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ABSTRACT

Aim: The aim of this study was to compare the stress
distribution under artificial forces that simulate the
biting forces of the two different post types used in
maxillary anterior teeth that had complicated crown-
root fractures and to determine the region where the
stress occurred. For this purpose, a finite element
analysis method was used.

Material and method: In the study, Glass fiber post
(Group I) and carbon fiber post (Group II) were used
to model tooth with complicated crown-root fracture,
which would be horizontal in the cervical region of the
fracture line. In the model, fractured teeth fragment
(coronal and root fragments) were reattachment to by
post. The force of 100N was applied to the incisal of
the teeth at 90° angles to the groups (longitudinal
axis). Finite element analysis method was used to
evaluate stress resulting from force and to obtain a
three-dimensional model. Analyzes were done with the
ANSYS program (ANSYSRel.6.0, ANSYS Inc., Houston,
TX, USA).

Results: As the results of the analysis, the resistance
of glass fiber post against the forces was higher than
the carbon fiber post. The stresses were concentrated
mostly at the palatinal regions in group I and II.
Conclusion: The rehabilitation of esthetic and
functional for anterior group teeth with complicated
crown-root fractures was favorable glass fiber post
than carbon fiber post.

Keywords: Dental trauma, crown-root fracture, glass
fiber post, carbon fiber post, FEM
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Amag: Bu calismanin amaci, komplike kron-kék kirig
gergeklesen on grup dislerde kullanilan iki farkli post
tipinin 1sirma kuvvetlerini taklit eden yapay kuvvetler
altinda stres dagiiminin karsilastirimasi ve stresin

olustugu  bolgenin  belirlenmesidir. Bu  amag
dogrultusunda sonlu elemanlar analiz ydntemi
kullanildi.

Gere¢ ve Yontem: Calismada kirik hatti disin kole
bolgesinde yatay olacak sekilde komplike kron-kok
kingi olusturulan dis modeline cam fiber post (Grup I)
ve karbon fiber post (Grup II) kullanildi. Modeldeki
kirk dis pargalarn (kronal ve kok pargalar) post
yardimiyla yeniden yapistirildi. Gruplara 100N kuvvet
dislerin insizal kenarina 90 derecelik agi ( disin uzun
aksina) ile uygulandi. Kuvvet sonucu olusan stresi
dederlendirmek ve (g boyutlu model elde etmek igin
sonlu elemanlar analiz yontemi kullanildi. Analizler
ANSYS programi ile yapild.

Bulgular: Analiz sonuclarina goére, cam fiber postun
kuvvetlere karsi direnci karbon fiber posta goére daha
yiiksek bulundu. Ayrica stresler cogunlukla her iki
grupta disin palatinal bolgelerinde yogunlasmistir.
Sonug: Komplike kron- kdk kiriklarina maruz kalan {ist
6n grup diglerde estetik ve fonksiyonel iyilestirme
sadlamak icin karbon fiber posta gore cam fiber
postun kullanimi daha uygun bulundu.

Anahtar Kelimeler: Dental travma, kron-kok kirig,
cam fiber post, karbon fiber post, FEM
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INTRODUCTION

Dental trauma is most commonly seen among
children and adolescent, and in maxillary central teeth.
In teeth with complicated fractures, aesthetic and
functional rehabilitation is very difficult and often
requires a multidisciplinary approach.!

The crown-root fractures (CRF) occur when the
direction of the trauma is horizontal. Crown fracture
may reach to the inside of alveolar bone at palatal
region obliquely. Mobility of the coronal part is
significant for the clinical diagnosis. CRF may be
difficult radiological diagnosis, if X-rays do not pass
through the fracture line. Some difficulties may occur
for the child, family and clinician while treating
permanent teeth with CRF. There are several CRF
treatments in anterior teeth. If the fracture line is
above the alveolar bone, restorative treatment can be
performed following extraction of the fractured part.
However, if the fracture line is under the alveolar
bone, gingivectomy or osteotomy procedures have to
be performed before the restoration. If the fracture
line is deeply under the alveolar bone and any
restoration cannot be performed, both coronal and the
root part can be extracted. However, if the clinician
needs the root part strategically, orthodontic or
surgical extrusion may be the options before the
restoration.'

Developments in the aesthetic properties of
restorative materials allow the clinicians to perform
perfect restorations without any extra tooth structure
loss.*However, in the tooth structure, dental tissue
loss may occurred due to various reason such as
trauma and dental caries. Post-core treatment may be
required in teeth with dental tissue loss for retention
and resistance.>”’

Restoration of the fractured teeth with lost
structures is a complicated situation for the clinicians.
Reattachment of the fractured tooth parts is the
optimum treatment option in order to obtain perfect
aesthetic and function.* Reattachment treatment
provides natural appearance in a short chair-time.®
Resin-based restorative materials are often used in
reattachment method. In order to enhance the weak
mechanical properties, fiber post materials have been
developed. These post types have advantages such as
aesthetic, adhesion to the tooth structure, Young's
modulus similar to dentine. However, these post types
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still need dentin preparation while fitting into the root
canal.®

Optimal post system must increase the
retention of core without causing stress accumulation
on remaining tooth structure.® Present studies have
showed that fiber reinforced composite posts resist
against the stress accumulation even if placed to the
half of the canal.’

Ideal post and core materials must be similar
to the dentine in terms of Young’s modulus,
compression strength, thermal expansion coefficient.°

Carbon and glass fiber posts have similar
Young’s modulus to dentine. This situation prevents
stress accumulation between the dentin and post
interface. Therefore, dentine-post separation is a rare
situation for carbon fiber posts (CFP). Also, CFP
absorbs some of the stress accumulation that occurs
on the restoration. CFP have been designed in such a
way that distribute the compressive and shear
stresses to the tissues.!!!?

Glass fiber post (GFP) is aesthetic, and can be
used with composite and full ceramic restorations. GFP
has high bonding durability with resin cements.!%13
GFP has similar flexural strength with dentine and
distribute the stresses to the large surfaces. Colorless
and tissue compatibility are the other advantages of
GFP.14-16

Finite element analysis method (FEM) has a
high acceptance in terms of modeling the teeth’s and
periodontium’s biophysical properties on computer.
FEM is ultra-helpful methods that stimulate the effect
of chewing forces on restorative material and dental
hard tissue. FEM shows the geometry of the structure,
loadings and limitations based to mathematics.
Deformations and stresses can be evaluated in any
side of the model. The Young’s modulus and Poisson
ratio are specific for each element.'’

The aim of this study is to evaluate by FEM the
stress distribution and localization under simulated
biting forces of computerized teeth models with
complicated crown-root fracture which reattachment
by 2 different post systems.

MATERIALS AND METHODS
This silico study was planned in Dicle University

Faculty of Dentistry Department of Pediatric Dentistry.
FEM was practiced in Dicle University Faculty of
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Engineering Department of Mechanical Engineering.
Stress analysis was performed on maxillary central
teeth with two different post systems (Group I and II),
using stress analysis software (ANSYSRel.6.0, ANSYS
Inc.,, Houston, TX, USA). Glass fiber post was
reattachment fractured tooth fragment in group I. In
group II, carbon fiber post system was used (10 mm
insertion depth, about 2/3 of the root). Teeth were
modeled in 10 layers as; gingiva, cortical bone,
sponges bone, periodontal ligament, gutta-percha,
enamel, post system, composite resin core and
cement (Figure 1 and 2). The dentin wall thickness
was designed as 2.5mm. The alveolar bone was
placed apically 2 mm from the cement-enamel
junction. The periodontal ligament was simulated as a
ring with a thickness of 0.2 mm around the tooth
model and a cortical bone with a thickness of 0.5 mm.

Post systems were practiced to the teeth and 100 N
force loaded to the incisal edge of the teeth with 90°
angle (Vertical direction) for imitate the bite force. 100
N forces was expanded to all part of the teeth!®!®
(Figure 3).
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100N

Figure 3. 100 N force loaded to the incisal edge of the teeth
with 90°angle.

The strains at gingiva, cortical bone, spongios
bone, periodontal ligament, dentine, gutta-percha,
enamel, post system, composite resin core and
cement were calculated and the calculations were
taken as equivalent von-Mises strains (Table 1). Intel
Pentium ® D CPU 3,00 GHz drawer, 250gb Hard disc,
3.00 GB RAM equipped and Windows XP Professional
Version 2002 Service Pack 3 computer, Nextengine
(NextEngine, Inc. 401 Wilshire Blvd., Ninth Flor Santa
Monica, California 90401) and Rhinoceros 4.0 (3670
Woodland Park Ave N ,Seattle, WA 98103 USA) were
used for modeling.

Table 1. The Young’s modulus and Poisson ratio of the
materials of the study.!®

Material Young'’s Poisson
modulus(GPa) | ratio
Dentine 18.6 0.31
Enamel 41.0 0.30
Periodontal ligament 68.9X1073 0.45
Cortical bone 13.7 0.30
. . Spongios bone 1.37 0.30
Figure 1. Working model Gingiva 19.6X107 0.30
Gutta-percha 0.69%1073 0.45
Glass fiber post 40 0.18
Carbon fiber post 125 0.2
RESULTS

100 N forces were loaded from the incisal edge
with 90° angles to the tooth models with glass fiber
and carbon fiber post systems. Following the loading,
the durability of the tooth with glass fiber post system
against the force was found more than the tooth with
carbon fiber post system. The stress concentration
was found at the palatinal surfaces (in chole) of either
model. As the results of analysis, the resistance of

Figure 2. Mesh model
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glass fiber post against the forces was higher than the
carbon fiber post. (Table 2, Figure 4 and 5). As
reported in Fig. 4-5, in the case of a vertical 100 N
force, the values of the Von Mises stresses (MPa) are
distributed mainly crown and root.

Table 2. The maximum and minimum duration of 2
different post systems against the 100 N forces.

Post Systems Maximum e’ Minimum e°
Glass fiber | 7,0225 5,1049
post system
Carbon  fiber | 6,9851 5,1107
post system

7,0225¢7 Max
6,247%7

5,1049¢5 Min

Figure 4. The maximum and minimum duration of
glass fiber post against the 100 N forces

6,9851e7 Max
6214667
|| 54442e7
= 46738e7
| 39033e7
H 3122007
H 2362407
| 1502¢7
b 5215566
5.1107e5 Min

Figure 5. The maximum and minimum duration of
carbon fiber post against the 100 N forces.
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DISCUSSION

Reattachment technique is first choice for
crown fractures of anterior teeth because of influences
to esthetic by retaining natural translucency and
surface texture. In crown and crown-root fracture, the
esthetic rehabilitation can be obtained in a single
appointment. Also, this procedure is relatively simple,
atraumatic and inexpensive.* Complicated crown-root
fractured teeth, after endodontic treatment, can be
reconnected using a post and a bonded adhesive to
the fractured fragments and composite resin.
Satisfactory aesthetic and functional results can be
obtained in this a short time. 2°

The elastic modulus of the posts to be used in
the restoration should have a similar to that elastic
modulus of the dental tissues. The modulus of
elasticity of the carbon and glass fiber post (about 18-
20 GPa) is similar to the elastic modulus of the dentin.
The elastic modulus of cast metal alloys and
prefabricated metal post is about 150-200 GPa. These
posts can cause of fractures of restoration and root.
Biological restoration in a young patient with a
complicated crown root fracture with an autogenous
tooth fragment. 2?2 For all these reasons, carbon fiber
and glass fiber posts have been decided to use in our
study.

Various methodologies have been used in order
to examine the stress concentration and
measurement. These include working models with
articulation, photo-elastic method, strength
measurement method and finite element analysis.?
The advantages of FEM are multiplexed and
important.  Even if the structure which will be
analyzed is not homogeneous an accurate stress
template can be achieved. After a detailed computer
supported design model was developed, FEM
decreases the needed prototype number and helps for
saving time and money.?*In our study, the advantages
and superiorities of FEM were used to evaluate the
distribution of post materials on computer.

Pereira et al. have examined the characteristic
durations of 4 post types that include glass fiber and
carbon fiber posts and have found the characteristic
duration of carbon fiber posts is higher than other
post types.”® Kumar et al. reported that stresses
accumulate in the apical region of the metal posts and
in the cervical region of the fiber posts. They also
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indicated that stress in the dental structure would
decrease with increasing fiber post diameter. 2 In our
study, it was found that the stress accumulation
occurred in the cervical region of both post types, and
that glass fiber posts are more resistant to stress.

Karre et al. reported that reattachment using
fiber post has the highest fracture resistance, in vitro
study about reattachment method and fiber
post.®Akkayan et al. have examined titanium,
zirconium, glass fiber and quartz fiber posts on 40
extracted upper canine incisors in terms of fracture
resistance with universal test machine and quartz fiber
post systems have showed the highest fracture
resistance. Glass fiber and zirconia post systems have
found statistically similar.?’ In our study with finite
element method, the maximum and minimum
resistance values of glass fiber post systems were
found higher than carbon fiber post systems.

Qing et al., in study about fracture resistance
of glass fiber and cast post systems in root-canal
treated teeth, reported lower fracture of resistance
glass fiber posts than cast posts.® In our study, we
aimed to examine the maxillary central teeth which
are most important to the aesthetic and which are
exposed to most crown fractures. Cast and
prefabricate metal posts were not included to the
study due to aesthetical problems.

Sorrentino et al., in study about glass fiber
post, reported that when the tooth applies 10 N forces
to the long axis, the least strain is accumulated in the
root apex and the most strain is accumulated on the
buccal surface of the root. However, stress
accumulation occurred at the boundary of the enamel-
cemento junction.” Hayashi et al. reported in the
study that the fractures have occurred in cervical
regions under the 90 N vertical loads and in the
middle or apical parts of the teeth under the 45 N
oblique loads in two-thirds of all fractured teeth.>
Rodriques et al. reported that FEM was validated with
in vivo strain values measured at the buccal crown
surfaces, under 155 N force from contact of
antagonist teeth. 3! In our study, under the 90°
vertical 100 N forces, in both post types the stress
accumulated in cervical region.

Pegoretti et al. reported that the glass fiber
composite exhibited the lowest stresses in the root, as
its hardness was very similar to dentin when
compared to the cast metal and carbon fiber post.'®
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Silva et al. reported that fiber posts show a more
homogeneous stress distribution than titanium and
metallic posts.> Deger et al. reported that glass fiber
posts100 N is more resistant than metallic posts under
vertical occlusal force.* However, Chen et al. reported
that CAD/CAM glass fiber post is produce to stress in
dentin, and is least recommended because of stress
level.3* As a result of this study, glass and carbon fiber
post were showed homogeneous stress distribution.
However, the values of the Von Mises stresses of glass
fiber post were found higher than carbon fiber post.

CONCLUSION

Complicated crown-root fractures may occur in
anterior group teeth as a result of trauma in children.
There are esthetic and functions problem in patient.
The esthetic and function can recycled by used post
system and fractured tooth fragment. We used two
different post types in teeth with complicated crown-
root fractures. In conclusion, it was determined that,
under the functional forces, duration of the teeth with
glass fiber post was higher than the duration of the
teeth with carbon fiber post and the stress
accumulation was observed mostly at palatal regions
of the teeth. However, in a real patient, the response
given by the stresses is more complex. Additionally,
the fractured tooth model which used in our study is a
rare occurs in real life. The FEM used in this study is a
necessary step in the transition to later laboratory
tests. In addition, clinical investigations are needed for
the success and long-term use of post systems.
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