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COMPARING THE FRACTURE RESISTANCE OF THREE
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ABSTRACT

Objective: The objective of this study is to evaluate and compare the fracture resistance of
three different endocrown materials in pulpotomized primary molars .

Methodology: This in-vitro experimental study was carried out on a total of (n=24) primary
second molar teeth. Pulpotomy was performed in all the specimens, then the teeth received a
standardized preparation for an endocrown restoration, later they were randomly allocated into
three groups (n=8 each), according to the material used for construction, first group: restored by
CAD/CAM Milled Hybrid Ceramics (VitaEnamic), second group: restored by CAD/CAM Milled
Poly-methyl methacrylate (Telio CAD), and the last group was restored by Nano hybrid Composite
resin (Filtek Z250) using an indirect technique.

Results: Kruskal-Wallis test followed by Mann-Whitney U test were used to assess the fracture
resistance of different endocrown groups. And the results showed that there was no statistically
significant difference in fracture resistance mean values between (Vita Enamic: 1407.53+432.24
N, PMMA: 1399.98+264.18 N and Indirect Composite: 1215.17+207.63 N) between the different
groups (P=0.375).

Conclusions: Primary molar teeth restored by endocrown materials whether CAD/CAM
milled Vita Enamic or PMMA as well as indirect nano hybrid composite, demonstrated comparable
fracture resistance mean values with no statistically significant difference between them, and this
reflects that these restorations could be viable alternatives to other treatment modalities that could
be less esthetic or less conserving to the tooth structure.

Keywords: pulpotomized primary molars, endocrowns, indirect restorations for primary
molars, CAD CAM in pediatric dentistry
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INTRODUCTION

Pulpotomy is usually the treatment option when
primary molars develop inflamed coronal pulps due
to caries. This treatment option results in brittle and
fragile remaining tooth structure as the technique
involves amputation of the entire coronal pulp
without leaving any residual tissue tags that could
compromise the prognosis. Among other factors,
the success rate of this treatment option is largely
dependent on the coronal seal rendered by the final
restoration !'l.

Moreover, the selected final restoration should
replace the missing tooth structure efficiently in an
attempt to improve the functional and mechanical
performance and thus their survival 1.

Stainless Steel crown has been considered as
the gold standard for restoring primary molars
following pulpotomy as it is capable of providing
strength to the weakened tooth structure as well
as coronal seal and resistance to microleakage.
However, its inferior esthetics is considered a major
shortcoming when the patient/parental satisfaction
is considered 1*.

On the other hand, the major advancements in
the adhesive protocols have shifted the paradigm
of teeth restoration following pulp therapy, so that
full coverage is no longer required since indirect
restorations as Endocrowns are now considered a
viable alternative to full coverage restorations .

At the same time, CAD/CAM systems are
becoming widely available in dental laboratories
and offices nowadays, and they can easily provide
milled restorations with adequate precision, quality
and esthetics which further favor the indirect
the conventional treatment

restorations over

modalities °'.

Among the advantages of Endocrowns is that
they are more conservative as minimal tooth
preparation is required for their construction. They
are also esthetically pleasing, have high wear
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resistance, excellent marginal seal and can be
adjusted to reproduce ideal proximal contact with
the adjacent teeth 1"

In addition, these restorations are becoming
strongly indicated in situations where there is an
excessive loss of the remaining tooth structure
and there is limited interocclusal distance, which
complicate other treatment alternatives as the
placement of zirconia crowns. Pediatric dentists
usually encounter these obstacles when restoring
pulpotomized primary molars !,

Upon reviewing the existing literature, there
is abundancy of studies on the application of
Endocrowns restoring endodontically treated
permanent teeth, however, there is paucity of data
regarding their use in pulpotomized primary molars.
Since it is crucial for pediatric dentists to make the
best use of these advancements that could impact
the quality of care provided for young patients in a
favorable manner, more data should be available on
their use in pediatric dentistry. In this perspective,
this in-vitro study was conducted to compare
different modalites and materials used to construct
endocrowns applied to pulpotomized primary

molars regarding the fracture resistance.

Study design

The study was designed following an in-vitro
experimental model.

Sample size estimation

According to the results of Simsek and Derelioglu
®1 assuming an Alpha (a) level =0.05 (5%) , and a
Beta (3) level =0.20 (20%) i.e., power= 80%. The
calculated sample size was set to a total number of
24 teeth (8 in each group) using EpiCalc program
version 1.02.

Materials

All the materials utilized in the study are listed in
the following table (Table, 1).
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TABLE (1): Materials used in the study
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Material Commercial name

Manufacturer

Polymer infiltrated ceramic blocks/

Hybrid Ceramics Shade : 3M2 — HT

VITA ENAMIC for CEREC/ in Lab,

VITA Zahnfabrik, Bad Sackingen,
Germany

Posterior Nano Hybrid Composite

Filtek™ Z250 Universal Restorative

3M ESPE.USA

99.5% PMMA Polymer Telio CAD

Ivoclar Vivadent, Schaan, Liechtenstein

Self-Adhesive resin cement auto mix

Breeze self-adhesive resin cement

Pentron clinical USA

9.5 % buffered hydrofluoric acid gel

Porcelain etchant (9.5% HF)

Bisco, Inc. Shaumburg, USA

Porcelain Silane, Ultradent — Silane

Ultradent Products USA

Self-etching adhesive

One coat 7 universal

Coltene/Whaledent GmbH Co./Germany

37% phosphoric acid etch Any-Etch Mediclus Co.,LtdKorea
Zinc oxide eugenol i-ZOE I- dent, Lithuania
Reinforced Glass ionomer Fuji Equia Capsules GC Tokyo, Japan.

Methodology
1. Selection of the specimens

Recently extracted upper primary molars were
collected. The teeth were extracted for reasons
other than this research. The selection of teeth that
were included in this study was according to the
following criteria:

e At least one third of the root was still intact,
with intact floor.

e At least three of the axial walls were intact
with a minimum of 1 mm of remaining
sound tooth structure.

Teeth were examined under microscope and any

molars displaying cracks or fractures were excluded
1]

2. Specimens’ preparation

Using a hand scaler soft tissue tags were scrapped
off, then the teeth were disinfected using 10% for-
malin to avoid affecting the fracture resistance then
they were stored in distilled water till their use ",

Acrylic resin was used to fix the specimens in
molds made of ready-made polypropylene tubes

of dimensions 5 cm x 8 cm. Mounting teeth in
their molds was done using a Mounting surveyor
(Maarathon-103  Surveyor Saeyang Microtech
Co.Ltd, Korea) to ensure their proper positioning,
where the teeth were fixed to the pin of the surveyor
with pink wax in an upright position (fig.1), then
lowered into the molds centrally and vertically till
the level of the resin was 2mm below the cemento-
enamel junction P!,

Fig. (1): Specimen fixed by sticky wax to the moving rod of the
Mounting Surveyor

Caries removal was done using (size 4) round
bur (Mani Carbide Burs), mounted on a high-speed
hand piece with profuse coolant. Access cavity
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was done then the walls were flared to facilitate
undisturbed access to the canal orifices.

All the residual pulp tissue was removed by a
sharp excavator (DENTSPLY, Germany), then
a thick mix of (Zinc-oxide & Eugenol paste) was
applied to seal the orifices, the material was allowed
to set and excess material was removed.

A thin layer of Glass ionomer (Fuji Equia, GC
Tokyo, Japan) was injected into the cavity floor
to seal all the undercuts as well as to isolate the
Zinc-oxide & Eugenol from the subsequent resin
adhesives or restorations and leaving at least a 3
mm height of the pulp chamber to provide sufficient
thickness of the final restoration "',

The
endocrowns,

specimens were prepared to receive

using regular wheel stone and
tapered diamond stones attached to a straight hand
piece mounted on the surveyor to standardize the

preparations in all the teeth.

Occlusal reduction or clearance was achieved
by a wheel stone (WR-13 Dia Bur Mani) of 2mm
working length thickness, the vertical component
was adjusted to allow 2mm reduction, the horizontal
component however was flexible to allow clearance
of the entire surface.

Axial wall flaring was done with a standard
degree of divergence of 8 degree angle utilizing a
tapered stone (TR-12 Dia Bur Mani), the vertical
component was adjusted such that the stone almost
touches the glass ionomer base, while the horizontal
component was also kept flexible.

Gingival seat was prepared 1 mm above the
cement-enamel junction.

3. Grouping of teeth

Each specimen was given a number from 1-24,
then by the aid of an online randomizing program
(www.randomizer.com), specimens were then ran-
domly allocated in either of the three study groups
such that each group received a different restorative
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material:

1. VitaEnamic Group (n= 8): restored by CAD/
CAM Milled Hybrid Ceramics (VitaEnamic)

2. PMMA Group B (n= 8): restored by CAD/CAM
Milled Poly-methyl methacrylate (Telio CAD)

3. Indirect composite Group C (n= 8): restored by
Nano hybrid Composite resin (Filtek Z-250) us-
ing an Indirect technique.

4. Restoration fabrication

For first two groups, the restoration was pre-
pared using the (CEREC AC system) (Sirona Den-
tal Systems, GmbH, Bensheim, Germany). After
the type of restoration has been selected on the
software, the prepared specimens were scanned
by Cerec Bluecam to obtain optical impressions to
produce a 3D virtual models. This was followed by
inspection and verification of the virtual die where
the software blocks any undesirable undercuts and
hence the path of insertion of the restoration being
produced is adjusted. Later, in the design phase, the
proposed design of the endocrown was displayed on
the model and any final adjustments were made. Af-
ter the suitable grinding instruments were secured,
the milling order was activated, and the selected
block placed in the milling chamber of the MC XL
unit was ground. The milling process was later fol-

Fig.2: A. Obtaining optical impression B. Adjusting restoration

parameters C. Proposed design D. Block secured in
CEREC machine ready for milling
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lowed by finishing and polishing according to the
manufacturer’s instructions (fig. 2).

For the indirect composite group restorations,
rubber-base impression materials were used to obtain
gypsum models of the pre-prepared specimens, the
models were sprayed with a separating medium
to facilitate the separation of the restoration once
finished 2.
up following an incremental technique of a five to

The indirect restorations were built

six increments each cured for 20 s, then the final
restorations were finished by wet grinding with fine
and extra fine grit diamond " (fig.3).

5. Cementation

All the prepared specimens were selectively
etched by 37% Any-etch (Mediclus — Korea) for 30
s, rinsed thoroughly by water spray for 30 s and then
gently dried for additional 30 s. An adhesive ONE
Coat7 Universal (Coltene - Germany) was applied
by a micro brush then air dried to remove excess
then cured for 40 s 4.

As for the restorations’ surfaces, Group (A) Vi-
taEnamic: Etching of the fitting surfaces of the en-
docrowns was done using Porcelain etchant (9.5%
HF acid: Bisco USA) for 60 s, rinsed thoroughly for
another 60 s then dried with air. Porcelain Silane
(Ultradent USA) was then applied by special brush ,
dried with air then left to react for 60 s. For Group
(B) Telio CAD and Group (C) Indirect compos-

) ;‘m‘.u
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ite: the restorations were sand blasted and primed
[15,16]

Cementation was carried out by self-adhesive
resin cement (Breeze Pentron — USA) applied to
the fitting surface of the treated endocrowns and
to the prepared teeth. The endocrowns were placed
on their corresponding preparations by static finger
pressure and were left for 5 minutes during which
they were exposed to a brief light curing for only 2
seconds. Then excess cement was removed with a
scaler, then light curing was done for 40 seconds for
each side "7,

6. Fracture resistance testing

Using a universal testing machine; Lloyd, LR-
5K (Ametek — USA), specimens were placed under
mechanical loading by applying axial occlusal
loading force to the center of the restoration’s
occlusal surface (central fossa) via a stainless steel
ball (2.5mm in diameter) utilizing thrust speed of
the machine was 0.5 mm/min until the specimens
fractured, where the fracture force was scored in
Newtons. Fracture was indicated only when the load
suddenly dropped '8,

Statistical Analysis

Statistical analysis was performed using IBM
SPSS Statistics Version 2.0 for Windows. Data was
presented as mean and standard deviation (SD). The

Fig. (3): Group C restorations: Rubber-base impression, prepared specimen, Final restoration on a stone model
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TABLE (2): Mean =+ SD of fracture resistance (N) of specimens restored with different endocrown materials

Endocrown material

Vita Enamic PMMA Indirect Composite P-value
Fracture Mean SD Mean SD Mean SD
resistance (N) 1407.53 43224 1399.98 264.18 1215.17 207.63 0.375 NS

P=<0.05 NS: non-significant

significance level was set at P < 0.05. Kolmogorov-
Smirnov and Shapiro-Wilk tests were used to assess
data normality. Kruskal-Wallis test followed by
Mann-Whitney U test were performed to compare
the fracture resistance values of specimens restored

with different endocrown materials.

RESULTS

The results showed that there was no statistically
significant difference in mean values of fracture
resistance between the three groups of teeth restored
by different (P=0.375).
However, the Indirect Composite endocrown

endocrown materials

group scored the least values with a Mean and
SD of (1215.17+207.63 N) followed by PMMA
group (1399.98+264.18 N), while the Vita Enamic
group scored the highest Mean and SD values
(1407.53+432.24 N) (Table 2 and fig.4).
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Fig. (4): Fracture resistance of primary molars restored by
different endocrown materials

DISCUSSION

Although stainless steel crowns had been suc-
cessfully used for restoring pulpotomized primary
molars, both pediatric patients and their guardians
have been seeking more esthetic options >, Pre-
fabricated Zirconia crowns constitute an outstand-
ing esthetic alternative, but there are limitations to
their wide usage which include the need for exten-
sive full tooth reduction, complicated handling and
manipulation, risk of causing wear to the opposing
teeth, and their relatively high cost 2!

On the other hand, Endocrowns with their es-
thetic properties and conservative approach are
already applied in restoring endodontically treated
permanent teeth and are considered as pertinent op-
tion especially with the huge development in CAD/
CAM technology. These restorations showed higher
fracture strength when compared to other treat-
ment modalities like full direct composite resin,
indirect (inlay/onlay) restorations or even coverage
crowns %24,

Evidence of significant chemical and morpho-
logical differences between permanent and primary
dentition, such as a less mineralization and larger
diameter of dentinal tubules '*' rather render the
presumption that results of previous studies testing
endocrowns on permanent teeth would also apply to
primary teeth inaccurate.

Tooth/restoration fracture is usually encountered
in carious teeth or in those with cavity preparations,
where the tooth structure has already been weak-
ened. Therefore, fracture resistance was assessed in
this study since it is an important criterion in the
long-term success of various restorative materials
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used in restoring pulpotomized teeth 12,

The results of the current study showed that,
there was no statistically significant difference in the
fracture resistance mean values between the tested
groups. This finding came in agreement with the re-
sults of Simsek and Derelioglu ! who also found
no statistically significant difference between frac-
ture resistance of endocrowns constructed by CAD/
CAM milled Vita Enamic Blocks or those built-up
from Composite using the indirect fabrication tech-
nique.

It is worth mentioning though that the values
obtained in this study were remarkably higher
than those obtained in similar previous studies by
Simsek and Derelioglu " and by El Makawi &
Khattab "', this might be attributed to discrepan-
cies in the test methods as the crosshead speed, ball
diameter or type of load application by different
testing machines or due to variation in cementation
materials or techniques. However, the aforemen-
tioned studies in addition to ours, obtained fracture
resistance values above the average biting force of a
(5-10) year old child (375 Newtons) 27!, which sup-
ports the notion that these restorations would per-
form favorably in children.

Despite of that, the mean fracture resistance val-
ues were much lower than those obtained by Altier
et al. ' who conducted their study on permanent
teeth instead of primary molars , this variation could
be resorted to inherent differences between primary
and permanent teeth, a finding which adds another
parameter to justify the diversity of values obtained
in discrete studies.

In disagreement with our results, the previously
mentioned authors found out that the mean fracture
resistance values of ceramic based endocrowns uti-
lized in their research were significantly higher than
those of indirect composite endocrowns fabricated
from two different micro hybrid composites (Soli-
dex and Gradia) that were tested in their research.
The higher filler content of Filtek™ Z250 (zirconia/
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silica fillers ,82% wt.) utilized in our research com-
pared to the 53% wt. and 75% wt. of Solidex and
Gradia respectively, could be a possible explanation
to why indirect composite endocrowns performed
preferably in the current investigation.

In the same line with our results, Mete et al. !
reported that the mean fracture resistance force of
Telio CAD (PMMA) endocrowns was 1245.1 N, a
value which is a comparable to that obtained in this
research. The researchers investigated the fracture
resistance of endocrowns used to restore primary
molar teeth milled from three different polymeric
resin blocks, and they deduced that Telio CAD
(PMMA) endocrowns yielded the highest fracture
resistance values compared to modified PMMA or
Resin nanoceramic endocrowns which represented
the other two comparison groups in their study.
The authors resorted the superior performance of
PMMAA to intrinsic weaknesses in the other two res-
in based materials as water degradation caused by
their hydrophilic components since the specimens
were already stored in water prior to the study com-
mencement .

Although the current study provides data that
might encourage clinicians to use endocrowns
whenever the facilities for their construction are
made available, yet there are some limitations which
are related to the absence of certain factors that are
present in the clinical situations, among which is the
of the role of the periodontium which acts as a shock
absorber that alters the impact of inbound stresses
thus could serve the fracture resistance favorably
1301 Moreover, the force applied experimentally has
an axial/vertical vector only, thus the lateral forces
created by parafunctional movements are cancelled
out, these forces however could have an adverse im-
pact on the durability of restorations clinically .

CONCLUSION

Considering possible limitations of this study
it could be concluded that, primary molar teeth re-
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stored by endocrown materials whether CAD/CAM
milled Vita Enamic or PMMA as well as indirect

nano hybrid composite, demonstrated comparable

fracture resistance mean values with no statistically

significant difference between them, and this data

reflects that these restorations could be a viable al-

ternative to other treatment modalities that could be

less esthetic or less conserving to the tooth structure.
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