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rat subcutaneous tissue
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ABSTRACT |

DESCRIPTORS |

RESUMO |

Objectives: The aim of this study was to compare the subcutaneous tissue response to grey mineral trioxide aggregate
and white Sealapex plus zinc oxide. Methods: Polyethylene tubes filled with the tested materials were implanted in
the connective tissue of rats. Control animals received empty tubes. Tissue samples were collected after 7, 60, and 90
days and stained with hematoxylin-eosin, picrosirius-fast green, and von Kossa stain for morphological analysis. The
connective tissue response to the implanted materials was evaluated descriptively and semi-quantitatively by scoring
the degree of inflammation, granulation tissue formation, fibrosis, and calcification. Results: Examinations of the grey
mineral trioxide aggregate group over time revealed more intense inflammation at 7 days than at 60 days (P<.05). In
the Sealapex plus zinc oxide group, granulation tissue was more abundant at 7 days than at 60 days (P < .05). Regarding
calcification, von Kossa-positive granules were observed in the grey mineral trioxide aggregate and Sealapex plus zinc
oxide groups at all time points studied. In the Sealapex plus zinc oxide group, calcification was more apparent at 60 days
than at 7 days (P < .05). Relevance: This study demonstrates that all tested materials result in similar tissue reactions.

Biocompatibility Testing; Endodontics; Dental materials; Retrograde obturation.

Comparacao da biocompatibilidade do agregado de trioxido mineral cinza e sealapex acrescido de é6xido de zinco em
tecido subcutaneos de ratos ° Objetivos: O objetivo deste estudo foi comparar a biocompatibilidade do agregado trioxido mineral
cinza (GMTA) com o Sealapex acrescido de 6xido de zinco (Sealapex/ZnO) em tecidos subcutaneos de ratos. Métodos: Tubos de polie-
tileno preenchidos com os materiais testados foram implantados no tecido conjuntivo de ratos. Os animais do grupo controle receberam
tubos vazios. Amostras de tecido foram coletadas ap6s 7, 60 e 90 dias e coradas com hematoxilina-eosina, picrosirius-fast green e von
Kossa para a analise morfologica. A resposta do tecido conjuntivo aos materiais implantados foi avaliada descritiva e semi-quantitativa,
marcando o grau de inflamagéo, formacao de tecido de granulagdo, fibrose e calcificacdo. Resultados: Analise do grupo GMTA, ao longo
do tempo, revelou inflamacao mais intensa com 7 dias do que com 60 dias (p <0,05). No grupo Sealapex/ZnO, o tecido de granulacao
foi mais abundante com 7 dias do que com 60 dias (p <0,05). Quanto a grau de calcificagdo, granula¢des von Kossa-positivas foram ob-
servadas nos grupos GMTA e Sealapex/ZnO em todos os periodos de tempo estudados. No grupo Sealapex/ZnO, a calcificacdo foi mais
aparente com 60 dias do que com 7 dias (p <0,05). Relevdncia: Este estudo demonstra que todos os materiais testados promovem
reacoes teciduais semelhantes.

DESCRITORES | Teste de Biocompatibilidade; Endodontia; Materiais Dentérios; Obturacio Retrograda.
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INTRODUCTION

Apicectomy combined with retrograde filling is
a surgical endodontic procedure that involves ex-
posure of the area, root tip removal, cavity prepara-
tion, and sealing with a retrograde filling material
that has adequate physicochemical and biological
properties for long-term survival in the oral cavi-
ty.»2 An ideal retrograde filling material should seal
the pathways of communication between the root
canal system and the surrounding tissues.3 Failures
in periapical surgery can also be attributed to poor
sealing of retrograde cavities, which is characteri-
zed by inappropriate contact between filling ma-
terials and the dentinal walls.# Because materials
used in endodontics are frequently placed in close
contact with the periodontium, they also must be
biocompatible with host tissues.5

Different materials have been used for retrogra-
de filling, including silver amalgam, resin, glass io-
nomer cement, zinc oxide and eugenol, super EBA,
mineral trioxide aggregate (MTA), and Sealapex
plus zinc oxide (Sealapex/Zn0).°

MTA is indicated mainly for retrograde filling
and repair of root perforations.”® The biocompa-
tibility of MTA has been demonstrated by exami-
ning tissue reactions in experimental animals5 and
its sealing capacity.® Despite its excellent biological
properties, MTA has some disadvantages, such as
its questionable antimicrobial activity, difficulties
concerning its manipulation and insertion, poten-
tial tooth discoloration, and high cost.®2 Therefore,
other less expensive materials that are more easily
manipulated and have good biological and physico-
chemical properties have been tested.

Sealapex, a calcium hydroxide-based root canal
sealer developed in 1984, showed good biological
and physical properties.” The use of Sealapex as a
retrograde filling material requires the addition of
zinc oxide until the cement acquires a putty-like
consistency. This type of material is called Sealapex
plus zinc oxide.® In addition to its biocompatibility,

Sealapex plus zinc oxide can stimulate the deposi-
tion of mineralized tissue in the periapical region.®

Grey mineral trioxide aggregate (GMTA) was
purchased from Angelus Induastria de Produtos
Odontoldgicos S/A (Londrina, Brazil). Sealapex/
ZnO was prepared as a mixture of Sealapex (Sybron
Corporation, Orange, CA, USA) and zinc oxide (k-
-Dent, Quimidrol Farm. Bras. Joinville-SC, Brazil).
Sealapex/ZnO was manipulated in a 1:1:2 propor-
tion by weight of base paste, catalyzer, and zinc oxi-
de.® Polyethylene tubes (length: 10 mm; inner dia-
meter: 2 mm; outer diameter: 3 mm) were obtained
from disposable brushes (Vigodent SA Industria e
Comércio, Rio de Janeiro, Brazil). In addition, all
polyethylene tubes were sterilized by autoclaving
before use in the experiments.

OBJECTIVE

The objective of this study was to compare the
biocompatibility of Sealapex/ZnO and GMTA retro-
grade filling materials by evaluating the reaction of
subcutaneous connective tissue in Wistar rats. The
following histological parameters were analyzed:
inflammatory reaction, granulation tissue forma-

tion, fibrous capsule presence, and mineralization.

MATERIALS AND METHODS

The study was approved by the Ethics
Committee of Centro de Pesquisa Gongalo Moniz,
Fundacdo Oswaldo Cruz, Brazil (permit number:
023/2009). Male Wistar rats (Rattus norvegi-
cus), aged 3 to 6 months and weighing 300 to 450
g, were obtained in the animal house of Centro de
Pesquisa Gongalo Moniz, Fundacao Oswaldo Cruz,
Salvador, Bahia, Brazil. The animals were maintai-
ned at 24°C under a 12-hour light/dark cycle with
free access to food and water.
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Implants

The animals were anesthetized by intraperitoneal
injection of 50 mg/kg ketamine hydrochloride and
10 mg/kg xylazine hydrochloride. Then 3 transver-
se incisions were made in the dorsal region of each
animal, and polyethylene tubes filled with Sealapex/
Zn0 (m=6) and GMTA (n=6) were implanted.
Animals implanted with empty tubes served as con-
trols (n=6). Each rat received 3 implants according to
a previously established protocol. A rotation system
of the anatomical sites was employed to rule out pos-
sible local tissue interference. The animals were sa-
crificed after 7, 60, and 90 days, and the areas contai-
ning the implants and adjacent tissue were removed
in blocks and fixed in 10% buffered formalin. After
this, the polyethylene tubes were removed without
damaging the tissue in the area to be studied. Each
tissue block was dehydrated, cleared, and embedded
in paraffin for routine histological processing.

Macroscopic analysis

Serial 5-um thick sections were made and stai-
ned with hematoxylin-eosin and picrosirius-fast
green (PIFG) to identify collagen. The von Kossa
technique was used to observe mineralized struc-
tures in the tissue, which are stained dark in that
test. Descriptive and semiquantitative analysis of
the connective tissues’ response to the cements was
performed to evaluate the characteristics of the
inflammatory process and of the reparative phe-
nomena. The inflammatory reaction, granulation
tissue formation, fibrous capsule presence, and mi-
neralization were observed and classified as absent,
mild, moderate, or intense (scores of 0, 1, 2 and 3,
respectively).’3 Only 1 examiner (a pathologist)
analyzed the histological sections; the examiner
was blinded to the group assignments.

Statistical analysis

The results are reported as means and stan-
dard deviations and were analyzed using GraphPad

138 o clin Lab Res Den 2015;21(3):136-144

Prism 5.0 (GraphPad Software, San Diego, CA,
USA). The nonparametric Kruskal-Wallis test and
Dunn’s posttest were used to evaluate the tissue-re-
pair kinetics of each cement at 7, 60, and 9o days
after implantation. The nonparametric Friedman
test was used for comparison among the Sealapex/
ZnO, GMTA, and control groups. A P < 0.05 was
considered to indicate statistical significance in
all tests.

RESULTS

The mean of the results obtained at each time
point was calculated for each group. After this, sco-
res were attributed to the intensity of tissue reac-
tions — these scores are shown in Table 1.

Descriptive microscopic analysis

Empty tubes: 7 days

We observed mild chronic inflammation
around the lumen of the empty polyethylene tu-
bes in the samples. The inflammatory infiltrate
consisted of mononuclear cells, macrophages,
lymphocytes, and plasma cells (Figure 1A). Mild
granulation tissue formation and newly formed
vessels were observed in all samples. Fibrosis
was mild in 3 samples, moderate in 1, and inten-
se in 1. There were no von Kossa-positive granu-
les near the tube openings in any of the samples
(Figure 2A).

Sealapex/Zn0: 7 days

We observed mild chronic inflammation with a
predominance of macrophages around the lumen
of the tubes in most of the Sealapex/ZnO samples
(Figure 1D). In addition, we verified mild to mo-
derate granulation tissue formation and fibrosis
in these samples. Four samples exhibited small
amounts of von Kossa-positive granules in close
proximity to the implants (Figure 2D), and 2 sam-
ples did not show any von Kossa staining.
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Table 1 | Results of the histomorphological events analyzed in each rat (R) euthanized at each time point.

Rats Groups

Control
R1 Sealapex/ZnO
GMTA
Control
R2 | Sealapex/ZnO
GMTA
Control
R3 ' Sealapex/ZnO
GMTA
Control
R4  Sealapex/ZnO
GMTA
Control
R5 | Sealapex/ZnO
GMTA
Control
R6  Sealapex/ZnO
GMTA

7 days

1

R R R R R NP R PR R RN R

1
1

Inflammation

60 days 90 days

0

B B O O P O R RP OO R R O PR P P R

0

PR R R R R PR R R PR R PR R

1

7 days

1

R R R O R R R R R R R R ®®N

2
1

Granulation tissue

60 days = 90 days

0

B R P PR PR R R OR R RLR OOO R R O

1

B R R R R R R R R P OPR R R R

1

7 days

1

P R W R, P NDNDNDERENDNREREDNDN

2
1

Fibrosis Calcification
60 days 90days 7 days 60days 90 days
1 2 0 0 0
2 1 1 2 1
1 2 0 2 1
2 1 0 0 0
1 1 0 2 1
1 2 1 0 2
1 2 0 0 0
2 1 1 1 2
2 2 0 0 3
1 2 0 0 0
2 1 0 1 2
2 2 1 0 0
1 3 0 0 0
2 1 1 2 2
3 1 1 0 1
2 2 0 0 0
1 - 1 2 -
2 2 1 0 1

Groups: negative control; sealapex/Zn0, sealapex plus zinc oxide; GMTA, grey mineral trioxide aggregate.

Score: 0 = absent; 1 = mild; 2 = moderate; 3 = intense. (-): Sample not analyzed due to the absence of the area of interest near the tube opening.

Control _ -

Sealapex
{Zn0O

GMTA

Figure 1 | Kinetics of the inflammatory respon-
se and tissue repair induced by retrograde filling
materials.

Empty polyethylene tubes (control) and polyethy-
lene tubes filled with Sealapex plus zinc oxide or
grey mineral trioxide aggregate were implanted
subcutaneously in the dorsal connective tissue of
rats. A - Mild chronic inflammatory infiltrate and
newly formed blood vessels (arrow); hematoxylin-
-eosin, 400%. B - Absence of inflammation and
presence of a small amount of granulation tissue
(arrow); hematoxylin-eosin, 400x. C - Fibrous
wall showing a moderate collagen matrix (arrow);
picrosirius-fast green, 200x). D - Mild chronic in-
flammatory infiltrate (arrow); hematoxylin-eosin,
400x. E - Mild mononuclear inflammatory infil-
trate and a reduced number of vessels (arrow);
hematoxylin-eosin, 400x. F - Thin fibrous capsu-
le (arrow); picrosirius-fast green, 200x. G - Mild
chronic inflammation (arrow); hematoxylin-eosin,
400x%. H - Mild chronic inflammation with a pre-
dominance of macrophages (arrow); hematoxylin-
-eosin, 400x%. | - Moderate fibrosis in the wall
showing a dense collagen matrix (arrow); picrosi-
rius-fast green, 200x.
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7d 60d

Figure 2 | Kinetics of tissue calcification indu-

ced by retrograde filling materials.
Photomicrographs of von Kossa-stained samples
/ (200x%). Empty polyethylene tubes (control) and
polyethylene tubes filled with Sealapex plus zinc
oxide or grey mineral trioxide aggregate were im-
: planted subcutaneously in the dorsal connective

Sealapex
/Zn0O

GMTA

tissue of rats. A, B, and C - Absence of von Kossa-
-positive granules. D - Small amount of von Kos-
sa-positive granules (arrow). E and F - Moderate
7 amount of von Kossa-positive granules (arrows).
? G, H, and | - Small amount of von Kossa-positive
# | granules (arrows).

von Kossa s stalnlng

GMTA: 7 days

We observed mild chronic inflammation near
the implants in the MTA group (Figure 1G), as there
was a small amount of immature granulation tissue
containing newly formed vessels in most of the spe-
cimens. All these samples showed mild to moderate
fibrosis. Small amounts of von Kossa-positive granu-
les were observed in close proximity to the implants
(Figure 2G). Intense von Kossa-positive staining
was observed in 1 sample, and von Kossa-positive
granules were absent from the other samples.

Empty tubes: 60 days

Inflammation was absent near the lumen of the
empty tubes (Figure 1B). Granulation tissue for-
mation was mild in 4 samples and absent from the
other 2 (Figure 1B). Mild fibrosis was observed in
4 samples, and moderate fibrosis was observed in
2 samples. No von Kossa-positive granules were
found near the tube openings in any of the samples
(Figure 2B).

Sealapex/Zn0: 60 days

A mild chronic inflammatory infiltrate consis-
ting of lymphocytes, plasma cells, and macrophages
was observed around the tubes in close proximity

140 o Clin Lab Res Den 2015;21(3):136-144

to the implants in all 6 samples (Figure 1E). Small
amounts of granulation tissue were observed in 3
samples, and no granulation tissue was found in
the other 3 samples. Fibrosis was moderate in 4
samples and mild in 2 samples (Figure 1E). Low to
moderate amounts of von Kossa-positive granules
were observed near the implants (Figure 2E).

GMTA: 60 days

In this group, mild chronic inflammation, charac-
terized by a predominance of macrophages, was ob-
served around the tubes in close proximity to the im-
plants in 3 specimens; the other specimens presented
no inflammation (Figure 1H). Fibrosis was found to
be denser in this group; it ranged from mild to in-
tense but was moderate in most cases. Von Kossa-
positive granules were observed in 2 samples, which
were of mild and moderate intensity (Figure 2H).

Empty tubes: 90 days

Mild chronic inflammation and granulation
tissue were observed in all samples in this group.
Fibrosis was found to be denser in most specimens;
it ranged from mild to intense and was moderate in
most cases (Figure 1C). No von Kossa-positive gra-
nules were found (Figure 2C).
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Sealapex/Zn0: 90 days

A sample was not analyzed due to the absen-
ce of the area of interest near the tube opening. A
mild chronic inflammatory infiltrate (consisting of
mononucleated cells, macrophages, lymphocytes,
and some plasma cells) was observed around the
tubes near the implants in the remaining 5 sam-
ples. Small amounts of granulation tissue and mild
fibrosis were observed in all samples (Figure 1F).
Von Kossa-positive granules were present in all
samples, and their intensity was moderate in most
cases (Figure 2F).

GMTA: 90 days

Mild chronic inflammation (characterized by
a predominance of macrophages and some lym-
phocytes) was observed in all 6 samples of this
group. Macrophages containing stained remnant
material in their cytoplasm were also observed.
Small amounts of granulation tissue were obser-
ved in most of the samples. Moderate fibrosis was
also observed in most of the samples (Figure 1I), as
were Von Kossa-positive granules with mild inten-
sity (Figure 21).

No significant differences in inflammation, gra-
nulation tissue formation, or fibrosis were observed
between the groups. As expected, calcification was
greater in the GMTA and Sealapex/ZnO groups
than in the control at each time point. However, no
differences in calcification were observed between
the GMTA and Sealapex/ZnO groups.

No significant differences in inflammation were
observed over time in the control group or in the
Sealapex/ZnO group. In contrast, in the GMTA
group, inflammation was significantly more intense
at 7 days than at 60 days (P<.05). Granulation tis-
sue formation did not differ significantly between

time points in either the control group or GMTA
group. However, a significant difference was obser-
ved in the Sealapex/ZnO group, with granulation
tissue being more abundant at 7 days than at 60
days (P <.05). No significant difference in fibrosis
was observed over time in any of the 3 groups. The
calcification analysis revealed the absence of von
Kossa-positive granules in the control group, whe-
reas these granules were observed in the Sealapex/
ZnO and GMTA groups at all time points studied.
However, there was no significant difference be-
tween 7 and 60 days in any group except in the
Sealapex/ZnO group, which had a larger amount of
von Kossa-positive granules at 60 days (P<.05).

DISCUSSION

MTA is the most commonly used material for
retrograde fillings and for root perforations fillin-
gs;3514 however, it presents some disadvantages
regarding manipulation and insertion.>3® MTA
has also been used in endodontic sealer formula-
tions.'>* In the study, the empty tubes used in the
control group generated few or no reactions in the
subcutaneous tissue, similar to the result previou-
sly reported.> In this study, we verified that the
biocompatibility of Sealapex/ZnO is similar to that
of GMTA by evaluating the reactions to these mate-
rials in the subcutaneous connective tissue of rats.
Tubes containing GMTA and Sealapex/ZnO are
known to display moderate to intense inflammation
few days after implantation.>**'8-2° The high initial
pH of the GMTA implants may be responsible for
triggering inflammatory cytokines and may exacer-
bate early tissue inflammation.! The high pH in the
environment is associated with the constant release
of MTA and with the formation of calcium hydroxi-
de.? In this study, we observed a mild chronic in-
flammatory infiltrate around GMTA and Sealapex/
ZnO with the presence of some foreign-body giant
cells 7 days after surgery. Fillapex, another cement-
-based MTA, also triggered a severe inflammatory
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reaction; this may be related to the presence of
arsenic-containing compounds or resin.'>*® These
differences in the inflammation intensity at the
implantation site may be related to the examiner’s
criteria for sample evaluation. However, we did not
observe a difference between GMTA and Sealapex/
7ZnO in the inflammatory infiltrate at the final time
point. The observation of a fibrous capsule around
the implant indicates that the tissues tolerate the
material.2° We observed that GMTA and Sealapex/
7ZnO induced mild to moderate fibrosis 7 days af-
ter implantation. Similar results were reported in
other in vivo studies.™>'3-24:2> Moreover, we verified
that the GMTA and Sealapex/ZnO groups had den-
ser fibrosis 60 and 90 days after surgery than at
earlier time points. Previous studies demonstrated
that MTA did not interfere with the natural healing
process“'>2°, but that Sealapex/ZnO elicited chro-
nic inflammation followed by moderate fibrosis,
a reduction in the number of vessels, and the pre-
sence of foreign-body giant cells.?s However, some
studies have shown that MTA induces the forma-
tion of new vessels and restoration of microcircula-
tion.5 Other studies have shown that MTA induces
the formation of mineralized tissue such as dentin
and cementum-like tissue; osseous reaction inves-
tigations have shown that the bone’s response to
MTA is relatively mild and has only minor inflam-
mation.>*?4 MTA has no calcium hydroxide in its
formulation; mixing the powder with water results
in a structure that contains basically calcium oxi-
de and calcium phosphate. The calcium oxide can
react with tissue fluids to form calcium hydroxide,
which, when in contact with water, can dissociate
into calcium ions and hydroxyl.2"24

We observed no differences between the GMTA
and Sealapex/ZnO groups at any time point in the
study, although the calcification intensity seemed
to be higher in the Sealapex/ZnO group than in the
GMTA group after 60 days. MTA induces increa-
sed calcium ion release and produces an alkaline
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pH shortly after implantation, whereas Sealapex
increases calcium ion release and pH after a lon-
ger period of time.?>2¢ This fact may explain the
results of this study, in which an apparent incre-
ase in calcification over time was observed in the
Sealapex/ZnO group, but a decrease was observed
in the GMTA group. The high solubility of Sealapex
cement means that it has stronger physicochemical
and biological effects than do other calcium hydro-
xide-based materials, thus promoting biological
root-end filling via the formation of mineralized
tissue.” Similar results have been obtained with
MTA-?"*7 and with pure Sealapex.’>7?4 Some studies
have not reported the formation of calcified struc-
tures around implanted MTA despite using the Von
Kossa technique.>

CONCLUSIONS

Our results showed that the tissue reactions to
GMTA and Sealapex/ZnO were very similar. Tissue
calcification around these 2 materials was more
significant than that in the control group. However,
studies that examine marginal infiltration, car-
cinogenicity, and long-term stability in an in vivo
environment are needed. Thus, further studies are
necessary to better characterize the biological pro-
perties of Sealapex/ZnO and to confirm the results
observed during clinical treatment.
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Objective: This study aimed to investigate the association of two fluorescent dyes to Laser Fluorescence (LF) device in
detecting smooth and occlusal natural caries in primary teeth in vitro. Methods: Measurements were performed with
LF only and LF associated to tetrakis (N-methylpyridyl) porphyrin (LF-TMPyP) and protoporphyrin IX (LF-PPIX) in
72 smooth surfaces (from 63 primary molars) and 134 occlusal sites (from 81 primary molars). To validate the suggested
technique, surfaces were sectioned and fragments were evaluated under a stereomicroscope. Smooth surfaces were also
evaluated by using polarized light microscopy and Knoop microhardness. For both smooth and occlusal surfaces, ROC
analyses were performed, and sensitivities, specificities and accuracies were assessed. In smooth surfaces, Pearson’s
correlation coefficients between LF values and lesions hardness or lesions depth were calculated. Results: LF-TMPyP
presented higher hardness correlation with lesion depth than other methods in smooth surfaces. Both smooth and oc-
clusal surfaces showed no differences in other parameters among the methods. Relevance: The LF-TMPyP might im-
prove performance in quantifying smooth-surface caries lesions in primary teeth. However, sensitivity is improved
when caries lesion extends into inner half of the enamel but not to amelodentinal junction when using LF-PPIX in
smooth caries lesions. Associating fluorescent dyes does not improve LF performance on occlusal caries.

Dental Caries; Dyes; Fluorescence; Primary Teeth.

Fluorescéncia a laser associada a corantes para deteccao de lesdes de carie naturais em dentes deciduos ¢ Objetivo: Este
estudo investigou a associacao de dois corantes fluorescentes e um dispositivo de fluorescéncia a laser (FL) na deteccao de lesdes de ca-
rie naturais nas superficies lisas e oclusais de dentes deciduos in vitro. Métodos: Foram realizadas medi¢des com FL e com FL associado
a tetrakis(N- metilpiridil)porfirina (FL-TMPyP) e protoporfirina IX (FL-PPIX) em 72 superficies lisas (de 63 molares deciduos) e 134
superficies oclusais (de 81 molares deciduos). Para validagdo, as superficies foram seccionadas e os cortes obtidos foram avaliados sob
estereomicroscopio. As superficies lisas também foram avaliadas por microscopia de luz polarizada e teste de microdureza Knoop. Para
ambas as superficies a anélise ROC foi realizada, e sensibilidade, especificidade e acuracia foram avaliadas. Nas superficies lisas foram
calculados coeficiente de correlagdo de Pearson entre os valores de FL e dureza ou profundidade das lesoes. Resultados: FL-TMPyP
apresentou maior correla¢do com dureza e profundidade das lesoes do que outros métodos em superficies lisas. Em ambas as superfi-
cies nao houve diferenca em outros pardmetros entre os métodos. Relevincia: A associagdo FL-TMPyP pode melhorar o desempenho
em quantificar as lesdes de carie em superficies lisas em dentes deciduos. Entretanto, a sensibilidade é melhorada em metade interna
do esmalte, mas nao na junc¢ao amelodentinaria quando usado PPIX em lesdes de superficies lisas. A associac@o de FL com corantes nao
melhorou o desempenho nas lesGes de carie oclusais.
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INTRODUCTION

Visual and radiographic methods are currently
used for caries detection, however they do not per-
mit quantification of caries lesions.*> Quantitative
methods could provide monitoring of caries lesions
in shorter periods,*+ making them conceivable to
assess the effectiveness of anticaries agents in ab-
breviated clinical trials.5

Fluorescence has been used to differentiate ca-
rious from sound tissue using light/laser with seve-
ral wavelengths.®” The laser fluorescence device (LF)
chosen in this investigation uses a diode laser that
emits a 655-nm red light.® Part of this light is absor-
bed by chromophores in dental tissues and reemit-
ted at a different wavelength (near-infrared).>** LF
mechanism consists in measuring the fluorescence
emitted from existing porphyrins in caries lesions
and converting fluorescence values in a numerical
scale. Porphyrins that exist in dental caries include
protoporphyrin IX (PPIX).* This device uses a diffe-
rent principle when compared to other quantitative
methods, which are related to mineral loss.

For initial caries lesions, however, the method
has presented inferior performance on occlusal®>
and smooth surfaces'®V since bacterial invasion in
these lesions is negligible® and the concentration
of porphyrins tends to be lower when compared to
cavitated lesions. A new approach to improve LF
performance in detecting and quantifying early
caries lesions was proposed®=° by using the asso-
ciation of LF device with fluorescent dyes. It has
presented good results in detecting early deminera-
lization'*?° Even if the lesion presents low quantity
of porphyrins to be read by the LF device, the dyes
can penetrate into lesion porosities and facilitate
LF readings.

Despite good results of this caries diagnosis ap-
proach,2° previous studies used artificial caries
lesions. As artificial caries lesions are increasingly
softened compared to natural ones,?23 they can
behave differently when the dyes are used. To the
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best of our knowledge, this study pioneered the use
of LF associated to fluorescent dyes in natural ca-
ries lesions. This initiative is necessary to confirm
or reject the good results previously obtained with
artificial caries lesions.

Thus, the present study aimed to test the as-
sociation of LF with two fluorescent dyes in de-
tecting and quantifying natural caries lesions on
smooth and occlusal surfaces of primary teeth.
Additionally, we intended to check if the dyes could
have any residual effect in further LF readings.

MATERIAL AND METHODS

Dyes selection

The Local Ethical Committee approved this stu-
dy (Protocol 26/04) and teeth were donated by a
Bank of Human Teeth. We selected two porphyrins
to use as dyes, Protoporphyrin IX (PPIX, Aldrich,
Milwaukee, USA) and tetrakis (N-methylpyridyl)
porphyrin (TMPyP, Aldrich, Milwaukee, USA). The
experiments undertaken to determine the best con-
centrations and solvents of the dyes were described
in earlier studies (1, 2). Both porphyrins were used
at 0.2 mM TMPyP dissolved in water, and 4.0 mM
PPIX dissolved in water: dimethyl sulfoxide (1:1).

Smooth surfaces - Sample selection

This subsample comprised 72 approximal surfa-
ces of 63 primary molars. The samples were ran-
domly distributed according the type of dye they
would receive in order to avoid some selection bias.
Thus, 39 surfaces were allocated to the experiment
with PPIX and 34 surfaces were used with the
TMPyP dye.

The teeth were polished with pumice/water
slurry and copiously rinsed with tap water. Then,
digital pictures were obtained of each surface.
After that, the teeth were stored in saline solu-
tion in individual containers at room temperature
(ca. 24+1°C).
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LF readings were performed by using a
DIAGNOdent device (Kavo, Biberach, Germany),
following manufacturer’s instructions. In this part
of the experiment DIAGNOdent was used with B
tip (for smooth surface). It was calibrated by using
a provided standard made of porcelain prior to
the examination and re-calibrated after every ten
teeth. We also performed a calibration at a sound
surface of each tooth prior to lesion reading. Teeth
were taken out from the saline solution, dried with
filter paper for 5 s and measured with LF device.
The entire surface was evaluated and the highest
reading was recorded at each set. One examiner
(VML) performed three readings in each site and
the mean value was considered for this study.

Part of the teeth sample was used to evaluate
LF associated to TMPyP (LF-TMPyP). After initial
measurement with LF, samples were immersed
in 5 ml of 0.2 mM TMPyP for 60 s, removed and
dipped twice into distilled water, dried with filter
paper for 5 s and evaluated with LF, the same way
as described above. Distilled water was changed for
every new specimen. On the other part of the teeth
sample, the same procedure was performed using
LF readings with 5 ml of 4 mM PPIX (LF-PPIX),
maintaining time and methodology described for
LF-TMPyP.

At the end of examinations, teeth were washed
with water coming from a 3-in-1 syringe, and sam-
ples were stored for 30 days. After this period, the
same examiner inspected the teeth again following
the procedures above mentioned, in order to check
the intra-examiner reproducibility and the influen-
ce of dyes remainings.

For this part of the study, 81 primary molars
were selected. Forty of those molars were used in
the experiment with LF-TMPyP and 41 teeth in the
experiment with LF-PPIX method. One or two sites

per occlusal surface were selected. Thus, 57 sites
were evaluated with LF TMPyP method and other
57 sites with LF PPIX. Teeth were polished as pre-
viously described, and digital images of each occlu-
sal surface were registered. Sites were selected and
covered by black mask in the digital picture.

Occlusal surfaces were not reexamined since
the residual effect of the dye could be resultant of
morphology features and not properly of dyes pe-
netration into the caries lesions.

Measurements performed on occlusal surfaces
were similar to those performed on smooth surfa-
ces, except the use of A tip, designed for occlusal
surfaces instead of B tip for smooth surfaces, in
accordance to manufacturer instructions. Each
dye was dipped on the selected site, and after 60
s, visible excess was removed with a drop of water.
Subsequently, teeth were dried with compressed
air for 3 s just before measurements. Calibration
was performed on ceramic standard, and then, on
a sound surface of the assessed tooth. One exami-
ner (MMB) performed three readings in each site
and the mean value was recorded for each selec-
ted site.

For smooth surfaces, teeth were embedded in
resin blocks after the examinations. Histological
validation using two hemi-sections was performed
as gold standard in assessing the caries lesions dep-
th. Sections were made using a 0.3 mm thick dia-
mond saw mounted in a microtome (Labcut 1010,
Extec Co., Enfield, USA). The position in which
examiners had registered higher LF value for each
surface was used as cutting reference. Therefore,
we assumed we analyzed in the following steps, the
deepest part of the evaluated caries lesion.

Firstly, two examiners analyzed adjacent
sections (halves) in a stereomicroscope (SZPT
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Olympus, Tokyo, Japan) by using magnification of
16 to 40x and reflected light in a joint session (VML
and FMM). Lesions were classified in a 5-point sca-
le: Do — no caries; D1— caries lesion limited to the
outer half of the enamel; D2 — caries extending into
inner half of the enamel but not to amelodentinal
junction; D3 — caries limited to the outer half of the
dentine; D4 — caries involving the inner half of the
dentine.

After that, while one section (right slice) was
examined with a polarized light microscope, the
other section (left slice) was assessed by cross-sec-
tional microhardness (CSMH).

For polarized light microscoping, each slice was
manually ground and polished with silicon car-
bide paper (200, 400, 600, 1000 and 1400 grits
in sequence) to 100 mm thickness. A light mi-
croscope (Axioplan 2, Zeiss, Jena, Germany) cou-
pled to a CCD camera and a computer equipped
with image analysis software (Leica Qwin, Leica
Microsystems, Heidelberg, Germany) was used to
record images, by using transmitted light, a cross
polarizer (at 50x magnification) and a quartz plate.
Sections were submerged in distilled water at the
capturing images. Contrast between sound (negati-
ve birefringence) and demineralized enamel (posi-
tive birefringence) was detected by the software to
determine the maximum lesion depth.

Previous to CSMH analyses, samples were po-
lished with silicon carbide paper (400, 600, 1000
and 1400 grits in sequence) and with 1 and ¥4 mm
diamond paste on a polishing cloth. The hardness
profiles of each lesion were measured across three
positions located at the middle of the lesion and at
two points located 100 mm to the right and to the
left. Indentations were made at 25, 50, 75, 100, 125,
150, 250, and 350 mm from outer enamel surface.
Then, we performed 24 indentations in each sam-
ple. A Knoop indentations used a 25-gram load for
15 s in a microhardness tester (Shimadzu Micro
Hardness Tester HMV-2, Shimadzu Corporation,
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Kyoto, Japan) coupled to a computer with a dedi-
cated software (CAMS System, Newage Testing
Instruments, Southampton, USA). For each sam-
ple, we calculated the integrated area of the cur-
ve of the hardness value as function lesion depth
(KHN x mm).

For occlusal surfaces, teeth were embedded in
resin blocks and serial 250 mm thick sections were
obtained by using a 0.3 mm thick diamond saw
mounted in a microtome (Labcut 1010, Extec Co.,
Enfield, USA). Cutting reference was the site ma-
rked on the picture previously taken from tooth.
Two examiners (FMM and MMB) analyze all sec-
tions and both sides of each section in a joint ses-
sion using the stereomicroscope. Sites were classi-
fied in the same 5-point scale described for smooth

surfaces.

For smooth surfaces, Pearson’s correlation co-
efficients between caries lesions hardness and LF
readings with or without dye-enhancing were cal-
culated. Their respective 95% confidence inter-
vals (95% CI) were also found. Pearson’s correla-
tion coefficients were also assessed considering
caries lesions depth measured by polarized light
microscopy.

A receiver operating characteristic (ROC) analy-
sis was conducted to assess the LF performance in
detecting smooth-surface caries lesions at three
different thresholds obtained by the evaluation
in the stereomicroscope: D1 (Do= sound vs. D1
to Dg=carious), D2 (Do to Di=sound and D2 to
Dg=carious) and D3 (Do to D2=sound and D2 to
D4=carious).

The best cut-off point at each threshold was
obtained from ROC analysis. With these cut-off li-
mits, sensitivity, specificity and accuracy were cal-
culated. McNemar change test was applied to che-
ck differences between LF and LF associated with
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fluorescent dyes. We calculated the intraclass cor-
relation coefficient (ICC) between first and second
evaluations for all LF methods.

For occlusal surfaces, ROC analyses were car-
ried out only at two thresholds (D1 and D3, as
explained above). Best cut-off points for each me-
thod were obtained, and then, sensitivity, specifi-
city, and accuracy were calculated and compared
employing McNemar change test. Software was
used for all statistical analyses (MedCale 9.3.0.0,
Mariakerke, Belgium), and the level of significan-
ce was p < 0.05.

RESULTS

There was significant positive correlation be-
tween LF methods associated or not with dyes and
lesion depth. With LF PPIX, Pearson’s correlation
coefficient was 0.583 (95% CI = 0.414 to 0.713, p <
0.0001) while the coefficient concerning LF without

dye in this sample was 0.541 (95% CI = 0.363 to
0.681, p < 0.0001). Regarding the LF TMPyP, a hi-
gher positive Pearson’s correlation coefficient was
obtained with lesion depth (0.746, 95% CI = 0.615
to 0.837, p < 0.0001) compared with the LF with no
dye (0.602, 95% CI = 0.421 10 0.736, p < 0.0001).

There was negative correlation between the two
methods and hardness. The Pearson’s correlation
coefficients were -0.525 (95% CI = -0.670 t0 -0.343,
p < 0.0001) and -0.526 (95% CI = -0.670 t0 -0.343,
p < 0.0001) using the LF PPIX and LF alone, respec-
tively. Two-degree polynomial function gave better
curve fit with two methods in both lesion depth and
mineral loss evaluation (Figure 1). The correlation
LF with TMPyP or LF with no dye with hardness
was also negative. The Pearson’s correlation coeffi-
cient using the LF TMPyP method was -0.718 (95%
CI = -0.818 to -0.576, p < 0.0001) and with the LF
alone was -0.645 (95% CI = -0.767 t0 -0.478, p <
0.0001). Two-degree polynomial function also gave
better curve fit in these analyses (Figure 2).
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LF PPIX : p =0.583 (95% CI=0.414 to 0.713, p < 0.0001
LF : p=0.541 (95% CI = 0.363 to 0.681, p < 0.0001 )
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Figure 1 | Relationship between lesion depth (A) and mineral loss (B) obtained by cross-sectional microhardness
analysis (CSMH) of caries lesions and Laser fluorescence (LF) values and with LF associated with Protoporphyrin IX
(LF PPIX)
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LF TMPyP : p = 0.746 (95% CI = 0.615 to 0.837, p < 0.0001)
LF p =0.602 (95% CI = 0.421 to 0.736. p < 0.0001)
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LF TMPyP : p =-0.718 (95% CI = -0.818 to -0.576, p < 0.0001)
LF : p=-0.645 (95% CI =-0.767 to -0.478, p < 0.0001).

Figure 2 | Relationship between lesion depth (A) and mineral loss (B) obtained by cross-sectional microhardness

analysis (CSMH) of caries lesions and Laser fluorescence (LF) values and with LF associated with tetrakis(N-methyl-
pyridyl)porphyrin (LF TMPyP)

Clin Lab Res Den 2015;21(3):145-155 o 151



o Dye-enhanced laser fluorescence detection on natural caries lesions in primary teeth

Concerning the performance in detecting smoo-
th-surface caries lesions, a slightly difference was
observed between methods associated or not with
the fluorescent dyes. LF PPIX presented higher sen-
sitivity at D2 threshold, and higher specificity and
accuracy at D3 threshold (Table 1). Regarding the LF
TMPyP, the method achieved higher specificity value

only at D2 threshold. Other parameters did not pre-
sent statistically significant differences (Table 1).

For all samples, high ICC values were obser-
ved (LF PPIX: 0.947, 95% CI = 0.902 to 0.972; LF
without PPIX: 0.969; 95% CI = 0.941 to 0.983; LF
TMPyP: 0.815 (95% CI = 0.685 to 0.895); LF wi-
thout TMPyP = 0.900 (95% CI = 0.814 to 0.946).

TABLE 1 | Best cut-off points and performance of Laser Fluorescence (LF) and LF associated with fluorescent dyes (LF TMPyP and LF PPIX),
in detecting initial enamel caries lesions (D1), advanced enamel caries lesions (D2) and dentine caries lesions (D3) in smooth surfaces of

primary teeth

Sensitivity Specificity
Methods
D1 D2 D3 D1 D2
LF 0.53 0.47 0.82 0.77 0.69
LF PPIX 0.49 0.67* 0.73 0.87 0.53

Accuracy Az
D3 D1 D2 D3 D1 D2 D3

0.72 0.63 0.60 0.73 0.64 0.53 0.80
0.85* 0.64 0.58

0.83* 0.70 0.58 0.83

D1 cut-off points: LF = 14; LF PPIX = 16; D2 cut-off points: LF = 14; LF PPIX = 10; D3 cut-off points: LF = 16; LF PPIX = 19
* statistically significant difference between the methods within the same column (p < 0.05). Az = area under ROC curve

Sensitivity Specificity Accuracy Az
Methods
D1 D2 D3 D1 D2 D3 D1 D2 D3 D1 D2 D3
LF 0.55 0.73 1.00 0.74 0.75 0.82 0.61 0.74 0.85 0.58 0.74 0.93
LF TMPyP 0.51 0.62 0.80 0.95 0.88* 0.79 0.64 0.77 0.79 0.65 0.73 0.84

D1 cut-off points: LF = 10; LF TMPyP = 17; D2 cut-off points: LF = 10; LF TMPyP = 20; D3 cut-off points: LF = 15; LF TMPyP = 20

* statistically significant difference between the methods within the same column (p < 0.05). Az = area under ROC curve

There were no significant differences between
LF methods, associated or not with the fluorescent
dyes, in parameters related to performance at both

D1 and D3 thresholds. Generally, the best cut-off
points using the fluorescent dyes were higher than
the LF alone, but the performance was similar for
all methods (Table 2).

TABLE 2 | Best cut-off points and performance of Laser Fluorescence (LF) and LF associated with fluorescent dyes (LF PPIX and LF TMPyP),

in detecting initial enamel caries lesions (D1) and dentine caries lesions (D3) in occlusal surfaces of primary teeth

Cut-off points Sensitivity
Methods
D1 D3 D1 D3
LF 3 11 0.97 1.00
LF PPIX 5 12 0.91 1.00
Cut-off points Sensitivity
Methods
D1 D3 D1 D3
LF 7 13 0.50 0.73
LF TMPyP 13 17 0.59 0.91

Specificity Accuracy Az
D1 D3 D1 D3 D1 D3
0.54 0.86 0.78 0.88 0.82 0.94
0.69 0.88 0.81 0.90 0.85 0.95
Specificity Accuracy Az
D1 D3 D1 D3 D1 D3
0.86 0.91 0.64 0.88 0.68 0.91
0.73 0.87 0.64 0.88 0.68 0.90

There were no significant differences among the methods in any parameters. Az = Area under ROC curve.
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DISCUSSION

In this study, we tested the performance of as-
sociation of LF device with fluorescent dyes using
natural caries lesions on occlusal and smooth
surfaces. LF-TMPyP association presented bet-
ter performance than LF-PPIX or LF used alone
in quantifying smooth-surface caries lesions. The
correlation coefficients between LF-TMPyP readin-
gs and microhardness increased considerably when
compared to LF readings alone. The same trend
was observed for lesion depth assessed by polari-
zed light microscope analyses. Indeed, the associa-
tion LF-TMPyP had been showed as better in de-
tecting early demineralization in smooth surfaces®
and artificial caries around brackets.2° On the other
hand, the association with PPIX has not been use-
ful, since it has presented similar results than with
the device with no dyes.* Our findings corroborate
these previous results.

The most favorable correlation of LF-TMPyP
with lesions hardness and depth could be explained
by the chemical properties of this dye. TMPyP is a
hydrophilic substance with high affinity for surfa-
ces.?* Enamel caries lesion is usually a subsurface
lesion, presenting an apparently intact surface.22
This surface however, is rough due to the acid at-
tack on it.??° Thus, the roughness of non-cavitated
caries lesions could explain the better interaction
with TMPyP, and, consequently, higher performan-
ce using this dye.

Since LF device detects organic content of caries
lesions instead of mineral loss,'>? it is comprehen-
sible that the incorporation of a fluorescent dye
improve the detection of the lesions. Otherwise,
in naturally created caries lesions, there are also
significant changes in organic content of caries
lesions, probably due to the presence of bacterial
metabolites.?® Then, the LF by itself presented a sa-
tisfactory performance in detecting initial natural
caries lesions, and the association with TMPyP did
not significantly improve this performance in the

present study, despite its higher correlation with
other parameters related to caries lesions.

Differently from observed for detecting very ear-
ly artificial caries (formed during at maximum 96
hours)(1), PPIX improved significantly LF perfor-
mance in detecting natural enamel caries (probably
formed for a longer period) and made LF more spe-
cific and accurate to detect dentine caries lesions.
PPIX is an anionic and lipophilic porphyrin produ-
ced by some bacteria related to caries lesions.? The
cumulative effect of this kind of porphyrin (both
from the lesion and from the dye) could have con-
tributed to improve LF readings at advanced ena-
mel threshold. We can hypothesize that an advan-
ced enamel lesion itself cannot present metabolites
enough to be detected by LF whereas the junction
of both porphyrins sources does it.

Regarding dentine lesions, they are supposed
to have higher concentration of porphyrins the-
mselves, due to their higher level of infection.s®
Therefore, no benefits were observed in the sen-
sitivity at this threshold. However, additional por-
phyrins from the dye contribute more expressively
to differentiate sound tissues and enamel lesions
from dentine lesions (higher specificity at D3). In
conclusion, for smooth surfaces, PPIX can help us in
an important task, which is improving the caries de-
tection at D2 threshold, since LF has showed better
performance to detect more advanced lesions.3:
Nevertheless, despite using dyes, no contribution
was observed for initial enamel caries (D1).

On the occlusal surfaces, association with dyes
did not improve caries detection compared to the
use of LF alone. Since performance of LF device
has been satisfactory in occlusal surfaces, althou-
gh some occurrences of false positive readings,3
it is understandable that the association with dyes
did not improve the performance. In addition, dyes
penetration on occlusal caries can be different to
smooth surfaces. This occurrence can be an effect
of occlusal morphology.

Clin Lab Res Den 2015;21(3):145-155 o 153



o Dye-enhanced laser fluorescence detection on natural caries lesions in primary teeth

We did not carry out any method to quantify ca-
ries lesions on occlusal surfaces. Actually, quanti-
fication of occlusal surfaces is difficult because of
the anatomy of these surfaces. Thus, the majority
of the studies has performed the validation using
a relative scale instead of absolute measurements.3?
Considering this limitation, we did not find any ad-
vantage in the association of fluorescent dyes and
LF device in detecting occlusal caries.

An important prerequisite for a monitoring
method is its reproducibility.>3 We evaluated the
intra-examiner reproducibility after one month
from first measurements. This evaluation had two
purposes: checking the reliability itself and eva-
luating possible residual effect of the dyes. All LF
methods presented high values of reliability. LF
without dyes presented higher ICC values than LF
with the dyes. LF TMPyP showed lower reliability
values, which indicates a possible residual effect of
this dye. In the oral environment, we suppose dye
would be probably removed more efficiently than
in laboratory conditions. However, further studies
should be conducted to investigate this hypothesis.

Another issue concerning caries diagnosis is ca-
ries activity assessment. As active lesions are more
porous than inactive lesions, it is probable that the
dye might penetrate more significantly in active than
in inactive lesions and help to differentiate both sta-
tuses of lesions. This premise can explain the lower
correlation of LF readings and lesion micro hardness.
As we used exfoliated teeth from a bank of teeth, we
could not standardize the lesions activity status. This
alternative should be tested in further studies and
can lead to a possibility to improve caries detection.

In conclusion, LF-TMPyP association might im-
prove performance in quantifying smooth-surface
caries lesions in primary teeth. However, LF sen-
sitivity is improved at D2 threshold when using
PPIX. The association of the device with fluores-
cent dyes does not improve the performance in oc-
clusal caries lesions.
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ABSTRACT |

DESCRIPTORS |

RESUMO |

DESCRITORES |

For composite resins to obtain good properties, they must present a high degree of conversion and minimal polymeriza-
tion contraction. To minimize this contraction, alternative photoactivation techniques have been suggested. The objec-
tive of this study was to compare the hardness of a photoactivated composite resin using the pulse-delay, soft start and
conventional techniques, in thicknesses of 1, 2 and 3 mm in the irradiated surface and in the opposite surface. Photo-
activation was performed with halogen light for 20 seconds in the conventional and soft start techniques. In the pulse-
-delay technique, each increment of 1 mm was photoactivated for 3 seconds with a final photoactivation of 40 seconds.
The samples were stored in an oven at 37°C for one week and submitted to the Vickers microhardness test. The results
were submitted to ANOVA and the Tukey’s test with a level of significance of 5%. It was concluded that the hardness was
higher with photoactivation of 40 seconds, and for the techniques that had the photoactivation time of 20 seconds (con-
ventional and soft start), there was no difference in terms of hardness. Therefore, the hardness is not influenced by the
technique, but rather, by the polymerization time.

Hardness; Polymerization; Composite Resin.

Efeito do método de fotoativacao na polimerizacao da resina composta ° Para que as resinas compostas obtenham boas pro-
priedades devem apresentar um alto grau de conversao e o minimo de contracao de polimeriza¢ao. Para minimizar essa contragéo,
técnicas alternativas de fotoativagdo tém sido sugeridas. O objetivo deste estudo foi comparar a dureza de uma resina composta, na
superficie irradiada e na superficie oposta, fotoativada pelas técnicas pulso-espera, soft start e convencional em espessuras de 1, 2 e
3 mm. A fotoativacao foi realizada com fotoativadores de luz hal6gena por 20 segundos nas técnicas convencional e soft start. Na técnica
do pulso-espera cada incremento de 1 mm foi fotoativado por 3 segundos com fotoativagdo final de 40 segundos. Os corpos de prova
foram armazenados em estufa a 37°C por uma semana e submetidos ao teste de microdureza Vickers. Os resultados foram submetidos
a ANOVA e ao teste de Tukey com nivel de significancia de 5%. Foi concluido que a dureza foi maior com a fotoativagio por 40 segundos
e para as técnicas que tiveram o tempo de fotoativacdo de 20 segundos (convencional e soft start) ndo houve diferenca quanto a dureza.
Dessa forma, a dureza ndo é influenciada pela técnica, mas sim pelo tempo de polimerizagao.
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INTRODUCTION

Composite resins have been widely used in den-
tal clinics, as the main material for direct esthetic
restorations in a wide range of dental procedures,
as a luting agent for indirect restorations.

The activation of the polymerization process
can be induced by heat, chemical reaction, or pho-
tochemical reaction. The system of photoactivation
by visible light is the most common in today’s com-
posite resins, and has the advantage of enabling
greater control of the work time, but the profound
limitation of light penetration requires it to be in-
serted into the cavity in incremental stages.'

Photopolymerization composite resins contain
a photoinitiator, of which camphorquinone is the
most common, which when activated by blue light,
transforms into a free radical that breaks the car-
bon double bonds of the monomers present in the
matrix, initiating the polymerization process.!

The higher the proportion of monomers that
converts into polymers, the higher the degree
of conversion, and consequently, the better the
mechanical and biological properties of the re-
sin. The hardness is directly correlated with the
degree of conversion, and can be used as a me-
thod to determine the degree of polymerization
of resins.24

A high degree of conversion is important to
achieve good properties in the material. This con-
version percentage also influences the contraction
of polymerization of the resin, which is one of the
main problems associated with this material, as it
leads to the formation of tensions on the interface
between the tooth and the restoration. These ten-
sions can result in postoperative sensitivity, mar-
ginal infiltration, and cracks in the tooth enamel.
In an attempt to minimize the effects caused by
the contraction of polymerization, some alterna-
tive photoactivation techniques (pulse-delay and
soft start) have been suggested. This way, conside-
ring the constant development of dental materials

Abe AT ¢ Delfino CS ¢ Turbino ML

and the improvement of techniques for evaluation
of their properties, studies are always necessary to
consolidate new concepts and assess their likely cli-
nical performance, studying possible alternatives
to improve them. The objective of these techniques
is to release the tensions caused by contraction on
the free surface.5”

The techniques used in this study were the soft
start, pulse-delay and continuous conventional te-
chniques. The soft start technique has low initial
intensity in the first few seconds, followed by full
intensity.® The pulse-delay technique begins with
slow polymerization, unleashed after an initial
pulse, followed by a waiting period, before final
activation with high intensity to complete the poly-
merization.?'° There are few studies evaluating the
effectiveness of these techniques on the irradiated
opposite surface. Therefore, to evaluate the hard-
ness in the opposite surface can be an alternative to
define real effectiveness of the techniques to activa-
te a composite resin.

During the polymerization, a composite’s visco-
elastic behavior changes from viscous (pre-gel pha-
se) to predominantly elastic (post-gel phase), and
its capacity to accommodate the reduction in vo-
lume through flow decreases accordingly."* Several
authors have reported effectiveness of alternative
photoactivation techniques in the reduction of ten-
sion caused by contraction of composite resins.>*
Some studies reported a decrease of approximately
28% in tension obtained with pulse-delay metho-
ds.'34516 Resin samples photo activated by alterna-
tive techniques showed degree of conversion and
hardness values similar to samples cured by conti-
nuous high intensity irradiation.'s

The objective of this study was to compare the
Vickers hardness of a photoactivated composite
resin by the soft start, pulse-delay and continuous
conventional techniques, in thicknesses of 1, 2 and
3 mm in the irradiated surface and in the opposite
surface.
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MATERIALS AND METHODS

The microhardness of both surfaces (irradiated
or opposite) of composite resin samples of different
thicknesses (in three levels: 1, 2 or 3 mm), photoac-
tivated by different techniques (in three levels: pul-
se-delay, soft start and continuous conventional)
was evaluated. Forty-five samples were prepared,
distributed in 9 groups with 5 samples in each, ac-
cording to the thickness of the matrix and the pho-
toactivation technique.

For the preparation of the samples, the com-
posite resin Filtek™ Z350 (3M ESPE, St Paul,
Minnesota, USA), color A%5, was inserted in circu-
lar matrices of black polypropylene with heights of
1, 2 and 3 mm. Each matrix was placed on a glass
slide, to obtain a smooth, flat surface, and black
card was placed over this slide, to prevent reflec-
tion of light from underneath. Another glass slide
was placed on the surface of the resin, to flatten it
and make it parallel with the horizontal plane.

The resin was activated with halogen light
(Degulux SoftStart®, Degussa-Hulls, Buehler,
Dusseldorf, Germany) and the photoactivation
time and intensity varied according to the techni-
que. For the pulse-delay technique, 1 mm portions
were inserted, one on top of the other, totalling the
thickness of the matrix (1, 2 or 3 mm). After inser-
tion of each portion, photoactivation was applied
for 3 seconds, and after the last portion, the sample
was photoactivated for 40 seconds. The total ener-
gies supplied for each thickness were: 1 mm=21500
J, 2 mm=23000 J and 3 mm=24500 J. In the
soft start method, the samples were photoacti-
vated for 20 seconds, the first 10 seconds at in-
tensity of 100 mW/cm2 and the other 10 secon-
ds at 500 mW/cm?2 (6000 J) for each thickness of
the matrix. In the continuous conventional tech-
nique, the polymerization time was 20 seconds,
with intensity of 500 mW/ecm2 (10000 J) for each
thickness of the matrix. In all the groups, the pho-
toactivation was performed with the tip of the
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photoactivator perpendicular to the surface of the
matrix, and leaning on it. The opposite surface to
the irradiated surface was identified with a marker
pen; each sample was kept dry and was stored in a
black receptacle at 37°C for seven days.

After this seven-day period, five Vickers mi-
crohardness indentations were made, with load
of 25 gf for 30 seconds, on each surface of each
sample; one in the center and four at the edges,
with distances of 100 pm between them. A micro-
hardness tester (HMV-2000, Shimadzu Co., Kyoto,
Japan) was used for this purpose, using the softwa-
re program CAMS-WIN. The values obtained from
the opposite and irradiated surface were compared
with the hardness values obtained on the irradia-
ted side, in each sample.

RESULTS

The results obtained consisted of 450 micro-
hardness values (9 groups with n=5), resulting
from the cross-referencing of three techniques,
three different thicknesses, two surfaces, five repe-
titions and five measurements of each sample.

For the statistical analysis, the averages of five
measurements for each sample were calculated, re-
sulting in 9o values corresponding to the 18 groups
studied. These 18 groups of values were submitted
to ANOVA and the Tukey’s test (homogeneous ave-
rages), with a level of significance of 5%. ANOVA
showed that there was a statistically significant
difference between the groups (p<0.05) and by the
Tukey’s test, the averages of the 18 groups were
compared between them (Table 1).

Based on these comparisons, it can be noted
that on the irradiated side, the continuous conven-
tional and soft start techniques caused the same
hardness in all three thicknesses (1, 2 and 3 mm).
The pulse-delay technique presented statistically
higher results than the continuous conventio-
nal and soft start techniques at thicknesses of 1
and 2 mm. For the thickness of 3 mm in soft start
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Table 1 | Average of hardness values found on each surface; 1, 2 and 3 are the thicknesses of the matrices

Irradiated surface

Thickness (mm) Continuous Conventional Soft start
1 77.66a 76.78a
2 75.92a,d 77.07a
3 77.338a 88.40a,c

technique has not presented difference comparing
with the technique pulse-delay in all thicknesses.
In the 1imm thickness, all the techniques presen-
ted equal hardness values between the irradiated
side and the opposite side for each technique. In
the 2 mm thickness, the continuous conventional
technique presented no difference between the re-
sults for the irradiated side and the opposite side.
In the 3 mm thickness, the results showed that all
the techniques present statistically different values
between the two sides, with higher values on the ir-
radiated surfaces.

DISCUSSION

The composite resin polymerization process oc-
curs by the conversion of molecules of monomers
in a polymer chain, accompanied by the connection
of these molecules, occupying a small volume than
at the start. This reduction in total volume of the
material is known as polymerization contraction.
Although composite resin is considered the best
material for direct esthetic restorations, polyme-
rization contraction is one of the factors that most
contributes to the failure of the restorations,?*
as polymerization contraction of a composite re-
sin generates tensions and deformities in the in-
terface between the tooth and the restoration.z0->!
According to Ferracane and Mitchem?° the low con-
traction of a composite resin promotes the lowest
stress on the interfacial bond, and this resulted in a
smaller marginal gap formation and lower leakage.

In order to control the stresses generated by
polymerization contraction, other photoactivation

Pulse-delay

Opposite surface

Continuous Conventional Soft start Pulse-delay
94.90b,c 75.90a 79.68a 96.95b
95.53b,c 67.35d 50.95e 75.71a
96.48b,c 39.52f 31.55f 66.51d

techniques, like the soft start, ramp, pulse, and
pulse-delay techniques, are suggested.”®2-23 These
techniques all use low-intensity initial radiation,
thereby reducing the speed of reaction of conver-
sion of monomers into polymers. The reaction takes
place slowly, reducing stresses through the flow of
molecules on the non-adherent surface during the
pre-gel phase. The idea is that maximum flow will
occur before a high intensity light can be used to
complete the polymerization reaction. Various au-
thors have reported on the efficacy of soft start pho-
toactivation or pulse-delay methods in reducing
contraction tension of composite resins.'%22 In
this study, the pulse-delay and soft start techniques
were used. In the pulse-delay technique, after an
initial pulse, which unleashes the polymerization;
this is followed by a delay, so that polymerization
occurs very slowly, then a high-intensity final acti-
vation is carried out.”9*° In the soft start technique,
photoactivation is initiated with several seconds of
low irradiance, passing immediately to maximum
irradiance (6000 J).»'®2! The results of this study
showed that the groups presented the same hard-
ness on the irradiated surface, except for the pulse-
-delay groups, which present higher values. This
variation may be related to the higher total quan-
tity of energy emitted in the pulse-delay method
(21500 to 24500 J), while the soft start technique
presented 6000 J, and the conventional technique
presented 10000 J.

Witzel et al.22 and Cunha et al.>4 compared four
methods of photoactivation (continuous conven-
tional light, soft start, and two forms of activation
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with the pulse-delay technique) with different po-
tencies (80 mW and 150 mW). The pulse-delay
photoactivation methods reduced the contrac-
tion tension, without compromising the degree of
composite resin conversion. However, other stu-
dies®>528 show that alternative photoactivation te-
chniques, despite lessening the effects of polyme-
rization contraction, provide poorer mechanical
results for composite resin restorations, due to un-
satisfactory polymerization.

However, it should be emphasized that in the
pulse-delay technique, a time of 40 seconds was
used,?®2 while in the other two techniques, a
time of 20 seconds was used, according to the
manufacturer’s instructions. Considering that the
photoactivation time is directly related to the hard-
ness and degree of conversion of the composite re-
sins,’ and the observation that after 40 seconds the
resin presented greater hardness than after 20 se-
conds, it is presumed that this resin reached a hi-
gher degree of polymerization, i.e. only 20 seconds
was not enough time for the resin to reach its ma-
ximum polymerization capacity, and therefore, ma-
ximum hardness. The analysis of surface hardness
has been used as an indirect method to evaluate the
degree of polymerization of composite resins.3° In
the present study, the Vickers microhardness test
was used, to evaluate the mechanical behavior of
composite resins because it is associated with the
degree of polymerization of the resins, particularly
at greater depths. As observed (Table 1), at a 2 mm
depth, only the continuous conventional group did
not present any difference in hardness between the
irradiated surface and the opposite surface, but at
a depth of 3 mm, all the groups presented lower
hardness values on the side opposite the irradiated
side. Thus, it can be stated that the hardness of a
composite resin decreases as the depth increases.

Rueggeberg et al.,* by using the convential pho-
toactivation method, also found no difference in
microhardness for thicknesses of up to 2 mm of
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composite resin, and De Aratjo et al.3? found an
inversely proportional relationship between hard-
ness and thickness of the composite resin layer,
with thicknesses greater than 2 mm also presen-
ting low values for microhardness.

Corroborating these results, Camargo et al”
when comparing the hardness after 4 photoac-
tivation methods (stepped, ramped, pulse-delay
and continuous conventional) in 4 different thick-
nesses (0.1, 1, 2 and 4 mm), also observed that at
thicknesses of up to 2 mm, all the techniques pre-
sented satisfactory polymerization. Statistically
significant differences were also observed in a
study by Dalli'Magro, in which they observed a
decrease in hardness after a 3-mm thickness, in
all the groups, when compared with the hardness
on the top.

CONCLUSION

Based on the methodology used and the results
obtained, it can be concluded that the hardness was
higher with photoactivation of 40 seconds (pulse-
-delay technique) and for the conventional and soft
start techniques (20 seconds) there was no diffe-
rence in terms of hardness. Therefore, hardness is
not influenced by the technique, but rather, by the

polymerization time.
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Objetivo: O objetivo do estudo foi comparar a contragdo maxima de polimerizacao e a variacdo maxima de temperatura
de duas resinas acrilicas utilizadas na uniao dos postes de moldagem por meio de sensores de redes de Bragg. Material e
Métodos: Dois implantes Cone Morse (Neodent) foram inseridos em um osso artificial. Sobre os implantes foram adap-
tados dois postes de moldagem que foram unidos com fio dental e resina acrilica. Para o estudo foram selecionadas duas
resinas acrilicas: Duralay e GC Pattern LS. Foram posicionados dois sensores de fibra 6tica: um em contato com a resina
e outro no interior de uma agulha. As deformagdes maximas (uStrain) e a variacao de temperatura maxima (°C) foram
medidas durante 34 minutos (N = 28). Os dados foram analisados por meio da ANOVA a dois critérios e teste de mul-
tiplas comparacoes de Games Howell (p < 0,05). Resultados: A Duralay apresentou maior contracao de polimerizacao
que a GC Pattern LS. O tempo nao influenciou nos valores de contracao de polimerizagao, mas influenciou na variagao
de temperatura maxima. Conclusdo: A resina acrilica GC Pattern LS revelou menores valores de contragao maxima de
polimerizacdo que a resina Duralay. Em contrapartida, A Duralay apresentou maiores valores de temperatura que a GC
Pattern LS.

Resina; Contracdo; Polimerizagao; Temperatura; Moldagem; Implantodontia.

Bragg gratings used to measure the shrinkage polymerization of two acrylic resins in opened molding prosthesis on im-
plants ° Objective: The aim of this study was to compare the maximum polymerization shrinkage and maximum temperature varia-
tion of two acrylic resins used to join transfer copings through Bragg’s grating sensors. Method: Two Morse Taper (Neodent) implants
were inserted into an artificial bone (Sawbones), and two transfer copings were screwed at the implantsand joint with dental floss and
acrylic resin. Two acrylic resins were selected for the study: Duralay and GC Pattern LS. Two fiber optical sensors were placed, one in
contact with the resin and another inside a needle. The maximum deformation (uStrain) and the maximum temperature variation (°C)
were measured during 34 minutes (N = 28). Data were analyzed using two way ANOVA and Games Howell multiple comparisons test
(p < 0.05). Results: Duralay showed higher polymerization shrinkage than the GC Pattern LS. Time did not influence the polymeriza-
tion shrinkage values, but influenced the maximum temperature variation. Conclusion: The acrylic resin GC Pattern LS revealed lower
maximum shrinkage values than Duralay, and Duralay presented higher maximum temperature values than GC Pattern LS.
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INTRODUCAO

Os implantes dentarios foram criados no ano
de 1969 para reabilitar de forma funcional e es-
tética dentes perdidos devido a caries extensas,
fraturas e problemas periodontais, sendo aper-
feicoados, no que se refere a osseointegracao,
por Branemark nos anos 1990.' Atualmente uma
grande porcentagem das pessoas que apresen-
tam perdas dentarias unitarias ou multiplas op-
tam pela reabilitacdo por meio da protese sobre
implantes.

A prétese sobre implantes deve ser construida
de forma individual para cada paciente, de modo
que o cirurgido-dentista deve utilizar componentes
de moldagem e protéticos para essa finalidade. No
caso de perdas dentarias maltiplas, preconiza-se a
técnica da moldagem aberta,? na qual sao utiliza-
dos postes de moldagem unidos com fio dental e
resina acrilica, com o objetivo de determinar a pas-
sividade dos componentes, ou seja, que os postes
de moldagem nao se movam durante a insercao e
remocao da moldeira. Essa esplintagem facilita que
o técnico em protese possa obter o encaixe preciso
do poste de moldagem a plataforma do implante,
que pode ser de formato triangular, quadrangular
ou hexagonal. Caso os postes de moldagem nao se-
jam unidos de forma rigida e estavel, pode ocorrer
desadaptacao da coroa protética sobre o implante
na boca do paciente.

As resinas acrilicas frequentemente utilizadas
para unir os postes de moldagem sao a Duralay
(Reliance Dental MFG Company, Illinois, EUA) e a
GC Pattern LS (GC America, Ilinois, EUA). A con-
tragdo de polimerizagdo e a exotermia sdo caracte-
risticas inerentes as resinas acrilicas.? Além de mo-
dificacdes na composicio resina acrilica, a técnica
de unido dos postes de moldagem visa também re-
duzir a contracao de polimerizacdo. Nela os postes
de moldagem sao unidos, e ap6s a polimerizagao
inicial da resina (por volta de 15 minutos), a esplin-
tagem é seccionada com um disco de carborundum

164 e Clin Lab Res Den 2015;21(3):163-170

ou ponta diamantada em alta rotacdo e a uniao é
restabelecida com uma pequena porcao da mesma
resina acrilica.

Sensores de fibra 6tica tém sido aplicados em
estudos biomédicos em analises de materiais odon-
tologicos,> como cimentos resinosos®® e resinas
acrilicas,® e na validacdo de métodos de esteriliza-
¢ao de materiais. Os sensores caracterizam-se pela
capacidade de deteccao de alteragoes térmicas e de-
formacgoes mecanicas.

A contragao de polimerizagao das resinas acri-
licas utilizadas na unido de postes de moldagem foi
estudada por meio de medidores de tensao,™ dila-
témetro* e microscopio reflex!, mas apresentam
menor sensibilidade se comparados aos sensores de
fibra édtica.

Os fabricantes da resina Pattern GC LS** afir-
mam a menor contracdo de polimerizagdo e exo-
termia desse material. Entretanto, nao existem
estudos que examinaram essas propriedades com
equipamentos que apresentem elevada sensibilida-
de e as investiguem simultaneamente.

O objetivo do estudo foi comparar a contraciao
méaxima de polimerizagdo e a variacdo maxima de
temperatura de duas resinas acrilicas utilizadas na
unido dos postes de moldagem por meio de senso-
res de redes de Bragg.

MATERIAL E METODOS

Foram selecionados dois implantes Cone
Morse da marca Neodent (Curitiba, Brasil), com
o didmetro e comprimento de 4 e 15 milimetros,
respectivamente.

Foi utilizado um osso artificial da marca
Sawbones (Washington, EUA) que apresenta pro-
priedades de modulo de elasticidade semelhantes
aos ossos cortical e medular naturais. Nele foram
demarcadas, com o auxilio de um modelo, as dis-
tancias entre os implantes (17 mm), simulando a
necessidade de uma protese sobre multiplos im-
plantes. A localizacdo dos pilares de implante foi



referente aos dentes 44 e 46, com auséncia do den-
te 45. Os implantes foram inseridos no osso artifi-
cial com perfuragoes escalonadas com brocas indi-
cadas pelo fabricante, na velocidade de 600 rpm em
contra-angulo redutor de velocidade, na proporc¢ao
20:1 (W&H, Biirmoos, Austria). Em seguida, tam-
bém com o auxilio do contra-angulo, em velocidade
reduzida (250 rpm), com 5 N. cm de torque final,
eles foram aprofundados, ficando 1 milimetro abai-
x0 da borda de perfuragao.
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Sobre os implantes, foram instalados os postes
de moldagem (Neodent, Curitiba, Brasil) para a
técnica aberta, unidos com fio dental e resina acri-
lica posteriormente.

No presente estudo foram selecionadas duas
resinas acrilicas mais comumente utilizadas para
unir postes de moldagem na implantodontia. As
composicoes das resinas acrilicas utilizadas estao
dispostas na Tabela 1.

Tabela 1 | Composicao das resinas acrilicas utilizadas no estudo.

Resina acrilica Tipo

Duralay Metacrilato

GC Pattern LS Metacrilato

O pd6 e o liquido das resinas acrilicas foram
pesados em uma balanca analitica de precisao
AUW220D (Shimadzu, América do Norte) para
padronizar a quantidade de resinas acrilicas utili-
zadas em cada esplintagem. Para ambas as resinas
acrilicas, foram utilizadas 0,14 g de p6 e 0,05 g de
liquido, que foram aplicados com um pincel de pelo
de Marta fino utilizando a técnica de Nealon, com
a qual se molha o pincel no mondémero e, em se-
guida, no copolimero da resina acrilica, para entao
ser levado em contato com o fio dental. Foi também
padronizada a quantidade de dez pinceladas, sendo
trés para cada poste de moldagem e quatro sobre o
fio dental entre os postes de moldagem.

Foram utilizados dois sensores de fibra 6tica,
sendo um deles posicionado proximo ao centro
da esplintagem em contato direto com a resina
acrilica; e outro posicionado no interior de uma
agulha hipodérmica de 0,4 mm de diametro. O
sensor em contato com a resina acrilica é sensivel

Composicao

Copolimero de metacrilato plastificavel, monémero
de metacrilato, parafina, 6leo mineral.

Polimetilmetacrilato, polietilmetacrilato, peréxido
de benzoila.

Fabricante

Reliance Dental Mfg
Company, llinois, EUA.

GC América, llinois, EUA.

as deformacdes e as variacoes de temperatura. O
sensor posicionado no interior da agulha é sensivel
apenas as variacoes de temperatura. Dessa forma
pode-se obter separadamente os valores das duas
variaveis.

Os sensores iniciaram a medi¢ao logo apos a
colocacdo da resina acrilica (1 minuto em média)
entre os postes de moldagem. O tempo total de
medicao foi de 34 minutos, polimerizando a bar-
ra como um todo, sem secciona-la e reuni-la.

Os valores de contracdo méxima de polime-
rizagdo (uStrain) e variagdo térmica maxima
(°C) foram obtidos em dois intervalos defini-
dos: tempo 1 (T1) — de 0 a 17 minutos; e tempo
2 (T2) — de 17 a 34 minutos. Para analise esta-
tistica, foram utilizados os testes de normalidade
de Kolmogorov-Smirnov, de homogeneidade de
variancia, com aplicacido de ANOVA a dois crité-
rios e multiplas comparacées de Games Howell
(p < 0,05).
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RESULTADOS

A aplicacdo de ANOVA a dois fatores para a va-
riavel dependente “contracdo maxima” (uStrain),
segundo a resina, apresentou valor de F igual a
120,57, que foi estatisticamente significante, uma
vez que p < 0,05, indicando existir diferenca entre
os valores médios dessa variavel, independente de
tempo (Tabela 2).

O mesmo procedimento, porém segundo o fa-
tor tempo, apresentou valor de F igual a 1,70, que
foi estatisticamente nao significante, uma vez que
p > 0,05, indicando nao existir diferenca entre os
valores médios da variavel dependente “contracao
méaxima” (uStrain) segundo tempo, independente
de resina (Tabela 3).

Tabela 2 | Estatistica descritiva de contragdo maxima de polimerizagao das resinas acrilicas utilizadas no estudo.

Resina acrilica Média (uStrain)
Duralay -349,31°

GC Pattern LS -99,84°

Desvio padrao N
109,4 28
54,02 28

* Letras minUsculas diferentes revelam diferencgas estatisticas significativas na coluna (p < 0,05).

Tabela 3 | Estatistica descritiva dos valores de contragdo maxima de segundo o tempo.

Tempo Média (uStrain)
T1 -209,77°
T2 -239,38°

Desvio padrao N
135,77 28
168,12 28

* Letras mindsculas diferentes revelam diferencas estatisticas significativas na coluna (p < 0,05).

Com relacao a interacdo entre resina x tempo,
para a variavel “contracao maxima” (uStrain), o va-
lor de F foi de 1,93, mostrando-se estatisticamen-
te nao significante e indicando nao existir intera-
¢ao entre resina x tempo (p > 0,05). Para os dois

tempos avaliados, a resina GC Pattern LS apresen-
tou contracdo estatisticamente inferior a resina
Duralay. Além disso, ndo houve diferencas estatis-
ticamente significantes entre os tempos para um
mesmo material (Tabela 4).

Tabela 4 | Estatistica descritiva da contragdo maxima referente a interagao resina x tempo.

Resina acrilica/tempo Média (uStrain)

Duralay/T1 -318,732
Duralay/T2 -379,89°
GC Pattern LS/T1 -100,8°
GC Pattern LS/T2 -98,88°

Desvio padrao N
99,93 14
113,38 14
52,2 14
57,74 14

* Letras minUsculas diferentes revelam diferengas estatisticas significativas na coluna (p < 0,05).
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No Gréfico 1 pode-se observar a curva média da
contracdo de polimerizagdo das resinas estudadas
no tempo total de 0 a 34 minutos.

Nesse experimento, as amostras de resina

Duralay mostraram uma elevacido acentuada da

temperatura: o valor médio atingiu 43°C durante
os primeiros trés minutos. A resina GC Pattern
LS demonstrou uma elevagao de temperatura
média de 16°C durante os dez minutos iniciais
(Tabela 5).

Grafico 1 | Curva média da Contragao de polimerizacdo das resinas acrilicas estudadas.
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Tabela 5 | Estatistica descritiva da variacdo maxima de temperatura (°C) segundo Duralay e GC Pattern LS, e

Tempo 1 (T1) e Tempo 2 (T2).

Resina x tempo Média (°C) Desvio padrao
Duralay/T1 43,43° 4,94
Duralay/T2 5,45° 3,35

GC Pattern LS/T1 15,88¢ 0,91
GC Pattern LS/T2 16,24¢ 0,93

* Letras minusculas diferentes revelam diferencas estatisticas significativas na coluna (p < 0,05).

O aumento da temperatura inicial observa-
do para a Duralay é seguido por uma diminuicao
e estabilizacdo semelhante. A curva de resina GC

Pattern LS mostrou apenas uma pequena redu-
¢d0 na temperatura seguida por uma estabilizacao
(Gréafico 2).
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Grafico 2 | Curva média da variacao de temperatura das resinas acrilicas estudadas.
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DISCUSSAO

A contracao de polimerizacao nas resinas acri-
licas é um fendomeno que ocorre devido a quebra
da dupla ligacado vinilica pelo radical livre e, con-
sequentemente, uniao do monémero a cadeia em
crescimento através de uma ligacao covalente.

Li et al.8 relataram que as resinas acrilicas com-
postas por MMA/HEMA contém grupos funcionais
sol-gel (sol é uma dispersao de particulas coloidais
estavel em um fluido, enquanto gel é um sistema
formado pela estrutura rigida de particulas coloi-
dais — gel coloidal ou de cadeias poliméricas — gel
polimérico que imobiliza a fase liquida nos seus
intersticios) que reduzem a contracdo de polime-
rizagdo. No presente estudo observou-se que a GC
Pattern LS demonstrou menores valores de contra-
¢d0 maxima de polimerizacao que a Duralay, estan-
do de acordo com os achados desses autores,'s de
Cerqueira et al.** e com as afirmacé6es do fabricante
da resina GC Pattern LS. O fenémeno de contra-
¢do da Duralay foi seguido de uma expansao, en-
quanto a GC Pattern LS demonstrou uma tendéncia
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a estabilizagdo da curva. O estudo de Gibbs et al.4
mostrou nao haver diferencas significativas para a
contracgao volumétrica entre Duralay 5,72% (0,89) e
GC Pattern de 5,07% (1,36).

Mojon et al.# demonstraram que a contracao de
polimerizacao total da resina acrilica Duralay foi
de 7% a 9% e que a contracdo maxima ocorreu nos
primeiros 17 minutos a temperatura ambiente. Por
esse motivo, o presente estudo comparou as dife-
rencas de contragdo méxima de polimerizagao nos
primeiros 17 minutos (tempo 1) e de 17 a 34 minutos
(tempo 2). Os resultados do estudo nao demonstra-
ram diferencas estatisticas significativas para a de-
formac¢do maxima segundo o tempo.

Apos os 17 minutos iniciais de presa, recomenda-
-se cortar o centro da esplintagem e reconecta-la
com a mesma resina acrilica, com o objetivo de redu-
zir a contracgao de polimerizacgao. Estudos como o de
Franco et al.9, Cerqueira et al.® e Lee et al.’s revelaram
que, apos esse procedimento, a contracao dos mate-
riais resinosos acrilicos realmente se reduziu, além

de menores distor¢oes serem obtidas, se comparada



a técnica que apenas conecta os postes de moldagem.
Apesar do conhecimento dos dados mencionados, o
intuito do presente estudo foi comparar a contracio
de polimerizacao das resinas acrilicas Duralay e GC
Pattern LS, e ndo a técnica de esplintagem.

Além da contracdo de polimerizacao, as resinas
acrilicas investigadas geram uma significante ener-
gia térmica durante a reagao de presa. Quando essas
resinas sao aplicadas diretamente sobre os postes de
moldagem, elas podem transferir calor para os teci-
dos adjacentes, danificando a interface osso-implan-
te.”® O efeito do superaquecimento dos tecidos nessa
interface pode causar estase vascular, necrose irre-
versivel ou reabsor¢ao do tecido 6sseo e comprome-
ter a capacidade de diferenciacao 6ssea.”'®

O presente estudo revelou o valor médio para a
méxima alteracao de temperatura de 43,4°C para a
Duralay no tempo 1 e de 5,5°C para o tempo 2. A re-
ducao dos valores de temperatura no tempo 2 pode
ser explicada pela menor mobilidade das cadeias
carbdnicas nessa fase, se comparada a fase inicial
da polimerizac¢do. Os valores referentes ao pico de
temperatura da Duralay de 50°C obtidos no pre-
sente estudo estao de acordo com os estudos de Ko
et al. e de Tapia Silva et al.,>° que demonstraram
56,7°C em 7,5 minutos, utilizando um termopar li-
gado a um termometro digital.

A GC Pattern LS mostrou variacdo média de
temperatura maxima de 18,1°C para o tempo 1
e 16,2°C para o tempo 2. Os valores de variagao
térmica mostraram-se mais elevados na resina
Duralay quando comparada a GC Pattern LS e no
tempo 1, se comparado ao tempo 2. A Duralay re-
velou elevados valores térmicos que podem danifi-
car os tecidos adjacentes, porém pode-se observar
que no tempo 2 ela mostrou maior reducao des-
sa variavel quando comparada a GC Pattern LS.
Considerando a variavel temperatura, pode-se afir-
mar que a resina acrilica GC Pattern LS pode ser
indicada para uma utilizacdo mais generalizada,
por apresentar menores riscos biologicos.
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Futuros estudos devem investigar a transferén-
cia de calor dos postes de moldagem para as estru-

turas biologicas adjacentes.

CONCLUSAO

Considerando as limitaces do presente estudo,
pode-se concluir que:

e Aresina acrilica GC Pattern LS revelou
menores valores de contracdo maxima de
polimerizacdo que a resina Duralay. Isso
revela maior passividade da GC Pattern LS
em moldagens abertas;

e A variacao da temperatura maxima foi maior
para a resina acrilica Duralay;

¢ O tempo de polimerizacao nao influenciou nos
valores de contracao de polimerizacao;

e Avariagao de temperatura maxima foi menor

para o tempo 2 em ambas as resinas acrilicas.
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ABSTRACT |
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Objetivo: O objetivo deste estudo foi avaliar a influéncia da arquitetura, do didmetro e da fracao de volume das fibras na
resisténcia a flexdao e modulo de elasticidade dos pinos. Material e Métodos: Foram selecionados pinos de fibra de vidro
de diferentes marcas comerciais: Exacto, Reforpost RX, White Post DC e Superpost Glass. Os pinos foram submetidos
ao teste de resisténcia a flexao em trés pontos (n=10). Foi calculada a resisténcia a flexdo e o modulo de elasticidade. A
microscopia eletronica de varredura acessou o modo de fratura, a fracdo de volume de fibras, o didmetro das fibras, a
presenca de bolhas e falhas. A ANOVA one-way determinou o efeito do didmetro das fibras na resisténcia a flexao e mo-
dulo de elasticidade dos pinos. Além disso, a ANOVA e o teste de Tukey demonstraram as diferencas entre os valores de
resisténcia a flexdo e moédulo de elasticidade. O teste de correlacdo de Pearson revelou as correlagdes entre resisténcia
a flexdo e o didmetro dos pinos. Resultados: A resisténcia a flexdo foi de 445GPa para o White Post DC a 719 GPa para
o Reforpost RX. O modulo de elasticidade variou de 6,4 GPa para o White Post DC a 23,3 GPa para o Exacto. Foram
encontradas diferencas entre os didmetros das fibras exceto entre White Post DC e Superpost Glass. Pinos lisos apre-
sentaram fratura longitudinal e pinos serrilhados, transversal. Conclus@o: Foi constatado que maiores didmetros das
fibras elevaram a resisténcia a flexdo. Na anélise dos pinos, observou-se que pinos de maiores didmetros demonstraram
maiores valores de modulo de elasticidade, enquanto pinos que apresentavam filamento metalico demonstraram ele-
vacao do modulo de elasticidade. Alteragdes abruptas no didmetro dos pinos causam enfraquecimento e reducio das
propriedades mecanicas. Porosidades foram observadas em todos os pinos.

Pino de Fibra de Vidro; Resisténcia a Flexao; Fibras; Propriedades.

Influence of the architecture, diameter and volume fraction of thefibers on the flexural strength and modulus of
elasticity of the intraradicular posts ¢ Objective: The aim of this study was to evaluate the influence of architecture, diameter and vol-
ume fraction of the fiber in flexural strength and Young’s modulus of root posts. Materials and Methods: It was selected glass fiber posts
of different brands: Exacto, Reforpost RX, White Post DC and Superpost Glass. The posts were submitted to a flexural test (n=10) and
the strength flexural and elastic modulus were calculated. A scanning electron microscopy accessed the fracture mode, volume fraction,
fibers diameters and bubbles and voids. The ANOVA one-way determined the effect of the fibers diameters on the flexural strength and
Young’s modulus of the posts. Also, ANOVA and Tukey test showed the differences of flexural strength and Young’s modulus values. On
the other hand, the Pearson test revealed the correlations between flexural strength and posts diameters. Results: The flexural strength
was of 445 GPa for White Post DC to 719 GPa for Reforpost RX. The Young’s modulus varied of 6.4 GPa for White Post DC to 23.3 GPa for
Exacto. Differences between fibers diameters were found, except between White Post DC and Superpost Glass. Smooth posts presented
longitudinal fractures and serrated posts showed transverse fractures. Conclusion: It was observed that higher fibers diameters in-
creased the flexural strength. Along with that, it was noted that posts of higher diameters demonstrated higher Young’s modulus values,
while posts that presented metallic filament increased the Young’s modulus. Abrupt changes on the posts diameters cause weakness and
reduction on the mechanical properties. Porosities were observed in all posts.

Glass Fiber Post; Flexural Strength; Fibers; Properties.
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INTRODUCAO

Dentes tratados endodonticamente com perda
de estrutura necessitam de reconstrucio coronaria
com pinos intrarradiculares. Pinos de fibra de vi-
dro tém demonstrado propriedades mecanicas se-
melhantes as da dentina. Por essa razao, sdo capa-
zes de promover uma distribuicdo mais homogénea
das forcas mastigatorias prevenindo assim fraturas
radiculares irreversiveis quando comparados aos
pinos metélicos.

Pouco se conhece a respeito do efeito da arqui-
tetura das fibras (diametro, fracao de volume, ali-
nhamento e relagdo fibra-matriz polimérica) nas
propriedades flexurais. Os artigos publicados nao
investigaram a fundo a influéncia das caracteris-
ticas das fibras nas propriedades dos pinos, como
o formato e a superficie dos pinos,>® a presenca
ou auséncia do filamento metalico,” a qualidade de
adesao da fibra-matriz® e os defeitos estruturais,®
que podem influenciar a resisténcia dos pinos e ne-
cessitam ser investigados. Considerando-se o com-
portamento mecanico de compositos fibra-matriz,
a fibra é responsavel por absorver as tensoes de tra-
¢a0 e a matriz as tensdes de compressao.°

A correlacao linear entre o volume de fibras e a
resisténcia a flexao foi demonstrada em alguns es-
tudos.’>" Tem sido sugerido que uma grande fracao
volumétrica de fibras deve induzir a maior resis-

téncia a fratura do pino.® Cheleux e Sharrock® e

Novais et al” relataram que os didmetros das fibras
influenciam nas propriedades dos pinos. Baran et
al.5s e Grandini et al.® afirmaram que uma alteracio
abrupta no formato serrilhado do pino gera areas
potenciais de enfraquecimento. As caracteristicas
intrinsecas dos materiais podem induzir a defor-
macoes, cavitacoes e microfissuras e, consequente-
mente, falha dos pinos.!

O objetivo deste estudo foi comparar diferentes
pinos de fibra de vidro quanto a resisténcia a fra-
tura e quanto ao modulo de elasticidade em flexao,
relacionando os valores obtidos com caracteristicas
estruturais (arquitetura, didmetro e fracao de volu-
me de fibras). A hipotese nula testada foi de que a
arquitetura, didmetro e fragdo de volume das fibras
nao influenciam nos valores de resisténcia a flexao

e modulo de elasticidade.

MATERIAL E METODOS

Em relacdo aos materiais, foram seleciona-
dos quatro diferentes pinos para o estudo: Exacto
(Angelus®, Londrina, Parana, Brasil), Reforpost
RX (Angelus®, Londrina, Parana, Brasil), White
Post DC (FGM®), Joinville, Santa Catarina, Brasil) e
Superpost Glass (Superdont Industria de Produtos
Odontoloégicos, Rio de Janeiro, Rio de Janeiro,
Brasil). Além disso, dez pinos de cada sistema fo-
ram utilizados e suas especificacoes estao listadas
na Tabela 1.

TABELA 1 | Pinos, fabricante, composicéo, medidas e desenhos das superficies dos pinos intrarradiculares estudados.

Pino Fabricante Composicao
Exacto RX Angelus® Fibra de vidro + filamento metalico
Reforpost RX Angelus® Fibra de vidro + filamento metalico
White Post DC 2 FGM® Fibra de vidro translicida
White Post DC 1 FGM® Fibra de vidro transldcida
White Post DC 0.5 FGM Fibra de vidro translicida
Superpost Glass Superdont® Fibra de vidro
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Diametro (mm) Comprimento (mm)  Desenho da superficie

1,45 17 Conico liso
1,30 20,0 Conico serrilhado
1,80 20,0 Dupla conicidade liso
1,60 20,0 Dupla conicidade liso
1,40 20,0 Dupla conicidade liso
1,65 17,0 Conico Serrilhado



O teste de resisténcia a flexdo foi realiza-
do em uma maquina de ensaios AG-I Shimadzu
Autograph (Shimadzu Co., Kyoto, Japao) com uma
célula de carga de 10 kN. O teste foi conduzido se-
guindo-se a especificacio ISO 10477.13

O teste consiste em posicionar os espécimes em
dois suportes dispostos a uma distancia de 11 mm
entre eles. A forca foi aplicada no ponto central a
90° e a uma velocidade de 1 mm/min até que seja
identificada a deformacgdo permanente ou fratura.
A forca de fratura e a resisténcia a flexao dos pinos
foram calculadas para cada espécime de acordo

com a féormula:

o = 8FL/nd3 (1)

onde F ¢ a forca aplicada no ponto mais alto da
curva forca-deflexdo, d o didmetro do pinoe L é a
distancia entre os suportes.

O moédulo de elasticidade a flexao axial (Ef) para
cada pino foi calculado por meio da equagao:

Ef=FL3/371d4Y(2)

onde F é a for¢a maxima, L é a distancia entre os
suportes, d o diametro do pino e Y a deflexdo cor-
respondente a forca F. Os resultados foram obtidos
em MPa e convertidos para GPa.

Foi calculada a relacdo L/D, onde L é a distancia
entre os suportes e D o didmetro do pino. Essa re-
lacao é um parametro importante para a interpre-
tacao dos valores de resisténcia a flexdo e modulo
de elasticidade dos espécimes de resinas reforcadas
por fibras utilizando o teste de resisténcia a flexao
de trés pontos. O didmetro dos espécimes afetaram
negativamente os valores de resisténcia a flexao e
de modulo de elasticidade, enquanto um aumento
na distancia entre os suportes afetaram positiva-
mente os valores das mesmas variaveis.'* Uma ra-

zdo L/D aumentada gera uma elevacio dos valores
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de resisténcia a flexdo e modulo de elasticidade e
uma reducao dos valores de forca maxima. Além
disso, para resinas de alta resisténcia, um elevado
valor da razdo L/D deve ser utilizado para eliminar
o efeito do cisalhamento durante o teste de resis-
téncia a flexao.'

Quatro dos dez pinos fraturados de cada fabri-
cante foram selecionados para analise de micros-
copia eletronica de varredura (MEV). Dois pinos
foram submetidos ao ensaio de resisténcia a flexao
e embebidos em resina a base de poli(metacrilato
de metila) no interior de moldes cilindricos plésti-
cos de 20 mm de altura e 5 mm de didmetro. Apos
sete dias, um dos cilindros foi cortado perpendicu-
larmente e o outro transversalmente ao longo eixo
dos pinos utilizando um disco diamantado (Isomet
1000, Buehler, Lake Buff, Nova York, EUA). Os es-
pécimes foram polidos com lixas de papel de gra-
nulacdo 400, 600, 1200 e 1500 sequencial lubrifi-
cadas com agua. Foi realizado o acabamento com
pasta diamantada com 2 pum de didmetro. Os ou-
tros dois pinos fraturados no teste de resisténcia
a flexao foram apenas fixados em um suporte me-
talico. Os espécimes foram metalizados com ouro
em um dispositivo pulverizador i6nico (Shimadzu
IC-50, Tokyo, Japao) por quatro minutos e analisa-
do em MEV (SSX-550, Shimadzu, Tokyo, Japao). As
imagens das seccOes transversal e longitudinal dos
espécimes foram gravadas com a magnificacdo de
500X e 200X e 0s pinos fraturados com 60x.

As micrografias dos pinos foram utilizadas para
determinar os modos de fratura: longitudinal ou
transversal ao eixo dos pinos.

A seccdo transversal dos pinos foi utilizada para
acessar a fracdo do volume de fibras, o nimero de
fibras, seu didmetro, porosidades, falhas e descon-
tinuidades entre as fibras e a matriz resinosa no
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programa Auto-CAD 2000 (Autodesk, Inc., Mill
Valley, Califérnia, EUA). A fracdo de volume (%)
ocupado pelas fibras foi determinada por meio da
soma da superficie ocupada por todas as fibras di-
vidido pela superficie total da micrografia. Os espé-
cimes longitudinais permitiram o exame da intera-
¢ao entre fibras e matriz e os defeitos.

Os testes de Kolmogorov-Smirnov e Levene
foram utilizados para determinar a normalida-
de das distribuicbes e a analise das variancias.
A ANOVA one-wayfoi utilizada para comparar
o efeito dos diametros das fibras na resisténcia a

flexdo e modulo. O teste de multiplas comparagoes
de Tukey foi utilizado para determinar as diferen-
cas significativas entre os valores de resisténcia a
flexao e modulo dos pinos. O teste de correlacao de
Pearson foi utilizado para estabelecer correlacoes
entre a resisténcia a flexdo e os didmetros de cada
marca de pinos (p<0.05).

RESULTADOS

Os valores médios do contetdo das fibras, o
modo de fratura e os diametros das fibras de cada
pino estdo disponiveis na Tabela 2. Os valores mé-
dios de resisténcia a flexdo e modulo de elasticida-
de estdo dispostos na Tabela 3.

TABELA 2 | Valores médios da fracdo de volume das fibras, modos de fratura e didmetro das fibras dos pinos.

Grupo Fragao de volume de fibras
Exacto RX 0,79
Reforpost RX 0,77
White Post DC 0.5 0,62
White Post DC 1 0,62
White Post DC 2 0,62
Superpost Glass 0,64

Modo de fratura Diametros das fibras (um) - DP

Longitudinal 12,1 (1,3)°
Transversal 13,6 (0,9)°
Longitudinal 24,9 (3,8)°
Longitudinal 24,9 (3,8)°
Longitudinal 24,9 (3,8)°
Transversal 23,8 (3,3)°

TABELA 3 | valores médios de médulo de elasticidade e resisténcia a flexao.

Grupo Modulo de elasticidade (GPa)
Exacto RX 23,3 (1,2)
Reforpost RX 14,8 (1,1)°
White Post DC 0.5 6,3 (0,5)°
White Post DC 1 7,9 (0,6)°
White Post DC 2 12,5 (0,7)°
Superpost Glass 10,8 (0,5)°

A resisténcia a flexao e o médulo de elasticidade
dos espécimes variaram de 719,2 + 54,5 (Reforpost
RX) a 445,4 + 35,9 GPa (White Post DC 0,5) e de
23,3 + 1,2 GPa (Exacto RX) a 6,3 + 0,5 GPa (White
Post DC 0,5), respectivamente. A ANOVA one-way
revelou diferencas significativas entre os grupos
(p<0.05). O teste de miltiplas comparaces de
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Resisténcia a flexdo (N/mm?2)

690 (35,5)
719,2 (54,5)
445,4 (35,9)b
473,5 (35,5)°
609,1 (36,5)°
599,3 (31,5)°

Tukey mostrou diferencas significativas entre todos
0s pinos, exceto entre o White Post DC 0,5 e o White
Post DC 1; White Post DC 2 e Superpost Glass;
Exacto RX e Reforpost RX (p<0.05). A resisténcia
a flexao e o modulo de elasticidade aumentaram
com o aumento do didmetro do pino, consideran-

do apenas os pinos correspondentes a marca FGM,



ou seja, White Post DC 0,5, White Post DC 1 e
White Post DC 2. O teste de correlagoes de Pearson
revelou correlacoes estatisticas positivas entre a
resisténcia a flexdo e o didmetro dos pinos para o
White Post DC 0,5 e Reforpost RX; e correlagoes
negativas entre Exacto RX e Reforpost RX, consi-
derando-se cada marca comercial separadamente.

A razao L/D para o pino Exacto RX foi de 7,5,
Reforpost — 8,4; White Post DC 0,5 — 7,8; White
Post DC 1 — 6,8; White Post DC 2 — 6,1 e Superpost
Glass — 6,6. A relacdo entre resisténcia a flexao e
razdo L/D nao se apresentou de forma linear.

Em relagdo a analise das imagens, as analises de
MEV mostraram diferentes modos de fratura (pri-
meira linha da Figura 1). As imagens sugerem que
pinos conicos lisos induzem fraturas longitudinais
e pinos serrilhados induzem a fraturas trans-
versais. A terceira linha da Figura 1 mostra que a
seccao transversal do pino Exacto RX revelou a
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maior fracdo de volume de fibras (80%) seguido
pelo Reforpost RX (78%), Superpost Glass (64 %)
e White Post DC (63%). Porosidades e falhas adesi-
vas na interface entre as fibras e a matriz resinosa
foram observadas em todos os pinos.

As seccoOes transversais dos pinos mostraram
menores didmetros das fibras para o Exacto RX
(12,1 £ 1,3), seguido pelo Reforpost RX (13,6 + 0,9),
Superpost Glass (23,8 + 3,3) e White Post DC (24,9
+ 3,8). A observagdo dessas imagens revelou que
o Superpost Glass apresenta distribuicoes irregu-
lares das fibras. O White Post DC mostrou distri-
buicées mais homogéneas, mas com uma maior
quantidade de fibras em contato. Os pinos Exacto
RX e Reforpost RX também apresentaram maiores
quantidades de fibras, mas sem estarem distribui-
das de maneira homogénea. Nesses pinos também
podem ser observados contatos entre suas fibras e

um arranjo hexagonal.

Figural | Micrografias de MEV mostrando: Primeira coluna - pino Exacto com modo de fratura
longitudinal; Segunda coluna - pino Reforpost RX com modo de fratura transversal ao longo eixo
do pino; Terceira coluna - Superpost Glass com modo de fratura transversal; Quarta coluna - pino
White Post DC com modo de fratura longitudinal. Primeira linha: modo de fratura dos pinos; segun-
da linha: seccao longitudinal da area de fratura dos pinos (x 100); terceira linha: sec¢ao transversal
mostrando o conteldo de fibra e matriz (x 600); quarta linha: sec¢ao longitudinal dos pinos que
foram submetidos ao teste de resisténcia a flexao (x 50).
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DISCUSSAO

Muitas fibras de vidro sdo compostas por silica
(Si0,), com a adicao de 6xidos de calcio, boro, s6-
dio, ferro e aluminio. Esses vidros sao usualmente
amorfos, apesar de poder ocorrer alguma cristali-
zacdo apo6s o aquecimento prolongado a elevadas
temperaturas. Existem trés tipos de fibras de vidro
para resinas: E-glass que apresenta boa resisténcia,
rigidez, propriedades elétricas e de intemperismo;
C-glass que apresenta melhor resisténcia a corro-
sdo, mas menor resisténcia a fratura; e S-glass que
possui a maior resisténcia a fratura e moédulo de
elasticidade, além de boa resisténcia térmica. As fi-
bras de vidro sao unidas a matriz por meio de um
organosilano®*. As matrizes poliméricas mais co-
mumente utilizadas sdo as resinas epo6xi, poliéster
insaturado e éster vinil. As resinas epdxi apresen-
tam um elevado grau de conversao e uma estrutura
altamente entrelacada.'

A arquitetura das fibras esta relaciona-
da com as caracteristicas intrinsecas, como
seu diametro e comprimento, assim como
a fracao de volume das fibras e seu alinha-
mento e arranjo.? Os diAmetros das fibras de-
vem ser considerados porque estdo correlaciona-
dos a sua resisténcia a flexdo. Segundo Cheleux e
Sharrock® e Lassila et al.4, fibras de menores dia-
metros produzem melhores resultados. Os resulta-
dos do presente estudo nao estao de acordo com os
estudos citados apresentando uma grande variabi-
lidade entre os valores. As correlagoes entre os dia-
metros das fibras e a resisténcia a flexao nao foram
possiveis de serem estabelecidas devido as diferen-
cas entre os pinos, suas caracteristicas de superfi-
cie e a presenca ou auséncia de filamento metéalico.

As fragdes de volume dos constituintes sdo ba-
seadas no célculo das densidades, volume e peso
da fibra e da matriz.® Callister Jr.” relatou que pi-
nos que exibem maiores densidades de fibras apre-
sentam melhor resisténcia a fratura que os pinos

com menores densidades de fibras, como também
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mostrou Grandini et al.® Os resultados permitem
estabelecer correlacoes entre o volume de fibras, a
resisténcia a flexao e o moédulo de elasticidade dos
pinos investigados, estando de acordo com os estu-
dos de Seefeld et al.*>, Obukuro et al."*, Chieruzzi et
al.®® e Novais et al. Os pinos Exacto RX e Reforpost
RX revelaram maiores fracoes de volume de fibras,
0 que determinou sua maior resisténcia a flexao
concordando com esses estudos. Algumas limita-
¢oes podem ser observadas no método empregado
para determinacao da fracao de volume das fibras
por inferir para todos os espécimes a situagio ob-
servada em uma regiao localizada, isto é, na sec-
¢ao transversal de apenas um pino de cada mar-
ca comercial.®*? O método de aquecimento por 45
minutos a 700 °C e pesagem prévia e posterior ao
aquecimento, parece ser mais seguro para calcular
o contetdo de fibras (vol%).-2°

Os pinos utilizados nesse estudo sdo compostos
por fibras de vidro unidirecionais continuas, mas
Hull e Clyne? relataram que a distribuicao ideal das
fibras nao ocorre na préatica, exceto em pequenas
regioes localizadas. Essas regides podem exibir um
arranjo hexagonal e em alguns pontos o contato en-
tre as fibras pode ser aparente. Em pinos com me-
nores conteudos de fibras, o arranjo pode se apre-
sentar de forma irregular, com fibras agrupadas e
grandes regides ricas em matriz. Porém, no pre-
sente estudo foi observado que os pinos que apre-
sentaram maior conteido de fibras tinham uma
distribuicdo irregular. Uma das principais conse-
quéncias dessas irregularidades é a dificuldade de
se obter fracoes de volume maiores que 0,7 e esse
valor deve ser considerado como limite pratico para
materiais comerciais.

Callister Jr.” revelou que a direcdo mais apro-
priada das fibras deve ser paralela ao longo eixo do
pino. Essa configuracao faz o pino suportar forcas
de forma mais eficiente, dado que divergéncias do
eixo longitudinal resultam na transmissao de ten-

soes a matriz.



As propriedades dos materiais resinosos reforca-
dos podem ser acessadas por meio de varios testes
mecanicos. O teste de resisténcia a flexao tem sido
amplamente utilizado na investigacdo das proprie-
dades dos pinos. Esse teste submete a amostra a
forcas compressivas direcionadas de forma obliqua
ou diagonal ao longo eixo dos pinos gerando tensoes
na matriz. As elevadas tensoes na interface fibra-
-matriz resinosa sao responsaveis pelo comporta-
mento ineldstico e indugdo gradual a deformacao,
microfissuras, fraturas das fibras e perda da adesao
entre as fibras e a matriz. As tensoes de tracao apre-
sentadas na porcao inferior do espécime determina-
ram a delaminacao da fibra a partir da matriz.2>2* A
falha catastrofica do pino ocorre devido a perda de
adesao e deformacao pléstica.2s

Os resultados da resisténcia a flexdo estao rela-
cionados com a razdo entre a distancia dos supor-
tes e o didmetro dos espécimes (L/D). Constatou-se
que maiores valores de L/D induzem a uma menor
deformacdo por cisalhamento nos espécimes de
materiais resinosos reforcados por fibras;*+ portan-
to, mesmo sabendo a presenca do cisalhamento nos
testes de resisténcia a flexdo, o intuito do estudo foi
realizar uma comparacao entre os diferentes pinos
de fibra de vidro.

Neste estudo os pinos foram testados secos de
acordo com outros estudos®492527, Alguns auto-
res*29 mostraram que o armazenamento dos pinos
de fibra de vidro em 4gua afeta suas propriedades
mecanicas reduzindo os valores de resisténcia a fra-
tura, gerando alteracoes morfologicas como espagos
vazios, delaminacdo das fibras de quartzo da matriz
de resina epoxi ao longo da periferia dos pinos e de-
suniao da interface fibra-matriz resinosa. Esses efei-
tos sdo consequéncia da hidrolise do silano e inchaco
da resina ep6xi. Mannocci et al.?’ ndo encontraram
diferencas significativas na resisténcia a flexao entre
pinos armazenados em dentes bovinos, em agua e a
seco. Eles sugeriram que os pinos de fibra ndo devem
ser expostos ao ambiente bucal. A por¢ao coronaria
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deve ser construida imediatamente, a resina com-
posta do ntcleo de preenchimento deve recobrir
completamente o pino de fibra, evitando a redugio
das propriedades mecéanicas.

A andlise de comparacao dos pinos White Post
DC 0,5, White Post DC 1 e White Post DC 2 mos-
trou uma relagdo linear entre os didmetros dos pi-
nos (D), resisténcia a flexao (0) e modulo de elas-
ticidade (E). Os resultados estao de acordo com os
de Lassila et al.*4, porém nao estio de acordo com
os resultados de Novais et al” que mostraram que
pinos de maiores didmetros apresentam menores
valores de modulo de elasticidade, porém maior re-
sisténcia a fratura como encontrado neste estudo.

Clinicamente, é possivel estabelecer que pinos
de maiores didmetros contribuem para uma maior
resisténcia a fratura, mas requerem um excesso de
preparacao da dentina intrarradicular, gerando um
enfraquecimento da estrutura dentaria, permitin-
do fraturas radiculares.'

A anélise de comparacao entre pinos com ou sem
filamento metalico revelou que os pinos Exacto RX e
Reforpost RX apresentaram maiores valores de re-
sisténcia a flexdo e de modulo de elasticidade eleva-
dos (690 MPae 23,3 GPa; 719,2 Mpa e 14,8 GPa, res-
pectivamente) por conta da presenca do filamento
metéalico, diferindo dos resultados de Novais et al”

O Reforpost RX revelou baixo valor de médulo
de elasticidade associado a uma maior resisténcia a
flexao (E = 14,9 GPa, 0 = 719,2 MPa), confirmando
os relatos de Novais et al” que encontrou que a re-
sisténcia a flexao esta relacionada de forma propor-
cional com o modulo de elasticidade e a geometria
do espécime.

Considerando o modo de fratura dos pinos, pi-
nos lisos mostraram fraturas longitudinais e pinos
serrilhados fraturas perpendiculares. Esses achados
reforcam a afirmacao de Baran et al.5 e Zicari et al.®
que areas de enfraquecimento devem também ser
encontradas em regioes do pino onde tenha uma al-
teragdo abrupta na geometria. Por essa razio, pinos
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de superficies serrilhadas ndo parecem gerar benefi-
cios para a resisténcia a fraturas dos pinos.®

Além das caracteristicas intrinsecas, falhas cau-
sadas por forcas perpendiculares devem ser leva-
das em conta. Areas de potencial enfraquecimento
nos pinos de fibra podem ser observadas como a
presenca de espacos vazios, porosidades e descon-
tinuidades ao longo da interface fibra-matriz resi-
nosa. Pequenos defeitos estruturais podem gerar
microfissuras que adicionadas as for¢as mastigato-
rias podem levar a fratura do pino.

Varios tipos de espacos vazios podem estar pre-
sentes nos materiais resinosos. Isso pode ocorrer
em varios tipos de resina, embora haja variacoes na
sua incidéncia dependendo da forma de fabricacio
e do tipo de matriz utilizada. Grandes cavidades
podem ser formadas durante a fabricagao dos com-
ponentes resultando em defeitos graves. Pequenos
espacos vazios formam-se adjacentes as fibras de-
vido a incompleta infiltracdo durante o processo
ou por cavitacao durante a deformacao. Apesar da
dificuldade de se estabelecer o contetiddo médio de
bolhas e espacos vazios em um espécime sem exa-
minar um grande nimero de seccoes, existem dois
tipos diferentes de métodos para se investigar es-
pacos vazios e bolhas. Existe uma técnica que en-
volve medigOes precisas da densidade da amostra
pelo principio de Archimedes onde a densidade é
determinada pelo peso da amostra no ar e em um
liquido de densidade conhecida.® Neste estudo, ob-
servou-se na seccao transversal do pino Superpost
que possui uma grande area de defeito com a fal-
ta de material resinoso e fibras na regidao central
estendendo-se para a area periférica. Foram ob-
servadas pequenas bolhas nas margens de algumas
fibras. Defeitos semelhantes foram detectados no
pino Exacto RX estendendo-se do filamento me-
talico as margens do pino. Isso pode ser causado
por incompatibilidade entre a resina e a estrutura
metalica. Além disso, bolhas foram detectadas na
matriz do White Post DC e Reforpost RX.
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A discrepancia nos valores relatados de resis-
téncia a flexdo para materiais semelhantes pode ser
atribuida a diferencas no desenho experimental,
método de preparacao dos espécimes, espessura e
formato da amostra, distdncia entre os suportes,
fracdoes de volume fibra-matriz, diametros das fi-
bras,' orientacao das fibras,” propriedades adesi-
vas da interface fibra-matriz, contraciao de polime-
rizacao e caracteristicas intrinsecas da interface
fibra-matriz.®

CONCLUSAO

De acordo com a metodologia utilizada e consi-
derando-se as limita¢Ges do presente estudo, pode-
-se concluir que:

e pinos de maiores didmetros e mesmas caracter-
isticas estruturais demonstraram maiores valores
de resisténcia a flexao e modulo de elasticidade;

¢ o didmetro e desenho da superficie dos pinos
influenciam em suas propriedades e devem ser
levados em consideracao;

¢ o filamento metalico presente em alguns pinos
gera uma elevacao dos valores de médulo de
elasticidade;

o alteracOes abruptas no diametro do pino
causam areas de potencial enfraquecimento e
reduz as propriedades mecanicas;

» bolhas e espacos vazios foram observados em

todos os pinos.
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ABSTRACT | The Canalis Sinuosus (CS) is known as an anatomical variation of anterior superior alveolar nerve being a neurovascu-

DESCRIPTORS |

RESUMO

lar bundle. Frequently, the anterior maxillary region receives surgical interventions of different specialties. The kno-
wledge concerning anatomical structures in this region is crucial to reach predictable and safe surgical procedures.
The overlapping of anatomical structures in conventional imaging examinations has a limit in observing neurovascular
canal, such as the CS. Thus, Cone Beam Computed Tomography (CBCT) images may give a great support in preoperative
planning, since it allows the three-dimensional reconstruction of the anatomical details of its structures. In this report,
the author describes an implant rehabilitation that may have possibly injured the anterior superior alveolar nerve.

Anatomic Variation; Cone-Beam Computed Tomography; Dental Implants; Hard Palate; Oral Diagnosis; Oral Surgery.

Canal Sinuoso e procedimentos radiograficos na regiio anterior da maxila ¢ O canal sinuoso (CS) ¢ conhecido como uma variagao
anatomica do nervo alveolar anterior superior, sendo um canal de feixe vasculo-nervoso. Frequentemente a regido anterior da maxila recebe inter-
vengdes cirurgicas de diferentes especialidades. O conhecimento a respeito das estruturas anatdmicas presentes nessa regido ¢ de suma importancia
para se alcangar procedimentos cirurgicos mais seguros e previsiveis. A sobreposigao de estruturas anatdmicas nos exames de imagens convencio-
nais ¢ uma limitagdo para se observar o canal neuro vascular como o CS. Assim, as imagens de Tomografia Computadorizada por Feixe Conico
(TCFEC) sdo de grande auxilio no planejamento pré-cirtrgico, pois permitem avaliar os detalhes das estruturas anatdmicas em trés dimensdes. Neste
estudo, os autores relatam um caso de reabilitagdo por implante que poderia ter lesionado o nervo alveolar superior anterior.
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INTRODUCTION

The Canalis Sinuosus (CS) is known as an ana-
tomical variation of Anterior Superior Alveolar
(ASA) nerve. The ASA nerve supplies the inci-
sors and canines, as well as adjacent soft tissues.!
The CS was first described by Jones, as the nerve
and blood vessels that leave the infraorbital ner-
ve through a bone canal about 2 mm in diameter
beside the nasal cavity.! Neves et al. reported that,
during a bone graft surgical procedure in the ante-
rior maxilla, the periosteum was dissected and the
innervation of the CS could be observed and tested,
confirming that there was a neurovascular bundle
inside this canal, and therefore, it was not a simple
nutrient canal.2

Frequently, surgical interventions are perfor-
med in the anterior maxillary region, such as den-
tal implant placements, removal of impacted cani-
nes and also removal of cysts and tumors. Thus, the
knowledge of noble anatomical structures present
in this region is essential for the treatment to be
successful.34

Conventional imaging exams have limita-
tions to identify some intraosseous structu-
res due to overlapping of anatomic structu-
res.5 To observe intraosseous structures, three

dimensional radiography technique is more con-
venient to assess anatomic details. Thus, Cone
Beam Computed Tomography (CBCT) images are
useful and provide a great support in preoperati-
ve recognition of anatomical variations, since it
allows evaluating anatomical structures in three
plans, showing the precise location, diameter
of the canal and proximity to other anatomical
structures.®

In this report, we describe a prosthodontic
rehabilitation by implant, wherein the CS is very
close to dental implant planned area. Because of
this proximity, it represents a greater risk for supe-

rior alveolar nerve injury.

CASE REPORT

A 57-year-old woman was treated at the priva-
te Oral Maxillofacial Imaging Center in Avaré, Sao
Paulo, Brazil. The CBCT exam (Gendex CB500) was
requested by a dentist for one year, following-up
a dental implant installed in region 22. Clinically,
there were no signs of complications or symptoms.
However, it was observed through a trans-axial
view that the outer cortex of the canal was in close
proximity from the dental implant (Tomography —
Figures 1-3

Figure 1 | Axial view
Computed Tomography Cone Beam image - Gendex CB 500.
Green arrow points out the CS presence.

Figure 2 | coronal view
Computed Tomography Cone Beam image - Gendex CB 500.
Green arrow describes the CS path.
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Figure 3 | Sagittal view

Computed Tomography Cone Beam image - Gendex CB 500.

Green arrow points out the CS exit.

The CS was observed unilaterally on the left
side, in the middle third of the anterior maxilla-
ry sinus and lateral nasal cavity, downward and
curved medially, with an oblique trajectory which

could be observed in close proximity to the third
apical region of dental implant that was placed in
the area of region 22 (3D RECONSTRUCTION —
Figures 4 and 5).

Figure 4 | Coronal View
3D reconstruction of the proximity of the Canalis Sinuosus with
the apical portion of the implant.

182 Clin Lab Res Den 2015;21(3):

Figure 5 | Palatine View
3D reconstruction: note the proximity of the CS with the apical
portion of the implant.
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The exit of CS was identified and it was in accor-
dance with the schematic representation described
by Oliveira-Santos et al’, between central incisor

and lateral incisor region.

CS

Figure 6 | The exit of CS was in the central incisor and lateral
incisor region

The adapted schematic representation described by Oliveira-
-Santos et al. 2013.

DISCUSSION

The literature is controversial defining the CS.
The majority hold on to the position that the CS is
an anatomical variation.">°8 However, some au-
thors describe it as a common anatomical structu-
re.? Regardless of the anatomical classification, the
professional must consider this structure in surgi-
cal planning, since many surgical procedures are
performed in the anterior maxilla.

To warn and to aware surgeons of the impor-
tance of identifying the anatomical variations,
Oliveira-Santos et al’ described seven possible
emergency sites of CS in the hard palate: Central
incisors region; between central and lateral; lateral
incisors region; canine region; first premolar re-
gion; lateral to incisive foramen and posterior to in-
cisive foramen.” Song et al. showed that the canine
to premolar region is the most appropriate donor
site for periodontal plastic surgery.*

Even though our case presented the exit of CS
between central and lateral region, the anterior
maxillary region still requires special attention for
surgical interventions, since this region presents
possible emergency sites of the CS.

It is important to emphasize that CBCT exami-
nations are essential for surgical planning, bearing
in mind that such procedures allow detecting noble
structures poorly visualized on conventional radiogra-
phs. Thus, the CS identification becomes an important
step of the surgical planning in the anterior maxilla.

CONCLUSION

The anatomic variation such as CS can be detec-
ted by CBCT exams and it is important to note that
such exams are also highly recommended for surgi-
cal planning procedures to the anterior maxilla, in
order to preserve noble anatomical structures.
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ABSTRACT |
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Os diferentes indices quantitativos e qualitativos que sdo utilizados para mensurar a qualidade 6ssea em radiografia pa-
noramica sdo denominados indices radiomorfométricos. Esses indices sao propostos como ferramentas de rastreio da
baixa densidade mineral 6ssea e da osteoporose, sendo considerados como métodos alternativos. Atualmente, pesqui-
sadores tém utilizado esses indices em tomografias computadorizadas de feixe conico (TCFC) com o intuito de verificar
se esse exame também pode ser utilizado para busca de pacientes com baixa densidade mineral 6ssea. O objetivo desse
estudo foi fazer uma revisao de literatura a respeito do uso da TCFC para a obtencao dos indices. Foram selecionados
trabalhos que abordaram o uso da TCFC e indices radiomorfométricos para analise da qualidade 6ssea. Conclui-se que
os indices radiomorfométricos podem ser obtidos em exames de TCFC, porém mais estudos sdo necessarios devido a
variabilidade de metodologias e parametros.

Tomografia Computadorizada de Feixe Conico; Indices; Densidade Ossea.

Use of cone beam computed tomography in obtaining radiomorphometric indices - Literature Review ¢ The different quanti-
tative and qualitative indices used to measure bone quality in panoramic radiograph are known as radiomorphometric indices. These
indices have been proposed as useful tools to screen for low bone mineral density and osteoporosis, being considered as alternative
methods. Nowadays, researchers have been using these indices in cone beam computed tomography (CBCT) aiming to verify that this
examination can also be used to search for patients with low bone mineral density. The aim of this study was to make a review of lit-
erature regarding the use of CBCT for obtaining the indices. Selected works which focused on the use of CBCT and radiomorphometric
indices for bone quality analysis. We concluded that the radiomorphometric indices can be obtained in CBCT with software assistance,
although more studies are necessary due to the variability methodologies and parameters variability.
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e Utilizacao da tomografia computadorizada de feixe conico na obtencao de indices radiomorfométricos - Revisao de Literatura

INTRODUCAO

A osteoporose é considerada uma doenca sisté-
mica, progressiva, caracterizada pela diminuicao
da massa Ossea, resultado da deterioracao da mi-
croarquitetura do osso, que ocasiona fragilidade e
aumenta o risco de fratura.! E uma doenca consi-
derada silenciosa, porque muitas de suas alteracoes
sdao encontradas apenas quando ocorrem fraturas
Osseas, o que demonstra a importancia do diagnos-
tico antecipado.?

O rastreamento da osteoporose3 pode ser re-
alizado pelos cirurgides dentistas por meio de ra-
diografias panoramicas, comumente utilizadas nas
avaliacOes iniciais dos pacientes, e também pela
aplicacao de indices radiomorfométricos, que per-
mitem uma analise quantitativa e qualitativa da
cortical mandibular.

Com a descoberta da osseointegracao, os cirur-
gides dentistas passaram a se preocupar mais com
a qualidade e quantidade 6ssea, e com isso cresceu
a utilizacdo de implantes na reabilitacdo oral.+5
Assim, aumentou-se o nimero de solicitagcdes dos
exames de tomografia computadorizada de feixe
conico (TCFC) para avaliacao desses casos.

A TCFC foi introduzida na odontologia em 1998°
e, nos ultimos anos, vem substituindo a tomografia
convencional no diagnostico em odontologia’” — al-
cancando ampla aceitacdo em imagem dentomaxi-
lofacial —, porque permite menor tempo de exame,
menor dose de radiacio e reducio no custo.®

Existem estudos que utilizaram a TCFC como
método de rastreamento da osteoporose, porém
com metodologias bem diferentes. O objetivo des-
te estudo foi realizar uma revisao de literatura a
respeito do uso da TCFC na obtenciao de indices ra-
diomorfométricos que permitem uma avaliacdo da
qualidade 6ssea da mandibula.

REVISAO DE LITERATURA

A osteoporose, na maioria das vezes, inicia-se a

partir dos cinquenta anos, e estima-se que uma em

186 o cClin Lab Res Den 2015;21(3):185-190

cada duas mulheres e um em cada quatro homens
com mais de 50 anos terdo uma fratura relacionada
a osteoporose em suas vidas.3 Fatores como idade,
histéria familiar de fratura, baixo indice de massa
corporea e fratura prévia por fragilidade sao com-
ponentes para o risco de fraturas. Qutros fatores
de risco, que também colaboram para o desenvol-
vimento da osteoporose, sdo ingestdo insuficiente
de célcio, falta de exercicio fisico e habitos toxicos,
como tabagismo e consumo excessivo de alcool ou
medicamentos — especialmente glicocorticoides.™

A deficiéncia de estrogénio é o principal fator de
contribuicdo para a perda 6ssea ap6s a menopau-
sa.* Além disso, essa deficiéncia afeta o metabolis-
mo 0sseo e causa alteracoes na densidade mineral
6ssea (DMO), afetando os ossos maxilares, assim
como o restante do organismo. A DMO da mandi-
bula se correlaciona positivamente com DMO da
coluna lombar e do fémur, importantes sitios na
analise da osteoporose,’? e o osso mandibular de
individuos com osteoporose se apresenta como um
0sso cortical menos espesso e mais poroso.'s

O diagnostico da osteoporose é realizado pela
avaliagdo da coluna lombar, fémur proximal, colo
femoral ou fémur total e antebraco, de acordo com
os critérios da Organizacdo Mundial da Satde
(OMS). O exame padrao-ouro é a absorciometria
de dupla energia de raios-X, conhecido como densi-
tometria 6ssea (DEXA) que indica a situagao atual
do paciente. Essa técnica envolve a imagem digital
para localizar as regides do esqueleto de interesse,
seguido por estimativa de atenuacao de raios-X em
cada regiao."

Como a osteoporose é uma doenga sistémica que
envolve todos os ossos do esqueleto, as radiografias
permitem também a visualizacdo dos ossos maxi-
lares e das estruturas dentéarias, e, com isso, podem
oferecer uma oportunidade de ser uma ferramen-
ta de rastreio das alteracoes 6sseas decorrentes da
osteoporose.'5
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A literatura mostra que outros métodos de ana-
lise da qualidade 6ssea foram propostos, utilizando
os indices radiomorfométricos em radiografias pa-
noramicas.'»*»7% Atualmente, alguns pesquisado-
res+2%21 comecaram a utilizar a TCFC como uma
ferramenta de diagnostico prévio das alteragoes 6s-
seas na mandibula.

Scarfe et al.2? relataram que a TCFC fornece
imagens claras de estruturas altamente contras-
tantes e é extremamente 1til para a avaliacido 6s-
sea, embora existam limitacGes na utilizagdo desta
tecnologia para a visualizacdo dos tecidos moles.
Além disso, € uma técnica de aquisicdo de imagens
médicas baseadas no feixe centrado de raio X com
formato conico em um detector bidimensional (2D).
O conjunto fonte de raios X e receptor de imagens
faz um movimento de rotacao, em 360°, uma tnica
vez, ao redor da regiao de interesse. As imagens sao
enviadas para o computador e sdo reconstruidas
em um conjunto de dados tridimensionais (3D);
desses dados podem ser obtidos cortes axiais, coro-
nais e sagitais, e também reconstrugdes panorami-
cas e cefalométricas a partir da imagem inicial.?324

Na pratica clinica, a qualidade da imagem de
exames tomograficos em TCFC e a capacidade para
mostrar caracteristicas anatomicas e patolédgicas
sdo influenciadas por um nimero de variaveis, tais
como a unidade de digitalizacao, o campo de visao
(FOV), objeto examinado, tempo de exame, tensao
de tubo e amperagem, e também resolucao espacial
definida pelo tamanho do voxel. O tamanho de um
voxel é definido por sua altura, largura e profundi-
dade; voxels em TCFC sao geralmente isotropicos
(os trés parametros sdo iguais).25:2

Koh e Kim' realizaram um estudo para avaliar o
uso de indices de tomografia computadorizada, uti-
lizando um tomografo de feixe conico para verificar
a densidade mineral 6ssea (DMO) em mulheres os-
teoporoticas na poés-menopausa. Os autores propu-
seram a utilizacdo de um novo termo, o “ITC” (indi-
ce de tomografia computadorizada), para mensurar

as medidas nos exames tomograficos e, com isso,
concluiram que os indices de tomografia computa-
dorizada podem ser utilizados para avaliar imagens
de mulheres osteoporoticas.

No estudo de Diniz-Freitas et al.,>° os autores
avaliaram a largura da cortical mandibular (IM)
em mulheres osteoporéticas que fazem uso de bi-
fosfonatos orais. Os resultados mostraram que a
altura da borda inferior da mandibula ao forame
mentual foi similar tanto no grupo das pacientes
com osteoporose como no grupo controle. Porém,
a largura da cortical mandibular foi significativa-
mente diferente na comparacao entre os dois gru-
pos, o que levou os autores a concluirem que a lar-
gura da cortical mandibular foi maior em mulheres
osteoporoticas tratadas com bifosfonatos do que
em mulheres que ndo eram osteoporoticas.

Gomes et al.? realizaram um estudo com o ob-
jetivo de comparar a avaliacio do Indice Cortical
Mandibular (ICM) proposto por Klemetti et al.7 em
imagens de reconstrugdes panoramicas e transver-
sais de tomografia computadorizada de feixe conico.
Os observadores avaliaram a cortical inferior das re-
construcdes panoramicas e das imagens transaxiais
para classificar em C1 (margem endosteal do cortex
nitida), C2 (margem endosteal que apresentou defei-
tos semilunares) e C3 (camada cortical com pesados
residuos corticais e claramente porosos). Os resulta-
dos mostraram que ndo houve diferengas estatisti-
camente significantes entre utilizar a reconstrucao
panoramica ou os cortes transaxiais, concluindo que
imagens de TCFC podem auxiliar na identificacio de
pacientes com baixa massa 6ssea e encaminha-los
para os demais exames e tratamento.

Barngkgei et al.'® avaliaram a estrutura de osso
trabecular de mandibulas e a densidade — no pro-
cesso odontoéide da segunda vértebra cervical — en-
tre mulheres com osteoporose e mulheres nao os-
teoporoéticas, por meio da utilizacdo da TCFC. Os
parametros estudados foram espessura trabecular
(Tb.Th), a separacao trabecular (Tb.S), fracdo de
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volume 6sseo (BV/TV), superficie 6ssea especifica
(BS/TV) e densidade de conectividade. Os autores
concluiram que a estrutura ossea trabecular da
mandibula e da maxila, avaliada pela TCFC, nao é
afetada pela osteoporose. J4 a anélise da densida-
de do osso trabecular revelou o oposto, mostrando
que algumas medidas do osso trabecular podem
ser avaliadas pela TCFC e que essas mensuracoes
podem ajudar na previsao de osteoporose.

DISCUSSAO

O namero de estudos que avaliaram TCFC e os-
teoporose sem abordar unidades Hounsfield é mui-
to pequeno.*%2%:2t O diagnostico precoce por meio
de medidas de qualidade 6ssea permite a adequada
gestao da osteoporose, diminuindo o risco de fra-
turas, de incapacitacao, e evita a dor subsequente
destes pacientes.'5'¢2

A perda 6ssea ocorre com o avanco da idade em
homens e mulheres (osteoporose relacionada com
a idade). Entretanto, nas mulheres a taxa de perda
6ssea também aumenta com a chegada da meno-
pausa (osteoporose pés-menopausa),'* e esta € a ra-
zao pela qual os estudos selecionados foram com a
populacao feminina.

Koh e Kim*' e Gomes et al.2* mostraram que o
ICM avaliado em imagens de radiografias panora-
micas sdo comparaveis aos dos cortes tomografi-
cos, validando sua utilizacao em TCFC.

A concordancia intraobservador do estudo de
Koh e Kim* mostrou uma correlacao significativa
entre os ITC e os grupos normais e osteoporoéticos.
Os autores nao realizaram o teste interobservador,
porque apenas um radiologista treinado poderia
realizar as leituras das imagens. Ainda que as leitu-
ras em dois tempos diferentes tenham sido realiza-
das, é importante que haja mais de um observador
treinado, para que o método possa ser validado.

O estudo de Gomes et al.* conclui que nao houve
diferencas estatisticamente significantes entre ava-
liar o indice em cortes de reconstrugao panoramica
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ou cortes transaxiais. Apesar dos autores relatarem
que a TCFC pode ser utilizada como ferramenta
de rastreio da osteoporose, os autores nao corre-
lacionaram seus resultados com a DEXA. Como a
OMS preconiza o DEXA como o exame padrao-ou-
ro para avaliacdo da qualidade 6ssea e diagnoéstico
da osteoporose, os novos métodos que estao sendo
propostos pela literatura precisam apresentar uma
correlacdo significativa com o padrao—ouro para
que possam ser implementados como ferramentas
opcionais de diagnosticos.

Diniz-Freitas et al.2° validou o IM de Taguchi
et al.'® em cortes transaxiais da TCFC de pacientes
que utilizavam bifosfonatos e do grupo controle, re-
latando em seu estudo que a espessura do trabecu-
lado 6sseo era maior nas mulheres que utilizavam o
medicamento — diferentemente dos estudos reali-
zados com radiografias panoramicas,'® que mostra-
vam que o IM é menor em mulheres com baixa den-
sidade 6ssea comparadas com pacientes saudaveis.

O estudo de Barngkgei et al.’* mostrou que a ana-
lise da densidade do osso trabecular pode ajudar
na previsao da osteoporose. Porém, como os auto-
res usaram como parametros dados utilizados em
micro-TC (BV/TV, BS/TV, Tb,Th, Tb.Sp, densidade
trabecular), e os estudos prévios sobre osteoporose e
TCFC utilizam os indices radiomorfométricos, a dis-
cussao desses resultados se tornou dificil.

Como os estudos citados apresentam diferentes
metodologias, torna-se dificil comparar os resulta-
dos dos estudos, sendo necessaria uma maior pa-
dronizacido de métodos e parametros. Atualmente,
o uso de exames de TCFC permite a visualizacao
das estruturas, sem sobreposicio, ampliagdo ou
distorcao, além de visualizacdo tridimensional do
volume 6sseo e arquitetura.2»?*> Os softwares uti-
lizados para avaliacdo das imagens de TCFC pos-
suem diferentes ferramentas que auxiliam e permi-
tem a obtencdo dos indices radiomorfométricos.

Quando se sugerem novos métodos de diagnos-
tico, é necessario pensar em custo e beneficio para
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o paciente. A DEXA, em comparacao com a TCFC e
a radiografia panoramica, apresenta o maior custo,
porém a menor dose de radiacdo.!# Neste estudo nao
foi avaliada a questao da dose de radiacao, mas é im-
portante ressaltar que o principio ALARA (as low as

reasonably achievable) deve ser sempre aplicado.”

CONCLUSAO

Esta revisao de literatura demonstra que existe
uma grande variabilidade de parametros e meto-
dologias, e que estes ndo sao conclusivos quanto a
utilizagdo da TCFC como método de rastreio da os-
teoporose. Pode-se afirmar que mais estudos nessa
area precisam ser realizados para verificar a aplica-
bilidade, a especificidade e a sensibilidade da utili-
zagao desse método.
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Residual cyst is an inflammatory odontogenic cyst resultant from pulp necrosis, where the tooth has already been re-
moved. Bisphosphonates are drugs used in the prevention and treatment of bone metabolism diseases with intense
resorption activity, and they have been associated with osteonecrosis of the jaws, an important side effect. The aim of
this study was to report a successful surgical treatment of a residual cyst in a patient who had previously developed jaw
osteonecrosis associated with sodium alendronate use. We emphasize here the importance of safe preoperative proce-
dures when approaching these patients.
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INTRODUCTION

Bisphosphonates are a group of drugs that have
been used in the management of metabolic and
oncologic diseases characterized by an increase of
osteoclastic activity. In the clinical setting, these
agents are available for oral and intravenous (IV)
administration.! The first one is primarily used for
treatment of osteoporosis, reducing the risk of ver-
tebral and non-vertebral fractures. When adminis-
tered by IV route, they are indicated for stabiliza-
tion of bone metastasis of solid tumors, treatment of
bone resorption defects in multiple myeloma, cor-
rection of hypercalcemia and in the management of
Paget’s disease and fibrous dysplasia.t Additionally,
in 2007, Food and Drug Administration (FDA) ap-
proved parenteral administration of zoledronic
acid for management of osteoporosis.*

Adverse effects of bisphosphonate therapy are
intimately related to type, frequency and route of
drug administration. Firstly described in 2003,
bisphosphonate-related osteonecrosis of the jaws
(BRONJ), now called medication-related osteo-
necrosis of the jaw (MRONJ) is an important side
effect whose etiopathogenesis is not complete-
ly known.? It was estimated that up to 12% of pa-
tients treated with IV bisphosphonates for cancer
could develop MRONJ.! Among patients taking
oral bisphosphonates, this condition was estimated
at 0.1%.3

Clinically, MRONJ is defined as an area of expo-
sed bone in the maxillofacial region that persists for
at least eight weeks in a patient who is receiving or
has been exposed to a bisphosphonate and has not
had radiation therapy to the craniofacial region.s
Radiographic features cannot be distinguished
from periapical lesions, osteomyelitis, primary or
metastatic bone disease.# Microscopically, non-
-vital bone tissue, chronic inflammatory infiltrate,
bacteria colonization consistent with Actinomyces
sp, and absence of osteoclasts are observed.
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Furthermore, intertrabecular fibrosis and inflam-
matory infiltrate within bone marrow spaces can
also be noted.s

The major goal of management for patients
who have MRONUJ is to preserve the quality of life
through controlling pain, managing infection, and
preventing the development of new areas of necro-
sis.# Laboratory tests that can provide the intensity
of collagen degradation, such as carboxy-terminal
collagen crosslinks (CTX), even nonspecific, can
provide predictive values in cases that need maxillo-
facial surgery.°

The aim of this study is to report a successful
surgical treatment of a maxillary residual cyst in a
patient who had previously developed BRONJ asso-
ciated with alendronate use.

CASE REPORT

A 73-year-old female patient presented with a
MRON/J in right mandible two months after ex-
traction of right mandibular first and second pre-
molars. At that time, serum CTX was 20pg/mL,
alendronate therapy was withdrawn, for three ye-
ars, by the patient’s physician, and medical treat-
ment for MRONJ was started. One year after this,
the lesion was completely healed. Treatment con-
sisted of oral penicillin and mouthrinse with anti-
microbial solutions (erythromycin, chlorhexidine
and hydrogen peroxide). During routine exami-
nations, three years after extractions, panoramic
radiograph revealed a well-circumscribed and ra-
diolucent lesion, measuring 2.3x1.7 cm, in the pos-
terior left side of maxilla (Figure 1) without any
clinical sign and compatible with a residual cyst.
Computed tomography showed a well demarcated,
unilocular and hypodense mass in the posterior
left side of maxilla, measuring 1.3x1.1 cm (Figure
2). At this point, patient was not using bisphos-
phonate anymore (for about six months) but CTX
was still low.
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Figure 2 | Initial computed tomography.

Surgical excision of the cystic lesion was in-
dicated only when CTX improvement was obser-
ved. Hematologic exams including complete blood
count, prothrombin time, activated thromboplas-
tin time, aspartate transaminase (AST), alanine
transaminase (ALT), urea and fasting blood glu-
cose (FBG) showed normal results. Also, CTX was
requested again, and the result was 430 pg/mL,
which would represent minimal risk for MRONJ,
according to Marx.°

During surgical procedure, intra- and extra-
-oral antisepsis was made with chlorhexidine, and
local anesthesia was performed with mepivacaine.
Tissue incision and divulsion were performed on

Figure 1 | Initial panoramic radiography.

a minimally traumatic technique. A Lucas curet-
te was used to displace the cyst capsule and, af-
ter lesion excision, the affected site was irrigated
with physiological saline solution, with posterior
osteoplasty and continuous suture with nylon (4-
0). After surgical procedure, the patient received
a prescription of oral clindamycin, 300mg, for 7
days; oral nimesulide, 100mg, for 3 days, sublin-
gual trometamol, 10 mg, for 3 days and mouthrinse
with 0.12% chlorhexidine.

Histopathological examination revealed an
inflammatory cyst, lined with stratified squa-
mous epithelium, which showed hydropic dege-
neration, spongiosis and hyperplastic areas. The
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connective tissue was fibrous with small caliber
blood vessels, presenting predominantly mono-
nuclear inflammatory infiltrate (Figure 3). These
characteristics confirmed the radiographic diag-
nosis of residual cyst. Follow-up appointments

were booked weekly in the first two months and

Figure 3 | Inflammatory cyst (H&E, original magnification X100).

panoramic radiograph revealed partial bone neo-
formation after three months (Figure 4). One year
after the surgical procedure, the patient showed
normal healing of the surgical wound without any
sign of MRONJ (Figure 5), and she is currently
under follow-up.

Figure 4 | Panoramic radiograph with good bone neoformation
(three months after surgical procedure).

Figure 5 | Intraoral view (one year after the surgical procedure).

DISCUSSION

MRONJ is reported as an important complica-
tion of bisphosphonate therapy especially associa-
ted with the use of aminobisphosphonates, which
is difficult to treat and can considerably impair
the patient’s quality of life. Periodontal disease,
tooth extractions, dental implants placement, and
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periapical surgery are considered local risk factors
for this condition.” Duration of treatment, as well as
bisphosphonate type and route of administration
can also be included as risk factors. Although the-
re is no scientific evidence, diabetes, obesity, coa-
gulopathies, anemia, use of alcohol and tobacco are
pointed out as possible predisposing factors.”
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Many hypotheses have been postula-
ted to explain the pathogenesis of MRONJ.
Bisphosphonates are able to interfere with remo-
deling of bone tissue by acting on different cells.®?
Their effect on osteoclasts occurs by inhibiting
recruitment and differentiation, decreasing life
span and promoting apoptosis. The presence of
numerous bacteria, especially Actinomyces sp., in
MRONUJ lesions has been reported.® Other effects
of these drugs, such as impairment of both angio-
genesis and epithelial cell proliferation,® support
the hypothesis that osteonecrosis of the jaws has a
multifactorial etiology.

Despite controversies, Ruggiero et al.? defend
that oral bisphosphonate users who need oral ma-
xillofacial surgeries should undergo a drug holiday
and bone metabolism monitoring by means of bio-
chemical markers such as the serum CTX test.® The
American Association of Oral and Maxillofacial
Surgeons (AAOMS) recommends that patients
in use of oral bisphosphonates for three years or
longer and using corticosteroids simultaneously
should interrupt the use of bisphosphonates three
months before the oral surgery, resuming the use of
the drug only when the surgical wound is comple-
tely healed.®

It is important to highlight that the reported
patient was successfully subjected to a surgical
procedure to excise a residual cyst, even with the
previous history of MRONJ. Certainly, drug inter-
ruption contributed to our successful surgery, since
our patient stayed three years without alendronate
use. This fact is confirmed by the CTX value, which
was 20 pg/mL (high risk for MRONJ) at the time
patient developed MRONJ, and had increased to
430 pg/mL (minimal risk)® at the time surgery was
performed. Hence, CTX in this case was a helpful
tool for evaluating risk for MRONJ and guiding
decisions in the management of patients under bis-
phosphonate therapy who need maxillofacial surgi-
cal interventions.®

Although bacterial infection might accelerate the
development of MRONJ, it is probably not the pri-
mary etiology for the condition since MRONJ was
reported spontaneously without prior bone exposure
to oral microbiota.! Nevertheless, prophylaxis proto-
cols before dental intervention for patients at risk of
developing MRONJ may have a significant beneficial
effect in the prevention of secondary infection asso-
ciated with MRONJ.2 Lodi et al.*® reported minimal
post operatory complications associated with 38
dental extractions in 23 patients receiving bisphos-
phonate therapy and treated with amoxicillin (1 g, 3
times/day) 1 day before dental intervention and con-
tinued for 17 days. Although there is no consensus
in the literature about this protocol, penicillin is the
antibiotic of choice for prophylactic and post opera-
tory use in oral surgery in patients at risk of deve-
loping MRONJ.5* In this case it was not prescribed
amoxicillin before the surgical procedure.

We have reported here a well-succeeded sur-
gical excision of a residual cyst in a patient who
had previously developed MRONJ associated with
sodium alendronate use. Despite the evidence of
the risks, maxillofacial surgeries are often deman-
ded by patients under bisphosphonate therapy.
Moreover, although rare, MRONJ associated with
oral bisphosphonate does happen. Therefore, the
correct approaching of the patient can provide a
safe procedure avoiding MRONJ occurrence. Also,
the need for identifying treatment protocols capa-
ble of reducing the incidence of this oral disease is

ever more pressing.
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