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Evidence-Based Dentistry Between Science and Clinical Practice
SUMMARY

It is generally accepted that the more experience a physician or a
dentist possess - better the quality of health care delivery. However, recent
studies had shown that there is, in fact, an inverse relationship between the
number of years of practice and the quality of care provided. EvidenceBased Dentistry (EBD) is a process that restructures the way in which
we think about clinical problems. It is an approach to clinical problem
solving that has evolved from a self-directed and problem-based approach
to learning rather than the more traditional didactic form. The American
Dental Association’s definition is by far the most comprehensive, as it
captures the core elements of EBD and it is namely patient-centred definition
- the EBD is an approach to oral health care that requires judicious
integration of systematic assessments of clinically relevant scientific
evidence, relating to the patient’s oral and medical condition and history,
with the dentist’s clinical expertise and the patient’s treatment needs and
preferences.
This paper outlines this role, together with the advantages and
problems of introducing an evidence-based approach to dentistry.

Keywords: Dentistry; Dental Education; Evidence-Based Dentistry

Introduction
Information, innovations and changes are base points
and world-wide interest in making dental health services
more effective and containing dental health care costs
without compromising quality of dental care in the face
of technological advances, demographic changes and
increasing public expectation9. As an integrative scientific
field of medicine, dentistry and dental health services
are very closely connected with contemporary research
and the update of dental practice. However, scientific
dental literature and lectures directed at the modern dental
practitioner have created some dilemmas and problems.
In resolving a clinical decision, evidence rather than
empiricism should dictate treatment 4.
It is generally accepted that the more experience
a physician or a dentist possess, better the quality of
health care delivery. However, recent studies had shown
that there is, in fact, an inverse relationship between

Cena Dimova1, Maja Pandilova2,
Ivona Kovacevska1, Biljana Evrosimovska2,
Zlatko Georgiev2
1“Goce

Delcev” University
Faculty of Medical Sciences, Stip, FYROM
2“Ss. Cyril and Methodius” University
Faculty of Dentistry, Skopje, FYROM

REVIEW PAPER (RP)
Balk J Stom, 2013; 17:5-8

the number of years of practice and the quality of care
provided20.
Evidence-based dentistry (EBD) presents guidelines
to determine the validity of study results and whether
they can be applied to clinical practice2,3. According
to Sackett27, EBD is defined as “integrating individual
clinical expertise with the best available external clinical
evidence from systematic research”. The aim of the
EBD is to encourage ordinary dental practitioners in
primary dental care to look for and make sense of the
evidence available in order to apply it to everyday clinical
problems. However, making clinical decisions based
on evidence does pose several problems for the dental
practitioner8,34.
The aim of this review was to get a solution how to
determine what a cutting edge technique is and what is
useless when contradictory information exists, as well as
to point out the advantages and problems of introducing
an evidence-based approach to dentistry.
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Evidence-Based Medicine the Fields and Practice
Evidence-based medicine (EBM) requires integration
of the best research evidence with our clinical expertise
and our patient’s unique values and circumstances29.
Its’ philosophical origins extend back to mid19th century Paris and earlier, is the conscientious,
explicit and judicious use of current best evidence in
making decisions about the care of individual patients.
The practice of the EBM means integrating individual
clinical expertise with the best available external clinical
evidence from systematic research. In the same time, the
practice of EBM is a process of life-long, self-directed
learning, in which care for our own patients creates the
need for clinically important information about diagnosis,
prognosis, therapy, and other clinical and health care
issues25.
EBM systematically searches a wide range of
international medical journals applying strict criteria for
the validity of research12,24,32. Experts critically appraise
the validity of the most clinically relevant articles and
summarize them, including comments on their clinical
applicability. EBM also publishes articles relevant to the
study and practice of EBM11,31.
The definition and description of EBM offered
by Sackett et al26,27 is an appropriate context for better
understanding evidence-based dental practice15.
EBM is sometimes called evidence-based health
care, to broaden its application to allied health care
professionals12. Because EBM is used in allied fields,
including dentistry, nursing and psychology, evidencebased practice (EBP) is a more encompassing term, for
example Evidence-Based Practice in xxx (EBPx) as well
as Evidence-Based Health Care, Evidence-Based Nursing,
Evidence Based Library and Information Practice,
Research Based Evidence14,16. Evidence-Based Public
Health is the process of systematically finding, appraising
and using contemporaneous clinical and community
research findings as the basis for decisions in public
health11,17.

Evidence-Based Dentistry Definition and Elements
EBD is the concept of using current scientific
evidence to guide decision-making in dentistry. Actually,
EBD is a process that restructures the way in which we
think about clinical problems. It is an approach to clinical
problem solving that has evolved from a self-directed and
problem based approach to learning rather than the more
traditional didactic form23. The first introduction with
EBD in the scientific field of dental medicine was referred
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by Gordon Guyatt and the Evidence-Based Medicine
Working Group at McMaster University in Ontario,
Canada in the 1990s. A new paradigm for medical
education designed to incorporate current research into
education and practice was developed to help practitioners
to provide the best care for their patients7.
The American Dental Association’s definition1,29
is by far the most comprehensive, as it captures the
core elements of EBD and it is namely patient-centred
definition. They define it as “an approach to oral health
care that requires:
-- The judicious integration of systematic assessments
of clinically relevant scientific evidence, relating to
the patient’s oral and medical condition and history,
-- The dentist’s clinical expertise, and
-- The patient’s treatment needs and preferences.”
Business-centred definition, which David ME
adapted from Health Affairs (2005) referred by Sackett27,
emphasized that “Evidence based dentistry is a set of
principles and methods intended to insure to the greatest
extent possible, clinical decisions, guidelines and other
types of policies that are based on and consistent with
good evidence of effectiveness and benefit”.
EBD supplies guidelines to help the clinician make
an intelligent decision. In and of itself, EBD does not give
definitive answers. It does not exchange the tyranny of
the expert for the tyranny of the literature22. As Sackett’s
definition
states, EBD relies first on clinical expertise.
30
Shaw pointed out in his recent leader on the Cochrane
Collaboration that even when there is good evidence for
a particular intervention or therapy, it is often many years
before it comes into general use.

Evidence-Based Dentistry - Necessity
in the Update Dentistry
Graduates from dental schools are up to date with the
best practice in current dentistry at the time they graduate.
Some of this knowledge gradually becomes out of date as
new information and technology appear. It is important for
dentists to be able to keep up to date with developments
in diagnosis, prevention and treatment of oral disease, as
well as newly discovered causes of diseases, especially in
regards to patient safety33. The problems of introducing
evidence based dentistry are amount of evidence, quality
of evidence, and practice based on authority rather than
evidence5,6.
Amount of evidence: Currently over 2 million
biomedical articles are published annually in some 20,000
journals. There are about 500 journals related to dentistry.
Clearly not all of these articles are relevant to all areas of
dental practice, nor can one hope to read any more than a
minority of them18.
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Quality of evidence: Much of the ever increasing
volume of evidence is produced to enhance career
prospects rather than to increase knowledge. This can
compromise quality18. Dental treatment decisions
have been largely based on observations of historical
response of a disease or condition to an intuitive
treatment. Methods of treatment were based upon a good
understanding of underlying disease and physiology (G.V.
Black’s “extension for prevention”; Caries control via
plaque removal). Observations of outcomes, however,
have rarely been validated or tested scientifically to see if
they were valid13.
There is an overwhelming amount of evidence that
comes from research and policy-making organisations, but
there is no one organisation that synthesises and assesses
all this evidence. Advances in dentistry are usually
first reported in dental journals, and in order to keep up
with new research, healthcare professionals need to feel
confident that they can read and evaluate dental papers.
Keeping abreast of new developments through reading
current literature can seem onerous and hard to combine
with a heavy clinical workload. Fortunately, having an
understanding of how to interpret research results, and
some practice in reading the literature in a structured
way, can turn the dental literature into a useful and
comprehensible practice tool20.
There is world-wide interest in making health
services more effective and containing health care
costs without compromising quality of care in the face
of technological advances, demographic change and
increasing public expectation19.
Quality assurance and performance evaluation have
become central issues in dental medicine. Sometimes
dental care is suboptimal in many different dental
conditions and clinical settings. Few existing studies
have had the specific goal of evaluating the effects of
experience on the quality of dental care. However, length
of time in clinical practice has been included as part
of a set of physician characteristics that might explain
variations in quality or that may be confounders of the
association between quality and other factors33. However,
comparatively few decisions in the health services are
made as a result of good evidence.

The Impact of Evidence in Dental Practice

While the EBD can provide dental clinicians with
clear answers to questions about specific treatments,
this information is intended to be used in conjunction
with clinicians’ expertise and specific patient factors.
EBD is not intended to be “cookbook” dentistry, but it
is envisioned as a disciplined process where the best
objective information of the risks and benefits is weighted
with clinical experience and patient preferences35.
EBD does not mean that clinicians need not study
basic and dental material sciences. In fact, the opposite is
true. To evaluate the research presented, clinicians need a
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solid background on which to base their evaluations and
decisions. However, most dentists in teaching institutions
or clinical practice have not been prepared to deal with the
conscious and conscientious integration of best evidence
into clinical practice, and hence may be less than effective
in adopting evidence-based practice35.

The Impact of Evidence on
Dental Community Research

EDB is relatively a new paradigm in dentistry and
thus may not be a well-known concept to every dental
graduate. It opens a new era in dental research. This
movement can bring together traditional basic science
researchers with clinical researchers, clinicians, and
educators. Modern day dentistry presents great challenges
to the practicing dentist to deliver care of the highest
standard to patients. At times, there are situations where
the clinician is confronted with doubts regarding diagnosis
and treatment planning in spite of the knowledge and
experience gained over time23,25.
The current barriers that exist between the dental
research community and the practicing community can
diminish as evidence-based teams start to work on finding,
appraising, summarizing, and analyzing evidence to answer
clinically relevant questions. The gaps they identify in
the evidence will constitute arguments for designing and
implementing both prospective and retrospective studies
to answer critical clinical questions33. Moreover, EBD
represents a potential strengthening of the complex process
of science transfer, of translating research into practice.
Dental research has a vested interest in this movement,
because research results are the raw input to the process 20.

Conclusion
The challenges for dental research are to establish
an international dialogue and collaboration to strengthen
the evidence and to improve the processes through which
clinicians integrate it into their treatment decisions. There
are clear paths to meet these challenges, which require
cooperation of dental research, dental education, and
international funding agencies.
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Sealant Retention in Pits and Fissures: Preparation and
Application Techniques. A Literature Review
SUMMARY

V. Tzifa, A. Arhakis

The effectiveness of sealants as a preventive measure has been well
established. However, the desirable successful outcome depends on retention
and, therefore, on the factors contributing to this. The purpose of this
literature review is to highlight the most significant factors connected with
preparation and application of the sealant materials and any consensus
that exists about their contribution to the longevity of the sealant. The
preparation of the surface is a matter of great importance, the choice of
the cleaning method before etching, and its relevance to retention, remains
the subject of discussion. Techniques such as air abrasion, laser, and
mechanical preparation have been proposed and applied with varying
results. Application techniques are also a controversial area, especially
when it comes to the use of self adhesive agents and special bonding agents.
Other factors, however, have also been the subject of study in the literature.
These include the state of eruption, the nature of isolation, type of the
tooth, the profile of the operator and the kind of sealant. More long-term
clinical trials are needed to examine the relationship between preparation
and application process and retention in order to achieve the desired aim of
improved clinical success rates.
Keywords: Pit Sealants; Fissure Sealants; Retention

Introduction
Pits and fissures, forming part of occlusal tooth
surfaces, are prone to decay or need for restoration in
70% of cases over a period of 10 years after eruption1.
Therefore, the need to use sealants in view of their ability
to inhibit caries prevention has been underlined since the
1970s and 1980s2. A significant consideration mentioned
in the literature is that pits and fissures benefit less from
fluoride due to their depth below the enamel surface
and their close connection with dentin, and, therefore,
are subject to rapid progression of caries3. An important
number of randomized clinical trials have confirmed their
significance in caries prevention on occlusal surfaces4.
Every child or young person should be a candidate for
using sealants when there are susceptible pits and fissures.
The rationale of pit and fissure sealants is related to the fact
that occlusal fissures are connected to the dentin and lesion
can therefore spread along the enamel-dentin interface in a
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fast rate3. Consequently, the effectiveness of sealants is well
established for persons at high caries risk5.
Retention still remains the main determinant factor
for success, where this is defined in terms of long lasting
protection, absence of open margins, and sound enamel
of the occlusal surface. In other words, effectiveness and
preventive ability is related to the complete retention of the
material on the occlusal surfaces6,7. Failure, on the other
hand, is marked by an early loss, usually during the first
year after application8, mainly due to inadequate adhesion9
or by gradual failure of the sealant when exposed to wear10.
The statistics in the literature reveal a loss of 5-10% of
sealant per year11. With the endorsement of use of mainly
resin-based materials for sealants, integration and retention
has become the key for ensuring cariostatic effectiveness
since such sealants present difficulties regarding the release
of fluoride12. In addition, good adaptation of the sealant can
block micro-leakage and its detrimental impact on tooth
integrity13,14. Other research refers to retention in terms
of “penetrability of the etched enamel, enough marginal
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sealing and resistance to wear”15. Taking into account that,
micro-leakage does not necessarily mean loss of retention16.
Longevity, therefore, results from many factors
contributing to better retention, such as fissure type, the
kind of sealant, the profile of the operator, the nature of
isolation, the type and place of the tooth, the enamel,
eruption status and other factors2,17-21. Notwithstanding
the complexity of the issue, this review is an attempt to
evaluate and report the most analyzed and important
factors mentioned in the recent literature, focusing on
preparation and application processes of sealant use.

Preparation Technique
Cleaning Methods

The importance of the method chosen for cleaning
the surface is beyond question. Apart from conventional
acid etching, other methods have been proposed and
investigated. An early study suggested the lack of
significant differences among the various selected
cleaning methods in terms of the retention achieved22.
However, since then, newer techniques have been
introduced and the need to evaluate their effect on
retention still remains paramount.
One of the most emphasized factors discussed in
the literature concerns the mechanical preparation of
the surface, also termed enameloplasty or fissurotomy.
In the light of the evidence provided, enameloplasty is
not recommended, as a routine choice, before etching
the tooth surface22,23. This is consistent with HatibovicKofman et al24, who found no significant differences
between mechanically prepared surfaces and those
that had been only etched. Other extensive reviews of
the literature also concluded that there was no strong
supporting evidence in favour of enameloplasty23,24.
This view is supported by Fiegal and Donly26 who
noted the lack of long-term clinical studies supporting
enameloplasty, which could lead to its recommendation as
a standard procedure. The European guidelines regarding
pits and fissures suggest that excessive enlarging the
fissures should be avoided since the literature does not
relate high retention with the use of the bur27.
However, on the same issue, evaluation of etch
resistance in prismless walls of the enamel, it has been
suggested that where pits are deeper, adequate etching might
not be achieved, and thus, the prismless area of the walls
should be removed28. This is consistent with other authors
who conclude that enameloplasty has a good effect on
prismless enamel and enhances the bond to the surrounding
enamel29. In an in vitro study of a common sealant and
preparation techniques, there were significantly better microleakage scores using enameloplasty, but significantly less
advantage when it came to penetration30. In addition, it has
been suggested that bur preparation may remove accumulated
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debris from the deeper places in fissures22,31 and aids the
exposure and removal of decayed areas32. In the same
double-blind study, it was also demonstrated that preparation
resulted in better retention32. Similarly, it was demonstrated
that better penetration can be achieved by combination of
enameloplasty and acid etching for a resinous sealant material
when compared with the use of a compomer applied with a
bonding agent but without preparation; therefore, this should
be preferred clinically33. This was attributed to better flow
properties of the material in widened fissures33 and improved
maintenance in cleaned cavities34.
Another laboratory study also showed that
mechanical preparation with a diamond-tapered bur led
to better retention than with unprepared surfaces31. These
results are consistent with another study using an electron
microscope to evaluate the enlargement of fissures32. They
suggested that the key to a strong bond is good penetration
by the resin, which is facilitated by enameloplasty, and
that enlargement enables more material to be applied,
increasing resistance to loss. Their hypotheses were
confirmed by microscope observations revealing superior
adaptation levels and good retention patterns. This led
them to propose the method for deep fissures.
It has also been proposed that mechanical fissure
enlargement might be beneficial for maxillary molars22. In
addition when sealed fissures subject to enameloplasties
were tested for micro-leakage, there were significant
differences29. Specifically, teeth with enameloplasty
performed better under stress, with the type of bur
affecting the result slightly in favour of the round bur
against the tapered one29.
Attempts to broaden the armoury of techniques
available for fissure preparation led to the creation of
Carisolv system using sodium hypochlorite and 3 kinds of
amino acids as chemical cleaning agents34. This yielded
smooth, normal surfaces, free of debris inside the cavity.
These were somewhat rougher than brush-prepared
surfaces, with no differences in micro-leakage between
the 2 groups. However, possibility of achieving better
retention with this type of chemical cleaning warrants
further investigation.
A recent critical review of cleaning methods included
only 2 clinical studies, finding no difference between
cleaning with pumice and using water and a probe36.
The use of the probe is also supported clinically, but in
terms of combining it with a bristle brush37. Moreover,
a literature search revealed that sealant retention was
the same or higher after cleaning with a toothbrush in
comparison with handpiece36. Past practice recommended
a prophy cup or bristle and pumice. It was then thought
that any paste used should be fluoride free to avoid
jeopardizing the enamel bond22. However, more recent
evidence seems to indicate that fluoride does not reduce
retention ability26,36. Nonetheless, recent guidelines do not
recommend prophylaxis paste or pumice38. Furthermore,
an analysis has shown that handpiece-prophylaxis
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reduced retention to an extent that surprised the authors39.
Added to this, a study comparing conventional pumice
preparation with enameloplasty and air-abrasion found no
difference in micro-leakage scores40.
No evidence has been found for retention
enhancement achieved by hydrogen peroxide (3%)22; its
clinical recommendation is due to its efficacy in removing
debris over the conventional brush and pumice37.
Air abrasion for the preparation of teeth for sealants
is a fairly recent innovation. It has been suggested that it
improves adhesion by eliminating steps of application of
acid and rinsing22 and constitutes a less invasive procedure13.
It has also been proposed for removing prismless enamel,
superficial caries, and enlarging and cleaning fissures to
achieve better retention41. In an investigation concerning
preparing deciduous molars with air abrasion, a stronger
bond was achieved with the combined use of air abrasion
and acid etch than with acid etch alone13. The superiority
of this combination over acid etch alone is consistent with
other studies41-43, but air abrasion alone is thought to be
inadequate41, 44. A recent paper concerning evidence-based

recommendations about pits and fissure sealants concluded
that there was no clear evidence about the air abrasionacid combination23. Another study failed to find significant
differences between the air abrasion and the pumice
prophylaxis, when chosen as different procedures for testing
sealant materials for leakage and success45. However, some
researchers have found similar retention results between airabrasion and the conventional acid etching43, 46, 47.
Comparison of sono-abrasion, acid etching and
enameloplasty showed no significant differences between
the 3 methods48.
The Er,Cr: YSGG laser system has also been
suggested for surface preparation. In an in vitro study42,
acid etching, and the laser combined with acid etching
performed similarly. In experiments to evaluate the shear
bond strength of Er: YAG laser in the presence of saliva,
the laser did not show comparable results to conventional
etching with phosphoric acid49. On the same subject, other
authors have found that applying a sealant to fissures after
laser preparation resulted in greater micro-leakage than using
mechanical preparation30 (Table 1).

Table 1. Cleaning methods and retention rate
Number Cleaning/preparation method
of teeth examined

Study
Geiger et al (2000)31

90

Selecman et al (2007)45
Garcia-Godoy and de Araujo

100
(1994)35

Lygidakis et al (1994)32
Burrow et al (2001)28
Hatovic-Kofman et al (2001)24

32
320
55
180

Retention/microleakage of the sealants

Enameloplasty vs no mechanical
preparation

Better retention rates
(only 6,25% loss) for enameloplasty

Pumice prophylaxis and air abrasion

No differences between them

Enameloplasty vs pumice prophylaxis Better retention for enameloplasty
Enameloplasty vs bristle brush with
and without paste

Better retention for Enameloplasty

Enameloplasty vs no mechanical
preparation

Better retention for enameloplasty

Enameloplasty vs air abrasion

Same retention

Yamada et al. (2008)34

50

Preparation with Carisolv

Greater surface roughness, perhaps better
retention

Knobloch et al., (2005)13

40

Air abrasion

Better retention only together with acid etching

Salama and Al-Hammad (2002)33

30

Enameloplasty vs no mechanical
preparation

Better penetration for enameloplasty

Moslemi et al (2011)42

45

Er,Cr: YSGG laser vs air abrasion

Better retention with air abrasion together with
acid etching

Zervou et al (2000)29

60

Yazici et al (2006)41

162

Lepri et al (2008)49

24

Kanellis et al.,

(1997)44

300

Enameloplasty vs no enameloplasty

Better microleakage scores for enameloplasty

Air abrasion with acid etching vs acid
etching alone

Better retention with air abrasion together with
acid etching

Er: YAG laser

Not better retention

Air abrasion alone vs acid etching

Similar results for occlusal surfaces
Not better results versus traditional pumice
prophylaxis

Duangthip and Lussi (2003)58

90

Air abrasion together with acid
etching vs pumice prophylaxis

Blackwood JA et al (2002)40

60

Pumice prophylaxis vs enameloplasty, Same results between them (all followed by acid
versus air abrasion
etching)

Ellis et al (1999)43

84

Air abrasion

90

Sono-abrasion alone vs enameloplasty Similar results

Lupi-Pegurier et al

(2004)48

Better retention scores together with acid etching

12 V. Tzifa, A. Arhakis

Isolation Type

Literature strongly supports that saliva contamination
is detrimental to sealant retention21,50-52. The moisture
and the saliva encourage creation of an organic layer in
contact with the etched surface and thereby jeopardize
retention53.
The best way of optimizing isolation is by using a
rubber dam2,22,54. In other words, even 1 second of contact
with saliva can reduce bond strength by 50 to 100%54. In
a systematic review of the literature the authors concluded
that with auto-polymerised resin based sealants, retention
seems to be unaffected when cotton rolls are chosen2.
These conclusions are also supported by the European
guidelines where, while the dam still remains the optimal
means of isolation, the use of cotton rolls with the right
amount of water and an evacuation tip, are thought to
be an effective and easy way of achieving isolation27.
The Irish guidelines arrive at the same conclusion38.
Researching the same issue, a double blind study by
Lygidakis et al32 also found no differences between
the type of isolation chosen. This is also confirmed by
Straffon et al56 who, in a study about sealant efficacy,
found that the retention rate was up to 95% when using
cotton rolls and 94,3% for a rubber dam56.
In a clinical study that tested the differences between
the isolation obtained using cotton rolls and the Isolate
system (IS - a plastic device placed in the cavity with an
integral light source, tissue retraction and isolation ability
covering half of the cavity), the latter showed reduced
working time and, as a result, the authors hypothesized,
better retention. Confirming this would require further
and longer term examination57. For others, better isolation
can be obtained by correct patient positioning, the use
of a mouth mirror when retracting tissues, and placing
the evacuation tip over the roll to take off most of the
moisture22. However, the idea of using extra drying agents
after the etching was not proved to be beneficial58,59.
When there is inadequate isolation, glass ionomer sealants
can be an adequate temporary solution4,53.

Etching

All failures involving adhesion, are due to nonoptimal processes concerning cleaning and preparing the
micro cavity of the fissure. The vast amounts of data from
investigations, however, leave much room for discussion.
Firstly, retention is related to completely acid conditioned
enamel13,28,59,60. The tags created are the mechanism of
the bond that constitutes retention. The etchant is provided
as a gel or liquid and the acids used are mainly orthophosphoric acid, maleic acid and nitric and citric acids3.
Examination of the literature indicates that both liquid and
gel produce good results22. Assisting flow by the use of a
brush is suggested for both22, 59.
On the subject of etching time, most authors believe
that 15 or 20 seconds are as effective as etching for 60
seconds22,25, 61 although some found differences between
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40 and 60 seconds, in favour of the latter63. Furthermore,
earlier results concerning optimal etching time for bond
strength have shown no significantly different results from
varied etching times63. The authors found that for the thin
gel, application for 60 seconds produced different results
from 20 seconds. However, they questioned the clinical
significance of this63. Generally, they recommended
application for 20 or 30 seconds.
Regarding etchant viscosity, the previous study did
not find any advantage between the liquid, the thick and
the thin forms of the etchant63.

Rinsing and Drying

On the subject of the optimum time for rinsing
the surface, there is a belief that less than 20 seconds is
sufficient and that the vigour of washing and drying
is more important for success than the time itself22.
However, others propose that rinsing for 30 seconds with
water and air should be followed by 15 seconds drying64.
Another reported opinion is that, when a gel etchant is
used, one should rinse for almost 90 seconds, as opposed
to only 60 seconds with the liquid form3. It should be
noted that the presence of oil in the air-water syringe can
compromise etching22,53.

Application Technique
Another topic that is abundantly studied is the use
of adhesive agents and their contribution to retention.
Sufficient retention is obtained by thorough application51.

Bonding Agent underneath the Sealant

There are interesting data regarding the concept of
achieving better retention by the use of a bonding agent
before placing the sealant. The general belief is that the
use of an agent provides extra protection and retention in
terms of moist conditions, better flow and more flexible
combination of the primer adhesive and resin26. In an
early 2-year clinical evaluation between 2 sealant products
placed with and without bonding agent, 1 sealant showed
better rates with the bonding agent but only in the earliest
stage of evaluation65. The other sealant had the same
retention results irrespective of the bonding agent; thus
the authors did not support a stand point that retention
is enhanced by a bonding agent. The same conclusions
have been reported by other authors8. Similarly, in a splitmouth study forming part of an oral school program, the
authors were surprised to find that no differences were
seen in retention, with or without a bonding agent66.
It should also be added that they used rubber dam for
isolation66.
However, a recent study demonstrated enhanced
retention performance when using a bonding agent than
with the acid technique alone67. For similar protocols,
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when micro-leakage was tested as a side-effect of
marginal adaptation, the best results were obtained
with the use of underlying bond agent68. Therefore, the
authors felt that application of sealants together with a
bonding agent, as an additional stage, seemed to be “their
golden standard”68. In a 5-year clinical study by Feigal
et al (1993), the single-bottle systems (fifth generation)
enhanced retention in terms of reducing risk of loss by
half, whereas previous generation agents showed no
such success (no long term success)55. More success
was achieved on buccal and lingual surfaces due to their
ability to absorb forces on these more flexible areas. On
the same subject, on salivary contaminated enamel, the
use of adhesive systems provided the best sealing51, 53.
Feigal et al55 carried out a 2-year clinical study where
sealants were successfully retained despite 10 seconds of
contamination by using Scotchbond® as an underlying
hydrophilic layer. They found equal retention with the
conventional way of applying a sealant, thus suggesting
a very good clinical solution for retention when there is
insufficient moisture control.
Positive results were also produced by a study of
children with MIH, where the use of a 2-step etch and
rinse, single bottle adhesive (5th generation) enhanced
sealant retention69. Authors attributed this to the ability to
achieve deep penetration in the etched surface and good
tag formation69.
Another interesting topic is bond layer thickness;
failure has been attributed to very thin bond layers59.
Concerning the same issue Feigal et al55 recommended a
full 2, 3 second thinning of the layer with the air syringe
in terms of evaporating the moisture and enhancing
success. The acetone constituent of the adhesive can
also enhance bond strength69. When examining the use
of bonding agents in the context of an oil-contaminated
surface due to the air-water-syringe, they found that
the use of an acetone-based bonding agent enhanced
adhesion, whereas an ethanol-based bonding agent
produced no such effect53.

Self-Adhesive/Etching Agents

Regarding self adhesive agents, it was proposed
that combination of avoiding the rinsing stage, and
the ability to obtain better adhesion, made them as an
interesting concept in terms of retention26,52,70. Thus, if
they can effectively bond the sealant to the enamel, they
will simplify the process for patients inconvenienced
by standard etching-rinsing procedures. Consequently,
studies examining the bond strength of these self
adhesives are very important, in coming to conclusions
about their retention ability71. This is thought to be a
very interesting topic for achieving more ergonomic
application of sealants and, therefore, is analyzed as far as
possible in the present paper.
An in vitro study, testing the adhesion level of
a sealant with a self-etching system, showed similar
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retention to sealants applied alone to uncontaminated
enamel, and higher than sealants applied with the etch and
rinse system; leading to the conclusion that single-bottle
adhesives have the ability to penetrate deeply into microspaces51. In the same study, different curing procedures
did not affect the result. Promising results for the future
use of self etching agents were also obtained by a 2-year
study of resin restorations, where clinical results showed
longevity and good retention71.
More information about the capability of self
adhesive agents is demonstrated in a study comparing
phosphoric acid with the Adper Prompt L-Pop®72. It
achieved similar results and higher retention when the
agent was applied in 2 layers and separately cured; it
also showed better performance than other adhesives.
However, another 12-month school-based programme
studied the same sealant and showed that the conventional
procedure with phosphoric acid produced much better
results than the self-etching primer adhesive73. Moreover,
a RCT study undertaken for the UK National Health
community dental service, which tested Xeno 3® as a
self etching agent against traditional acid etching with
the use of Prime & Bond®, found that the former had
lower retention rates and reinforced the superiority of
the latter, which is in line with most of the relevant
literature74. Additionally, another in vitro study of the
use of self-etching primer agents showed same results in
comparison with conventional etch and rinse procedures,
but performed better when a ceromer product was used
as a sealant material, indicating that their use can be a
good choice as alternatives to traditional etching with
phosphoric acid74. In another retrospective study76
regarding the clinical rates of Dyract Seal, a sealant
applied under no rinsing conditions with a rubber dam,
the findings were lower with respect to reported results for
conventional sealants, but the authors suggest it can be a
good short-termed choice for deciduous teeth and when
there is a pronounced gag reflex.
Additionally, the self adhesive (Adper Promt-LPop) has produced comparable results to conventional
bonding systems in a study of 3 different procedures about
bond values with respect to authors’ reference for more
confirmation data67. However, the same self adhesive,
when used with 2 different polymerization regimes, failed
to produce good retention in recently erupted molars77. In
a similar study67, the self adhesive achieved comparable
results to the use of a bonding agent prior to the sealant,
in contrast to other studies that authors refer to in their
paper. When the same self etching agent was compared
with acid etching, it failed to produce better results62. This
agrees with another recent study of a new self etch sealant
for which there were, at that time, no supporting data. It
produced a lower level of bonding than conventional
sealants. More research is needed in an in vivo
environment to assess its likely clinical performance71.
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The recent literature reflects consensus that
traditional etch and rinse techniques still remain procedure
of choice. In the evidence-based recommendations of
Beauchamp et al23, the self-etching bond agents are not
recommended as replacements for traditional etching
due to their low retention scores. This is consistent with
another recent evidence-based article which did not
find sufficient data to support their use and concluded
they should not be recommended25. Yazici et al78 also
reported, from their clinical testing, the superiority of
the traditional etch-and-rinse method. Their histological
explanation for the failure of the self adhesive was that

it could not provide as effective an etched pattern as the
phosphoric acid when applied separately and rinsed.
Similar explanations for the failure of self-adhesives by
observing their histological pattern appears in another
study concerning the differences in penetration achieved
by the 2 methods in question79.
When considering how the properties of selfetching systems could be improved, it is notable that their
adhesion to mechanically prepared enamel is better than
to non-prepared surfaces, with the exception of 1 totaletch adhesive, which showed strong bonding no matter the
preparation procedure80 (Table 2).

Table 2. Retention rate of self adhesives vs simple etch-rinsing process
Study

Number of teeth

Product(s)

Celiberti and Lussi (2005)63

80

Xeno 3®

No significant difference in retention rate

D. Gillet et al (2002)75

24

Prompt®

No significant difference in retention rate

Dos Santos KT et al

(2008)79

36

Venker DJ et al. (2004)73

208 students of a schoolbased sealant program

M.E Asselin et al (2008)68

63

Adper Prompt

L-Pop®

Prompt-L-POp®

Overall outcome of success of self adhesive

No significant difference in retention rate
No significant difference in retention rate

Adper Prompt L-Pop® No significant difference in retention rate

45 with saliva
contamination

Clearfil S3 Bond®

No significant difference in retention rate

AR Yazici et al (2009)78

244

FuturaBond NR®

No significant difference in retention rate

L. Burbridge et al., (2006)74

162

Xeno 3®

No significant difference in retention rate

J. M. Gomes-Silva et al (2008)52

Filling Level of the Fissure
There is some evidence about the effect of the filling
level of the fissure. Geiger et al. demonstrated in an in
vitro study, that overfilled fissures seem to suffer greater
sealant loss than those that are border filled31. This can be
explained by the existence of parts of the material exposed
to higher levels of light and therefore undergoing greater
shrinkage30,31,33. The general consensus seems to be that
all pits and fissures should be covered to obtain good
retention and that the thickness of the material is of less
importance81. The existence of bubbles within the sealant
was not generally detrimental, except when they occurred
in the margins. This leads to recommendations that, when
polymerizing a sealant with load particles, it should be
applied under vibration59,60. There are also suggestions
that better penetration occurs when material is left to flow
for 20 seconds before curing than when it is left for a
shorter time22 or left as long as possible15.
The use of an air polishing device helped
investigators to achieve good retention in an early study59.
However, others found that the device does not allow
material to flow deeply enough due to the trapped air35.
In the end, the meticulous examination of sealant
margins after placement with the use of a probe to reveal

indications of early retention failure remains of crucial
importance22,82.

Conclusion
The retention ability of a sealant is crucial
because most failures are of an adhesive nature. Thus,
when retention is jeopardized, the overall anti-carious
effectiveness of the sealants is in question, too12.
When it comes to the factors as examined in the
current study, some have been analyzed in greater depth
than others, and for some there is a greater degree of
consensus in the literature. The data given for the type and
position of the tooth is not so clear, and sealant retention
on primary molars is still a field that requires more
investigation4. One of the factors most analysed regarding
clinical impact is preparation of the surface before
application of the sealant. In the literature, fissurotomy
seems to enhance retention, but is not recommended
as a routine preparation due to its invasive nature. More
supporting data is needed about the use of air abrasion and
lasers since that extant is unsatisfactory. It is interesting to
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note that some references are to sealants as part of microtherapeutic invasive technique, rather than as a solely
preventive procedure4.
Numerous studies confirm the use of cotton rolls as
free of risk to the isolation required. However, the most
important factor for isolation and therefore ensuring
retention and longevity is the state of eruption, where
the literature suggests having as full an eruption status
as possible27. Regarding the idea of applying a bonding
agent under the sealant, the facts are positive overall.
However, concerning the recently discussed use of self
adhesives because of their ergonomic characteristics,
the results are still inconclusive and more clinical trials
are needed71. More data is also required about sealant
materials to connections to be made between level of
viscosity and the type of material and sealant retention4,5.
The main idea pervading the available literature
is that the central issue is no longer the effectiveness of
sealants, but how the factors discussed above contribute
to the desired clinical outcomes of every day sealants
practice.
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Effect of Post Material, Cement and Amount of Coronal
Destruction on Stress Distribution: 3D FEA Study
SUMMARY

Introduction: The aim of this study was to asses the stress distribution
of an endodontically treated maxillary incisor by 3-dimensional stress
analyses using the Finite Element Analysis (FEA). The role of the post
material and cement rigidity on reliability of endodontic restorations is
discussed.
Material and methods: A 3D FEA model of a central maxillary incisor
was created. The following parameters were studied: 2 levels of coronal
destruction (total loss of coronal dentin, and partial loss of coronal dentin
with 2 mm surviving dentinal walls); 3 loading conditions (mastication,
bruxism and impact); 3 different luting cements (Zinc polycarboxylate
cement; resin cement with low modulus of elasticity; resin cement with
high modulus of elasticity); 4 post materials (steel, titanium, glass fibre,
zirconium posts with composite cores) and composite restoration without
post.
Results and Discussion: There were significant differences between
post systems and cements. The stresses decreased with the post material in
order of steel, zirconium, titanium, glass fibre. The presence of 2 mm coronal
dentin decreased the maximum stress values in all the models. Minimum
stress values were obtained with 2 mm coronal dentin with the glass fibre
post and adhesive resin cement.
Keywords: Glass Fibre Post; Post Material; Finite Element Analysis

Introduction
Special care is indicated when selecting the most
efficient way to restore endodontically treated teeth
because they have a higher risk of biomechanical failure
than vital teeth1. The fracture resistance of post-restored
teeth has been the subject of numerous in vitro and in
vivo studies2-6. A theoretical method for calculating stress
distribution within complex structures is the finite element
analysis (FEA), which allows the investigator to evaluate
the influence of model parameter variation once the basic
model have been correctly defined7.
In the case of incisors, when loaded transversely,
the flexural behaviour of posts should be carefully
considered8. The magnitude and the angle of incisal load
greatly influence the long term success of restorative
systems involving central incisors. A post with
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biomechanical properties similar to those of dentin could
reduce the risk of tooth root fractures9. A very stiff post
working against the natural function of the tooth creates
zones of tension and shear, both in the dentin and at the
interfaces of the luting cement and the post. Some studies
have been performed to evaluate the influence of post and
luting material on stress distribution in dentin7,10.
When a restorative system is loaded, it is able to
absorb the applied forces, generating peculiar stress and
strain distributions. The evaluation of such patterns, for
example using the FEA, could be a reliable predictive
parameter to forecast areas under risk of possible
mechanical failures11. It is possible to mechanically
characterize not only enamel and dentin but also bone
tissues, periodontal ligament and adhesive interfaces.
Different loading conditions can be evaluated with
FEA in order to evaluate stress distributions within the

Balk J Stom, Vol 17, 2013

Factors of Stress Distribution 19

restorations and hypothesize predictive areas under risk
of clinical failure. Recently, many studies were related
to biomechanical analyses with different post-and-core
systems10-15. FEA can be performed with 2 dimensional
(2D) and 3 dimensional (3D) models, and the consensus
is that the results obtained with 3D models are more valid
but also are more time-consuming and costly than 2D
models7,12.
The aim of this study was to analyse the stress
distribution in a 3D FEA model of a central maxillary
incisor with 2 levels of coronal destruction, restored with
3 different luting cements and 4 post materials, under 3
different loading conditions.
Figure 1a. 3D model of maxillary central incisor

Table 1. Mechanical properties used in this study

Material and Methods
The solid model was generated using literature data
and the dimensions of the tooth were modelled according
to the ideal shape of a central incisor. A 3D FEA model
of a central maxillary incisor and surrounding structures
was generated by ANSYS software (Ansys, Inc. Houston),
using IGES format. The volumes were redefined in the
new environment and meshed with 8 nodes brick with 3
degree of freedom per node, finally resulting in a 3D FEA
model with 85326 elements and 148787 nodes (Fig. 1a).
All the nodes on the external surface of the root were
constrained in all directions. Accuracy of the model was
checked by convergence tests. Particular attention was
devoted to the refinement of the mesh resulting from the
convergence tests at the cement layer interfaces. Different
material properties were coupled with the elements and
geometries according to the volume material defined
in fig. 1a (enamel, dentin, restored crown, core, cement,
post, periodontal ligament, cortical bone, spongious bone).
Due to the comparative aim of the structural evaluations,
the given arbitrary commercially available post geometry
has been used: 6% conicity; tip diameter 1.0 mm; 10
mm insertion depth (about 2/3 of the root length). All the
nodes on the external surface of the root were constrained
in all directions. Complete bonding between post and
cement was considered. Mechanical properties of each
component used in this study were summarized in table 1.
2 levels of coronal destruction were modelled: (1)
Total loss of coronal dentin; and (2) Partial loss of coronal
dentin with 2 mm surviving dentinal walls. The teeth were
constructed with 5 different techniques: Group 1: Steel
post with composite core; Group 2: Titanium post with
composite core; Group 3: Glass fibre post with composite
core; Group 4: Zirconium post with composite core;
Group 5: Composite restoration without post. 3 luting
cements with different elastic modules were discussed:
(1) Zinc polycarboxylate cement; (2) Resin cement with
low modulus of elasticity; (3) Resin cement with high
modulus of elasticity.

Material
Enamel
Pulp
Dentin
Periodontal
Ligament
Cortical bone

Elastic modulus
(Gpa)
41
0,002
18,6
0,0689
13,7

Poisson ratio
0,30
0,45
0,31
0,45
0,30

Spongious bone

1,37

0,30

Gingiva

0,003

0,45

Gutta-percha

0,00069

0,45

Porcelain crown
Composite core
Titanium post

120
12,0

0,28
0,30

112

0,33

Glass fibre post

40

0,26

Zirconium post

200

0,33

Steel post

210

0,30

Zinc phosphate
cement

22,0

0,35

Resin cement
(low modulus)

7,0

0,28

Resin cement
(high modulus)

18,6

0,28

The structural efficiency of restorations have been
evaluated under 3 different loading conditions: (1) 100N
force inclined at 135º with respect to the tooth axis, 2 mm
below the incisal edge in order to simulate mastication loads;
(2) 100N vertical pressure in order to simulate axial loads; (3)
100N horizontal force to simulate an accidental impact force.
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In order to identify areas of strain and stress
concentration where possible fatigue failures are more
expected to occur, the choice of the pertinent stress
representation criterion was based on the evaluation of failure
predictive potential of the analysis performed. Von Mises
(equivalent stresses) energetic criterion was then chosen.
To standardize the results of the analysis, 22 different
points were defined on the model and their analytical
positions were determined (Fig. 1b)10.

Figure 2. Effect of the post material bonded with adhesive cement (high)
under functional loading in the model with 2 mm surviving dentinal walls
(A) Steel post, (B) Titanium post, (C) Glass fibre post,
(D) Zirconium post

Figure 3. Effect of the post material bonded with adhesive cement (low)
under functional loading in the model with 2 mm surviving dentinal walls
(A) Steel post, (B) Titanium post, (C) Glass fibre post,
(D) Zirconium post

Figure 1b. Schematic presentation of the tooth model and local
coordinate system

Results
The effect of coronal destruction, post materials,
cements, and loading were shown in table 2. In functional
loading, the presence of 2 mm coronal dentin tissue
decreased the maximum stress values in all models.
Horizontal loading from the buccal aspect increased and
vertical loads decreased the maximum stress in all models.
Minimum stress values were obtained with the glass fibre
post bonded with adhesive resin cement having low elastic
modulus in all loading conditions (Figs. 2-5).

Figure 4. Effect of post material bonded with adhesive cement (high)
under functional loading in the model with no surviving dentinal walls
(A) Steel post, (B) Titanium post, (C) Glass fibre post,
(D) Zirconium post
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Table 2. Effect of coronal destruction, post material, cement and loading
No coronal dentin

Zinc Phosphate cement

Adhesive cement low

Adhesive cement high

Adhesive cement high

Adhesive restoration

Horizontal

147,04

58,01

147,93

Titanium post

181,65

54,43

150,16

Glass fibre post

154,95

56,66

155,83

Zirconium post

147,15

55,45

148,05

Steel post

129,9

58,94

132,77

Titanium post

74,26

34,94

75,8

Glass fibre post

71,55

25,77

72,3

Zirconium post

123,52

56,33

126,41

Steel post

136,16

58,12

137,1

Titanium post

138,38

50,27

139,38

Glass fibre post

143,11

52,02

144,16

Zirconium post

136,27

55,56

137,22

40,56

17,28

40,17

2 mm coronal dentin

Adhesive cement low

Vertical

Steel post

Adhesive restoration
Zinc Phosphate cement

135

135

Vertical

Horizontal

Steel post

101,08

51,41

108,69

Titanium post

91,07

32,73

91,91

Glass fibre post

92,55

33,05

93,41

Zirconium post

96,45

49,35

103,78

Steel post

103,47

52,3

110,47

Titanium post

58,5

31,3

63,08

Glass fibre post

38,64

26,07

37,24

Zirconium post

98,74

50,21

105,48

Steel post

104,75

59,42

111,21

Titanium post

59,22

35,96

63,44

Glass fiber post

39,11

26,23

37,68

Zirconium post

99,97

56,99

106,19

39,27

26,21

37,56

Figure 5. Effect of post material bonded with adhesive cement (low)
under functional loading in the model with no surviving dentinal walls
(A) Steel post, (B) Titanium post, (C) Glass fibre post,
(D) Zirconium post
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Regions of maximum stress changed for the different
loading conditions. In functional loading, maximum
equivalent stress mostly occurred at the vestibular side of
the cement layer (interface between post and cement). As
expected, in the bruxism case, the maximum stress area
was located near the post apex. The area of maximum
stress was located at the palatal surface in horizontal
loading from the buccal aspect.
Under functional loading in the model without
coronal dentinal tissue, the stress reached a maximum
value of 181.65N for the titanium post and zinc phosphate
cement, while it reached a significantly lower value of
71.55N for glass fibre posts cemented with dentin like

cements (low elastic modulus), and 143.11N for glass
fibre posts cemented with softer cements (high elastic
modulus). There was a significant difference in stress
distribution at dentin interfaces for the glass post restored
tooth cemented with materials of different rigidity. In the
model with 2 mm coronal dentinal tissue, the difference
between the stress values of glass fibre posts bonded with
different cements was less.
However, even if significantly different load transfer
characteristics from post to root occurred in the cases
examined, no differences were evident at the level of
external root structure either for stress distribution and
intensities (Figs. 6-8).

Figure 6a. Effect of post material and cement under functional loading
in the model with no surviving dentinal walls

Figure 6b. Effect of post material and cement under functional loading
in the model with 2 mm surviving dentinal walls

Figure 7a. Effect of post material and cement under vertical loading in
the model with no surviving dentinal walls

Figure 7b. Effect of post material and cement under vertical loading in
the model with 2mm surviving dentinal walls

Figure 8a. Effect of post material and cement under horizontal loading
in the model with no surviving dentinal walls

Figure 8b. Effect of post material and cement under horizontal loading
in the model with 2 mm surviving dentinal walls

Balk J Stom, Vol 17, 2013

In particular, the investigation on central incisor
tooth showed differences in load transfer capability of
cast post when different cements were used. The stress
was found to be 123.52 for zirconium posts cemented
with dentine like cements (low elastic modulus) and
136.27 for glass fibre posts cemented with softer cements
having high elastic modulus (Tab. 2, Fig. 5). Glass fibre
posts exhibited the lowest stress values in the cervical part
(Point f), middle part (Points m and n) and apical part of
the post (Points s and t) in all loading conditions (Figs.
6-8). Steel posts exhibited higher stress values at the
middle part of the root than glass fibre and titanium posts
with all types of cements and under all loading conditions
(Figs. 6-8).
The stresses decreased in order of steel, zirconium,
titanium, glass fibre, with low modulus adhesive cement.
The stresses decreased in order of glass fibre, titanium,
zirconium, steel, with high modulus adhesive cement.
Minimum stress values were obtained with the glass fibre
post bonded with adhesive resin cement with low elastic
modulus in all loading conditions (Tab. 2; Figs. 3c and
5c). The placement of an endodontic post created higher
stress areas than adhesive restorations without posts.
Figures 6-8 show the stress patterns for the various
post restorations considered here. The figures are grouped
for each loading condition. Glass fibre restored system
ensured enough uniformity of stress level (Figs. 6-8).
It can be seen that the stress values in the post become
less uniform as the stiffness of the post increased. The
stress value at the middle of the steel post was 5 times as
large as the stress at the glass fibre post. Steel posts and
traditional cements, being no adhesive and also more
rigid than fibre posts and resin cements, did not allow a
homogeneous stress distribution (Figs. 6-8).
Critical areas of high stress concentration were
the restoration-cement-dentin interface, both in the root
canal and on the buccal and lingual aspects of the toothrestoration interface. Regions of maximum stress changed
for the different loading conditions. In functional loading,
maximum equivalent stress mostly occurred at the
vestibular side of the cement layer - interface between
post and cement (Figs. 2-5, 6a and 6b). As expected, in
the bruxism case, the stress near the post apex was higher
than the other loading conditions (Figs. 7a and 7b). The
stress values on the buccal aspect were higher in the
horizontal loading (Figs. 8a and 8b).

Discussion
The 3D FEA showed significant changes in the
stresses induced in the tooth-restoration complex
when the investigated parameters varied. A post with
biomechanical properties similar to those of dentin
could be advantageous by reducing the risk of tooth
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root fractures. A very stiff post, working against the
natural function of the tooth, creates zones of tension
and shear both in the dentin and at the interfaces of the
luting cement and the post7,10. Glass and carbon posts
exhibit high fatigue and tensile strength, and they have a
Young’s modulus comparable to dentin2. Moreover, these
posts can be bonded in root canal with adhesive resin
cement. Bonding agents transmit stress between the post
and the root structure, reducing stress concentration and
preventing fracture3,13. Bonding between the post and the
cement and between the cement and the dentin appears
as an important parameter to achieve optimal behaviour
of endodontic restorations. On the contrary, steel posts
and traditional cements do not allow a homogeneous
stress distribution. In this study, increased elastic modulus
of the post was found to cause decreased dentin stress.
This result is in agreement with the earlier in vitro
investigations3,11,13. The FEA study of Pegoretti et al14
concluded that glass fibre post resulted in lower stresses
inside the root than did the carbon and metal post. Isidor
et al4 found that teeth restored with a carbon fibre post
were more resistant to fracture than teeth restored with
a titanium post. Several in vitro studies have determined
the resistance to fracture of post restored teeth under static
loading and found smaller, the same or higher strength
of teeth restored with fibre posts than those restored with
metal posts6,9.
The maximum shear stresses were found to be
primarily located at post cement/dentin interface. Cohen
et al15 reported that micro-movement of a cemented
post results in disintegration of the cement and the
concentration of stress at the apical end of the post over
time. The fracture strength of dental cements is less than
that of dentin or post material. Thus, failure of the system
usually occurs cohesively within the cement or at its
interface with dentin.
There was a significant difference in stress
distribution at dentin interfaces for the post restored
tooth cemented with materials of different rigidity. The
results lead to the conclusion that the more flexible the
posts are the less rigidity of the cementing medium is
relevant. In the model with 2 mm coronal dentinal tissue,
the difference between stresses values of posts bonded
with different cements was less. Clinically, both carbon
and glass posts are subjected to de-bonding/loosening
phenomena16. Tough cement systems could improve
the restoration reliability by opposing to mechanical
progression of failure and crack growth.
Recently, several papers supported the use of a
direct restoration without placing any post for restoring
endodontically treated teeth17. Krejci et al5 showed no
significant differences between teeth restored with and
without posts at fracture strength and fracture patterns.
Moreover, some studies pointed out that mechanical
resistance to fracture of endodontically treated teeth
could be affected by the presence of posts and the risk
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of damage could increase3,9,18. In endodontically treated
teeth, occlusal loads could be transferred intra-radicularly
by post restorations, increasing the occurrence of vertical
root fractures. On the contrary, other authors noticed
that fibre posts reduced the risk of root fractures19.
Actual consensus in restorative dentistry indicates that
de-cementation or failure of posts is preferable than
fracture of residual tooth structure2. In this study, the
stress values and location of maximum stress in glass
fibre post restored teeth were less. The less residual tooth
structure the more important the physical properties of
post-and-core systems.
This study confirmed that the reconstructed tooth
is subject to most stress in the cervical region under
a functional load. Pierrisnard et al18 mentioned that
the absence of a cervical ferrule was a negative factor,
giving rise to considerably higher stress levels. They also
concluded that the cervical area of a root canal of treated
and restored teeth was the area most subject to stress
under a simulated occlusal load.
The magnitude of deflection and peak stress
generated in the reconstructed tooth with horizontal
loading was greater than that with vertical loading.
Load direction has a greater effect than post material on
maximum stress and displacement.
It clearly appears that the oblique load is more
critical than the vertical one, both for restoration
structures and residual dentin. Moreover, the results’
analysis shows a deeply different behaviour between postcore restorations and adhesive restoration without post. As
far as residual dentin is concerned, a significant reduction
of the mean stress level is obtained at the middle/cervical
root zone, whereas high peaks of the average stress
are induced at the root apex. Furthermore, high stress
concentrations at the post-dentin interface appear.
Finally, the choice of the posts’ material and type
of cement appears very important when the stress values
and dentin-interfaces were considered. A post with
biomechanical properties to those of dentin could be
advantageous by reducing the risk of tooth root fractures.
The ideal root canal post must be sufficiently elastic
to accompany the natural flexural movements of the
structure of the tooth, something that a very rigid metal
post cannot do.
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-- The placement of an endodontic post creates an
unnatural restored structure since it fills the root canal
space with a material that has a defined stiffness
unlike the pulp. Hence it is not possible to recreate the
original stress distribution of the tooth. Steel posts are
the most dangerous for the root, potentially leading to
its fracture. Even working on the cement layer, stress
absorbing capability by using less rigid cements cannot
possibly improve the stress arising in the system
because of the high rigidity of the steel post. Using a
fibre post reconstruction, the elastic modulus of the
cement layer strongly influences the stress absorbing
capability of the system;
-- In functional loading, maximum equivalent stress
mostly occurs at the vestibular side of the cement
layer;
-- The presence of 2 mm coronal dentin tissue decreased
the maximum stress values in all models;
-- Horizontal loading from the buccal aspect increased
and vertical loading decreased the maximum stress in
all models;
-- Minimum stress values were obtained with the glass
fibre post bonded with adhesive resin cement with low
elastic modulus;
-- The stress decreased with the post material in order of
steel, zirconium, titanium, glass fibre;
-- The ideal root canal post must be sufficiently elastic to
accompany the natural flexural movements of the tooth
structure, something that a very rigid metal post cannot do;
-- Bonding between the post and the cement and between
the cement and the dentin appears an important
parameter to achieve optimal behaviour of endodontic
restorations.
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Preventive and Etiological Aspect of Oral Candidiasis
SUMMARY

Introduction: Oral candidiasis is an indivisible part of everyday
oral medicine, although the treatment of candidial infection often remains
temporary, with frequent recurrences. Microbiological proof as a diagnostic
method does not seem to be appropriate enough for successful treatment
outcome. Therefore, the need for enlightening the factors that exaggerate the
pathogenicity of Candida albicans becomes necessary. The aim of this study
was to follow up patients with diagnosed oral candidiasis as to obtain better
knowledge of reasons that favour clinical manifestation of oral candidiasis
and its frequent recurrences.
Material and Method: At the Clinic for Oral Pathology and
Periodontology we examined 50 patients with previously diagnosed oral
candidiasis. Subjects were selected randomly, from different geographic
areas of the state, and of different age and gender (67% females and 33%
males).
Results: The results revealed that the most usual cause of oral
candidiasis was long-lasting antibiotic treatment, xerostomia, medications
for cardiovascular diseases, sedation and hyperglycemia. Other
predisposing factors were anaemia, age and fissured tongue.
Conclusion: Adequate antimycotic therapy and removing of favouring
factors resulted in positive treatment outcome and rapid reduce of
recurrences.

Keywords: Candida albicans; Oral Candidiasis

Introduction
The incidence of candidial infection in the last
decade increased according to the higher incidence of
diabetes mellitus, malignant diseases, abuse of antibiotic
treatment and the increasing number of AIDS-affected
persons. This was the reason that Candida albicans and
the candidial infection attract even more attention for the
last 10 years. The number of Candida species is about
300, and 7 of them are considered as very pathogenic2,3.
Candida albicans in the oral cavity is present as a
saprophyte, but under some circumstances gets pathogenic
feature, causing inflammation and other pathologic
changes in the mouth. The reasons for the pathogenic
changes of the oral mucosa can be local or systemic, as
well as drug-related.

Z. Belazelkoska1, M. Popovska1,
L. Zendeli-Bedzeti 2
1 Faculty

of Dentistry
Department for Oral Pathology and Periodontology
2 University Dental Clinic
Department for Oral Pathology and Periodontology
Skopje, FYROM

ORIGINAL PAPER (OP)
Balk J Stom, 2013; 17:26-30

In certain conditions and certain circumstances,
some patients with oral candidiasis are treated
inadequately and that results in temporary improvement
of the condition, but not with definitely recovering, so
the appearance of recurrences is very frequent9. The
use of antimycotic therapy, as well as diagnosing oral
candidiasis with microbiological evidence, seems not
to be enough for the successful treatment outcome.
The need for discovering the factors that enhance the
pathogenicity of Candida albicans becomes necessary
and was a reason more for us to pose the aim of our
study, through examination of patients with diagnosed
oral candidiasis to obtain our own understandings
for reasons that enhance and support the clinical
manifestation of the disease.
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Material and Method
To realize our aim, 50 patients with diagnosed oral
candidiasis were included in our study. Patients, randomly
selected, from different geographic regions of the state,
from various age groups and gender, were examined at
baseline, after 6 month and a year after the treatment.
The participant’s age was between 20 and 70 years, all
Caucasians, and with diagnosed oral candidiasis through
verified diagnostic procedures, without prior treatment,
but with frequent recurrences. Diagnose was established
with oral mucous swabs and slides observed under optic
microscope in the laboratory of the University Dental
Clinical Centre in Skopje.
All the participants through thorough dental and
medical history, gave information about: oral hygiene
habits, especially in older patients with dentures,
smoking habits, food consumption (consistency, quality,
carbohydrate contents, etc.), presence of diabetes
mellitus, cardiovascular diseases, blood disorders (iron
deficiency anaemia or megaloblastic anaemia, acute
leukaemia), the use of immunosuppressive drugs,
broad spectrum antibiotics, sedatives, cardiotonics,
antihypertensive drugs, radiotherapy, , pregnancy and the
use of contraceptive treatment, HIV infection and other
immunodeficient conditions, TBC, etc.
With clinical examination and use of plaque index
(PI), described by Sillnes- Löe, we determined the oral
hygiene status on teeth and fixed and removable dentures.
Also, in all participants, the following conditions were
noted: state of the dentition, dryness of the oral cavity,
pH of the saliva, painful pathological conditions in the
oral cavity, fissured tongue, haematological disorders
(iron deficiency anaemia and megaloblastic anaemia,

acute leukaemia), diabetes mellitus, as well as local
microbiological investigation. In all participants differential
blood analysis with automatic counter, and determination of
salivary pH with pH-meter (Iskra MA 5706) were done.
After recording anamnesis data and conducting
clinical examination, we prescribed the usual therapy for
oral candidiasis i.e. antimycotic therapy, rinsed the oral
cavity with benzydanine hydrochloride in the form of
solution or spray 0.15%, recommended artificial saliva
in patients with xerostomia, and gave instructions for
further oral hygiene and hygiene of the dentures, adequate
dental treatment, establishing dietetic-nutritional regime in
everyday life, preventing measures for patients that have
to use any kind of treatment that could help the pathologic
action of Candida albicans.

Results
Candidial infection was more present in female
population (67%) than in male population (33%). Table 1
shows the distribution of oral candidiasis according to the
obtained anamnesis data of the participants involved in the
study. Candidiasis was diagnosed in 22 smokers (44%),
37 participants using soft and carbohydrate food (74%),
7 subjects under immunosuppressive medication (14%),
33 subjects taking antibiotics (66%), 7 (14%) patients
undergoing radiotherapy, and 41 patients (82%) using
sedatives, cardiotonics or antihypertensive drugs. Also,
oral candidiasis was detected in 15 patients with blood
disorders (30%), 13 (26%) with diabetes mellitus and 40
(80%) with cardiovascular diseases. Candidial infection
was lowest in pregnant women, only 3%.

Table 1. Prevalence of oral candidiasis in accordance with anamnestic data
Anamnestic data

Number of cases

%

Smokers

22

44

Food mushy carbohydrate

37

74

7
33
7
41

14
66
14
82

Age over 50 years

45

90

Hematologic diseases, diabetes,
Cardiovascular diseases

15

30

Pregnancy and contraceptive use

3

6

Drugs

Immunosuppressive drugs
Antibiotic
Radiation therapy
Sedatives, antihypertensive drugs, cardiotonics

Table 2 presents the distribution of oral candidiasis in
accordance with clinical examination. It can be concluded
that PI with score 3 was present on teeth in all subjects,

and PI score 2 was present in all patients with fixed and
removable dentures. 45 participants with poor oral hygiene
status, especially in older subjects with dentures, also in
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those with untreated dentition (100%) candidiasis was
determined, as well as in 45 patients with xerostomia or
(90%) and 43 (86%) participants with fissured tongue.
In 40 (80%) participants with low pH of the saliva (high
acidity) and 50 (100%) participants with coated tongue was
found with candidial affection. Candidial infection was also
found in 25 (50%) haematological patients and 20 (40%)

diabetic patients. From all of the participants with painful
pathological conditions in the oral cavity candidial infection
was found in 7 patients (14%).
Correct and persistent treatment of candidial
infection didn’t recurred in 86% patients (43) and recurred
in only (7%) patients (Fig. 1, and 2).

Table 2. Prevalence of oral candidiasis based on objective findings
Objective findings

IDP

Study group

%

Teeth/plaque index
Fixed prosthetic constructions
Mobile prosthetic constructions

3
2
2

50
50
30

100
100
60

Unsatisfactory oral hygiene especially with old patients with prostheses

45

90

Unrepaired dentition

50

100

Xerostomia

45

90

Lingua plicata

43

86

Acidic saliva reaction

40

80

Painful pathological states in the oral cavity
Tongue coating

7
50

14
100

Hematologic findings Ferodeficiency

25

50

Diabetes

20

40

Figure 1. Candidiasis on the hard palate, showing red surfaces with
white plaque

Figure 2. Candidiasis of the tongue, showing white layers on the dorsum
of the tongue
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Discussion

Conclusion

Colonisation of oral cavity by Candida albicans
appears in conditions of specific retention or interaction
between the oral mucous membranes and Candida
albicans. Candida albicans may colonize the tongue,
buccal and palatal mucosa, dental plaque, dental caries,
subgingival flora, dentures, etc4,5. Our results disclose
the important connection between clinical manifestation
of oral candidiasis and xerostomia, low salivary values
of pH, the use of medicaments (cardiotonics, sedatives,
antihypertensives, being used by older population and
the most present participants in our study), diabetics, and
patients’ poor oral hygiene status, especially in patients
with removable dentures. Oral candidiasis is a condition
of secondary candidial infection of the tissues previously
being changed by continuous expose of the painful
moving of the denture, and is always connected with poor
oral hygiene.
This condition is clinically similar to chronic
erythema and oedema of the part of the denture bearing
mucosa, beneath an upper denture. The affected mucosa
is clearly marked and distinguished from the rest
mucosa out of the denture. Palatal mucosa is most often
affected because of the firm contact with the bases of
the denture and thus favours the growth of Candida
albicans. The space between the mucous and upper
denture, poor oral hygiene of those surfaces, carrying
the dentures during the night, and sleeping, supports the
growth of Candida albicans, resulting in misbalance of
the host-yeast relation. Uncontrolled use of antibiotics,
due to suppression of bacteria, has important role in
clinical manifestation of oral candidiasis, especially
of the pseudomembranous form, presented as whitish
membranes at the dorsal site of the tongue, accompanied
with burning sensation20.
In our study there wasn’t any HIV positive patient,
although AIDS is being closely associated with every
clinical form of oral candidiasis.
Our results revealed that antimycotic treatment with
removing of predisposing factors favouring candidial
infection resulted in successful cure of oral candidiasis,
without recurrence. Treatment of oral candidiasis includes
removing of local factors, acting against Candida
albicans, and relieving of symptoms.
Removing of local factors includes: giving
instructions for maintaining of oral hygiene, removing
of dental calculus, dental plaque and soft layers; root
planning and scaling of periodontal pockets if the patients
have periodontitis: treating carious lesions; making new
dentures; balancing of the salivary pH; and if the patient is
taking immunosuppressive therapy to view the possibility
of reducing the dose. The way of living should be in
concordance with the therapy, without use of alcohol and
tobacco smoking, but with consumption of food rich in
vitamins etc.

The detailed dental and medical history, clinical
examination, laboratory results, microbiologic evidence
for the presence of Candida albicans, the effect of
the administered antimycotic therapy, rinsing with
benzydanine hydrochloride, and removing of the
favouring factors for Candida albicans overgrowth,
as well as follow-up of patients after the treatment,
allow us to conclude that it is not enough only to detect
the presence of Candida albicans, but also to note and
carefully disclose all possible predisposing factors
that enhance the pathogenic action, and eliminating
them during the treatment, in the aim of achievement a
complete recovering, without recurrence.
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Effects of Various Rates of
Polyacrylic Acid and Fluoride on
Streptococcus Mutans and Actinomyces Viscosus
Yasemin Benderli1, Kağan Gökçe2

SUMMARY

Glass ionomer cements have been shown to possess antimicrobial
activity. Fluoride release from these materials and initial acidity have been
reported with regard to this. The purpose of this study was to investigate
antimicrobial effects of various concentrations of fluoride and polyacrylic
acid mixtures and to evaluate whether or not fluoride is responsible
for this antibacterial activity. The antimicrobial properties of various
fluoride and polyacid mixtures were tested against Streptococcus mutans
and Actinomyces viscosus. The fluoride and polyacid mixtures; 5%,
10% and 20% polyacrylic acid were mixed with 1.000 ppm, 2.500 ppm,
5.000 ppm, and 10.000 ppm F. The role of fluoride ions and low pH in the
antibacterial activity were also studied by using agar diffusion assay method
measuring inhibition zones of the mixtures. 6 samples were prepared for
each experimental group. Kruskal-Wallis test (ANOVA) was performed for
statistical analysis.
The findings showed that there were significant differences between 0
ppm and 5.000 ppm F; 0 ppm and 10.000 ppm F; 1.000 ppm and 10.000
ppm F when fluorides were mixed with 5% or 10% or 20% polyacrylic
acid to determine the inhibition of S. Mutans (p<0.02). For Actinomyces
viscosus significant differences were found between 0 ppm and 10000 ppmF;
1000 ppm and 10000 ppm F when fluorides were mixed with 5% or 10%
or 20% polyacrylic acid (p<0.004). It is concluded that not only fluoride
was directly responsible for the antibacterial activity, but the low pH of the
medium appeared to play even more important role.

Keywords: Polyacrylic Acid; Fluoride; Streptococcus mutans; Actinomyces viscosus

Introduction
The fluoride releasing property of glass ionomers
is considerable for decreasing enamel solubility and
secondary caries related to increased fluoride uptake by
adjacent enamel1-5. On the other hand, fluoride ions affect
metabolic activations of some microorganisms that are
responsible for plaque accumulation and tooth caries in
the mouth6-11.
Due to the high frequency of recurrent caries after
restorative treatment12-14, much attention has been
paid to the therapeutic effects revealed by direct filling
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materials15-17. Brannström18 has found that pulpal damage
caused by bacteria under the restoration is not related
with the restorative material itself. This may indicate that
restorative materials may be used for beneficial purposes,
such as the prevention of secondary caries and subsequent
pulpal infection. To serve this purpose, some products
containing antibacterial agents have been produced by
manufacturers19,20. Some of these products are glass
ionomer cements, whereas some others are composite
resins and bonding resins which have fluoride release
capacity19,21-23. After determining the antimicrobial
properties of glass ionomer cements, the number of
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investigations evaluated ion release from the material24,25,
and the effects of fluoride ion release increased2-4,16,26-28.
On the other hand, one adhesive system containing
the antibacterial monomer MDPB was added to these
materials. Fluoride and MDPB containing composites
strongly contributed to elimination of residual bacteria in
cavities23,29,30.
In attempts to maintain oral hygiene and prevent
secondary and recurrent caries, it is not only that
elimination of microorganisms plays a significant role.
Another major aim is prevention of caries that might
likely occur adjacent to the restoration28. Thus provision
of acid resistance and remineralisation of dental tissues
necessitate a detailed evaluation of the significance of
fluoride releasing materials31-34.
Recently, it has been noticed that the
antimicrobial nature of glass ionomer materials appears
to be caused not only by fluoride release but also by
low pH levels on the setting of the material35-38. Results
have shown that polyalkenoic acids appear to be a key
factor in the antibiosis7,35. The acidity of glass ionomer
cements is caused by polyalkenoic acids and other
acidic components. Polyalkenoic acids are present in all
formulations of these cements, in either the liquid or the
powder components. Polyalkenoic acids not only furnish
a very acidic environment but also initiate the setting
reaction that releases fluoride from the glass ionomer.
In addition to this, some researchers have shown that
release of fluoride was increased by lowering the pH
of the environment or saliva2,26. Furthermore, it has
been stated that low pH potentiates the antimicrobial
effect of fluoride39. The antimicrobial effects of low
pH and fluoride of glass ionomer cements, and also the
same effects of MDPB of bonding agents, have been
investigated by several researchers7,23,35,40-42.
Even though adhesive possess these antibacterial
properties, there are situations where glass ionomer
cements are the material of choice owing to their
beneficial properties, such as chemical adhesion to
dentinal tissues32. In such cases, a necessity arises to
increase the antibacterial properties of glass ionomer
cements43. Therefore, interactions need to be examined
by altering the polyalkenoic acid and fluoride ratios
within the structure of the material. The aim of this study
was, therefore, to investigate the synergistic effects of
low pH and fluoride ions on the inhibition of microbial
growth related to the different polyacid and fluoride
concentrations.

Materials and Methods
Various mixtures of fluoride and polyacrylic acid
were prepared. These mixtures, which contained different
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NaF ions and polyacrylic acid in different concentrations,
were used as test materials. So, 1000 ppm, 2.500 ppm,
5.000 ppm and 10.000 ppm fluoride ions were mixed
with 5%, 10% and 20% polyacrylic acids to obtain
different concentrations and various mixtures of these
materials. All of the above materials were produced by the
Laboratory of the Government Chemist of UK. Distilled
water (0 ppm F and 0% polyacid) was used as a control.
The antibacterial activities of the above materials were
investigated against Streptococcus mutans Ingbritt NCTC
10449 and Actinomyces viscosus NCTC 9935.
After producing fluoride and polyacrylic acid
mixtures, the antibacterial activities of these solutions
were evaluated using the standard agar diffusion method.
Agar plates were inoculated with each species of
microorganism. All plates were divided into 2 groups.
Group 1 was inoculated with Streptococcus mutans
Ingbritt and Group 2 with Actinomyces viscosus bacteria.
Using a sterile inoculating loop, the appropriate culture
was transferred into a glass tube containing approximately
10 ml of sterile water. According to 0.5 number
McFarland turbidity, the concentration of each bacteria
was 1.5 x 108 cfu/ml. A cotton wool swab was dipped
into the tube and then streaked across the surface of the
plate in 2 directions, spreading the bacteria over the agar
medium. After inoculation of the plates, wells (5 mm
in diameter) were made in the agar using a sterile cork
borer. After preparation of the wells (5 x 3 mm), the test
materials (≅ 59 mm3) were placed into each well in the
agar plates. The materials were dispensed into the wells
with a sterile syringe. 6 samples were prepared for each
experimental group. All of the procedures were performed
using an aseptic technique.
After placing the materials into the wells, the plates
were incubated in a 10% CO2 atmosphere, at 37°C, for 48
h. After the incubation period, the plates were observed
for zones of bacterial inhibition surrounding each well.
The criteria for establishing the susceptibility of the
microorganisms and antibacterial power of the materials
were based on the size of the inhibition zone surrounding
the material. The sizes of the zones were measured after
48 hours with a dial calliper. The zones that contained
inhibition zones surrounding the material and wells in
the centre of the zones were measured between the edge
of the inhibition zone and the opposite edge of the same
inhibition zone. To compensate for any irregularity in
the shape of the zone, the width was measured twice, the
second measurement being taken at right angles to the
first.
The antibacterial effects of different concentrations
of fluoride and polyacrylic acid on S. mutans and A.
viscosus were evaluated and compared one another. All
of the results were analyzed by the 2-way ANOVA and
“a linear regression analysis of diameter” tests, with the
value of statistical significance being set at p<0.05.
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Results
The findings of S. mutans showed that there were
significant differences between 5.000 ppm and other
concentrations of fluoride (0, 1.000, 2.500); 10.000
ppm and other concentrations of Fluoride (0, 1.000,
2.500), when fluorides were used separately (unless

addition of polyacrylic acid) but in addition to this,
it was found that there were significant differences
(p<0.001) for all multiple comparisons when different
concentrations (5%, 10%, 20%) of polyacrylic acid
were mixed with 0, 1.000, 2.500, 5.000 and 10.000 ppm
fluoride to determine the inhibition of Streptococcus
mutans (Tab. 1; Fig. 1).

Table 1. The arithmetic means, standard deviations and statistical analyzes of inhibition zones (diameter, cm) of
Streptococcus mutans by different concentrated polyacrylic acid and fluoride (ppm) mixtures
Fluoride Conc.
Polyac. Conc.

p

0 ppm F

1000ppm F

2500 ppm F

5000 ppm F

10000 ppm F

0%

0

0

0

1.00 ± 0.02

1.16 ± 0.02

5.33; 0.02

5%

1.04 ± 1.29

1.10 ± 0.01

1.27 ± 0.02

1.33 ± 1.01

1.59 ± 0.02

18.31; 0.001

10%

1.25 ± 0.03

1.34 ± 0.02

1.47 ± 0.02

1.61 ± 0.03

1.97 ± 0.05

18,29; 0.001

20%

1.67 ± 0.01

1.76 ± 0.02

1.83 ± 0.01

1.99 ± 0.01

2.14 ± 1.02

18.33; 0.001

0.07

9.88; 0.007

9.88; 0.007

14.14; 0.003

14.14; 0.003

p

X,

9.88;

X,

Table 2: The arithmetic means, standard deviations and statistical analyzes of inhibition zones (diameter, cm) of Actinomyces
viscosus by different concentrated polyacrylic acid and fluoride (ppm) mixtures.
Fluoride Conc.
Polya. Conc.

1000ppm F

2500 ppm F

5000 ppm F

10000 ppm F

0%

0

0

0

0

0

5%

1.15 ± 0.02

1.15 ± 0.02

1.16 ± 0.01

1.21 ± 0.01

1.36 ± 0.01

15.38; 0.004

10%

1.33 ± 0.01

1.34 ± 0.01

1.36 ± 0.01

1.50 ± 0.01

1.61 ± 0.01

17.36; 0.002

20%

1.74 ± 0.01

1.73 ± 0.01

1.76 ± 0.01

1.91 ± 0.02

2.03 ± 0.02

16.05; 0.003

9.91; 0.007

9.88; 0.007

9.95; 0.007

9.91; 0.007

X,

p

9.84;

0.007

X,

p

0 ppm F

0

Polyacrylic acid concentration

Figure 1: The schematic view of the arithmetic means of inhibition
zones (diameter, cm) of Streptococcus mutans by different concentrated
polyacrylic acid and fluoride (ppm) mixtures

Figure 2 : The schematic view of the arithmetic means of inhibition
zones (diameter, cm) of Actinomyces viscosus by different concentrated
polyacrylic acid and fluoride (ppm) mixtures
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For Actinomyces viscosus, significant differences
were found between 5.000 ppm and other concentrations
of fluoride (0, 1000, 2500); 10.000 ppm and other
concentrations of fluoride (0, 1.000, 2.500), when
fluorides were mixed with 5%, 10%, 20% polyacrylic acid
(Tab. 2; Fig. 2).
The results showed that Actinomyces viscosus was
more acid sensitive than Streptococcus mutans, and S
mutans was more fluoride sensitive than A. viscosus.

Discussion
In the present study, determination of antibacterial
properties depended upon good contact between the
material and the adjacent agar gel, as well as the ability
of the antibacterial agent to diffuse readily through the
agar gel. Both factors would greatly influence the amount
of antibacterial effect observed44,45. As a result, materials
were prepared and put into the wells immediately after
very careful mixing.
The present study aimed to correlate fluoride or
polyacrylic acid contents with antibacterial activity.
Concentrations of polyacrylic acid and fluoride ions
were determined according to biocompatibilities of the
ratios. Therefore, it seemed more appropriate to use the
agar diffusion method employed by previous studies,
which reported a correlation between fluoride release
and antibacterial activity35,36,39,46. Furthermore, agar
diffusion assay method served as a screening method
for comparison of dental materials because it is quick,
inexpensive and, to some extent, reproducible.
In this study, results of the inhibition zone showed
that A. viscosus was more acid sensitive than S. mutans,
and S. mutans was more fluoride sensitive than A.
viscosus. On the other hand, according to these results, it
was determined that the increase of fluoride concentration
was influential on the increase of antimicrobial property
of polyacid solution for A. viscosus. In addition to this,
the increase of polyacid concentration also affected the
antimicrobial property of fluoride for S. mutans.
Scherer et al36 noticed that the glass ionomer cement
restorative materials exhibited large zones of inhibition
as a group of Actinomyces viscosus, compared to glass
ionomer liner/base materials. It may be thought that the
glass ionomer cement restorative materials contain more
acid in their structure than liner/base materials.
Recently, after cavity preparation, some solutions
or materials were applied into the cavity for cavity
disinfection. With glass ionomer cements as a lining or
restorative material, the application of cavity disinfection
solution need not be necessary and, if added polyacrylic
acid and fluoride concentrations into the material
were proper, their synergistic effects can be benefit for
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inhibition of microorganisms that are important for tooth
caries and residual caries.
Some researchers compared the antimicrobial
activities of freshly mixed glass ionomers with pre-set
materials. They noticed that all freshly mixed materials
showed some degree of antibacterial activity, though
the effects varied between microorganisms7,47. Thus, it
was reported that low pH of the cement before setting is
an important factor of the antibacterial property of glass
ionomer cement. In addition, the fluoride content of
glass ionomer cements is responsible for antimicrobial
properties of these cements according to earlier studies
because of the fluoride release from glass ionomer
cements6,48,49. All of these results support the findings of
this study. We found that either fluoride or polyacrylic
acid were effective for inhibition of S. mutans and A.
viscosus, but the degree of antibacterial activity varied
between microorganisms because it was determined that
polyacid and fluoride mixtures in various concentrations
affected S. mutans and A. viscosus differently.
If long term results are considered, the pH of glass
ionomer cements tends to increase, while the fluoride
release decreases40,50. On the other hand, according to
earlier studies, large amounts of fluoride released during
the early life of the cement and the initial pH were found
to be very low. So, the synergistic effects of polyacrylic
acid and fluoride can be adequate for the inhibition
of some microorganisms at the early stages of setting
reactions when the cements are put into a prepared
cavity. It can be concluded that the synergistic effects of
polyacrylic acid and fluoride contained in glass ionomers
can be effective on oral microorganisms in the early
stages of the setting reactions of glass ionomer cements
but, after setting, fluoride release from the materials and
the antibacterial activity of fluoride against cariogenic
microorganisms continues in relation to the fluoride
uptake property of glass ionomer cements27,51.
When resin-modified glass ionomers were
considered, these cements have low water content.
Part of the water in these cements has been replaced by
HEMA (hydroxy-ethyl methacrylate). Although their
setting reaction is a dual one, consisting of a photoinduced polymerization process and the conventional
glass ionomer cement acid-base setting reaction, this lack
of water in the system reduces the rate of the acid-base
setting reaction. On the other hand, previous studies have
shown that the high antibacterial activity was exhibited
by resin-modified glass ionomer materials6,46,52. So, this
may be caused by the presence of free monomers in the
freshly-mixed materials, and toxic effects of HEMA53.
In addition to this, due to slow rate of the acid-base
setting reaction of resin-modified glass ionomers, free
polyacrylic acid can be available for release over a longer
period of time than in the case of conventional glass
ionomer cements6,53 , which may be effective on the high
antibacterial activity.
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In this study, it was found that 0 ppm, 1.000 ppm and
2.500 ppm fluoride produced very similar inhibition zones
for A. viscosus when they were mixed with 5% or 10% or
20% polyacids. 5.000 ppm fluoride solutions produced
larger zones than 0 ppm, 1.000 ppm and 2.500 ppm
fluoride solutions with all polyacid concentrations. The
largest inhibition zones were obtained with 10.000 ppm
fluoride solution with all polyacid concentrations for A.
viscosus. After comparing 5%, 10%, and 20% polyacrylic
acid concentrations in relation to the production of
inhibition zones and the antibacterial effect on A. viscosus,
results showed that the diameters of the inhibition zones
increased in relation to the increasing percentage of
polyacid. But, an inhibition zone could not be created with
0% polyacrylic acid solution in all fluoride concentrations
for A. viscosus.
On the other hand, the mixture of 0% polyacrylic
acid and some fluoride concentrations created inhibition
zones for S. mutans. Although no inhibition zone was
observed with 0 ppm, 1.000 ppm and 2.500 ppm fluoride
and 0% polyacid mixtures; 5.000 ppm and 10.000 ppm
fluoride and the same percentage (0%) polyacid mixtures
created inhibition zones. The inhibition zone of 10.000
ppm fluoride solution was found to be larger than for
5.000 ppm fluoride solutions. For S. mutans, more regular
results were determined in relation to increasing polyacid
and fluoride concentrations. After comparing inhibition
zone sizes that were produced by increased fluoride
concentrations, it was seen that inhibition zones grew in
relation to the increase of fluoride concentrations in each
polyacid concentrations (5%, 10%, 20%).
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Oral Clinical Findings in Patients with
Chronic Renal Failure
SUMMARY

Aim: To make comparative evaluation of objective oral clinical
findings and subjective oral symptoms in patients with chronic renal failure
(CRF) undergoing various therapeutic treatments, and to find possible link
between subjective symptoms and objective clinical findings.
Material and Methods: We examined 90 patients with CRF, divided
into 3 groups: patients with CRF undergoing haemodialysis, patients with
CRF without haemodialysis and serum creatinine <120μmol/L, and patients
with renal transplantation. Swab for Candida albicans was taken from oral
mucosa. Oral changes were followed on the entire mucosal surface of the
oral cavity and were classified into subjective and objective findings.
Results: Certain oral changes showed a predisposition to a particular
group of patients, such as petechiae and ecchymoses in the dialysis group
and gingival enlargement in the transplant group. Coated tongue, thirst,
pale oral mucosa and dry fissured lips were the most frequent oral symptoms
and changes among all CRF patients independently the study group.
Significant association was found between xerostomia and coated tongue,
as well as between unpleasant taste and coated tongue in all the studied
patients.
Conclusion: The stadium and consequently severity of CRF, as well as
the type of treatment, have influenced the severity of oral clinical findings.

Keywords: Chronic Renal Failure, Oral Changes, Dialysis, Renal Transplantation

Introduction
Chronic renal failure (CRF) represents an important
worldwide health problem with a tendency for annual
progression9, and diabetic nephropathy is considered
to be the most common cause of the end stage of renal
disease. Patients, due to residual renal function and
adaptation mechanisms of glomerular filtration rate,
may pass through a long asymptomatic period. But, with
progression of renal disease, through 5 stages and finally
to irreversible bilateral renal destruction, comes to an
increased occurrence of morbidities associated with this
condition and rich symptomatology due to impact of many
organs and organ systems. Under such circumstances
there are also repercussions in the oral cavity.
Approximately 90% of all the affected patients27
have oral manifestations that originate from soft tissues,
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jaw bones and salivary glands. Which of the systemic
complications and oral changes will appear in patients
with CRF depends not only on the etiological factors, but
also on the type of treatment they receive, ranging from
usual measures of dietary restriction13,26, various forms
of dialysis, and finally to renal transplantation4,29. Despite
advantages of renal replacement therapy, some oral
abnormalities, as uremic smell, xerostomia, unpleasant
taste and mucosal pain are irreversible and further persist
regardless the adequate medical treatment.
The aims of this study were to make comparative
evaluation of objective oral clinical findings and
subjective oral symptoms in patients with CRF
undergoing various treatments, and to find possible link
between subjective symptoms and objective clinical
findings.
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Material and Methods

Oral lesions were registered according to
acknowledged clinical diagnostic criteria2,26. Dry and
fissured lips were recorded when smaller or larger
squamous formations on mildly erythematous vermilion
surface were observed. Coated tongue was recorded
as dirty white plaque formations on the dorsal surface,
which could be easily removed, and also elongated
filiform papillae were present. Uremic stomatitis was
registered as a form of irregular mildly erythematous areas
covered with greyish white pseudo-membranes localized
on lateral borders and dorsum of the tongue or buccal
mucosa, accompanied with painful sensations. Gingival
enlargement was observed in the region of marginal
gingiva and interdental papilla.

A total of 90 patients with CRF were included in this
study. Selection of the patients was made at the University
Nephrology Department in Skopje, and the eponymous
haemodialysis centre. Complete case histories and
clinical examinations were performed at the University
Department of Oral Medicine and Periodontology;
laboratory investigations were done at the Institute for
Microbiology, Medical Faculty in Skopje.
All participants included in this study were divided
into 3 groups:
-- The first group (group A) consisted of 30 patients with
CRF and serum creatinine level less than 120 μmol/L;
-- The second group (group B) consisted of 30 patients
with CRF undergoing haemodialysis;
-- The third group (group C) consisted of 30 patients
with renal transplants.
All patients regardless to the group were from both
genders, aged 18 to 65 years. In patients undergoing
haemodialysis, the treatment was performed 3 times a week,
lasting 3 hours per session. Patients with renal transplants, in
their main therapy, were receiving Cyclosporine in a daily
dosage of 125 mg (Neoral; 6 -8mg/kg).
All subjects were informed about the procedure and
agreed to participate in the study. For all patients included
in the study were noted information about their oral health
status from the anamnesis and clinical examination.
Oral changes were followed on the entire mucosal
surface of the oral cavity and were classified into
subjective and objective findings. Through anamnestic
data, the most common subjective oral symptoms and
signs were recorded, as follows: uremic foetor, unpleasant
taste, thirst, xerostomia and burning tongue. Uremic foetor
was recorded as a urine-smell breath, and unpleasant
taste due to loss of sensation of different tastes in food.
Diagnosis of xerostomia was made when the patients
reported dry mouth and during oral inspection dental
instrument was sticking to the oral mucosa.

Detection of Candida Albicans

Material from oral mucosa was taken with swab
stick by rotational movements from each patient. It was
placed in a sterile tube and within 2 hours distributed to
the Institute of Microbiology where it was cultivated on
Sabouraud agar or selective agar surface. The sample was
kept in agar for 48-72 hours prior to determination of the
results.

Statistical Analysis

The obtained data were presented as percentages of
total and were statistically processed using the program
Statistica 7.1. Kruskall-Wallis-test was used to assess the
significance of differences in distribution of oral lesions
and symptoms among the studied groups. The degree of
difference between 2 groups was assessed using MannWhitney U-test. Intra-group association between oral
symptoms and oral lesions was examined with Wilcoxon
Signed Rank test.

Results
The results are presented in tables 1-3.

Table 1. Oral symptoms and signs in study groups
Group A

Group B

Group C

Cases

%

Uremic fetor

8

26.66

17

56.66

9

30

0.019

0.576

0.072

Unpleasant taste

8

26.66

10

33.33

9

30

0.576

0.713

0.851

Thirst

23

76.66

24

80

18

60

0.756

0.227

0.132

Xerostomia

22

73.33

20

66.66

12

40

0.501

0.079

0.040

0.001

0.154

0.021

Oral symptoms and signs

Burning tongue

0

0

Cases

9

%

30

Cases

2

%

6,66

p(a:b)

p(a:c)

p(b:c)
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Table 2. Oral lesions in study groups
Group A

Oral lesion

Group B

Group C

p(a:b)

p(a:c)

p(b:c)

76.66

0.013

0.060

0.522

26.66

0.098

0.000

0.000

24

80

0.005

0.756

0.010

Cases

%

Cases

%

Cases

%

Pale oral mucosa

16

53.33

25

83.33

23

Dry fissured lips

22

73.33

27

90

8

Coated tongue

23

76.66

30

100

Candidiasis

0

0

3

10

0

0

0.013

Petechiae or ecchymoses

0

0

27

90

4

13.33

0.000

0.040

0.000

Uremic stomatitis

0

0

4

13.33

4

13.33

0.040

0.040

1.000

Erythema

23

76.66

20

66.66

12

40

0.394

0.004

0.040

Angular cheilitis

14

46.66

19

63.33

6

20

0.198

0.030

0.001

46.66

0.001

Gingival enlargement

0

0

0

0

14

Table 3. Intra-group associations between oral symptoms, signs and oral lesions in all study groups
Groups

Group A

Group B

Group C

Symptoms, signs

Oral lesions

Wilcoxon Signed Ranks Test

p

Uremic fetor

Uremic stomatitis

Z=1.897

0.058

Unpleasant taste

Saburral tongue

Z=3.873

0.000

Thirst

Dry fissured lips

Z=1.732

0.083

Xerostomia

Saburral tongue

Z=2.714

0.007

Xerostomia

Angular cheilitis

Z=1.871

0.061

Xerostomia

Erythema

Z=2.714

0.007

Burning tongue

Uremic stomatitis

Z=0.000

1.000

Uremic fetor

Uremic stomatitis

Z=3.606

0.000

Unpleasant taste

Saburral tongue

Z=4.472

0.000

Thirst

Dry fissured lips

Z=2.01

0.005

Xerostomia

Saburral tongue

Z=3.276

0.001

Xerostomia

Angular cheilitis

Z=0.180

0.857

Xerostomia

Erythema

Z=0.474

0.635

Burning tongue

Uremic stomatitis

Z=1.667

0.096

Uremic fetor

Uremic stomatitis

Z=2.828

0.005

Unpleasant taste

Saburral tongue

Z=3.128

0.002

Thirst

Dry fissured lips

Z=2.500

0.012

Xerostomia

Saburral tongue

Z=2.558

0.011

Xerostomia

Angular cheilitis

Z=2.449

0.014

Xerostomia

Erythema

Z=0.000

1.000
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Statistically significant differences were found in
the distribution of uremic foetor (Z=2.337, p=0.019) and
subjective feeling of burning tongue (Z=3.227, p=0.001)
between patients with CRF in pre-dialysis stadium and
patients with CRF undergoing haemodialysis. There was
no statistically significant difference in the prevalence
of xerostomia (Z=2.053, p=0.040) and burning tongue
(Z=2.316, p=0.021) between haemodialysis patients
and renal transplant patients. Statistically significant
difference has not been found in the prevalence of
unpleasant taste and subjective feeling of thirst among the
different groups of patients (Tabs. 1 and 3).
We observed statistically significant difference
in the prevalence of pale mucosa (Z=2.477, p=0.013),
coated tongue (Z=2.791, p=0.005), petechiae and/or
ecchymoses (Z=6.948, p=0.000) and uremic stomatitis
(Z=2.053, p=0.040) between pre-dialysis patients and
haemodialysis patients (Tabs. 2 and 3). Between predialysis patients and renal transplant patients we observed
statistically significant difference in the prevalence of
dry, fissured lips (Z=3.585, p=0.000), and the presence of
petechiae and/or ecchymoses (Z=2.053, p=0.040), uremic
stomatitis (Z=2.053, p=0.040), erythema (Z=2.856,
p=0.004) and angular cheilitis (Z=2.173, p=0.030).
Between haemodialysis patients and renal transplant
patients we observed statistically significant difference in
the prevalence of xerostomia (Z=4.934, p=0.000), coated
tongue (Z=2.560, r=0.010), presence of petechiae and/
or ecchymoses (Z=5.892, p=0.000), erythema (Z=2.053,
r=0.040) and angular cheilitis (Z=3.376, p=0.001).
The Kruskal -Wallis test showed statistically
significant difference in the prevalence of gingival
enlargement and candidiasis (x2=11.09; df=2; p<0.01)
among all the studied groups.
In the group of pre-dialysis patients, we found a
significant association between following subjective
and objective clinical oral findings: unpleasant taste and
coated tongue, xerostomia and coated tongue, xerostomia
and erythema. In the group of haemodialysis patients,
we found a significant association between: uremic
foetor and uremic stomatitis, unpleasant taste and coated
tongue, thirst and dry fissured lips, xerostomia and coated
tongue. In the group of renal transplant patients, we found
a significant association between: uremic foetor and
uremic stomatitis, unpleasant taste and coated tongue,
thirst and dry fissured lips, xerostomia and coated tongue,
xerostomia and angular cheilitis.

Discussion
To our knowledge, this is the first study in FYROM
in this field - investigating oral manifestations in CRF
patients undergoing different treatments. Based on the
findings from this study, as we expected, the highest
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prevalence of oral symptoms and lesions was recorded
in haemodialysis patients, and the lowest percentage was
recorded in renal transplant patients.  We believe that this
is due to the fact that haemodialysis patients are not very
suitable for routine dental treatment, their dependence
on dialysis centres, and their lack of motivation and less
priority to maintain oral health due to the severity of their
primary disease. On the other hand, transplant patients
are aware that maintaining oral health at high level is
necessary to prevent oral infection, which can jeopardize
the success of the transplantation, but nevertheless,
certain oral manifestations occur as a side effect of posttransplantation immunosuppressive therapy.
In our study, most frequent oral symptom among
patients from each group was subjective feeling of thirst,
symptom present in 65 out of 90 patients (72.22%).
Xerostomia and uremic foetor followed, which is
consistent with findings in other studies5,6,14,17,20,21,25.
We think that thirst in haemodialysis patients appears as
a result from the fluid restriction implemented in order
to prevent fluid overload between dialysis sessions,
and as a consequence of the present hyposalivation.
We believe that thirst in renal transplant patients is a
complex phenomenon, predominantly due to a synergistic
side effect of immunosuppressive and corticosteroid
therapy that these patients receive. After thirst, as a
second most frequent oral symptom in all the patients
in our study was xerostomia, present in 54% out of 90
patients. Some higher rates have recorded Junn et al14 in
their study, where xerostomia was present among 68.9%
of 90 haemodialysis patients. According to Hamid et
al10, xerostomia is common among patients with CRF.
Patients included in this study, apart from their main
treatment, also received ACE-inhibitors, antidepressants
and sedatives. This additional medical treatment worsened
the symptoms, which is probably the most responsible
factor for xerostomia as a side-effect. In our study, we
found an association between xerostomia and coated
tongue in all the patients, and also association between
xerostomia and erythema in patients of group A, as well
as xerostomia and angular cheilitis in patients of group
C. The latter association was expected because angular
cheilitis occurs in persons with present oral dryness,
individuals under immunosuppressive therapy, or among
dehydrated patients. However, the number of registered
cases with angular cheilitis among renal transplant
patients was significantly lower compared to pre-dialysis
and haemodialysis patients.
In a way, xerostomia is an additional cause for the
uremic bad foetor and unpleasant taste, which were more
prevalent in groups A and B. Postorino et al25 registered
dry mouth associated with unpleasant metallic taste in
patients with terminal stage of CRF who had diabetes.
Similarly, our findings showed almost equal distribution
of unpleasant taste among all 3 groups, which supports the
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opinion that in all uremic patients, regardless the type of
treatment, there is a distortion of taste perception7.
Low oral hygiene status and dental plaque
accumulation due to de-motivation in patients who are
in this condition are additional factors that jeopardize
the obtained clinical finding. In our study, we noted
association between unpleasant taste and the appearance
of coated tongue among each of the investigated groups.
According to our study, the coated tongue was the most
common oral change of chronic renal patients. Similar
results were presented in previous reports5,6,17. Coated
tongue in our study was present in all haemodialysis
patients (group B). Retention of residues of food,
desquamated epithelial cells and bacterial accumulation
due to the filiform papillae enlargement, aggravated
maintenance of oral hygiene and decreased amount of
saliva, being all the main reasons for the appearance of
this common oral manifestation32. In this context, quite
logical is the obtained strong association between the
coated tongue and xerostomia among all the examined
patients with CRF.
The uremic foetor was the third most frequent oral
symptom among the CRF patients, present in highest
percentage in patients of the group B, and with the least
prevalence in patients of the group A. The uremic foetor
found in 56.66% patients on haemodialysis is similar to
that reported by Kao et al15 and Estela De La Rosa et al5.
The uremic foetor in patients with CRF is considered to be
a consequence of the high concentration of urea in saliva
and its posterior transformation into ammonium5,26,27.
Investigating the intra-group association between oral
symptoms and oral changes, we have found association
between uremic foetor and uremic stomatitis among
haemodialysis patients and renal transplant patients.
No association was found between burning
tongue and any of the oral manifestations, which is in
agreement with findings in the study of De La Rosa et al5.
Predominant reasons for the appearance of burning tongue
are dried oral mucosa, xerostomia due to several reasons,
the presence of candidiasis, prolonged clearance of
medications, as well as vitamin deficit. This oral symptom
was not detected among patients with CRF in pre-dialysis
phase.
Frequent observation among all participants was
pale mucosa, present in 64 of a total of 90 CRF patients,
and its prevalence in group B was 90%. The appearance
of pale mucosa in renal patients we explain by anaemia,
which as a complication appearing in the early stadium of
chronic renal disease and progressing with further loss of
renal function.
We registered high prevalence of dry fissured lips,
which were recorded among 27 patients of group B
(90%), 22 patients from group A and only in 8 patients of
group C. De la Rosa et al5 reported the presence of dry
mouth in 28.3% patients with terminal renal disease and
absence of any association with the other oral symptoms
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and changes. In contrast, in our study, we have found
strong association between dry fissured lips and thirst in
dialysis and renal transplant patients.
Despite the fact that candidiasis is presented as
a common oral manifestation in patients with renal
transplants, in which usually occurs in the first few
months of post-transplantation period, Candida albicans
was determined in only 3 patients on haemodialysis.
According to the data in the literature8,32, the prevalence
of oral candidiasis in patients with CRF who are
on haemodialysis ranges from 5.7% to 37%. We
consider that in patients on haemodialysis, who are
immunocompromised due to suppression of cellularinduced immunity and dysfunction of granulocytes
caused by persisting uraemia22,24,27, their poor oral
hygiene, xerostomia and diabetes as most often etiological
factor for the CRF, make this group of patients high
susceptible for oral infections. Therefore, the presence
of oral candidiasis is not surprising, as Candida albicans
presents an integral part of the normal oral microflora,
and so represents endogenous infection12. The absence
of oral candidiasis among transplant patients in this study
could be explained by the fact that most of the patients
were young, with optimal level of oral hygiene, and the
rest of the patients were old, with medical history of
several transplant graft rejections and occurrences of oral
candidiasis in the past.
Gingival enlargement, as one of the most known
oral manifestation among transplanted patients, whose
prevalence according to data from different reports18,30
ranges from 22% to 81%, in our research was detected in
14 (46.66%) renal transplant patients from group C. The
undisputed fact is that cyclosporine treatment leads to this
kind of oral alteration, but it raises the question of whether
the dose of cyclosporine or duration of the therapy has
more important role in the development of gingival
enlargement. Regarding this issue, opinions are very
controversial3,11,16,23. Still, it has generally been accepted
that pathogenesis of cyclosporine-induced gingival
enlargement represents complex mechanism, which
includes number of cellular, local and hereditary factors.
We suppose that this clinical finding can additionally be
exacerbated by antihypertensive drugs.
From the conducted researches, we were not able
to find an association between the gingival enlargement
and any of the noted oral symptoms, but we found
an association with uremic stomatitis, or precisely,
among 4 out of 14 total transplant patients with gingival
enlargement, simultaneously was evidenced the presence
of uremic stomatitis as well. The uremic stomatitis
was also evidenced among 4 patients undergoing
haemodialysis and not even in 1 case among CRF
patients in pre-dialysis phase. The uremic stomatitis was
diagnosed as painful erythematous area on the buccal
and labial mucosa, covered with greyish exudates. Leão
et al19 and Ross and Salisbury28 came out to the same
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result in their researches. The results of the obtained
statistical analysis showed association between uremic
stomatitis and uremic foetor, which was expected due to
their identical causal factor - rapid increase in serum and
salivary urea concentration1.
Erythematous appearances on the oral mucosa
surface had highest prevalence among patients from
group A, at whom we discovered a strong association
between erythematous areas and oral dryness. Petechial
bleeding in oral mucosa represents relatively common
oral clinical finding in patients with CRF. In our study,
this clinical finding was detected in 90% of patients on
haemodialysis treatment. In contrast, Kho et al17 inform
for 12.2% and De la Rosa et al5 for 15.2% prevalence
of petechiae in patients on haemodialysis. We suppose
that this clinical finding refers to the impaired platelet
aggregation as a consequence of the uremic syndrome and
accumulation of inhibitory factors in blood that cannot
be removed with the process of dialysis. Heparin and
other anticoagulants are additional causal factors. The
petechiae and ecchymoses in transplant patients have been
reported as a secondary consequence of the side-effects of
immunosuppressive therapy2,31.
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Conclusion
The stadium and consequently severity of CRF,
as well as the type of treatment, have influence on
the severity of oral clinical finding in patients with
CRF. Patients with CRF who were on the treatment
with haemodialysis had higher prevalence of oral
manifestations compared with CRF patients in predialysis phase and renal transplant patients. Coated
tongue, thirst, pale oral mucosa and dry fissured lips were
the most frequent oral symptoms and changes among all
CRF patients, independently to which group they have
belonged.
Monitoring of the patients with CRF, local preventive
and curative oral treatment, as well as communication
between nephrologists and dentists, are just a part of the
measures for maintaining and improvement of oral health
among patients with CRF.
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The Effect of a New Topical Agent on
Recurrent Aphthous Stomatitis
SUMMARY

Background: Recurrent aphthous stomatitis (RAS) is a common
condition, which is characterized by multiple recurrent small, round or
ovoid, ulcers with circumscribed margins, erythematous haloes, and yellow
or grey floors typically presenting in childhood or adolescence. The
treatment of RAS is principally directed towards reducing pain and duration
of each episode of ulceration. The aim of this study was to determine the
efficacy of a new agent Stomatovis®, which is a unique combination
of ingredients of moloha, xylitol, aloe vera, vitamin A, vitamin E, and
d-panthenol.
Methods: 42 patients with minor RAS were included in the study
(13 male, 29 female, mean age: 37.07 years, range 18-62 years). The
diagnosis of RAS was based on accepted clinical criteria. The patients
with RAS were randomly separated in 2 groups: group 1 with 21 patients
treated by Stomatovis® oral pomade (Moloha, xylitol, aloe vera, vitamin
A, vitamin E, d-panthenol 5ml - Genesis İlac Saglik Urunleri, Istanbul)
and the group 2 with 21 patients treated by Kenacort-A orabase® oral
pomade (triamcinolone acetonide 5g - Bristol-Myers Squibb Inc, Istanbul).
Both remedies were used 3 times a day during 2 months. RAS status was
estimated by the Ulcer Severe Score (USS), concerning symptoms, such as
ulcer number, ulcer duration, the disease-free period measured. USS values
of 2 groups were compared using independent-sample t test and the nonparametric Mann-Whitney U test.
Results: Before the treatment, USS values were 11 and 13 for the
group 1 and 2, respectively, and 7 (for both groups) after the treatment.
There was no significant difference between 2 groups with respect to
USS values (p>0.05) at the entry and at the end of the study. There was a
statistically significant difference decrease between the USS values before
and after the treatment (p<0.001). No side effects were observed in none of
the patients.
Conclusions: Similar effects have observed between 2 groups.
Stomatovis® seems to be an effective and safe agent which can be used in
symptomatic treatment of patients with RAS. It effectively reduces pain
symptoms of RAS.
Keywords: Recurrent Aphthous Stomatitits, treatment; Pain

Introduction
Recurrent aphthous stomatitis (RAS) is a common
condition, which is characterized by multiple recurrent
small, round or ovoid, ulcers with circumscribed
margins, erythematous haloes, and yellow or grey floors
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typically presenting in childhood or adolescence9. RAS
is seen worldwide and the prevalence is about 20% of
the population4. RAS can be clinically characterized into
3 forms, such as minor, major and herpetiform9,13. Minor
aphthous ulceration form is the most common form9.
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The aetiology of RAS remains unknown. Suggested
aetiological factors include a family history of RAS,
idiopathic haematinic deficiency, food sensitivities,
immune defects, menstrual cycle variations. Also, some
patients suffer from an increase in RAS episodes caused
by cessation of tobacco, due to trauma of oral mucosa or
psychological stress6,11 .
RAS is a type of lesion of the oral mucosa consisting
of sudden acute, painful loss of normal mucosal tissue,
being recurrent and fulsome. No efficient treatment has
been introduced and medication is usually challenging4,10.
Reducing pain and healing time for RAS restores the
ability to eat, swallow and talk, improving the quality
of life of those who suffers from this condition4,8. The
treatment goals are a decrease in symptoms, reduction in
ulcer number and size, and an increase in the disease-free
period8,10.
Topical steroids have been shown to decrease
severity and duration of ulcers, implicating deregulation
of the immune system as the causative process2,7.
However, there is no proper medication that has been
proven to be effective in all RAS patients, and most
common treatment choice remains symptomatic.
Stomatovis® is an oral pomade agent and consist
of 6 ingredients including: moloha, xylitol, aloe vera,
vitamin A, vitamin E, and d-panthenol (Genesis İlac
Saglik Urunleri, Istanbul). The topical use of d-panthenol,
the stable alcoholic analogue of pantothenic acid, is based
on good skin penetration and high local concentrations of
d-panthenol when administered in an adequate vehicle,
such as water-in-oil emulsion. Topical d-panthenol acts
like a moisturizer, improving stratum corneum hydration,
reducing trans-epidermal water loss and maintaining
skin softness and elasticity. Activation of fibroblast
proliferation, which is of relevance in wound healing, has
been observed both in vitro and in vivo with d-panthenol.
Accelerated re-epithelization in wound healing, monitored
by means of the trans-epidermal water loss as an indicator
of the intact epidermal barrier function, has also been
seen. Also, d-panthenol has been shown to have an antiinflammatory effect on experimental ultraviolet-induced
erythema3.
Antioxidant vitamins and trace elements counteract
potential damage caused by reactive oxygen species
to cellular tissues and modulate immune cell function
through regulation of redox-sensitive transcription factors,
and affect production of cytokines and prostaglandins.
Adequate intake of vitamins B(6), folates, B(12), C, E,
and of selenium, zinc, copper, and iron, supports a Th1
cytokine-mediated immune response with sufficient
production of pro-inflammatory cytokines, which
maintains an effective immune response. Vitamins A and
D play important roles in both cell-mediated and humoral
antibody response and support a Th2-mediated antiinflammatory cytokine profile14. Vitamin A deficiency
impairs both innate immunity (mucosal epithelial
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regeneration) and adaptive immune response to infection,
resulting in an impaired ability to counteract extracellular
pathogens. Overall, inadequate intake and status of
these vitamins and minerals may lead to suppressed
immunity, which predisposes to infections and aggravates
malnutrition14.
The aim of this study was to determine the efficacy
of a new topical agent Stomatovis® and to compare
the outcomes with Kencaort-A orabase®, as a topical
corticosteroid.

Materials and Methods
Patient Selection

The sample consisted of 42 patients (13 male,
29 female, mean age: 37.07 years, range 18-62 years)
suffering from minor RAS. Study subjects were
chosen from patients presenting for treatment at the
Istanbul University, Faculty of Dentistry, Oral Surgery
Department. The diagnosis of RAS based on the
accepted clinical criteria. Patients were at least 18 years
old at the time of enrolment, and did not have RAS
associated with other conditions such as anaemia, vitamin
deficiencies, inflammatory bowel disease, celiac disease,
Behcet’s disease, Reiter’s disease or HIV-associated
immunosuppression. Exclusion criteria also included a
history of allergy to ingredients of the products used in the
study.

Study Design

The patients with RAS were randomly separated
in 2 groups: group 1, with 21 patients, was treated
by Stomatovis® oral pomade (Moloha, xylitol, aloe
vera, vitamin A, vitamin E, d-panthenol 5ml - Genesis
İlac Saglik Urunleri, Istanbul) and the group 2, with
21 patients, was treated by Kenacort-A orabase® oral
pomade (triamcinolone acetonide 5g - Bristol-Myers
Squibb Inc, Istanbul). Both remedies were used 3 times a
day, during 2 months. Patients were asked not to use any
other product for prevention or treatment of RAS while
participating in the study.
RAS status was estimated by the Ulcer Severe Score
(USS). The rating was assigned as follows: number - 0 = no
ulcer, 1 = minor ulcer, 2 = major ulcer; duration - 0=zero
day, 1= less than 7 days, 2=7 days, 3= more than 7 days;
ulcer-free period: 0 = more than 30 days, 1 = 15-29 days,
2 = 1-14 days, 3 = no ulcer-free period; site - 0= no ulcer,
1= 1 site of oral mucosa, 2 = 2 sites of oral mucosa, 3 =
more than 2 sites of oral mucosa; pain - 0 = no pain, 1 =
mild pain, 2 = moderate pain, 3 = severe pain. USS scores
differed between 0-14 to identify the severity of lesions for
each patient with RAS - 14 was the highest severity score, 0
was the minimum severity score. According to the Helsinki
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declaration, a witness assisted the patients before signing
the informed consent form.

Statistical Methods

USS values of 2 groups were compared using
independent-sample t-test and the non-parametric MannWhitney U test.

Results
Of the 42 patients enrolled in the study, all patients
completed at least 2 month of follow-up. Overall, the
compliance rate in this study was 100%. Before the
treatment, USS values were 11 and 13 for the group 1 and
2, respectively, and 7 (for both groups) after the treatment.
There was no significant difference between 2 groups with
respect to USS values (p>0.05) at the entry and at the end
of the study. There was a statistically significant decrease
between the USS values before and after the treatment
(p<0.001) (Table1). No side effects were observed in none
of the patients.
Table 1. USS (Ulcer Severity Score) values of study groups
Before the
treatment

After the
treatment

P value

Group 1*

11

7

P<0.001

Group 2**

13

7

P<0.001

*Stomatovis®
**Kenacorte-A Orabase®

Discussion
RAS has been described as presenting in 3 different
forms including minor, major, and herpetiform3. Minor
form of RAS accounts for 80-85% of all RAS cases and
can involve any non-keratinized part of the oral cavity
mucosa1. The characteristic lesions are smaller than 10
millimetres and heal within 7-14 days without scarring.
Major form of RAS, comprising 10-15% of RAS cases,
are larger, of longer healing time. They are more severe
than minor form and tend to leave scars after healing. The
herpetiform ulcers represent only 5-10% of RAS cases
and consist of multiple 1-3 millimetres resembling herpes
simplex, but involving non-keratinized mucosa4,10. In our
study, all of the subjects were diagnosed with minor form
of RAS.
The aetiology of RAS is still unknown; thus, there
is no safe and conclusive treatment that can decrease
the frequency of ulceration episodes in a patient. There
is no gold standard on how to evaluate relief for this

condition in the literature; therefore, in this study, we
aimed to evaluate the success which included decrease
in symptoms, reduction in pain, ulcer number, duration,
size, and an increase in the disease-free period. The
most significant outcome of this study was to compare
USS values before and after treatment. The data showed
that there was a significant reduce between USS values
registered before and after treatment in both group
(p<0.001). Data revealed that USS values of the group
1 (Stomatovis®) were 11 before the treatment and that
were reduced to 7 after treatment; on the other hand, in
group 2, USS values were reduced from 13 to 7. These
data indicate that both products can be used for improving
discomfort associated with RAS. The other significant
outcome of this study was that no significant differences
were found between 2 groups with respect to USS values
(p>0.05). It seems that both products have a positive
effect on symptomatic treatment of RAS, without any
significant differences.
Many topical treatments (corticosteroids, benzydamine,
chlorhexidine, amlexanox, triclosan, tetracyclines, low
intensity ultrasound, dentifrices, barrier techniques, laser and
etc.) have been used to improve discomfort associated with
RAS12. Topical medications appear to be the first choice
for symptomatic treatment of RAS. The topical agents have
limitations respect to drug application and retention on the
oral mucosa5. Although none of our patients complained
about the taste, local tolerability, or way of application of the
product, we think these features probably impact our study.
The dosage of Stomatovis® was 3 times a day in
this study, in accordance to manufacturer advice. Further
studies can challenge with a different types of regime to
figure the best adequate.
In our study no side effects were observed in none of
the patients. The present data indicate that Stomatovis®
safely and conveniently reduces the pain of RAS.
One of the limitations of this study was a short
follow-up time (2 months) to detect stronger statistical
analysis to evaluate the ulcer free-period.
We hope that a larger scale study will allow for
stronger statistical trends to be identified. While a larger
sample size is necessary, on the basis of our data showed
in this study, Stomatovis® seems to be an effective and
safe agent, which can be used for symptomatic treatment
in patients with RAS.
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Profile Convexity Changes after Maxillary Protraction
Therapy in Patients with Class III Malocclusion
SUMMARY

Sofija Carceva Salja

The purpose of this study was to determine profile convexity changes in
Class III growing patients after maxillary protraction therapy.
This study comprised a sample of 11 patients with Class III
malocclusion (4 females and 7 males), ranging from 6 years 4 months
to 12 years of age. Changes in sagittal jaw relationship and facial profile
were detected by using lateral cephalograms before and after therapy.
Mean treatment time was 11 months, and the effect of maxillary protraction
treatment was improvement of skeletal sagittal jaw relationship and increase
of profile convexity angles, mostly as a result of forward displacement of
the maxilla (SNA p<0.05), mandibular retro-position (SNB p<0.05) and
clockwise rotation of the mandible, which significantly increased vertical
cephalometric angles and measurements SN/GoGn,SN/Gn,Sna to Me).
These findings indicate that concave facial profile in Class III patients
can be improved after maxillary protraction treatment, which is very
important in this period of life for building self confidence and normal
socializing in the community.

University ”St.Cyril and Methodius”
Faculty of Dentistry
Department of Orthodontics
Skopje, FYROM

Keywords: Profile Convexity; Maxillary Protraction; Growth; Lateral Cephalograms

Introduction
Skeletal Class III malocclusions are usually growthrelated discrepancies, and these patients usually have
components of maxillary size deficiency, maxillary
retro-positioning, true mandibular excess, mandibular
forward positioning, or any combination of these1,2. In
many patients with Class III malocclusion, the mandible
appears large because of a deficient maxillary growth3,4.
With the limited ability to influence mandibular growth,
treatment modalities for influencing mild to moderate
Class III alveolar base discrepancies have shifted to a
maxillary protraction treatment. Ellis and McNamara5
showed that combination of mandibular protrusion and
maxillary retrusion existed in their sample of Class III
patients, while Jacobson at al1 found that 25% of class III
malocclusion had components of maxillary deficiency.

ORIGINAL PAPER (OP)
Balk J Stom, 2013; 17:48-53

In all of these cases the treatment of choice would be
facial mask treatment or more precisely protraction of
the maxilla downward and forward, inhibition of the
mandibular forward growth, and clockwise rotation of the
mandible.
The effects of maxillary protraction have been
perhaps best studied on Japanese subjects6-10 because
of their higher incidence of Class III malocclusion11,12.
It is good to know that longitudinal cephalometric data
on untreated Class III subjects to which the treatment
effects produced by the facial mask can be contrasted are
deficit. Much of information about the skeletal effects
of protraction forces still derives from animal studies,
which show that orthopaedic forces are able to provide
significant sagittal changes in growing craniofacial
complex, by stimulating the anterior displacement of the
entire maxilla13-15, with significant increase of cellular
activity at the circum-maxillary sutures, and at the
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tuberosity, at the bone surfaces through the periosteal
influence and even at the deeper cranial structures16,17.
As clinical, experimental, and biomechanical studies
certify, the orthopaedic approach to the maxilla for Class
III correction, when well indicated, enables a morphologic
and functional conditions that favours the ensuing normal
facial growth, in addition to creating more acceptable
aesthetics through improvement of facial profile in the
early stages18.
Most cases with Class III malocclusion are
characterized by an average of a 60% maxillary
deficiency3. In this sense, it becomes logical to alter
aberrant growth patterns promoting maxillary advancement
in the same physiologic maxillary displacement direction
by using protraction face mask treatment. This movement
can be facilitated by rapid maxillary transverse expansion,

which disrupts the sutural articulation of the maxilla to 9
bones of craniofacial complex, allowing for a more positive
reaction to protraction forces19,20.
As we said before, Class III individuals are wellrecognized and perceived to be abnormal by the lay
public, as well as by health care practitioners. Concave
facial profile is one of the most unattractive facial look,
which has a negative impact to normal socializing of
those individuals in the community. The facial mask that
has been popularized by Delaire is very common at our
clinic and, because of all these reasons and big frequency
of class III patients, the purpose in our study was to
determine sagittal and vertical behaviour of the jaws, and
profile convexity changes in Class III growing patients
after maxillary protraction treatment.

A

B

C
Figure 1. A. Patient before treatment; B. Delaire facial mask; C. Patient after treatment
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Material and Method
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The sample consisted of 11 patients (4 females and
7 males), ranging from 6 years 4 months to 12 years of
age, who had Class III malocclusion with an anterior
cross-bite and a component of maxillary deficiency.
The evaluation of the facial profile was 1 of the most
important items in our differential diagnosis. Flat or
concave profiles, retrusive maxillas, and prominent
mandibles were included. Cephalometric values were
also used, but bearing in mind that those measurements
are more realistic in older children with a limited value
in younger ones. Generally, children up to 10 years of
age present positive angular and linear measurements,
which could mislead the practitioner into postponing
treatment18.
2 radiographs were evaluated, the first was
taken before the beginning of the treatment and the
second was taken immediately after face mask treatment.
The treatment time varied as a result of patients’
compliance, severity of the problem and individual
response of the patient to treatment. Mean treatment time
was 11 months. The maxillary protraction was performed
through a Delaire facial mask (Fig. 1), using elastics
with a force delivering of about 350 gm per side. Bands
were fitted on first permanent molars and first primary
molars in early mixed dentition, or on first premolars in
late mixed dentition or early permanent dentition. These

bands were joined by a heavy wire to the palatal plane
or hyrax rapid maxillary expansion appliance. Another
wire was soldered bilaterally to the buccal aspects of the
molar bands and first primary molars or first premolars;
a hook for elastic traction was extended into the canine
region.
Facial mask was adjusted to rest on the forehead
and the chin of the patient (Fig. 1). The patients were
instructed to wear the protraction mask at bed time
for children under the age of 9 and for 14 hours for
children over the age of 9. Treatment was discontinued
when positive overjet was achieved and no more
changes were noted after 3 months. In some patients
with posterior cross-bite, before protracting maxilla,
rapid maxillary expansion appliance was used, and it
was activated every day until achieving correction of
the bite posteriorly.
The results obtained with this therapy have been
evaluated through pre-treatment and post-treatment
lateral radiographs (Figs. 2 and 3). Cephalometric
measurements that were used included evaluation of
maxillary sagittal relationships (SNA, Co-A point mm),
mandibular sagittal relationships (SNB,Co-Gn mm),
facial convexity angles and measurements (ANB, N-Pg
to A - Fig. 2), and vertical behaviour of the jaws (SN/
GoGn,SN/Gn,Sna to Me - Fig. 3).

Figure 2. Cephalometric angles and measurements for sagittal jaw
relationship and profile convexity

Figure 3. Cephalometric angles and measurements for
vertical jaw relationship
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Results and Discussion
All cephalometric measurements used in this study
showed significant changes in sagittal relationships of
jaws (Tab. 1), facial convexity angles (Tab. 2) and vertical
behaviour of the jaws (Tab. 3).
Changes in the angle between the anterior part of the
maxilla and the base of the skull (SNA), when compared
pre- and post-treatment cephalograms, showed significant

increase (p<0.001) as a result of forward displacement
of the maxilla after protraction treatment. Statistically
significant difference was noticed in Co-A measurements
as well. It is good to know that these cephalometric
measurements do not usually change in normal
conditions21. The forward displacement of the maxilla
with the use of facial mask has proved to be efficient
clinically and experimentally15,22,23 in many studies,
which confirm our findings.

Table1. Sagittal relationship of the jaws before and after face mask treatment

Table2. Profile convexity changes before and after face mask treatment

Table 3. Vertical jaw relationship before and after face mask teatment

Changes in the angle between the anterior part of
the mandible and the base of the skull (SNB) showed
significant decrease after face mask treatment (p<0.005),
which is reflection of downward and backward mandible
rotation diagnosed by statistically significant increases
with Steiner’s analysis24 of angles (SN/GoGn and SN/
Gn) and McNamara’s measurements25 (Sna-Me). From
this, we can conclude that it is desirable if patients have
deficit in anterior high when protracting maxilla because
with downward and forward mandible rotation, as a result
of protraction therapy, there is an increase of facial high,
which in other case can worsen malocclusion.
After maxillary protraction, significant positive
changes were seen in the ANB angle (p<0.001) and
profile convexity measurements N-Pg to A (p<0.001),

suggesting the fact that forward displacement of the
maxilla and mandible retro-position increase facial
convexity, thereby improving the facial profile.
Facial attractiveness is very important component
in human communication and can also have positive
influence in all areas of civilized society. Physical
attractiveness or more precisely, facial balance and
symmetry, are considered as parameters of how people
are perceived by the public, as well as how their own
perception is. Negative psychological consequences
as a result of facial non-attractiveness from skeletal
malocclusions have been documented long time ago26.
A study designed to survey facial profile preferences in
a sample of 1189 Asian teenagers found that mandibular
prognathism was the least favoured of all profiles.
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Most Class III malocclusions can be detected
early, but still there are many clinicians who are
delaying treatment because there is a hope that with
growth the problem will cease, there is a fear of
treating young children, and also a possibility of
relapse exists. The recommended treatment for these
patients is usually to wait until the end of the growth
period for the combined orthodontic treatment with
orthognathic surgery. But aside of this, in Class III
patients there is a big motivation for orthodontic
treatment because their dentofacial appearance deviates
from socio-cultural norms26. Therefore, an important
objective of accepting maxillary protraction treatment
in Class III malocclusion is providing nonsurgical
alternative in the treatment and improving the physicosocial wellbeing and appearance of the patients,
especially during their teenage years.
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Conclusion
In summary, results from this study showed
sagittal and vertical skeletal changes and improvements
in facial profile after maxillary protraction therapy in
Class III patients. Mean treatment time was 11 months,
and the effect of maxillary protraction treatment was
improvement of skeletal sagittal jaw relationship and
increase of profile convexity angles, mostly as a result
of forward displacement of the maxilla (SNA p<0.001),
mandibular retroposition (SNB p<0.005) and clockwise
rotation of the mandible, which significantly increases
vertical cephalometric angles and measurements (SN/
GoGn, SN/Gn, SNA to Me). These findings indicate
that concave facial profile in class III patients can be
improved after maxillary protraction treatment, which
is very important in the teenage period of life for
building self confidence and normal socializing in the
community.
Even though, the management of Class III
malocclusion remains 1 of the most challenging problems
in the clinical practice today; the results from this study
support maxillary protraction for correction of Class III
malocclusion with deficient maxillary growth.

10.
11.
12.
13.
14.
15.

16.
17.
18.
19.
20.

References
1.

Jacobson A, Evans WG, Preston CB, Sadowsky PW.
Mandibular prognathism. Am J Orthod, 1974; 66:140171.

21.

Sanborn RT. Differences between the facial skeletal patterns
of Class III malocclusion and normal occlusion. Angle
Orthod, 1955; 25:208-222.
Guyer EC, Ellis EE, McNamara JA Jr, Behrents RG.
Components of Class III malocclusion in juveniles and
adolescents. Angle Orthod, 1986; 56:7-30.
McNamara JA Jr. An orthopedic approach to the treatment
of Class III malocclusion in your patients. J Clin Orthod,
1987; 21:598-608.
Ellis E, McNamara JA Jr. Components of adult Class III
open bite malocclusions. Am J Orthod, 1984; 86:277-290.
Wendell PD, Nanda R, Sakamoto T, Nakamura S. The
effects of chincup therapy on the mandible: a longitudinal
study. Am J Orthod, 1985; 87:265-274.
Ishii H, Morita S, Takeuchi Y, Nakamura S. Treatment effect
of combined maxillary protraction and chincap appliance
in severe skeletal Class III cases. Am J Orthod Dentofac
Orthop, 1987; 92:304-312.
Ngan P, Wei SHY, Hagg U, Yiu CKY, Merwin D, Stickel B.
Effect of protraction headgear on Class III malocclusion.
Quintessence Int, 1992; 23:197-207.
Takada D, Petdachai S, Sakuda M. Changes in dentofacial
morphology in skeletal Class III children treated by a
modified maxillary protraction headgear and a chin cup: a
longitudinal cephalometric appraisal. Eur J Orthod, 1993;
15:211-221.
Ngan P, Hagg U, Yiu C, Merwin D, Wei SHY. Treatment
response to maxillary expansion and protraction. Eur J
Orthod, 1996; 18:151-168.
Irie M, Nakamura S. Orthopedic approach to severe skeletal
Class III malocclusion. Am J Orthod, 1975; 67:377-392.
Allwright WC, Burndred WH. A survey of handicapping
dentofacial anomalies among Chinese Hong Kong. Int Dent
J, 1964; 14:505-519.
Massler M, Frankel JM. Prevalence of malocclusion in
children aged 14-18 years. Am J Orthod, 1951; 37:751-768.
Thilander B, Myrberg N. The prevalence of malocclusion in
Swedish children. Scand J Dent Res, 1973; 81:12-20.
Jackson GW, Kokich VG, Shapiro PA. Experimental and
postexperimental response to anteriorly directed extraoral
force in young Macaca nemestrina. Am J Orthod, 1979;
75:318-333.
Mills LF. Epidemiologic studies of occlusion IV. The
prevalence of malocclusion in a population of 1455 school
children. J Dent Res, 1966; 45:332-336.
Mitani H, Sakamoto T. Chin cup forces to a growing
mandible. Long term clinical reports. Angle Orthod, 1984;
54:93-122.
Silva F, et al. Early treatment of the Class III malocclusion
with rapid maxillary expansion and maxillary protraction.
Am J Orthod, 1998; 113:196-203.
Haas AJ. Palatal expansion: just the beginning of
dentofacial orthopedics. Am J Orthod, 1970; 57:219-255
Bell RA. A review of maxillary expansion in relation to the
rate of orthopedics. Am J Orthod, 1981; 80:638-650
Riolo ML, MoyersRE, Mc NamaraJr Ja, Huntewr WS.
An atlas of craniofacial growth: Cephalometric standards
from the University school growth study. The University
of Michigen. Monograph 2. Craniofacial Growth Series.
Ann Arbor Michigan: Center for Human Growth and
Development. The University of, 1974.

Balk J Stom, Vol 17, 2013
22. Dellinger EL. A preliminary study of anterior maxillary
displacement. Am J Orthod, 1973; 63:509-516
23. Kambara T. Dentofacial changes produced by extra oral
forward force in the Macaca irus. Am J Orthod, 1977;
71:249-‘277
24. Steiner C. Cephalometrics for you and me. Am J Orthod,
1953; 39:729-755.
25. McNamara J. A method of cephalometric evaluation. Am J
Orthod, 1984; 86:449-469.

Profile Convexity Changes after Maxillary Protraction 53
26. Adams GR. The Effects of Physical Attractiveness on the
Socialization Process. Psychological Aspects of Facial
Form. Ann Arbor, Michigan: Center for Human Growth and
Development, 1980; pp 25-47.
Correspondence and request for offprint:
Sofija Carceva Salja
University ”St.Cyril and Methodius”
Faculty of Dentistry, Department of Orthodontics
Skopje, FYR Macedonia
E-mail: sofijacarcevasalja@yahoo.com

GI
CA
L SOCIETY

BALKAN JOURNAL OF STOMATOLOGY

ISSN 1107 - 1141

LO
TO
STOMA

Avulsed Tooth Revascularization after 13-Hour
Extra-Oral Time
summary

Background: Tooth avulsion is often the result of trauma in young
ages and its management remains a clinical challenge. Tooth reimplantation
refers to the repositioning of the avulsed tooth into the alveolar socket from
which was violently removed.
Case Report: The paper describes the management of a reimplantation
case, done after 13 hours of extra-oral time.
Conclusions: Revascularization ability of immature teeth, which allows
reimplantation to be successful even when prognosis is poor, is illustrated.
Also, it is pointed that guidelines that strictly reject reimplantation as a
treatment plan when extra-oral time exceeds 60 minutes may need to be
reconsidered and that critical consideration of the clinical signs is needed.

Keywords: Reimplantation; Revascularization; Tooth Avulsion, Freezer

Introduction
Tooth avulsion is a complex injury that affects
dental hard tissues, alveolar bone, gingiva, the pulp
tissue and the periodontal ligament. Following tooth
reimplantation surface resorption of cementum and dentin
takes place9. In larger trauma cases, the replanted tooth
could face replacement resorption or inflammatory related
resorption9. During the replacement resorption, dentin and
cementum are replaced by bone1,7, leading to ankylosis9.
The inflammatory related resorption of the alveolar bone
is the result of infection of the periodontal area, due to the
diffusion of remnants from the necrotic pulp1,7. Trauma
extent and thus factors affecting the outcome of tooth
reimplantation, is affected by: extraoral time and storage
media before tooth reimplantation, and the extent of
mechanical tissue injury9.

K. Tolidis1, P.G. Liokatis2, C. Boutsiouki2,
D. Michailidou3
1Aristotle University, School of Dentistry
Dept. of Operative Dentistry
2Aristotle University, School of Dentistry
Thessaloniki, Greece

CASE REPORT (CR)
Balk J Stom, 2013; 17:54-56

(#21) avulsion. The tooth had fully shaped root with
open apex (>1 mm). Avulsed tooth was left for 2 hours
in dry conditions on the floor and after it was found, it
was maintained for 11 hours in a glass full of cubes in a
freezer.
Table 1 and figures 1-7 summarize the case
management.

Case Report
An 8-year-old girl sustained facial trauma inside
her house, which resulted in upper left central incisor

Figure 1. Clinical image 13 hours after accident
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Table 1. Case Management 4

Examination Time

Clinical and Radiographic Findings

Wound care, lip stitching and tetanus prophylaxis at a public
hospital

1h after the accident
13 hours later (first visit)
2 weeks recall
4 weeks recall
6 weeks recall

3 months recall

6 months recall

12 months recall

Clinical Steps

#21 tooth avulsion,
#11 tooth fracture
(Fig. 1)
Increased tooth mobility
Positive vitality test

Alveolar socket and avulsed tooth rinsing with sterile
saline, #21 reimplantation, semi-rigid splinting, antibiotic
prescription (amoxicillin for 7 days)
Clinical examination
Splinting removal

Clinical Examination
Increased tooth mobility
Positive vitality test
Clinical & Radiographic Examination
(Figs. 2 and 3)
Increased tooth mobility
Positive vitality test
Radiographic signs of possible root resorption
Clinical & Radiographic Examination
(Figs. 4 and 5)
Increased tooth mobility
Positive vitality test
Radiographic signs of possible root resorption
Clinical & Radiographic examination
(Figs. 6 and 7)
Normal tooth mobility
Positive vitality test
Radiographic signs of possible root absorption are stable

Figure 2. Clinical image at 3 months recall

Figure 4. Clinical image at 6 months recall

a
Figure 3. Radiographic image at 3 months recall

Figure 5a and b. Radiographic images at 6 months recall

b

56 K. Tolidis et al.

Figure 6. Clinical image at 12 months recall
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of avulsed teeth might be indicated as a potential means
of preservation. Socket was rinsed with saline8 before
reimplantation, but no mechanical scraping or chemical
root surface treatment was performed in order to avoid
causing additional mechanical trauma.
The most practical method that allows normal
tooth movement and acts as a functional stimulus
for periodontal healing is the use of wire splints and
composite resin for 1-2 weeks6.
In conclusion, in cases of avulsed permanent teeth
with prolonged extra-oral storage time, reimplantation
should be the first possible treatment, although the risk
of replacement resorption and tooth loss may be highly
probable. If managed properly, avulsed teeth can remain
functional for many years and minimize the need of
applying other prosthetic restorations, or in worse apply
them in later time with more options available.
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