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RESUMO

Tratamento clareador & rotineiramente utilizado no consultério odontolégico, e por
vezes este material ¢ aplicado sobre restauragdes cerdmicas existentes. O objetivo deste
estudo foi avaliar a influéncia do peréxido de hidrogénio a 38% na resisténcia flexural e
propagacio de trincas de uma cerimica odontoldgica enriquecida com leucita
(Vitablock 111, Vita Zanfabrik, Alemanha). Vinte barras de cerdmica (11 mm X 1.5 mm
X 0.7 mm) foram obtidas de blocos cerdmicos ¢ uma superficie (1.5 mm) foi polida com
lixa de carbeto de silicio em ordem decrescente de granplag:ﬁo até a lixa 1200 e
divididas em dois grupos experimentais: 1) Grupo controle — Ponta penetradora Vickers
foi aplicada na superficie polida (500 gr por 15 s), 2) — Procedimento de clareamento foi
conduzido com peréxido de hidrogéncio 38% seguindo as recomendagdes do fabricante
e apds, a ponta Vickers foi penetrada da mesma maneira que no grupo controle.
Comprimento das trincas geradas pelo penetrador foi medido para todos os corpos-de-
prova imediatamente e ap6s sete dias (grupo controle: armazenado em agua destilada a
37° C ¢ grupo clareado recebeu os procedimentos de clareamento conforme protocolo
do fabricante). Apds, todos os corpos-de-prova foram submetidos ao teste de flexdo de
trés pontds até a fratura. Teste de normalidade e teste t forma aplicados em nivel de
significancia de 5%. Nio houve diferenga estatistica entre os grupos avaliados (p=0.
3547). Dentro das limitagdes do estudo pode concluir que o tratamento clareador com
per6xido de hidrogénio a 38% ndo afetou a resisténcia flexural e propagagio de trinca

da cerdmica enriquecida com leucita estudada.



ABSTRACT

Bleaching treatment is a popular esthetic dental treatment in many clinical situations.
Sometimes it is not possible to avoid the contact between the bleaching material and the
esthetic restorative materials. The aim of this study was to evaluate the influence of
38% hydrogen peroxide treatments on the flexural strength and crack propagation of
ceramic enriched with leucite feldspathic. Twenty ceramic bars (11 mm X 1.5 mm X
0.7 mm) were obtained from ceramic blocks and one surface (1.5 mm) was polished up
to 1200 carbide paper disc and divided into two experimental groups: 1) control group
— a Vickers indenter was applied on the polished surface, bleached group (500 gr for 15
5),2) — the bleaching procedure was carried with 38% hydrogen peroxide following the
manufacturer’s instructions after Vickers indentation on the polished surface. Crack
lengths were measured for all specimens immediately after indentation and seven days
after bleaching or storage. The control group was stored in distilled water at 37° C for
seven days, and the bleached group was subjected to the bleaching protocol. After, all
specimens were tested by three-point bending until fracture. The normality test and t
test were applied with 5% of significance. There was no statistical difference between
the control ahd bleached groups (p=0. 3547). Within the limitations of this study, it can
be concluded that the bleaching treatment used does not affect the flexural strength and

crack propagation of the leucite enriched dental ceramic evaluated.
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Effect of 38 % hydrogen peroxide on flexural strength and crack propagation of a

dental ceramic
Short title: Effect of hydrogen peroxide on dental ceramic mechanical properties

Clinical relevance: The results of this study suggest that, in a mechanical point of view, the

application of 38% hydrogen peroxide on ceramic restoration will not cause deleterious effect.
ABSTRACT

Statement of problem. Bleaching treatment is a popular esthetic dental treatment in many
clinical situations. Sometimes it is not possible to avoid the contact between the bleaching
material and the esthetic restorative materials.

Purpose. The aim of this study was to evaluate the influence of 38% hydrogen peroxide
treatments on the flexural strength and crack propagation of ceramic enriched with leucite
feldspathic. |

Material and methods. Twenty ceramic bars (11 mm X 1.5 mm X 0.7 mm) were obtained

¢

from ceramic blocks and one surface (1.5 mm) was polished up to 1200 carbide paper disc
and divided into two experimental groups: 1) control group — a Vickers indenter was applied
on the polished surface, bleached group (500 gr for 15 s),2) — the bleaching procedure was
carried with 38% hydrogen peroxide following the manufacturer’s instructions after Vickers
indentation on the polished surface. Crack lengths were measured for all specimens

immediately after indentation and seven days after bleaching or storage. The control group

was stored in distilled water at 37° C for seven days, and the bleached group was subjected to




the bleaching protocol. After, all specimens were tested by three-point bending until fracture.
The normality test and t test were applied with 5% of significance.

Results. There was no statistical difference between the control and bleached groups (p=0.
3547).

Conclusions. Within the limitations of this study, it can be concluded that the bleaching
treatment used does not affect the flexural strength and crack propagation of the leucite
enriched dental ceramic evaluated.

Key words: dental ceramic; bleaching; mechanical property.
INTRODUCTION

Dental ceramics have characteristics such as chemical stability, biocompatibility, high
compressive strength, and a coefficient of thermal expansion similar to the tooth structure.
These properties make them one of the preferred materials in restorative dentistry. In
addition, they have esthetic appearance that are similar to natural dentition. * However, if not
well planned, their clinical use can jeopardize the longevity of the restoration because of the
susceptibility to fracture, which is a result of material characteristics such as .éurface cracks
and bulk defects.** The use of ceramic restoration has increased rconsiderably, because of

‘
esthetic and materials durability , which is attractive to both patients and clinicians.’ Materials
Science has evaluated different ceramics with various crystalline phases and their processing
techniques to achieve greater strength and toughness in order to avoid the use of metal core
and improve esthetic.®

Today, in a world of esthetics, patients desire a beautiful smile with whiter teeth being
the key component. In many clinical situations, there are pre-existing restorations which are

subjected to repeated bleaching processes.




There are studies about the surface roughness and color alterations of ceramic
materials after bleaching treatments.”'" The literature shows controversy among the studies.
However, limited data is available evaluating the effect of bleaching treatment on flexural
strength and crack propagation of dental ceramics. Several methods have been used to
evaluate different mechanical properties of ceramic materials. One of the most important
properties is fracture toughness, which is a property that is a measure of a material resistance
to brittle fracture when a crack is present’. There are different methods to make the crack on
the ceramic surface, and one of the most commonly used is called Vickers test indenter, which
is also called diamond pyramid test.* The test consists of forcing a very small pyramid
diamond indenter into the material surface for some seconds. After taking the indenter out, the
impression is observed under a microscope. Cracks propagate in each end of the impression
mark. By measuring these crack lengths, it is possiblé to see if the material will be more prone
to fracture or not. Furthermore, using this indenter and knowing the cracks, it is possible to
calculate the fracture toughness, thus confirming the capability of a brittle material to resist a
crack growing. !

As there is a lack of studies evaluating the effect of bleaching treatment ;)n mechanical
properties of dental ceramics, the aim of this study was to evaluatr—; the effect of an in-office

‘
bleaching material on the fracture toughness and crack propagation of a dental ceramic. The

null hypothesis was that the bleaching treatment would not affect flexural strength and crack

propagation of Vitablock II feldsphatic ceramic.

MATERIALS E METHODS

Specimens fabrication
Blocks of Vitablock II Feldsphatic ceramic (Vita Zahnfabrik, Bad Sédckingen,

Germany) were sectioned using a low speed saw machine Isomet® 1000 (Buehler, Lake Bluff,
10




IL, United States) with a diamond blade of 100 mm diameter and 0.3 mm thickness. The saw
speed was 300 rpm. Bars of 11.0 mm length, 1.5 mm wide and 0.7 mm thickness were
obtained.

Only one wide surface (1.5 mm thickness) of the bars was polished starting with 600
silicon carbide paper disc to achieve a thickness of 0.67 mm, following by 800 to achieve
0.63 thickness, and finally 1200 to get 0.60 mm thickness (Figure 2). All polishing procedures
were carried out on a bench polishing machine (APL-4, Arotec, Sdo Paulo, Brasil) with 80
rpm speed. The thickness was checked with a digital caliper (Mitutoyo Sul Americana Ltda.,
S3o Paulo, Brasil), with 0.01 mm precision.

After polishing, the dimension of the bars was checked under a stereomicroscope Ken-
Vision 4424, to assure that all specimens were free from voids and irregularities. Any
specimen that showed any defect was eliminated. Twenty bars were divided in two groups
(n=10):

Control group — The Vickers diamond indenter was applied on the polished surface
(500 gr for 15 s), and the specimens were stored in distilled water at 37° C for seven days
(same perilod of time that the bleaching procedure took).

Indented group — The Vickers diamond indenter was applied as in the control group,

and, after that, bleaching procedure was carried on the polished surface.
Microhardness test

The penetration was carried out using an indenter model HMV —2 (Shimadzu, Tokyo,
Japan) with a Vickers diamond tip (Figure 3). The Vickers tip was applied with a 500 gram
force for 15 s. The equipment conducted the test automatically, and a microscope connected
to it allowed verifying the impression as well as cracks. Before the test, all dimensions of the
specimens were checked again. After, a mark was done in the center of the polished surface of
the bar. This procedure was made to make sure that the flexural load tip would be carried at

the center of the bar.

11
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Following the penetration, the crack length was measured. The control group was
stored in distilled water at 37° C for seven days (same period of the bleaching protocol) and

the bleached group was submitted to the bleaching protocol.

Bleaching procedure

All surfaces out of that polished of all specimens were insulated with a hydrophobic
adhesive (Adper” Scotchbond multiporpose — 3M ESPE, Brasil).

The hydrogen peroxide at 38% (Opalescence® Xtra® Boost™ — Ultradent) was mixed
with the activator following the manufacturer’s instructions. Three bleaching sessions with
three days interval between them were conducted. Three applications of 15 min were carried
out. After each session, the specimens were washed and dried. At the end of each session the
specimens were stored in distilled water at 37° until the next session. After the last session,

the specimens were kept in distilled water for 24 hours.
Three point bending test

The crack length of all specimens was measured again in the same equipment HMV —
2 (Shimadzu, Tokyo, Japan), before the flexural test.

The three point bend flexural test was carried in a universal testing machine (DL3000
(EMIC — S#o José dos Pinhais, Brazil) using a cross speed of 0.5 mm/min. The specimens
were placed on the testing machine using a specific three point device. The polished surface
of the specimens was always placed in a facing down position, and this resulted in a tensile
strain on that surface. The distance between the supports was 7.0 mm. A brass device with the
same design of the supporters was used to apply the load on the superior surface right on the
middle of the specimens, which position coincided to the penetration that was done on the
inferior and polished surface. The diameter of the cylinders of the supporters and device load

was 2.5 mm (The environmental temperature was kept between 23°C and 25°C).

Crack propagation

12
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The crack length was measured immediately after indentation and seven days after,
that corresponded the period of the bleaching treatment. The measuring was conducted as
shown in the figure 1.

The measuring and all data collection were performed by the same operator. The mean
of the four cracks of each specimen was used to calculate the crack mean of both groups,

control and bleached.

RESULTS

The t test was applied to the control and bleached group immediately after indentation
and showed no statistical difference (p=0.4072). The same way, the t test was applied to the
control and bleached group seven days after indentation and showed no statistical difference
(p=0.2299). “

The t paired test showed significantly statistical difference between time periods
(immediately and seven days or bleached) after crack propagation (p<0.0001). However, no
significant differences were found between control and bleached groups (p=0.1190).

The t Student test, 5% significance was applied to analyze the flexural strength data.
No statistical difference was detected between the groups (p=0.3547). All results are

summarized in graphs 1 and 2 and table 1.

DISCUSSION

The null hypothesis that the bleaching treatment would not affect the flexural strength
and crack propagation of the Vitablock II feldsphatic ceramic was accepted. The data and
statistical analysis showed that no statistical difference was found between the control and
bleached groups (graphs 1 and 2).

In literature, no study was found analyzing the effect of bleaching treatment on
flexural strength and crack propagation of dental ceramics. However, studies have been
published showing no adverse effect to micro hardness, surface roughness, or bond strength

between ceramic and resin cement when subjected to carbide peroxide.'® The findings of the
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previous studies are in conjunction with the present. However, further research is needed to
evaluate the effect of different concentrations of the bleaching agents on different restorative
materials.

Regarding the flexural strength and crack propagation analysis, many techniques have
been used. In the present study, Vickers micro hardness test was performed.'** Additionally,
the specimen dimensions can be relatively small, and the parameter to fracture growing is
determined by cracks that are similar in size compared to clinical evaluation.”! Moreover, the
specimen thickness was standardized in 0.6 mm to try to simulate as closely as possible the
thickness of a laminate ceramic that vary between 0.5 to 0.7 mm.**? It could be inferred that
the behavior of the ceramic material to propagate a crack would be different if the specimen
was bonded to a dental substrate. In this point of view, the present results cannot be
disregarded, because they evaluate an intrinsic property of the material. As bleaching
procedure is largely used and the trend is to increase the use, the present results could be
thought to advice the clinician that this treatment would not cause deleterious effect on
ceramic restoration present in a mouth that needs bleaching. In a clinical situation that
laminate ceramic restoration is present; no need to protect the restoration from the .bleaching
material would be needed. Next step in this subject maybe should l;e carried in ceramic

¢
restoration bonded to the tooth structure, even though this would be also related to the

cementing agent.
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CONCLUSION

Within the limitations of this study, it is possible to conclude that 38% hydrogen
peroxide did not affect the flexural strength and crack propagation of enriched leucite

feldsphatic ceramic.
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Figure 1. Schematic diagramo of the crack length before and after bleaching period.
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Tabela L. Crack length (Mean and standard deviation (SD) in (pm).

Time Control Bleached
N Mean SD N Mean SD
[mmediate 10 923*A  (1.36) 10 9.74°A  (1.52)
Seven days 10 2492°B (3.42) 10 23.14"B (2.96)

Mean followed for distinct lower letters in row, and capital letter in column do not differ
statistically (p>0,05).

20




Crack Propagation (um)

® Before

B After

Control Bleached

Graph 1 —Crack propagation before and after bleaching (control (sotored in
distilled water) and bleached groups).
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Tabel II. Flexural Strength (Mean and standard deviation (SD) in (MPa).

Control Bleached
N Mean SD N Mean SD
10 98.97° (8.32) 10 97,19% (14.32)

(p>0,05 Mean followed for distinct letters in row do not differ statistically).
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Graph 2 — Flexural strength (MPa) control and bleached groups.
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INSTRUCTIONS TO AUTHORS
Acessado no dia 07 de dezembro de 2011 as 11:40 min.

Operative Dentistry requires electronic submission of all manuscripts. All submissions
must be sent to Operative Dentistry using the Allen Track upload site. Your manuscript
will only be considered officially submitted after it has been approved through our
initial quality control check, and any problems have been fixed. You will have 6 days
from when you start the process to submit and approve the manuscript. After the 6 day
limit, if you have not finished the submission, your submission will be removed from
the server. You are still able to submit the manuscript, but you must start from the
beginning. Be prepared to submit the following manuscript files in your upload:

« A Laboratory or Clinical Research Manuscript file must include:
o atitle
a running (short) title
a clinical relevance statement
a concise summary (abstract)
introduction, methods & materials, results, discussion and conclusion
references (see Below)
The manuscript MUST NOT include any:
= identifying information such as:
= Authors
* Acknowledgements
= Correspondence information

O O O O O O

= Figures
= Graphs
= Tables

o An acknowledgement, disclaimer and/or recognition of support (if applicable)
must in a separate file and uploaded as supplemental material.

o All figures, illustrations, graphs and tables must also be provided as individual
files. These should be high resolution images, which are used by the editor in the
actual typesetting of your manuscript. Please refer to the instructions below for
acceptable formats.

o All other manuscript types use this template, with the appropriate changes as
listed below.

Complete the online form which includes complete author information and select the
files you would like to send to Operative Dentistry. Manuscripts that do not meet our
formatting and data requirements listed below will be sent back to the corresponding
author for correction.

GENERAL INFORMATION

o All materials submitted for publication must be submitted exclusively to
Operative Dentistry.

o The editor reserves the right to make literary corrections.

o Currently, color will be provided at no cost to the author if the editor deems it
essential to the manuscript. However, we reserve the right to convert to gray
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scale if color does not contribute significantly to the quality and/or information
content of the paper.

« The author(s) retain(s) the right to formally withdraw the paper from
consideration and/or publication if they disagree with editorial decisions.

o International authors whose native language is not English must have their work
reviewed by a native English speaker prior to submission.

o Spelling must conform to the American Heritage Dictionary of the English
Language, and SI units for scientific measurement are preferred.

« While we do not currently have limitations on the length of manuscripts, we
expect papers to be concise; Authors are also encouraged to be selective in their
use of figures and tables, using only those that contribute significantly to the
understanding of the research. -

« Acknowledgement of receipt is sent automatically. If you do not receive such an
acknowledgement, please contact us at editor@jopdent.org rather than resending
your paper.

o IMPORTANT: Please add our e-mail address to your address book on your
server to prevent transmission problems from spam and other filters. Also make
sure that your server will accept larger file sizes. This is particularly important
since we send page-proofs for review and correction as .pdf files.

REQUIREMENTS

« FOR ALL MANUSCRIPTS
1. CORRESPONDING AUTHOR must provide a WORKING / VALID
e-mail address which will be used for all communication with the
journal.
NOTE: Corresponding authors MUST update their profile if their e-mail
or postal address changes. If we cannot contact authors within seven
days, their manuscript will be removed from our publication queue.

2. AUTHOR INFORMATION must include:

= full name of all authors

= complete mailing address for each author

= degrees (e.g. DDS, DMD, PhD)

« affiliation (e.g. Department of Dental Materials, School of
Dentistry, University of Michigan)

3. MENTION OF COMMERCIAL PRODUCTS/EQUIPMENT must
include:
= full name of product
= full name of manufacturer
= city, state and/or country of manufacturer

4. MANUSCRIPTS AND TABLES must be provided as Word files. -
Please limit size of tables to no more than one US letter sized page. (8 72
»” X 1 1)))

5. ILLUSTRATIONS, GRAPHS AND FIGURES must be provided as
TIFF or JPEG files with the following parameters
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line art (and tables that are submitted as a graphic) must be sized
at approximately 5” x 7" and have a resolution of 1200 dpi.

gray scale/black & white figures must have a minimum size of
3.5” x 57, and a maximum size of 5” x 7” and a minimum
resolution of 300 dpi and a maximum of 400 dpi.

color figures must have a minimum size of 2.5” x 3.5”,and a
maximum size of 3.5” x 5” and a minimum resolution of 300 dpi
and a maximum of 400 dpi.

color photographs must be sized at approximately 3.5” x 5 and
have a resolution of 300 dpi.

OTHER MANUSCRIPT TYPES

1. CLINICAL TECHNIQUE/CASE STUDY MANUSCRIPTS must
include:

a running (short) title

purpose

description of technique

list of materials used

potential problems

summary of advantages and disadvantages
references (see below)

7. LITERATURE AND BOOK REVIEW MANUSCRIPTS must
include:

a running (short) title

a clinical relevance statement based on the conclusions of the
review

conclusions based on the literature review...without this, the
review is just an exercise

references (see below)

FOR REFERENCES

REFERENCES must be numbered (superscripted numbers) consecutively
as they appear in the text and, where applicable, they should appear after
punctuation.

The reference list should be arranged in numeric sequence at the end of the

manuscript and should include:

1. Author(s) last name(s) and initial (ALL AUTHORS must be listed)
followed by the date of publication in parentheses.

2. Full article title.

3.Full journal name in italics (no abbreviations), volume and issue numbers
and first and last page numbers complete (i.e. 163-168 NOT attenuated
163-68).

4. Abstracts should be avoided when possible but, if used, must include the
above plus the abstract number and page number.

5. Book chapters must include chapter title, book title in italics, editors’
names (if appropriate), name of publisher and publishing address.
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6. Websites may be used as references, but must include the date (day, month
and year) accessed for the information.

7. Papers in the course of publication should only be entered in the
references if they have been accepted for publication by a journal and
then given in the standard manner with “In press” following the journal
name.

8. DO NOT include unpublished data or personal communications in the
reference list. Cite such references parenthetically in the text and include
a date.

EXAMPLES OF REFERENCE STYLE

o Journal article: two authors
Evans DB & Neme AM (1999) Shear bond strength of composite resin and
amalgam adhesive systems to dentin American Journal of Dentistry 12(1) 19-25.

e Journal article: multiple authors
Eick JD, Gwinnett AJ, Pashley DH & Robinson SJ (1997) Current concepts on
adhesion to dentin Critical Review of Oral and Biological Medicine 8(3) 306-
335.

« Journal article: special issue/supplement
Van Meerbeek B, Vargas M, Inoue S, Yoshida Y, Peumans M, Lambrechts P &
Vanhetle G (2001) Adhesives and cements to promote preservation dentistry
Operative Dentistry (Supplement 6) 119-144.

e Abstract:
Yoshida Y, Van Meerbeek B, Okazaki M, Shintani H & Suzuki K (2003)
Comparative study on adhesive performance of functional monomers Journal of
Dental Research 82(Special Issue B) Abstract #0051 p B-19.

» Corporate publication:
ISO-Standards (1997) ISO 4287 Geometrical Product Specifications Surface
texture: Profile method — Terms, definitions and surface texture parameters
Geneve: International Organization for Standardization 1st edition 1-25.

o Book: single author
Mount GJ (1990) An Atlas of Glass-ionomer Cements Martin Duntz Ltd,
London.

+ Book: two authors
Nakabayashi N & Pashley DH (1998) Hybridization of Dental Hard Tissues
Quintessence Publishing, Tokyo.

e Book: chapter
Hilton TJ (1996) Direct posterior composite restorations In: Schwarts RS,
Summitt JB, Robbins JW (eds) Fundamentals of Operative Dentistry |
Quintessence, Chicago 207-228.
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« Website: single author
Carlson L (2003) Web site evolution; Retrieved online July 23, 2003 from:
http://www.d.umn.edu/~Icarlson/cms/evolution.html

o Website: corporate publication
National Association of Social Workers (2000) NASW Practice research survey
2000. NASW Practice Research Network, 1. 3. Retrieved online September 8,
2003 from: http://www.socialworkers.org/naswprn/default
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ANEXO - Figuras e tabelas.

Figura 1. Detalhe dos blocos de cerimica Vitablock II feldspatica enriquecida com
leucita (Vita Zahnfabrik, BadSickingen, Germany).

Fonte: arquivo pessoal.

Figura 2. Polimento das barras. A - Politriz APL-4 (AROTEC, Brasil). B -

Paquimetro utilizado para medir as barras de cerimicas.

Fonte: arquivo pessoal.
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Figura 3. Teste de penetragiio. A - Equipamento modelo HMV — 2 (Shimadzu, Tokyo,
Japan) com um penetrador Vickers de diamante. B - Desenho esquematico do processo de
penetracio.

Fonte: arquivo pessoal.

o
Figura 4. Clareamento. A-ClareadorOpalescence®Xtra®Boost™ da Ultradent. B-Corpo de

prova submetido ao clareamento, com a face polida voltada para o agente clareador.

Fonte: arquivo pessoal.
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Figura 5. Ensaio meciinico de flexfio em trés pontos. A. Detalhes do acessério para
realizacdo dos ensaios. B-Posicionamento do corpo de prova no acessério.

Fonte: arquivo pessoal.

Antes Depois

marca do penetrador
Vickers

AN |
@ =4

I comprimento da\
trinca

Figura 6. Desenho esquemitico da obten¢dio do comprimento das trincas antes e apos o
periodo de clareamento.

Fonte: arquivo pessoal.
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Tabela 1 — Média das trincas dos corpos de prova do grupo Controle antes e

depois do armazenamento.

Controle
CbpP
Antes Depois Diferenca
1 11,87 30,72 18,84
2 8,73 30,30 21,57
3 10,15 22,16 12,01
4 8,59 22,22 13,62
5 7,50 21,68 14,18
6 7,51 23,28 15,77
7 10,24 22,60 12,37
8 9,87 24.84 14,97
9 9,45 23,71 14,26
10 8,37 27,74 19,37
Meédia 9,23 24,92 15,69
Desvio Padrio 1,36 3,42 3,19

Fonte: arquivo pessoal.

Tabela 2 - Média das trincas dos corpos de prova do grupo Clareado antes e

depois do clareamento.

Clareado
Ccbp
Antes Depois Diferenca

1 9,79 22,95 13,16

w2 10,58 18,54 .97
3 7,85 22,59 14,74

4 10,59 19,54 8,95
5 921 21,58 12,38

6 7,05 23,98 16,93
7 11,03 2542 14,39

8 8,69 22,45 13,76

9 11,85 26,14 14,30
10 10,74 2828 17,53
Meédia 9,74 23,14 13,41
Desvio Padrao 1,52 2,96 3,05

Fonte: arquivo pessoal.
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Tabela 3— Tens#o flexural (MPa) obtida do ensaio de flexdo em trés pontos nos

corpos de provas do Grupo Controle ¢ Clareado.

Tensdo Flexural (MPa)

CbhpP
Controle Clareado

1 103,15 124,11

2 115,59 143,52

3 127,87 196,94

4 100,46 94,47

5 148,96 98,98

6 102,15 144,74

7 103,40 115,46

8 166,33 125,58

9 109,64 121,41

10 103,81 126,35
Média 118,14 129,15
Desvio Padrio 22,76 28,77
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