle meshes for the further FEA, we
used the REMESH module attached to Mimics software.
At last, by using Geomagic Studio 10 software (Geomagic
GmbH, Stuttgart, Germany) we assembled the extracted
parts into the three models. A PDL as the 200 um-thick
shell was additionally generated. Bone level adjacent to
teeth #23 and #25 did not differ in all three 3D FE models.
Likewise, bone level adjacent to tooth #24 was the same
in Model 1 and Model 3, while the detailed description of
the models is as it follows:

Model 1 represents horizontal bone loss in region #23,
#24, and #25 (Figure la). It was constructed based on the
CBCT scans of the patient’s upper jaw before the surgery
(Figure 1d), but with certain changes, the vertical bone
defect (intrabony defect), which was localized along the
distal aspect of tooth #24, was reconstructed by applying
the properties of cancellous and cortical bone in order to
simulate horizontal bone loss. This model was created in
order to examine the differences in displacement and stress
distribution between the horizontal (Model 1) and verti-
cal (Model 2) bone loss patterns, and to compare with the
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Table 1. Mechanical properties of the modeled
tissues and material

[ Cortical bone |

I Cancellous bone | Elastic Poison
— i Material Modulus .
(MPa) ratio
Pulp [9] 6.8 0.45
Dentin [6] 18.6 X 10° 0.31
Enamel [6] 84.10 x 10° 0.3

PDL[6, 23] 0.68 0.45
BMBP [5] 1.69 x 10 0.3
Cortical bone [15] 13.7 x 10° 0.3
Cancellous bone [15] | 1.37 x 10° 0.3

PDL - periodontal ligament; BMBP - bovine porous
bone mineral (values after six months of healing
period)

Meshing module, the models were dis-
cretized into the very dense and qual-
ity tetrahedron volume mesh (Figure
1k-m). Number of nodes for Model

Figure 1. Overall procedure: a - model 1; b - model 2; c - model 3; d - before surgery; e - six
months after surgery; f — intrabony defect; g - tooth #24 periodontal ligament (model 2);
h - tooth #24 periodontal ligament (model 3); i — bovine porous bone mineral granules; j -
boundary conditions and application of masticatory forces; k, I, m - tetrahedron volume mesh

situation achieved six months following the regenerative
periodontal surgery (Model 3). Hence, bone level adjacent
to tooth #24 was the same in Model 1 and Model 3.

Model 2 represents a patient-specific FE model, gener-
ated by using preoperative CBCT scans (Figure 1d), rep-
resenting an identical situation in the region of interest
before regenerative periodontal surgery (intrabony defect
along the distal aspect of tooth #24 (Figure 1b, f)). PDL was
not modeled on the tooth #24, at the root’s site adjacent to
the intrabony defect (Figure 1g).

Model 3 represents a patient-specific FE model cre-
ated from CBCT scans acquired six months following the
surgical procedure (Figure le). Reconstructed intrabony
defect along the distal aspect of tooth #24 was modeled,
whereas the material properties of bovine porous bone
mineral granules six months following the surgical therapy
was applied [5] (Figure 1c and i). Bone level adjacent to
teeth #23 and #25 did not differ in all three 3D FE models.

In the region of reconstructed intrabony defect 80% of
PDL was created, starting from the bottom of the defect
towards the alveolar crest, based on previous histological
findings when this treatment protocol was applied (Figure
1h) [14].

Meshing and material properties of the tissues

The STL files of the developed models were imported
into the CATIA V5 software (Dassault Systemes, Velizy-
Villacoublay, France) version R20, and converted into
the NURBS surfaces using the Digitized Shape Editor
and Quick Surface Reconstruction modules. The solid
models were further exported to ANSYS software (SASI,
Canonsburg, PA, USA), version 14.5.7, for producing the
FE mesh and structural analysis. By using the ANSYS
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1, Model 2 and Model 3 was 1176135,
1179101, and 1228269 respectively;
while the number of finite elements for
the models was 5684279, 5702597, and
5952010 respectively. All the tissues
were assumed to be homogeneous and linearly elastic.
The values of the Young’s moduli and the Poisson’s ratios
for dental tissues, PDL, cortical and cancellous bone, and
BMBP were taken from the literature (Table 1).

Boundary conditions and calculations

In order to assess the stress distribution (Von Mises, com-
pressive, tensile) and effective displacements, the same
boundary conditions were applied on each model using the
ANSYS Static Structural Analysis module (Figure 1j). The
sides of models that represent cut-off planes from the over-
all maxilla were fixated in all degrees of freedom following
Figure 1j, black color. Masticatory forces were applied on
the buccal and lingual cups of premolars simultaneously
(Figure 1j - red arrows, red color), to gain the resulting
force of 200 N parallel to the long axis of these teeth (ver-
tical load) [15]. Load of 150 N was applied at an angle of
45° to the center of the canine’s palatal surface within the
physiological limitations reported for a canine [15].

RESULTS

The results for the displacement, Von Mises and principal
stresses for all three models are presented on Figures 2-5.

Results in this study showed that alveolar bone loss
patterns may cause differences in the tooth displacement.
Although displacement of tooth without bone resorption
was not tested, it may be notice that the greatest influence
had vertical bone loss before regenerative therapy and the
greatest displacement of all evaluated teeth was detected
in this case (Figure 2). Since the characteristics and the
height of tooth supporting tissues differed only in region
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Figure 2. Displacement, Von Mises, tensile and compressive stress in the teeth and peri-

odontal ligament in all three three-dimensional finite element models
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Figure 3. Displacement, Von Mises, tensile and compressive stress in the tooth #24 in all

three three-dimensional finite element
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of tooth #24 in all three models, this
tooth exhibited the biggest differences
in displacement (Figure 3). Under oc-
clusal force, the tooth inclined toward
bone defect. Displacement of tooth #24
was five times greater in case of verti-
cal bone loss compared to horizontal
bone loss. Moreover, it was noticed that
tooth #25 in Model 2 also exhibited dis-
placement towards the defect adjacent
to tooth #24 (Figure 2). On the other
hand, six months following the surgical
treatment and bone defect reconstruc-
tion, displacement of these teeth signifi-
cantly diminished, but was greater than
the values which were present in case of
horizontal bone loss (Model 1).
Analysis of stresses distribution in
teeth showed significant differences
between Model 1 and Model 2 (Figure
2). Higher values of Von Mises were
seen especially in tooth #24 (Figure 3).
However, six months after the surgery,
the level of stresses was noticeably low-
er. These findings are in agreement with
the results of the teeth displacement.
Assessing alveolar bone in all three
3D FE models showed that Von Mises
stresses had greater magnitudes in
cortical bone when compared to can-
cellous bone (Figures 4 and 5). In all
three models, maximum stress values
were present in narrow zones of alveo-
lar crest (Figure 4). Only in the case of
the vertical bone loss Von Mises stresses
reached maximum values of 76.54 MPa
in alveolar crest at distopalatal aspect
of tooth #24. Evaluation of the buccal
and palatal aspects of maxilla, demon-
strated that buccal plate was affected at
a higher level, and the widest stressed
zone was observed in the case of ver-
tical bone loss (Figure 4). Six months
following the surgery, both buccal and
palatal plates exhibited lower stresses
values, and stress distribution was
similar to that detected in the case of
horizontal bone loss. Figure 5 displays
uniform Von Mises stresses distribution
in cancellous bone for all three mod-
els. Concerning the pattern of bone
destruction, the highest stresses values
in cancellous bone were revealed in the
case of vertical bone loss. The stress was
obviously reduced six months following
the surgery, but did not achieve values
exhibited in the case of horizontal bone
loss. Analysis of the principal stresses
revealed that the in Model 2 (vertical
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Figure 4. Displacement, Von Mises, tensile and compressive stress in cortical bone in all

three three-dimensional finite element

Model 2

[mm]

Displacements

Von Mises Stress
[MPa]

Tensile Stress
[MPa]

Compressive Stress
[MPa]

Figure 5. Displacement, Von Mises, tensile and compressive stress in cancellous bone in all

three three-dimensional finite element

bone loss) tensile stresses were generated in alveolar crest
at mesial aspect of the tooth #24, while the compressive
stresses were noticed on the opposite (distal) aspect of the
tooth. Six months after the surgery, the levels of principal
stresses decreased but remained higher than in Model 1

(horizontal bone loss) (Figure 4).
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Regarding the PDL, the highest Von
Mises stresses was also present in the
case of vertical bone loss, mostly located
on the buccal and mesial aspect of the
tooth #24 root (Figure 2). Six months
following the surgery, the stress mag-
nitude in PDL was obviously reduced
and uniformly distributed, not only in
the case of tooth #24 but in all evaluated
teeth, and reached the values detected in
the case of horizontal bone loss.

DISCUSSION

The present concept and use of com-
puter modeling followed by FEA allows
the insight into the stress transition of
occlusal forces into the alveolar bone. In
this study we were able to visualize the
undetectable values of tooth displace-
ment and to analyze its influence on
stress distribution.

Results of this study supported the
hypothesis that higher stresses are gen-
erated during occlusal load in teeth af-
fected with vertical than in horizontal
bone loss. Also, as it was hypothesized,
regenerative periodontal therapy de-
creased displacement and stress values
in the affected teeth and supporting
periodontal structures. However, it was
demonstrated that six months following
the surgery the magnitude of these values
were still higher than the values detected
in case of horizontal bone loss, although
the coronal level of bone was the same.

Jang et al. [16] using the FEA method
showed that the diverse extent of peri-
odontal bone loss had a greater impact
on biomechanical response. In the pres-
ent study we analyzed tooth displace-
ment which was not clinically detected.
It was demonstrated that, although be-
ing small, tooth displacement affects the
level of principal stresses. Namely, tooth
#24 was “bending” distally towards the
intrabony defect (Model 2) (Figure 3).
Subsequently, tensile stress was gener-
ated on the mesial aspect of adjacent
alveolar crest, while compressive stress
was developed on the distopalatal edge

(Figure 4). In the case of horizontal bone loss (Model 1)

our results showed much lower values of tooth displace-
ment and principal stresses in the bone.

Even though the maximal vertical biting forces in hu-
mans can approach 700 N [17, 18], the moderate physi-
ological occlusal forces in this study (150 N and 200 N)

can cause localized stress concentrations in alveolar bone

Srp Arh Celok Lek. 2021 May-Jun;149(5-6):268-274
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affected by vertical resorption. It was revealed in the study
of Jeon et al. [8] that localized stress concentrations are
closely related with bone resorption. Knowing that yield
stress of 60 MPa may cause harmful effects on cortical
bone in humans [19], detected value of 75.98 MPa would
have detrimental effects on cortical bone and most likely
would lead to further bone resorption. Furthermore, fa-
tigue loadings that are continuous and repetitive can po-
tentially “accumulate” the stress, triggering bone degenera-
tion or resorption [20]. In the study, the highest values of
localized compressive stress were detected at palatal al-
veolar crest adjacent to intrabony defect (Figure 4), which
might be an area of further bone resorption, supported by
bacterial stimulation [21].

In this study, BPBM and EMD were used to promote
periodontal regeneration in the treatment of periodontal
disease. Histological examination in humans showed that
bone defects treated with the combination EMD-BPBM
healed with a new connective tissue attachment and new
bone [22]. These findings were used (and applied) in this
study to create PDL in the Model 3 (Figure 1h). We applied
the values for mechanical properties of BPBM following
the six months healing period, described in the work of
Kwon et al. [5]. They demonstrated that stiffness of BPBM
six months following the surgery (1.69 x 10°) was slightly
greater than cancellous bone (1.37 x 10%). Even though the
new-formed bone (six months following the surgery) was
stiffer than the natural cancellous bone, FEA results showed
that the displacement of the tooth #24 was still greater than
in the Model 1. This is probably the consequence of the lack
of cortical bone in this area, which is much stiffer. However,
stress levels were significantly diminished, especially the
high tensile stress in alveolar crest at the mesial aspect of
this tooth. Thus, we can conclude that even though the
therapy could regenerate bone to approximate level of the
alveolar crest in the case of intrabony defects with favor-
able osseous architecture [4], this study showed that there
is still the weak point at the previously affected site which
is jeopardized in terms of further bone loss (Figure 4).

FE studies showed that in an area with periodontal dis-
ease bone support and PDL area are reduced, and the same
magnitude of occlusal load will cause higher stress in the
PDL [8, 10]. This should be bear in mind, because even the
physiological occlusal loads may result in high stress values
which may contribute to further bone loss. Ona et al. [3]
described in their FE study that bone resorption will reduce
the root area available for support, which may cause an
increase of the maximum stress within the PDL. Results of
our study are in agreement with this finding, as the highest
value of overall stress was detected in PDL of tooth #24 in
the case of vertical bone loss (Figure 2). However, this value
was evidently reduced six months following the surgery
since the root area available for support has been expanded.
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In the present study, using CBCT scans before and after
regenerative therapy was an advantage. Experimental study
with the same study design would be impossible, since
horizontal bone loss, vertical bone loss (intrabony defect),
and reconstructed intrabony defect were simulated in the
same region allowing comparison of the gained results.

It is important to emphasize that the results should
be interpreted with caution due to the study’s limitation.
Namely, as this study is based on computer simulations,
some simplifications were made. Only a nondestructive
static occlusal loading was applied, and the dynamic load-
ing behavior which is present in the oral cavity was not
simulated. Furthermore, aiming to avoid the influences of
load directions only the vertical occlusal forces were evalu-
ated, while horizontal and oblique forces were neglected.

To the best of authors’ knowledge, this is the first study
which provided the basic information of biomechanical
aspects in periodontal tissues regarding the diverse pat-
tern of bone loss, and may serve as s basic template which
could be useful for calculating the effectiveness of different
approaches in regenerative periodontal treatment.

CONCLUSION

This study demonstrated that computer modeling and FEA
can give new information regarding the biomechanical
behavior of periodontal structures when diverse patterns
of bone loss are present. Followed by CBCT, in a patient
specific model, this method revealed significant displace-
ment of periodontally compromised tooth, whereas tooth
mobility was not clinically evident. The tooth displacement
caused high stresses which could be potentially dangerous
in promoting further bone resorption. Resolution of verti-
cal bone defect resulted in reduction of tooth displacement
and significantly lower level of principal stresses in the
bone. However, the magnitude of these values was higher
than the values detected in case of horizontal bone loss,
showing that there is still a weak point at the previously
affected site which is in jeopardy for further bone loss.

ACKNOWLEDGEMENT

This work was supported by the Ministry of Education and
Science of the Republic of Serbia (Grants 11141008, 11145005,
11141007, and ON174028) and is the part of PhD thesis:
Cimbaljevi¢ MM. The use of cone beam computed tomog-
raphy in the assessment of periodontal therapy outcome.
University of Belgrade, School of Dental Medicine; 2016.

Conflict of interest: None declared.

www.srpskiarhiv.rs

273



274

1.

EFERENCES

Newman MG, Takei HH, Klokkevold PR, Carranza FA. Newman
and Carranza’s Clinical Periodontology. 13 ed. Carranza F, editor.
Philadelphia: Elsevier; 2019.

Cortellini P, Buti J, Pini Prato G, Tonetti MS. Periodontal
regeneration compared with access flap surgery in human
intra-bony defects 20-year follow-up of a randomized clinical
trial: tooth retention, periodontitis recurrence and costs. J Clin
Periodontol. 2017;44(1):58-66.

Ona M, Wakabayashi N. Influence of alveolar support on stress in
periodontal structures. J Dent Res. 2006;85(12):1087-91.

Sallum EA, Ribeiro FV, Ruiz KS, Sallum AW. Experimental and
clinical studies on regenerative periodontal therapy. Periodontol
2000.2019;79(1):22-55.

Kwon BG, Kim SG. Finite element analysis of different bone
substitutes in the bone defects around dental implants. Implant
Dent. 2006;15(3):254-64.

Singh SV, Gupta S, Sharma D, Pandit N, Nangom A, Satija H. Stress
distribution of posts on the endodontically treated teeth with and
without bone height augmentation: A three-dimensional finite
element analysis. J Conserv Dent. 2015;18(3):196-9.

Tribst JPM, Dal Piva AMdO, Madruga CFL, Valera MC, Borges ALS,
Bresciani E, et al. Endocrown restorations: Influence of dental
remnant and restorative material on stress distribution. Dent
Mater. 2018;34(10):1466-73.

Jeon PD, Turley PK, Ting K. Three-dimensional finite element
analysis of stress in the periodontal ligament of the maxillary first
molar with simulated bone loss. Am J Orthod Dentofacial Orthop.
2001;119(5):498-504.

Linetskiy |, Demenko V, Linetska L, Yefremov O. Impact of annual
bone loss and different bone quality on dental implant success - A
finite element study. Comput Biol Med. 2017;91:318-25.

10. Soares PB, Fernandes Neto AJ, Magalhaes D, Versluis A, Soares

CJ. Effect of bone loss simulation and periodontal splinting on
bone strain: Periodontal splints and bone strain. Arch Oral Biol.
2011;56(11):1373-81.

Jafarian M, Mirhashemi FS, Emadi N. Finite element analysis of
stress distribution around a dental implant with different amounts
of bone loss: An in vitro study. Dent Med Probl. 2019;56(1):27-32.

Nikoli¢-Jakoba N. et al.

12.  Zhong J, Guazzato M, Chen J, Zhang Z, Sun G, Huo X, et al. Effect
of different implant configurations on biomechanical behavior of
full-arch implant-supported mandibular monolithic zirconia fixed
prostheses. J Mech Behav Biomed Mater. 2020;102:103490.

13.  Mili¢-Lemi¢ A, Tanasi¢ |, Tihacek-Sojic¢ LJ. Stress and strain
distribution in the lower jaw with shortened dental arch-a finite
element method study. Srp Arh Celok Lek. 2018;146(11-12):629-33.

14.  Camelo M, Nevins ML, Schenk RK, Simion M, Rasperini G, Lynch SE,
et al. Clinical, radiographic, and histologic evaluation of human
periodontal defects treated with Bio-Oss and Bio-Gide. Int J
Periodontics Restorative Dent. 1998;18(4):321-31.

15.  Hsu ML, Chang CL. Application of Finite Element Analysis in
Dentistry. In: Moratal D, editor. Finite Element Analysis: Sciyo;
2010. p. 43-60.

16. JangY, Hong HT, Roh BD, Chun HJ. Influence of apical root resection
on the biomechanical response of a single-rooted tooth: a
3-dimensional finite element analysis. J Endod. 2014;40(9):1489-93.

17.  Ortun-Terrazas J, Cegofino J, Pérez Del Palomar A. In silico study
of cuspid’ periodontal ligament damage under parafunctional
and traumatic conditions of whole-mouth occlusions. A patient-
specific evaluation. Comput Methods Programs Biomed.
2020;184:105107.

18. LiuH, Qin L, WuY, van der Glas HW, Chen J, Wang X. Oral
physiological characteristics among Chinese subjects in the
eastern region of China. Arch Oral Biol. 2019;108:104539.

19. Biewener AA. Safety factors in bone strength. Calcif Tissue Int.
1993;53 Suppl 1:568-74.

20. Jepsen KJ, Davy DT. Comparison of damage accumulation
measures in human cortical bone. J Biomech. 1997;30(9):891-4.

21.  FanJ, Caton JG. Occlusal trauma and excessive occlusal forces:
Narrative review, case definitions, and diagnostic considerations. J
Periodontol. 2018;89 Suppl 1:5214-22.

22.  Miron RJ, Sculean A, Cochran DL, Froum S, Zucchelli G, Nemcovsky
C, et al. Twenty years of enamel matrix derivative: the past, the
present and the future. J Clin Periodontol. 2016;43(8):668-83.

23.  Ruse ND. Propagation of erroneous data for the modulus of
elasticity of periodontal ligament and gutta percha in FEM/FEA
papers: a story of broken links. Dental Mater. 2008;24(12):1717-9.

BuomexaHuuKo noHawamwe CTPYKTYpPa AEHTO-a/1B€0/1apHOI KOMMJIEKCa npe U nocne

pereHepaTUBHe Tepanuje napoaoHTonaTuje

Harawwa Hukonuh-Jako6a', MuneHa bapah', Kcenuja 3enuh?, Apco Bykuhesuh®*, foppaHa Josuunh?, Henag Ounnnosuh’,

Mapuja hypuh?

'YHuBep3utet y beorpapy, CromatonoLukm dpakyntet, KnuHyka 3a napofoHToNorujy v opanHy meauumHy, beorpag, Cpbuja;
2Ynusepautet y beorpagy, MeguunHcki dakyntet, MIHCTUTYT 32 aHaToMujy, Jlabopatopuja 3a aHTpononorujy, beorpag, Cpbuja;
3YHuBep3uTet y KparyjesLy, GakynTeT nHxetbepckux Hayka, Kparyjesal, Cpbuja;

*YHusep3uTteT y Kparyjesuy, LieHTap 3a 6uonHxerepuHr, Kparyjesau, Cpbuja

CAXETAK

YBoa/Linm Metop KOHauHNX enieMeHaTta je MaTemMmaTuuky MeTog
KOju Ce MOXKe KOPUCTUTH Y Wby NCMIATUBAkba GrIOMeXaHNuYKor
NoHallarba CTPYKTypa AeHTO-aIBE0STapHOT KOMIeKca.

Linb oBor paga je 6vo ncnutatyi 6MoMexaHUYKO NoHallaHe
3yba, NepnmofoHLjymMa 1 OKOJHE anBeosiapHe KOCTW MogA
[lejCTBOM OKJly3anHuX cuna y cyyajy npucycTsa pasimymimx
TUMNOBa pecopnuyje anBeonapHe KOCTU Npe 1 Nocsie pereHe-
paTvBHe Tepanuje napogoHTonatuje.

Metoa Ha ocHOBY pagnonowKux civka fobujeHrx Komnjyte-
pr30BaHOM TOMOTrpadrjomM KOHYCHOT 3paka KperpaHa cy Tpu
TPOAMMEH3VOHaIHa MaTeMaT/4Ka Mofiena Koja Cy ce cacToja-
Na Of rOpH:Er IEBOT OYHbaKa, MPBOT 1 APYror npemonapa u
OKOJIHe anBeonapHe Koctu. Ha mogeny 1 je npefcraBsbeH Xo-
PU30HTaNHY rybuTaK anBeonapHe koctu. Mogen 2 je cagp»kao
MHbpaKowWTaHn aedeKT Ay JUCTanHe NoBpLUrHe 3y6a #24.
Mogen 3 je npeacTaB/bao cUTyaLmjy WeCT MeceLm nocsne pe-
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reHepaTuBHe Tepanuje napofgoHTonatuje. MpumeHom meToga
KOHauYHUX efleMeHaTa n3padyHaTu Cy CTeneH nomepatba 3y6a,
nHTE3UTET 1 AUCTpUbyumja Von Mises n rnaBHVX HamoHa NoA,
AejCTBOM YMepPEHNX OKy3anHNX Cuia.

Pesytatn MeToa KOHauHMX efleMeHarTa je nokasao Aa y Mogesny
Ca BePTUKanHUM rybrTKOM KOCTI NOCTOje 3HauajHa nomepama
3yba ycneq aejcTBa OKny3anHUX cuna, a caMum Tum 1 Behm nx-
TEH3WTET HaMoHa y NePUOAOHLMjYMY U OKOMHO]j anBeonapHoj
KOCTW Yy OJHOCY Ha XOPW30HTaNHu rybutak koctu. LLlect mece-
Ly noc/e pereHepaTMBHe Tepanuje napofoHTonaTuje cTenex
nomepatba 1 HTE3UTETU HanoHa Cy 61AM 3HaTHO CMarbeHN.
3aKspyyak PereHepaTuBHa Tepanuja napofoHTonaTuje ytuye
Ha noborbLuakbe 6oOMeXaHUYKIX KapakTeprcTKa 3y6a, nepu-
OfOHLIMjyMa 1 OKOJTHe anBeosiapHe KOCTH.

KmbyuHe peun: napofoHTonaTtuja; pecopnumja anseosapHe
KOCTU; yCMepeHa pereHepaLmja TKMBa; MeTOA KOHaYHNX ene-
MeHaTa
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