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Editorial

In response to reader and author feedback, a couple
of minor format changes are included in this issue of
Operative Dentistry. First, the clinical technique,
case report and clinical research articles are placed
immediately after any invited manuscripts. Second,
the e-publication only articles are identified with
their clinical relevance statements. These manu-
scripts can be read in their entirety at www.
jopdentonline.org. If your subscription includes on-
line access and you are having any problems getting
to the information, do not hesitate to contact our
support desk at helpdesk@allenpress.com.

This month’s issue includes an invited paper from
Dr. David T. Wong covering the material that was
presented during the Buonocore Lecture at the 2012
Academy of Operative Dentistry Annual Meeting in
Chicago. I extend my sincere gratitude to Dr. Wong
for his contribution to the Academy and this journal.
I hope that those of you who missed an excellent

presentation will benefit from this paper. The rest of
the issue includes information on the treatment of
dentin prior to bonding, issues surrounding zirconia,
the impact of instrumentation of composite restora-
tion margins and the interaction of bleach with tooth
structure.

And I would like to say a special thank you to each
individual who has provided reviews over the last
year. Reviewers, alongside of authors, are the
lifeblood of the journal. These individuals are listed
on the journal cover or linked online as ad-hoc
reviewers. Some have provided as many as eight
manuscript reviews over the last twelve months.
Kudos to you!

I hope that each of you finds something worth-
while in this issue. Happy reading!

Jeffrey A. Platt D.D.S., M.S., Editor

Staff Letter

Open Letter to All Submitting Authors of Operative Dentistry

Dear Authors,

We are so grateful to each of you for continuing to
provide Operative Dentistry with such outstanding
manuscripts to consider. We have seen a steady
increase each year in the number of manuscripts
that are sent to us for publication consideration. For
example 20 years ago, during the 1992 volume year,
we received 68 manuscripts for consideration, and
printed 33 an acceptance rate of 48%; 10 years ago,
during the 2002 volume year, we received 212
manuscripts—a 311% increase, 93 were printed
putting our acceptance rate at 43%; last year we
received 505—a 238% increase over 2002 and a 742%
increase over 1992, 80 were printed (more pages
than in 2002) for a 15% acceptance rate. As you can
see, we are having to become more and more
selective in the articles we publish, not only that,
but because of the costs of maintaining a manuscript
submission system that can deal with this kind of
traffic, our costs are exponentially increasing as

well. Unfortunately, it has come time that we need to
pass a small portion of these costs on to our
submitting authors. Operative Dentistry is charged
by our submission vendor 25.00USD per manuscript
that goes through our system, whether it is accepted
for publication or not. Beginning with the first
submission of 2013, that cost will now be charged
to our authors to submit a manuscript into our
system. This 25.00USD fee will be required for a
manuscript to be considered in any way. Please
understand that this fee is charged to us by our
vendor, and will be non-refundable. Paying the
submission fee will have no bearing on whether or
not your manuscript will be accepted either for
review, or for publication. We thank you for
understanding the necessity of this step. Should
you have any questions about this new policy, please
contact our offices at editor@jopdent.org.

Sincerely,

Operative Dentistry Office Staff

�Operative Dentistry, 2012, 37-6, 561
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Buonocore Lecture

Salivary Diagnostics

DTW Wong

Clinical Relevance

The past 10 years have witnessed significant advances in the science and technology of
salivary diagnostics. The integration of salivary diagnostics into the clinical practice of
dentistry is on the horizon to enable chair-side detection of oral and systemic disorders in
the dental office.

SUMMARY

Saliva is a noninvasive and accessible biofluid
that permits early detection of oral and sys-
temic diseases. Recent scientific and techno-
logic advances have uncovered specific
salivary biomarkers for a number of clinical
conditions, including cancers, autoimmune
diseases, and cardiovascular disorders. The
availability of highly sensitive and high-
throughput assays such as microarray, mass
spectrometry, reverse transcriptase quantita-
tive polymerase chain reaction (RT-qPCR) and
nano-scale sensors that can measure proteins
and nucleic acids are poising saliva as an
emerging biofluid for translational and clini-
cal applications. This paper will discuss devel-
opment of salivary biomarkers for the
detection of oral and systemic diseases and
the translational application of these markers
for clinical applications.

INTRODUCTION

Current accurate diagnostic procedures available for
most diseases require invasive sampling performed
by trained professionals and the use of expensive,
specialized machinery and equipment. The discovery
that saliva contains molecular profiles that reflect
diseases in the body has opened the doors to a new
noninvasive diagnostic methodology: salivary diag-
nostics. Using saliva in early detection of diseases is
quickly proving to be not only practical, noninvasive,
and safe, at times it is proving more accurate than
available alternatives.

Salivary diagnostics is a late comer; however, in
the last decade there has been significant progress in
the field. In this article, we will review the recent
advances made in salivary biomarker-based diag-
nostics via genomic and proteomic approaches and
their implications for dentistry and medicine.

SALIVA: THE BIOFLUID

Saliva is the secretions by the three major salivary
glands (parotid, submandibular, and sublingual),
hundreds of minor salivary glands, and gingival
crevice fluid. The functions of saliva are many and,
among others, include ‘‘regular’’ functions such as food
digestion, bolus formation, lubrication, and taste
facilitation, and immune functions through antimi-

*David T.W. Wong, DMD, DMSc, professor, University of
California, Los Angeles, School of Dentistry, Los Angeles,
CA, USA

*Corresponding author: 10833 Le Conte Avenue, 73-017
CHS, Los Angeles, CA 90095; e-mail: dtww@ucla.edu,
dwong@dentistry.ucla.edu

DOI: 10.2341/12-143-BL
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crobial peptides1 and immunoglobulins.2 However, the
mentioned saliva components only constitute a small
part of secreted saliva. Considering the multitude of
molecular species found and the unknown reason for
their presence in the oral cavity (and subsequent
gastrointestinal tract), saliva could play yet undeter-
mined roles in maintaining systemic homeostasis.

Cell-free saliva has been found to contain over a
thousand proteins involved in a wide range of
biologic functions,3 as well as messenger RNA
(mRNA) and micro RNA (miRNA) transcripts4-6

and metabolites.7,8 Saliva proteins, mRNA, miRNA,
and metabolites are proving useful for diagnostic
purposes, as their increased and decreased occur-
rence in saliva is being found to reflect oral as well as
systemic disease. The complex mixture that forms

secreted saliva has called for developments in
genomic and proteomic approaches to allow for its
analysis and its use as a diagnostic medium.

ADVANCES IN SALIVA GENOMICS, PROTEOMICS,
AND STUDY DESIGN

Saliva Analysis Technology

Microarray has allowed for a high throughput
analysis of saliva and is the current gold standard
for identifying salivary transcripts. Currently, the
salivary transcriptome is profiled using microarray
technology and validated with quantitative polymer-
ase chain reaction (qPCR). Due to the low concen-
tration of some biomarkers and the small volume of
sample that can be collected from some subjects,
salivary biomarker analysis has called for innova-

Figure 1. Intended clinical context of salivary detection of oral cancer in dental office. Salivary diagnostics will reduce the number of unnecessary
referrals to hospital for invasive, time-consuming, and expensive diagnostic procedures. Nine-six percent of biopsies of suspicious oral mucosal
lesions are not cancer.

Wong: Saliva and Clinical Dentistry 563
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tions in technology to allow for detection of specific
low-concentration transcripts.

Work conducted by Hu and others9 has overcome
the limitations of microarray and qPCR by two
developments: a universal mRNA-amplification
method for the microarray biomarker discovery
phase, and in the qPCR validation step, a multiplex
preamplification method has been developed and
implicated. Thus, the performances of these technol-
ogies are not hindered by the low concentration of
biomarker transcripts in saliva. Moreover, the
multiplex preamplification method can perform
simultaneously for many different targets and
therefore provides a cost-effective screening with
decreased workload as well as allowing for quanti-
tative measurement using a relatively small amount
of preamplification product.

Saliva Proteomics Analysis

Disease detection based on salivary protein biomark-
ers provides its own challenges. Proteins do not
generally have long half-lives, although there is
much difference from protein to protein. Not only
does the nature of peptides cause special require-
ments for processing and storage of saliva protein
analytes, the milieu of the oral cavity also imposes
protein degrading factors. Saliva is a complex fluid
that contains, among others, proteolytic enzymes
that affect the stability of saliva protein analytes
over time. Thus, protein-based salivary diagnostics
requires immediate processing and/or analysis of
saliva samples or the use of freezers and costly
protease inhibitors for storage until processing.

In research and laboratory settings, requirements
for protein-based detection of disease can be met
easily. However, in a clinical setting, protein stabi-
lization without need for freezers and other special-
ized machinery may be required for the clinical
reality of salivary diagnostics. Our laboratory is in
the forefront of development of protein stabilization
methods that allow for storage of protein-containing
saliva samples at room temperature and without
expensive reagents and machines. We believe such
development will greatly benefit salivary diagnostics
and facilitate its implication in clinical practices.

Saliva Biomarker Study Design

The use of salivary biomarkers for detection of breast
cancer has been explored since the early 2000s. Such
studies10-14 assessed the use of c-erbB-2, VEGF, EGF,
and CEA for saliva biomarker-based breast cancer
diagnostics. Thus, these studies looked for known

serum biomarkers in saliva. Zhang and others5 were
the first to use de novo transcriptomic and proteomic
approaches to discovery and validation of a salivary
biomarker profile for breast cancer detection.

Prospective-specimen-collection and retrospective-
blinded-evaluation (PRoBE) Clinical Design—The
use of biomarker for clinical decision-making obvi-
ously requires stringent testing of the biomarker’s
performance. Advances in biotechnology and the
biomarker research field have increased dramatical-
ly in the last decade. However, the validation of
discovered biomarkers has fallen behind.

Guidelines for reporting study results and a
phased approach to biomarker development have
been around for a while. However, not until recently
has a comprehensive guide to biomarker study
design been available. A notable advance in salivary
biomarker clinical study design is PRoBE (prospec-
tive specimen collection and retrospective blinded
evaluation, described by Pepe and others15). PRoBE
design incorporates prospective specimen collection
from the target population, collected in a blinded
fashion with no knowledge about the patient’s
outcome. After outcome has been determined, pa-
tients with the outcome and control subjects without
the outcome are selected randomly, and their
specimens are tested in a blinded to case-control
status fashion. The incorporation of the PRoBE
design in biomarker development (discovery and
validation) is critical to ensure the eventual valida-
tion of biomarkers in a specific clinical setting.

Salivary Transcriptome

mRNA and miRNA—mRNA and miRNA are
transcribed by active cell machinery in response to

Figure 2. The oral fluid nanosensor test of the University of California,
Los Angeles: a portable device for point-of-care detection of salivary
biomarkers.
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normal input in order to perform normal cellular
functions and maintain cellular and systemic ho-
meostasis. Transcription of RNA is governed by
complex molecular pathways and associated mole-
cules of both intracellular and extracellular origin.
mRNA as well as miRNA can be found secreted in
association with microvesicular structures in the
extracellular milieu of transcribing cells and in
biofluids (including blood, urine, and saliva) distant
to the transcribing cell.6,16,17 In the diseased state,
transcription of specific mRNAs and miRNAs is
altered (suppressed or induced) either in normal
immunologic attempts to fight the disease (eg,
immune-cell signaling) or by the pathology itself
(eg, cancer cell transcripts). Although the exact
cellular origin of salivary mRNA is unclear, charac-
terization of mRNA profiles in bodily fluids provides
insight into the state of the systems gene transcrip-
tion network and therefore a reflection of the
systems status.

There have been several translational advances in
transcriptomic salivary biomarker characterization
in the last past few years. Transcriptomic biomark-
ers for primary Sjögren syndrome have undergone
preclinical validation,18 and mRNA biomarkers for
oral squamous cell carcinoma (OSCC) previously
discovered in a US cohort19 have been found to detect
disease in a cohort of different ethnicity (Serbian).20

Zhang and others5 performed discovery and valida-
tion of transcriptomic salivary biomarkers for breast
cancer, using a de novo approach involving mRNA
profiling of matched patients and controls using
Human Genome U133 Plus 2.0 Array (Affymetrix,
Santa Clara, CA, USA) and then preclinical valida-
tion in an independent cohort using quantitative
(RT)-qPCR.

Applying PRoBE design, Zhang and others21

identified salivary mRNA biomarkers for pancreatic
cancer with 93.3% sensitivity and 100% specificity in
distinguishing patients with early stage resectable
pancreatic cancer from healthy patients. Important-
ly, these biomarkers were found to distinguish
pancreatic cancer from chronic pancreatitis with
high sensitivity and specificity (both 96.7%). Finally,
the ovarian cancer salivary transcriptome profile
was discovered in a clinical case control study using
HG U133 Plus-2.0 Array (Affymetrix) and then
validated with qPCR by Lee and others,22 achieving
85.7% sensitivity and 91.4% specificity.

miRNA) are short (19–25 nucleotides in length)
RNA transcripts that function as posttranscriptional
regulators as part of the RNA induced silencing
complex of protein synthesis by binding to comple-

mentary sequences on the target mRNA transcripts
(for an extensive review, see Bartel23,24). These novel
RNAs have been well-characterized and found to
play roles in cell growth, differentiation, apoptosis,
pathogen-host interactions, as well as stress re-
sponses and immune function and are found in
saliva25 (for extensive review see Lu and others,25

Zeng,26 and Stadler and Ruohola-Baker27).

miRNAs in several cancer cell types have been
demonstrated to be differentially expressed com-
pared with normal cells with expression fold changes
in the tens to hundreds. Cancer cell changes in
mRNA are comparatively small, and cancer miRNAs
also appear to cluster solid tumor-types more truly
than mRNA.25,28,29 These properties make miRNA
cancer biomarkers very powerful, and it is likely that
miRNA will become of great clinical use in salivary
diagnostics. Park and others6 found two miRNAs
(miR-125a and miR-200a) that had significantly
reduced levels in the saliva of oral cancer patients
compared to controls and found that these two
markers could be used for detecting OSCC. Liu and
others30 recently discovered that salivary miRNA-31
(miR-31) was significantly elevated in patients with
oral cancer at all stages of disease and tumor size.
This study also determined that salivary miR-31 was
more abundant than blood miR-31, indicating oral
tumor origin of this biomarker.

Salivary Proteome

The proteome is the protein complement of the
transcriptome and genome and thus a link between
cell biology and genetics. The discovery and study of
proteins, their amino acid sequences, and their
mRNA precursors have been invaluable to the life
sciences. Although mRNA expression profiling may
provide a more direct representation of gene-tran-
scription, protein expression profiling provides a
more direct representation of cellular function
because expression of proteins is not only controlled
at the transcription level but also at the level of
translation.31,32 Proteomic analysis of body fluids is
therefore an accurate reflection of the life and
function, disease and death of cells, organs, and the
organism.

The human salivary proteome has been well
characterized. Several different classes of salivary
protein biomarkers that can assist with diagnosis
have been reported. Endothelin-1, a vasoconstrictor,
was reported as a potential biomarker for OSCC
development in oral lichen planus patients.33 Inter-
leukin-8 (IL-8), interleukin-1"b (IL-1"b), and glyco-
protein M2BP have been reported as salivary

Wong: Saliva and Clinical Dentistry 565
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biomarkers for oral cancer,34-36 and immunoglobu-
lins have long since been described as salivary
biomarkers for HIV.37,38

Salivary Metabolome

The metabolome is the complement of small-mole-
cule metabolites (metabolic intermediates, signalling
molecules, and secondary metabolites) that can be
measured in a bio-sample. Just as the transcriptome
and proteome, the metabolome changes continually
and is a dynamic picture of cellular and organ
functions, reflecting gene and protein expression as
well as environment. Metabolomic investigations
generate quantitative data for many metabolites to
elucidate metabolic dynamics related to disease state
and drug exposure.39

The Salivary Metabolome in Periodontal Disease
and Systemic Oncology—Using capillary electropho-
resis time-of-flight mass spectrometry, our laborato-
ry identified 57 principal metabolites that can
accurately predict the probability of being affected
by oral cancer, breast cancer, pancreatic cancer, and
periodontal disease. Multiple logistic regression
models yielded area under the receiver operating
characteristic curves (AUCs) of 0.865 for oral cancer,
0.973 for breast cancer, 0.993 for pancreatic cancer,
and 0.969 for periodontal diseases, and cross-valida-
tion accuracy AUCs of 0.810, 0.881, 0.994, and 0.954,
respectively.7 Wei and others8 demonstrated, using
ultra-performance liquid chromatography coupled
with quadruple time-of-flight mass spectrometry,
that a combination of three salivary metabolic
biomarkers (valine, lactic acid, and phenylalanine)
could discriminate OSCC from controls and oral
leukoplakia, with accuracy of 0.89 and 0.97, sensi-
tivity of 86.5% and 94.6%, specificity of 82.4% and
84.4%, and positive predictive values of 81.6% and
87.5%, respectively. These reports clearly demon-
strate the utility of salivary metabolomic biomarkers
for disease detection and the potential for clinical
implementation.

Salivary Microbiome

The human oral microbe identification microarray
(HOMIM) is a recent development, where an
oligonucleotide- microarray, based on the 16S rRNA,
has allowed for the profiling and monitoring of
changes in the oral microbiota.40 Alterations in the
bacterial profile of the oral cavity have been found to
be associated with several diseases: pancreatic
cancer,41 oral cancer,42 lung cancer,43,44 colonic
neoplasia and extracolonic malignancy,45 cardiovas-
cular disease and cerebrovascular disease,46-48 and

preterm birth.49 These changes are reflections of
systemic diseases and therefore offer another sali-
vary diagnostic alphabet.

SALIVARY DIAGNOSTICS

The discovery of salivary biomarkers and their
reflection of the system’s health status, has natural-
ly led to their exploration as tools for disease
detection and diagnostics. Detecting disease at an
early stage is imperative to success of therapy in
most cancers. In the future, salivary diagnostics will
aid in rapid and easily accessible clinical diagnosis,
thus potentially allowing for more cases being
detected at early stages and thereby decreasing
mortality caused by cancers.

Oral Disease Detection

Since the 1990s, salivary diagnostics has been
developed for oral disease to monitor periodontal
disease and caries risk assessment.50-52 In 2009,
Gursoy and others53 compared the concentration of a
select subset of salivary proteins (elastase, lactate
dehydrogenase, IL-1"b, interleukin-6 [IL-6], and
tumor necrosis factor-a) and the presence of five
pathogens (Aggregatibacter actinomycetemcomitans,
Porphyromonas gingivalis, Prevotella intermedia,
Tannerella forsythia, and Treponema denticola) in
patients with advanced periodontal disease and
healthy controls. This study reported an association
of salivary IL-1"b and multiple oral pathogens with
periodontitis. In a study on dysplastic oral leukopla-
kia in relation to tobacco habits and periodontitis,
Sharma and others54 found that increasing IL-6
levels correlated with increasing severity of dyspla-
sia, indicating a potential for not only salivary
biomarker-based detection of disease, but also
determination of disease stage.

Discovery and validation of salivary diagnostic
markers for oral cancer detection have been con-
firmed to be applicable across ethnic backgrounds to
discriminate oral cancer from cancer-free subjects.20

The potential of many different types of salivary
biomarkers (metabolomic, transcriptomic [miRNA
and mRNA], proteomic, and microbiome) have been
described for oral cancer.6,7,30,33,42

Systemic Disease Detection

More recently, the advances in biotechnology, sali-
vary diagnostics, genomics, and proteomics have
extended the range of salivary diagnostics to systemic
disease monitoring. Possibly the most attractive
attribute of salivary diagnostics is that of its implica-
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tion in systemic disease detection, due to the invasive
nature of current clinical practice and in some cases
poor accuracy of current standard methods.5

Currently, available tests for systemic cancers
include a multitude of invasive and/or expensive
procedures (magnetic resonance imaging, biopsy, X-
ray, computed tomography, exfoliated cytology,
positron emission tomography, barium swallow and
endoscopy). This, combined with severely decreased
prognosis associated with late diagnosis, makes the
prospect of salivary diagnostics particularly valuable
in oncology.

Pancreatic Cancer

A significant milestone in salivary diagnostics was
reached by Zhang and others21 with the character-
ization of a salivary transcriptome profile that
discriminates patients with early stage resectable
pancreatic cancer from cancer-free subjects. The use
of the salivary transcriptome for detecting pancreatic
cancer was also found to outperform currently used
blood-based tests in terms of sensitivity and specific-
ity. Farrell and others41 further showed that varia-
tions in oral microbiota could be used to detect
pancreatic cancer as well as pancreatitis.

Lung Cancer

The most frequent cause of cancer-related death in
men and the second most common cause in women is
lung cancer. Currently, lung cancer may be detected
with chest X-ray and computed tomography, and
diagnosis is confirmed via biopsy. As such, the
current ability to detect lung cancer is limited by
stage of disease progression, and more than 75% of
cases are diagnosed in the late stages, significantly
reducing survival rate. Lung cancer, an often
asymptomatic or nonspecific symptom presenting
disease, represents one of the greatest needs for
salivary biomarkers-based diagnostics today.

Using two-dimensional difference gel electropho-
resis and mass spectrometry, Hua and others55

performed proteomic analysis of saliva of patients
with lung cancer. Sixteen candidate lung cancer
biomarkers were discovered and further verified in
the discovery sample, a prevalidation sample set,
and in a lung cancer cell line. Three candidate
markers achieved 88.5% sensitivity and 92.3%
specificity with an AUC of 0.90.

Breast and Ovarian Cancers

Today, breast cancer detection relies on physical
examination and imaging techniques. Emerging

technologies, such as molecular analysis of nipple
fluid aspirate and ductal lavage,56,57 may provide
improved accuracy and potentially earlier diagnosis
but are invasive and therefore limited to high-risk
patients. Recently, our laboratory reported the
discovery and preclinical validation of transcriptom-
ic and proteomic salivary biomarkers with diagnostic
power for breast cancer5 as well saliva biomarkers
for ovarian cancer, the most deadly gynecologic
cancer.22

Other Systemic Diseases

Not only is salivary diagnostics proving useful in
detecting systemic cancers, salivary biomarkers for
autoimmune diseases, microbial systemic infections,
and diabetes have also been described recent-
ly,2,18,37,58 expanding the potential clinical spectrum
of salivary diagnostics.

CONCLUSION: SALIVA DIAGNOSTICS IN THE
DENTAL OFFICE FOR CHAIR-SIDE DETECTION OF

ORAL AND SYSTEMIC DISEASES

Currently, the decision to use available accurate
diagnostic methodology for many diseases is made
based on symptoms reported by the patient and the
clinical observations made by the physician. As such,
the final diagnosis is often negative, thus imposing
unnecessary burdens on hospitals and increased
waiting time for patients. Salivary diagnostics is
intended to provide accessible noninvasive primary
testing for diseases and will greatly reduce the
burden on hospitals, especially relating to complex,
invasive diagnostic procedures yielding negative
diagnosis and will significantly reduce the number
of ‘‘unnecessary’’ invasive procedures being per-
formed today. These technologies will enable the
chair-side detection of oral and systemic disease in
the dental office59 with the potential to advance
dentistry into primary healthcare (Figure 1).

Any diagnostic fluid requires proper processing,
storage, and transport conditions especially suited to
the analytes of interest and the milieu that they are
found in to maintain the integrity of the analyte(s).
The noninvasive and easily collected nature of saliva
will allow for wide use and ultimate ease of access,
only if analytes can be cost efficiently and easily
stabilized for storage until analysis or transport to
laboratory. With the expanding reports of diagnostic-
value salivary biomarker profiles, it is timely that
technologies for saliva sampling and stabilization as
well as point-of-care technology are being developed.
Our laboratory has developed methods of stabilizing
whole saliva at room temperature without centrifu-
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gation by simple addition of a stabilizing reagent as
previously reported,60,61 which will extend the
usefulness of salivary diagnostics. A potential of
saliva-based diagnostics is noninvasive detection of
disease without specially trained professionals by
use of point-of-care technology that can allow for
sensitive and specific detection of diagnostic bio-
markers without any processing of the saliva sample.
Developed by our laboratory and supported by the
National Institute of Dental and Craniofacial Re-
search, the oral fluid nanosensor test (Figure 2) is a
robust portable electrochemical multiplex sensor
platform, which is able to detect nucleic acids
without amplification of analyte transcripts.62 Such
technology will provide easier access to disease
detection in remote and impoverished regions and
reduce burdens on health systems worldwide.
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Clinical Tech/Case Report

Periapical Healing After
Direct Pulp Capping With
Calcium-enriched Mixture
Cement: A Case Report

S Asgary � A Nosrat � N Homayounfar

Clinical Relevance

This article shows the healing potential of pulp tissue in vital caries exposed mature
permanent teeth; and also represents the ‘‘direct pulp capping’’ technique as a valuable
treatment procedure to save pulp tissue.

SUMMARY

This article describes a successful direct pulp

capping of a mature symptomatic mandibular
second molar in a 14-year-old girl. The patient

was referred with sensitivity to cold beverages

and pain on chewing on the second left man-

dibular molar. Clinical examinations revealed

extensive coronal caries and sensitivity to

percussion. Radiographically, the tooth was

mature and had a widened apical periodontal
ligament (PDL) and a narrow periapical lesion.
The concluding diagnosis was symptomatic
irreversible pulpitis with symptomatic apical
periodontitis. Treatment included caries re-
moval under rubber dam isolation, capping of
exposure sites with calcium-enriched mixture
(CEM) cement, and permanent coronal resto-
ration. At three-, 10-, and 15-month follow-up,
the tooth was functional, had normal response
to cold test, and did not have sensitivity to
percussion. The PDL space regained its normal
width, and the periapical lesion healed.

INTRODUCTION

Vital pulp therapies are biologically-based treat-
ments in which the main objective is to save pulp
health and vitality in carious or traumatic expo-
sures.1 These treatments include stepwise excava-
tion and indirect pulp capping, direct pulp capping
(DPC),2 and pulpotomies.3 Although vital pulp
therapies are universally accepted in the treatment
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of immature teeth, they are controversial in treating
carious exposed mature teeth.4

DPC is defined as the treatment of an exposed
vital pulp by sealing the pulpal wound with a pulp-
capping material. The material is directly placed on
a mechanical or traumatic exposure to promote pulp
healing.1 Several agents have been used for DPC;
among them, calcium hydroxide (CH) and mineral
trioxide aggregate (MTA) are the most studied ones.
Histological studies on pulps capped with CH
revealed that formation of dentinal bridges beneath
CH is unpredictable. Besides, these bridges contain
tunnel defects, and the underlying pulps are in-
flamed.5,6 On the other hand, compared with CH,
histological studies on DPC with MTA demonstrate
favorable results, including continuous regular den-
tinal bridge formation along with less pulpal inflam-
mation.5,6 Dentinal bridges formed beneath MTA
after DPC resemble tertiary dentin.7 Properties such
as biocompatibility, sealing ability,8 and hard-tissue
induction potential5,7 make MTA an ideal biomate-
rial for vital pulp therapies.

Calcium-enriched mixture (CEM) cement is a
water-based, tooth-colored cement containing lime
(CaO), phosphorus oxide (P

2
O

5
), sulfur oxide (SO

3
),

and silica (SiO
2
) as major elements.9 Because of

constant CH release during and after setting, CEM
cement has antibacterial properties similar to CH
and superior to MTA.10 Several in vitro and in vivo
studies reveal the similar sealing ability,11 biocom-
patibility,12 and hard-tissue induction potential13 of
CEM cement and MTA. Biological responses (the
quality of dentinal bridges and the amount of pulp
inflammation) after DPC with CEM cement and
MTA were similar and better than CH in dogs’
teeth.13 CEM cement has been used successfully in
pulpotomy of inflamed mature14 and immature15,16

human teeth. Two recent histological studies on DPC
of healthy human teeth demonstrate similar biolog-
ical responses to CEM cement and MTA.17,18

This article describes a successful direct pulp
capping of a mature second mandibular molar with
symptomatic pulpitis and symptomatic apical peri-
odontitis using CEM cement.

CASE REPORT

A 14-year-old healthy girl was referred with a
history of lingering pain on the left posterior
mandible. The patient’s chief complaint was severe
lingering pain with cold beverages and pain on
chewing. Clinical examinations showed extensive
caries and a cavity in the left mandibular second

molar. The tooth was sensitive to percussion but not
to palpation. Cold test, using Endo-Frost cold spray
(Roeko, Coltene Whaledent, Langenau, Germany),
elicited a lingering, long-lasting pain. Radiographic
examination demonstrated a mature tooth with an
obvious widening of the apical periodontal ligament
(PDL) space and a narrow apical radiolucent lesion
(Figure 1a). Considering the clinical and radiograph-
ic findings, our concluding diagnosis was symptom-
atic irreversible pulpitis with symptomatic apical
periodontitis. After explanation of possible risks of
treatment, a written informed consent from the
patient’s legal guardians was obtained.

After local anesthesia with one vial (1.8 mL) of 2%
lidocaine (36 mg) and 1:80,000 epinephrine (Darou
Pakhsh, Tehran, Iran) and rubber dam isolation,
caries were removed with a diamond fissure bur
(Diatech, Heerbrugg, Switzerland) and high-speed
hand piece with copious water spray. Two exposure
spots were detected on mesiolingual and mesiobuccal
pulp horns. Using the same bur and high-speed hand
piece, the clinician gently extended the diameter of
the exposures to 1–2 mm without entering the pulp.
Hemostasis was achieved using NaOCl 5.25% for five
minutes. CEM cement powder and liquid (Bionique-
Dent, Tehran, Iran) were mixed according to the
manufacturer’s instructions. CEM cement was
placed over the pulp wounds using an amalgam
carrier and gently adapted to the pulp wounds and
surrounding dentin. An ’2-mm-thick layer of glass
ionomer (Fuji II, Fuji Corporation, Japan) base was
placed over the CEM cement, and the tooth was
restored permanently with amalgam (SDI gs80, SDI
limited, Australia; Figure 1b). The patient was
recalled 2 days after treatment. Clinical examina-
tions at this time showed that the tooth was not
sensitive to either percussion or palpation, and the
patient did not have any complaint about chewing
with the tooth.

At three, 10-, and 15-month follow-up, the tooth
was functional without any signs/symptoms. A cold
test using Endo-Frost cold spray elicited normal
response, and the tooth was not sensitive to
percussion or palpation. The PDL space regained
its normal width, and the apical radiolucent lesion
healed (Figure 1c, d).

DISCUSSION

The success rate of DPC in carious pulp exposures in
mature and immature human teeth is evaluated in
some clinical studies using CH or MTA as pulp-
capping agents. A retrospective study on 122 carious
exposed teeth capped with either CH or MTA and
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follow-ups up to 80 months, excluding cases with
symptoms of irreversible pulpitis, demonstrated
significantly higher clinical and radiographic success
rates for the MTA group.19 A two-year clinical study
on DPC with MTA in 30 young carious exposed
asymptomatic permanent molars showed 93% vital-
ity.20 Moreover, a long-term (’four-year) prospective
study on DPC with MTA in 49 immature and mature
carious exposed teeth with symptoms of reversible
pulpitis demonstrated a 100% and 98% success rate,
respectively.21 The outcomes of these studies concur
with histological evidences of favorable pulp respons-
es to capping with MTA and unpredictable responses
to capping with CH.5,6,13

The biological properties of MTA, including seal-
ing ability, biocompatibility, and hard-tissue induc-
tion potential, are attributed to bioactive reactions
between calcium ion released from MTA and phos-
phorus ion in the surrounding tissue fluids. These
reactions cause formation of hydroxyapatite crys-
tals.22 In addition, the sealing ability of MTA
increases during storage in phosphate-buffered
saline solution, a phenomenon that does not happen
in normal saline.23 However, CEM cement releases
calcium and phosphorus ions from indigenous sourc-
es and, unlike white MTA, has the ability of inducing
hydroxyapatite crystal formation in the absence of
environmental phosphorus.24 Therefore, the compa-
rable features of CEM cement and MTA, such as
biocompatibility,12 sealing ability,11 and hard-tissue
induction potential,13 and the superior bioactive
properties of CEM cement (which is associated with
its indigenous phosphorus reservoirs),24 make CEM
cement a potentially suitable biomaterial for DPC.
These properties can partly explain the favorable
results in the presented case.

Based on histological and clinical evidences, some
recent studies show that carious exposed pulps with

established irreversible pulpitis in mature and
immature teeth maintain their healing poten-
tial.3,14,16,25,26 However, the treatment technique in
these studies is full pulpotomy, which often causes
negative response to pulp vitality tests in follow-up
sessions. By saving coronal pulp in the DPC
technique, the clinician has the opportunity to
perform pulp vitality tests in addition to periapical
and radiographic examinations and to compare them
with the baseline data and draw a distinct conclu-
sion about pulp status. Besides, compared with
pulpotomy and root canal therapy, DPC is a simpler,
less expensive, and more conservative treatment.27

Although there are several reports of successful
partial pulpotomy of carious/traumatic exposed
pulps,28,29 successful DPC in symptomatic carious
exposed mature teeth is a rare finding. The authors
believe that to reach this goal, some technical
modifications are necessary. Gentle extension of
exposure site to ’1–2 mm diameter may eliminate
infected dentinal chips from the pulp surface,
increase the contact area between the pulp-capping
agent and pulpal wound, and facilitate bioactive
reactions in the pulp-pulp capping agent interface.30

The antibacterial properties of CEM cement10 and
its sustained CH release24,31 are also other impor-
tant factors that can keep the pulpal wound bacteria
free over time.

As demonstrated in long-term studies, an imme-
diate permanent coronal seal plays an important role
in the success rate of DPC treatment.19,32 Therefore,
performing immediate coronal restoration in this
case can be another reason for favorable results.

Although studies have shown that the success rate
of DPC with CH decreases with the passage of
time,19,32 the success rate of DPC with MTA remains
almost constant over time.19,21 Regarding the similar
biological properties of CEM cement and MTA, it is

Figure 1. (a) Preoperative periapical radiograph of a second mandibular left molar in a 14-year-old female patient. The tooth was sensitive to cold
and percussion. Note the mesio-occlusal extensive caries and related coronal cavity, apical periodontal ligament (PDL) widening, and narrow
radiolucent lesion. (b) Immediately after direct pulp capping with calcium-enriched mixture cement, placement of a glass ionomer base, and
permanent coronal restoration. (c) Ten-month follow-up. (d) Fifteen-month follow-up. The tooth was functional without sensitivity to percussion. The
PDL space regained its normal width, and the radiolucent lesion healed.
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anticipated that the successful results in the present-
ed case remain constant over time. However, yearly
follow-up of the presented case is recommended.

CONCLUSION

Based on biological properties of CEM cement,
especially its bioactive and antibacterial properties,
this cement might be a suitable biomaterial in direct
pulp capping of symptomatic carious exposed mature
teeth. However, further clinical studies with longer
follow-up periods and larger samples are recom-
mended. While clinical studies are important, histo-
logical confirmation using human teeth will provide
the ultimate proof of the success of calcium-enriched
mixture cement.
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Fiber-Reinforced
Framework in Conjunction
with Porcelain Veneers for
the Esthetic Replacement
of a Congenitally Missing
Maxillary Lateral Incisor:

A Case Study

PP Benito � RD Trushkowsky � KS Magid
SB David

Clinical Relevance

Fiber reinforced composite can allow for conservative, esthetic, biocompatible and
functional restoration of a missing anterior tooth in selective clinical situations.

SUMMARY

This article presents a case of a congenitally

missing right maxillary lateral incisor and the

contralateral incisor with discolored compos-

ite resin restorations. The technique of fiber

reinforcement in conjunction with porcelain

veneers was used to provide a satisfactory

outcome for the patient. The key learning

points of the article are the following: proper

diagnosis, treatment plan and appropriate

utilization of materials are mandatory for a

successful result.

INTRODUCTION

Replacement of a single tooth in the maxillary

anterior region presents exacting esthetic demands.1
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The loss of anterior teeth may be a result of trauma
or congenital aplasia. The incidence of congenitally
missing teeth in the Caucasian population is be-
tween 1% and 10%. The maxillary lateral incisor
ranks after third molars and mandibular second
premolars in frequency of tooth agenesis.2 The
resulting space may be closed by orthodontics,
prosthetics, or a combination of both.3 Orthodontic
treatment may often not be the treatment of choice
as it may not permit optimal esthetics and function.3

If a space no longer exists, it can be opened for the
fabrication of an implant or a bridge. If the canines
are in the lateral position, they can be reshaped via
additive composite techniques or porcelain veneers
so that they will resemble lateral incisors. Prior to
making a treatment modality decision, the molar
relationship and the esthetic and the functional
potential should be considered. Class I occlusion will
generally permit treatment of the space by mainte-
nance or opening. If a patient has an Angle Class II
malocclusion and exhibits no crowding in the
mandible, the molar relationship will be Class II
and the premolars will be located in the canine
position, and canine substitution can be used to
replace the lateral incisor. If a Class I malocclusion
exists with mandibular crowding sufficient to re-
quire extractions, canine substitution for the lateral
incisor can again be used. Class III malocclusions
contraindicate orthodontic space closure as the
occlusal relationship would be worsened by the
therapy.3

Also to be considered are the status of the adjacent
anterior teeth; the height and width of the ridge; the
condition of the buccal plate; periodontal esthetic
considerations; the patient’s openness to treatment
alternatives; patient finances4; interdental spacing;
treatment time; parafunctional habits5; predictabil-

ity of treatment alternatives; and stability of
treatment outcomes. The treatment options for
replacing a missing anterior tooth are implant-
supported crowns, resin-bonded fixed partial den-
tures (RBFPDs), conventional fixed partial dentures,
and removable partial dentures. Implants and
adhesive bridges are preferred as they represent a
more conservative treatment option compared to
fixed prosthodontics. This is especially true for
young patients with large pulp chambers. Implants
are often not the ideal choice as tooth loss and
congenitally missing teeth frequently result in
insufficient bone and soft tissue for esthetic place-
ment of the implant. Guided bone regeneration and
grafts may be able to solve these problems. Osseoin-
tegration is not the only process that needs to be
accomplished. Esthetic integration of the implant-
supported restoration with the surrounding hard
and soft tissue must also be achieved.1 That being
said, the increased cost and the intricacy of these
procedures often preclude this option.3

RBFPDs require a minimal amount of abutment
modification. However, bridges with metal substruc-
ture bonded to the lingual of relatively thin anterior
teeth can result in a ‘‘graying phenomenon.’’ Opaque
cements may reduce this effect but the esthetic
result is compromised.4 To overcome this problem a
variety of metal-free bridges have been developed.
Some have combined fiber-reinforced composite with
ceramics and others are all ceramic, consisting of
aluminum oxide, lithium disilicate, or zirconium
oxide. This clinical report will describe an esthetic
result achieved with the use of feldspathic porcelain
veneers in conjunction with a highly filled composite
resin (Sculpture, Pentron, Wallingford, CT, USA)
that is lab processed utilizing light, heat, vacuum,
and a unidirectional fiber (FibreKort, Pentron).

CASE REPORT

A 28-year-old female patient presented at the
Advanced Program for International Dentists in
Aesthetic Dentistry at the New York University
College of Dentistry. Her chief complaint was the
discolored composite bonding on the maxillary left
lateral incisor and the poor appearance of the
existing three-unit fiber-reinforced bridge replacing
the maxillary right lateral incisor. The maxillary
right canine and right central incisor were the
abutment teeth (Figures 1 through 3). The patient
also expressed a desire to have her teeth bleached.

A comprehensive examination was conducted,
including a full-mouth radiographic series, caries
detection, periodontal probing, and intraoral and

Figure 1. Labial view prior to treatment.
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extraoral soft tissue and temporomandibular joint
exam. Palpation directly over the joint while the
patient opened and closed the mandible and the
extent of mandibular condylar movement were
assessed. Findings were within normal limits and
therefore were considered noncontributory. The
masticatory and cervical muscles were palpated
and searched for areas of tenderness or sustained
contraction. The palpation was initiated with the
sternocleidomastoid, trapezius, and posterior cervi-
cal muscles. The masseter at its attachments to the
zygomatic arch and angle of the mandible, the
temporalis, both in the temporal fossa and intra-
orally along the ascending ramus of the mandible,
were palpated. The medial pterygoid was palpated
bimanually. The patient had a shift from centric
relation (CR) to maximum intercuspation (MIP) and
exhibited canine guidance with a mutually protected
occlusion. Upon completion of the examination, a
determination was made that the occlusion was
physiologic and that the patient should be restored
to a position of MIP.

Intraoral and extraoral photographs were taken in
order to aid in the esthetic evaluation. Study models
were obtained with Reprosil (Dentsply/Caulk, Mil-
ford, DE, USA). The Kois Dento-Facial Analyzer
System (Panadent, Colton, CA, USA) was used to
register and transfer the patient’s occlusal plane to
the PSH Panadent articulator. This enabled the
transfer of the incisal edge position to the laboratory.
After ascertaining CR with a leaf gauge, a CR bite
was taken with Blu-Bite HP Rigid Fast Set (Henry
Schein Inc, Melville, NY, USA). A bite registration
was also taken in MIP with the Blu-Bite material.

Facial analysis revealed that the occlusal plane
was parallel to the interpupillary line, that the
midline relationship of the teeth to the face (Phil-

trum) was symmetric, and that the lips were also
symmetrical to the face. Maxillary tooth exposure at
rest was 3 mm and 1 mm in the mandibular arch
(Figure 4). The patient also had a high smile line,
with an incisal edge that was convex in relation to
the lower lip. Upon smiling the patient exhibited 12
teeth.

The potential esthetic benefits of the recommend-
ed treatment were demonstrated to the patient using
a putty stent obtained from the wax-up of the
proposed treatment and Luxatempt (DMG America,
Englewood, NJ, USA) (Figure 5). The patient also
expressed a desire to correct her buccal corridors and
change the shape and shade of her upper canines
and premolars. These comments/concerns were
addressed in fabrication of the mock-up. Bleaching
trays were also delivered to the patient, and 10%
Opalescence bleach (Ultradent Products, South
Jordon, UT, USA) was used for two weeks. The
maxillary arch was bleached prior to the mandibular

Figure 2. Left lateral view. Figure 3. Occlusal view of previous bridge.

Figure 4. Incisal edge display.
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arch. The patient was satisfied with the result of the
tooth whitening, and the final treatment plan was
confirmed. As institutional review board approval
was not required by any of the procedures to be
performed, none was requested.

A metal-free, two-component, resin-bonded bridge,
the Encore Bridget, was selected to replace the
congenitally missing upper right lateral incisor and
porcelain veneers on teeth 5-12. The framework
consists of FibreKor, a fiber-reinforced composite
that comes in three forms of fiber strips, and a 16K
bar (16,000 individual fibers) that is formulated with
a filled resin for increased strength. This is overlaid
with Sculpture Plus composite. The resin composite
is processed under heat (2508F), light, and pressure
in the presence of nitrogen gas (80 psi) to improve
the physical properties of the resin. The nitrogen gas
excludes oxygen to reduce porosity and increase
surface hardness. The lower modulus of elasticity of
the framework decreases the stress on the wing/

tooth interface so that abutment movement will not
cause dislodgement or fracture at the pontic/wing
juncture. The pontic is cut back with a veneer
preparation to allow for the placement of a porcelain
veneer to increase the esthetic potential.

The Encore Bridge, consisting of two components,
allows for two paths of insertion. The first is for the
lingual framework and the second is for the facial
veneer. This is advantageous, as the proximal of the
abutment teeth is not narrowed, nor is the appear-
ance changed.6

The Encore Bridge can be used to replace any
missing maxillary or mandibular anterior tooth if
adequate clearance exists or can be created. Ideally,
the abutments should not have greater than Class I
mobility. There is a greater chance of debonding and
fracture with increased tooth mobility. Additional
contraindications would include teeth that are too
thin to allow proper preparation; teeth that are too
short for adequately sized connectors and resin
wings; and parafunctional habits.

The teeth were anesthetized with 2 carpules of 1.7
mL of 2% lidocaine with epinephrine 1:100,000. The
previous bridge (Nos. 6, 7, and 8) and composite
bonding on No. 10 were removed. A Biolase Ezlasee

940 (Irvine, CA, USA) was used to create an ovate
pontic in the No. 7 site and to contour the tissue
around No. 10. Keeping the teeth moist, the shade
was selected (Figure 6 Aided by the use of a putty
matrix reduction guide teeth (Figure 7 Nos. 5, 6, 8, 9,
10, 11, and 12 were prepared for porcelain veneers
(Figure 6). GingaTrace (Centrix, Shelton, CT, USA)
was used to obtain gingival retraction of the multiple
preparations. The GingaTrac Matrix material was
expressed into a stock plastic tray and placed over

Figure 5. Wax-up.

Figure 6. Putty matrix reduction guide.

Figure 7. Shade selection with Vident 3D shade guide and ovate
pontic site creation after veneer preparation.
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the prepared teeth. The now-custom tray was
removed from the mouth. The GingaTrac retraction
paste was injected around and over the prepared
teeth. The customized GingaTrac Matrix was then
filled with the GingaTrac retraction material and
placed back over the preparations and held in place
for three to five minutes with firm biting pressure.
The GingaTrac material was removed and complete
retraction was verified (Figure 8). Accesst (Centrix)
impression material was used to obtain the final
impression (Figure 9). Luxatemp was used to
fabricate a provisional bridge and provisional ve-
neers (Figure 10). Photographs, final maxillary
impression, counter impression, bite registration,
model of the provisional restorations, and putty
incisal guide derived from the provisional were sent
to the laboratory. Final shade selection and stump
shade were specified. The laboratory was instructed
to duplicate the incisal edge position as indicated
from the incisal guide and to proportion the teeth as
in the provisional. The degree of incisal translucency

and texture were also specified. From the materials
sent to them, the laboratory was able to fabricate
dies and solid models and articulated the case to
construct the final restorations (Figure 11).

Upon return from the laboratory, the Encore
Bridge and porcelain veneers were inspected on the
models. The patient was appointed, the provisional
bridge removed, and the Encore Bridge and the
porcelain veneers were tried intraorally. The accu-
racy of the margins was confirmed (Figures 12
through 14). The bridge and the veneers were
cemented utilizing Prime and Bondt NTe (Dents-
ply/Caulk), a light-cure self-priming dental adhesive,
and Variolink IIt (Ivoclar/Vivadent, Amherst, NY,
USA) translucent shade. The excess cement was
removed and the occlusion was verified in MIP and
in excursions. A follow-up visit was scheduled for
two weeks later so that the gingival response could
be evaluated. The final result provided the color,

Figure 8. GingiTrac.

Figure 9. Final impression.

Figure 10. Luxatemp provisional bridge with high smile.

Figure 11. Die model of prepared teeth.
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shape, and contour that the patient had desired
(Figures 15 through 18).

DISCUSSION

RBFPDs have been used as an alternative to
implants, conventional metal ceramic bridges, and
all ceramic bridges. Unfortunately, despite consid-
erable modifications in design, materials, and prep-
aration design, the survival rates are less than 76%
after five years.7 The literature reports that the
failure is usually the result of debonding of the cast-
metal framework from the luting cement. On some
occasions the luting cement has debonded from the
enamel. Detachment of the framework on only one
abutment frequently resulted in extensive decay on
that abutment. It is believed that the rigidity of the
cast framework contributes to its detachment from
the bonded surface. This is a consequence of the
mobility of the abutment teeth under function, which
results in tensile and compressive stresses at the

boundary of the metal framework and the composite
luting material. In the anterior esthetic zone the
metal-free RBFPD has shown to be a viable
alternative for single-tooth replacement. A possible
explanation is the selection of a material that has a
lower modulus of elasticity than do cast metals,
thereby allowing for a reduction of the interface
stresses. In addition, a framework that can bond
more securely will reduce displacement. The me-
chanical properties of the fiber-reinforced composite
(FRC) depend on the type, form, and quantity of the
reinforcing fibers. The bonding ability will depend on
the polymer matrix encasing the fibers.8 Glass fiber
possesses a high tensile strength, but the final
strength of the FRC is dependent on other factors
as well. Fiber-volume fraction, stress strain of the
matrix, and the fiber-matrix interface all play a role.
The most common types of fibers are electrical glass
and silica glass (S-glass) fibers. The S-glass fibers
have greater hardness and elastic modulus and
present greater resistance to plastic deformation.9

The fiber composites are produced with a pultrusion
process that allows the fiber bundles to be pulled
through an extruder at the same time as the

Figure 13. Framework and porcelain veneers on model.

Figure 14. Try-in of framework.

Figure 15. Left lateral view immediately after insertion.

Figure 12. Framework and porcelain veneers.
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polymer. This allows the polymer to penetrate the
fiber bundle and creates the final cross-sectional
shape. The framework used in this case, Sculpture/
FibreKor, consists of the veneering composite Sculp-
ture Plus Nano-Hybrid, a polycarbonate composite,
and FibreKor material. FibreKor material is a
unidirectional S-2 glass material. Unidirectional
materials are termed anisotropic. They reinforce
FRC materials to the utmost when stress is applied
along the direction of the fibers.9 The strength of
these materials diminishes when a stress is applied
in an oblique or perpendicular direction. The
efficiency of any given level of fiber loading is called
the Krechel factor. The Krechel factor is 1 for
FiberKor. A material with a Krechel factor of 1 has
the fibers oriented in one direction and gives the
greatest amount of reinforcement for a given fiber
loading. Woven fibers that reinforce FRC materials
in two directions are described as orthotropic, with
half the fibers in a longitudinal direction. The result
is a reinforcing efficiency (Krechal factor) of 0.5.9

The maximum bite force of normal incisors is 150–
200 N.10 The unidirectional fiber ‘‘FibreKor’’ can
reinforce the framework when the forces are not

directed along the axis by placing the unidirectional
fibers in multiple directions. When the direction of
the force is not parallel to that of the fibers, the
mechanical properties decrease and are more con-
tingent on the resin matrix. In the pontic area a high
percentage of unidirectional glass fibers are placed
in a mesiodistal direction to maximize strength.11

The RBFPD allows an esthetic treatment option
with minimal tooth modification.12–14 The Encore
Bridge requires a groove with a depth of 0.5 mm, a
width of 1.0 mm, and a clearance of 1.0–1.5 mm
incisally and cervically. While traditional metal
ceramic complete-coverage fixed partial dentures will
have the maximum strength and all-ceramic fixed
partial denture will provide excellent esthetics, a more
destructive tooth preparation will be required. The
advent of better adhesives has led to the development
of simplified, minimally invasive preparations. While
the best bond strength is still to enamel, bond
strengths to dentin are reasonably good.15

Figure 17. Final labial smile.

Figure 18. Full facial smile.

Figure 16. Right lateral view immediately after insertion.
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In vitro studies16 demonstrated that FRC material
displays flexural strength that is greater than or
similar to that of metal alloys, but it has a lower
flexural modulus. Composite resin is a brittle
material and would be unable to support protracted
occlusal forces in the pontic area of a bridge.
Incorporation of fiber into the composite matrix
results in increased strength and toughness.17 The
load-bearing capacity can be further increased by
placing an additional piece of unidirectional FRC on
the occlusal surface. However, the FRC must be
placed in a buccolingual direction.18 Patients with
firm anterior occlusal contacts will require more
preparation in order to obtain the additional 0.5 mm
needed to assure adequate thickness of the wings.2

CONCLUSION

Esthetic assessment prior to initiating treatment is
critical to achieving the best outcome. Proper
guidance in protrusive and lateral excursions must
be established to ensure longevity of the restora-
tions. Selection of the best materials to achieve these
parameters is of the utmost importance. A system-
atic approach leads to a more predictable result. The
FRC fixed dental prostheses can present a viable
substitute for a cast-metal resin-bonded bridge. It is
minimally invasive and can often be repaired with
direct composite resin if required.19
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Tooth Fragment
Reattachment: The Natural

Restoration

DP Lise � LC Cardoso Vieira � É Araújo
GC Lopes

Clinical Relevance

This technique is a conservative and predictable approach to restore fractured anterior
teeth.

SUMMARY

The aim of this manuscript was to discuss

some important considerations about tooth

fragment reattachment and report the success

of a clinical case in which a tooth fragment

and direct composite resin were used to re-

store a fractured anterior tooth. Clinical and

radiographic examination 12 months after

trauma showed good esthetics and periodontal

health.

INTRODUCTION

One in four people suffer from some kind of oral
trauma during childhood or youth, especially males.1

The impact during trauma transfers a large amount
of energy to a limited part of the tooth crown, leading
to fracture of tooth structure. Motor vehicle colli-
sions, sports, and home accidents are the most
common causes of anterior tooth fractures. Because
of their vulnerable position in the dental arch, upper
central incisors are the most affected.3 The risk of
tooth fracture is further increased when an individ-
ual has severe overjet/overbite or anterior open bite.4

Dental fractures are classified by the World
Health Organization as uncomplicated (cracks and/
or enamel and dentin fractures) or complicated (with
pulp exposure and/or periodontal involvement).
Fortunately, uncomplicated fractures are more fre-
quent and require less complex treatment.2,5

Dentists are often required to treat (usually as an
emergency situation) the esthetic, functional, and
emotional discomforts that tooth fractures can cause.
Treatment strategies range from simple enamel
polishing to prosthetic rehabilitation. The restor-
ative choice is based on various factors, such as the
extent of the fracture, a patient’s age, dental
eruption and root formation, occlusion, esthetic
expectations, amount and quality of remaining
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tooth, and pulpal and periodontal involvement.6–8 If
pulp becomes exposed, the priority of restorative
care is to preserve vitality using a conservative
approach (pulp capping, pulpotomy, or curettage),
depending on the degree of bacterial contamination,
root formation, pulp consistency, and bleeding.2

When periodontal biologic width is compromised,
surgical modification of the support tissues or
orthodontic movement (extrusion) are necessary to
enable restorative procedures and promote periodon-
tal health.9–11 However, a single anterior tooth
osteotomy can result in poor esthetics (considering
the bony architecture of the adjacent teeth), postop-
erative sensitivity (root exposure), and periodontal
pockets.12,13 Extrusion also has disadvantages, such
as reduced cervical diameter (in relation to adjacent
teeth), time required for stabilization (restraint),
incisal abrasion to adjust the cervical-incisal tooth
length, and consequent loss of optical characteris-
tics.11,14

A perfect reproduction of the natural dental color,
optical properties (such as translucency, opales-
cence, and fluorescence), shape, and surface texture
is a challenge and requires great skill and dexterity
when performing a direct composite restoration.
Therefore, when a tooth fragment is viable and
presents good adaptation to the remaining dental
structure, it should be the first restorative option,
with the restorative procedures performed immedi-
ately (just after fracture) or later (under more
favorable conditions).6,8 Although the first report of
fragment reattachment dates from 1964, adhesive
restorations were not possible until the late 1970s
(without pin retention) using enamel/dentin etching
associated with an adhesive system and composite
resin.16,17 Adhesive reattachment requires minimum
healthy tooth reduction, has a predictable esthetic
result, is usually faster than a complete composite
restoration, and triggers a strong emotional effect
because the patient feels relief by keeping one’s own
natural tooth.8,18

Modifications to both tooth and fragment prior to
bonding have been proposed, with an estimated
recovery of fracture resistance up to 97%.19 Theo-
retically, these techniques (dentin groove, bevel,
chamfer, or overcontour) remove fractured enamel
prisms and retain prisms that are in a favorable
position for effective etching.17 Preparations can also
be performed after bonding to improve esthetics by
grinding the buccal fracture line and masking it with
composite.18,20,21 Indeed, restorations might result
in fragment misfit or deficient composite esthetics
over time because of composite abrasion or discolor-

ation.8,17,22 Simple reattachment recovers approxi-
mately 37–50% of the tooth fracture resistance.23,24

Nevertheless, this procedure is feasible because
retention relies on hybridization.8,15,18,21,25,26 Simi-
lar bonding results are achieved with the use of
adhesives alone or in combination with composites.
However, there is a trend of improving fracture
resistance when adhesives are associated with
composite resin because they would fill possible
interface gaps.24

Sometime after bonding, a fragment might exhibit
a lighter shade (white) than the remaining. This
occurs because of possible dentin dehydration and
breakdown of collagen fibers.27 To avoid discolor-
ation, the patient should be instructed to store the
tooth fragment in water immediately after trauma.
Furthermore, hydrophilic adhesives require proper
dentin hydration for optimal bonding.28 If a tooth
fragment is maintained in a dry state for more than
one hour, it will achieve lower bond strength29 and
must be rehydrated for at least 30 minutes before
bonding.20 Complete rehydration and color match
usually occurs after one week but could be delayed
by several months or may never occur.6,30,31

Fragment debonding happens because of repeated
trauma, nonphysiological use of the tooth, or hori-
zontal pulling of the tooth.22 The risk of debonding is
higher for children since they have restricted control
of incisive function and greater exposure to trau-
matic situations.8 Some authors have demonstrated
long-term reattachment prognoses that are better
than composite restorations, reaching a 90% success
rate after five years.3,22 While the fracture line
becomes undetectable in some cases, the patient
should be informed about treatment limitations and
future interventions.32

The following case report describes the manage-
ment of anterior fractured teeth with periodontal
involvement, where a fragment was used as the
main restorative material.

CLINICAL CASE REPORT

A 13-year-old boy presented to the Federal Univer-
sity of Santa Catarina with fractured anterior teeth
(#8, #9, and #10) as a result of a fall that occurred
three months before (Figure 1). Radiographic eval-
uation of tooth #9 revealed an apical lesion and pulp
necrosis. An enamel and dentin fracture, with
subgingival extensions, was observed on tooth #8
(Figure 2), and the patient was in possession of the
fragment. The provided fragment was stored in
distilled water during the clinical examination.
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An intrassulcular incision was made on teeth #8
and #9. A gingival flap was obtained to evaluate the
relation between the fracture margin and alveolar
bone, to provide adequate isolation of the operative
field (essential for bonding procedures), and to verify
the fit of the fragment. The fracture margin was
located at the cementoenamel junction; therefore, an
osteotomy was not necessary (Figure 3). After rubber
dam isolation, excellent fragment adaptation was
observed, and it was determined that the best
treatment plan was to reattach the fragment (Figure
4). The fragment and tooth were etched with 35%
phosphoric acid (Table 1) for 15 seconds and rinsed.
The enamel was air dried while the dentin was
maintained in a moist state using a cotton pellet.
Two adhesive coats were then applied without light
curing (Figure 5). A composite resin increment was
placed over the entire fractured surface, and the
fragment was positioned and properly adjusted

(Figure 6). After the excess resin composite was
removed, the restoration was light cured for 40
seconds each on the buccal and palatal surfaces
using an LED unit with a 900 mW/cm2 output
(Figure 7). Polishing was performed using abrasive
discs and polishing paste. The gingival flap was
repositioned, and the papillae were sutured (Figure
8). After 10 days, the stitches were removed, and
improved gingival health was observed (Figure 9).
Tooth #9 was endodontically treated, and direct
composite resin restorations were performed on the
other fractured teeth. A clinical and radiographic
examination 12 months after trauma showed the
absence of a visible fracture line and good periodon-
tal health (Figure 10).

Potential Problems

The development of effective adhesives and compos-
ite resins has made fragment reattachment the main

Figure 1. Preoperative clinical image of fractured anterior teeth.

Figure 2. Incisal view suggesting biological width involvement of
tooth #8.

Figure 3. Gingival flap enabled observation of fracture limit.

Figure 4. Tooth fragment exhibited excellent adaptation, and it was
used as the main restorative material.
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choice for rehabilitating fractured anterior teeth,

especially in young patients.6 Because of its conser-

vative nature, this technique reduces the need for a

further restorative approach, as the fragment be-

haves similarly to the remaining tooth in regard to

physiological wear and does not present signs of

deterioration as early as composite resins (staining

and surface texture loss).3,15

Clinicians who wish to master the technique and

provide favorable esthetics and long-term results to

their patients must have a working knowledge of the

variations of the technique since some cases require

a multidisciplinary approach, such as surgery or

endodontics. In the presented case, it would not be

prudent to utilize reattachment without surgical

exploration to determine the extent of the fracture

and to ensure a clean and dry operating field

provided by rubber dam isolation. The success of

the bonding protocol would be impaired by blood

contamination from the gingival flap.12 In order to

facilitate fragment handling and prevent reattach-

ment in an improper position, there are some

strategies that can be utilized, such as fragment

stabilization with low-fusion compound, gutta-per-

cha, wax, or acrylic or silicone index, which main-

tains a reference of the adjacent teeth.8,33 In the

present case, the use of an index was not necessary

because of the excellent fit between the fragment

and remaining tooth structure.

According to the patient, the fragment was

maintained intraorally and in position since the

trauma occurred (three months). Even though the

Table 1: Materials Used

Etchant Gel (phosphoric acid gel 35%) Coltène/Whaledent, Altstätten, Switzerland

AdperTM Single Bond 2 (etch&rinse two-step adhesive) 3M ESPE, St. Paul, MN, USA

KG Brush Fine (disposable applicator) KG Sorensen, Cotia, SP, Brazil

Flash Lite 1401 (LED unit) Discus Dental, Culver City, CA, USA

Composites 4 Seasons (composite resins) Ivoclar Vivadent, Schaan, Liechtenstein

Sof-Lex (polishing discs) 3M ESPE, St. Paul, MN, USA

Diamond Excel (polishing paste) FGM, Joinville, SC, Brazil

Diamond Flex (felt discs) FGM, Joinville, SC, Brazil

Figure 5. Two adhesive layers were applied on etched substrates. Figure 6. Fragment adapted after remove of resin composite excess.
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fragment had been kept hydrated by saliva, the
fragment was immersed in distilled water for 30
minutes prior to bonding to ensure adequate hydra-
tion and superior bond strength.20,29 Mechanical
preparation of the fragment was not performed
before bonding, and its retention was based solely
on hybridization.8,15,21,25,26 Even with the possibility
of using an adhesive system24 only for fragment
reattachment, composite resin was applied to fill
possible gaps between the fragment and the remain-
ing tooth structure and to improve the adaptation of
the two pieces.

After three months, tenuous color mismatch was
still observed between the fragment and tooth, but the
patient was satisfied. However, even in cases where
the fragment remains dehydrated for long periods of
time and presents a contrasting color, reattachment
has great value since complete rehydration may still

occur.31 One year after reattachment, the patient was
pleased with the appearance of his anterior teeth, and
no other esthetic treatment was necessary.

In order to maintain oral health, reattachment
cases must be followed for two years with clinical
examination, vitality testing, periodontal probing,
and radiographs.8 It is very important that patients
and their families understand the limitations of
reattachment and take care to prevent fragment
displacement. However, it is a dentist’s responsibility
to diagnose deleterious habits or traumatic activities
that the patient may present and offer some protec-
tion, such as the use of a custom mouthguard.4,34

Advantages
� Conservative treatment
� Low cost and faster than direct restorative proce-

dures
� Predictable esthetic result

Figure 9. After 10 days, improved gingival health was observed.

Figure 10. Clinical view 12 months after trauma (composite direct
restorations were realized on teeth #8, #9, and #10).

Figure 7. Dental cracks on tooth #8 were observed during palatal
light curing.

Figure 8. Immediate view after gingival flap suture denotes tenuous
color mismatch between the fragment and tooth #8.
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Limitations
� Possible fragment debonding
� Incomplete fragment rehydration and color mis-

match

CONCLUSIONS

� Considering the high incidence of dental fractures
as a result of trauma, the working knowledge of
the dentist regarding treatment possibilities is
essential.

� Tooth fragment reattachment should be performed
whenever possible because it is a simple, fast, and
affordable procedure and presents a predictable
esthetic result.
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Clinical Research

Randomized Clinical Trial
of Two Resin-Modified

Glass Ionomer Materials:
1-year Results

J Perdigão � M Dutra-Corrêa � SHC Saraceni
MT Ciaramicoli � VH Kiyan

Clinical Relevance

Although the quality of enamel margins may be a concern for the nanofilled resin-modified
glass ionomer materials (RMGIC), surface roughness is still the major disadvantage for
traditional RMGICs in non-stress-bearing areas.

SUMMARY

With institutional review board approval, 33
patients who needed restoration of noncarious
cervical lesions (NCCL) were enrolled in this
study. A total of 92 NCCL were selected and
randomly assigned to three groups: (1) Ambar
(FGM), a two-step etch-and-rinse adhesive

(control), combined with the nanofilled com-
posite resin Filtek Supreme Plus (FSP; 3M
ESPE); (2) Fuji II LC (GC America), a tradi-
tional resin-modified glass ionomer (RMGIC)
restorative material; (3) Ketac Nano (3M
ESPE), a nanofilled RMGIC restorative mate-
rial. Restorations were evaluated at six
months and one year using modified United
States Public Health Service parameters. At
six months after initial placement, 84 restora-
tions (a 91.3% recall rate) were evaluated. At
one year, 78 restorations (a 84.8% recall rate)
were available for evaluation. The six month
and one year overall retention rates were
93.1% and 92.6%, respectively, for Ambar/FSP;
100% and 100%, respectively, for Fuji II LC; and
100% and 100%, respectively, for Ketac Nano
with no statistical difference between any pair
of groups at each recall. Sensitivity to air
decreased for all three adhesive materials
from the preoperative to the postoperative
stage, but the difference was not statistically
significant. For Ambar/FSP, there were no
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statistical differences for any of the parame-
ters from baseline to six months and from
baseline to one year. For Fuji II LC, surface
texture worsened significantly from baseline
to six months and from baseline to one year.
For Ketac Nano, enamel marginal staining
increased significantly from baseline to one
year and from six months to one year. Margin-
al adaptation was statistically worse at one
year compared with baseline only for Ketac
Nano. When parameters were compared for
materials at each recall, Ketac Nano resulted
in significantly worse color match than any of
the other two materials at any evaluation
period. At one year, Ketac Nano resulted in
significantly worse marginal adaptation than
the other two materials and worse marginal
staining than Fuji II LC. Surface texture was
statistically worse for Fuji II LC compared
with the other two materials at all evaluation
periods. The one-year retention rate was statis-
tically similar for the three adhesive materials.
Nevertheless, enamel marginal deficiencies and
color mismatch were more prevalent for Ketac
Nano. Surface texture of Fuji II LC restorations
deteriorated quickly.

INTRODUCTION

Glass ionomer cements (GICs) have improved sub-
stantially since Wilson and Kent introduced these
materials in the early 1970s.1,2 GICs are self-
adhesive materials that bond to tooth hard tissues
through combined micromechanical and/or chemical
bonding, in contrast to composite resins that only
bond micromechanically. The ionic bond between the
carboxyl groups of the polyalkenoic acid and hy-
droxyapatite in enamel and dentin is responsible for
the chemical bonding ability of GICs.3 Classical GICs
set exclusively through an acid-base reaction be-
tween the polycarboxylate matrix and the fluoroalu-
minosilicate glass that results in the cross-linking of
the polycarboxylate chains by metal ions from the
glass.3

Resin-modified GICs (RMGICs) were developed to
overcome some of the problems of early moisture
sensitivity and low mechanical strength associated
with classical GICs, yet maintain or improve their
clinical advantages.2–4 Whereas classical GICs set
exclusively through an acid-base reaction, RMGICs
undergo an additional free-radical polymerization.3

RMGICs contain a monomer side chain grafted onto
the polyalkenoic acid structure, such as 2-hydrox-
yethyl methacrylate (HEMA) or other monomer,

which polymerizes through chemical and/or photo
activation.3,5 The chemical bonding of RMGICs to
hydroxyapatite crystals in enamel and dentin has
been demonstrated by x-ray photoelectron spectros-
copy and Fourier-transformed infrared spectrosco-
py,6,7 whereas the ability of these materials to
mechanically interlock and form hybrid layers in
dentin has been demonstrated by electron microsco-
py and confocal microscopy.8–10

Although RMGICs result in a more predictable
adhesion to tooth structure than most resin-based
adhesives,11 their in vitro bond strengths are usually
lower than those of resin-based adhesives.12,13 This
apparent paradox is a result of the low cohesive
strength of the GIC material, which causes the
material to fail intrinsically prior to debonding from
the tooth surface.14–16

Several studies have reported the clinical effec-
tiveness of GIC-based materials. Fuji II LC (GC
America, Alsip, IL, USA) has resulted in excellent
retention rates in noncarious cervical lesions
(NCCL) up to five years.17 This RMGIC has
performed at the same level, or better, than two-
and three-step etch-and rinse-adhesives in terms of
retention rates.13,17–19

A new nanofilled RMGIC, Ketac Nano (3M ESPE,
St Paul, MN, USA), has been recently introduced.
Besides the typical GIC fluoroaluminosilicate glass,
this material contains silane-treated silica nano-
fillers similar to those in Filtek Supreme Plus (3M
ESPE, St Paul, MN, USA), and agglomerates or
clusters of nano-sized zirconia/silica that appear as a
single unit, which results in a highly packed filler
composition (;69%).20,21 According to the respective
manufacturer, this new material has enhanced
physical properties compared with those of Fuji II
LC, a traditional restorative RMGIC.21

In light of the excellent clinical retention of the
traditional RMGIC Fuji II LC in NCCL, it is relevant
to compare its clinical performance with that of the
new nanofilled RMGIC Ketac Nano, using an etch-
and-rinse adhesive as the resin-based adhesive
control. Therefore, the null hypothesis to test in this
study is that the clinical retention of a new nano-
filled RMGIC does not differ from that of a
traditional RMGIC or that of a resin-based etch-
and-rinse adhesive combined with a nanofilled
composite resin.

METHODS AND MATERIALS

Before participating in the study, patients gave
informed consent. Both the consent form and this
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research protocol were reviewed and approved by the
Paulista University (UNIP) Institutional Review
Board. All 33 patients, with ages ranging from 30
to 79 years (average, 48.7 years), had been referred
to the Operative Dentistry Clinic for the restoration
of class V lesions. All patients received a dental exam
by a member of the clinical faculty. The dental
health status of patients was normal in all other
respects. Patients with fewer than 20 teeth were not
included in the study. All the other characteristics of
dental status were considered normal, including the
periodontal condition. Teeth included in the study
had NCCL without undercuts. Teeth with carious
lesions were excluded. Other exclusion criteria
included

� History of existing chronic tooth sensitivity
� Bruxism and visible wear facets in the posterior

dentition
� Known inability to return for recall appointments
� Fractured or visibly cracked candidate tooth
� Current desensitizing therapy, including desensi-

tizing dentifrices or other over-the-counter prod-
ucts

� Chronic use of anti-inflammatory, analgesic, or
psychotropic drugs

� Pregnancy or breast-feeding (potential conflicts
with recall dates)

� Allergies to ingredients of resin-based restorative
materials

� Orthodontic appliance treatment within the previ-
ous three months
� Abutment teeth for fixed or removable prostheses
� Teeth or supporting structures with any symptom-

atic pathology
� Existing periodontal disease or periodontal surgery

within the previous three months

The teeth to be restored were vital (positive-
response-to-cold sensitivity test), had a normal
occlusal relationship with natural dentition, and
had at least one adjacent tooth contact. Cavo-surface
angles were not beveled and no retentive grooves
were placed.

Materials, respective batch numbers, composition,
and manufacturer’s instructions for use are listed in
Table 1. Approximately 92% of the lesions were
classified in degree 1 or 2 in the University of North
Carolina (UNC) sclerosis scale22 (Table 2) and were
equally distributed among the three groups. The
distribution of restorations was 47.9% in the maxil-
lary arch and 52.1% in the mandibular arch; 81.6%
of restorations were placed in premolars or molars.

Differences in lesion size and other characteristics
were minimal.

A total of 92 NCCL were restored in this study.
Each subject had two or three restorations placed,
with each adhesive material applied to one tooth.
The adhesive materials were randomly assigned
with a separate randomization for each subject
(adhesive material vs tooth): (1) Ambar (FGM,
Joinville, Brazil), a two-step etch-and-rinse adhesive
that was used as control. A nanofilled composite
resin, Filtek Supreme Plus (FSP; 3M ESPE), was
used with this etch-and-rinse adhesive; (2) Fuji II LC
(GC America), a traditional RMGIC restorative
material; (3) Ketac Nano (3M ESPE), a nanofilled
RMGIC restorative material.

All operators had advanced clinical training in
operative dentistry and were individually instructed
by the study coordinator on how to apply each
material. The insertion protocol for each restorative
sequence was printed and posted in each dental unit
so the operator was able to easily review the
instructions before and while applying each materi-
al. Each operator inserted approximately the same
number of restorations (62). Due to the specialized
field of the operators, this study was not blind. All
operative procedures were performed with cotton-
roll isolation without local anesthesia.

Restorative materials were inserted in one incre-
ment because the NCCL were not deeper than 2 mm.
The restorative material was polymerized for 40
seconds with a light-curing unit (Elipar Freelight 2,
3M ESPE). The intensity of the light exceeded 500
mW/cm2. After polymerization, finishing was accom-
plished with aluminum oxide discs of decreasing
abrasiveness (Sof-Lex XT, 3M ESPE).

Clinical Evaluation

In addition to the assessment of sensitivity immedi-
ately before insertion, postoperative sensitivity was
assessed one week after the restorative procedure
via telephone interview. Restorations were evaluat-
ed immediately after insertion, at six months, and at
one year using the UNC-modified United States
Public Health Service criteria22 (alfa, bravo, charlie)
for retention, color match, marginal staining, wear,
marginal adaptation, surface texture, preoperative
sensitivity (air syringe), and postoperative sensitiv-
ity (query) (Table 2). Two clinicians evaluated the
restorations blindly at each recall but did not
evaluate the restorations that they had inserted. In
case there was no consensus, a third clinician
evaluated the restoration. To help with the evalua-
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tion, intraoral color photographs were collected at

baseline and at the recall appointments. Clinical

photographs consisted of digital images taken at

1.53 magnification using a Nikon D40X camera with

a 200-mm Medical Nikkor lens (Nikon, Inc, Melville,

NY, USA). Statistical analyses included the Mann

Whitney nonparametric test to compare the perfor-

mance of the three restorative materials at each

recall, as well as the McNemar nonparametric test to

compare the changes of each material from baseline

Table 1: Materials, Batch Numbers, Compositions, and Instructions for Use

Material Composition Instructions for Use

Ambar, Lot
140410

Etchant: 37% silica-thickened phosphoric
acid (H

3
PO

4
) gel (Condac 37)

Apply 37% H
3
PO

4
to tooth surface for 15 s; rinse and dry (moist); apply 2

consecutive coats of adhesive and brush for 10 s each coat. Gently air thin
for 10 s to evaporate solvent. Light cure for 10 s.

Adhesive: UDMA, HEMA, and other
hydrophilic methacrylate monomers, acid
methacrylated monomers, ethanol,
silanated silica, photoinitiators,
coinitiators, and stabilizers

Fuji II LC, Lot
0912171

Cavity Conditioner: 20% polyacrylic acid,
3% aluminum chloride hydrate, distilled
water, ,0.1% food additive Blue No. 1

Apply Cavity Conditioner to enamel and dentin surfaces and leave
undisturbed for 10 s; rinse with water for 10 s; gently air dry for 5 s, leaving
a moist surface. Automatically mix capsules for 10 s; apply to enamel and
dentin surfaces; light cure for 20 s.

Liquid: 20%-22% polyacrylic acid, 30%-
40% HEMA, 5%-7% 2,2,4,trimethyl
hexamethylene dicarbonate, 4%-6%
TEGDMA, 5%-15% proprietary ingredient

Powder: Aluminosilicate glass

Ketac Nano
Light- curing
Glass Ionomer
Restorative
Quick Mix
Capsule, Lot
N168565

Primer: Water (40%-50%); HEMA (35%-
45%); Vitrebond copolymer (acrylic/itaconic
acid copolymer) (10%–15%); photoinitiators

Dispense the Ketac Nano primer into a well. Using a fiber tip, apply primer
for 15 s to prepared semidry enamel and dentin surfaces. Replenish primer
as needed to ensure surfaces are kept wet with primer for the
recommended application time. Dry the primer using an air syringe for 10 s.
Do not rinse. After drying, the primed surfaces will remain shiny in
appearance. Light cure the primed surfaces for 10 s. The light-cured
surfaces will appear shiny. Just prior to use, remove Quick Mix Capsule
from foil package. When ready to dispense Ketac Nano restorative into
preparation, lift orange mix tip until it is in a straight line with the capsule.
Do not force beyond stop. Once the nozzle is swung open and activated do
not reclose because this may cause a capsule failure. Place capsule into
the applier gun such that the capsule holder engages the groove at the
plunger end of the capsule. Press the capsule down into the holder as far
as it will go. To dispense Ketac Nano, squeeze handle slowly to extrude a
small amount of material approximately 2–3 mm in diameter outside the
mouth to verify capsule function. Discard this material. Time to dispense
paste from Quick Mix Capsule is 90 s. Exceeding the 90-s time may affect
properties of Ketac Nano restorative or cause capsule failure. Dispense
material directly into the preparation. Keep tip immersed in material to
minimize air entrapment

Paste A þ Paste B: water, Vitrebond
copolymer, HEMA, PEGDMA, TEGDMA,
Bis-GMA, fluoroaluminosilicate glass,
silane-treated zirconia/silica,
photoinitiators

Filtek Supreme
Plus, Lots 8XA,
8GR, 8UU,
8EX, 8EK,
8JG, 8CL

Bis-GMA, UDMA, TEGDMA, Bis-EMA,
silanated silica, silanated zirconia,
photoinitiators

Abbreviations: Bis-EMA, ethoxylated bisphenol-A dimethacrylate; Bis-GMA, bisphenol A diglycidyl methacrylate; HEMA, 2-hydroxyethyl methacrylate; PEGDMA,
polyethylene glycol dimethacrylate; TEGDMA, triethylene glycol dimethacrylate; UDMA, urethane dimethacrylate.
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to six months and to one year (PASW Statistics 18.0,

SPSS Inc, Chicago, IL, USA). The level of signifi-

cance was set at p , 0.05.

RESULTS

At six months after initial placement, 84 restorations

(a 91.3% recall rate) were evaluated. At one year, 78

restorations (a 84.8% recall rate) were available for

evaluation. A summary of direct evaluations is

shown in Table 3.

Two restorations were lost at six months for

Ambar/FSP. All Fuji II LC and Ketac Nano restora-

tions available for evaluation were retained. The six-

month and one-year retention rates were 93.1% and

Table 2: UNC-modified USPHS Direct Evaluation Criteria

Color match Alfa = No mismatch in room
light in 3–4 s.

(Margins exempted from
grading)

(Interfacial staining
should not affect
grading)

Bravo = Perceptible mismatch
(but clinically acceptable)

Charlie = Esthetically unacceptable
(clinically unacceptable)

Marginal staining Alfa = None

Bravo = Superficial staining
(removable, usually
localized)

Charlie = Deep staining (not
removable, generalized)

Recurrent caries Alfa = None

Charlie = Present

Wear Alfa = No perceptible wear (or
only localized wear)

Bravo = Generalized wear (but
clinically acceptable)

(,50% of margins are
detectable)

(Catches explorer going
from material to tooth)

Charlie =Wear beyond the DEJ
(clinically unacceptable)

Marginal adaptation
(ditching)

Alfa = Undetectable

Bravo = Detectable (V-shaped
defect in enamel only)

(catches explorer going
both ways)

Table 2: Continued.

Charlie = Detectable
(V-shaped defect to DEJ)

Surface texture Alfa ewd =>Smooth (better than or
equal to microfilled
standard)

Bravo = Rougher than microfilled
standard

Charlie = Pitted

Preoperative sensitivity Alfa = None

Charlie = Present

Postoperative sensitivity Alfa = None

Charlie = Present

Retention Alfa = Retained

Bravo = Partially retained

Charlie =Missing

Fracture Alfa = None

Bravo = Small chip, but clinically
acceptable

Charlie = Failure due to bulk
restoration fracture

Abbreviations: UNC, University of North Carolina; USPHS, United States
Public Health Service
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92.6%, respectively, for Ambar/FSP; 100% and 100%,
respectively, for Fuji II LC; and 100% and 100%,
respectively, for Ketac Nano with no statistical
difference between any pair of groups at each recall.

Sensitivity to air decreased for all three adhesive
materials from the preoperative to the postoperative
stage, but the difference did not reach statistical
significance. For Ambar/FSP, there were no statis-
tical differences for any of the parameters from
baseline to six months and to one year. For Fuji II
LC, surface texture worsened significantly from
baseline to six months and baseline to one year
(p,0.016 and p,0.006, respectively). For Ketac
Nano, marginal staining (predominantly enamel
margins) increased significantly from baseline to
one year (p,0.008) and from six months to one year
(p,0.016). Marginal adaptation was statistically
worse at one year compared with baseline
(p,0.008) only for Ketac Nano. When parameters
were compared for pairs of adhesives at each recall
(Figure 1, Table 4, Figure 2, and Table 5), Ketac
Nano resulted in a significantly worse color match
than the other two materials at any of the evaluation
periods. At one year, Ketac Nano resulted in

significantly worse enamel marginal adaptation
than did the other two materials and worse marginal
staining than did Fuji II LC. Surface texture was
statistically worse for Fuji II LC compared with the
other two materials at all evaluation periods.

The only charlie ratings were measured for the
parameter retention (two lost restorations for Ambar
at six months) and for preoperative and postopera-
tive sensitivity.

DISCUSSION

We failed to reject the null hypothesis because the
one-year clinical retention of the new nanofilled
RMGIC was not statistically different from that of a
traditional RMGIC or that of a resin-based etch-and-
rinse adhesive combined with a nanofilled composite
resin.

We used two RMGICs and one etch-and-rinse
adhesive in the present clinical study. RMGICs do
not require dentin/enamel phosphoric acid etching.
Instead, an aqueous solution of polyacrylic acid is
recommended to remove most of the smear layer and
expose hydroxyapatite for chemical (ionic) bonding
to dentin and enamel surfaces.23,24 As a result of this

Table 3: Summary of Direct Evaluations—Percentage of Restorations That Scored Alfa at Baseline (BL), Six Months, and One
Year for Each Parameter

Ambar/Filtek Supreme Plus Fuji II LC

BL 6 mo 1 y BL 6 mo 1 y

Recall level 31/31=100% 29/31=93.6% 27/31=87.1% 31/31=100% 28/31=90.3% 26/31=83.9%

Retention 31/31=100% 27/29=93.1% 25/27=92.6% 31/31=100% 28/28=100% 26/26=100%

Color match 29/31=93.6% 25/29=86.2% 22/27=81.5% 31/31=100% 28/28=100% 26/26=100%

Marginal staining 31/31=100% 25/29=86.2% 22/27=81.5% 31/31=100% 28/28=100% 25/26=96.2%

Recurrent caries 31/31=100% 27/29=93.1% 25/27=92.6% 31/31=100% 28/28=100% 26/26=100%

Wear 31/31=100% 27/29=93.1% 25/27=92.6% 31/31=100% 28/28=100% 26/26=100%

Marginal adaptation 30/31=96.8% 23/29=79.3% 23/27=85.2% 30/31=96.8% 26/28=92.9% 26/26=100%

Pre-operative sensitivity 26/31=83.9% ————— ——————— 28/31=90.3% ———— ———

Post-operative sensitivity 30/31=96.8% 27/29=93.1% 24/27=88.9% 31/31=100% 28/28=100% 25/26=96.2%

Surface texture 30/31=96.8% 26/29=89.7% 25/27=92.6% 25/31=80.7% 16/28=57.1% 11/26=43.3%
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mild surface demineralization (not removing all
calcium from the demineralized area),25 RMGICs
that use a polyacrylic acid conditioner form a very
thin hybrid layer.20,23

Microtensile dentin bond strengths increase
when bur-prepared dentin is treated with the
respective polyacrylic acid solution prior to the
insertion of Fuji II LC.26 On smear layer-free
dentin, the bond strengths are very similar regard-
less of the use of the 20% polyacrylic acid solution
prior to the insertion of this RMGIC, which attests
that the smear layer must be treated to expose
calcium bonding sites on the dentin surface. In
another study, in which a smear layer was also
created with a medium-grit bur, the dentin micro-
tensile bond strengths for Ketac Nano were higher
when the respective primer was used compared
with nonprimed surfaces.20 In a shear bond
strength study the application of the respective
primer improved the bond strengths for Ketac
Nano, whereas bond strengths for Fuji II LC were
not affected by the use of the respective cavity
conditioner.27

Although Ketac Nano bonds to dentin in vitro, the
bonding efficiency of Fuji II LC, as measured with
the microtensile bond strength test, is still superi-
or—14.4 megapascals (MPa) for Ketac Nano vs 31.4
MPa for Fuji II LC.20 In the same study, Ketac Nano

Table 3: Extended.

Ketac Nano

BL 6 mo 1 y

30/30=100% 27/30=90.0% 25/30=83.3%

30/30=100% 27/27=100% 25/25=100%

19/30=63.3% 16/27=59.3% 15/25=60.0%

30/30=100% 26/27=96.3% 15/25=60.0%

30/30=100% 27/27=100% 25/25=100%

30/30=100% 26/27=96.3% 24/25=96.0%

29/30=96.7% 21/27=77.8% 17/25=68.0%

25/30=83.3% —————————— ———————

30/30=100% 27/27=100% 24/25=96.0%

29/30=96.7% 24/27=88.9% 23/25=92.0%

Figure 1. Percentage of restorations that scored alfa at six months.
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was reported to interact with dentin and enamel

very superficially, without ultrastructural evidence

of demineralization and/or hybridization.20 This

phenomenon has been observed with another

RMGIC used as base/liner (Vitrebond, 3M ESPE),

which bonds to dentin without hybrid layer or gel

phase formation and, therefore, only by chemical

interaction.25 According to Coutinho and coworkers,
20 the bonding mechanism of Ketac Nano relies

primarily on the micromechanical infiltration into

the substrate roughness, combined with the typical

chemical bonding provided by the polyalkenoic acid

copolymer. Because Ketac Nano contains a monomer

and a photoinitiator in its primer (pH=3), it may

form a resin coating on the dentin surface prior to

the application of the restorative material. Conse-

quently, Ketac Nano’s primary bonding mechanism

may be similar to that of mild self-etch resin
adhesives, given that the increased enamel marginal
staining and marginal adaptation resemble those of
self-etch adhesives in clinical studies.11 The second-
ary bonding mechanism may rely on the polyalke-
noic acid copolymer chemical bonding to calcium in
hydroxyapatite.

There has been some debate over the years as to
whether all GIC-like materials are considered true
GICs. Some of these GIC-like materials, such as
compomers (polyacid-modified composite resins), have
been marketed as belonging to the GIC family.
However, compomers resemble composite resins in
their physical properties.28 Additionally, the acid-base
reaction in compomers may be merely a surface
phenomenon.28 RMGICs, on the other hand, and in
spite of containing a small amount of a polymerizable

Figure 2. Percentage of restorations that scored alfa at one year.

Table 4: Significant Differences of Restorations That Scored Alfa at Six Months

Surface Texture Marginal Staining Marginal Adaptation Color Match

Fuji II LC vs. Ketac Nano 0.0001 NS NS 0.001

Fuji II LC vs Ambar/FSP 0.022 NS NS NS

Ketac Nano vs Ambar/FSP NS NS NS 0.003

Abbreviations: FSP, Filtek Supreme Plus; NS = not significantly different.
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monomer, will still undergo a true acid-base setting
reaction. The quantity of the resin is limited to the
extent that it will not interfere with the normal acid-
base setting reaction, allowing for the ion exchange
adhesion with tooth structure that is typical of
GICs.24,29 The increase in the relative resin and filler
contents may result in a more attenuated acid-base
reaction. Transmission electron microscopy studies in
our laboratory (unpublished observations) have shown
that the thickness of the silica gel that surrounds the
aluminosilicate glass particles, as a result of the
interaction of the polycarboxylic acid with the surface
of the glass, is more pronounced in Fuji II LC than in
Ketac Nano. A recent independent evaluation30 also
reported that Ketac Nano contains more resin than
other RMGIC materials do and that its acid-base
reaction rate is lower than that of competitive
products. This may explain why the gel phase
formation and consequent hybridization ability are
more pronounced in Fuji II LC than in Ketac Nano.20

Although there were no statistical differences for
any pair of materials for marginal staining and
marginal adaptation at six months, Ketac Nano
resulted in worse marginal adaptation than the two
groups and worse marginal staining than Fuji II LC
at one year. This means that the enamel bonding
efficacy of Ketac Nano started to decrease after the
six-month recall. Although RMGICs have the ten-
dency for slightly more water sorption than conven-
tional GICs,31 Ketac Nano has been reported to
compensate rapidly for polymerization shrinkage
through hygroscopic expansion,32 as measured by
the amount of cusp deflection. When compared with
FSP, the nanofilled RMGIC underwent a significant
expansion after one week and continued to expand
up to 24 months.32 This characteristic may partially
explain the issues with marginal adaptation around
enamel margins. Although phosphoric acid etching
might have improved the enamel marginal adapta-
tion of Ketac Nano, the application of a RMGIC to
acid-etched dentin precludes any ionic interaction

with calcium, making hybridization the only viable
bonding mechanism.26 In fact, De Munck and
coworkers23 reported that dentin etching with
phosphoric acid, prior to the application of Fuji Bond
LC, enhances micromechanical interlocking at the
expense of chemical bonding. Further studies with
the nanofilled RMGIC should incorporate the enam-
el selective-etching technique to test the hypothesis
that enamel etching improves the marginal adapta-
tion of Ketac Nano.

Color match associated with RMGICs has been less
than ideal in several clinical studies. One study33

reported only 48% alfa ratings for one RMGIC after
18 months of clinical service, whereas another study
found a poor shade match for two RMGICs at three
years in a combination of noncarious and carious
cervical lesions.34 At five years, one clinical study
reported a 86% bravo rating for one of the first
restorative RMGICs.35 In the present study Fuji II
LC resulted in the best color match of the three
restorative materials tested, although this difference
was only significant when Fuji II LC was compared
with Ketac Nano. However, given that surface
texture showed signs of degradation starting at the
six-month recall, we expect to see deterioration in
color match for Fuji II LC in the upcoming 18- and 24-
month recalls. Loss of anatomical form and wear have
been associated with the deterioration of traditional
RMGICs over two years.33,34 Ketac Nano may have
the advantage of more stable surface texture over a
longer period of time and, therefore, may behave
better than Fuji II LC in this regard. Only further
clinical evaluations will test this hypothesis.

The decrease in the quality of surface texture for
Fuji II LC has been reported in other clinical
studies.19,34,35 In a clinical trial of NCCL, 47.6% of
Fuji II LC restorations were deemed ‘‘slightly rough
or pitted’’ at three years, whereas 26.2% were
evaluated as ‘‘rough, cannot be refinished.’’19 In the
same study, the cumulative failure rate of Fuji II LC
at three years was 7%, whereas that of an acetone-

Table 5: Significant Differences of Restorations That Scored Alfa at One Year

Surface Texture Marginal Staining Marginal Adaptation Color Match

Fuji II LC vs Ketac Nano 0.001 0.009 0.002 0.0001

Fuji II LC vs Ambar/FSP 0.0001 NS NS NS

Ketac Nano vs Ambar/FSP NS NS 0.036 0.025

Abbreviations: FSP, Filtek Supreme Plus; NS = not significantly different.
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based two-step etch-and-rinse adhesive was 49%. In
spite of the drastic decline in surface texture for Fuji
II LC, the low failure rate attests to its bonding
efficacy in NCCL.

Ketac Nano resulted in a poor color match starting
at the baseline evaluation and remained stable
thereafter. Although Ketac Nano’s surface texture
was comparable to that of the nanofilled composite
resin used with Ambar, all operators experienced
problems with color matching when using the nano-
filled RMGIC. In contrast to other RMGICs that
darken with time,35,36 Ketac Nano restorations were
perceived as lighter than the shade selected by the
operator prior to starting the restorative procedure.
This difficulty may have been a result of two factors.
First, there was a reduced number of Ketac Nano
shades made available by the respective manufac-
turer at the time that the restorations were inserted:
A1, A2, A3, A3.5, and B2. Because enamel is thinner
and dentin in NCCL is usually darker than dentin in
the coronal part of the tooth, the availability of
darker shades might have resulted in a better color
match. Second, it has been reported that the
lightness of Ketac Nano increases substantially with
increased thickness of the material, as opposed to
FSP, for which the respective lightness decreases
with the thickness of the composite resin.37

Ambar (FGM) is a recently introduced two-step etch-
and-rinse adhesive. The six-month clinical behavior in
NCCL is comparable to that of the widely tested
adhesive Adper Single Bond Plus (3M ESPE).38 The
clinical outcomes measured for Ambar/FSP in the
present study were similar to those measured for either
Adper Single Bond Plus or Adper Scotchbond Multi-
Purpose (3M ESPE) in a recent clinical study using the
same composite resin, following the same protocol,39

which attests to the efficacy of Ambar in NCCL.
Furthermore, the dentin-resin interfacial morphology
and microtensile bond strengths of Ambar are compa-
rable to those of Adper Single Bond Plus (3M ESPE),
even after 20,000 thermal cycles.40

One year is a very short period to evaluate the long-
term clinical behavior of dental adhesive materials.
Nevertheless, this short-term evaluation may allow
the ranking of materials regarding their initial
bonding capability. All materials tested in this study
resulted in retention rates above 90% at one year.
Further studies are planned that involve medium- and
long-term clinical evaluations of these three adhesive
materials. Additionally, in vitro studies should test the
hypothesis that selective enamel etching improves the
enamel marginal integrity associated with Ketac
Nano.

CONCLUSIONS
� The one-year retention rate was statistically

similar for the three adhesive materials.
� Enamel marginal deficiencies and color mismatch

were more prevalent for Ketac Nano.
� Surface texture of Fuji II LC restorations deteri-

orated quickly.
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Laboratory Research

The Effect of Prophylaxis
Method on Microtensile

Bond Strength of Indirect
Restorations to Dentin

CJ Soares � JC Pereira � SJB Souza
MS Menezes � SR Armstrong

Clinical Relevance

The use of cavity cleaners on dentin before indirect resin restoration cementation results in
variation in microtensile bond strengths (lTBS). Prophylaxis with aluminum oxide air
abrasion, pumice paste, or chlorhexidine produced significantly higher lTBS to dentin
than were produced with hydrogen peroxide and a sodium bicarbonate jet.

SUMMARY

The aim of this study was to evaluate the effect
of different materials used for dentin prophy-
laxis on the microtensile bond strengths
(lTBS) of adhesively cemented indirect com-
posite restorations. Sixty bovine incisors had
the buccal surface ground with wet #600-grit
silicon carbide abrasive paper to obtain a flat
exposed superficial dentin and were submitted
to different prophylaxis protocols, as follows:
3% hydrogen peroxide (HydP); 0.12% chlorhex-
idine (Chlo); sodium bicarbonate jet (SodB); 50-
lm aluminum oxide air abrasion (AirA); pum-
ice paste (PumP), and control group–water
spray (Cont). After prophylaxis protocols a
resin composite block (3.0 mm 3 5.0 mm 3 5.0
mm) was adhesively cemented using dual resin
cement (Rely X ARC). After 24 hours of water
storage, specimens were serially sectioned
perpendicular to the bonded interface into 1-
mm-thick slices. Each specimen was trimmed
with a diamond bur to an hourglass shape with
a cross-sectional area of approximately 1.0
mm2 at the bonded area. Specimens were
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tested (lTBS) at 0.5 mm/min using a universal
testing machine. Scanning electron microsco-
py was used to examine the effects of prophy-
laxis techniques on dentin. Bond strength data
(MPa) were analyzed by one-way analysis of
variance and failure mode by Fisher test
(a=0.05). lTBS data, means (SD), were (differ-
ent superscripted letters indicate statistically
significant differences): AirA, 25.2 (7.2)a;
PumP, 24.1 (7.8)a; Chlo, 21.5 (5.6)a; Cont, 20.6
(8.1)a; HydP

,
15.5 (7.6)b; and SodB

,
11.5 (4.4)c.

The use of aluminum oxide air abrasion, pum-
ice paste, and chlorhexidine before acid etch-
ing did not significantly affect lTBS to dentin;
however, the use of hydrogen peroxide and
sodium bicarbonate jet significantly reduced
lTBS.

INTRODUCTION

Complete intertubular resin infiltration and hybrid
layer formation are critical factors for successful
dentin bonding.1 Oral fluids such as saliva, blood,
and crevicular fluid can cause chemical incompati-
bility with dental materials.2 Adhesive wetting of the
tooth substrate can be inhibited by the presence of
blood,3 saliva,2 hard-tissue particles from operative
procedures, and remnants of temporary cement.4,5

Several agents are recommended for cleansing of the
dentin substrate to optimize resin monomer pene-
tration into the collagen network: these include
chlorhexidine,6,7 hydrogen peroxide,8 pumice
paste,9,10 sodium bicarbonate jet,9 and aluminum
oxide air abrasion.5,11

Applying a mixture of flour of pumice and water
results in partial removal of the smear layer and
surface erosion as a result of the mechanical
abrasion of the pumice particles.12 Pumice paste
has been shown to adequately clean oil-contaminat-
ed dentin for etch-and-rinse adhesives.10 Aluminum
oxide air abrasion used as a cavity cleanser produces
a rough irregular surface with increased surface
area that increases the wettability of adhesive
systems to tooth structure to provide additional
mechanical retention, similar to that associated with
etched enamel.11 Additionally, a mechanical cleans-
ing protocol, utilized prior to definitive cementation,
increases the bond strength of luting cement to
dentin following eugenol-containing temporary ce-
ments.4,5

Different dentin-cleaning agents containing chlor-
hexidine digluconate isolated or associated with
glass particles have been marketed with good
performance.7 The use of chlorhexidine as a cavity

cleanser is based on its antimicrobial properties.7 As
a result of the cationic properties of the chlorhexi-
dine, it easily binds to the tooth hydroxyapatite, the
pellicle on the tooth surface, salivary proteins,
bacteria, and phosphate groups.6 Several studies
have shown that the bond strength of some adhe-
sives was compromised by the use of hydrogen
peroxide.13 The exact mechanism by which hydrogen
peroxide affects dentin has yet to be fully under-
stood. Hydrogen peroxide is capable of generating a
hydroxyl radical, an oxygen-derived free radical that
is known to accumulate in dentin.14 Residual
hydrogen peroxide solution in the collagen matrix
and dentinal tubules may eventually break down
into oxygen and water.13 Liberation of oxygen could
either interfere with resin infiltration into etched
dentin or inhibit polymerization of resins that cure
via a free-radical mechanism.13

The aim of this study was to analyze the influence
of prophylaxis method (hydrogen peroxide, sodium
bicarbonate jet, chlorhexidine, hydrogen peroxide,
pumice paste, and air abrasion) on the microtensile
bond strengths (lTBS) of indirect composite resto-
rations fixed on bovine dentin. The null hypothesis
was that the dental prophylaxis methods do not
affect the lTBS of resin-based composite luted to
bovine dentin.

MATERIALS AND METHODS

Sixty bovine teeth were extracted and stored in 0.2%
thymol solution (Biopharma, Uberlândia, Brazil).
The roots were cut off and the pulp was removed
under water irrigation. Flat dentinal surfaces with
standardized smear layers were created by grinding
buccal surfaces with #600 silicon carbide papers
(Norton, Campinas, Brazil). Specimens were ran-
domly divided into six prophylaxis groups, as
follows: 1) Cont, no cavity cleaner application, 15-
second water-spray, and conventional etching (con-
trol group). 2) PumP, rubber cup application of
pumice paste for 10 seconds, rinsed with water spray
for 10 seconds, etching with 37% phosphoric acid
(Adper Etching, 3M-ESPE, St Paul, MN, USA) for 15
seconds, and the surface rinsed with water spray for
15 seconds. 3) Chlo, 10-mL application of 0.12%
chlorhexidine solution (Biopharma) for 10 seconds
with rubber cup application, rinsed with water spray
for 10 seconds, etching with 37% phosphoric acid
(Adper Etching) for 15 seconds, and the surface
rinsed with water spray for 15 seconds. 4) HydP, 10-
mL application of 3% hydrogen peroxide solution
(Biopharma) for 10 seconds with rubber cup appli-
cation, rinsed with water spray for 10 seconds,
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etching with 37% phosphoric acid (Adper Etching)
for 15 seconds, and the surface rinsed with water
spray for 15 seconds. 5) SodB, sodium bicarbonate jet
at 60-pound pressure for 10 seconds from 5 mm
perpendicular to the surface (Profi II, Dabi Atlante,
São Paulo, Brazil); rinsed with water spray for 10
seconds, etching with 37% phosphoric acid (Adper
Etching) for 15 seconds, and the surface rinsed with
water spray for 15 seconds. 6) AirA, air abrasion
with 50-lm aluminum oxide particles at four bars of
pressure for 10 seconds from 5 mm perpendicular to
the surface (Microjato Plus, Bio-Art, São Paulo,
Brazil); rinsed with water spray for 10 seconds,
etching with 37% phosphoric acid (Adper Etching)
for 15 seconds, and the surface rinsed with water
spray for 15 seconds.

Resin composite blocks (3.0 mm 3 5.0 mm 3 5.0
mm) were incrementally prepared in a silicon matrix
with a microhybrid composite resin (Filtek Z250,
3M-ESPE). Each increment was light-cured with a
quartz-tungsten-halogen curing lamp (XL 3000, 3M-
ESPE) at 600 mW/cm2 for 40 seconds, as measured
by a radiometer (Radiometro, FANEM, São Paulo,
SP, Brazil). The intaglio surface of the indirect resin
restorations were air abraded with 50 lm aluminum
oxide particles (Microjato Plus, Bio-Art) for 10
seconds with four bars of pressure at 10.0 mm of
source-to-sample distance and silanized with a pre-
hydrolyzed silane solution (Rely X Ceramic Primer,
3M-ESPE) for one minute.

A one-bottle adhesive system (Adper Single Bond
2, 3M-ESPE) was applied, air-dried, and light-cured
for 20 seconds at 600 mW/cm2. Restorations were
cemented with a dual cured resin cement (RelyX
ARC, 3M-ESPE), according to the manufacturer’s
instructions. A 500g load was applied for five
minutes to standardize the luting cement thickness.
Visible-light activation of superior and all lateral
surfaces on the bonded blocks was performed for 40
seconds for each surface (XL3000, 3M-ESPE). Spec-
imens were stored in distilled water at 378C for 24
hours. Samples were positioned in a precision
diamond cutting machine (1000 Isomet, Buehler
Ltd, Lake Bluff, IL, USA) and serially sectioned
perpendicular to the bonded interface to obtain four
slices of approximately 1 mm in thickness per
sample. Each slab was trimmed with a cylindrical
diamond bur (#1090, Kg Sorensen, Barueri, SP,
Brazil), resulting in an hourglass-shaped specimen
with a cross-sectional bonded area of approximately
1.04 6 0.05 mm2. Each specimen was fixed to the
microtensile testing device (Ciucchi device) with
cyanoacrylate glue (Loctite Super Bonder, Henkel

Loctite Corporation, Rocky Hill, CT, USA) and tested
to failure in tension at 0.5 mm/min in a mechanical
testing machine (EMIC DL-2000, São José dos
Pinhais, PR, Brazil) to determine lTBS. After
fracture, the specimen was removed from the testing
apparatus and the cross-sectioned area measured at
the site of fracture with a digital caliper (S235,
Sylvac, Switzerland). A mean lTBS in MPa was
reported for each tooth, with pretest failures ignored
in the data analyses. All groups presented a normal
and homogeneous distribution; therefore, one-way
analysis of variance (ANOVA) with post hoc Tukey
honestly significantly different (HSD) was used to
determine whether there was a significant difference
in the bond strengths among the prophylaxis
methods.

All fractured specimens were observed under a
stereomicroscope (Leika MZ12, Tokyo, Japan) and
the failure mode was determined. The failure modes
were classified as follows: apparently interfacial
(within the adhesive joint), cohesive in dentin,
cohesive in the resin cement or resin-based compos-
ite restoration, or mixed failures, in which the
failures were recorded as the surfaces comprising
the dominance of failure of each substrate. Differ-
ences in failure modes between groups were tested
by Fisher exact test. A p-value of less than 0.05 was
used as a criterion for statistical significance.

Additionally, to observe the effects of products
used in dentin prophylaxis, specimens were wet-
abraded to expose superficial dentin and submitted
to the techniques used in this study. The specimens
were allowed to dry in an oven at 378C; next they
were gold sputter-coated (MED 010, Balzers, Balzer,
Liechtenstein) and observed under a scanning
electron microscope (SEM; LEO 435 VP, LEO
Electron Microscopy, Cambridge, UK). Representa-
tive areas of dentin-treated surfaces were photo-
graphed at 50003 magnification.

RESULTS

lTBS data are shown in Table 1. One-way ANOVA
revealed a significant effect of prophylaxis methods
(p,0.001). Tukey HSD test showed that the AirA,
PumP, Chlo, and Cont groups presented significant-
ly higher lTBS values than did the HydP and SodB
groups, while HydP was significantly higher than
SodB.

With regard to failure modes, the HydP (80.0%)
and SodB (82.5%) were significantly more likely to
produce interfacial failures than were the other
three prophylaxis methods (67.5% for PumP, 62.5%

604 Operative Dentistry

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-31 via free access



for Chol, and 60% for AirA) or the control group

(65%). Additionally, the SodB (15%) and HydP

(12.5%) groups were more likely to produce pre-

tested failure than were the other three prophylaxis

methods (2.5% for PumP, Chol, and AirA) or the

control group (5%). On the other hand, the AirA

(15%), PumP (15%), Chol (12.5%), and Cont (10%)

groups were more likely to have cohesive failure in

the dentin mode than were the HydP (5%) and SodB

(0%) groups. The same failure distribution was found

with regard to mixed failures: AirA (15%), PumP

(15%), Chol (12.5%), and Cont (10%) groups were

more likely to have cohesive failure in the dentin
mode than were the HydP (5%) and SodB (0%)
groups (Table 2).

SEM revealed a rough irregular surface on the
specimens treated with AirA (Figure 1A), crystalline
deposits on the surface of specimens treated with
SodB (Figure 1B), and the presence of surface
grooves on PumP samples (Figure 1C). However,
all of the specimens demonstrated the presence of a
remnant smear layer prior to the etching acid
(Figure 1A-E), which was removed after using
phosphoric acid for all groups (Figure 1F).

DISCUSSION

The null hypothesis was rejected. This in vitro study
showed that prophylaxis with 3% hydrogen peroxide
solution and sodium bicarbonate jet negatively
influenced the lTBS of the indirect resin restoration
fixed to dentin with resinous cement, as compared to
the control group. During bond procedures, isolation
of the working field is crucial, as any contamination
of a prepared tooth might have a detrimental effect
on adhesion and retention of restorative materials.5

In addition, any dentin prophylaxis method should
be efficient while leaving no detrimental remnants of
the cleaning agent.

Prophylaxis with 0.12% chlorhexidine solution
applied prior to acid etching resulted in no signifi-
cant effect on lTBS values of a luting procedure
realized with dual-cure resinous cement and a one-
bottle adhesive system (Table 1). Previous studies6,15

have demonstrated that chlorhexidine application

Table 1: Microtensile Bond Strength Values (MPa) and
Statistical Categories

Prophylaxis Method lTBSa Mean (SD)

AirA, Al
2
O

3
air abrasion 25.2 (7.2) A

PumP, pumice paste 24.1 (7.8) A

Chlo, 0.12% chlorhexidine 21.5 (5.6) A

Cont, water-spray (control) 20.6 (8.1) A

HydP, 3% hydrogen peroxide 15.5 (7.6) B

SodB, sodium bicarbonate jet 11.5 (4.4) C

a Different letters indicate significant differences by Tukey honestly
significantly different test (p,0.05). lTBS, microtensile bond strengths; SD,
standard deviation.

Table 2: Mode of Failure of Results Using Different Prophylaxis Methods

Prophylaxis
Method

Apparently
Interfacial

Cohesive in
Dentin

Cohesive in Resin
Restoration or Resin Cement

Mixed Premature Failure Total

Cont 26 4 1 7 2 40

AirA 24 6 2 7 1 40

HydP 32 2 0 1 5 40

SodB 33 0 0 1 6 40

PumpP 27 6 1 5 1 40

Chlo 25 5 3 6 1 40

Abbreviations: Cont, water-spray (control); AirA, Al
2
O

3
air abrasion; HydP, 3% hydrogen peroxide; SodB, sodium bicarbonate jet; PumP, pumice paste; Chlo, 0.12%

chlorhexidine.
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Figure 1. A. Irregular dentin surface created by air abrasion with 50-lm aluminum oxide particles; B. deposition of crystals and granular residues
over dentin surface treated with sodium bicarbonate jet; C. presence of surface grooves and partial removal of smear layer produced by pumice paste;
D. dentin surface treated with hydrogen peroxide showing no apparent alteration; E. dentin surface treated with chlorhexidine showing no alteration on
surface; F. representative image for all groups of the dentin surface without smear layer completely removed after phosphoric acid etching; G. dentin
surface untreated produced by the lab technique. (original magnification 50003)
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prior to acid etching had no adverse effects on
immediate composite-adhesive bonds to dentin.
Chlorhexidine applied after acid etching and before
use of an adhesive system might be useful for the
preservation of dentin bond strength.16 Chlorhexi-
dine remains the gold standard as an antiplaque and
antigingivitis agent.17 It has been shown that
chlorhexidine has an affinity to bacteria, probably
because of an interaction between the positively
charged chlorhexidine molecule and negatively
charged groups on the bacterial cell wall. This
interaction increases the permeability of the bacte-
rial cell wall and thus permits the agent to penetrate
into the cytoplasm and cause death of the microor-
ganism.17 Since 0.12% chlorhexidine solution did not
produce apparent morphological alteration (Figure
1E) and, additionally, did not produce a negative
effect on bond strength to dentin,6,15 and because it
has an antibacterial effect, the use of this product
may be a potentially good option for cleaning of
cavity preparations before adhesive restorative pro-
cedures. It is important to emphasize that the 0.12%
chlorhexidine solution used in this study differs from
0.12% mouthwash formulations, which would be
contraindicated because they contain glycerin.

Previous studies4,5 showed that aluminum oxide
abrasion was effective in removing cement residues,
resulting in better dentin wettability and, conse-
quently, facilitating the infiltration of the adhesive
system into the dentin after acid etching. However,
another study18 reported similar bond strengths
when acid etching was associated with aluminum
oxide abrasion or when it was performed in isolation.
As the particles collide with a solid target, in this
case the dentin surface, the kinetic energy of the
particles is transferred, resulting in microscopic
fractures of the target (Figure 1A).5 As a result,
contaminants may be removed from the surface,
avoiding the negative effect on the lTBS of the
indirect resin restoration.

Cleaning with pumice and water paste is widely
considered to be necessary as the last step in cavity
preparation or as the first step in the restorative
process. Pumice paste does not result in residue
deposition on dentin (Figure 1C). In addition to the
elimination of residue, pumice paste constitutes an
adequate cleaning technique that eliminates bacte-
rial plaque and may produce a thinner smear layer,
thus facilitating acid conditioning on dentin.

It is well known that hydrogen peroxide is a strong
oxidant and is also weakly acidic, which could
increase the wettability of the dentin surface.19

Hydrogen peroxide affects the inorganic components

of dentin through acidic demineralization and
attacks the organic-rich intertubular dentin by
collagen denaturation.19 The reduction in bond
strength is probably due to these properties of
peroxide and their action on dental tissues. Hydro-
gen peroxide degradation results in the release of
water and free radicals from oxygen; these products,
however, show no apparent morphological alteration
(Figure 1D). The reduction in bond strength of resin-
based composite to dentin may also have been due to
the presence of free radicals from oxygen that
interfered with polymerization of the adhesive resin
or adhesive resin cement.20

Residues of sodium bicarbonate precipitate on the
dentin surface of specimens treated with sodium
bicarbonate jet are clearly visible (Figure 1B). The
residues of sodium bicarbonate and changes in
superficial pH probably interfered with the action
of the phosphoric acid, affecting adhesive system and
dentin interaction.21 Despite its efficiency in clean-
ing pits and fissures as a result of its high degree of
penetration in these areas,9 the sodium bicarbonate
jet also has drawbacks, as its residue or pH surface
alterations may be responsible for altering phospho-
ric acid action and for its poor performance on
smooth surfaces. Failure analysis demonstrated that
the failures for the sodium bicarbonate group were
consistently within the interfacial region. The
particle deposition resulted in a thin amorphous
layer of carbonates and sodium over the dentin
surface, which was difficult to remove, resulting in
predominantly adhesive failures and six out of 40
pre-test failures.

The hydrogen peroxide solution and sodium
bicarbonate jet resulted in more interfacial failure
modes and pre-test failures than did the other
prophylaxis methods. All other groups resulted in
more mixed and cohesive failure than did HydP and
SodB. This may be because 1) stress concentration at
the interfacial region was not sufficient to create
rupture of the bonded joint in more efficacious
prophylaxis groups, and 2) hourglass specimen
designs concentrate stress in the neck of the dentin
or resin, therefore tending to produce cohesive or
mixed failures.

There are limitations to the current study. The
study results only pertain to the materials used in
this study, since only one conventional adhesive
system associated with only one dual-cure resin
cement was tested. Additional studies are required
to determine the effect of the prophylaxis methods
using different types of self-adhesive resin cements
and with previously contaminated dentin. Addition-
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ally, the combination of pumice paste and chlorhex-
idine may be tested to evaluate for potential
synergistic effects on dentin bond strength. The
present study tested only 24-hour bond strength and
did not include a durability challenge through water
storage, thermocycling, cyclic loading, or their
combination. Additionally, no temporary cement
was used before the definitive indirect restoration
cementation.

In a clinical situation, before the adhesive luting
procedure the cavity preparation should be cleaned
effectively; therefore, the use of mechanical prophy-
laxis methods that use aluminum oxide air abrasion,
pumice paste, or chlorhexidine might be considered
before the adhesive integration of the restoration,
whereas the use of hydroxide peroxide solution and
sodium bicarbonate jet should be avoided as prophy-
laxis methods before adhesive procedures.

CONCLUSIONS

Within the limitations of this in vitro study, the
following conclusions were drawn:

1. The use of products as a cavity cleanser before
etching dentin can influence lTBS;

2. The use of hydrogen peroxide and sodium bicar-
bonate jet significantly reduced lTBS values to
dentin; and

3. Aluminum oxide air abrasion, chlorhexidine, and
pumice paste before acid etching produced no
negative effect on lTBS to dentin.
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Effect of Silver Diamine
Fluoride on Microtensile
Bond Strength to Dentin

RL Quock � JA Barros � SW Yang
SA Patel

Clinical Relevance

Silver diamine fluoride (SDF), a caries arresting and preventing agent, does not adversely
affect the bond strength of resin composite to non-carious dentin. As the evidence grows to
support the role of SDF in caries management, its role in operative dentistry will also likely
grow.

SUMMARY

The aim of this in vitro study was to investigate

the effect of the cariostatic and preventive

agent silver diamine fluoride (SDF) on the

microtensile bond strength of resin composite

to dentin. Forty-two caries-free, extracted mo-

lars were flattened occlusally and apically

using a diamond saw, and the exposed occlusal

dentin was polished with a series of silicon

carbide papers, all under water irrigation. The

teeth were then randomly divided into six
groups of seven teeth each that were treated
as follows: 1) Peak SE self-etch bonding agent;
2) 12% SDF + Peak SE; 3) 38% SDF + Peak SE; 4)
Peak LC etch-and-rinse bonding agent; 5) 12%
SDF + Peak LC; and 6) 38% SDF + Peak LC.
Four-millimeter buildups of Amelogen Plus
were incrementally placed on all teeth; after
a 24-hour storage period in distilled water, the
specimens were sectioned perpendicular to the
adhesive interface to produce beams of cross-
sectional surface area measuring approxi-
mately 1 mm2. The beams were placed on a
microtensile testing machine, which utilized a
single-speed pump motor and force gauge at 20
kgf 3 0.01 second to record maximum tensile
force before failure occurred. Two-way analy-
sis of variance and post hoc Tukey tests were
performed to compare the effects of the SDF on
microtensile bond strength, with statistical
significance set at a = 0.05. None of the
experimental groups treated with different
concentrations of SDF showed a significant
difference in bond strength compared to the
control groups, and there was no significant
difference in bond strength between self-etch
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and etch-and-rinse groups. However, the effect
of SDF on self-etch bonded teeth compared to
etch-and-rinse bonded teeth was statistically
significant (p=0.0363), specifically at the 12%
concentration. SDF does not adversely affect
the bond strength of resin composite to non-
carious dentin.

INTRODUCTION

Dental caries continues to be a prevalent disease,
even in developed nations.1 Traditionally the disci-
pline and practice of operative dentistry have been
intimately linked with our understanding of the
caries disease process. Indeed, it has been noted that
the primary reason directing operative preparation
and filling of a tooth is to repair destruction from a
carious lesion.2 In recent years, advancement in our
understanding of the caries process3 and the devel-
opment of adhesive restorative materials have
created the ability to practice with a minimally
invasive dentistry philosophy in mind.4

Silver diamine fluoride [Ag(NH
3
)
2
F] (SDF) is a

solution that has been used to arrest dental caries in
countries throughout the world since the early
1970s, primarily in pediatric populations.5 The
components of SDF solution are found in Table 1.
Mainly marketed in East Asia and South America,
SDF currently does not have Food and Drug
Administration approval in the United States—only
recently has SDF attracted the attention of the
National Institutes of Health.6 Although its mecha-
nism of action is not well understood, it has been
proposed that SDF’s chemical components contrib-
ute the following benefits: silver-salts stimulate
dentin sclerosis/calcification, silver nitrate acts to
kill bacteria, and fluoride aids in remineralization
and prevention.7

The technique for SDF use is fairly simple; a small
cotton pellet or brush is used to paint approximately
one drop of SDF onto the cavitated carious lesions in
a quadrant for at least one minute.5,7 As long as they
are not into the pulp or symptomatic, frank cavitated
lesions are preferable because access to salivary
minerals enhances remineralization.5 After the
lesions have been exposed to SDF for the determined
period of time, the SDF is rinsed off.7 The main
adverse effect that is commonly reported is that the
caries lesion is stained dark by the SDF.7

Recently published studies8–10 report that when
applied to cavitated caries lesions with no removal of
decayed tooth structure, SDF has demonstrated
arrest of caries with no further progression after

two to three years. It is notable that the lesions in
these studies were not filled after treatment with
SDF; cavitations were left open. Restorations are
generally indicated for cavitated lesions in part to
seal out bacteria-harboring plaque and to improve
the cleansability of the tooth.11 Although in vitro
studies12,13 indicate that SDF treatment is compat-
ible with glass ionomer restorations, to the authors’
knowledge there are no published English-language
studies that address the effect of SDF on the bond
strength of resin composite to dentin. This in vitro
study aimed to test the following null hypotheses: 1)
SDF has no effect on the bond strength of composite
resin to dentin; and 2) the type of adhesive, etch-and-
rinse vs self-etch, does not affect the adhesion of
composite resin to dentin in teeth treated with SDF.

MATERIALS AND METHODS

Forty-two noncarious, extracted molars were col-
lected according to human subjects’ regulations at
the University of Texas Health Science Center in
Houston, TX (USA) and were stored in 0.9%
sodium chloride/0.2% sodium azide solution. Oc-
clusal enamel was ground flat using a model
trimmer (Model 3C 1/2HP, Whip Mix, Louisville,
KY, USA) under running water, then abraded and
smoothed sequentially with 240-, 320-, and 600-
grit silicon carbide (SiC) paper on a water-cooled
lathe (Ecomet 6, Buehler, Evanston, IL, USA) to
expose a flat dentin surface. Tooth roots were
removed with a diamond bur and high-speed
handpiece. Pulp chambers were cleaned with a
large round bur and slow-speed handpiece as well
as a spoon excavator; chambers were then filled
with bonded resin composite to act as support.

The specimens were randomly divided into six
groups of seven teeth each. Each group was further
prepared as follows.

Group 1—Exposed flat dentin surface was treated
with a self-etch bonding system (Peak SE, Ultradent,
South Jordan, UT, USA), according to manufactur-
er’s instructions.

Group 2—Exposed flat dentin surface was treated
with 12% SDF solution (Ancarie 12% Cariostatico,
Maquira Dental Products, Maringa, PR, Brazil) for
three minutes, followed by a rinse for 30 seconds
with distilled water.9 Then the dentin surface was
treated with the same self-etch bonding system used
in group 1.

Group 3—Exposed flat dentin surface was treated
with 38% SDF solution (Saforide, Toyo Seiyaku
Kasei Ltd, Osaka, Japan) for three minutes, followed
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by a rinse for 30 seconds with distilled water. Then
the dentin surface was treated with the same self-
etch bonding system used in group 1.

Group 4—Exposed flat dentin surface was treated
with an etch-and-rinse bonding system (Peak LC,
Ultradent), according to manufacturer’s instruc-
tions.

Group 5—Exposed flat dentin surface was treated
with 12% SDF solution (Ancarie 12% Cariostatico,
Maquira Dental Products) for three minutes,
followed by a rinse for 30 seconds with distilled
water. Then the dentin surface was treated with
the same etch-and-rinse bonding system used in
group 4.

Group 6—Exposed flat dentin surface was treated
with 38% SDF solution (Saforide, Toyo Seiyaku
Kasei Ltd) for three minutes, followed by a rinse
for 30 seconds with distilled water. Then the
dentin surface was treated with the same etch-
and-rinse bonding system used in group 4.

Following treatment with respective adhesives
(according to manufacturer instructions), 4-mm-
thick buildups of microhybrid composite (Amelogen
Plus, Ultradent) were placed, with increments
limited to 1 mm. Curing was accomplished with a
halogen curing light (Optilux 501, Kerry, Danbury,
CT, USA), which was verified to have a light
output of 600 mW/cm2 throughout the study, as
indicated by the unit’s radiometer.

After storage in distilled water for 24 hours at
378C, the restored specimens were sectioned occluso-
gingivally into serial slabs approximately 1.0 mm
thick by a slow-speed water-cooled diamond saw
(Isomet 11–1180, Buehler). Each slab was then
sectioned into composite/tooth structure beams mea-
suring approximately 1.0 3 1.0 mm in cross section
by the same slow-speed water-cooled diamond saw.
Ten to 15 beams were yielded from each restored
specimen; seven beams from each specimen were
chosen at random for testing, for a total of 49 beams
for each test group. After storage in distilled water
for 24 hours at 378C, the bonded surface area of each
beam was calculated using measurements taken by a
digital caliper (Absolute Digimatic, Mitutoyo Corpo-
ration, Kawasaki, Kanagawa, Japan). The ends of
the beams were affixed to the test block of a
microtensile testing machine (BISCO, Schaumburg,
IL, USA) with cyanoacrylate glue (Zapit, Dental
Ventures of America, Corona, CA, USA). The micro-
tensile testing machine utilized a single-speed pump
motor and force gauge at 20 kgf 3 0.01 second to
record maximum tensile force before failure oc-
curred; force gauge readings in kgf were converted
to MPa using the following equation: 1 kgf/

mm
2 =

9.80665 MPa. The type of failure was observed and
recorded as adhesive, cohesive in dentin, cohesive in
resin, or mixed.

Although seven beams per tooth were tested for
microtensile strength, multiple beams derived from
the same tooth may not be considered independent

Table 1: Manufacturer and Composition of Silver Diamine Fluoride (SDF) Solutionsa and Adhesivesb

Agent Composition

Ancarie 12% Cariostaticoa

(Maquira Dental Products, Maringa, PR, Brazil)
Ammonium hydroxide, silver nitrate, hydrofluoric acid, water

Saforidea

(Toyo Seiyaku Kasei Ltd, Osaka, Japan)
Ammonium hydroxide, silver nitrate, hydrofluoric acid, water

Peak SEe
b

Primer
Bond
(Ultradent, South Jordan, UT, USA)

Bis-GMA, HEMA, ethanol, methacrylic acid, water
Bis-GMA, HEMA, ethanol, methacrylic acid, silica filler

Peak LCe
b

Etch
Primer
Bond
(Ultradent, South Jordan, UT, USA)

35% Phosphoric acid
Bis-GMA, HEMA, ethanol, methacrylic acid, water
Bis-GMA, HEMA, ethanol, methacrylic acid, silica filler

Abbreviations: Bis-GMA, bisphenol A diglycidyl ether dimethacrylate; HEMA, 2-hydroxyethyl methacrylate.
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samples. Thus, the mean of the seven beams from
each tooth was used as the value for that tooth,
resulting in a sample size of seven per group. At a
significance level of 5%, and assuming a hypothe-
sized effect size no less than 1.25, a sample size of
seven could provide a statistical power of 90%. Two-
way analysis of variance (ANOVA) and post hoc
Tukey tests were performed to compare the effects of
the SDF on bond strengths, with statistical signifi-
cance set at a = 0.05. The statistical unit was teeth,
not beams.

RESULTS

The study used a total of 42 teeth, with the bond
strength for each tooth being determined by the
average bond strength of seven beams from each
tooth. The means and standard deviations for each
tooth are shown in Table 2. None of the experimental
groups treated with different concentrations of SDF
showed a significant difference in bond strength
compared to the control groups, and there was no
significant difference in bond strength between self-
etch and etch-and-rinse groups. However, the effect
of SDF on self-etch bonding compared to etch-and-
rinse bonding was statistically significant
(p=0.0363). There was no significant difference
between the self-etch and etch-and-rinse bond
strengths for the control groups (no SDF) or the
groups treated with 38% SDF solution, but bond
strengths were significantly lower for self-etch vs
etch-and-rinse when using a 12% SDF solution. In
all groups, the most common failure types were

adhesive and/or cohesive in resin. Cohesive in resin
failures indicate that since the adhesive interface
was still intact, actual bond strengths were likely
higher than reported.

DISCUSSION

This study sought first to examine if pretreating
noncarious dentin with SDF adversely affects the
bond strength of composite resin to dentin. As noted
earlier, the results from this study indicate no
significant difference in bond strengths between
control groups (no pretreatment with SDF) and
experimental groups (pretreatment with 12% or
38% SDF). Based on the results of this study, the
null hypothesis that SDF has no effect on the bond
strength of composite resin to dentin is affirmed. The
clinical implication of these findings is that if SDF is
used to arrest and/or prevent dental caries in a tooth,
bond strength to the noncarious dentin of that tooth
will be unaffected.

Secondarily, this study sought to examine if self-
etch or etch-and-rinse adhesives were preferable for
dentin pretreated with SDF. The results from this
study indicate that overall there was no significant
difference in bond strength between self-etch or etch-
and-rinse groups. However, pretreatment with 12%
SDF resulted in significantly lower bond strengths
for self-etch groups than for etch-and-rinse groups.

This finding is difficult to reconcile, since pre-
treatment with 38% SDF did not result in signifi-
cantly different bond strengths for self-etch vs etch-

Table 2: Resin/Dentin Microtensile Bond Strengths in MPa (Standard Deviation [SD])a

Group n, beams Bond Strengthsb a cd cr m

1: Control with Peak SE 49 32.96 (6.72) A,C 28.6 0.0 69.4 2.0

2: 12% SDF with Peak SE 49 23.99 (8.04) A,* 59.2 0.0 24.5 16.3

3: 38% SDF with Peak SE 49 32.73 (10.54) A,D 61.2 0.0 36.7 2.0

4: Control with Peak LC 49 30.81 (2.55) B,C 61.2 2.0 32.7 4.1

5: 12% SDF with Peak LC 49 39.00 (11.46) B,* 36.7 8.2 32.7 22.4

6: 38% SDF with Peak LC 49 34.41 (10.48) B,D 53.1 0.0 36.7 10.2

Abbreviation: SDF, silver diamine fluoride.
a Mean (SD) microtensile bond strength values (MPa) obtained on tested groups (n=7 teeth) and distribution of failure modes (%) (a = adhesive, cd = cohesive in
dentin, cr = cohesive in composite resin, m = mixed).
b Mean bond strengths with same letters are not significantly different (a=0.05). Mean bond strengths indicated with an asterisk (*) are significantly different (a=0.05).
Statistical analysis with two-way ANOVA and post hoc Tukey tests (a=0.05).
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and-rinse groups. The authors offer the following
twofold explanation. The significant difference in
bond strength noted with pretreatment with 12%
SDF might be related to one of the components of
SDF solution—hydrofluoric acid.14 It has been
noted15 that hydrofluoric acid generally has a
detrimental effect on resin bond strength to dentin.
Etching with phosphoric acid after exposure to
hydrofluoric acid tends to result in higher bond
strengths.15 This phenomenon seems consistent with
the finding in this study that etch-and-rinse adhe-
sive outperforms self-etch adhesive when the dentin
is pretreated with 12% SDF.

Although etch-and-rinse adhesive in this study also
resulted in higher bond strength than did self-etch
adhesive when the pretreatment was with 38% SDF,
the difference was not statistically significant. This
may be due to differences in manufacturing tech-
niques. Saforide is produced and marketed in Japan,
and it is only available in 38% solution. Ancarie
Cariostatico is produced and marketed in South
America, and it is available in 12% or 30% solution.
Only 38% Saforide and 12% Ancarie Cariostatico
were available to the authors for this study, so it was
not possible to compare differing concentrations of
SDF made by the same manufacturer. Based on the
results of this study, with its limitations, the null
hypothesis that the type of adhesive does not affect
the adhesion of composite resin to dentin in teeth
treated with SDF is rejected. In light of this, it may be
preferable to utilize an etch-and-rinse adhesive
following pretreatment of dentin with SDF.

The traditional approach to the operative man-
agement of cavitated carious lesions is to mechan-
ically remove soft, bacteria-rich, infected dentin
prior to filling the cavity with a suitable restorative
material11; based on the current evidence, this is
still a reasonable perspective because highly infect-
ed dentin is not remineralizable.3 However, there is
evidence to indicate that removal of soft infected
dentin may not be necessary.16 For example, a
landmark 10-year clinical study17 of ultraconserva-
tive restorations indicated that if a well-sealed
adhesive resin restoration is placed over infected
dentin, the result is an arrested lesion. Further-
more, it has been noted18 that if a well-sealed resin
restoration is placed over infected dentin in a
cavitated lesion, bacterial count and activity are
reduced over time. From a biological perspective,
these findings present an intriguing challenge to
the need to remove infected dentin prior to
restoration. However, the discussion of need for or
extent of caries excavation seems likely to continue,
as it has been recently reported19 that underlying

soft infected dentin may compromise the fracture
strength of a composite resin filling.

In contrast to bacteria-rich, infected dentin,
affected dentin is relatively low in bacterial count
and structurally maintains enough collagen to
remineralize3—it does not need to be removed
prior to restorative filling. Similarly, lesions that
have arrested do not need to be excavated.11

Dentin caries that is either affected or arrested
tends to demonstrate lower bacterial activity than
does infected dentin—What if the active caries
process found in infected dentin could be arrested
on contact by the dental practitioner? And would
there still be rationale for excavation, especially
considering the evidence that caries does not
progress under sealed restorations?16–18 Recent
clinical studies8–10 indicate that SDF might be
able to address at least the first question, with
regard to arresting dental caries.

Based upon the success that SDF has demon-
strated in vivo in arresting and preventing car-
ies,8–10 as well as its apparent initial bonding
compatibility in vitro with glass ionomers12,13 and
composite resins, SDF may potentially find an
important niche in the operative dentist’s arsenal.
The existing clinical studies8–10 already seem to
indicate the usefulness of SDF in a public health
setting. With regard to the biological management
of caries, SDF seems to offer the ability to
chemically control or eliminate the spread of the
disease in a frank cavity. This property may
reduce the need to use a handpiece or hand
instrument to mechanically remove highly infected
dentin—the potential to prepare and place a filling
without the ‘‘drill’’ would be appealing to both the
conservative-minded dentist and the anxious-
minded patient.20 Indeed, evidence indicating that
well-sealed margins are the key to halting the
progress of caries16–18 seems to lend support to the
use of SDF for this purpose, which itself adds a
preventive effect via its fluoride content.7 At least
one case report21 in the literature details placing a
glass ionomer restoration over a SDF-treated
lesion; in this case, caries is removed from the
dentino-enamel junction but left pulpally.

Despite the prospects that SDF offers for cariology
and minimally invasive dentistry, questions still
remain—the authors can identify at least the
following questions that would benefit from further
investigation:

� The actual mechanism of action of SDF on a
carious lesion is still not well understood6,7—What
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type of interactions occur at a molecular level that
lead to the observed clinical results? One in vitro
study22 indicates a strong antibacterial effect of
SDF, as it inhibited Streptococcus mutans biofilm
formation on demineralized dentin.

� What is the nature of the carious dentin after
treatment with SDF? Although clinical studies8–10

have reported that SDF arrests caries, is the
tooth structure more akin to affected or sclerotic
dentin in physical properties (ie, hardness), or is
it simply softened dentin minus active infection?
Chu and Lo23 reported that superficial dentin of
primary teeth may experience an increase in
microhardness, but deeper dentin appears to be
less affected. This may have implications for the
longevity of whatever restoration is placed over
the lesion.19

� Does SDF exert a cytotoxic effect on pulpal cells?
SDF is not known to produce pulpal damage24;
Gotjamanos25 reported a favorable response in
primary teeth treated with SDF, including the
formation of reparative dentin. The thickness of
dentin required to protect the pulp chamber in
SDF-treated teeth is still unknown.

� The final question is an esthetic question. It
known that SDF stains the caries lesion with
dark coloration7,24; furthermore, our study found
that noncarious dentin treated with SDF will also
stain after the resin adhesive is light-cured—this
phenomenon occurred in both self-etch and etch-
and-rinse teeth. The dark staining, whether in
carious or noncarious dentin, may create an
esthetic challenge when the restorative material
is composite. An Australian group12,21,22 has been
investigating the use of potassium iodide to mask
the staining with a white precipitate; the long-
term effect of this treatment, as well as its
interaction with various restorative materials,
has yet to been determined.

CONCLUSION

To conclude, SDF seems to present exciting possibil-
ities for the minimally invasive treatment and
prevention of dental caries. Although this in vitro
study indicates the bonding compatibility of SDF-
treated noncarious dentin with a resin composite
filling, further investigation will be beneficial in
determining the role of SDF in operative dentistry.
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Influence of Surface
Roughness on Mechanical

Properties of Two
Computer-aided Design/

Computer-aided
Manufacturing (CAD/CAM)

Ceramic Materials

S Flury � A Peutzfeldt � A Lussi

Clinical Relevance

Dental practitioners who use chairside computer-aided design/computer-aided manufac-
turing (CAD/CAM) technology should carefully finish and polish their CAD/CAM ceramic
restorations as the present study showed that a decrease in surface roughness improved
mechanical properties, that is, led to an increase in surface hardness, elastic modulus, and
flexural strength for both CAD/CAM ceramic materials.

SUMMARY

The aim of this study was to evaluate the
influence of surface roughness on surface
hardness (Vickers; VHN), elastic modulus
(EM), and flexural strength (FLS) of two com-
puter-aided design/computer-aided manufac-
turing (CAD/CAM) ceramic materials. One
hundred sixty-two samples of VITABLOCS
Mark II (VMII) and 162 samples of IPS Empress
CAD (IPS) were ground according to six stan-
dardized protocols producing decreasing sur-
face roughnesses (n=27/group): grinding with
1) silicon carbide (SiC) paper #80, 2) SiC paper
#120, 3) SiC paper #220, 4) SiC paper #320, 5)
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SiC paper #500, and 6) SiC paper #1000. Surface
roughness (Ra/Rz) was measured with a sur-
face roughness meter, VHN and EM with a
hardness indentation device, and FLS with a
three-point bending test. To test for a correla-
tion between surface roughness (Ra/Rz) and
VHN, EM, or FLS, Spearman rank correlation
coefficients were calculated. The decrease in
surface roughness led to an increase in VHN
from (VMII/IPS; medians) 263.7/256.5 VHN to
646.8/601.5 VHN, an increase in EM from 45.4/
41.0 GPa to 66.8/58.4 GPa, and an increase in
FLS from 49.5/44.3 MPa to 73.0/97.2 MPa. For
both ceramic materials, Spearman rank corre-
lation coefficients showed a strong negative
correlation between surface roughness (Ra/Rz)
and VHN or EM and a moderate negative
correlation between Ra/Rz and FLS. In conclu-
sion, a decrease in surface roughness generally
improved the mechanical properties of the
CAD/CAM ceramic materials tested. However,
FLS was less influenced by surface roughness
than expected.

INTRODUCTION

Direct ceramic restorations produced with chairside
computer-aided design/computer-aided manufactur-
ing (CAD/CAM) systems are milled by burs coated
with diamond abrasive particles of 50- to 60-lm grit
size, for example (for Sirona CEREC system; dia-
mond abrasive particles of D64 [’ mesh 260] grit
size; Sirona, Bensheim, Germany). As a result, these
ceramic restorations initially show a high surface
roughness. The high surface roughness needs to be
reduced—normally obtained through finishing and
polishing—since surface roughness greatly influenc-
es esthetical, biological, and mechanical properties of
ceramic restorations. Restoration surfaces of high
roughness tend to increase discoloration,1 may
facilitate plaque accumulation,2,3 and lead to abra-
sion and increased wear of antagonists.4,5 Finally,
high surface roughness has generally been described
to negatively influence porcelain strength.6–9 Liter-
ature is sparse as to the effect of surface roughness
on mechanical properties of CAD/CAM ceramic
materials. Therefore, the present study aimed to
investigate the influence of different surface rough-
nesses (Ra and Rz) on surface hardness (Vickers;
VHN), elastic modulus (EM), and flexural strength
(FLS) of one feldspathic and one leucite-reinforced
CAD/CAM ceramic material.

The working hypothesis to be tested was that
surface roughness influenced mechanical properties

with a strong negative correlation between surface
roughness and VHN, EM, and FLS for a given
ceramic material.

METHODS AND MATERIALS

Sample Preparation

A total of 324 ceramic samples were produced. One
hundred sixty-two samples were made of a feld-
spathic CAD/CAM ceramic material (VITABLOCS
Mark II for CEREC; size I8, Vita Zahnfabrik, Bad
Säckingen, Germany), and 162 were made of a
leucite-reinforced ceramic material (IPS Empress
CAD for CEREC; size I8, Ivoclar Vivadent AG,
Schaan, Liechtenstein). Specifications of the two
ceramic materials are listed in Table 1. To obtain the
samples, 81 blocks of each ceramic material were cut
in half, and the metal stubs were removed (Isomet
Low Speed Saw, Isomet, Lake Bluff, IL). Each cut
surface was then ground according to one of six
standardized grinding protocols. The standardized
grinding was performed with a grinding machine
(Tegra Pol 15/Tegra Pol 1, Struers, Ballerup, Den-
mark) and grinding papers of six different grit sizes
(silicon carbide [SiC] papers, diameter 200 mm,
Struers; Table 2) to obtain six groups of decreasing
surface roughness (n=27/group). All grinding proto-
cols were carried out under water cooling at a speed
of 200 rpm for 15 seconds and with a pressure of 15
N. Three samples could be ground simultaneously
using mountings made of a self-curing acrylic resin
(Paladur, Heraeus Kulzer, Hanau, Germany) to fix
the samples in the machine. The SiC paper was
changed after each group of three samples had been
ground. The samples were then ultrasonically
cleaned (TUC-150, Telsonic AG, Bronschhofen, Swit-
zerland) for 1 minute in 100% ethanol and air dried.

Measurement of Surface Roughness

The ground surfaces of the ceramic samples were
profilometrically analyzed with a surface roughness
meter (Perthometer S2, Mahr GmbH, Göttingen,
Germany): the average surface roughness (Ra; lm)
and the arithmetic mean height of the surface profile
(Rz; lm) were measured. Three measurements per
sample were determined over a transverse length of
Lt=5.600 mm, with a cutoff value of 0.8 mm and a
stylus speed of 0.5 mm/second. The sample was
turned 458 for each new measurement. From the
three Ra and Rz values per sample, a mean Ra and a
mean Rz value were calculated. During the experi-
mental period, the surface roughness meter was
monitored with a calibration device (Mahr GmbH) on
each day prior to measuring.
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Measurement of VHN and EM

Six VHN and six EM (GPa) measurements per
ceramic sample were made simultaneously on the
ground surfaces with a hardness indentation device
at a force of 10 g for 15 seconds (Fischerscope
HM2000, Helmut Fischer GmbH, Sindelfingen,
Germany). The six measurements were made in
two parallel lines of three measurements each. Each
of the two lines was located at a distance of 1 mm
from two opposing edges. Programming of the
hardness indentation device and reproducible place-
ment of the sample ensured that the indentations
were made within exactly the same position on all
samples. From the six VHN and EM values per
sample, a mean VHN and a mean EM value were
calculated.

Measurement of FLS

The two parallel lines along which the indentations
had been made on each ceramic sample were marked
with a felt pen. Then, the sample was mounted in a
diamond blade low-speed saw (Isomet Low Speed
Saw, Isomet) to cut one plate of approximately 2-mm
thickness from each ceramic sample (range: 1.8-2.2
mm; mean value [standard deviation], 2.03 mm
[0.8]). The actual thickness of each ceramic plate
was measured with a digital caliper (Mitutoyo IP 65,
Kawasaki, Japan) for later calculation of the FLS
(MPa). The plates were then ultrasonically cleaned
for 1 minute in deionized water and air dried. The

plates were placed in a Zwick Z010 universal testing
machine (Zwick GmbH & Co, Ulm, Germany) fitted
with a custom-made, three-point bending jig (M. E.
Mueller Institute, Bern, Switzerland). The ground
surface was orientated toward the bearers of the
three-point bending jig, ensuring that the felt pen–
marked lines were parallel to the bearers. Thus, the
plates were loaded from the nonground surface at a

Table 2: The Six Groups of Decreasing Surface
Roughness for Both Ceramic Materials (n=27/
Group and Material) According to Standardized
Grinding with Silicon Carbide Papers of Six
Different Grit Sizes

Group Grit #
(DIN)

US-Standard
(ANSI)

Abrasive Particle
Size, lm (Manufacturer

Information)

1 80 80 ;200

2 120 100–120 ;125

3 220 220 ;68

4 320 ;280 ;46

5 500 ;360 ;30

6 1000 500 ;18

Table 1: Ceramic Materials Used (Manufacturer Information)

Material Brand Name
(Manufacturer)

Lot No. Shade Average
Particle Size, lm

Composition % by Weight

Feldspathic ceramic
material

VITABLOCS Mark II for
CEREC (Vita, Bad
Säckingen, Germany)

0000100038 2M3C 4 SiO
2

56–64

Al
2
O

3
20–23

Na
2
O 6–9

K
2
O 6–8

Leucite-reinforced
ceramic material

IPS Empress CAD for
CEREC (Ivoclar Vivadent
AG, Schaan,
Liechtenstein)

N42417 HT A3 1–5 SiO
2

60–65

Al
2
O

3
16–20

Na
2
O 3.5–6.5

K
2
O 10–14
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cross-head speed of 1.0 mm/minute. The breaking
load (F

max
; N) was recorded (testXpert software,

V9.0, Zwick GmbH & Co), and the FLS of each plate
was calculated in analogy to ISO 6872:10 FLS =
3F

max
l / 2bd2, where l (mm) was the center-to-center

distance between bearers (6.4 mm), b (mm) was the
width of the plate (8.3 mm for VITABLOCS Mark II;
8.0 mm for IPS Empress CAD), and d (mm) was the
thickness of the plate measured as described above.

Statistical Analysis

To test for a correlation between surface roughness
(Ra/Rz) and VHN, EM, or FLS, Spearman rank
correlation coefficients were calculated. Calculations
were performed with R version 2.13.0 (The R
Foundation for Statistical Computing, Vienna, Aus-
tria; www.R-project.org).

RESULTS

Surface roughness (Ra/Rz; minima, median, and
maxima) as well as the decrease in Ra/Rz compared
with the antecedent group (except group 1) is shown
in Table 3 for both ceramic materials. The influence
of surface roughness (Ra/Rz) on VHN, EM, and FLS
of all samples are shown in Figure 1 for the
feldspathic ceramic material and in Figure 2 for
the leucite-reinforced ceramic material. In each
figure, dots of the same color represent the ceramic
samples of one group, with each dot indicating the
surface roughness (Ra and Rz) and the correspond-
ing VHN, EM, or FLS of one of the 27 ceramic
samples in each of the six groups.

Spearman rank correlation coefficients over all six
groups for a given material showed a strong negative
correlation between surface roughness (Ra and Rz)
and VHN or EM but only a moderate negative
correlation between surface roughness (Ra and Rz)
and FLS (Table 4).

DISCUSSION

In the present study, six groups of decreasing
surface roughness were produced on two CAD/CAM
ceramic materials by grinding of the ceramic
samples with SiC papers. Group 1 intended to mimic
the surface roughness of a dental ceramic restoration
after the milling process by diamond burs during
CAM. Groups 2 to 6 were produced according to the
range of surface roughnesses (Ra/Rz) obtained in a
previous study with different polishing methods, in
which the same ceramic materials and the same
profilometric measurement conditions were used.11

Thus, group 2 showed Ra and Rz values very similar
to those produced by a bur coated with diamond
particles of 40-lm grit size, whereas group 6 showed
Ra and Rz values very similar to those produced with
superior polishing methods.

First, the present study showed a strong correla-
tion between surface roughness and VHN, with
decreasing surface roughness leading to increasing
VHN. Clinically, an increase in VHN implies an
increase in resistance to abrasion and thus to a
decrease in wear on the surface of a ceramic
restoration. An explanation for the correlation
shown between surface roughness and VHN is that
a high surface roughness implicates unevenness

Table 3: Surface Roughness of the Six Groups (Ra/Rz; Minima [Min], Median, and Maxima [Max]) and Decrease in Ra/Rz
Compared With the Antecedent Group (Except Group 1) for Both Ceramic Materials

Group 1 Group 2 Group 3 Group 4

Min Median Max Min Median Max Decrease Min Median Max Decrease Min Median Max Decrease

Feldspathic ceramic material

Ra, lm 1.17 1.68 2.15 0.82 1.11 1.52 �0.57 0.41 0.56 0.76 �0.55 0.30 0.40 0.58 �0.16

Rz, lm 7.63 9.95 12.77 5.46 7.47 10.00 �2.48 3.07 4.00 5.06 �3.47 2.23 2.95 4.26 �1.05

Leucite-reinforced ceramic material

Ra, lm 1.17 1.57 2.29 0.73 1.11 1.40 �0.46 0.37 0.53 0.73 �0.58 0.25 0.38 0.52 �0.15

Rz, lm 7.63 10.18 14.30 5.15 7.31 8.88 �2.87 2.74 3.80 5.43 �3.51 1.72 2.67 3.89 �1.13
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with pronounced grooves (eg, scratches and undula-
tions) on the surface of a material. Consequently, the
tip of the hardness indentor gets into contact with
the elevated parts of the rough surface first.
However, the tip does not (or only toward the end
of the measurement) reach the entire surface of a
material including the surface at the bottom of the
grooves. Hence, grooves did not account for the
ceramic VHN measurement and thus led to lower
VHN. In contrast, SiC paper with abrasive particles
of small grit size led to a more planar surface with
less pronounced grooves. A more planar surface
offers continuous resistance to the entire tip of the
indentor and thus leads to higher VHN. Although
determination of VHN has been described as suitable
for measuring the surface hardness of brittle
materials such as ceramic materials,12 VHN mea-
surements on rough surfaces might not correspond
to the actual hardness of the ceramic material but
might rather characterize the topography of the
surface, which can be regarded as a limitation of the
method used in the present study. Moreover, it is
unclear to what extent any effects of grinding
influenced the VHN (eg, effects of compression/
compaction13,14 or thermal changes when grinding
is performed with SiC papers comprising abrasive
particles of small grit size).

Second, the present study showed a strong
correlation between surface roughness and EM, with
decreasing surface roughness leading to increasing
EM. Clinically, an increase in EM implies a (relative)
increase in stiffness or rigidity of a ceramic restora-
tion and thus higher resistance to deformation. The

correlation shown between surface roughness and
EM may not be surprising considering that EM was
simultaneously determined with the same hardness
indentation device as was VHN. It remains to be
investigated if the EM of a ceramic material
determined by means of an indentor (ie, micro-
mechanically determined on the surface) is indeed
accurate and if it correlates with EM (macrome-
chanically) determined by bending/tensile tests.
Although not quantitatively confirmed, the slope of
the stress-strain curves obtained during the mea-
surements of FLS looked similar regardless of
surface roughness, which suggests that the EM for
a given ceramic material depends on material-
dependent, intrinsic properties rather than on
surface roughness.

Third, the present study generally showed that
decreasing surface roughness led to increasing FLS,
which is also supported by previous studies.8,9,15

Clinically, an increase in FLS implies a higher
resistance to chipping and fracture of a ceramic
restoration and thus higher longevity. As reflected
by the correlation shown in the present study,
however, a decrease in surface roughness only
moderately increased FLS. De Jager and coworkers
concluded that although surface roughness primar-
ily determined strength of a ceramic material, a
decrease in strength may also occur when areas and
concentrations of stress are present inside the
ceramic material.7 A limited influence of surface
roughness on strength of ceramic materials was
described in a study of Albakry and coworkers, who
observed a poor correlation between surface rough-
ness and FLS of two ceramic materials and conclud-
ed that not only surface roughness but also porosity,
microstructural stresses, or surface and bulk defects
may influence the FLS of ceramic materials.14

CONCLUSIONS
� Reducing the surface roughness generally im-

proved the mechanical properties of the CAD/
CAM ceramic materials tested. Therefore, direct
ceramic restorations produced with chairside CAD/
CAM systems need to be finished and polished
carefully.

� The working hypothesis was partly accepted.
Whereas the correlation between surface rough-
ness and VHN or EM was indeed strong, the
correlation between surface roughness and FLS
was only moderate.

� The latter correlation indicates that FLS of the
CAD/CAM ceramic materials tested might not
have been solely influenced by surface roughness.

Table 3: Extended.

Group 5 Group 6

Min Median Max Decrease Min Median Max Decrease

Feldspathic ceramic material

0.19 0.27 0.36 �0.13 0.11 0.15 0.20 �0.12

1.46 2.07 2.99 �0.88 0.84 1.14 1.46 �0.93

Leucite-reinforced ceramic material

0.17 0.25 0.34 �0.13 0.07 0.15 0.19 �0.10

1.42 1.80 2.48 �0.87 0.57 1.02 1.50 �0.78
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Figure 1. Feldspathic ceramic material: surface roughness (Ra/Rz; lm) and surface hardness (Vickers; VHN), elastic modulus (EM; GPa), and
flexural strength (FLS; MPa) of all samples in the six groups.
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Figure 2. Leucite-reinforced ceramic material: surface roughness (Ra/Rz; lm) and surface hardness (Vickers; VHN), elastic modulus (EM; GPa),
and flexural strength (FLS; MPa) of all samples in the six groups.
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Correlation Spearman Rank Correlation Coefficient

Feldspathic ceramic
material

Ra: VHN �0.9033

Rz: VHN �0.9000

Ra: EM �0.7943

Rz: EM �0.7910

Ra: FLS �0.4827

Rz: FLS �0.4804
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Evaluation of Chemical
Treatment on Zirconia

Surface with Two Primer
Agents and an Alkaline

Solution on Bond Strength

FC Lorenzoni � VP Leme � LA Santos
PCG de Oliveira � LM Martins � G Bonfante

Clinical Relevance

Achieving a reliable bond to zirconia is still a challenge. The chemical conditioning
methods, which do not require the micromechanical topographical changes, enhanced the
shear bond strength to zirconia.

SUMMARY

Objectives: This study evaluated the effect of
an alkaline solution and two 10-methacryloy-
loxydecyl dihydrogen phosphate (MDP)-based
primer agents on bond strength to zirconia
(yttria-stabilized tetragonal zirconium poly-
crystal [Y-TZP]) through the shear bond
strength (SBS) test.

Materials and Methods: Sixty square-shaped Y-
TZP samples were embedded in an acrylic
resin mold, polished, and randomly assigned
to one of six groups (n=10) according to
treatment surface: group CR, no treatment
(control); group NaOH, 0.5 M NaOH; group
AP, Alloy Primer; group ZP, Z-Primer Plus;
group NaOH-AP, 0.5 M NaOH + Alloy Primer;
and group NaOH-ZP, 0.5 M NaOH + Z-Primer
Plus. The resin cement (Rely X U100) was
applied inside a matrix directly onto the Y-
TZP surface, and it was light-cured for 40
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seconds. The samples were stored in distilled
water at 378C for 24 hours prior to the test,
which was performed in a universal machine
at a crosshead-speed of 0.5 mm/min. The data
were analyzed by one-way analysis of variance
and Tukey tests (p,0.05). Light stereomicro-
scopy and scanning electron microscopy were
used to assess the surface topography and
failure mode.

Results: The SBS was significantly affected by
the chemical treatment (p,0.0001). The AP
group displayed the best results, and the use
of NaOH did not improve SBS results relative
to either AP or ZP. The samples treated with
Alloy Primer displayed mainly mixed failures,
whereas those conditioned with Z-Primer Plus
or with 0.5 M NaOH presented a balanced
distribution of adhesive and mixed failure
modes.

Conclusions: The use of a NaOH solution may
have modified the reactivity of the Y-TZP
surface, whereas the employment of a MDP/6-
4-vinylbenzyl-n-propyl amino-1,3,5-triazine-
2,4-dithione–based primer enhanced the Y-
TZP bond strength.

INTRODUCTION

Fully ceramic systems are attractive materials
because of their excellent properties, including high
biocompatibility and esthetic potential.1 The first
use of zirconia as a biomaterial involved its use in
artificial limbs,2 whereas its introduction to clinical
dentistry has been more recent. Three percent
yttria-stabilized tetragonal zirconium polycrystal
(Y-TZP) presents a flexural strength and fracture
toughness of 1100 MPa3 and 6.27 MPa m1/2,4

respectively, which are higher than those of alumina
(514 MPa5 and 4.78 MPa m1/2 4) or lithium disilicate
(407 MPa6 and 3.0 MPa m1/2 7) ceramics. Nowadays,
Y-TPZ is a safe treatment option for single or
multiple tooth replacements, including those located
in the posterior region.8–10

Whereas the main failure mode of all-ceramic
systems involves bulk fracture (except for Y-TZP–
based restorations),11 the porcelain veneer fracture
represents the most prevalent mechanical complica-
tion observed in Y-TZP–based restorations, showing
rates of 15%12 and 20%.13 Several in vitro14–18 and in
vivo12,13,19,20 studies have addressed the reasons
behind the chipping of porcelain veneers. On the
other hand, a recent three-year follow up21 deter-
mined that 7% of all Y-TZP crowns placed in the

molar region lost retention. Although the loss of
retention has never been a topic of interest with Y-
TZP restorations (because it has never been report-
ed), efforts have been undertaken to establish ways
to achieve a reliable bond between Y-TZP crowns
and luting agents.22–34 Comparatively, data from a
literature review11 showed a 2.8% loss of retention
rate in all-ceramic systems (except for zirconia) after
five years, while for a metal-ceramic system the loss
of retention rate decreases to 0.7% after 10 years.35

Thus, the effective bond strength between the
substrate and ceramic plays an important role in
enhancing the longevity of restorative treat-
ments25,29,36–40 and in preventing microleakage.32

Although alternatives such as sandblasting with
Al

2
O

3
particles,37 tribochemical silica coating,25

selective infiltration etching,23,41 and experimental
hot etching solution41 have enhanced the zirconia
bond strength, the concept employed for all of these
methods relies on the micromechanical interlocking
between the zirconia and the cement. Whereas
sandblasting has been associated with microcracks,
which may decrease the mechanical properties of Y-
TZP,42,43 neither selective infiltration etching or
experimental hot etching solution has not been
examined with regard to this defect to date.
Furthermore, these procedures are invasive methods
and often require special equipment. Moreover,
there is no consensus about the most appropriate
or reliable method with which to bond Y-TZP
restorations.

Taking into account the above-mentioned concerns
associated with sandblasting,43 the chemical inter-
action between zirconia and the luting agent must be
evaluated. The chemical adhesion potential of zirco-
nia is low as a result of its inertness (ie, it presents a
nonpolar surface),44 which hampers its union with
cements.27 However, it has been discussed45 that an
increased availability of hydroxyl groups was found
at the implant surface of a zirconia/alumina nano-
composite after 15 M sodium hydroxide solution
(NaOH) treatment. In addition, durable bond
strength may be achieved by employing acid mono-
mers, such as 10-methacryloyloxydecyl dihydrogen
phosphate (MDP)-based primers.32

Considering that strong chemical bonds with
zirconia have been proven to be difficult as a result
of zirconia’s nonreactive surface,34 the present study
sought to assess in vitro the effect of hydroxylation of
the zirconia surface on shear bond strength (SBS)
with either the combination or exclusion of two
commercially available primers. The following null
hypothesis was tested: no differences in SBS will be
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observed among the groups treated with the differ-
ent primers with or without the use of NaOH.

MATERIALS AND METHODS

Four pre-sintered blocks of Y-TZP (IPS ZirCAD,
InLab Blocks C15, Ivoclar Vivadent, Schaan/Liech-
tenstein, Germany) were sintered in a furnace
(Sintramat, Ivoclar Vivadent) at 15008C for eight
hours. Subsequently, each block was cut on a
machine saw (Isomete 1000, Buehler, Lake Bluff,
IL, USA) at a speed of 500 rpm under constant
irrigation with water, producing 60 square-shaped
zirconia specimens with dimensions of 1 3 10 3 10
mm. Next, each square-shaped specimen was em-
bedded in acrylic resin mold (ie, so that one side of
the Y-TZP square was not clouded by the resin
acrylic) to be attached into the shear test jig (Figure
1). All of the materials used in this study are
described in Table 1.

The Y-TZP surface was polished with 320-, 400-,
and 600-grit carbide silicon papers28 under abun-
dant water irrigation in a polishing machine
(Struers Polisher Metallographic DP-10, São Paulo,
SP, Brazil). Subsequently, the Y-TZP surfaces were
cleaned with 968 GL alcohol in an ultrasonic bath
(Unique USC700, Indaiatuba, SP, Brazil) for three
minutes.46,47 The specimens were randomly divided
into six experimental groups (n=10) according to the
surface treatment employed, as follows: group CR
(control): No treatment was provided to the zirconia
surface; group NaOH: A 0.5 M NaOH was applied in
excess to the zirconia surface for 60 seconds and then
it was washed out with distilled water for 20 seconds
and dried with a gentle oil-free air stream for 10
seconds; group AP: The Alloy Primer was applied on
the zirconia surfaces in excess with a microbrush
and it was allowed to react with the surface for 60

seconds. Afterward, a gentle oil-free air stream was
directed for 10 seconds to dry the surface; group ZP:
Z-Primer Plus was applied on the zirconia surfaces,
also in excess, with a microbrush and it was allowed
to react for 60 seconds. Subsequently, a gentle oil-
free air stream was applied for 10 seconds to dry the
surface; group NaOH-AP: As described for the NaOH
group, the 0.5 M NaOH solution was applied on the
zirconia surface; this was followed by the application
of the Alloy Primer (as described for the AP group);
and group NaOH-ZP: As described for the NaOH
group, the 0.5 M NaOH solution was applied on the
zirconia surface; this was followed by the application
of the Z-Primer Plus (as described for the ZP group).

Afterwards, a polytetrafluoroethylene matrix of 3
mm internal diameter and 3 mm internal height was
placed on the center of the Y-TZP square28 and filled
with the luting agent (Rely X U100, 3M ESPE, St
Paul, MN, USA). Two minutes after the start of
mixing, the cement was light-activated with a
halogen light-curing unit (750 mW cm�2; Optilight
Plus, Gnatus, Ribeirão Preto, SP, Brazil) for 40
seconds. The preparation of the luting agent and the
curing time followed the manufacturer’s guidelines.
Prior to the tests, all specimens were stored in
deionized water in a chamber (Estufa de Secagem
410/1ND, Nova Ética, São Paulo, SP, Brazil) at 378C
for 24 hours. The SBS tests were performed in a
universal testing machine (Emic-2000, São José dos
Pinhais, PR, Brazil) with a 50-KgF load cell at a
constant crosshead speed of 0.5 mm/min. The force
was concentrated on the ceramic/cement interface.
The shear bond strength (r) values (MPa) were
determined from the following equation:

r ¼ P

A
;

in which P is the maximum load (Newtons) required
to produce the fracture, and A is the adhesive cross-
sectional area (where A = pr2). The r denotes the
diameter of the bonded area divided by 2, which was
measured with a digital caliper (Mitutoyo, Tokyo,
Japan).

Additionally, the fractured surfaces were inspect-
ed with a light stereomicroscope (Zeiss Stereomicro-
scope Leica MZE, Mannheim, Germany) at 203

magnification, aided by an external light source
(Leica CL5 150D). Using the grading method26

employed to assess failure modes in zirconia/cement
interfaces, the failures were classified into the
following categories: 1) cohesive failures in cement;
2) adhesive failures between the ceramic andFigure 1. Shear bond strength testing configuration.
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cement; and 3) mixed failures (a combination of
adhesive and cohesive failures). Representative
specimens from each group were examined under
scanning electron microscope (SEM) (Model 3500S,
Hitachi Ltd, Osaka, Japan). The data obtained from
the SBS test were evaluated using one-way analysis
of variance to analyze the chemical surface treat-
ments of Y-TZP. A post hoc Tukey test was applied to
identify pairwise differences among the tested
groups. Both tests employed a pre-set significance
level of 5%.

RESULTS

The SBS was significantly affected by the chemical
treatment (p,0.0001). The highest bond strength
values were observed in the NaOH-AP (12.71 MPa)
and AP (11.94 MPa) groups and were statistically
higher than in other groups. The bond strength
value for the NaOH group (6.74 MPa) was compa-
rable to values for the ZP (6.89 MPa) and NaOH-ZP
(5.85 MPa) groups, although it was lower than
those of the AP and NaOH-AP groups. The use of
0.5 M NaOH did not improve the SBS outcomes
relative to either AP or ZP Primers. The CR group
(3.69 MPa) showed the lowest bond strength. The
average values of SBS, along with standard devi-
ations and minimum and maximum values, are
shown in Table 2.

The failure analysis showed that the AP and
NaOH-AP groups mainly exhibit mixed failure
modes, whereas the NaOH, NaOH-ZP, and ZP

groups displayed a balanced distribution between

adhesive and mixed failure modes. The results from

inspections of the Y-TZP surfaces are presented in

Table 3. SEM analysis of one representative failure

mode from each group is illustrated in Figure 2.

Neither group showed a cohesive failure type. No

samples showed spontaneous debonding prior to

testing.

Table 1: Materials, Chemical Compositions, and Manufacturers of the Investigated Materials

Material Composition and Batch No. Manufacturer

e.max ZirCAD Zirconium dioxide partially stabilized by yttrium in the tetragonal phase (Batch L
15418)

Ivoclar Vivadent, Schaan,
Liechtenstein, Germany

Alloy Primer Acetone, 10-ethacryloyloxydecyl dihydrogen phosphate (MDP), 6-(4-vinylbenzyl-
n-propyl) amino-1,3,5-triazine-2,4-dithione (VBATDT) (C6415)

Kuraray Medical, Tokyo, Japan

Z-Primer Plus Biphenyl dimethacrylate, hydroxyethyl methacrylate, ethanol (0900011498) Bisco, Schaumburg, IL, USA

Rely X U100 Base: fiberglass, acrylic acid ester, dimethacrylate trietilenoglico, silica treated
with silane and sodium persulfate

3M ESPE, St Paul, MN, USA

Catalyst: fiberglass, substitute dimethacrylate, silica treated with silane, p-
toluenesulfonate sodium and calcium hydroxide (349178)

Sodium Hydroxide
(NaOH)

NaOH 0.5 M, pH 13 Fórmulas Bauru, SP, Brazil

Table 2: Bond Strength, Standard Deviation (SD), and
Minimum and Maximum Values Are Described in
MPa

Group Bond Strength
(6SD)a

Minimum
Value

Maximum
Value

CR 3.69 (1.45) A 1.22 6.01

NaOH 6.74 (1.91) B 3.72 9.21

AP 11.94 (3.30) C 8.46 20.07

ZP 6.89 (1.99) B 4.58 10.42

NaOH-AP 12.71 (1.86) C 9.50 15.02

NaOH-ZP 5.85 (2.12) AB 3.05 9.07

Abbreviations: AP, Alloy Primer; CR = control; NaOH, sodium hydroxide; ZP,
Z-Primer Plus.
a Identical letters show that the values were not statistically different (Tukey
test, p.0.05).
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DISCUSSION

Achieving a reliable and adequate bond strength to

Y-TZP has proven to be difficult,48 in part because of

Y-TZP’s microstructure and chemical composition,

which prevent the action of the hydrofluoric acid

etch (ie, it does not make any changes with regard to

the surface morphology of zirconia).49,50 Unlike

glasses and porcelains,48 it also fails to respond to

silanization procedures.51 This study evaluated the

effect of application of 0.5 M NaOH solution either

with or without the association of two primer agents

(Alloy Primer and Z-Primer Plus) on bond strength

to zirconia. The results revealed that all of the

provided chemical treatments increased the SBS

when compared with the CR group, which supports

the rejection of the null hypothesis.

Although the surface treatment with 0.5 M NaOH
did not increase statistically the SBS results when
combined with either AP or ZP Primers, it improved
the bond strength when compared with the CR
group. Two main reasons might explain such a
finding. First, it can be speculated that there was
activation of the zirconia surface due to the
increased availability of hydroxyl groups (OH) after
the application of the 0.5 M NaOH. This factor may
have favored the acid-base reaction between the
metal oxides present on the zirconia surface with
both cement and primer agents, which are admit-
tedly acidic. Second, the surface energy may have
been raised (mainly the polar component), which
could increase the wettability of the zirconia surface,
and, as a result, it may have favored the bond
reacting between the metal oxides on the zirconia
surface and the functional monomer present in the

Table 3: Failure Mode Classifications After Shear Bond Strength (SBS)

Failure Mode CR, % NaOH, % AP, % ZP, % NaOH-AP, % NaOH-ZP, %

Adhesive 100 40 0 50 20 60

Cohesive 0 0 0 0 0 0

Mixed 0 60 100 50 80 40

Abbreviations: AP, Alloy Primer; CR = control; NaOH, sodium hydroxide; ZP, Z-Primer Plus.

Figure 2. SEM images showing representative failure modes of each group after SBS testing. (a, f) Images from CR and NaOH-AP groups,
respectively, depicting the adhesive failure mode. Images (b), (c), (d), and (e) show the mixed failure mode for AP, ZP, NaOH, and NaOH-AP groups,
respectively.
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composition of both primer agents and the resin
cement evaluated in this study. When the 0.5 M
NaOH solution was associated with Alloy Primer,
the best SBS result was recorded. However, this
outcome may be more significantly related to the
composition of the primer than to the benefits
provided by the NaOH solution, since the AP and
NaOH-AP results were statistically similar. In
addition, this strong base did not affect the perfor-
mance of the primer itself because there were no
statistical differences between the AP and NaOH-AP
groups or between the ZP and NaOH-ZP groups.
However, the result of the NaOH group was lower
when compared with a value limit 10–13 MPa
suggested as the minimum for acceptable clinical
bonding fThurmond, 1994 #23g.

Y-TZP surface conditioning with primers has been
proposed to increase the bond strengths between
cements and zirconia52; however, the composition of
these primers can result in different bond strength
values6 because they contain different monomers
(eg, MDP, 4-methacryloxy- ethyl trimellitate anhy-
dride, thiophosphate methacryloyloxyalkyl deri-
vates, and zirconate coupler).33 The Alloy Primer
was specifically developed to enhance the bond
strength in metal surfaces (fabricant information).
Therefore, as a result of its chemical composition, the
Alloy Primer can result in an improved performance
when used in metal alloys. This primer presents two
active monomers, MDP and 6-4-vinylbenzyl-n-propyl
amino-1,3,5-triazine-2,4-dithione (VBATDT), that
set up bonds to precious and nonprecious metal
oxides, respectively. MDP has been considered an
important monomer in bonding to zirconia31; thus, it
was chosen for evaluation. In this study, the best
SBS results were found in the AP and NaOH-AP
groups. Considering the composition of the Alloy
Primer, it can be speculated that the interaction
between MDP and VBATDT (ie, because MDP aids
in VBATDT’s reaction with the precious metal
oxides, which improves the bond strength) produced
more reliable bond strength to the zirconia oxide
layer. Therefore, this interaction was not investigat-
ed in the present study. The NaOH-AP and AP
groups were associated with mixed failure modes,
which may indicate that adhesions between the
cement and ceramics were effective. This finding
may be related to the double carbon bonds located at
the end of both MDP and VBATDT molecules, which
may have bonded to monomers present in the
cement composition. High bond strength between
Alloy Primer and Rely X U100 have been reported,
even after aging.32

On the other hand, the results from the NaOH-ZP
and ZP groups were greater than those of the CR
group, although they were lower when compared
with the AP and NaOH-AP groups. This may be
related to Z-Primer Plus composition; it contains
organophosphate and carboxylic acid monomers.33

Although both primers present the MDP molecule,
the differences found between the two may be a sign
that monomers other than MDP can affect the bond
strength.32 Moreover, the Z-Primer Plus produced
better SBS values when associated with methacry-
late-based monomer (Bis-GMA)–based composites
because the presence of acid monomers may weaken
the links between Z-Primer Plus and the methacry-
late group of the self-etching resin luting cements.33

The adhesive failure was the main mode associated
with the ZP and NaOH-ZP groups (pointing to
weaknesses in the zirconia-resin cement bond inter-
face); however, such outcomes do not agree with the
findings of a previous report33 that observed mixed
failures as the main failure mode. However, those
authors33 sandblasted all zirconia surfaces with 50
lm aluminum oxide (Al

2
O

3
) particles. A cohesive

failure in zirconia has never been reported with this
type of test,28 and, as expected, it was not found in
the present study.

Several in vitro studies have attempted to increase
zirconia bond strength. Although sandblasting seems
to be a mandatory condition to achieve a reliable bond
strength to zirconia,52,53 it may induce defects in the
zirconia surface, which may serve as crack initiation
sites,54 decreasing the long-term survival of all-
ceramic crowns.42,43 Many other attempts, such as
those involving selective infiltration etching,22 appli-
cation of fused glass micro pearls,48 and the tribo-
chemical silica coating process,24,55 also have
displayed positive results on Y-TZP bond strength,
but all of them depend on mechanical damages in the
Y-TZP surface. Nevertheless, efforts should be direct-
ed to achieving a chemical protocol that does not
require any special equipment or produce mechanical
damage in the Y-TZP surface. As such, the use of
MDP-based primers and alkaline solution seem to
contribute to this approach.

This study presented outcomes limited to initial
testing after 24 hours in a wet condition. However,
the effect of hydroxylation on surface zirconia and its
interaction with primer agents should further be
evaluated through the use of a thermocycling
method, which is often employed to simulated
clinical conditions.52,56,57 However, Y-TZP surface
pretreatments proposed in the literature still
warrant further clinical prospective controlled stud-
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ies to evaluate their real effect on Y-TZP restoration
in the long term.

CONCLUSIONS

Within the limitations of this study it was possible to
conclude that the use of a 0.5 M NaOH solution
modified the reactivity of the zirconia surface,
whereas the application of a MDP/VBATDT-based
primer enhanced the bond strengths between flat
zirconia surfaces and resin luting.
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Ceramic Primer Heat-
Treatment Effect on Resin

Cement/Y-TZP Bond
Strength

LH Silva � AKF Costa � JRC Queiroz
MA Bottino � LF Valandro

Clinical Relevance Statement

The adhesion of yttrium-stabilized tetragonal zirconia polycrystal ceramics to resin
cements is unstable. Even if heat treatment of the metal/zirconia primer improves early
bond strength, it is not effective for bond improvement under aging and therefore should
not be recommended.

SUMMARY

The purpose of this study was to evaluate the
effect of different heat-treatment strategies for
a ceramic primer on the shear bond strength of

a 10-methacryloyloxydecyl-dihydrogen-phos-
phate (MDP)-based resin cement to a yttrium-
stabilized tetragonal zirconia polycrystal (Y-
TZP) ceramic. Specimens measuring 4.5 3 3.5 3

4.5 mm3 were produced from Y-TZP presin-
tered cubes and embedded in polymethyl
methacrylate (PMMA). Following finishing,
the specimens were cleaned using an ultra-
sound device and distilled water and randomly
divided into 10 experimental groups (n=14)
according to the heat treatment of the ceramic
primer and aging condition. The strategies
used for the experimental groups were: GC
(control), without primer; G20, primer appli-
cation at ambient temperature (208C); G45,
primer application + heat treatment at 458C;
G79, primer application + heat treatment at
798C; and G100, primer application + heat
treatment at 1008C. The specimens from the
aging groups were submitted to thermal cy-
cling (6000 cycles, 58C/558C, 30 seconds per
bath) after 24 hours. A cylinder of MDP-based
resin cement (2.4 mm in diameter) was con-
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structed on the ceramic surface of the speci-
mens of each experimental group and stored
for 24 hours at 378C. The specimens were
submitted to a shear bond strength test
(n=14). Thermal gravimetric analysis was per-
formed on the ceramic primer. The data ob-
tained were statistically analyzed by two-way
analysis of variance and the Tukey test
(a=0.05). The experimental group G79 without
aging (7.23 6 2.87 MPa) presented a signifi-
cantly higher mean than the other experimen-
tal groups without aging (GC: 2.81 6 1.5 MPa;
G20: 3.38 6 2.21 MPa; G100: 3.96 6 1.57 MPa),
showing no difference from G45 only (G45: 6 6

3.63 MPa). All specimens of the aging groups
debonded during thermocycling and were con-
sidered to present zero bond strength for the
statistical analyses. In conclusion, heat treat-
ment of the metal/zirconia primer improved
bond strength under the initial condition but
did not promote stable bonding under the
aging condition.

INTRODUCTION

Reliable adhesion of resin cements to yttrium-
stabilized tetragonal zirconia polycrystal (Y-TZP)-
based ceramics would improve marginal adaptation,
prevent microleakage, and increase retention in
situations where it does not exist.1 However, adhe-
sion between Y-TZP ceramics and resin cements is
still a challenge because this ceramic substrate is
highly crystalline and dense and consequently is
characterized as a nonetchable material.1,2

Studies have shown that modifications on the Y-
TZP ceramic surface using airborne particle-abra-
sion approaches, such as the tribochemical silica
coating method followed by silanization1,3 or sand-
blasted with aluminum oxide particles followed by
application of ceramic primers with a chemical
functional group increase the bond strength with
10-methacryloyloxydecyl-dihydrogen-phosphate
(MDP)-based resin cement. The metal/zirconia prim-
er contains an adhesive phosphate monomer that
consists of a bifunctional molecule with 1) a polymer-
izable organic chain that reacts with the restorative
material, 2) an acidic group that reacts with oxides
present on the Y-TZP surface, and 3) a spacer group
that affects the hydrophilicity, flexibility, and wet-
tability of this molecule.4,5

Studies suggest that heat treatment of silanes can
improve both their resistance to hydrolysis and the
bond strength of glass ceramics to resin cements.6–8

This treatment provides energy to the system,

promoting the evaporation of the solvent and by-
products formed in the chemical reactions of this
layer. Furthermore, heat could enhance the poly-
merization of the molecule’s organic portion.9 Due to
the similar molecular structure (bifunctional mole-
cules), these mechanisms could also occur in the
ceramic primer; consequently, heat could optimize
the resin bond strength to Y-TZP ceramics.

Thus, the purpose of this study was to evaluate the
effect of different heat-treatment strategies for a
ceramic primer on the shear bond strength (SBS) of a
MDP-based resin cement to a Y-TZP ceramic. The
hypothesis was that the heat treatment of the ceramic
primer would improve the resin bond strength.

MATERIALS AND METHODS

Y-TZP Specimen Production

The brand name, manufacturer, and chemical
composition of the materials used in this study are
listed in Table 1.

Sintered, block-shaped Y-TZP ceramics (Vita
Zanhfabrik, Bad Säckingen, Germany) measuring
4.5 3 3.5 3 4.5 mm3 were embedded in polymethyl
methacrylate (PMMA) (Classico, São Paulo, Brazil),
maintaining one side of the block free for resin-
cement application. They were wet ground finished
with 200- to 1500-grit sandpapers (Politriz PSK-2V,
ERIOS Equipamentos Técnicos e Cientı́ficos Ltda,
São Paulo, Brazil) and then ultrasonically cleaned in
distilled water for 10 minutes (Vitasonic II, Vita
Zanhfabrik).

Subsequently, the blocks were randomly divided
into 10 groups according to the surface conditioning
method applied and the aging condition (n=14). The
experimental groups and treatment strategies are
schematically presented in Table 2.

Surface Conditioning Methods

All the testing groups, with the exception of GCd and
GCa (control groups, no surface treatment), received
an application of metal/zirconia primer (Ivoclar
Vivadent Ltda, São Paulo, Brazil) using a micro-
brush rubbed upon the zirconia surface for 20
seconds. The primer was left for 180 seconds, in
accordance with the manufacturer’s recommenda-
tions, at room temperature and 50% relative humid-
ity, to allow the chemical reactions of the primer and
Y-TZP surface to occur. Then, the excess primer was
removed by air spray free from oil contamination.

A heat treatment in a ceramic oven (EDG 1800,
EDG Equipamentos, São Paulo, Brazil) was per-
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formed for 60 seconds in the G45, G79, and G100
testing groups, in accordance with the temperature
previously described for each group (Table 2).

Bonding Procedure

A dual-cure resin cement (Panavia F 2.0, Kuraray
Medical Inc, Osaka, Japan) was mixed and applied
in a standardized cylindrical plastic mold (2.4 mm
diameter, height ;2 mm) and placed upon the
zirconia surface of the specimens. The cement was
mixed in accordance with the manufacturer’s in-
structions, inserted into the plastic mold using a
plastic hand instrument, and light activated (Dents-
ply SmartLite PS, Dentsply International, York, PA,
USA) from above for 40 seconds. Removal of the
plastic mold was performed gently by cutting the
side with a no. 15 scalpel blade. The specimens from
the heat-treated groups (Table 2) were stored for 24
hours at room temperature to guarantee the poly-
merization of the resin cement and then submitted to
the SBS test. The specimens from the aging groups
(Table 2) were submitted to the thermal cycling
(6,000 cycles, 58C/558C, 30 seconds per bath) after 24
hours.

SBS Test and Failure Analysis

The specimens were mounted in the jig of a universal
testing machine (EMIC, São José dos Pinhais, Brazil),
and a knife-edge shearing rod running at a crosshead
speed of 1.0 mm/min was used to load the adhesive
interface until failure occurred. The maximum force
to produce failure was recorded (N) using a corre-

sponding software. Then the bond strength (MPa)
was calculated (force in N / adhered area in mm2).

Following the shear bond test, the fractured
specimens were analyzed under an optical micro-
scope (Mitutoyo FM, Mitutoyo, São Paulo, Brazil) at

Table 1: Materials Used in the Study

Brand Type and Material Composition Manufacturer

InCeram 2000 YZ Yttria stabilized
tetragonal zirconia

Zircon oxides, yttrium oxides Vita Zanhfabrik, Germany

Metal/zirconia primer Ceramic primer Tertiary butyl alcohol, methyl isobutyl ketone, phosphonic
acid acrylate, benzoylperoxide

Ivoclar Vivadent, Schaan,
Leichtenstein

Panavia F (paste A) Resin cement 10-methacryloyloxydecyl dihydrogen phosphate,
hydrophobic aromatic dimethacrylate, hydrophobic aliphatic
dimethacrylate, hydrophilic aliphatic dimethacrylate,
silanated silica filler, silanated colloidal silica, dl-
camphorquinone, catalysts, initiators

Kuraray Medical Inc,
Kurashiki, Okayama, Japan

Panavia F (paste B) Resin cement Hydrophobic aromatic dimethacrylate, hydrophobic
aliphatic dimethacrylate, hydrophilic aliphatic
dimethacrylate, silanated barium glass filler catalysts,
accelerators, pigments

Kuraray Medical Inc,
Kurashiki, Okayama, Japan

Table 2: Testing Groups (n=14)

Groups Heat-treatment Strategies
of the Metal/Zirconia Primer

Condition

GCd None (Control) Drya

G20d Room temperature 208C

G45d Thermal treatment at 458C

G79d Thermal treatment at 798C

G100d Thermal treatment at 1008C

GCa None (control) Agingb

G20a Room temperature 208C

G45a Thermal treatment at 458C

G79a Thermal treatment at 798C

G100a Thermal treatment at 1008C

a The shear bond test was performed 24 hours after cement application.
b The shear test was performed after the aging regime.
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203 magnification and by scanning electron micros-

copy (JEOL JSM-7401F, JEOL, Tokyo, Japan) using

the secondary electron (SE) mode (703) to inspect the

failure type. The failure types were classified

according to the following criteria: (A) along the

ceramic/cement adhesive interphase; (B) cohesive in

the ceramic; (C) cohesive in the resin cement; and

(D) mixed (AþC).

Bond strength data were analyzed by two-way

analysis of variance (ANOVA) and the Tukey test

(a=0.05).

Thermal Analyses

A metal/zirconia primer solution was positioned in a

platinum sample holder, its mass considered to be 15

mg. Thermal gravimetric and differential scanning

calorimetry analyses (TG and DSC, respectively)

were performed, which initiated at room tempera-

ture and increased to 2008C with a heat rate of 108C/

min at 50 mL/min under nitrogen flow.

Thermal analysis is used as a complementary

technique in the identification of weight variation

with heat treatment (TG) and to measure the

enthalpy of the system and the heat capacity of

reactions (DSC) when the temperature is increased.

RESULTS

All the specimens in the aged groups debonded

during thermocycling and were considered to pre-

sent zero bond strength for the statistical analyses.

All the failures of these prematurely debonded

specimens presented a type (A) adhesive failure of

the Y-TZP ceramic and cement resin.

Two-way ANOVA revealed that the SBS values

were significantly affected by surface treatment

(p=0.000) and the interaction with aging

(p=0.000). The results of the Tukey multiple com-

parison test revealed that G79d (7.23 6 2.87 MPa)

presented higher values compared with negative
(GCd: 2.81 6 1.5 MPa) and positive (G20d: 3.38 6

2.21 MPa) control groups and G100d (3.96 6 1.57

MPa). G45d (6 6 3.63 MPa) presented statistically

similar results compared with G79d (Table 3).

The fracture analysis of the specimens revealed

different fracture patterns: adhesive failure along
the interfacial region between the luting agent and

the Y-TZP ceramic surface, mixed failure (cohesive

fracture of the luting agent combined with adhesive

failure), and cohesive in the luting agent (Table 4).

The typical mixed fracture pattern is presented in

Figure 1.

The TG and DSC analyses (Figure 2) showed mass

loss accompanied by an endothermic reaction with a

peak at 578C and a reverse exothermic reaction at

798C that peaked at 1428C, followed by a slightly

downfall, then remained constant from 1628C.

Table 3: Results for the SBS by the Tukey Test

Condition Groups
(n=14)

Shear Bond
Strength (MPa)

Homogeneous
Groupinga

Dry GCd 2.81 6 1.5 C

G20d 3.38 6 2.21 C

G45d 6.00 6 3.63 AB

G79d 7.23 6 2.87 A

G100d 3.96 6 1.57 BC

Aging GCa 0.0 D

G20a 0.0 D

G45a 0.0 D

G79a 0.0 D

G100a 0.0 D

a Different letters in same column show statistical differences with a
significance level of 5%.

Table 4: Percentage of Fracture Types for the
Experimental Groups (Dry Condition)

Groups Type of Failure

A B C D

GC 100 0 0 0

G20 100 0 0 0

G45 71.44 0 0 28.57

G79 71.44 0 14.28 14.28

G100 78.57 0 0 21.42

Silva & Others: Ceramic Primer Heat-treatment Effect on SBS 637

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-31 via free access



DISCUSSION

It is known that the cohesive resistance of Y-TZP
ceramics surpasses the adhesive resistance between
them and resin cements, decreasing the chances of
ceramic failure during the test. The choice of the
SBS test was made considering this fact and to
simplify comparison of the results with other studies
reported in the literature that used the same
methodology.1,5,10,11,12

Many studies regarding adhesion to Y-TZP ceram-
ic have been conducted due to the fact that the bond
between this material and resin cement is not
stable.1 Its nonetchable characteristic prevents the
formation of an adhesive interface capable of
resisting hydrolysis, leading to degradation and
bonding failure.13

The heat treatment for bonding agents indicated
for etchable ceramics improves the bond strength
resistance with resin cements.1,7 This positive effect
could have been caused by the increase in siloxane
links in the bonding agent and the solvent evapora-
tion present in the mixture.7,8 Solvent molecules
stored in the adhesive interface could influence the
degradation process, accelerating hydrolysis.14

The current study applied heat treatment to the
metal/zirconia primer used for dentistry and indi-
cated the positive influence of this treatment on the
SBS in the dry condition. The primer was subjected
to this process up to 2008C, as demonstrated in the
TG analysis (Figure 2). It displayed continuous mass
loss due to the increase in temperature, suggesting a
continuous chemical reaction. The objective of the
DSC analysis in this study was to detect the initial

temperature of the thermal processes responsible for
mass loss and its qualitative characterization,
endothermic or exothermic.15 The modifications that
occurred in the material are linked to the chemical
processes and transformations caused by the absorp-
tion and release of heat, which are clearly present in
Figure 2. In the first phase, the primer absorbs heat
and results in the loss of volatile substances (solvent
and water produced during the primer reaction with
the ceramic surface) up to 608C. Beyond this
temperature, mass loss decreased and an inversion
of the curve began at 808C, indicating the onset of
exothermic reactions in the primer, with a peak at
1408C caused by the polymerization and posterior
chemical degradation of the material, starting at
1628C. Polymerization began at 808C, as verified by
the DSC, negatively influencing the bond strength
results for the G100d group.

One important fact is that the chemical composi-
tion of the primer used in this study is 70% alcohol
(solvent) and its ebullition point is close to 808C.
Within this temperature range, alcohol molecules
and by-products resulting from the hydrolysis of
phosphonic acid stored in the polymeric network are
probably eliminated, according to the results ob-
tained for bond strength, which were greater for the
G79d group.

Other studies suggest that silane copolymerization
could retard the diffusion of water molecules,
preventing the impact of hydrolysis on the adhesive
interface.16 Nevertheless, even with its positive
influence on the results, the heat treatment promot-
ed values that were too low to consider it an efficient

Figure 1. Representative SEM micrograph of a mixed fracture
pattern specimen.

Figure 2. Thermal behavior of the metal/zirconia primer due to
temperature increase: TG (dashed line) and DSC (continuous line).
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alternative for resin bonding improvement for non-
etchable Y-TZP ceramics. Although this consider-
ation is related only to the metal/zirconia primer, the
aging groups confirm that heat treatment alone was
insufficient to promote stable bonding between resin
cements and Y-TZP ceramics when only chemical
adhesion is required. A consideration must be made
regarding the heat treatment time, which was
standardized to the time recommended by the
manufacturer when the primer is applied under
room temperature. However, extending the heat-
treatment time and also changing the temperature
of ceramic surface could improve the bond strength.

In agreement with the current results, previous
research showed that the use of primer solution
before resin cement application improved initial
bond strength to zirconia ceramics17; however, no
chemical adhesion was observed between Panavia
(Kuraray Medical) and a flat Y-TZP ceramic when
this interface was submitted to aging.18,19

Several techniques to improve this bond resistance
have been reported in the literature, and the use of
advanced technologies and chemical modification of
the ceramic surface have demonstrated some success
at improving the bond strength. The use of film
deposition,20,21,22 selective infiltration etching as a
surface pretreatment, nanostructural alumina coat-
ing of the Y-TZP surface, or the addition of glass
ceramics to the internal region of the zirconia-based
ceramics in order to improve bond resistance and
permit the use of conventional silane treatment have
all been reported.23,24,25

Other studies have been trying to find alternative
adhesion approaches that are functional in the
working environment. Further studies regarding
bonding agents have also been conducted.17,23 The
efficiency of this primer is associated with the
increased roughness of the surface, consequently
promoting better micromechanical retention, im-
proving surface free energy, and increasing the
contact area between the ceramic and the bonding
agent.19 That there are so many studies attempting
to improve the bond resistance of this adhesive
interface is due to the fact that no consensus exists
regarding the best treatment to be applied at the Y-
TZP adhesive surface. A surface treatment that
permits an adhesive cementation of restorations
made of Y-TZP frameworks would maximize their
clinical application and contribute to preventing
marginal infiltration and discoloration.1,5,10,17,18,21,26

Heat treatment of the ceramic primer associated
with air abrasion using alumina particles may

produce relevant results, though sandblasting meth-
ods seem to promote crack formation, compromising
the material’s performance in fatigue tests.5,27

Clinical studies are necessary to validate this surface
treatment as a valid alternative.

Therefore, new studies are required to further
investigate the importance of copolymerization on
bond resistance following interfacial aging, using
other ceramic primers and heating ceramic primers
associated with different surface treatments. Heat
treatment of ceramic primers should be studied
separately to find an optimal temperature capable
of promoting the optimal results for each bonding
agent.

CONCLUSION

Within the limitations of this study, it can be
concluded that heat treatment of the metal/zirconia
primer improved the early bond strength but did not
promote stable bonding under the aging condition.
The aging condition is fundamental for assessing the
real capacity for bond improvement of any pretreat-
ment of the Y-TZP surface.
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In Vitro Marginal Fit of
Three All-Ceramic Crown
Systems Before and After

Cementation

GA Borges � JS Faria � P Agarwal
AM Spohr � L Correr-Sobrinho � BAS Miranzi

Clinical Relevance

The results of this study suggest that the evaluated resin-modified glass ionomer cement
and resin cement will increase the marginal discrepancy after cementation of the
evaluated ceramics.

SUMMARY

Statement of the Problem: Full-coverage all-

ceramic restorations are widely used. The

impact of various classifications of luting

agent on marginal discrepancies is not well
understood.

Purpose: The purpose of this study was to
evaluate the cervical fit of all ceramic crowns
(IPS e.maxPress, Cergogold, and In Ceram) on
bovine teeth with two luting agents before and
after cementation.

Materials and Methods: Ninety bovine incisors
were embedded in resin. The coronal portions
of the teeth were prepared to receive full-
coverage crowns. Thirty crowns of 7.0 6 0.5
mm height, 8.0 mm cervical diameter, and 4.2
mm incisal diameter were fabricated for each
ceramic system. The crowns were seated on the
teeth, and the marginal discrepancy was mea-
sured using a measuring microscope. Then, 15
crowns of each ceramic system were luted on
the teeth with resin cement (Variolink II) or
resin-modified glass ionomer cement (Rely X
luting), and the marginal discrepancy was
measured. The results were submitted to anal-
ysis of variance, t test and Tukey’s test (p,0.05).

Results: The three ceramic systems showed
cervical fits after cementation statistically
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inferior to cervical fits before cementation for
the two cements. The IPS e.maxPress showed
values for cervical fit statistically superior to
Cergogold before cementation. No statistically
significant difference was found between IPS
e.maxPress and In Ceram and In Ceram and
Cergogold. After cementation, no statistically
significant difference was found for the three
ceramics systems when luted with resin or
resin-modified glass ionomer luting agents.

Conclusions: Within the limitations of this
study, it can be concluded that both cements
studied increase the marginal discrepancy
between the crown and the preparation for
the three ceramic systems evaluated.

INTRODUCTION

Dental ceramics have increasingly become the best
choice for achieving natural looking restorations and
are appropriate materials to mimic destroyed or
missing dental structures.1,2 These materials have
desirable characteristics such as chemical stability,
biocompatibility, high compressive strength, and a
coefficient of thermal expansion similar to that of
tooth structure.3–5 Moreover, recent progress in
material technology and processing of ceramic
restorations has expanded their indication for use
due to more reliable results.6 Because of the fact that
ceramics are indirect restorations and have to be
cemented, there will be always be a space between
the restoration and preparation. If this space is
large, more luting material is exposed to the oral
environment. Bacterial plaque can accumulate in
this area and can result in gingival inflammation,
caries, and pulp lesions, resulting in restoration
failure.7,8 In addition, a large gap can create stress
concentrations, which could reduce the final
strength of the restoration.9

Different types of cement have been used, and
there have been controversial opinions about which
kind would be more appropriate.6,7 When consider-
ing all-ceramic restorations, it has been reported
that fracture strength can be improved by using
resin cement. It has been argued that this kind of
cement should be the preference when cementing all-
ceramic restorations.10,11 The development of resin-
modified glass ionomer cement was intended to
improve some physical properties that were present
in the conventional glass ionomer cements with
better esthetics, working time, and adhesion.12,13

Furthermore, it has been shown that resin-modified
glass ionomer cement does not decrease the final
strength of all ceramic crowns.14

Marginal discrepancies have been evaluated ex-
tensively; however, relatively small sample sizes and
low numbers of measurements per specimen have
limited statistical analysis.15 As few as four mea-
surements per specimen have been reported, even
though Groten et al16 stated that at least 50
measurements are required to achieve relevant
information. A variety of methodologies have report-
ed marginal discrepancies between 19 and 160
lm.14–24 It has also been shown that discrepancies
between the master die and inner surface of a crown
will increase the gap. Steel dies or resin dies have
been employed to measure the marginal accuracy of
indirect restorations.25–27 Although the use of these
materials results in more accurate standardization
of the abutment preparation, they do not supply the
specific character of dental hard tissues.28–32 In the
present study, bovine teeth were used because they
are histologically and morphologically similar to
human dentin and are easier to obtain.33

The difference in marginal gap created using resin
cement and resin-modified glass ionomer cement
with different ceramic systems has not been thor-
oughly reported. The aim of this study was to
evaluate the cervical fit of all-ceramic crowns (IPS
e.maxPress, Cergogold, and In Ceram) on bovine
teeth with two cements before and after cementa-
tion. The null hypotheses were 1) the type of cement
does not affect the marginal adaptation of the three
different ceramic systems and 2) there is no
difference before and after cementation with respect
to the marginal adaptation of the three different
ceramic systems.

METHODS AND MATERIALS

All materials studied are listed in Table 1.

Ninety bovine mandibular incisors were collected
and stored in a 10% formalin solution.16 Calculus
deposits and soft tissue were removed from the
selected teeth with a scaler and cleaned with a
bristle brush and nonfluoridated flour of pumice
(Zircate Prophy Paste, Dentsply, Milford, DE).
Mechanical retention was made in the root of the
tooth before embedding with autopolymerizing acryl-
ic resin (Jet, Clássico-Produtos Odontológicos, São
Paulo, Brazil) in polyvinyl chloride tubes (Marron,
Tigre, Joinvile, Brazil). The teeth were placed
upright with the long axes parallel to the height of
the tube, and the cemento-enamel junctions (CEJ)
were placed 3 mm above the resin. The assembled
specimens were attached to a lathe (Nardini-ND 250
BE, São Paulo, Brazil) with a grinding device and
preparation accomplished under water spray. The
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final dimensions of the preparations were 7.0 6 0.5
mm in height, 8.0 mm for the cervical diameter, and
4.2 mm for the incisal diameter, which resulted in a
peripheral surface convergence of 88. This degree of
convergence was used since it has been shown that
retention increases considerably as the taper de-
creases.24 A 0.8-mm-deep shoulder finish line with a
rounded internal line angle was prepared using a
diamond instrument (No. 5850-018; Brasseler USA,
Savannah, GA). All sharp angles were rounded, and
all cervical margins were located 1.0 6 0.2 mm above
the CEJ (Figure 1). All teeth were measured after
the preparation using a precision electronic micro-
meter (Electronic Micrometer; LS Starrett, Athol,
MA) with an accuracy of 0.002 mm.16

The 90 prepared teeth were divided into three
groups (n=30) as follows: In Ceram Alumina, IPS
e.maxPress, and Cergogold. An impression was
made for each prepared tooth with a polyvinyl

siloxane impression material (Express, 3M ESPE,
St Paul, MN) using a custom-made impression tray
fabricated with acrylic resin. Then, type IV gypsum
(Fuji Rock, GC America, Aslip, IL) was poured to
produce dies. The teeth were stored in distilled water
at 378C until the cementation process.

The dies were coated with one layer of die spacer
(Spacelaquer Ducera Lay, Degussa Huls, Hanau,
Germany) to approximately 1 mm above the finish
line. For IPS e.maxPress and Cergogold, the dies
were isolated with lubricating oil (Die Lube, Den-
taurum J.P. Winkelstroeter KG, Pforzheim, Ger-
many) and 0.7-mm-thick wax patterns were
prepared over the master dies using a wax-dipping
unit (Hotty, Renfert, Hilzingen, Germany). Follow-
ing the preparation of the wax patterns, each pattern
was sprued and invested in an investing ring. A two-
stage burnout sequence was used: temperature
increased 58C/minute to 2508C and held for 30

Table 1: Materials Used in the Studya

Material Manufacturer Type Composition

IPS e.maxPress Ivoclar Vivadent, Schaan, Liechtenstein Lithium disilicate ceramic SiO
2
, Al

2
O

3
, La

2
O

3
, MgO, ZnO, K2O,

Li
2
O, P

2
O

5

e.maxCeram Ivoclar Vivadent Feldspatic porcelain SiO
2
, K

2
O, ZnO, ZrO

2
, Li

2
O, CaO,

Na
2
O, Al

2
O

3

Cergogold Degussa Dental, Hanau, Germany Leucite ceramic SiO
2
, Al

2
O

2
, K

2
O, Na

2
O, CaO

Duceragold Degussa Dental Feldspatic porcelain SiO
2
, Al

2
O

3
, K

2
O, Na

2
O, CaO, BaO,

SnO
2
, Li

2
O, F,Sb

2
O

3
, CeO2, B

2
O

3
,

TiO
2

InCeram Alumina Vita Zanfabrik, Seefeld, Germany Infiltrated Alumina ceramic Al
2
O

3
, La

2
O

3
, SiO

2
, CaO, other oxides

VM7 Vita Zanfabrik Feldspatic porcelain SiO
2
, Al

2
O

3
, B

2
O

3
, Na

2
O, K

2
O, CaO,

TiO
2

Variolink II Ivoclar Vivadent Dual-polymerizing resin luting agent HEMA, dimethacrylate, phosphoric acid
acrylate, highly-dispersed silicon
dioxide, initiators and stabilizers in an
alcohol solution; the brush is coated
with initiators

Rely X luting 3M ESPE, Seefeld, Germany Resin-modified glass ionomer cement A: fluoroaluminosilicate, potassium
persulfate, ascorbic acid, opacifying
agent

B: 30%-40% copolymer of acrylic and
itaconic acids, 25%-35% 2-hydroxyethyl-
methacrylate, 25%-35% water

a Manufacturer information.
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minutes before increasing the temperature at 58C/
minute to 8508C and holding for 1 hour. After the
preheating stage, the investment cylinders were
immediately transferred to the pressing furnace
(EP500, Ivoclar AG, Schaan, Liechtenstein). The
pressing temperatures for Empress 2 core and
Cergogold core ceramics were 9208C and 8508C,
respectively. Following the pressing procedure, the
investment cylinders were removed from the press-
ing furnace and cooled for 2 hours in a ventilated
room. The cooled specimens were divested by grit
blasting with 80-lm glass beads (Williams glass
beads, Ivoclar North America, Amherst, NY). Before
etching, the sprues were cut away, and excess sprue
segments were removed by grinding from the
specimen surfaces using water as a coolant. The
core specimens were placed in one plastic bottle
containing 20 mL of 1% hydrofluoric acid solution
(Invex Liquid, Ivoclar AG), and these bottles were
placed in an ultrasonic bath. After etching, the
specimens were cleaned under running tap water for
10 seconds and then dried thoroughly. These
procedures were performed by a certified dental
technician.

For the In Ceram alumina, three layers of die
spacer (Vita Zanfabrik, Seefeld, Germany) were
applied on the stone die surface to approximately 1
mm above the finish line. Impressions were made
using a polyvinyl siloxane impression material
(Express, 3M ESPE) with a plastic ring. These
impressions were poured with In Ceram special
plaster using a liquid-to-powder ratio of 0.23 mL/g to
make refractory models. In Ceram powder slip was
prepared according to the manufacturer’s instruc-
tions and was applied to the models. A sculpturing
device was used to ensure a uniform core thick-
ness.19 The stabilizer was applied, and the coping

was fired on the plaster dies and infiltrated with
glass. Excess glass was removed with a diamond bur.
These procedures were conducted in an authorized
laboratory by a certified technician. The final
dimension of IPS e.maxPress and Cergogold copings
were 0.7 mm and 0.5 mm for In Ceram.

The veneer porcelains (e.max Ceram , Ivoclar for
IPS e.maxPress core; VM7, Vita Zahnfabrik for In
Ceram core and Duceragold, Degussa Dental for
Cergogold core) were applied to the core materials,
which had been placed in a split brass mold to make
a complete crown shape with a stratification porce-
lain thickness measuring 0.1 mm for IPS e.maxPress
and Cergogold and 0.3 mm for In Ceram specimens
in the cervical region and increasing in thickness in
accordance with the taper angle. Following veneer
porcelain sintering, the final dimensions of the
crowns were 0.8 mm in the cervical region, 1.0 mm
in the mid-facial region, and 1.5 mm in the incisal
region.16

Measurements of Marginal Adaptation Before
Cementation

Tooth surfaces were cleaned with a bristle brush
and nonfluoridated flour of pumice (Zircate Prophy,
Dentsply). Each crown was placed onto its prepara-
tion under a constant controlled pressure of 9 kgf for
1 minute using a pneumatic pressure machine
(developed in the Dental Materials Laboratory of
the University of Campinas School of Dentistry,
Piracicaba, Brazil). A metallic device was designed
to maintain the assembled tooth/restoration at a
reproducible position and allow measurement on a
measuring optical microscope (Nikon measurescope
UM2, Nikon Co, Tokyo, Japan) at original magnifi-
cation 503. The accuracy of the microscope was 60.5
lm. The marginal discrepancy was evaluated by
measuring the gap between the edge of the crown
and prepared tooth margin. Sixteen diametrically
placed marks were created on the root tooth surface
2 mm below the prepared margin using a round
diamond bur (#1011, KGSorensen, São Paulo,
Brazil). The distance of the gap was measured at
each demarcated area with four different measure-
ments. These measurements were taken from the
prepared margin to the edge of the crown (Figures 2
and 3).

Application of Cement

Variolink II (Ivoclar-Vivadent, Schaan, Liechten-
stein). Tooth surfaces were cleaned with a bristle
brush and nonfluoridated flour of pumice (Zircate
Prophy, Dentsply). The dentin was treated for 15

Figure 1. Schematic diagram of full-coverage preparation.
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seconds with 35% phosphoric acid and rinsed for 10
seconds under running tap water. Excess water was
removed with a cotton pellet, leaving a moist surface.
Two consecutive coats of adhesive were then applied
using a saturated microbrush tip. The ceramic
surface was etched with 10% hydrofluoric acid (Ácido
hidrofluorı́drico, Dentsply Brazil, Petropolis, RJ,
Brazil) for 1 minute (Cergogold and In Ceram) or
for 20 seconds (IPS e.maxPress), followed by rinsing
for 1 minute. Samples were then ultrasonically
cleaned with distilled water for 10 minutes and
dried with oil-free air. The silane agent Monobond S
(Ivoclar-Vivadent) was applied, and the surface was
dried after 1 minute using compressed air. The resin
cement was mixed and applied to the internal
ceramic crown surface. A load of 454 gf was applied
while the excess cement was removed. The cement
was light-cured (XL3000, 3MEspe) for 40 seconds on
each side (labial, lingual, medial, and distal) of the
crown, resulting in 160 seconds of light polymeriza-
tion for each crown with 500 mW/cm2 light intensity.
Ten minutes after the start of the mix, specimens
were immersed in distilled water at 378C and stored
until testing.

Rely X luting (3M ESPE). The procedures were the
same as for the aforementioned resin cement, but the
dentin was simply cleaned and did not receive any
adhesive application. The specimens were stored in
distilled water for 24 hours before making the
measurements.

Measurements of Marginal Adaptation After
Cementation

The marginal discrepancy was measured as de-
scribed for marginal adaptation measurment before

cementation (Figures 2 and 3). However, the
pressure was not applied because the crowns were
already cemented. ANOVA one-way, post hoc Tukey
and t test were applied (Table 2). The marginal
adaptations were determined, and since two differ-
ent cements were used and the readings were
before and after cementation, the data were
statistically analyzed using two-way analysis of
variance (ANOVA), with the independent variables
being the cement and the time of evaluation (before
and after cementation) (Tables 3, 4 and 5). Means
and standard deviations were calculated for each
material and each condition. Individual compari-
sons between the materials and conditions were
made using a Tukey Honestly Significant Differ-
ence test to determine significant differences. All
statistical testing was performed with a=0.05.

RESULTS

The one-way ANOVA (Table 2) revealed significant
differences in the marginal discrepancy values
(p,0.001). Tables 3, 4, and 5 show the mean
marginal discrepancies and standard deviations.
Table 3 displays the values of the three ceramic
systems before and after cementation with resin-
modified glass ionomer cement. It can be seen that
before cementation, IPS e.maxPress resulted in a
discrepancy significantly higher than Cergogold,
and both did not differ from In Ceram (p,0.05).
The same situation was observed after cementa-
tion (p,0.05). When comparing the discrepancies
within each ceramic before and after cementation,
the results after cementation were statistically
significantly higher than before cementation
(p,0.05).

Figure 2. Points of measurement and view of the assembled
specimen.

Figure 3. Assembled specimen under the microscope.
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Table 4 shows the mean values of discrepancies of

the three ceramic systems before and after cemen-

tation with resin cement. It can be observed that

before cementation, IPS e.maxPress resulted in a

discrepancy significantly higher then Cergogold, and

both IPS e.maxPress and Cergogold did not differ

from In Ceram (p,0.05). The same situation was

observed after cementation (p,0.05). When compar-

ing the discrepancies within each ceramic before and

after cementation, the results after cementation

showed a statistically significant increase (p,0.05).

Table 5 compares the mean values of discrepancies

between the two cements for the three ceramic

systems. It shows that there was no statistically

significant difference between the cements for the

ceramics evaluated.

DISCUSSION

The null hypotheses that the type of cement does not
affect the marginal adaptation of the three different
ceramic systems and that the time of evaluation (before
and after cementation) does not affect the marginal
adaptation of the three different ceramic systems were
rejectedby the results.The marginaldiscrepancyof the
three ceramic systems evaluated was affected by the
cement and by the time of evaluation (Tables 3 and 4).
These results seem to correlate well with in vitro
studies assessing the discrepancies of ceramic restora-
tions.19,20 Many studies evaluating the marginal
discrepancy of all-ceramic crowns have been pub-
lished;15,17,19–21 however, no study was found compar-
ing resin-modified glass ionomer cement and resin
cement before and after cementation for different
ceramic restoration systems. It is well known that

Table 2: Statistical Analysisa

Causes of Variation Applied Test Mean SD F p

Ceramic before ANOVA one-way 13.0445 0.0000631

In Ceram 81.43 B 17.27

e.maxPress 95.65 A 19.54

Cergogold 71.51 B 18.31

Ceramic after ANOVA one-way 9.4975 0.0003803

In Ceram 122.92 A 17.27

e.maxPress 137.97 A 40.69

Cergogold 101.95 B 26.43

Before and after t-test paired ,0.0001

Before 82.87 20.74

After 121.0 35.09

Cement t-test not paired 0.8405

Glass ionomer 121.7 33.66

Resin cement 120.2 36.84

a Means followed by the same letter indicate no statistical difference.
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resin cement is the most popular luting agent when
using all-ceramic restorations34; however, resin-mod-
ified glass ionomer cement has been used to cement all-
ceramic restorations, and some authors argue that this
cement has advantages.13,14 Even though controversy
exists regarding a clinically acceptable marginal
adaptation, the study by McLean and von
Fraunhofer18 proposed that a restoration would be
successful if marginal gaps of less than 120 lm could be
obtained. Before cementation, the marginal discrep-
ancy of the all-ceramic systems evaluated in the
current study was within this clinically acceptable
standard, and it is in agreement with other studies19–21

that found marginal discrepancies deemed clinically
acceptable. Nevertheless, the current results do not
agree with Grey et al26 that found discrepancies larger
than 120 lm for conventional In Ceram crowns. After
cementation, Cergogold and In Ceram showed accept-
able discrepancy values for both cements evaluated,
but IPS e.maxPress resulted in a discrepancy larger
than recommended (Tables 3, 4, and 5). Some studies

have evaluated the marginal discrepancies without
taking the cementation process into consideration.35–37

Evaluating discrepancies without luting them is not
reflective of clinical reality because the cement and the
cementation process play a relevant role in the final
discrepancy achieved. In the current study, although a
space was created to allow the cement to flow into the
space between the tooth and internal ceramic surface,
the results for the all-ceramic and cement combina-
tions increased the discrepancy after cementation. The
convergence angle could influence the final marginal
discrepancy acquired since an angle with a higher
divergence would permit easier displacement of the
cement. In the current study, the 88 taper angle might
not have allowed the same flow of the cements as a
clinical preparation would, because clinical angles
range between 128 and 208, and increased taper could
affect the crown retention.23,24 However, the current
results are in agreement with previous studies that
found an increase in the marginal discrepancy after
cementation using approximately the same taper-

Table 4: Marginal Discrepancies of the Three Ceramic Systems Before and After Cementation With Resin Cement (Means and
Standard Deviations [SD] in lm)a

Ceramic Type Before Cementation After Cementation

No. of Spec Mean SD No. of Spec Mean SD

IPS e.maxPress 15 101.50b A 21.20 15 138.10b B 38.13

In Ceram 15 85.83a A 15.22 15 123.20a B 34.55

Cergogold 15 76.82a A 15.06 15 99.26a B 28.16

a Means followed by the same superscript lowercase letters within each column and uppercase letters within the row indicate no statistical difference at the 95%
confidence level (p.0.05).

Table 3: Marginal Discrepancies of the Three Ceramic Systems Before and After Cementation With Resin-Modified Glass
Ionomer Cement (Means and Standard Deviations [SD] in lma

Ceramic Type Before Cementation After Cementation

No. of Spec Mean SD No. of Spec Mean SD

IPS e.maxPress 15 83.13a A 25.04 15 137.82a B 44.44

In Ceram 15 77.04ab A 18.32 15 122.67ab B 18.88

Cergogold 15 66.20b A 20.19 15 104.64b B 25.28

a Means followed by the same superscript letters within each column and capital letters within the row indicate no statistical difference at the 95% confidence level
(p.0.05).

Borges & Others: Marginal Fit of All-Ceramic Crown Systems 647

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-31 via free access



ing.19,20 Further study should be pursued to delineate
the optimum convergence angle for adhesively re-
tained all-ceramic restorations. Despite the fact that
ceramic restorations have been used extensively, the
cementation procedure is one of the most critical parts
of the overall process. In the present study, the
conditions werewell controlled. Even though clinically,
the practitioner cares about the final fit of the
restoration, it is not possible to control all of the steps
as in an experimental study. Since an increase in
marginal discrepancy was seen in a well-controlled
environment, it would seem important for the clinician
to pay close attention to environmental factors that
might interfere with the cement line thickness.

CONCLUSION

Within the limitations of this study, it can be concluded
that the cementation increases the marginal gap
between the crown and the preparation for the three
ceramic systems evaluated regardless of the type of
cement evaluated.
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The Effects of Scaling
and Root Planing on the

Marginal Gap and
Microleakage of Indirect

Composite Crowns
Prepared With Different

Finish Lines:
An In Vitro Study

D Angerame � R Sorrentino � D Cettolin
F Zarone

Clinical Relevance Statement

Due to the surface alterationscaused by mechanical periodontal maintenance, the 908 shoulder
and the chamfer preparation proved to be a viable option for the fabrication of composite
crowns, whereas the beveled 908 shoulder and the feather edge should not be recommended.
The amorphous debris due to scaling and root planing could increase bacteria accumu-
lation over time; consequently, hygienic maintenance should be stressed in the presence of
composite restorations in order to reduce the need for root mechanical instrumentation.

SUMMARY

The present in vitro study aimed to assess the
effects of root surface mechanical instrumen-
tation on the marginal integrity and adapta-
tion of resin composite crowns. The following
null hypotheses were tested: no differences
exist between finish line and 1) marginal gap
or 2) marginal microleakage before and after
manual mechanical periodontal maintenance.

A total of 56 intact human mandibular molars
were randomly distributed into four groups
and subjected to standardized tooth prepara-
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tions for indirect composite crowns with dif-
ferent marginal finish lines (908 shoulder,
beveled 908 shoulder, feather edge, chamfer).
One-half of the specimens was used as a
control and remained untreated, and the re-
maining half was subjected to root surface
procedures simulating five years of semestral
mechanical supportive periodontal treatment.
The marginal gap and microleakage were
evaluated and statistically analyzed.

The specimens used as controls showed lower
mean marginal gaps than those subjected to
the simulated periodontal treatment, whereas
the latter showed lower microleakage than the
control crowns. Statistically significant differ-
ences were recorded for both the experimental
variables.

The root surface procedures resulted in al-
tered surfaces of the composite crowns. The
marginal gap increased after the treatment,
whereas the marginal microleakage was re-
duced. The 908 shoulder and the chamfer
preparation could be considered a viable op-
tion to fabricate composite crowns, but the
beveled 908 shoulder and the feather edge
should not be recommended.

INTRODUCTION

Metal-ceramic prostheses still represent the gold
standard in single crowns due to their optimal
mechanical resistance, acceptable esthetics, and
well-documented clinical longevity.1–3 All-ceramic
restorations were introduced in clinical practice to
improve esthetic performances, eliminating the
underlying grayish metal framework.1–4 Polycrys-
talline ceramics, just like alumina and zirconia,
combine tooth-like esthetic appearance with optimal
mechanical properties1–4 and require computer-
aided design/computer-aided manufacturing (CAD-
CAM) fabrication.1–3 Conversely, resin composite
full-coverage indirect restorations may reduce man-
ufacturing costs up to 60%.1 As a consequence, the
interest toward composite crowns as a less expen-
sive, promising interim alternative to metal and all-
ceramic restorations has increased in the last
years.1,4,5–12

Composite crowns can be considered as long-term
temporary restorations, due to inferior esthetics and
wear resistance compared with traditional ceramic
prostheses.1,12,14 Nevertheless, some authors have
proposed them as permanent restorations thanks to
the introduction of efficient dentinal adhesives, the

development of resin composites with higher frac-
ture toughness and wear resistance, and the possi-
bility of CAD-CAM processing.14–18 Indirect
composite restorations are easy to use and less
time-consuming compared with traditional proce-
dures.8,12 Moreover, they require less invasive
preparations with minimal depth reductions, pre-
serving more sound tooth structure: According to
some authors, this could be paramount to increasing
the survival probability of a restoration, particularly
after endodontic treatment.1,4,7,19,20 As a conse-
quence of the absence of metal frameworks, pros-
thetic finish lines can be placed at the gingival
margin, reducing gingival irritation.21

Quite scarce data are available regarding the
clinical performances of composite crowns.14 In an
in vitro study,22,23 adhesively luted posterior com-
posite crowns showed failure loads higher than 1000
N. Acceptable fracture resistance4,24–28 and promis-
ing results for clinical use after fatigue tests29,30

were reported in laboratory investigations. Prelimi-
nary clinical studies1,4 reported variable results
depending on composite systems, occlusal thickness
and type of cement. Probability survival rates of 96%
and 88.5% were indicated after 3 and 5 years,
respectively.1,9 Success rates lower than those of
all-ceramic restorations were reported after 3 years
of function.12 Estimated overall survival rates of 53%
6 14% at restoration level and 79% 6 11% at tooth
level were reported in a controlled clinical trial.8 As
to complications, increased plaque accumulation was
noticed, restricting the indication for permanent
restorations.1,5 With the introduction of modern
composite materials, it is possible to reduce the
above mentioned disadvantages;4,18,31 nonetheless,
further in vivo studies will be necessary to evaluate
the stability and longevity of composite crowns in the
oral environment.1

Hand and ultrasonic scaling and root planing of
root surfaces are the most commonly used mechan-
ical procedures for supportive periodontal care.32–36

Such instrumentation may cause minor structural
alterations of both root surface and restoration
margins; the consequent roughening may result in
unacceptable restorative margins associated with
increased plaque accumulation and high risk of
secondary caries.21,33,35,36 Consequently, the side
effects of mechanical periodontal care procedures
should be limited so as not to interfere with marginal
adaptation of restorations.21,33,37 Plastic dental
scalers were proposed to avoid scratching restorative
materials so as not to affect their surface texture;
nevertheless, some authors suggested that they
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could quickly become ineffective due to the greater
hardness of restorative materials.33 Sharp metal
curettes are still the standard instruments for
periodontal maintenance therapy.38

High-quality margins and smooth surfaces en-
hance biocompatibility of restorative materials be-
cause plaque retention is minimized and gingival
inflammation prevented.21,33,39 Several studies in-
vestigated the textural changes of restorations
caused by mechanical periodontal mainte-
nance.21,33,37–41 Discordant results were reported
for composite resin restorations: some authors
reported significant altered composite surfaces after
hand and ultrasonic scaling,40 whereas other inves-
tigations demonstrated no damaging effects after
scaling and jet-polishing procedures.41 Such contro-
versial results were probably due to the different
characteristics of the periodontal treatment (eg,
time, pressure, angulation, type of instruments)
and techniques of investigation (eg, qualitative,
quantitative, type of measurement).21,32,37–41

The present in vitro study aimed to assess the
effects of root surface mechanical instrumentation
on the marginal integrity and adaptation of resin
composite crowns.

Two different null hypotheses were tested:

1. There is no difference between the finish line of
indirect composite crowns and their marginal gap
before and after manual mechanical periodontal
maintenance.

2. There is no difference between the finish line of
indirect composite crowns and their marginal
microleakage before and after manual mechanical
periodontal maintenance.

METHODS AND MATERIALS

A total of 56 intact human mandibular molars with
no obvious pathology or restorations and extracted
for periodontal reasons were selected. Dental plaque,
calculus, and periodontal debris were removed by
means of ultrasonic scaling. The teeth were disin-
fected by immersion in 5% sodium hypochlorite for
five minutes and stored in 0.9% NaCl physiological
solution at 378C.

The teeth were randomly distributed into four
groups, each containing 14 specimens. Silicone
impressions of the teeth were made before tooth
preparation in order to be used as templates to check
the removal of dental tissues. Each group was
subjected to standardized tooth preparations for

indirect composite crowns with different marginal
finish lines (Figure 1), as follows:

� Group 1 (G1): 908 shoulder
� Group 2 (G2): beveled 908 shoulder
� Group 3 (G3): feather edge
� Group 4 (G4): chamfer

The specimens were prepared by means of cali-
brated, diamond rotary cutting instruments
(GS.341.ISO.013, GSD.18.ISO.015, 4035.ISO.014,
GSD.4.ISO.015, Intensiv Dental Production, Gran-
cia, Switzerland) mounted on a parallel milling
machine under constant water irrigation. The
preparations were standardized with 1.5-mm occlu-
sal reduction, 1.0-mm axial reduction, and 0.5-mm
margin preparation; preparation depth was checked
using the aforementioned silicone templates. The
marginal finish lines were placed 0.5 mm coronal to
the cementoenamel junction. The finishing of the
preparation margins was performed using Arkansas
stones mounted on a low-speed handpiece under
constant water irrigation. Tooth preparations were
performed with 43 magnification loupes by the same
experienced prosthodontist.

Precision impressions of the preparations were
taken by means of calibrated custom trays and
polyether impression materials (Permadyne Penta
L, 3M ESPE, Seefeld, Germany). Master casts were
obtained using type IV dental stone (Fuji Rock, GC
Corporation, Tokyo, Japan). Each cast was coated
with a surface conditioner to seal porosities (Kleen
Lube, Kerr Corporation, Orange, CA, USA), and a
thin layer of a die spacer was applied to simulate the
luting agent (Quick Set Spacer, Kerr Corporation).

Figure 1. Standardized tooth preparations and finish lines for indirect
composite crowns: G1: 908 shoulder, G2: beveled 908 shoulder, G3:
feather edge, G4: chamfer.
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The buildup of crowns was performed by the same
experienced dental technician with a microfilled
hybrid resin composite (Gradia Direct, GC Corpora-
tion) using the incremental technique. Each incre-
ment was light cured for 10 seconds with a
laboratory light-curing unit (Steplight, GC Corpora-
tion) for a whole polymerization time of five minutes
per crown. The passive fit of the restorations was
tried on the master casts and verified using a silicone
disclosing agent (Fit Checker, GC Corporation). The
composite crowns were polished with a hard, fine-
grained polishing paste (Universal polishing paste,
beige, Renfert GmbH, Hilzingen, Germany).

The adhesive cementation technique was used to
lute the restorations onto the teeth. A gluing wax
was used to protect the outer surfaces and margins
of the crowns; then, the inner surface of each
restoration was sandblasted with 50-100 l of
aluminum oxide particles. Afterward, the crowns
were subjected to vaporization to clean any alumi-
num oxide remnant. The teeth were etched with 37%
orthophosphoric acid for 15 seconds, rinsed with
water for 15 seconds, and dried with cotton pellets. A
thin layer of bonding (RelyX ARC Scotchbond 1 XT,
3M ESPE) was applied onto both the inner surfaces
of the crowns and the preparations and light cured
with 600 mW/cm2 (Demetron Optilux 501, Kerr
Corporation) for 10 seconds on each surface, as
recommended by the manufacturer. The halogen
light was tested for output before each cure (for
consistency) in order to avoid halogen aging that
could interfere with polymerization and cure. A dual-
cure resin cement (RelyX ARC, 3M ESPE) was
applied inside each restoration, and the crowns were
carefully seated onto the preparations. Cement

excess was removed with cotton pellets; then, the
samples were carefully rinsed and dried to prevent
fiber contamination. Each surface was light cured for
40 seconds, and the dual-cure cement was allowed to
self-cure for two more minutes. Once the crowns
were luted (Figure 2), the fit of restorations was
visually checked with 43 magnification loupes.

Precision impressions and master casts of the
cemented restorations were made as previously
described. Moreover, detailed digital pictures of each
crown surface (ie, buccal, palatal, mesial, and distal)
were taken (Nikon D100 reflex, Nikon Corporation,
Tokyo, Japan).

The specimens were stored in physiological saline
solution at 378C for 24 hours. Then, the specimens
were kept in artificial saliva and underwent thermal
aging by 50,000 cycles from 58C to 558C for 30
seconds each (Willytec/SD Mechatronik, Feldkirch-
en-Westerham, Germany).

A total of 36 indirect composite restorations (ie,
nine per group) were subjected to root surface
procedures simulating five years of semestral me-
chanical supportive periodontal treatment.39,43 Each
crown surface was scaled and root planed with
Gracey curettes 7/8 (Immunity, Hu-Friedy, Chicago,
IL, USA) by the same experienced dental hygienist.
Forty continuous overlapping strokes were used
across the restoration margins with a movement of
about 2 mm (ie, from 1 mm apical to 1 mm coronal to
the margin) at 15 mm/sec with a force of 5 N. Twenty
strokes were made with the tip held parallel,
whereas another 20 strokes were made with the tip
held diagonal to the longitudinal axis of the teeth;
the direction of the strokes was standardized using a
goniometer linked to the holder of the specimens. A
digital dynamometer was linked to the curettes in
order to standardize the force of the strokes; the
holder of the dynamometer was linked to a metal
ring that could slide around a horizontal metal bar in
order to follow the curettes during the instrumenta-
tion (Figure 3).

Precision impressions, master casts, and detailed
digital pictures of the scaled and root planed
restorations were made as previously described.

The marginal gap (MG) of the composite crowns
was evaluated on 16 teeth, four per group; in each
group, one-half of the specimens were randomly used
as controls and not subjected to any treatment (A),
whereas the remaining half was subjected to the
simulated periodontal treatment (B). A CAD digital
software (AutoCAD, Autodesk Inc, San Rafael, CA,
USA) was used for the analysis. Ten consecutive

Figure 2. Indirect composite crowns after cementation: G1: 908
shoulder, G2: beveled 908 shoulder, G3: feather edge, G4: chamfer.
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points were univocally identified and measured on

each surface of the specimens (Figure 4); conse-

quently, each specimen was characterized by 40

consecutive points. In each group, 160 measure-

ments were assessed, for a whole of 640 measured

points. Point-to-point measurements were performed
before and after the simulated periodontal treat-
ment.

The marginal microleakage (MM) of the composite
crowns was evaluated on 40 teeth, 10 per group; in
each group, one-half of the specimens were randomly
used as controls and not subjected to any treatment
(A), whereas the remaining half was subjected to the
simulated periodontal treatment (B).

Wax and three layers of an isolating varnish were
placed 1 mm coronal to the margin of the crowns; the
root surfaces were fully covered with the same
materials (Figure 5). Afterward, the specimens were
immersed in a methylene blue supersaturated
solution at room temperature for 10 minutes. The
specimens were rinsed with water to remove the
remnants of methylene blue, and the isolating
materials were removed with a spatula.

A separating disk (Inline Wheel Slim, BM Dentale,
Torino, Italy) was used to cut eight slices per
specimen, for a whole of 80 sections per group.
Detailed digital pictures of the slices were taken as

Figure 4. Point-to-point measurements of the marginal gap by
means of CAD digital software.

Figure 5. Specimens covering and margin exposure for micro-
leakage test.

Figure 3. Dynamometric appliance used to standardized the force
and the direction of the strokes.
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previously described. Each section was analyzed for
microleakage using dedicated digital imaging and
measurement software (Image Pro Plus, Media
Cybernetics, Bethesda, MD, USA) (Figure 6). The
following parameters were recorded on each section:

�length of the adhesive interface
�linear marginal microleakage
�percentage of linear marginal microleakage
�margin-to-margin preparation area
�preparation area microleakage
�percentage of preparation area microleakage

Both the marginal gap and microleakage mea-
surements were statistically analyzed by means of
dedicated software (SPSS 11.0, SPSS Inc, Chicago,
IL, USA); the analysis of variance (ANOVA), Scheffé
test, and Student t-test were performed. In particu-
lar, the Scheffé test is a parametric, multi-compar-
ison method applied to the set of estimates of all
possible contrasts among the factor level means, so
as to involve contrasts of more than two means at a
time. A p-value , 0.05 was used in the rejection of
the null hypotheses.

RESULTS

Marginal Gap

The mean values and standard deviations in milli-
meters of the marginal gap measurements are
summarized in Table 1. The specimens used as
controls (A) showed lower mean marginal gaps than
those subjected to the simulated periodontal treat-
ment (B); therefore, scaling and root planing proce-
dures always increased the marginal gap of the
composite crowns irrespective of the finish line

design. The lowest mean value was recorded for
the specimens prepared with the 908 shoulder,
whereas the highest was recorded for the beveled
908 shoulder preparation.

The ANOVA revealed statistically significant
differences in the control crowns (A, p,0.0001) but
not in the periodontally treated specimens (B,
p.0.05).

The Scheffé test performed on subgroups A
showed statistically significant differences between
G1-MG-A vs G2-MG-A (p,0.0001), G1-MG-A vs G3-
MG-A (p,0.0001), and G2-MG-A vs G4-MG-A
(p,0.0001).

The Student t-test for independent samples was
used to compare the marginal gap of the specimens
prepared with the same prosthetic geometry but
subjected or not to the simulated periodontal
treatment: Statistically significant differences were
shown in all groups (G1-MG-A vs B: p,0.0001, G2-
MG-A vs B: p,0.05, G3-MG-A vs B: p,0.0001, G4-
MG-A vs B: p,0.0001).

Microleakage

The mean values and standard deviations in
percentage of the linear and area microleakage
measurements are summarized in Table 2. The
treated specimens (subgroups B) showed mean
linear and area microleakage values lower than
those noticed in the control crowns (subgroups A).

As to the linear measurements of the controls (A),
the specimens prepared with the chamfer (G4)
showed the lowest microleakage, whereas the teeth
prepared with the beveled 908 shoulder (G2) were
found to have the highest rate of infiltration.
Differently, among the treated specimens (B), the
crowns prepared with the 908 shoulder (G1) showed
no linear microleakage, whereas the highest values

Figure 6. Microleakage analysis by means of dedicated digital
imaging and measurement software.

Table 1: Mean Values and Standard Deviations of the
Marginal Gap Measurements (mm)

Group Not Treated (A) Treated (B)

G1 0.091 6 0.065 0.258 6 0.114

G2 0.133 6 0.050 0.463 6 1.875

G3 0.134 6 0.051 0.409 6 0.134

G4 0.101 6 0.029 0.247 6 0.064
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were recorded again for the beveled 908 shoulder
finish line (G2).

As regards the area microleakage measurements
of the controls (A), the crowns prepared with the
chamfer (G4) showed no infiltration, whereas the
highest percentage of microleakage was recorded for
the beveled 908 shoulder finish line (G2). Among the
treated specimens (B), no microleakage was noticed
for both the crowns prepared with 908 shoulder (G1)
and the chamfer (G4). Once more, the beveled 908

shoulder finish line (G2) showed the highest per-
centage of area infiltration.

The ANOVA revealed statistically significant
differences for both linear and area microleakage
among both the control crowns (A, p,0.0001) and
the periodontally treated specimens (B, p,0.0001).

As to both the controls (A) and the treated crowns
(B), the Scheffé test showed statistically significant
differences for both the analyzed variables between
G2-MM-A vs G1-MM-A (p,0.0001), G2-MM-A vs
G3-MM-A (p,0.0001), G2-MM-A vs G4-MM-A
(p,0.0001), G2-MM-B vs G1-MM-B (p,0.0001),
G2-MM-B vs G3-MM-B (p,0.0001), and G2-MM-B
vs G4-MM-B (p,0.0001).

The Student t-test for independent samples, used
to compare both the marginal linear and area
microleakage of the specimens prepared with the
same prosthetic geometry but subjected or not to the
simulated periodontal treatment, showed statistical-
ly significant differences in G1-MM-A vs B for both
linear (p,0.0001) and area microleakage (p,0.01)
and in G2-MM-A vs B for both linear (p,0.0001) and
area microleakage (p,0.005).

According to these results, both the tested null
hypotheses were rejected.

DISCUSSION

Although presenting significant differences, all the
tested specimens showed a clinically acceptable mar-
ginal adaptation, irrespective of the finish line design.

According to the results of the present in vitro
study and of other similar investigations,38,41 the
marginal gaps always increased after the simulated
periodontal treatment. Conversely, scaling and root
planing procedures reduced both the linear and area
microleakage.

As regards the control specimens not treated with
the simulated periodontal treatment (subgroups
MG-A), the crowns prepared with 908 shoulder (G1)
and chamfer (G4) showed mean marginal gaps �100
l, within the range of clinical acceptability,2,3

whereas the restorations prepared with beveled 908

shoulder (G2) and feather edge (G3) showed higher
mean marginal gaps of about 130 l. Similar to the
control specimens, after simulated periodontal treat-
ment (subgroups MG-B), the crowns prepared with
908 shoulder (G1) and chamfer (G4) showed mean
marginal gaps of about 250 l, lower than those
recorded for the restorations prepared with beveled
908 shoulder (G2) and feather edge (G3) that reached
mean marginal gaps of about 400–450 l.

The marginal gap values recorded in the present
study in the absence of periodontal instrumentation
(subgroups MG-A) were comparable to those ob-
tained in other similar investigations.20,38,41,43 After
the simulated periodontal treatment (subgroups
MG-B), the resulting marginal gap measurements
were higher than those recorded for the controls,
reaching doubled or tripled values. Such increases
were proportional to the gap evidenced in the
absence of the periodontal treatment.

Table 2: Mean Values and Standard Deviations in Percentage of the Linear and Area Microleakage Measurements

Group Not Treated (A) Treated (B)

Linear Area Linear Area

G1 1.551 6 1.735 0.145 6 0.342 0 0

G2 18.066 6 16.655 13.947 6 18.610 5.429 6 2.025 2.060 6 3.851

G3 1.933 6 5.667 0.365 6 1.156 0.359 6 0.824 0.040 6 0.099

G4 0.362 6 0.570 0 0.235 6 0.887 0

656 Operative Dentistry

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-31 via free access



As regards the feather-edge preparation, signifi-
cant marginal gap values were recorded, but they
were not proportional to the microleakage. It could
be speculated that this was probably due to the
combination of two phenomena: the tapering of the
preparation, which favors an even distribution of the
luting agent, and the orthogonal or slightly oblique
cut of the dentinal tubules, which could enhance the
creation of the adhesive hybrid layer. Nonetheless,
in the presence of the feather-edge preparation, the
marginal gap could worsen over time.

According to the results of the present investiga-
tion, composite crowns prepared with beveled 908

shoulder and feather edge could fracture during
function and periodic periodontal treatments more
easily than restorations prepared with other finish
lines due to their thin margins. As a consequence,
beveled shoulders and feather edges should not be
considered a first choice for the fabrication of
composite crowns.

As to the marginal microleakage, a direct propor-
tionality between linear and area infiltration was
noticed in both control (A) and treated (B) crowns. The
908 shoulder (G1), the feather-edge (G3), and the
chamfer (G4) finish lines showed lower marginal
microleakage than the beveled 908 shoulder (G2); as
regards the specimens not subjected to any instru-
mentation, the latter showed massive marginal micro-
leakage and the rate of microleakage seemed scarcely
related to the dimensions of the marginal gap. This
was probably due to the fact that, in the presence of
the same marginal gap, the beveled preparation
exposed a greater number of dentinal tubules than
other finish geometries. Another possible explanation
for such a massive microleakage with the beveled 908

shoulder is the higher cement thickness due to a more
difficult flow of the luting agent during cementa-
tion;38,41 subsequently, the crown margin was proba-
bly impacted by a more critical polymerization
shrinkage. The latter hypothesis is just a speculation
and should be verified experimentally.

According to the results of the present in vitro
study, no correlation between the marginal gap and
microleakage was noticed. The root surface instru-
mentation significantly reduced the marginal micro-
leakage; these data seem in contrast to the recorded
increased marginal gap after the periodontal treat-
ment. This was probably due to the debris compacted
at the level of the margin by the curettes moving in
an apical-coronal direction, increasing the resistance
to microleakage; such a speculation should be
verified by further experimental investigations.

The amorphous debris could increase bacteria
accumulation over time; as a consequence, both
professional and domiciliary hygiene maintenance
should be stressed in the presence of composite
restorations in order to reduce the need of scaling
and root planing procedures. As regards the domi-
ciliary oral hygiene procedures, the use of spongy
dental flosses and interproximal brushes should be
recommended to the patients. Furthermore, if
scaling and root planing are needed, dentists should
polish the margins of composite crowns by means of
rotary bristles and interproximal finishing strips.

Moreover, the reduction of microleakage in the
treated specimens could also be explained consider-
ing that the instrumentation removed areas of
infiltrated margins; nevertheless, the fractures that
occurred at the level of some margins, particularly in
the specimens prepared with the chamfer finish line
(G4), did not influence significantly the reduction of
microleakage after the periodontal treatment.

CONCLUSION

Within the limitations of the present in vitro study,
the following conclusions can be drawn:

� The manual mechanical periodontal instrumen-
tation altered the surface of composite crowns
and the marginal gap increased proportionally
after such treatment.
� The 908 shoulder and the chamfer finish lines

revealed lower marginal gaps both before and
after periodontal treatment and showed a stable
marginal integrity.

� The beveled 908 shoulder and the feather edge
presented with a higher risk of damage due to
scaling with curettes.

� The 908 shoulder, the feather-edge, and the
chamfer preparations showed lower marginal
microleakage both before and after periodontal
treatment.

� The mechanical root surface instrumentation
reduced the marginal microleakage.

According to the results of the present in vitro
study, the 908 shoulder and the chamfer preparation
proved to be a viable option for the fabrication of
composite crowns, whereas the beveled 908 shoulder
and the feather edge should not be recommended.
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16. Kern M, Strub JR, & Lü XY (1999) Wear of composite
resin veneering materials in a dual-axis chewing simula-
tor Journal of Oral Rehabilitation 26(5) 372-378.

17. Ohlmann B, Trame JP, Dreyhaupt J, Gabbert O, Koob A,
& Rammelsberg P (2008) Wear of posterior metal-free
polymer crowns after 2 years Journal of Oral Rehabili-
tation 35(10) 782-788.

18. Suzuki S, Nagai E, Taira Y, & Minesaki Y (2002) In vitro
wear of indirect composite restoratives Journal of
Prosthetic Dentistry 88(4) 431-436.

19. Nagasiri R, & Chitmongkolsuk S (2005) Long-term
survival of endodontically treated molars without crown
coverage: a retrospective cohort study Journal of Pros-
thetic Dentistry 93(2) 164-170.

20. Cho L, Song H, Koak J, & Heo S (2002) Marginal accuracy
and fracture strength of ceromer/fiber-reinforced compos-
ite crowns: Effect of variations in preparation design
Journal of Prosthetic Dentistry 88(4) 388-395.

21. Vermilyea SG, Prasanna MK, & Agar JR (1994) Effect of
ultrasonic cleaning and air polishing on porcelain labial
margin restorations Journal of Prosthetic Dentistry 71(5)
447-452.

22. Lehmann F, Eickemeyer G, & Rammelsberg P (2004)
Fracture resistance of metal-free composite crowns—
Effects of fiber reinforcement, thermal cycling, and
cementation technique Journal of Prosthetic Dentistry
92(3) 258-264.

23. Rammelsberg P, Eickemeyer G, Erdelt K, & Pospiech P
(2000) Fracture resistance of posterior metal-free polymer
crowns Journal of Prosthetic Dentistry 84(3) 303-308.

24. Krejci I, Mueller E, & Lutz F (1994) Effects of thermo-
cycling and occlusal force on adhesive composite crowns
Journal of Dental Research 73(6) 1228-31232.

25. Behr M, Rosentritt M, Latzel D, & Handel G (2003)
Fracture resistance of fiber-reinforced vs non-fiber-rein-
forced composite molar crowns Clinical Oral Investiga-
tions 7(3) 135-159.

26. Behr M, Rosentritt M, Sikora MI, Karl P, & Handel G
(2003) Marginal adaptation and fracture resistance of
adhesively luted glass fibre-composite reinforced molar
crowns with different inner crown surfaces Journal of
Dentistry 31(7) 503-508.

27. Fokkinga WA, Kreulen CM, Le Bell-Rönnlöf AM, Lassila
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Quantification of Peroxide
Ion Passage in Dentin,

Enamel, and Cementum
After Internal Bleaching
With Hydrogen Peroxide
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Clinical Relevance

It is not possible to extrapolate the results directly to the clinical setting; however,

hydrogen peroxide when placed in the pulp chamber passes through dental hard tissues

and reaches the external surface and periodontal tissues.

SUMMARY

The aim of this study was to evaluate the
amount of peroxide passage from the pulp
chamber to the external enamel surface during
the internal bleaching technique. Fifty bovine
teeth were sectioned transversally 5 mm below
the cemento-enamel junction (CEJ), and the
remaining part of the root was sealed with a 2-
mm layer of glass ionomer cement. The external
surface of the samples was coated with nail
varnish, with the exception of standardized
circular areas (6-mm diameter) located on the
enamel, exposed dentin, or cementum surface
of the tooth. The teeth were divided into three
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experimental groups according to exposed are-
as close to the CEJ and into two control groups
(n=10/group), as follows: GE, enamel exposure
area; GC, cementum exposed area; GD, dentin
exposed area; Negative control, no presence of
internal bleaching agent and uncoated surface;
and Positive control, pulp chamber filled with
bleaching agent and external surface totally
coated with nail varnish. The pulp chamber
was filled with 35% hydrogen peroxide (Opal-
escence Endo, Ultradent). Each sample was
placed inside of individual flasks with 1000 lL
of acetate buffer solution, 2 M (pH 4.5). After
seven days, the buffer solution was transferred
to a glass tube, in which 100 lL of leuco-crystal
violet and 50 lL of horseradish peroxidase were
added, producing a blue solution. The optical
density of the blue solution was determined by
spectrophotometer and converted into micro-
gram equivalents of hydrogen peroxide. Data
were submitted to Kruskal-Wallis and Dunn-
Bonferroni tests (a=0.05). All experimental
groups presented passage of peroxide to the
external surface that was statistically different
from that observed in the control groups. It was
verified that the passage of peroxide was high-
er in GD than in GE (p,0.01). The GC group
presented a significantly lower peroxide pas-
sage than did GD and GE (p,0.01). It can be
concluded that the hydrogen peroxide placed
into the pulp chamber passed through the
dental hard tissues, reaching the external sur-
face and the periodontal tissue. The cementum
surface was less permeable than were the
dentin and enamel surfaces.

INTRODUCTION

The use of tooth whitening techniques has become a
common treatment modality aimed at achieving
esthetically desirable appearance. This procedure
preserves tooth structure and avoids invasive re-
storative interventions to correct color anomalies.1

In order for intrinsic stains to be removed by the
action of bleaching agents, the oxidizing ions must
penetrate enamel and dentin,2–5 leading to an
oxidation reaction. Hydrogen peroxide (HP) is a
strong oxidizing agent that can act on dentin,
modifying its mechanical and chemical properties.
The bleaching mechanism of HP has not yet been
fully established, and some controversy exists.6,7

The HP dissociates into free radicals with un-
paired electrons and is being reduced by releasing
these electrons, while as a consequence the sub-

stances that accept the electrons are being bleached
by oxidation. This results in a molecular rupture and
in a change in the energy absorption at a molecular
level within the pigmented dental organic matrix,
forming simpler and smaller molecules that reflect
light in a different way, creating a successful
bleaching effect.1,8,9

The permeability of teeth increases after penetra-
tion of oxidative ions,3,4,7 allowing the passage of
these ions to the external root surface and conse-
quently to the periodontal ligament. Another poten-
tial consequence of the bleaching action can be the
development of cervical root resorption. This can
occur as a result of the fact that HP and other oxygen
radicals penetrate the periodontal membrane, caus-
ing tissue and cellular destruction.4,10 Nevertheless,
use of 30% HP and sodium perborate (SP) as
bleaching agents3,11,12 has been extensively prac-
ticed by those in the dental profession.

In order to quantify the peroxide ions that are
released by a bleaching agent from the pulp chamber
through exposed dentin, dentin that is covered by
enamel or by cementum during internal bleaching
procedures, this study tested the following null
hypothesis: (H0) the bleaching agent will not pass
through the dental hard tissues.

MATERIALS AND METHODS

This project was developed in accordance with the
Research Ethics Code (approved under No. 002451/
2008-PH/CEP). Fifty freshly extracted bovine lateral
incisors from early calves of approximately the same
age were cleaned, immersed in physiological saline,
and kept in a freezer (�188C) until use. Access
openings were prepared on the lingual surface with a
high-speed hand piece and diamond bur under
copious water-cooling. Pulp tissue was extirpated
and the pulp chamber irrigated with saline.

The roots were sectioned perpendicular to the long
axis, 5 mm below the cemento-enamel junction
(CEJ), using a carbide disc in a low-speed hand
piece. A glass ionomer cement (Vidrion R, SS White,
Rio de Janeiro, Brazil) plug was placed 2 mm apical
from the CEJ, serving as a barrier to the root canal.
The root below the glass ionomer barrier was etched
with 35% phosphoric acid gel, rinsed, and sealed
with a light-curing bonding agent (Single Bond
Adhesive, 3M ESPE, Minneapolis, MN, USA) and a
light-curing resin composite (TPH, Dentsply/Caulk
Div., Milford, DE, USA).

Passage of HP was evaluated by application to
dimensionally standardized areas on the external
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surface of the tooth. The external surface of the
samples was coated with nail varnish, with the
exception of standardized circular areas (6-mm
diameter) located on the enamel, dentin-exposed, or
cementum surface of the tooth. The circular areas of
exposed dentin with 6-mm width and 2-mm depth
were created using cylindrical diamond burs (No.
2094, KG Sorensen Ind. Ltda, Barueri, SP, Brazil).

In order to make the specimens waterproof, two
layers of transparent nail varnish were applied.
After removal of the labels dimensionally standard-
ized areas were available for measurements.

The teeth were divided into three experimental
groups according to exposed areas close to the CEJ
and into two control groups (n=10/group), as follows:
GE, enamel exposure area; GC, cementum exposed
area; GD, dentin exposed area; Negative control, no
presence of internal bleaching agent and uncoated
surface; and Positive control, pulp chamber filled
with bleaching agent and external surface totally
coated with nail varnish.

The pulp chamber was filled with 35% HP
(Opalescence Endo, Ultradent Products Inc, South
Jordan, UT, USA), followed by a resin composite
filling (TPH, Dentsply/Caulk Div.). After light-
curing the remainder of the access opening was
sealed after etching with 37% phosphoric acid (Alpha
Etch gel, DFL, Rio de Janeiro, Brazil) for 15 seconds,
rinsing, lightly air-drying, and application of a
bonding agent (Single Bond Adhesive, 3M ESPE).
After light-curing for 20 seconds (780 mW/mm2), a
resin composite (TPH, Dentsply/Caulk Div.) was
placed and light-cured for 20 seconds.

The specimens were placed in a reservoir contain-
ing 1000 lL of acetate buffer solution, 2M (pH=4.5),
making sure that the exposed areas were sub-
merged. The acetate buffer was necessary to stabi-
lize the HP that might pass from the pulp chamber to
the external surface. Specimens were then stored in
an incubator at 378C at 100% relative humidity.
After seven days, the acetate buffer solution was
removed from the reservoirs using micropipettes and
transferred to a glass tube. The reservoirs were
rinsed twice with deionized water. One hundred
microliters of 0.5 mg/mL leuco-crystal violet (Sigma
Chemical Co, Sigma-Aldrich, São Paulo, Brazil) and
50 lL of 1 mg/mL enzyme horseradish peroxidase
(Sigma Chemical Co, Sigma-Aldrich) were also added
to each tube, and the solution was diluted to 3 mL
with distilled water. The optical density of the
resulting blue color in the tubes was measured with
a spectrophotometer (UV Spectrophotometer, UV-

1203, Shimadzu, Kyoto, Japan) at a wavelength of
596 nm.

A standard curve, in which eight points of HP were
associated at intervals of 0.25 lg/mL until 2.0 lg/mL,
according to their corresponding absorbance, was
used to convert the optical density values obtained
from the samples into microgram equivalents of HP.
The results were statistically analyzed using Krus-
kal-Wallis and Dunn-Bonferroni tests (p,0.05).

RESULTS

The amount of peroxide (lg/mL; mean 6 SD) that
penetrated from the pulp chamber through the tooth
structure is shown in Table 1. All experimental
groups presented passage of peroxide bleaching
agent to the root surface and were statistically
different from the negative and positive control
groups (p,0.05). It was verified that the ion
penetration was higher in GD (0.965 lg/mL; 2.234
6 0.758), followed by GE (0.957 lg/mL; 1.366 6

0.766). GC demonstrated passage of peroxide that
was lower, at 0.886 lg/mL (1.630 6 0.582), than that
of GD and GE (p,0.05).

The data were submitted to the Dunn-Bonferroni
statistical test and it was verified that control and
experimental groups showed statistically significant
differences (p,0.05). The Kruskal-Wallis test
showed no statistically significant difference among
the experimental groups (p.0.05).

DISCUSSION

External and internal bleaching agents are able to
penetrate into dentin.12–14 These bleaching agents
reduce the calcium and phosphate ions of the dental

Table 1: Amount of Peroxide (lg/mL) That Penetrated
From the Pulp Chamber to the External Root
Surface During Internal Bleaching (SD =
Standard Deviation)

Groups Mean, lg/mL (6SD)

Group enamel 0.957 (1.36660.766)

Group cementum 0.886 (1.63060.582)

Group dentin 0.965 (2.23460.758)

Negative control 0.033 (0.09960.000)

Positive control 0.024 (0.04360.003)
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hard tissues, promoting a higher permeability in
these tissues. Carrasco and others13 showed that
different bleaching agents can increase the perme-
ability of the coronal dentin of endodontically treated
teeth.

The passage of HP occurs mainly as a result of its
low molecular weight and ability to denature
proteins, which increases the ion movement through
the enamel, dentin, and cementum. Dental hard
tissues present an organic content; the HP pene-
trates through these structures, promoting in-
creased porosity and loss of substances of the
protein matrix as a result of free radical oxidation.

The present study verified that the penetration of
the peroxide from the pulp chamber to the external
root surface occurred in all experimental groups.
This was demonstrated by measuring ions from the
bleaching agents passing through dentin, enamel,
and cementum. These results are not in accordance
with those of Kehoe,15 who reported that cementum
presented a barrier for ion passage.

The amount of bleaching agent that passages
through the tooth structure is influenced by enamel,
dentin, and cementum thickness. It is known that
the higher the enamel, dentin, or cementum thick-
ness, the less will be the passage of bleaching agents.
In our study we observed a lower passage of HP in
the cementum that can be correlated with the
different thicknesses of the dental hard tissues.

Fuss and others16 evaluated the diffusion of a
mixture of SP plus HP and calcium hydroxide. They
determined that the whitening materials, in contrast
to calcium hydroxide, offered an easier and faster
diffusion through dentin. This faster diffusion is
probably due to the small size molecules of the
bleaching agents.5,16,17 Additionally, the cervical
region is more permeable compared to other areas
of the root,18 even when the bleaching agent is sealed
within the pulp chamber. Pressure builds up inside
the pulp chamber, because of the oxygen liberation
caused by HP and SP decomposition. This pressure
forces the bleaching agents into the dentinal tu-
bules.7,19 HP passage as well as other oxygen
radicals are not desirable and must be minimized.
When in contact with tissues, these ions may cause
cellular and tissue destruction.10

In the present study, it is of interest to note that
oxidative ions were able to pass through exposed
dentin, dentin covered by enamel, and dentin
covered by cementum. However, it is known that
this junction may exhibit flaws that expose the
dentin to the periodontal tissue in this area.

According to Neuvald and Consolaro,20 this is the
case for almost 10% of teeth. Under these conditions,
ions coming from the bleaching agents can reach
these tissues easily and in high quantities, thus
initiating an inflammatory reaction.

A significant aspect that must be taken into
consideration is that dentin autoimmunity presents
specific proteins, which often are not accessible to
the human immunologic recognition cells. Despite its
organization, the direct exposure of noncollagen
proteins to the bone maintains the dentin proteins
incorporated in a mineralized matrix and acts as a
sequestrated antigen.12

Nevertheless, with exposure, in the case of an
inflammatory process at the cervical region, the cells
are not recognized as their own by the human
immune system. A specific response will start,
represented by cellular intent on eliminating anti-
gens, in which macrophages will act as the main
executors. However, if the CEJ presents an irregular
anatomical form, the initiator mechanism of resorp-
tive processes requires the presence of local factors,
such as cytokine liberation that activate clastic cells
Other factors can cause external cervical resorp-
tions, such as bleaching agents, trauma, and induced
dental movement.21

In the present study, we used bovine teeth as they
presented similar size and age, promoting a better
standardization of the specimens. The diameter of
dentin tubules in bovine teeth is smaller and the
intertubular dentin area is larger than in human
teeth.22 On the other hand, the human tooth and its
structural and morphologic characteristics can in-
fluence the passage of bleaching agents. A previous
study22 showed that human teeth are more perme-
able to bleaching agents than bovine teeth.

Based on the results of this study, the null
hypothesis (H0) was rejected. Thus, this study
demonstrated that the oxidative power of the HP
was able to pass through all hard dental tissues. It
could be concluded that when placed into the pulp
chamber, the HP passes through dental hard tissues,
reaching the external surface and periodontal tis-
sues.

Conflict of Interest

The authors of this manuscript certify that they have no
proprietary, financial, or other personal interest of any nature
or kind in any product, service, and/or company that is
presented in this article.

(Accepted 10 January 2012)

Palo & Others: Quantification of Peroxide Ion Passage Dentin 663

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-31 via free access



REFERENCES

1. Plotino G, Buono L, Grande NM, Pameijer CH, & Somma
F (2008) Nonvital tooth bleaching: A review of the
literature and clinical procedures Journal of Endodontics
34(4) 394-407.

2. Wainwright WW, & Lemoine FA (1950) Rapid diffuse
penetration of intact enamel and dentin by carbon-14-
labeled urea Journal of the American Dental Association
41(2) 135-145.

3. Simon RH, Scoggin CH, & Patterson D (1981) Hydrogen
peroxide causes the fatal injury to human fibroblast
exposed to oxygen radicals Journal of Biological Chem-
istry 256(14) 7181-7186.

4. Haywood VB, Leech T, Heymann HO, Crumpler D, &
Bruggers K (1990) Nightguard vital bleaching: Effects on
enamel surface texture and diffusion Quintessence Inter-
national 21(10) 801-804.
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Effects of Food-simulating
Liquids on Surface

Properties of Giomer
Restoratives

TJM Kooi � QZ Tan � AUJ Yap
W Guo � KJ Tay � MS Soh

Clinical Relevance

Giomer restoratives, like other direct and indirect composites, are softened by food-
simulating liquids, especially citric acid and ethanol. They are also roughened by citric
acid.

SUMMARY

This study examined the effects of food-simu-

lating liquid (FSL) on the hardness and rough-

ness of giomer restoratives based on pre-

reacted glass ionomer (PRG) technology. The

materials investigated included a regular
(Beautifil II [BT]) and a recently introduced
injectable (Beautifil Flow Plus F00 [BF]) hy-
brid PRG composite. A direct hybrid composite
(Filtek Z250 [ZT]) and an indirect hybrid
composite (Ceramage [CM]) were used for
comparison. The materials were placed into
customized square molds (5 mm 3 5 mm 3 2.5
mm), covered with Mylar strips, and cured
according to manufacturers’ instructions. The
materials were then conditioned in air (con-
trol), distilled water, 50% ethanol solution, and
0.02 N citric acid at 378C for seven days.
Specimens (n=6) were then subjected to hard-
ness testing (Knoop) and surface profilometry.
Data were analyzed using one-way analysis of
variance and post hoc Scheffe test (p,0.05).
Mean Knoop hardness values for the control
group (air) ranged from 53.4 6 3.4 (BF) to 89.5
6 5.2 (ZT), while mean surface roughness
values values ranged from 0.014 6 0.002 (ZT)
to 0.032 6 0.001 (BT). All materials were signif-
icantly softened by FSL. The degree of soften-
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ing by the different FSLs was material depen-
dent. The hardness of giomers was most affect-
ed by citric acid and ethanol. The smoothest
surface was generally observed with the con-
trol group. Giomer restoratives were signifi-
cantly roughened by citric acid.

INTRODUCTION

Resin-based composite materials are widely used in
restorative dentistry. Clinically, composite restora-
tions are exposed either intermittently or continu-
ously to chemical agents found in saliva, food, and
beverages.1 Results of previous in vitro studies2–4

have shown that food substances can significantly
affect the hardness and roughness of composites.
Giomers or pre-reacted glass ionomer (PRG) com-
posites are the latest type of glass ionomer–compos-
ite hybrid materials, in which glass ionomer fillers
(consisting of fluorosilicate particles pre-reacted
with polyacrylic acid) are incorporated into a resin
matrix. Coupling agents bond the fillers to the
matrix and catalysts are added to initiate polymer-
ization of the material. Giomers, like other dental
composites, also require bonding agents to adhere to
tooth structure. They are light-activated, easy to
handle, and release fluoride.

The clinical performance of giomers has been
evaluated in several studies.5,6 In an eight-year trial
involving Class I and II restorations, Gordan and
others5 reported no restoration failures. Significant
changes were observed only for marginal adaptation
at occlusal surfaces and marginal staining at
proximal surfaces. In addition, no significant differ-
ence in clinical performance was observed6 between
giomer and microfilled composite restorations in
Class V cavities after three years. In vitro studies7,8

comparing giomers to resin-modified glass ionomer
cements showed that giomers had significantly
higher flexural strength. Giomers were also found
to be harder than minifilled composite resins and
ormocers9 and had better polishability than did
conventional glass ionomers.10 The high-fluoride
release and recharge properties of giomers minimize
recurrent caries and demineralization.11 Based on
several studies,12–16 giomers have a reported caries
inhibiting effect of 14%-35% compared to non–
fluoride-releasing restorative materials.

Information regarding the influence of food-simu-
lating liquids (FSLs) on the surface hardness and
roughness of giomer restoratives employing PRG
technology is still not widely available in the
literature. By virtue of their pre-reacted glass
ionomer fillers, these materials may behave differ-

ently when compared to composites based on
zirconia and other fillers.

This study investigated the effects of FSL on the
surface properties of two types of giomer restor-
atives. It was hypothesized that the effects of FSL on
giomers will differ from those of conventional
composites in view of their novel PRG technology.

MATERIALS AND METHODS

The materials investigated included two giomers
(Beautifil II [BT] and Beautifil Flow Plus F00 [BF],
Shofu, Kyoto, Japan), a direct hybrid composite
(Filtek Supreme Z250 [ZT], 3M-ESPE, St Paul,
MN, USA), and an indirect hybrid composite (Ce-
ramage [CM], Shofu). The technical profiles of the
various restoratives evaluated are shown in Table 1.

The materials were placed into customized square
molds (5 mm 3 5 mm 3 2.5 mm) and covered with
Mylar strips. A glass slide was placed and pressure
was applied to remove any excess material. The
specimens were then light-cured according to man-
ufacturers’ instructions (Table 2). Twenty-four spec-
imens of each material were fabricated and
randomly assigned into control (air) and treatment
(distilled water, 50% ethanol solution, and 0.02 N
citric acid) groups in clusters of six. The specimens
were conditioned in individual vials containing the
different FSL at 378C for seven days.

After conditioning, each specimen was air-dried
and subjected to a 3.0-mm line scan across the center
of the specimen using a surface profilometer (Surf-
test, Mitutoyo Corp, Tokyo, Japan) with a probe
diameter of 5 lm. Surface roughness value (Ra),
which is the arithmetic average of the absolute
values based on the vertical deviations of the
roughness profile from the mean line calculated by
the computer, was recorded. Hardness testing was
then carried out using a digital microhardness tester
(FM Series Microhardness Tester, Future Tech,
Tokyo, Japan) to attain the Knoop hardness value
(KHN). A load of 500 gf with a dwell time of 15
seconds was applied to the central top surface of each
specimen via an indentator. Statistical analysis was
done using one-way analysis of variance and post hoc
Scheffe test at a significance level of 0.05. A Pearson
correlation test was also conducted to determine the
relationship between the surface hardness and
roughness of the individual composites.

RESULTS

The means for KHN and Ra of the four composite
restoratives are shown in Tables 3 and 4. Mean KHN
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for the control group (air) ranged from 53.4 6 3.4
(BF) to 89.5 6 5.2 (ZT), while mean Ra values
ranged from 0.014 6 0.002 (ZT) to 0.032 6 0.001
(BT). Results of statistical analyses are reflected in
Tables 5 through 7.

The degree of softening by the different FSLs was
material dependent. The greatest hardness was
observed for the control group. Conditioning in
ethanol generally resulted in the greatest softening.
The giomers were also affected by citric acid. For the
control group, ZT was significantly harder than all of
the materials evaluated. No significant difference in
KHN between BT and CM was noted, and BF was
significantly softer than all of the other materials.
When conditioned in distilled water, similar results
were observed. After conditioning in citric acid, ZT
and CM had comparable KHN. Both materials were
significantly harder than BT and BF. KHN for CM

and ZT were, again, not significantly different after
conditioning in ethanol. The hardness values of CM
were significantly greater than those of BT and BF,
and ZT was significantly harder than that of BF.

Table 2: Manufacturers’ Curing Instructions

Materials Mode Curing
Unit

Curing
Time, s

Beautifil II Light cure Elipar S10 (3M-ESPE) 20

Beautifil Flow
Plus F00 Light cure Elipar S10 (3M-ESPE) 20

Filtek Z250 Light cure Elipar S10 (3M-ESPE) 20

Ceramage Oven cure Solidlite (Shofu) 240

Table 1: Chemical Composition of the Different Composite Restoratives

Material, Lot No. Composition wt% Filler Size, lm Shade

Beautifil II, 051003 Bis-GMA (bisphenol A diglycidyl ether dimethacrylate) 7.5 0.01–4.0 0.8 (mean) A2

TEGDMA (triethyleneglycol dimethacrylate) ,5

Aluminofluoro-borosilicate glass, Al
2
O

3
83.3

DL-camphorquinone

Beautifil Flow Plus F00, 091013 Bis-GMA 15–25 0.01–4.0 0.8 (mean) A2

TEGDMA 12–14

Aluminofluoro-borosilicate glass, Al
2
O

3
67.3

DL-camphorquinone

Filtek Z250, N183958 Bis-GMA 1–10 0.01–3.5 0.6 (mean) A2

TEGMA ,5

Bis-EMA (bisphenol A polyethylene glycol diether dimethacrylate) 1–10

UDMA (diurethane dimethacrylate) 1–10

Zirconia/silica 82

Ceramage, 071060 UDMA Proprietary Proprietary A2B

Zirconia/silica (amorphous) 73 Proprietary
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Regardless of conditioning medium, ZT had the
smoothest surface among the materials evaluated.
After conditioning in air and citric acid, BT was
significantly rougher than ZT. BT also had higher Ra
values than BF and CM after exposure to citric acid.
After conditioning in distilled water and ethanol, BF
was significantly rougher than the other materials.
Significant negative correlations between hardness

and roughness were observed for all composites
except for CM. The correlation for ZT was strong.

DISCUSSION

Hardness is defined as the resistance of a material to
permanent indentation.17 Studies18,19 have linked
low hardness values to inferior surface wear resis-
tance. Worn and roughened surfaces may be plaque
retentive, allowing bacterial flora to flourish, leading
to increased caries risk and periodontal inflamma-
tion.20 The liquids used to condition the materials in
this study are among those recommended in guide-
lines from the US Food and Drug Administration to
be used as food simulators.21,22 Aqueous ethanol-
water solution simulates alcoholic liquids and is also
the medium of choice for accelerated ageing of
composite restorations, as its solubility parameter
is comparable to that of bisphenol A diglycidyl ether
dimethacrylate (bis-GMA).2,23 The latter is one of the
most commonly utilized resin monomers in compos-
ite resins. Citric acid (0.02 N) stimulates acid in
foodstuffs such as vegetables, fruits, candy, and
syrup, as well as certain beverages. Distilled water
simulates the wet oral environment, while air serves

Table 3: Mean Knoop Hardness (KHN) for the Composites in the Different Food-simulating Liquids (FSLs)a

Materials Air Distilled Water Citric Acid Ethanol

Beautifil II 77.6 (2.4) 63.8 (2.0) 41.4 (3.0) 42.0 (1.4)

Beautifil Flow Plus F00 53.4 (3.4) 40.5 (2.3) 37.4 (4.3) 32.6 (4.3)

Filtek Z250 89.5 (5.2) 71.7 (4.3) 74.9 (1.8) 50.7 (7.6)

Ceramage 75.4 (8.3) 59.3 (3.4) 69.9 (1.6) 56.3 (9.6)

a Standard deviations (SDs) in parentheses.

Table 4: Mean Surface Roughness (Ra) for the Composites in the Different Food-simulating Liquids (FSLs)a

Materials Air Distilled Water Citric Acid Ethanol

Beautifil II 0.032 (0.001) 0.025 (0.002) 0.083 (0.002) 0.033 (0.004)

Beautifil Flow Plus F00 0.020 (0.006) 0.040 (0.004) 0.057 (0.003) 0.041 (0.005)

Filtek Z250 0.014 (0.002) 0.017 (0.002) 0.017 (0.003) 0.022 (0.002)

Ceramage 0.025 (0.012) 0.027 (0.003) 0.029 (0.003) 0.031 (0.005)

a Standard deviations (SDs) in parentheses.

Table 5: Comparison of Mean Knoop Hardness (KHN) of
the Composites in Different Food-simulating
Liquids (FSLs)

FSL Materials

Air ZT . BT, CM . BF

Distilled water ZT . BT, CM . BF

Citric acid ZT, CM . BT, BF

Ethanol CM . BT, BF ZT . BF

Abbreviations: BT, Beautifil II; BF, Beautifil Flow Plus F00; ZT, Filtek Z250;
CM, Ceramage.
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as the control medium. As the most significant
changes in hardness have reportedly3 occurred
during the first week of exposure to FSL, a seven-
day conditioning period was selected for this inves-
tigation.

Oxygen inhibits the surface polymerization of
composite resins. The depth of inhibition in atmo-
spheric air ranges between 25 lm and 105 lm and
varies between composites.24 The materials were
adapted against a Mylar strip to minimize the
oxygen inhibition layer24 and were cured according
to manufacturers’ instructions. This method pro-
duced a consistent smooth surface across all
specimens.25 The latter ensures accurate hardness
readings and prevents discrepancies associated
with finishing/polishing procedures. The unpol-
ished surface is, however, matrix-rich and may
result in a greater degree of softening. It is
therefore less characteristic of the bulk materi-
al.26,27 As the materials were not subject to any
mechanical forces, any observed changes in hard-
ness and surface roughness can be attributed to
exposure to the FSL.

BF is marketed as a flowable hybrid composite to
be used as a restorative, base, and liner. ‘‘Flow-
ability’’ is mainly achieved by its lower filler loading
of approximately 67.3% weight. The filler loading
values of the other materials investigated were
higher and ranged from 73% to 83.3% weight. A
general trend is observed between increased filler
loading and improved hardness, compressive
strength, and stiffness.28,29 BF had the lowest
hardness values in the control medium and was
significantly softer than ZT and CM for all test
mediums. The lower filler fraction in BF could have
played a significant role in its lower hardness as

compared to the other composites. The higher
hardness values of ZT and CM can also be attributed
to the use of zirconia-silicate fillers over alumino-
fluoro-borosilicate glass fillers in the giomers. In
addition, CM was oven-cured (Solidlite, Shofu) under
heat and high-voltage (600-W) light.30,31

The giomers investigated were found to be signif-
icantly degraded by citric acid. This may be attri-
buted to the greater susceptibility of fluorosilicate
glass fillers to degradation by weak acids.32 The
giomer materials and ZT contain bis-GMA as part of
their resin matrix. Ethanol has a solubility index
similar to that of bis-GMA,2,23 which enhances its
disintegration. In addition, triethyleneglycol dime-
thacrylate (TEGDMA) has been shown33 to have the
greatest amount of liquid sorption in 50% ethanol-
water solution when compared to bis-GMA, bisphe-
nol A polyethylene glycol diether dimethacrylate,
and diurethane dimethacrylate.

Liquid uptake will leach unreacted components
from the resin matrix, causing a reduction in
mechanical properties. Diffusion of solvent into the
resin network interferes with bonding, separates the
chains, and interrupts the arrangement of the
polymer chains in the compound, causing significant
reduction of the material’s physical properties.33 BF,
which contained the highest percentage weight of
bis-GMA and TEGDMA, was observed to be most
affected by ethanol as compared to the other three
materials. Distilled water exerts a similar degrada-
tive effect through liquid sorption and dissolution of
the resin matrix.33

Roughness parameters are dependent on several
factors, such as filler particle size, percentage of
surface area occupied by filler particles, hardness,
degree of polymer conversion to resin matrix, and
filler-matrix interaction.34 For all FSLs, the Ra

Table 7: Comparison of Mean Knoop Hardness (KHN) of
the Composites in Different Food-simulating
Liquids (FSLs)

Materials FSLs

Beautifil II Air . distilled water . ethanol, citric acid

Beautifil Flow
Plus F00 Air . distilled water . ethanol, air . citric acid

Filtek Z250 Air . citric acid, distilled water . ethanol

Ceramage Air, citric acid . ethanol, air . distilled water

Table 6: Comparison of Mean Surface Roughness (Ra) of
the Composites in Different Food-simulating
Liquids (FSLs)

FSL Materials

Air BT . ZT

Distilled water BF . CM, BT . ZT

Citric acid BT . BF . CM . ZT

Ethanol BF . BT, CM . ZT

Abbreviations: BT, Beautifil II; BF, Beautifil Flow Plus F00; ZT, Filtek Z250;
CM, Ceramage.
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values of the giomer composites were significantly
higher than that of ZT. The greater surface rough-
ness corresponded to the larger average particle
sizes (0.8 lm) of BT and BF, as compared to the
smaller average particle sizes (0.6 lm) found in ZT.
The fillers exposed on the surface of giomers after
surface degradation by the FSL are consequently
coarser, leading to a rougher surface profile. All
roughness values of the materials were, however,
below the threshold surface roughness for bacterial
retention (Ra=0.2 lm).20 The values may have little
bearing in a clinical setting, as an initial unpolished
surface is uncommon. The negative correlation
between roughness and hardness was significant
for all materials except CM. It was strong for ZT
(r=�0.746). The surface roughness of giomers was
therefore weakly associated with their surface
hardness. A softer surface corresponded to a rougher
giomer surface.

CONCLUSIONS

Within the limitations of this in vitro study,

1. Giomers, like other direct and indirect composites,
were degraded by FSLs.

2. Hardness of giomers was significantly affected by
citric acid and ethanol.

3. Roughness of giomers was significantly affected by
citric acid.

4. With the exception of the indirect composite,
significant and negative correlations were ob-
served between hardness and roughness.
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Departments

CLINICAL ASSISTANT/ASSOCIATE
PROFESSOR
University of Illinois at Chicago
Restorative Dentistry—Advanced Operative/
General Dentistry

The Department of Restorative Dentistry at the
University of Illinois at Chicago under the leader-
ship of Dr. Stephen Campbell is seeking applications
for two full-time faculty positions (non-tenure track)
beginning July 1, 2013 at the Clinical Assistant/
Associate Professor levels. Future tenure track
options exist for qualified/successful candidates.
Responsibilities include preclinical and clinical in-
struction in all aspects of the restorative sciences.
Qualifications include a DDS/DMD degree, and
advanced training in operative dentistry or general
dentistry (board eligibility/certification desirable
where appropriate, but not required). Prior teaching
experience is desirable. Candidates must be eligible
for licensure in Illinois. Candidates with training
and/or experience in research are preferred.

For fullest consideration, apply online at https://
jobs.uic.edu/job-search/job-details?jobID=21259 and
submit a cover letter, CV and names of three (3)
references by November 09, 2012. Salary and
academic rank commensurate with experience and
qualifications.

For any questions regarding this position, please
contact Ms. Anna Panova, UIC College of Dentistry
(M/C 555), 801 S. Paulina Street, Chicago, IL 60612
or e-mail annap22@uic.edu.

UIC is AA/EOE.

GEORGIA HEALTHSCIENCES UNIVERSITY
College of Dental Medicine Instructor/
Assistant/Associate Professor
Oral Rehabilitation—Prosthodontics/
Restorative Dentistry
Req #’s 5950 and 5792

Two full-time, tenure/non-tenure track faculty posi-
tions. Teaching responsibilities include participation
in clinical and preclinical courses in prosthodontics,
operative dentistry, and/or restorative dentistry at
the pre-doctoral and post-doctoral level. Preference

will be given to candidates with significant clinical
experience, post-graduate training in prosthodon-
tics/operative dentistry/general dentistry or prior
experience in dental education. Participation in
faculty practice and research is expected. Applicants
must be a graduate of an ADA accredited dental
school or 2 year postgraduate training program and
be licensed in a state or eligible for licensure by the
Georgia Board of Dentistry. Salary and academic
rank are commensurate with qualifications. AA/
EEO/Equal Access/ADA Employer. Interested candi-
dates should apply for this position on-line at www.
georgiahealth.edu/faculty jobs/, the requisition num-
ber provided above, and the department name. For
further information, please email mmyers@
georgiahealth.edu

Application Deadline: Until Filled

University of Maryland—Operative Dentistry

The Department of Endodontics, Prosthodontics
and Operative Dentistry, University of Maryland
is seeking candidates for two full time faculty
positions at the rank of Assistant, Associate or Full
Professor in Operative Dentistry. Responsibilities
include didactic and clinical teaching in Cariology,
Operative Dentistry, Dental Anatomy and Occlu-
sion, and Esthetic Dentistry. Demonstrated record
of successful research, involvement in leadership
in dentistry at the local or national levels, and
other scholarly activities are highly desirable.
Requirements for the position include a DDS/
DMD degree, or foreign equivalent, and eligibility
for a Maryland dental license. Preference will be
given to candidates with Masters or Ph.D. degrees,
expertise in cariology and caries risk assessment,
funded research, demonstrated innovative ap-
proaches to curricular development and/or con-
tinuing education and productivity in other
scholarly activities. An opportunity for intramural
practice is available and candidates are encour-
aged to participate. Appointment track, salary and
academic rank will be commensurate with qualifi-
cations and experience. The positions will be
available until filled. Qualified applicants should
send a letter of interest, curriculum vitae and
names and addresses of three references to Dr.
Ashraf Fouad, Chair, Department of Endodontics,
Prosthodontics and Operative Dentistry, School of
Dentistry, University of Maryland, 650 West
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Baltimore Street, Room Rm. 4221, Baltimore, MD
21201-1586, or electronic versions of the above to
afouad@umaryland.edu

The University of Maryland is an AA/EEO/ADA
employer and has a strong commitment to the
principle of diversity in all areas.
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One-Year Clinical Evaluation of Composite Restorations in Posterior Teeth:
Effect of Adhesive Systems

RH Sundfeld � RS Scatolin � FG Oliveira � LS Machado � RS Alexandre � MLMM Sundefeld

Clinical Relevance:

Class I composite restorations, placed using either a total etch or a self-etch bonding system, showed equally
satisfactory clinical performance after one year.

DOI: 10.2341/10-375-C

The Bond of Different Post Materials to a Resin Composite Cement
and a Resin Composite Core Material

D Stewardson � A Shortall � P Marquis

Clinical Relevance:

When selecting endodontic post materials, clinicians should be aware that fiber-reinforced composite (FRC) posts
do not achieve a chemical bond to resin composites. The surfaces of different FRC posts need to be roughened by
grit blasting with aluminum oxide particles to optimize micromechanical bonding.

DOI: 10.2341/11-409-L

Staff Letter

Dear Members of our Parent Academies,

An agreement was reached early this year to make
some changes to the subscriptions of the Academy
Members. The new agreement specifies that
Academy Members will receive their copy of the
journal online only starting with issue 1 of volume
38 (2013). For those members interested in receiv-
ing a paper copy, it is available for an additional
$40.00 paid via your dues to your academy. For
those of you who belong to more than one academy,
you can send a request to our office to have your

other dues pay for the paper upgrade. Upon
confirmation of dues receipt from the second acad-
emy, we will begin sending the paper copies you
requested.

If you run into any technical issues, please contact
our support desk at helpdesk@allenpress.com, or for
questions on this new policy, please contact your
Academy’s secretary.

Happy reading,

Operative Dentistry Office Staff

On occasion we receive manuscripts that we would like to publish, but do not have the page room to include in

the print journal. Some of these articles are now being accepted for publication ‘‘online only’’. These article’s

clinical relevance statements will appear printed in this section. For the full article, please go to www.

jopdentonline.org.
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One-Year Clinical
Evaluation of Composite
Restorations in Posterior
Teeth: Effect of Adhesive

Systems

RH Sundfeld � RS Scatolin � FG Oliveira
LS Machado � RS Alexandre � MLMM Sundefeld

Clinical Relevance

Class I composite restorations, placed using either a total etch or a self-etch bonding
system, showed equally satisfactory clinical performance after one year.

SUMMARY

This clinical study assessed the performance of
posterior composite resins applied with the
Adpere Single Bond Plus (SB) and Adpere

Scotchbond SE (SE) adhesive systems and
Filteke Supreme Plus composite resin, using
modified US Public Health Service criteria. A
total of 97 restorations were placed in posteri-
or teeth by two calibrated operators. Applica-
tion of the materials followed manufacturers’
instructions. The restorations were evaluated
by two examiners at baseline and after one
year. Statistical analyses were conducted us-
ing the proportion test at a significance level
of 5% (p,0.05). All the restorations evaluated
(ie, 100%) received an alpha rating for the
criteria of marginal discoloration and margin-
al integrity at baseline. At one year, for mar-
ginal discoloration, 64.6% of SB and 61.2% of SE
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received an alpha rating. For marginal integ-
rity, 72.9% of SB and 77.6% of SE received an
alpha rating. The other restorations received
bravo ratings for both criteria. None of the
teeth that received the restorative systems
presented caries lesions around the restora-
tions. A total of eight teeth presented postop-
erative sensitivity one week after baseline, five
with SB and three with SE; the symptom had
disappeared one year later. One year later,
composite resin restorations using either ad-
hesive system showed satisfactory clinical per-
formance.

INTRODUCTION

The introduction of resin-based adhesive materials
was revolutionary for the restoration of anterior
teeth, and their use was extended to posterior teeth;
however, initial clinical evaluations of resin-based
restorations in posterior teeth showed shortcomings
in this restorative procedure compared with resto-
rations performed with dental amalgam, particular-
ly in regard to marginal discoloration, wear
resistance, and incidence of secondary caries,1,2

factors possibly related to the restorative technique
employed and the properties of the adhesive systems
in relation to dental tissues, especially dentin tissue.

Since then, researchers and manufacturers have
developed and analyzed adhesive systems and
techniques for good marginal sealing in dental
restorations. In view of this concern, various types
of adhesive systems have been developed, including
the total etching adhesive system3 and self-etching
adhesive systems.3,4

Total etching adhesive systems using phosphoric
acid etching have shown excellent clinical perfor-
mance in terms of durability and bond strength to
enamel,5 but these results are not commonly ob-
served with self-etching adhesive systems.6 Howev-
er, when a self-etching adhesive is applied to dentin
tissue, the smear layer is not washed out.7 Thus,
pulpal pressure is not modified, explaining the low
sensitivity found in a longitudinal clinical study by
Gordan and Mjor8 in 2002 in which resin-based
restorative material and self-etching primer in
posterior restorations did not result in significant
short- or long-term postoperative sensitivity.9,10

Although several laboratory studies of adhesive
systems have been described in the literature,
clinical studies are necessary to determine whether
problems identified in the laboratory are clinically
significant.

The aim of this clinical study was to evaluate
posterior nanofilled composite resin restorations
using a two-step total etching or two-step self-
etching adhesive system at baseline (one week later)
and one year later. The response variables were
marginal discoloration, marginal adaptation, caries
lesions, and postoperative sensitivity.

MATERIALS AND METHODS

Experimental Design

A total of 97 class I restorations were placed in 15
patients (10 women and 5 men) of the Dental School
of Araçatuba—UNESP with good oral hygiene and
ages ranging between 13 and 21 years. Each patient
had at least one restoration done with one of the
adhesive systems employed in this study.

The selected teeth were restored because they
presented primary or secondary caries lesions or
restorations with amalgam or composite resin that
needed replacing either because of recurrent caries
lesions or fractures or even for esthetic reasons; all
teeth were in occlusion. The clinical procedures were
performed by two calibrated operators. The study
was approved by the Ethics Committee of the
Institution (process no. 2008-01502). The procedures
were explained to the subjects, who gave their
written consent to participate.

A nanofilled composite resin, Filtek Supreme Plus
(FS;3M ESPE Dental Products, St Paul, MN, USA),
in association with a two-step total etching adhesive
system, Adper Single Bond Plus (SB), and a two-step
self-etching adhesive system, Adper Scotchbond SE
Plus (SE; 3M/ESPE; Table 1), were used in this

Table 1: Composition of Adhesive Materials Used in This
Study

Material Composition

Adpere Single
Bond Plus

Bis-GMA; HEMA; copolymer of
polyalkenoic acid, ethanol, water, and
photoinitiator

Adpere Scotchbond
SE Plus

Bottle A (primer): water, HEMA,
surfactant, and dye pink.

Bottle B (bond): UDMA, TEGDMA,
TMPTMA, HEMA, MHP zircon nanofiller,
and canphoroquinona

Filtek Supreme
Plus

Bis-GMA, BIS-EMA, UDMA, TEGDMA,
and inorganic filler
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study. The factors were adhesive systems on two
levels (two-step total etching and two-step self-
etching), and the response variables were marginal
discoloration, marginal adaptation, caries lesions,
and postoperative sensitivity. Randomization was
used to perform restorations, and there was always
present in each patient at least one restoration of
each adhesive used.

Operative Procedures

All restoration procedures were performed after
anesthesia and dental prophylaxis with pumice and
water. The cavity was opened or the existing
restoration removed using a cylindrical diamond
bur number 1092 (KGSorensen, Industria e Comer-
cio Ltda, São Paulo, Brazil) mounted in a high-speed
water-cooled hand piece. In the cave-surface enamel,
beveling was not conducted. When carious lesions
were found, they were removed with hand instru-
ments and low-speed spherical drills in sizes com-
patible with the sizes of the lesions. A rubber dam
was used. Only deep cavities received a thin layer of
resin-modified glass ionomer Fuji II LC (GC Corp,
Tokyo, Japan) as a liner, following the manufactur-
er’s instructions.

All cavities were restored with a nanofilled resin
composite, Filtek Supreme Plus (3M ESPE). For 48
cavities, a total etching adhesive system (SB) was
used, and for 49 cavities, a two-step self-etching
adhesive system (SE) was used. The cavities were
restored in a randomized way. Table 1 shows the
distribution of restorations among selected patients
in the maxillary and mandibular arches. The
materials were applied according to the manufac-
turers’ instructions as follows.

Adper Single Bond Plus—The entire cavity was
etched with 35% Scotch Etchant (3M ESPE) for 15
seconds in dentin tissue and 60 seconds in the
enamel, rinsed with water spray, and air-dried. After
drying, the enamel surface was completely dry, and
the dentin had a moistened appearance . The
adhesive system was applied with a microbrush
and light cured for 20 seconds with a halogen light
source, an Ultralux (Dabi Atlante, Ribeirão Preto,
Brazil) with a power of 450 mW/cm2.

Adper Scotchbond SE Plus—The cavity preparation
was rinsed with water spray and air-dried. The self-
etch adhesive system (SE) was composed of liquids
designated A and B. Liquid A was initially applied to
the cavity with a microbrush, immediately followed
by liquid B, which was applied to the cavity for 20
seconds under moderate pressure. The adhesive was

air-dried for 10 seconds. After that, a second layer of
liquid B was applied, and light polymerization was
performed for 10 seconds using an Ultralux (Dabi
Atlante) halogen light appliance with a power of 450
mW/cm2.

Filtek Supreme Plus—Following an incremental
technique, the composite materials were applied
using the oblique layering technique, with each
layer not exceeding 2 mm. Each increment was light
polymerized separately for 40 seconds using an
Ultralux light-curing unit with a power of 450 mW/
cm2 Ultralux (Dabi Atlante).

The occlusal adjustment was performed with
carbon paper (Accufilm: MDF for Parkell). The
restorations were finished with diamond point
number 1190 (KGSorensen, Indústria e Comércio
Ltda), followed by the application of Enhance
finishing points (Dentsply, Indústria e Comércio
Ltda, Rio de Janeiro, Brazil).

Clinical and Statistical Analysis

Clinical analysis of the restorations was performed
at baseline (one week after the procedure) and after
one year in a duly illuminated operative field. Two
duly calibrated independent clinicians not involved
in the original placement evaluated the restorations
after their placement at baseline and after one year,
using an exploratory probe number 5 and a buccal
mirror. In the case of disagreement over assess-
ments, the examiners had to reach a consensus,
considering the factors of marginal adaptation,
marginal discoloration, the presence of marginal
caries lesions, and postoperative sensitivity, using
modified USPHS criteria11 (Table 2).

The results were analyzed using the kappa test to
evaluate the degree of reproducibility between the
two examiners. Statistical analysis was conducted
using the proportion test at a significance level of 5%
(p,0.05).

RESULTS

The kappa test reported 80% concordance between
the two examiners. All the restorations evaluated
received an alpha rating for the criteria of marginal
discoloration and marginal integrity at baseline. The
results of clinical evaluations one year after the
baseline exam are shown in Figures 1 and 2 for
marginal discoloration and marginal integrity, re-
spectively. After one year, for marginal discoloration,
64.6% of SB received an alpha rating, compared with
61.2% for SE adhesive systems. For marginal
integrity, 72.9% of SB and 77.6% of SE adhesive
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systems received an alpha rating. The remaining

restorations were cataloged with a bravo rating for

both criteria.

The proportion test revealed no statistically

significant differences between SB and SE adhesive

systems for marginal discoloration (p=0.732) or

marginal integrity (p=0.597) after one year.

Postoperative sensitivity was observed in eight

restored teeth (five SB and three SE) one week later.

None of the restorations were cataloged with charlie

or delta rating criteria or lost during the evaluation

period of one year, and no sensitivity was found in

the one-year follow-up. No verified secondary caries
were found around the restorations one year later.

DISCUSSION

Adhesive systems are constantly being improved;
however, their development has been so rapid that
long-term clinical data on specific products are
rarely available because of the regular introduction
of ‘‘improved’’ versions,9 justifying the need for
laboratory research and longitudinal clinical studies.

In this study, we evaluated the clinical perfor-
mance of posterior composite resin restorations
made with a two-step total etching adhesive system

Table 2: Modified US Public Health Service14 Criteria

Category Code Criteria

Marginal discoloration ALPHA/A Absence of marginal color alteration of restoration

BRAVO/B Alteration of marginal color of restoration, in a small extension

CHARLIE/C Alteration of marginal color of restoration, in a large extension

DELTA/D Alteration of marginal color of restoration, in the full extension

Caries lesionsa ALPHA/A Absence of caries lesion at the restoration margin

BRAVO/B Presence of caries lesion at the restoration margin

Postoperative sensitivity one
week after restoration (baseline)

ALPHA/A Absence of sensitivity

BRAVO/B Presence of sensitivity

Postoperative sensitivity one
year after restoration

ALPHA/A Absence of sensitivity

BRAVO/B Presence of sensitivity

Marginal adaptation ALPHA/A Absence of gap at restoration margin; the explorer does not catch at the tooth/
restoration interface

BRAVO/B Presence of gap at the restoration margin, with retention of the explorer at the
tooth/restoration interface, but without dentinal exposure

CHARLIE/C Presence of gap at the restoration margin, with retention of the explorer at the
tooth/restoration interface, but with dentinal exposure

DELTA/D Presence of gap at the restoration margin, with retention of the explorer at the
tooth/restoration interface, with dentinal exposure and the restoration fractured and/
or showing mobility

a A region of the restoration margin was considered carious if the explorer caught or resisted removal, after moderate pressure, and if one of the following factors was
observed: presence of softened dental tissue or marginal white stain lesion with evidence of demineralization.
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(SB) or a two-step self-etching adhesive system (SE)
over a period of 12 months. It was observed that no
restorations were lost, and there were no significant
differences between restorations applied with either
adhesive system in the variables of secondary caries
incidence, postoperative sensitivity, marginal discol-
oration, or marginal adaptation. Similar clinical
observations have been made in other clinical
studies.9–13

It has been scientifically established that etching
on the enamel surface followed by the application of
an adhesive system is able to penetrate the dental
surface,6,14 but this has not been observed with self-
etching adhesive systems.6,14 However, our results
showed similar marginal discoloration and integrity
among the restorations applied with SE or SB,
probably as a result of adequate incremental tech-
nique, avoiding simultaneous bonding of the com-
posite to the opposite walls, reducing cavity
configuration factors,15 low polymerization contrac-
tion by nanofilled composite resin, and adequate
light on the polymerization unit.16–18 It is worth-
while to consider that, after polymerization, the
direct class I resin composite restorations present a

three-dimensional cavity configuration that favors
the retention of restorative material, unlike those of
direct class IV and V resin composite restoration
cavities such that their retention is maintained
almost exclusively by the action of the adhesive
system used.19–22

Furthermore, we must consider that adequate
solvent evaporation, the application according to
the manufacturer’s recommendations, and the use of
a rubber dam during the restorative procedure
improved the performance of the adhesive.23–25

After one year, the majority of restorations applied
with either adhesive system, SB or SE, and the
nanofilled composite resin presented with an alpha
rating, with 64.6% and 61.2% marginal discoloration
and 72.9% and 77.6% marginal integrity for SB and
SE adhesive systems, respectively. The other resto-
rations were given bravo ratings. When marginal
discoloration was observed in some restorations, it
was slight.

Whereas during a rigorous adhesive restorative
procedure in posterior teeth a nonpurposeful excess
of composite resin material can be left beyond the

Figure 1. Scores for marginal discoloration of the clinical evaluation of posterior composite restorations carried out with Filteke Supreme Plus and
the SB and SE adhesive systems
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cavity margin, considered ‘‘overfilling,’’26 this unde-
sired effect, even when slight, can contribute to
small marginal fractures, leading to bravo scores for
marginal integrity. It is worth noting, however, that
cataloged restorations with bravo scores are still
considered clinically acceptable because of the
rigorous criteria used, precluding the need for
replacement of these restorations.27

Postoperative sensitivity must be considered an
important factor in the success of restorations; in
this study, 10.4% of SB restorations and 6.1% of SE
restorations showed slight postoperative sensitivity
one week after the restorations (baseline exam), but
no sensitivity was found in the one-year follow-up.
Possibly, this postoperative sensitivity verified only
during the baseline exam is related to the dimen-
sions of the cavity preparations, the enamel margin-
al sealing, and the occlusal adjustments
accomplished after treatment.25 However, the sensi-
tivity was not present after one year.

Marginal imperfections and secondary caries
lesions in posterior composite restorations are some
of the factors that predict their need for replace-
ment.28 However, this study found no restorations
with secondary caries lesions one year later for

either adhesive system employed. Observations
consistent with those of Bekes27 in 2007 and
Akimoto29 in 2007 reinforced the finding that
marginal imperfections, such as those found in this
study and receiving a bravo rating, do not necessar-
ily lead to secondary caries lesions.11

It is important to emphasize that this study
evaluated only direct class I resin composite resto-
rations, where all the margins were in enamel,
without dentinal exposure at the tooth/restoration
interface; dentin substrate is more challenging for
any composite bonding system, so our results are not
applicable to restorations with borders in the dentin
or root. Assessment in future years will be necessary
to gain useful information regarding material per-
formance.

Early clinical results are promising, but long-term
assessment is required for more precise conclusions.
Thus, we must consider that the success of bonded
restorations is determined mainly by the excellence
of the technique employed, with appropriate appli-
cation of the adhesive system and adherence to the
steps for insertion, polymerization, finishing, and
polishing of these restorations.30 Likewise, we
cannot overlook the fact that the collaboration of

Figure 2. Scores for marginal integrity of the clinical evaluation of posterior composite restorations carried out with Filteke Supreme Plus and the SB
and SE adhesive systems
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the patients will certainly significantly influence the
longevity of their restorations.11

CONCLUSION

This clinical evaluation of composite resin restora-
tions in posterior teeth performed with a nanofilled
composite resin and a one-bottle total etching
adhesive system or self-etching adhesive system
presented good clinical performance after one year.
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The Bond of Different Post
Materials to a Resin

Composite Cement and a
Resin Composite Core

Material

D Stewardson � A Shortall � P Marquis

Clinical Relevance

When selecting endodontic post materials, clinicians should be aware that fiber-reinforced
composite (FRC) posts do not achieve a chemical bond to resin composites. The surfaces of
different FRC posts need to be roughened by grit blasting with aluminum oxide particles to
optimize micromechanical bonding.

SUMMARY

Purpose: To investigate the bond of endodon-

tic post materials, with and without grit blast-

ing, to a resin composite cement and a core

material using push-out bond strength tests.

Materials and Methods: Fiber-reinforced com-
posite (FRC) posts containing carbon (C) or
glass (A) fiber and a steel (S) post were ce-
mented into cylinders of polymerized restor-
ative composite without surface treatment (as
controls) and after grit blasting for 8, 16, and
32 seconds. Additional steel post samples were
sputter-coated with gold before cementation to
prevent chemical interaction with the cement.
Cylindrical composite cores were bonded to
other samples. After sectioning into discs,
bond strengths were determined using push-
out testing. Profilometry and electron micros-
copy were used to assess the effect of grit
blasting on surface topography.

Results: Mean (standard deviation) bond
strength values (MPa) for untreated posts to
resin cement were 8.41 (2.80) for C, 9.61(1.88)
for A, and 19.90 (3.61) for S. Prolonged grit
blasting increased bond strength for FRC posts
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but produced only a minimal increase for S.
After 32 seconds, mean values were 20.65 (4.91)
for C, 20.41 (2.93) for A, and 22.97 (2.87) for S.
Gold-coated steel samples produced the lowest
bond strength value, 7.84 (1.40). Mean bond
strengths for untreated posts bonded to com-
posite cores were 6.19 (0.95) for C, 13.22 (1.61)
for A, and 8.82 (1.18) for S, and after 32 seconds
of grit blasting the values were 17.30 (2.02) for
C, 26.47 (3.09) for A, and 20.61 (2.67) for S. FRC
materials recorded higher roughness values
before and after grit blasting than S. With
prolonged grit blasting, roughness increased
for A and C, but not for S.

Conclusions: There was no evidence of signif-
icant bonding to untreated FRC posts, but
significant bonding occurred between untreat-
ed steel posts and the resin cement. Increases
in the roughness of FRC samples were material
dependent and roughening significantly in-
creased bond strength values (p,0.05). Surface
roughening of the tested FRC posts is required
for effective bonding.

INTRODUCTION

The most frequent mode of failure reported for post-
retained crowns is loss of retention of the post1,2;
therefore, much research into post-retained crowns
has focused on the factors that increase post
retention.3 In addition, with prefabricated posts,
effective bonding of the post to the root may result in
reduced stress in the root.4,5 Prefabricated posts
made from fiber-reinforced composite (FRC) materi-
als are now available in addition to traditional metal
posts. Manufacturers have suggested that FRC posts
will bond to composite resins, both as luting cements
and as core materials, and this is given as one of the
principal reasons for choosing FRC posts in prefer-
ence to metal posts. However, because prefabricated
FRC posts are thoroughly cured in an industrial
process, there may be little potential for chemical
bonding to resin composite cements or cores. There-
fore, the attachment of resins to FRC posts is likely
to be through mechanical interlocking alone. The
surfaces of metal prefabricated posts have large-
scale features, such as serrations and indentations,
which are incorporated to increase the retention of
cements to posts.6 FRC posts, with a few exceptions,
do not have macroscopic retention features as these
weaken the composite structure. Microroughening of
metal posts using airborne particle abrasion (grit
blasting) increases their retention3,7 and has there-
fore also been used to enhance the retention of FRC

posts to resin composite cements and cores.8,9 The
degree of roughness is likely to affect the retention
produced and needs to be quantified if the effects on
post retention are to be related to different surface
treatment methods. To the authors’ knowledge, in
only one study to date has the roughness produced
on the surface of posts by grit blasting been
measured.10 The degree of roughening will depend
on many factors, including type of abrasive material
and particle size, air pressure, distance between the
grit-blasting nozzle and the target surface, nozzle
aperture, angle of incidence of the particle jet and
duration of abrasion. Comparing those studies where
details of the grit-blasting method are given, there is
little consistency in the pressures, durations, and
distances selected, and there are no descriptions of
how the abrasion around the cylindrical surface was
managed.8,9,11,12 As FRC materials contain different
fibers, the roughening effects are likely to be
material dependent. Grit blasting may damage the
surface fibers, introduce flaws, and reduce the
flexural strength of the post material. If the grit
blasting is prolonged, a significant amount of
material may be removed, thereby decreasing the
post diameter and resulting in increased flexibility of
the post.

The resin cements used to lute posts may be
described as conventional composite cements based
on bis-GMA (bisphenol glycidyl methacrylate) or as
adhesive cements that contain additional functional
monomers such as 4-META (4-methacryloyloxyethyl
trimellitate anhydride) or MDP (10-methacryloylox-
ydecyl dihydrogen phosphate). These agents bond to
metal oxides and are included to increase the affinity
to calcified tissues and to metallic restorations.13

Such cements would be expected to develop a
chemical bond with the oxide layer formed on the
surface of non-precious metal posts. The type of fiber
used in many glass fiber composite posts is E-glass
(electrical), which contains aluminum and calcium
oxides.14 Chemical bonding could occur between
these oxides and the MDP. It is important for
clinicians to understand how to achieve effective
bonding of posts so as to improve retention and
reduce the risks of root fracture. Therefore, it is
necessary to investigate the bond of resin composites
to currently available prefabricated post materials
and examine the effect of surface roughening of post
materials on their adherence. Many investigations
compare the retention of different posts luted with
different cements in natural roots and rank the
different combinations according to the load required
to dislodge the post.15,16 Failure may have occurred
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between the post and the cement, within the cement,
or between the cement and the root. If the aim is to
compare just the bond of a cement to a post, then a
test setup is required in which the bond of the
cement to the root is reliable and is the strongest
interface. Alternatively, to test the bond of cement to
root, then the cement/post bond must be the
strongest link. Push-out tests in natural roots reveal
only which combination of materials resists removal;
they do not test specific interfaces. The objectives of
this study were

1. to investigate the bond of different prefabricated
endodontic post materials by comparing the push-
out bond strength of three selected endodontic
post materials bonded to a resin luting cement
and to a resin composite core material;

2. to quantify the effect of grit blasting on the post
materials; and

3. to assess the effect of grit blasting for periods of 8,
16, and 32 seconds on the bond strength of the
post materials.

METHODS AND MATERIALS

Samples of a carbon fiber (Composipost, RTD,
Grenoble, France) and a glass fiber (Aesthetiplus,
RTD) endodontic post material and stainless steel
(Arenastock, Letchworth, UK) were obtained as rods
100-mm long and 2 mm in diameter. These were
then cut using a diamond disc into lengths appro-
priate for the tests as described in the sections that
follow.

Surface Treatment of Posts

The surface of samples was roughened by grit
blasting with 50 lm aluminum oxide powder and a
Danville microetcher (Danville Engineering, San
Ramon, CA, USA) connected to the main compressed
air supply of a dental unit at a pressure of 2.3 to 2.4
bars. Each of the post materials was cut into 50-mm
lengths, and nylon cubes with central holes 2 mm in
diameter were pushed onto either end. In the lid of a
transparent plastic box, a 50-mm long slot was cut,
and samples were secured with soft wax inside the
box below and parallel to the slot. The slot width was
approximately the same as the width of the nozzle of
the grit-blasting unit. This allowed the nozzle to be
moved along the length of the post at a constant
separation of 10 mm. After initial trials, it was
possible to repeatedly maintain the time taken to
pass the nozzle from one end of the slot to the other
by hand, to approximately 1 second. After one aspect
had been treated, the sample was rotated by 908, and

grit blasting was repeated until each aspect had
been abraded for 2, 4, or 8 seconds (giving a total of 8,
16, or 32 seconds per sample)

For the stainless steel material, additional sam-
ples of untreated stainless steel were coated with a
150-nm film of gold using a sputter-coating machine,
Emitech K550x (Emitech Ltd, Ashford, UK) to
prevent any chemical bond from occurring between
the metal oxides and the MDP in the Panavia 21.
This would allow the researchers to separate the
contribution of chemical bonding to the adhesion of
the steel posts from the effect of surface roughening.

Evaluation of Surface Roughness

Qualitative assessment of the post surfaces before
and after the different abrasion times was made with
a scanning electron microscope (SEM, JEOL 5300,
Jeol Ltd, Tokyo, Japan). Roughness was quantita-
tively measured using a profilometer (FormTalysurf
Series 2, Taylor Hobson Ltd, Leicester, UK). Sam-
ples of the posts were secured while the ruby stylus
was drawn around the circumference for a distance
of 0.8 mm, and the average roughness, R

A
, was

measured at four sites along the sample on one
surface and four sites measured after the sample
was rotated through 1808. Eight measurements were
made on each of four samples of each post before (as
controls) and after the three grit-blasting periods
chosen, and the mean roughness was compared.

Push-Out Bond-Strength Testing

To evaluate the bond between the three different
post materials and the luting cement, resin compos-
ite cylinders approximately 50 mm in length were
produced from Tetric composite shade A2 (Ivoclar
Vivadent, Schaan, Liechtenstein). The material was
expressed into thin-walled (0.8 mm) glass tubes with
an internal diameter of 6.7 6 0.05 mm and then
polymerized in a light-curing oven (Visio-Lux, 3M/
ESPE, St Paul, MN, USA) for 14 minutes. The
irradiance of this unit was calculated as 67.6 6 3.1
mW/cm2.17 After one week’s storage at room tem-
perature (238C) and humidity (45% to 50%), these
were then cut into 10-mm lengths using a water-
cooled slow-speed saw (Isomet, Buehler, Lake Bluff,
IL, USA). A central hole was cut through each
cylinder using a 2.1-mm steel twist drill in a bench
press. The walls of this post space were roughened to
create a frictional key for the cement lute with a
coarse-grade silicon carbide grinding paste (Anglo
Abrasives Ltd, Manchester, UK) applied for 30
seconds using the smooth shank of a 1.6-mm twist
drill from which the cutting flutes had been
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removed. The channel was cleaned with an alcohol-
containing gel (Purell, GOJO industries, Milton
Keynes, UK), followed by copious amounts of tap
water. After drying, the channel walls were coated
with Panavia 21 (Kuraray, Kurashiki, Japan), a
resin cement containing MDP as an adhesion
promoter. A spiral root filler was used to ensure
even coating of the walls.18,19 Fifteen-millimeter
lengths of the stainless steel, Composipost, and
Aesthetiplus post materials, untreated as controls
or grit-blasted for 8, 16, or 32 seconds, were luted
into four cylinders and allowed to cure for 48 hours.
Gold-coated steel post samples were also cemented
into an additional four composite cylinders. To hold
the cylinders for sectioning, 10-mm nylon cubes were
fabricated and a 2-mm hole was prepared through
the center. The portion of post material protruding
from the composite cylinder was pushed into the hole
in the cube, which could then be gripped in the
sample holder of a water-cooled slow-speed saw and
each composite cylinder cut into five discs approxi-
mately 1.4-mm thick. Twenty disc samples of each
material were produced.

Samples were also created to derive the push-out
bond strength between the post materials and a
composite resin core. Four 15-mm lengths of the
posts were secured into nylon cubes, coated with a
bonding agent (Excite, Ivoclar Vivadent, Schaan,
Liechtenstein), air thinned, and polymerized in the
light-curing oven for one minute. Next, four 10-mm-
long sections were cut from transparent cylindrical
plastic pipettes (LP Italiana SPA, Milan, Italy) with
an internal diameter of 7 mm and lightly lubricated
with petroleum jelly and placed around the posts
resting on the nylon cubes. This mold was carefully
filled with Tetric composite shade A2 and polymer-
ized and stored as described before for one week.
Each sample was then cut into five slices as
described earlier (20 for each post material). To
compare the push-out bond strength of grit-blasted
posts to core composite with that of untreated
(control) posts, each post material was abraded for
a single period of 32 seconds, and cores were built up
and cured as described previously and subsequently
sectioned to produce 20 sample discs. It was decided
to grit-blast the samples bonded to core composite for
only a single time of 32 seconds after observing the
limited effect that shorter durations of grit blasting
had had on push-out bond strength to the luting
cement.

A jig was constructed to carry out the push-out
tests; it consisted of a steel plate attached to the base
of an Instron universal testing machine (model 5544,

Instron UK, High Wycombe, UK). In the center of
the plate was a 3.25-mm-diameter hole over which
the sample disc was placed. A 3-mm-long, 1.5-mm-
diameter steel punch was attached to the upper part
of the machine and aligned with the center of the
hole in the base plate. The punch was lowered at a
crosshead speed of 0.5 mm per minute and the load
required to dislodge the post from the composite disc
was recorded.

The push-out bond strength was calculated using
the following equation:20

Bond strength ¼ Fmax 4 pDH

where F
max

was the load required to dislodge the
post (Newtons), D was the mean diameter, and H the
mean thickness of the disc (millimeters); the value of
p was taken as 3.142.

After failure, each sample was examined under
the SEM to identify where failure had occurred, and
images were obtained of representative examples.

Statistical Analysis

Statistical analysis of all data was carried out using
the statistical package SPSS (version 16, SPSS Inc,
Chicago, IL, USA). The data were first examined
using Shapiro-Wilk and Levene’s tests, which con-
firmed a normal distribution and homogeneity of
variance. The mean loads were then compared for
statistically significant differences using indepen-
dent samples t-tests or one or two-way analysis of
variance (ANOVA), as appropriate, with post hoc
Scheffé tests (a=0.05).

RESULTS

Surface Roughness

Comparison of the surfaces as seen under the SEM
showed that the untreated steel presented a rela-
tively smooth surface with a few shallow indenta-
tions and linear grooves (Figure 1). After grit
blasting for 8 seconds there was a widespread but
apparently superficial increase in roughness. There
was a more obvious increase in roughness after 16
seconds but little additional increase in roughness
was obvious after 32 seconds of grit blasting.

The surface of the Composipost samples showed
little change after 8 seconds of grit blasting com-
pared with untreated (plain) samples (Figure 2).
Surface changes become more apparent after 16
seconds but it was difficult to differentiate between
the roughness observed after 16 seconds or 32
seconds. The increase in irregularity appears to be
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due in part to the creation of surface voids by the loss
of sections of fibers from the surface.

The samples of the untreated Aesthetiplus mate-
rial had a more irregular surface than the Composi-
post, which is composed of smaller-diameter fibers.

After 8 seconds of grit blasting there was a
noticeable change in the surface appearance. After
16 seconds the roughness became more apparent but

little difference could be seen between the surfaces
after 16 seconds or 32 seconds. As with Composipost,
loss of some superficial fibers produced furrows on

the surface but these were of a greater diameter in
the Aesthetiplus (Figure 3).

Profilometry

The mean roughness determined by the profilometer
for each material and grit-blasting time is shown in
Figure 4. It may be seen that Aesthetiplus had the

highest mean R
A

before and after each period of grit
blasting, and grit blasting produced a proportionally

smaller increase in roughness on the stainless steel
than occurred for either FRC material. Analysis with
one-way ANOVA and post hoc Scheffé tests (p=0.05)
showed that for both FRC materials there was a
significant increase in mean R

A
after 8 seconds and

again after 16 seconds of grit blasting (p,0.005) but
there was no significant difference in the roughness
between 16 seconds and 32 seconds (p=0.858
Composipost; p=0.875 Aesthetiplus). The stainless
steel showed a significant difference in mean R

A

after grit blasting for 8 seconds (p,0.001) but there
was no significant difference in roughness after 16
seconds (p=0.969) or after 32 seconds (p=0.083).

Between materials, the surface of the untreated
Aesthetiplus was significantly rougher than the
other two untreated materials, which were not
significantly different from each other. After 8
seconds and after 16 seconds of grit blasting, the
mean R

A
for each material was significantly differ-

ent from the others (p,0.01). After 32 seconds,
stainless steel was significantly less rough than the

Figure 1. Representative SEM images of stainless steel, untreated and after grit blasting for 8, 16 , and 32 seconds.
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FRC materials (p,0.001), which showed no signifi-

cant difference between them (p=0.06).

Push-Out Bond Strengths to Luting Cement

The mean values for push-out bond strengths of the

post materials luted into the composite cylinders are

recorded in Table 1. After the FRC posts received
grit blasting, the bond strengths increased with

increasing abrasion time. The plain steel posts

recorded much higher strength values than the

plain FRC post, and grit blasting of the steel posts

was associated with only a slight further increase in
mean push-out bond strength. Increasing durations

of grit blasting were associated with increases in

push-out bond strengths for the FRC posts. The gold-

coated steel samples recorded the lowest mean bond

strength values.

Statistical analysis using two-way ANOVA

(p=0.05) showed significant main effects for both

material (p=0.007) and post surface treatment
(p=0.003) and a significant interaction between
material and surface treatment (p,0.001). One-
way ANOVA and post hoc Scheffé tests were then
performed. The push-out bond strengths of the
untreated FRC posts showed no statistically signif-
icant difference (p=0.41) but both were significantly
lower than that of untreated steel (p,0.001).
Comparing the effects of the surface treatment used,
after 8 seconds of grit blasting, the shear strength of
Composipost had increased but was significantly
lower than that of Aesthetiplus (p=0.032), which
was lower than that of steel (p,0.001). After 16
seconds of grit blasting, the bond strength of
Composipost was lower but not significantly lower
than that of Aesthetiplus (p=0.055). The latter mean
bond strength value was significantly lower than
that for the steel posts (p,0.001). After 32 seconds
there was no significant difference among the mean
bond strengths of the materials (p.0.05).

Figure 2. SEM images of the surface of samples of Composipost before and after grit blasting for 8, 16, and 32 seconds. Arrows indicate areas
where short sections of fibers may have been plucked from the surface of the sample.
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The increase in bond strength showed different

trends among the materials. For stainless steel,

push-out bond strength was not significantly in-

creased after 8 seconds of grit blasting (p=0.893).

The difference in bond strength between 8 seconds

and 16 seconds just reached significance (p=0.039)

but there was no significant difference between the

bond strength after 16 seconds and after 32 seconds

(p=0.999). The push-out bond strength of Composi-

post after 8 seconds of grit blasting was not

significantly different from that of the untreated

material (p=0.205). There was a significant increase

between 8 seconds and 16 seconds (p=0.003) and

again between 16 seconds and 32 seconds (p=0.02).

For Aesthetiplus, there was a significant increase in

bond strength after 8 seconds of grit blasting

(p=0.001) and between 8 seconds and 16 seconds of

grit blasting (p,0.001) but no significant difference

in the bond strength between 16 seconds and 32

seconds (p=0.829).

Examination of the samples after push-out testing
showed that almost no cement was present on either
dislodged untreated FRC post, suggesting that
failure had occurred at the interface of the FRC post
and the lute (Figure 5A,B) On the stainless steel
samples the post surfaces were entirely covered with
cement, and failure appeared to have occurred
between the cement and the composite cylinder
surface (Figure 5C). A mixture of appearances was
observed on the failed push-out samples of grit-
blasted Aesthetiplus. Among the samples treated for
8 seconds, surface fibers were visible, and there were
only small areas of cement attached, suggesting that
failure had occurred between the cement and the
post. On the samples treated for 32 seconds, a thick
layer of cement could be seen over most of the
surface with little remaining attached to the com-
posite cylinder (Figure 5D). Failure appeared to be
predominantly the result of separation of the cement
from the composite. Samples abraded for 16 seconds
showed a mix of the two appearances. With increas-

Figure 3. Images of the surface of samples of Aesthetiplus before and after grit blasting for 8, 16, and 32 seconds. Arrows indicate furrows
remaining where fibers may have been lost.

Stewardson, Shortall & Marquis: Bonding Posts to Resin Cements and Composite E7

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-31 via free access



ing grit blasting there was some increase in the
amount of cement fragments adherent to the
surfaces of the Composipost samples after failure.
However, even after 32 seconds of grit blasting there
were several areas where fibers were clearly visible
on the post surface, indicating little attachment of
cement at these points (Figure 5E). Most of the
cement layer was also identifiable attached to the
surrounding composite, indicating that the mode of
failure was mainly adhesive between the cement and
the Composipost surface with some cohesive failure
within the cement. When the steel posts had been
gold-coated and tested, there was no cement visible
on the post surface after failure (Figure 5F).

Push-Out Bond Strengths to Core Composite

The mean push-out bond strength values for the
samples are shown in Table 2. Statistical analysis
using independent samples t-tests showed that there
was a significant difference between the bond
strengths of the untreated and the grit-blasted
samples of each material (p,0.001).

One-way ANOVA and post hoc Scheffé tests
indicated that the bond of the core composite to the
untreated Composipost was significantly weaker
than to stainless steel (p,0.001) and that the bond
with the steel was significantly weaker than that of
the plain Aesthetiplus (p,0.01). After grit blasting
for 32 seconds, the same significant differences

between push-out bond strength values were also
identified (p,0.001).

DISCUSSION

In this study, a push-out test was used to evaluate
post retention. A variety of other methods have been
employed to test the retention of posts; pull-out
tests21 produce a nonuniform distribution of stresses
and are difficult to carry out on FRC posts because
the post will be damaged by the gripping jaws of the
loading machine. Microtensile testing has been
adapted to evaluate the bond between posts cement-
ed into tooth roots and between posts and core
materials. However, the samples produced in this
situation do not have planar surfaces arranged
perpendicular to the separating force.22,23 The
interface is curved, and the stress field across the
surface will be different from that in a standard
microtensile test.

Push-out tests have also been used to calculate
bond strength values20 and can allow the bond at
different depths within a post space to be compared.
The preparation of samples is less technique sensi-
tive than for microtensile testing24; there is less
variability in the data25 and a more uniform
distribution of stress occurs.26 In this study, samples
were stored for one week to ensure that polymeriza-
tion of the self-cure cement was complete. No
immersion or artificial aging of samples was carried

Figure 4. Graph comparing the average roughness values (R
A
) for the post materials before (control) and after grit blasting for 8, 16, and 32

seconds. Error bars indicate standard deviation.
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out as the aim of this study was to assess the
potential for post materials to bond to a resin
composite core and cement. Therefore, no attempt
was made to simulate a clinical environment. Had
the results revealed strong bonding for the FRC
posts, it would then have been appropriate to
challenge the samples with, for example, a thermo-
cycling regimen before using the results to predict
clinical performance.

The results of the push-out bond strength tests
and the examination of the failed samples show that
the Panavia resin cement developed a greater bond
to the stainless steel material than to either of the
FRC materials. This is likely because of a chemical
reaction occurring between the cement and the steel
as, when the steel was coated with gold, the bond
strength value decreased below that recorded for the
FRC materials. The gold coating will have prevented
the MDP component of the cement from reacting

with the base metal surface oxides. The post also had
a relatively smooth surface and so very little
mechanical locking could have occurred to increase
bonding. The higher elastic modulus of the steel may
also have been a contributing factor because it has
been demonstrated that bond strength values can be
affected by the difference in modulus of the two
bonded materials.27 However, the push-out bond
strength values of the posts to either the core
composite or the composite cement showed no direct
relation with the modulus of the post because the
untreated Composipost, which has an intermediate
modulus,28 recorded lower bond strength than either
the steel or untreated Aesthetiplus materials.

The untreated FRC posts recorded low bond
strengths, and although this was not statistically
significant, the bond strengths correlated with the
surface roughness determined for the untreated FRC
posts and the gold-coated steel. From this and the
observation that failure occurred between the ce-
ment and the post, it may be assumed that, in
contrast to steel, no significant chemical bonding
occurred between the Panavia cement and the
untreated FRC materials. The push-out bond
strengths also increased in conjunction with the
increase in surface roughness produced by the grit
blasting. The surface roughness of the steel was not
greatly increased by this treatment and little
increase in bond strength was noted. However, in
view of the already high bond strengths noted for
untreated steel and the proportion of fractures in the
composite cylinder to which they were attached, it is
unlikely that higher values could be achieved in this
test setup without exceeding the ultimate strength of
the composite. The increase in push-out bond
strength produced by grit blasting is consistent with
similar increases in retention reported in pull-out
tests8 and push-out tests29 of grit-blasted glass fiber
posts.

The method of grit blasting described did not
ensure absolute consistency of treatment between
samples but a greater degree of reproducibility was
possible than that achieved with the methods
described among other similar studies.7–9 The glass
fiber posts increased their roughness in less time
than did the carbon fiber posts, which suggests that
they are less resistant to the effects of grit blasting
than the carbon fiber material, but with longer
periods of grit blasting, the roughness produced was
similar between the two materials. Although push-
out bond strengths were also similar between the
FRC posts after prolonged grit blasting, failure
among the carbon fiber post samples appeared to

Table 1: Comparison of Push-Out Bond Strengths to
Panavia 21 for Each of the Post Materials Before
and After Grit Blasting

Material Treatment Mean Push-Out
Bond Strength (MPa)

SD

Steel Untreated 19.90de 3.61

Steel Grit blasting for 8 s 20.43de 3.09

Steel Grit blasting for 16 s 23.21e 2.37

Steel Grit blasting for 32 s 22.97e 2.87

Steel Gold coated 7.84a 1.40

Composipost Untreated 8.41a 2.80

Composipost Grit blasting for 8 s 11.18ab 3.13

Composipost Grit blasting for 16 s 16.29cd 4.67

Composipost Grit blasting for 32 s 20.65de 4.91

Aesthetiplus Untreated 9.61ab 1.88

Aesthetiplus Grit blasting for 8 s 13.93bc 3.07

Aesthetiplus Grit blasting for 16 s 19.51de 4.36

Aesthetiplus Grit blasting for 32 s 20.41de 2.93
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have occurred mainly between the post and the
cement, whereas more of the glass fiber samples had
failed between the cement and the composite. This

could be because carbon fibers are less readily
wetted than are glass fibers.30

In the push-out tests of the posts bonded to core
composite, bond strengths were not clearly related
to the surface roughness of the posts. The untreated
and grit-blasted glass fiber Aesthetiplus posts had
rougher surfaces than the other materials and
recorded higher bond strength to the core compos-
ite. However, the carbon fiber Composipost record-
ed the lowest bond strengths with and without grit
blasting, despite having a rougher surface than the
stainless steel posts. Surface roughness alone does
not explain these results. Wetting differences
among the materials or possible chemical interac-
tions with components of the bonding agent may
also have a part to play and requires further
investigation.

The effect of grit blasting showed some differences
between the materials. With the steel, there was
little quantifiable increase in roughness even after
32 seconds of treatment. Both FRC materials showed
a much greater increase in roughness with grit
blasting, which was more pronounced with the glass
fiber post. However, the effect on surface roughness
appeared to be reaching its limit after 32 seconds.
With both FRC posts, loss of surface material was
becoming noticeable after 32 seconds, more so on the

Figure 5. SEM images of failed push-out test samples showing the following (A): Small areas of luting cement attached (arrowed) to untreated
Aesthetiplus sample. (B): No significant attachment of luting cement to the post surface of untreated Composipost. (C): Untreated stainless steel
push-out sample with fracture of surrounding composite cylinder. All the luting cement appears to be attached to the surface of the post (arrows). (D):
Higher magnification image of grit-blasted Aesthetiplus with substantial attachment of cement to the post surface and no layer of cement attached to
the surrounding composite. (E): Surface of grit-blasted Composipost sample with surface fibers visible and a luting cement layer attached to the
composite disc (arrowed). (F): Gold-coated stainless steel sample showing the cement lute layer attached to the inner wall of the composite disc
(arrowed) and no cement visible on the post surface.

Table 2. Comparison of Push-Out Bond Strengths to the
Core Composite of Each of the Post Materials
Before and After Grit Blasting

Material Treatment Mean Push-Out
Bond Strength (MPa)

SD

Steel Untreated 8.82 1.18

Steel Grit blasting for 32 s 20.61 2.67

Composipost Untreated 6.19 0.95

Composipost Grit blasting for 32 s 17.30 2.02

Aesthetiplus Untreated 13.22 1.61

Aesthetiplus Grit blasting for 32 s 26.47 3.09
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glass fiber samples. There would therefore seem to
be an optimum duration for grit blasting at which
significant roughness can be produced without
significant destruction occurring. Other investiga-
tions have reported that grit-blasting procedures
caused no significant effect on flexural properties of
FRC posts12,31 but in these studies the grit-blasting
methods used appeared to be less aggressive than
the 32-second protocol selected here. The use of more
intensive applications or longer periods of grit
blasting are unlikely to produce a significant further
increase in surface roughness but could result in a
progressive decrease in the diameter of FRC posts,
an increase in their flexibility, and a reduction in the
maximum load-bearing capacity of the post.

CONCLUSIONS

The results of this study show that Panavia cement
bonded effectively to smooth steel post materials but
that no significant bonding occurred to FRC post
materials. To enhance the retention of an FRC post
when using Panavia cement, it is therefore neces-
sary to roughen its surface. Grit blasting increases
the micromechanical retention but the degree of
roughening produced and the time needed to achieve
sufficient surface roughening varies between differ-
ent FRC materials.
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