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Obituary

Prof. Marko Vulović
(1943 - 2008)

Two months have already past since Prof. Marko
Vulović, a full professor at the Faculty of Dentistry in
Belgrade, Serbia, and President of the BaSS, died.
Born in Ivanjica (Serbia) in 1943, where he
finished his elementary and secondary school, he
enrolled the Faculty of Dentistry in Belgrade, where
he graduated in 1968. Soon after graduating, he joined
the academic staff of the Clinic of Paediatric and
Preventive Dentistry, Faculty of Dentistry in Belgrade,
in 1970. Shortly after that he started his postgraduate
studies, specializing in paediatric and preventive
dentistry in 1976. It was during this period that he
developed what was to become a lifelong interest in
the area of cariology - the research of factors provoking
tooth caries the theme which was the subject of
research in his PhD Thesis (“The role of microelements
in developing tooth caries”), which he completed
in 1980. His major interest then extended to several
other aspects in preventive and paediatric dentistry,
especially cariology and programmes of oral diseases
prevention. The findings of his research were presented
at national and international meetings, many at several
BaSS congresses. His is the author of the Programme of
preventive dental care of Serbian population, and many
other textbooks for undergraduate and postgraduate
studies of paediatric and preventive dentistry, as well as

brochures and posters in the field of dental health care
and training.
He was an active member of the Serbian Medical
Society (the member of the Council and Executive
Board), and the president of the Association of
paediatric and preventive dentists of Serbia and
(former) Yugoslavia. Also, he was a member of several
international associations, like British Assotiation for
the Study of Comunity Dentistry, FDI and European
Assotiation for the Public Dental Health. He received
several national and international awards for his notable
scientific contribution.
He was especially close to the idea of BaSS. In
fact, he was one of the founders of our society, and
regularly attended its reunions and congresses. Not only
was Prof. Vulović a very active member of the BaSS, its
Vice President, President Elect and actual President, he
was also extremely popular among colleagues, always
relaxed in manner, with a great sense of humour, loved
and highly respected by all who knew him.
Marko managed to be what I always admired most
- an outstanding academic and clinician. He proved
to be a gifted dental surgeon who cared deeply for his
young and small patients, whose skill was combined
with a scientific mind. He wore his knowledge lightly
and was a delightful colleague, no less a scholar
than a friend. His remarkable personality and charm
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attracted warm loyalty and commitment from all those
around him. He was fiercely supportive of his younger
colleagues to whom he pointed out the significance
of international communication for professional
development. In fact, he was the one who introduced
many of his colleagues to the BaSS.
The dental profession has lost a great clinician,
scientist and teacher, a modest person particularly
devoted to his Faculty and to the BaSS. He truly was
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a man of talent, determination and charm, and will be
sorely missed by all members of the BaSS who knew
him. His many friends will miss his honesty, integrity
and warm personality. This unique and charismatic man,
who gave a personal charm to everything, will always
be remembered by all who knew him.
Dragan Beloica
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Oral Health Promotion: It is Time for Action
SUMMARY

Kostas A. Louloudiadis

More than 50 years ago WHO has recognized that health is a state of
complete physical, mental and social well-being. The purpose of oral health
promotion is to achieve a continuation of improvements in oral health and
reduction of inequalities by actions directed at the underlying determinants of
oral health. An indispensable factor of this process is a multiplex action that
utilizes a number of complementary strategies. Oral diseases are major public health problem, especially on the disadvantaged and low socio-economic
population groups. The current pattern of oral diseases reflects distinct risk
factors related to living conditions, lifestyles and environmental and merely the
implementation of preventive oral health strategies. Thus, the implementation
of effective oral disease prevention measures and heath promotion strategies is
urgently needed, and common risk factors and whole population approaches
should be used to integrate oral health with national general health programmes.
Keywords: Health; Oral Health, promotion; Prevention

Introduction
Oral health is an inseparable element of general health
and well-being. Acceptable oral health enables individuals
to communicate and eat effectively, enjoy a variety of
foods, and it’s important in quality of life, self-esteem and
social confidence1. A range of diseases and conditions can
be classified as oral diseases, including dental caries and
periodontal diseases, and their consequences (endodontics,
surgical and prosthetic interventions), oral cancers, dental
erosion and fluorosis. They are very prevalent and their
impact on society and the individual are significant. Pain,
discomfort, limitations in eating function leading to poor
nutrition, and time off school or work as a result of dental
problems are all common effects of oral diseases. Despite
the improvement of oral health in most of the developed
countries in the last 30 years, inequalities in oral health are
a major problem. However, oral diseases affect a significant
proportion of the population. Disadvantaged population
groups suffer higher rates of oral diseases than population
groups of high socio-economic level2. Therefore, oral
diseases consider as an important public health problem.
We know now the aetiology of oral diseases and the
methods to control and prevent their development. Despite
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the improvements in clinical operative techniques that
made treatment more effective, treatment approaches alone
will never eradicate oral diseases3.
Nowadays health care must be evidence-based. For that,
there are valid reasons about the effectiveness of used health
education methods3,5 for improving oral health and if these
methods can affect oral health inequalities6. Since Miller’s
era, the dental profession has had a long-standing interest
in the prevention of oral diseases. We know more today
about oral disease processes and we have began to identify
risk factors and methods for reducing these conditions
at biological and clinical levels by changing behaviours
and actions of individuals, professionals and public, and
the dominant preventive approach has been based on a
behavioural model7. This approach places emphasis on
providing oral health information to patients and to the
public with the assumption that improvement in knowledge
will lead to changes in oral health behaviours and ultimately
better oral health status. The health education model has
been very popular within the dental professional as it is
applicable to clinical approach for care and treatment of
individual patients. Recent reviews of the health education
and promotion literature have, however, identified that this
old approach fails to realize the complexities of human
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behaviour and the importance of socio-economic and
environmental factors which determining behaviour change
that will last4,8,9. It is accepted that the relationship of oral
health and disease is changing worldwide in response to
new social, cultural and economic patterns, and also, despite
remarkable gains in oral health, particularly in dental
caries and periodontal diseases, people still suffer from
these diseases. To meet these new challenges, oral health
professionals and other health related scientists tray to find
ways to minimize the continual existence of oral diseases
for which preventive strategies are known. To achieve this,
a new approach, largely influenced by the WHO10, lead
to health promotion movement, which places emphasis on
reducing health inequalities through actions on changing the
determinants of health11,12.
“Health” is a complex issue involving both the prevention of disease and promotion of health. For more than
50 years ago it has been recognized that “health is a state
of complete physical, mental and social well-being and
ability to function and not simple the absence of illness
or infirmity”13. The ability to promote health in addition to
preventing a disease has became increasingly possible
and nowadays health is promoted by providing a decent
standard of living, good work conditions, education, physical culture, rest and recreation. WHO14 describes health
promotion as a “process that enables individuals and communities to increase control over the factors of health and
thereby improve their health through personal choice and
social responsibility”. “Health promotion” constitutes a
range of commentary actions combining the diverse social
and behavioural sciences and other health related disciplines15. “Health education” is a critical part of health
promotion and is defined as “any combination of learning
experiences designed to facilitate voluntary adaptations of
behaviours conducive to health”16. Education alone is insufficient to guarantee health, but appropriate information
can provide the foundation for making informed decisions
about one’s health. Studies demonstrated that health education of decision makers (community leaders and health
care providers) is a potential powerful instrument for
social change. By the accumulation of scientific knowledge,
we know that it is possible to prevent the 2 most prevalent
oral diseases (caries and periodontal disease); however,
events, actions and behaviours at cultural, social, community, family and individual levels continue to impede full
realization of complete oral health.
“Disease prevention” is another key in health promotion. It includes biomedical and public health approaches
ranges from use of appropriate fluorides and dental sealants
for dental caries prevention to protective masks and gloves
which limit the health care professionals’ opportunities for
infection. Disease prevention is characterized as:
Primary = reducing the risk of disease;
Secondary = screening and early intervention to arrest
the progress of disease;

Oral Health Promotion 71

Tertiary = minimizing a disease’s effects on functional
and activity.
Research on oral health promotion has expanded from
water fluoridation prevention strategies and oral health
delivery systems to studies designed with focus on sociocultural, political and economic contexts within which
prevention and promotion activities occur17. Utilizing the
results of research, oral health professionals must counsel
individuals on appropriate oral hygiene procedures, help
children avoid risky behaviours, develop programmes to
eliminate risky behaviours, encourage behavioural changes
to improve disease management and treatment benefits,
advocate social or public initiatives to promote a healthful
environment. It is essential to realize that oral diseases
are highly complex, resulting from biological and genetic
conditions, aggravated physiological vulnerabilities,
adverse environmental effects, loss of social and economic
supports and related individual, social, environmental and
cultural factors. Oral diseases also are accelerated by the
absence of positive factors (e.g. lack of access to known
efficacious preventive strategies). Because of this broad
multifactorial aetiology of oral diseases, approaches to oral
health promotion must be diversified and comprehensive.
Given that the efficacy and effectiveness of prevention
strategies for most oral diseases are well established, the
goal of oral health promotion is to achieve oral health by
using these specific strategies, as supported by positive
life-styles, appropriate services and an environment that
reinforces healthy personal behaviours. In these efforts,
many barriers to oral health promotion will have to be
overcome, as the integration of curative and preventive
approaches to health care, the variety of existing views
about specific objectives for oral health promotion, the
lack of realization by some health professionals that the
oral cavity is part of the human body and that treating oral
diseases involves an understanding of systemic health and
illness, as well as an individual’s place and function in the
social world. Oral health promotion can be the route
for ensuring that each individual and all members of
society share the same responsibility, that is, to maintain
oral function and health throughout life18. As U.S. surgeon,
Everett Koop said “you are not healthy without good oral
health”19.
Oral health promotion and disease prevention are
accomplished by:
1. individual oral health practices;
2. practitioners’ health-enhancing activities, including education, diagnosis, as well as therapeutic prophylactic
and preventive services, such as providing sealants
and fluoride applications; and
3. environmental support changes, such as national
nutrition policies or regulations requiring optimal level
of community water fluoridation.
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Strategies and Approaches for
Oral Health Promotion
A debate continues over the most appropriate methodology for assessing different intervention approaches.
However, the question remains which oral health promotion approaches oral professionals should adopt. A basic
element of health promotion is the development and implementation of a range of complementary strategies to promote health7. This can be accomplished as follows20:
1. Promoting health through public policy - by focus our
attention on the impact on health of public policies from
all sectors, and not just from the health sector;
2. Creating a supportive environment - by assessing
the impact on health of the environment and clarifying
opportunities to make changes conducive to health;

Balk J Stom, Vol 12, 2008

Risk factors are part of the causal chain or exposure of the
host to the causal chain. Once disease occurs, removal of a
risk factor may not result in a cure”23.
The factors that lead to the development of disease
at a given period of time are likely to have their roots in a
complex chain of environmental events that may begin
years previously24. The common oral and dental diseases are
chronic diseases and the solutions to prevent them must share
with other health professionals, educators and the community.
Our task as oral health professionals is to convince
policy makers and society to undertake the specific social
measures which are necessary to solve oral health problems
and to participate in the implementation of these policies.
By utilizing this approach, health promotion is directed
at the underlying factors. The main factors of the major
dental and oral diseases are diet, plaque, smoking, alcohol,
stress, and trauma to teeth and jaws (Fig. 1).

3. Developing personal skills - by moving beyond the
transmission of information, to promote understanding
and to support the development of personal, social
and political skills that enable individuals to take action
to promote health;
4. Strengthening community action - by supporting concrete
and effective community action in defining priorities,
making decisions, planning strategies and implementing
them to achieve better health;
5. Reorienting health services - by focusing attention away
from the responsibility to provide curative and clinical
services towards the goal of health gain.
A strategy for oral health promotion approach must
be effective, minimize oral health inequalities, have
the minimal possible cost, be consisted with existing
programmes of general health promotion, analyze and
understand the broad beliefs of the community as well as
those of the professionals who act as advocates, develop a
range of clearly stated and challenging goals, and ensure
that actions are evidence based.
Until today, 2 main strategies are proposed for oral
health promotion21:
1. The Common Risk/Health Factor Approach (CRHFA);
and
2. Population Strategies (PS).

The Common Risk/Health Factor Approach
(CRHFA)
People of all ages during their life time are exposed
to unlimited number of risks to their health. Risk is the
probability that an event will occur within a given period
of time. The World Workshop on Periodontics (1996)
adopted the following definition of risk factor, as “an
environmental, behavioural or biological factor confirmed
by temporal sequence, usually in longitudinal studies, which
if present directly increases the probability of a disease
occurring, and if absent or removed reduces the probability.

Figure 1. The common health risk factor approach

As these factors are common to a number of other
chronic diseases, it is rationale to use the common risk
factors approach25. Decision makers and individuals
will be more readily influenced by measures directed to
preventing major general diseases, as well as dental caries,
than if dental disease-specific recommendations are
made alone. The CRHFA distinguishes between action at
reducing risk factors and actions promoting health factors.
One of the principles of general and oral health promotion
is to focus on the whole population rather than on diseasespecific at risk groups. A major benefit of CRHFA is the
focus on improving health conditions in general for the
whole population and for groups at high risk. This benefit
reduces social inequalities. Preventing strategies based upon
CRHFA will exert a favourable effect not only on a single
disease but simultaneously on several conditions. A number
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of risk factors in individuals and groups, particularly
those at the lower social groups, suggests that preventive
approaches should be directed at clusters of risk factors
common to a number of disease and the social structures
which influence individuals health risk26. The CRHFA
addresses risk factors that are common to many chronic
conditions and the potential benefits of such an approach
are far greater than isolated interventions24.
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of fluoride to toothpaste. The aim of the WPA is to alter
social norms and to control the determinants removing the
underlying causes, and can flexibly direct at designated
part of the whole population (school, district, and town).
The WPA differs from the high risk approach in that it
doesn’t use screening of individuals for risk factors29,
and relies on inter-sectoral planning (politicians, health
educators, physicians, teachers, etc.).

Population Strategies
Population health strategies address the entire range
of factors that affect health, rather than focusing on specific
risks and clinical signs related to particular oral disease27.
1. High Risk Approach (HRA)
Concern for reducing disease in people with severe
caries or periodontal diseases rests on the assumption that
those predisposed to develop many cavities and pockets
are distinguished from those at low risk. That implies some
means of identifying those in special need. The high risk
strategy aims to identify people who may develop disease
in the future by the use either of a predictive marker or of
an early feature of the disease which precedes its clinical
manifestations so that efforts can be focused on them.
Screening is used to detect those individuals at high risk
for close monitoring and special preventive treatment. The
high risk approach can be regarded as the traditional and
medically oriented approach to disease prevention, but this
approach has a number of limitations, the most important
are the poor power of prediction of risks, of labelling of
individuals and low cost-effectiveness of intervention24.
Advantages of the high risk strategy are:
● Any preventive intervention must be appropriate to
the individual needs for future disease;
● Those not at risk do not have to undergo preventive treatment;
● Services and resources must be directed where the need
and potential benefits are likely to be greatest.
● Disadvantages of high risk strategy are:
● The test to identify the high risk individuals must
have high sensitivity and specificity (until now none is
sufficient)28,29;
● Those that are not high risk don’t mean that they are not
at risk;
● Is costly;
● Manpower is needed.
2. Whole Population Approach (WPA)
The Whole Population Approach (WPA) assumes
that all people are at risk of developing an oral disease
and therefore preventive interventions should be directed
to all members of the society30. Nowadays, comparing
with 20 years ago, in many industrialized countries dental
health in children and young adults is markedly better.
This improvement has come as a result of changed norms
of behaviour in the population as a whole, together with
alteration in manufacturing practices and the addition

Stages of Oral Health Promotion
Over the past several decades, increasing interest
has been shown in preventing diseases and disabilities
by modifying behaviours, lifestyles and social and
environmental conditions. Changes in a nation’s political
and economic structures and its delivery and financing of
health care services can affect situations predisposing to
health or disease. Setting priorities for services, instituting
incentives for delivering key services and ensuring access
to these services, all can affect health outcomes.
In the past dental health education was undertaken
within schools targeting schoolchildren. Nowadays, a
more holistic approach has been adopted, which involves
activities in a range of different settings with a variety
of partners who have an important part to play in the
promotion of oral health.
1st stage: Assess the needs of the population
It is important, before any intervention, to know the
needs of the targeting population.
2nd stage: Set goals for change
The main oral health goal is to maintain “natural,
functional, acceptable dentition, which enables an
individual to eat, speak and socialize without discomfort,
pain or embarrassment for a lifetime, and which contributes
to general well being”31.
3rd stage: Develop an action and evaluation plan
Depending of the goals that we set, an action and
evaluation plan is required to outline the scope and detail
of the strategy. The evaluation of oral health promotion
(OHP), until today, is a neglected area of clinical
practice. Health promotion evaluation can highlight
changes in a range of outcomes relevant to the actions
implemented32. A quality evaluation requires adequate
resources and personnel with the necessary skills and
experience33. In oral health evaluation, a variety of outcome
measures can be used to assess changes achieved at different
points in the process of implementation34.
4th stage: Implement plan
Failure to complete the first stages invariably results
in a disappointing outcome.
5th stage: Evaluate and review progress
This stage identifies successes and failures, both of
which are important.
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The Role of Dentists in
Oral Health Promotion
In the near future the dentist involvement will be as
oral health advocates. Their actions will be to influence
the decisions and actions of individuals, communities
and government authorities that influence health. This can
be achieved by educating the decision-makers in general,
about specific oral health issues, and setting the agenda
to obtain political decisions to improve oral health of the
population. To increase effectiveness, dentists must build
partnerships with the community, other professionals and
other sectors. Dentists must place their skills at the disposal
of the community, but until today the role of the private
practitioners is limited26.
Public health dentists must develop the following
approaches:
● Maximize use of available other health related professionals;
● Agree on local initiatives, for example, to provide
susceptibility to behaviour change;
● Agree on means for assessing, recording and
monitoring diet in the whole practice population;
● Develop means for the delivery of effective counselling
to promote healthy nutrition;
● Agree on targets, which will allow these practice-based
initiatives to be evaluated.

Conclusion
The main reasons for the dramatic decline in dental
caries in industrialized countries are related more to health
promotion than to dental services8.
The future of oral health promotion lies in:
● Targeting characteristics of individuals and populations
at risk;
● Undertaking multiple approaches simultaneously;
● Expanding the scope and settings of oral health
promotion;
● Emphasizing families and communities;
● Creating integrated and comprehensive programmes;
● Influencing programmes shown to be effective; and
● Encouraging coordinated efforts across disciplines.
All preventive measures require economic, social, and
political support to ensure their acceptance, implementation
and effectiveness. By adopting a health promotion
CRHFA and integrating oral health with general health
policies, policies to promote oral health should become
more effective and efficient. Oral health should cease
to be marginalized in overall health and dentists must
become team members in advocacy and education with
other organizations, government sectors and community
organizations.
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WHO adopted the following priority actions on oral
health promotion for the whole population:
Effective use of fluorides - through fluoridated drinking
water, salt, milk or affordable toothpaste35;
Health diet - through the reduction of consumption of
sugars and increased intake of fruits and vegetables36;
Control of tobacco-related oral diseases37;
Health promoting schools38;
Primary health care of elderly people39;
Oral health-general health-quality interrelationships40;
Development of oral health systems - oriented towards
prevention and health promotion40;
Prevention of HIV/AIDS-related oral diseases41;
Development of oral health information systems of goals,
targets42 and progress43;
Research for oral health - bringing the gaps between
developed and developing countries44.
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Prediction of Impacted Maxillary Canine
Eruption using Warford Method
SUMMARY

Hulya Kilicoglu, Irem Sakarya Aksu

Impaction most commonly involves lower third molars, followed by
permanent upper canines. Warford et al11 used a bi-condylar line as a horizontal reference line to predict the maxillary canine impaction in mixed dentition. The measurement was taken of the mesial angle formed by using the
constructed horizontal and the long axis of the maxillary canine.
In this study, a modified Warford method was used for young adults and
results after orthodontic treatments were discussed. 4 patients with impacted canines were examined using the Warford method. When evaluating the
impacted canine cases, the modified Warford method must be applied carefully and local conditions, like root anatomy, should also be evaluated.
Keywords: Impacted Canine; Orthodontics; Warford Method
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Introduction

Method

Impaction most commonly involves lower third
molars, followed by permanent upper canines. Dachi and
Howel2 reported that the incidence of maxillary canine
impaction is 0.92%, whereas Thilander and Myrberg10
estimated the prevalence of canine impaction in 7- to
13-year-old children to be 2.2%. Ericson and Kurol4
estimated the incidence at 1.7%. Impactions are twice
as common in females (1.17%) than in males (0.51%).
85% of impacted canines are located palatally. Fournier
et al7 reported a palatal-to-buccal impaction ratio of 3:1,
and Jacoby8 reported a ratio of 12:1. Of all patients with
maxillary impacted canines, it is estimated that 8% have
bilateral impactions. The incidence of mandibular canine
impaction is 0.35%2.
Besides generalized causes, including endocrine
deficiencies, febrile diseases, and irradiation, there are
localized factors that cause for canine impactions, like
prolonged retention or early loss of the deciduous canine,
abnormal position of the tooth bud, tooth size-arch length
discrepancies, the presence of an alveolar cleft, ankylosis,
cystic or neoplastic formation and dilaceration of the
root1.
The aim of this study was to use Warford’s method11
in young adults, and evaluate the treatment results of
impacted canines according to their angulations.

To predict the maxillary canine impaction, Warford
et al11 drawn a bi-condylar line and used as a horizontal
reference. The measurement was taken of the mesial angle
formed by using the constructed horizontal and the long
axis of the unerupted tooth (Fig. 1). Mean angulation was
found to be 75.10 for non-impacted teeth, and 63.20 for
impacted canines11.
According to Warford’s method, horizontally positioned canine tooth supposed to be impacted, and canines
that positioned at an angle of 750 or higher showed no difficulties on eruption .

Case 1
E.S. was a 14-year-old female patient. She had
symmetric face and straight profile. Intraoral examination
showed a spaced upper arch with unerupted maxillary
canines and a mildly crowded lower arch (Fig. 2). In
occlusion, she had a 1 mm overjet, and a 4 mm overbite.
Radiographic examination showed all teeth, including
the third molars. Both maxillary canines having well
developed roots, were impacted. According to Warford’s
method, right canine’s angulation was 610 and left
canine’s angulation was 440. During the fixed orthodontic
treatment, the right canine tooth erupted spontaneously
while the left canine tooth was forced to erupt (Fig. 3).
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Figure 1. Angular measurement of unerupted canines accoding to
Warford method. 7

Figure 2. Case 1. Before treatment.

Figure 3. Case 1. After canine brought into occlusion.

Case 2
M.C. was a 18-year-old female patient. She had
symmetric face and straight profile. Intraoral examination
showed a spaced upper arch with unerupted right maxillary canine and a mildly crowded lower arch (Fig. 4). In

occlusion, she had a 3 mm overjet and a 4 mm overbite.
Radiographic examination showed all teeth, including
the third molars. According to Warford’s method right
canine’s angulation was 620. With orthodontic treatment
the impacted right canine tooth was forced to erupt and
brought into occlusion (Fig. 5).
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Figure 4. Case 2. Before treatment.

Figure 5. Case 2. After orthodontic treatment.

Figure 6. Case 3. Before treatment.

Balk J Stom, Vol 12, 2008

Prediction of Impacted Maxillary Canine Eruption 79

Figure 7. Case 3. Impacted canine after extraction, panoramic radiography after extraction.

Case 3
C.A. was a 23-year-old female patient. She had symmetric face and straight profile. Intraoral examination
showed a persisted right deciduous canine in the upper
arch and a spaced lower arch with extracted left first molar
tooth (Fig. 6). In occlusion, she had a 3 mm overjet and a 2
mm overbite. Radiographic examination showed all teeth,
except extracted mandibular left first molar and mandibu-

lar right third molar. According to Warford’s method, right
canine’s angulation was 370. With orthodontic treatment,
the impacted right canine tooth was tried to force-erupt
but could not brought into occlusion. After extraction of
the impacted tooth, the cause of the failure was seen –
due to the tooth’s apical root anatomy, the tooth could not
respond the orthodontic forces (Fig. 7).

Figure 8. Case 4. Before treatment.

Figure 9. Case 4. After canine brought into occlusion.
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Case 4
R.K. was a 15-year-old female patient. She had
symmetric face and straight profile. Intraoral examination showed a spaced upper arch with extracted right
first molar tooth and unerupted right canine, and spaced
lower arch with extracted left first molar tooth (Fig. 8).
In occlusion, she had a 2.5 mm overjet and a 2 mm overbite. Radiographic examination showed all teeth, except
the extracted mandibular left first molar and mandibular
right third molar. According to Warford’s method, right
canine’s angulation was 800. With orthodontic treatment,
the impacted right canine tooth was forced to erupted and
brought into occlusion, and all the extraction spaces were
closed (Fig. 9).

Discussion
Warford et al11 used an angular measurement and
a sector location for indication of maxillary canine
impaction. To make angular measurement one needs reference line. Other investigators5,6,9, who used panoramic
radiography for angular measurement, preferred different
reference lines. Power and Short9 made angular measurements via a midline constructed from the perpendicular
to the central incisors, and Ericson and Kurol5 used a midline constructed from the mandibular central incisor proximal contact to the maxillary incisor interproximal contact.
These measurements depends on anterior dental
relationships. For a proper investigation, one needs more
reliable landmarks like skeletal landmarks11. Using the
nasal floor would be a logical choice for a horizontal line,
but Damante et al3 described nearly 7 variable shapes
of the hard palate and nasal fossa floor. Fernandez et al6
measured the external angle formed by the major axis of
the canine and the straight line through both suborbitary
points. Using these landmarks from the panoramic radiography is not appropriate because it is hard to determine
same points each time.
In Warford’s study, bi-condylar line was used as
a reference line, because the most superior point of the
condyle was believed to be a proper landmark and logical
choice for angular measurement. In this study Warford’s
method is used, because of its repeatability, validity and
reliability.
Although the modified Warford method is easy
to use, in the first case, right canine tooth that supposed
not to erupt, erupted spontaneously during the fixed
orthodontic treatment, without the forced eruption. Left
canine was forced to erupt. The angulations of canines
in the first and second cases that were force-erupted met
the criteria of Warford method. In the third case, right
canine’s angulation was 370 according to Warford’s
method, and this canine did not respond to treatment
although it was surgically exposed twice. After 2 years of
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fixed orthodontic treatment, the tooth was extracted and
it was seen that the tooth did not erupt due to the apical
root anatomy. And in the fourth case, the canine tooth
that supposed to erupt was forced to erupt during fixed
orthodontic treatment.

Conclusion
Warford’s method is used to predict the canine
forced eruption in 4 cases. The left canine in the first
case, that was thought to rest impacted (440), also erupted.
Consequently, to predict maxillary canine impaction,
Warford method is easy to use, but it should be used
carefully. Local conditions, especially root anatomy,
should also be considered.
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Differential Diagnosis and Combined Treatment of
Maxillary Midline Diastema Caused by
Labial Fraenum and/or Intermaxillary Suture
SUMMARY

Midline diastema between maxillary central incisors is a common
occurrence, especially in primary and mixed dentition. Its presence has been
attributed to genetic and/or environmental factors. However, it is often a
normal characteristic of growth. Many times the development of upper midline diastema is related to the presence of hypertrophic or inferiorly attached
upper labial fraenum and/or imperfect fusion at the midline of premaxilla.
These 2 conditions are frequently confusing in clinical practice, thus the
diagnosis and treatment of the problem would be false. The probable therapeutic approaches for the maxillary midline diastema provoked by abnormal
labial fraenum and/or intermaxillary suture include orthodontics, restorative
dentistry, surgery or various combinations of them. The necessity of treatment is mainly conducted by aesthetic and psychological rather than functional reasons. Irrespectively of the optional treatment, permanent retention
of the result should be adapted in most cases. The purpose of this study was
to analyze the relation between hypertrophic or inferiorly attached upper
labial fraenum and imperfect fusion at the midline of premaxilla, with the
maxillary midline diastema. Additionally, appropriate clinical and laboratory examinations are described, plus therapeutic alternates, which are proposed in each case.
Keywords: Maxillary Midline Diastema; Upper Labial Fraenum; Intermaxillary Suture

Introduction
In 9-year-old children the prevalence of maxillary
midline diastema is high, with a 48.8% rate of children
presenting diastema larger than 0.5 mm49, but this rate is
decreased with age27,49,56,67. In adults, the prevalence of
upper midline diastema is considered to range between
1.6% and 25.4%14,38,40,44,56,63. In the majority of studies
the predominant opinion is that the upper midline
diastema occurs under the effect of multiple environmental
factors6,9,12,31,44,46. However, there is a number of well
documented studies that support the possibility of genetic
predispose in the development of this condition29,44,58,60.
Moyers42 examined 82 patients with upper midline
diastema and reported the following causative factors:
(a) imperfect fusion at midline of premaxilla (32.9%);
(b) enlarged or malposed upper labial fraenum (24.4%);
(c) midline diastema as part of normal growth (23.2%);
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(d) congenitally missing lateral incisors (11%); (e)
supernumerary teeth at the midline (3.7%); (f) unusually
small teeth (2;4%); and (g) combination of imperfect
fusion and congenitally missing lateral incisors (2.4%).
Furthermore, additional causes for the development
of upper midline diastema have been reported in the
literature, such as para-functional oral habits12,46,64,
increased overbite of anterior teeth46,49 or pathologic teeth
migration due to periodontal disease18,54.

Imperfect Fusion at Midline of
Premaxilla
The relationship between the imperfect fusion at the
midline of premaxilla and the upper midline diastema has
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been recognized over the past years, but it did not gain
too much emphasis27,64. The discontinuity of the bony
plates may be superficial or extend deeper in the alveolar
process24. The gap within the maxilla is occupied by
epithelial and connective tissue. Often fraenum or gingival
fibres (especially interdental fibres) are attached at that
site. Normally, interdental fibres functionally contribute
in the retention of the teeth in position23,34,39,64. Because
of the disturbance of the continuity and arrangement of
the interdental gingival fibres, their ability to resist in
expressed forces to teeth is compromised. As a result,
there is a tendency for distal movement of upper central
incisors, leading in some cases to the development of
midline diastema. For the same reason, this diastema is
usually accompanied by rotation of upper lateral incisors
and ectopic eruption of canines64. Moyers42 stated that
imperfect fusion at the midline of premaxilla is the most
common cause of maxillary midline diastema, with a
rate of 32.9%. Also, Popovich et al48,50 suggested that
the combination of imperfect fusion with several other
predisposal factors is the most significant cause of
maxillary midline diastema.
The diagnosis of imperfect fusion at midline
is performed radiographically. It is fundamental for
the central ray to be precisely perpendicular to the
alveolar process42. The normal radiographic image of
the suture is a V-shaped structure (Fig. 1). The suture is
characterised pathologic: (a) when it is displayed wider
than normal (approximately 2mm) (Fig. 2); (b) when
a circumscribed irregular ovoid area (spade-shaped) is
displayed in this region (Fig. 3); or (c) when the alveolar
process is W-shaped in the region between the maxillary
central incisors, in cases with extended separation of the
bone plates (Fig. 4a). The latest 2 instances are often
accompanied by abnormal labial fraenum48,50.

Balk J Stom, Vol 12, 2008

Figure 2. Pathological intermaxillary suture, wider than normal

Figure 3. Pathological spade-shaped intermaxillary suture

Figure 4. (a) Pathological W-shaped intermaxillary suture; (b) Posttreatment radiograph, after orthodontic closure of the diastema, followed
by surgical intervention in the intermaxillary suture

Figure 1. Normal V-shaped intermaxillary suture. The present diastema
is due to congenitally missing upper lateral incisors

Management consists of orthodontic closure of
the diastema, followed by a surgical intervention in
the suture35. The orthodontic closure of the diastema is
performed first, so that tissue healing and fibre remodelling
take place in the new position, where we desire to retain the
final treatment outcome51,64,69. In cases where the imperfect
fusion makes the diastema closure impossible, the surgery
must be performed before the closure of the midline
diastema. During the surgical procedure, a trapezoidal flap
with 2 perpendicular incisions (bilaterally to the midline
interdental papilla), which are joined with a horizontal
incision at the interdental gingiva, is created. After the
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elevation of mucoperiosteal flap and the apocalypse of
the alveolar bone, a surgical fissure bur is inserted in the
midline suture and detracts the soft tissues, while abrading
the bone35,64. The orthodontic appliance which was utilized
for the dental movement must be replaced by a retention
appliance during the phase of healing (Fig. 4b). In certain
cases, there is a chance for relapse, demanding revision of
the same procedure35. At this point it is critical to mention
that Sullivan et al65 and Shashua and Artun60 failed to
confirm the relation between relapse and imperfect fusion
at midline of premaxilla.

Hypertrophic or Inferiorly Attached
Upper Labial Fraenum
The hypertrophic or inferiorly attached upper labial
fraenum is considered for many years the commonest
cause of the maxillary midline diastema4,27,39,61. Several
authors differentiate from this aspect, as Moyers42 does.
He supports that the upper labial fraenum is the second
commonest cause of this condition, with an incidence of
24.4%. Referring to the fraenum composition, it consists
of epithelium, collagen fibres, blood vessels and nerves,
and sometimes few elements of minor salivary glands
and isolated stratified muscle fibers28,57. Henry et al30 in
the remarkable histological study concluded that, except
from the elements mentioned above, there are also elastic
fibres, which extend sometimes to the whole length of the
fraenum, even perforating the periosteum. Those authors
considered that the harmful effect of the fraenum is due
to the presence of the elastic and collagen fibres, while
no evidence of substantial differences in composition of
normal and abnormal fraena were identified.
There is controversy among researchers concerning
the presence of an immediate causative relation between
hypertrophic or inferiorly attached upper labial fraenum
and the maxillary midline diastema. Several authors do not
support the existence of this relation. Tait66 considered that
the fraenum has no effect to the maxillary central incisors,
while Ceremelo17 concluded that the fraenum is not related
to the presence or the width of the diastema. Bergstrom
et al11 stated that the long term potential for spontaneous
diastema closure in patients with abnormal fraenum,
remains the same independently to the implementation
of a previous surgical intervention. Popovich et al48,50
suggested that the presence of the diastema leads to the
abnormal fraenum and not the adverse.
In contrast, several authors stated that the
fraenum is involved in the pathogenicity of the midline
diastema1,4,6,16,19,27,39,61. Adams1 suggested that a specific
type of fraenum, which is not necessarily large but
interrupts the continuity of interdental fibres, forms the
factor that inducts the reactions for the development of the
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diastema. Otherwise, this author supports that diastema
develops only when there is additional presence of other
predisposing factors. Campbell et al16 supported the same
statement as well. The disruption of the interdental (transseptal) gingival fibres continuity, due to the fraenum,
is considered by several studies as presupposing for
the development of a pathological diastema16,24,59,64.
Edwards23 supported the presence of a strong but not
absolute correlation between the fraenum and the upper
midline diastema. Shashua and Artun60 found that there
is a relation between the width of the maxillary midline
diastema and the abnormal labial fraenum.
Regarding the physiology of the upper labial
fraenum and its relation with age, the fraenum found to
be smaller in length, thicker and more inferiorly attached
in infants17,39. Normally, the fraenum does not follow the
growth of the alveolar process that occurs during tooth
eruption6,19, since the erupting central incisors exercise
pressure on it. This fact makes the fraenum appear to be
at a more nasal position with age, while in fact, it remains
more or less in the same position20. In certain instances,
the fraenum attachment does not obviously “migrate
nasally” by the elapse of time, but continues to develop
between the 2 upper central incisors and remains there
forming a residual fibre zone23. More detailed, these fibres
can be attached to the periosteum and to the connective
tissue of the abnormal intermaxillary suture6,19,27, or
only disrupt the continuity of the interdental gingival
fibre system16,24,59,64. Under these circumstances, we
must not expect spontaneous correction of the diastema
with the eruption of the maxillary lateral incisors and
canines3,27,42,46,49. It is obvious that the nearer to the
incisive papilla and the deeper within the tissues the
fraenum is attached, the more possible for it to cause
a diastema20. The sum of these clinical data should be
always taken under consideration, concerning the age
and the other parameters which affect the problem20,23,39.
Popovich et al48,50 supported the presence of an adverse
relationship between the inferiorly attached and/or
hypertrophic fraenum and maxillary midline diastema.
They stated that due to the presence of the diastema the
fraenum still develops coronally, along with the alveolar
process, as teeth erupt. This happens because the dentition
exerts minor or zero pressure on the fraenum.
Occasionally, when the fraenum fibres are inserted
quite deep, the hypertrophic or inferiorly attached upper
labial fraenum could be diagnosed by simple clinical
observation (Fig. 5) or by observing ischaemia provoked
at the interdental papilla when stretching the upper lip
(Fig. 6)1,39,42. According to Miller41, the fraenum should
be judged as pathological when it is uncommonly wide,
when there is insufficient attached gingival zone in the
midline (Fig. 7), and when the interdental papilla moves
by stretch of the fraenum. However, the evaluation of the
fraenum is sometimes difficult, especially in borderline
cases11,23,46.
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Figure 7. Diagnosis by observation of the abnormal labial fraenum,
which is unusually broad, and there is no apparent attached gingiva at
the midline
Figure 5. Diagnosis of abnormal labial fraenum only by observation

Figure 6. Diagnosis of abnormal labial fraenum with extension of the
upper lip and observation of ischaemia in the interdental papilla

This specific pathological situation is treated with
orthodontic closure of the maxillary midline diastema,
followed by surgical intervention22,27,41. The orthodontic
appliances must be kept in place during the whole phase
of healing (Fig. 8,a-c). With this approach, the new
scar tissue that is going to be formed will contribute in
the desirable retention of the result of treatment69. The
above should be advocated only if the diastema remains
open after the eruption of permanent canines19,26,39.
Nevertheless, in specific cases, when the fraenum is
significantly hypertrophic and so inhibits the orthodontic
closure of the diastema, surgical intervention is required at
an earlier stage than usual69.

Figure 8. (a) Abnormal labial fraenum after orthodontic diastema correction; (b) Surgical intervention in the fraenum; (c) Result of surgery and
retention of orthodontic appliances in place during healing

Various surgical techniques have been described for
the management of the abnormal upper labial fraenum
that causes a midline diastema. Those include: (a) the
classic technique of frenectomy, in which the fraenum,
the interdental soft tissue, and the palatal interdental
papilla are completely removed, leaving uncovered bone
or periosteum; (b) osteotomy of alveolar process under the
apices of the teeth10; (c) corticotomies33; (d) septotomies62;

(e) ‘’Z-plasty’’ technique, which does not reposition the
fraenum but aims to reduce the traction that is exerted
from the fraenum to the interdental soft tissues36;
(f) reverse-bevel gingivectomy; (g) circumferential
supracrestal fibrotomy technique16; and (h) frenectomy
in combination with free gingival graft from palate. This
technique seems to create aesthetic problems because of
a difference in the colour between physiological gingiva
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and transplantation site13. Possibly, the most effective
and less invasive surgical technique for the treatment
of the hypertrophic or inferiorly attached upper labial
fraenum still is the one proposed by Edwards23. This
technique includes 3 different steps: (1) apical reposition
of the fraenum with apocalypse of alveolar bone; (2)
distraction of interdental (transseptal) fibres between
approximated central incisors; and (3) gingivoplasty or
re-contouring of gingiva at the labial or palatal interdental
papilla when it is necessary22. Moreover, with purpose to
further decrease the potential for relapse, it is seemingly
important to remove the elastic fibres that impregnate the
periosteum underline the fraenum, because nowhere in the
normal human periodontium is there such an elastic tissue
involvement with attached gingiva22,30. The major purpose
of the current procedure is to reposition the fraenum
from the site of diastema by a triangle incision which is
performed from the top to the base of the fraenum. The
remaining area is healed within 7-10 days, with full
epithelization completed in 2-3 weeks22. In cases with
more aesthetic expectations, the technique proposed by
Bagga et al5 seems to be really effective. This technique
includes the coverage of the bony surface by 2 triangle
laterally repositioning partially thickness flaps, but it
presupposes the presence of adequate width of the attached
gingiva in order to be performed. It must be noted that
occasionally the pressure provoked to the fraenum fibres
during the orthodontic approximation of maxillary central
incisors leads to avascular necrosis along with fraenum
and gingival fibres remodelling, so making the surgical
intervention useless23,42,60.

Management of the Maxillary
Midline Diastema
The clinician before selecting the appropriate
treatment plan must definitely define a sound diagnosis.
The diagnosis requires the evaluation of several factors,
as age, stage of growth, relations of teeth with adjacent,
their antagonists and their skeletal base, possible presence
of malocclusion, tooth-size relationship, other pathological
conditions, and the presence of diastemas in other segments
of the arch. Consequently, the selection of the appropriate
management for the diastema between the maxillary
central incisors is often difficult, as it presupposes a
sound diagnosis and mainly the recognition and treatment
of the aetiology of the problem. In a study of Almog et
al2, 87.5% of the subjects mentioned that they prefer the
method of computer-imaging simulation for the acceptance
of the proposed treatment plan, concerning the closure of
diastema in the anterior segment of the maxilla, because
they understood better the treatment plan that way.
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The treatment of the diastema is usually postponed
until the eruption of permanent canines, but it may start
earlier, depending on the cause of the problem and in
cases with a very extensive diastema15,31. As a general
principle, only for diastemas between maxillary central
incisors larger than 2 mm, there is a danger for not
spontaneous closure with the eruption of lateral incisors
and canines, while for a diastema smaller than 2 mm it is
almost impossible to remain open23,52. The early closure
of a diastema (during the mixed dentition) is performed
when: (a) the diastema creates severe aesthetic problem to
the patient and (b) the position of central incisors inhibits
the eruption of lateral incisors or canines, as the lateral
incisors may have been displaced in the space which is
normally occupied by canines52.
In the period of permanent dentition, when
the diastema is smaller than 2 mm it can be treated
successfully by the orthodontist, probably by simple
tipping of the maxillary central incisors. This can be
performed with a removable appliance with clasps,
finger-springs and, possibly an anterior bow52. When this
approach is selected, there is a strong need for retention
as it often leads to relapse22,41. The use of elastic bands
around teeth for the closure of the diastema is strictly
prohibited because the bands may move apically and
destruct the periodontal ligament, provoking even loss
of teeth55. When there is a diastema larger than 2mm, in
the majority of cases there is a need for bodily movement
of teeth, and a more complicated treatment with fixed
orthodontic appliances is required52.
In recent years, various authors suggested that the
closure of the diastema between the upper central incisors
or other diastemas in the anterior segment of the maxillary
arch (whether created by the orthodontic therapy or
pre-existed) may be achieved with the placement of
crown veneers45 or with teeth restorations with resin
composite68. Nevertheless, the long-term prognosis in
these cases should be further investigated47. In specific
cases, this approach can be adopted when the patient does
not desire to be treated with orthodontics, when there are
other coexisting aesthetic problems (i.e. amelogenesis
imperfecta), and when the treatment demands a combined
orthodontic and restorative approach, in cases with large
diastema8.

Retention of the Treatment Result
The retention after treatment of the maxillary midline
diastema is considered to be necessary, especially if
lateral incisors and canines have not yet erupted. The
prevalence of relapse according to Sullivan et al65 is 34%,
while according to Shashua and Artun60 it approaches
approximately 50%. The reason for relapse is the placement
of teeth in a position where the teeth are not in equilibrium
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with their functional environment. Thus, a balance between
the external forces exerted to teeth and internal forces
that retain teeth in position is not preserved53. The main
reason for this is the inability for exception of the factor
that disturbs this equilibrium9,12,43. For instance, this
disturbance may occur with the disruption of the continuity
of the interdental gingival fibres, whose functional
role is the preservation of teeth position, like in cases
with an abnormal upper labial fraenum. Moreover, the
equilibrium may be disturbed when the interdental fibres
are compressed by the orthodontic closure of the diastema,
so exerting distal forces to maxillary central incisors64.
The main risk factors for relapse include: (a) increased
pre-treatment width of the maxillary midline diastema;
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(b) the presence of another member of the family with a
diastema; and (c) more than one diastema in the maxillary
anterior region60. However, according to other authors,
prognostic factors for relapse can not be defined65. Taking
under consideration recent studies, the cases with a risk
for long term relapse can not be safely predicted21,25,37,70.
Consequently, it would be wise in almost every case to
select permanent retention for the preservation of the
therapeutic outcome and the avoidance of undesirable
clinical and legal matters. The retainer may be used for a
specific period of time or for the patient’s whole life69,70.
According to Lang et al37, the time for retention must in
every case exceed 2 years.

Figure 9. (a) Maxillary midline diastema; (b) Lingual retainer fabricated by multi-stranded stainless steel wire and bonded to maxillary anterior teeth
for retention after orthodontic treatment

The most appropriate solution for permanent
retention is the bonding of a multi-stranded stainless steel
wire, constructed by 6 strands of wire, with a 0.0215 inch
diameter each7,32. The basic advantage of this retainer is
that its flexibility permits teeth to retain their physiologic
movement, plus it is placed and bonded easily69. The
multi-stranded wire is bonded with resin composite,
usually from canine to canine in the middle of the
palatal surface of anterior teeth (Fig. 9). In cases where
the retainer interferes in functional movements of the
mandible, it can be bonded cervically or within a shallow
rim constructed to the enamel of the teeth69.

Conclusions

5. The need for permanent retention of the result of
treatment, in almost all cases, is inevitable.
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Cytotoxicity of 2 Bleaching Agents: An In Vitro Study
SUMMARY

Tooth bleaching procedures have become very popular since their first
introduction in dental clinical practice. There are concerns about the effects
of exposure of oral tissues to bleaching agents. The purpose of the present
study was to determine the cytotoxic effect of 2 bleaching agents (sodium
perborate and carbamide peroxide) against 2 fibroblastic cell lines. BHK21/
C13 baby hamster kidney fibroblasts and RPC-C2A rat pulp cells were used
for the experiment. The cells were grown as monolayer cultures at 37°C in
an atmosphere containing 5% CO2 in air, and 100% relative humidity. Cells
were plated in multiwell plates and serial dilutions of the bleaching agents
were prepared and placed in contact with cell cultures. The anti-proliferative
effect was determined after 24 and 48 hours of exposure by means of the
colorimetric sulphorodamine B assay, in reference to controls.
BHK21/C13 and RPC-C2A reacted to the bleaching agents with different intensity. Cell proliferation was reduced compared to the controls
after 24 and 48 hours of exposure in both cell lines. The cytotoxic effect was
concentration- and time-dependent. Sodium perborate was the most potent
material tested.
Keywords: Cytotoxicity; Sodium Perborate; Carbamide Peroxide

Introduction
Tooth discoloration is an important concern in aesthetic dentistry. There are several reasons why teeth may
change colour, including food, drinks, tobacco, poor oral
hygiene, diseases, medications, dental materials, age,
genetics, environment, dental trauma, endodontic treatment, systemic diseases etc1-4.
Tooth bleaching techniques were developed a century
ago and all of them involved the process of oxidation.
Generally, bleaching includes 2 types of techniques: vital
and non-vital. There are 2 main methods of vital tooth
bleaching. One involves the application of an oxidizing
agent for a short period of time and may include activation
of the process by heat or light. The other method involves
using a specially prepared mouth guard to hold the
oxidizing agent next to the teeth for few hours a day,
usually during night, for 1 to 3 weeks.
Non-vital tooth bleaching techniques include mainly
the thermocatalytic method5 and the walking bleach
method6. In the thermocatalytic method, heat is used to
activate the oxidizing agent placed in the pulp chamber. In
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the walking bleach technique, the bleaching agent is sealed
in the pulp chamber for 3-7 days and thereafter it is replaced
regularly until a satisfactory result is obtained (usually 2-3
times)7.
The most commonly used bleaching agents are hydrogen peroxide and sodium perborate, either used alone or in
combination. More recently carbamide peroxide has also
been recommended. Carbamide peroxide is mainly proposed for vital tooth bleaching at concentrations ranging
from 10% to 35%. Sodium perborate alone or in combination with hydrogen peroxide is the main medicament in
non-vital tooth bleaching techniques8-10.
Although generally positive results have been reported
concerning the whitening ability of the bleaching agents,
rather few studies have addressed their possible undesirable
effects on living tissues11-14. The risk of bleaching agents
to be a threat to the adjacent tissues is correlated to several
factors, such as the used amount and concentration, the
diffusion through dental tissues, the contact to the gingival
tissues.
The biological risk from bleaching agents can be
estimated by tests in vitro. In vitro methods are routinely
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used in toxicity testing, safety assessment, and risk
evaluation. Cell cultures can be used for screening the
cytotoxicity of materials. The purpose of the present study
was to evaluate the cytotoxic effect of sodium perborate
and carbamide peroxide using 2 fibroblastic cell lines.

n = 8). Mean values and CV from 6 replicate wells were
calculated automatically. Dose-response curves were
plotted (values expressed as percentage of control optical
density). The data were analyzed by ANOVA and the
Student-Newman-Keul test (p<0.05).

Material and Methods

Results
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Figure 1. Effect of carbamide peroxide and sodium perborate on
BHK21/C13 cells after (a) 24 hours and (b) 48 hours of exposure. Each
point and error bar represents mean ± SD of 6 replicate wells
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Sodium perborate and carbamide peroxide were
purchased from Sigma Aldrich Co (USA). 2 established
cell lines were used: BHK21/C13 (baby hamster kidney
fibroblasts) and RPC-C2A (rat pulp cells). BHK21/
C13 were obtained from ICRF (London, UK) and RPCC2A cells were a generous offer from Prof. S. Kasugai
(Tokyo, Japan). Cells were grown as monolayer cultures
in T-75 flasks (Corning Costar), sub-cultured twice a week
at 37°C in an atmosphere containing 5% CO2 in air and
100% relative humidity, and maintained at a low passage
number (5-20). The culture medium was Dublecco’s
modified Eagle’s medium (DMEM, Gibco, Glasgow,
UK), supplemented with 10% foetal bovine serum (FBS,
Gibco, Glasgow, UK), 100 IU/ml penicillin and 100 μg/ml
streptomycin.
Adherent cells at a logarithmic growth phase were
detached by the addition of 2-3 ml of a 0.05% trypsin
(Gibco Brl, 1:250) - 0.02% EDTA mixture and incubation
for 2-5 min at 37°C. Cells were plated (5,000 cells in 100
μl of culture medium per well) in 96-well flat-bottomed
micro-titre plates (Corning Costar). Micro-plates were
left for 24 h at 37°C to allow cells attach to the bottom
of the wells and resume exponential growth. 100 μl of
serial dilutions of the bleaching agents (diluted in the
culture medium) were added on the cells (final volume
in each well 200 μl) after 24 h. 6 replicate wells for each
concentration were used. Negative control wells containing
the same volume of complete medium, were included in
each experiment. Cell growth was evaluated 24 and 48 h
later by means of the SRB assay. All experiments were
repeated at least twice.
The SRB assay was carried out as previously
described15 and modified by Papazisis et al16. In brief,
70 μl 0.4% (w/v) sulforhodamine B (SRB, Sigma) in
1% acetic acid solution were added to each well and left
at room temperature for 20 min. SRB was removed and
the plates washed 5 times with 1% acetic acid before air
drying. Bound SRB was solubilized with 200 μl 10 mM
un-buffered Tris-base solution (Sigma) and plates were left
on a plate shaker for at least 10 min. Absorbance was read
in a 96-well plate reader (Anthos-2001, Anthos labteck
instruments, A-5022, Salzburg) at 492 nm subtracting
the background measurement at 620 nm. The test optical
density (OD) value was defined as the absorbance of
each individual well, minus the blank value (“blank” is
the mean optical density of the background control wells,
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Figure 2. Effect of carbamide peroxide and sodium perborate on RPCC2A cells after (a) 24 hours and (b) 48 hours of exposure. Each point
and error bar represents mean ± SD of 6 replicate wells
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The results are shown in figure 1 for BHK21/C13
and in figure 2 for RPC-C2A cells. BHK21/C13 and RPCC2A cells reacted to the bleaching agents with different
intensity and BHK21/C13 cells were more sensitive
than RPC-C2A. Cell number was significantly reduced
compared to controls after 24 and 48 hours of exposure
in both cell lines (p<0.05). The cytotoxic effect was
concentration- and time-dependent. Sodium perborate was
the most potent material tested.

Discussion
In this study both bleaching agents tested suppressed the proliferation of BHK21/C13 and RPC-C2A
cells as analyzed by the SRB assay, which is a well
established method for material testing17,18. The method
is based on the measurement of cellular protein content.
Sulphorhodamine-B (SRB) stains vital cells and the amount
of dye taken up is measured in a spectrophotometer15.
The mechanism of action of sodium perborate
and carbamide peroxide is based on the production of
hydrogen peroxide7. Hydrogen peroxide is a reactive
oxidizing agent, along with superoxide (O2−), hydroxyl
(HO), peroxyl (ROO) and alkoxyl (RO) radicals.
Oxygen radicals are a potential source of cell damage
through causing DNA strand breaks, genotoxicity, and
cytotoxicity19.
Woolverton et al11 compared 2 carbamide peroxide
oxygenating agents with 7 widely used dental products
in L929 cells and found that both agents were no more
toxic than the other materials. In another study, carbamide
peroxide was less cytotoxic than hydrogen peroxide
although both materials exerted cytotoxic effect to
fibroblasts12. Today, carbamide peroxide concentrations
of either 35% or 22% may be used for external tooth
bleaching. However, to avoid hazardous side effects (tooth
sensitivity, mucosal irritation, alteration of enamel surface)
concentrations higher than 10% should be avoided7.
Although recently an intracoronal bleaching
method20,21 with carbamide peroxide has been proposed,
sodium perborate and hydrogen peroxide are still the most
common materials used in clinical practice.
External cervical resorption of endodontically treated
teeth has been reported after intracoronal bleaching22. One
possible mechanism for this effect is that the bleaching
agent reaches the periodontal tissues through dentinal
tubules and causes an inflammatory reaction23.
Asfora et al14 evaluated the biocompatibility of
sodium perborate and 30% hydrogen peroxide using
the analysis of adherence capacity and morphology of
macrophages. They showed that hydroxide perborate
caused irreversible cellular damage while sodium perborate
caused neither morphological nor functional alteration in
macrophages. Kinomoto et al13 examined the cytotoxicity
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of internal bleaching agents on human periodontal ligament
cells in vitro. The least cytotoxic material after 24h was
sodium perborate and the most toxic the mixture of sodium
perborate and hydrogen peroxide. However, after 48 hours
the cytotoxicity of sodium perborate increased and it was
more cytotoxic than hydrogen peroxide. The results of
our study showed that both bleaching agents tested were
cytotoxic compared to controls, and sodium perborate was
the most potent material.
It is clear that it is not possible to extrapolate the in
vitro results to in vivo conditions since various mechanisms
exist in human tissues protecting them from damage24.
On the other hand, the bleaching agents remain in direct
contact with living tissues for prolonged time thus
increasing the risk of undesirable biological effects.
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Electron Microscopic Features of Effects of Different
Intracoronal Bleaching Methods and Materials on the
Structure of Dentin
Umut Tunga1, Bade Sonat2

SUMMARY

The study used electron microscopy to evaluate the effects of various
concentrations of hydrogen peroxide and sodium perborate, which are the
chief agents used in bleaching, on the surface of dentin. 18 freshly extracted,
unerupted mandibular third molars were split along the sagittal plane (lingually and buccally) with Carborundum disks so that 36 nearly equal intact
teeth parts were obtained. In these 36 specimens, dentin surfaces were evaluated. Each specimen was randomly assigned to 1 of 6 experimental treatments: distilled water, 10% hydrogen peroxide, 30% hydrogen peroxide, distilled water plus sodium perborate, 10% hydrogen peroxide plus sodium perborate, and 30% hydrogen peroxide plus sodium perborate. Changes in the
surface morphology of the dentin were recorded according to their severity.
The most changes occurred in the intact dentin surfaces treated with
30% hydrogen peroxide, and with 30% hydrogen peroxide and sodium perborate. The use of bleaching agents was accompanied by morphological
changes in the dentin; the most severe changes were found with the higher
concentration of the hydrogen peroxide.
Keywords: Dentin; Electron Microscopy; Intracoronal Bleaching

Introduction
Increased acidity is a common side effect of the
bleaching technique. The mechanism by which the
bleaching agents penetrate dental tissues and initiate the
resorptive process remains unclear and studies should
be intensified to throw more light on this process.
Additionally, information regarding the effects of various
types of sodium perborate on the bleaching technique is
limited. Agents currently being used for bleaching may
cause damage to the structure of the teeth as a result of
reactions between the hard tissues of the tooth and the
chemical agent1. Deleterious effects of bleaching agents
include apical and horizontal leakage, decreased stability
of restorations, increased fragility of the tooth, and external
resorption2. Although these effects are known side effects
of the bleaching process, the ultra-structural pattern of
this process remains to be elucidated1. The adverse effects
of peroxide-containing bleaching agents have long been
reported, but there is disagreement regarding the effects of
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different concentrations on the surface structure of the hard
tissues of teeth.
The purpose of this investigation was to evaluate the
effects of various concentrations of hydrogen peroxide
alone and in combination with sodium perborate in the
walking bleach method. The study presented here concerned
changes to the surface structure of dentin, and compared the
results by means of electron microscopy.

Materials and Methods
18 extracted, unerupted mandibular third molars were
used in the study. The soft tissues covering the root surfaces
were gently removed with thin brushes and the teeth were
placed in distilled water. Using rotary Carborundum discs
under water-cooled conditions, the teeth were split along
the sagittal plane (lingually and buccally) so that 36 nearly
equal tooth sides were obtained (Fig. 1).
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Group 5 - 10% hydrogen peroxide and sodium perborate;
Group 6 - 30% hydrogen peroxide and sodium perborate
tri-hydrate (2x [NaBO2(OH)2]- 4H2O).
Specimens from each group were stored in their
respective bleaching materials at 37ºC for 3 days. After
the initial 3 days, fresh solutions were prepared and the
specimens were stored at 37ºC for an additional 3 days.
At the end of the 6-day period, the specimens were taken
out, rinsed in tap water and left to dry at room temperature
for 1 hour. The specimens were then covered with 300º
Angstrom gold film and prepared for scanning electron
microscopy (Jeol, JSM Serie 6400).

Figure 1. Teeth were split along the saggital plane
(lingually and buccally).

Electron Microscopic Evaluation

Pulp tissue remnants were removed from the pulp
chambers by excavators, and intact dentin surfaces were
obtained. In these 36 specimens, intact dentin surfaces
were obtained by leaving the pulp chambers in their
original form and the samples were evaluated only in intact
regions. Each specimen was then treated in an ultrasonic
bath with distilled water for 25 minutes and randomly
assigned to 1 of 6 experimental groups:
Group 1 - distilled water (control group);
Group 2 - 10% hydrogen peroxide;
Group 3 - 30% hydrogen peroxide;
Group 4 - distilled water plus sodium perborate (Sodium
perborate tri-hydrate, Merck, Art 6560);

Specimens were evaluated at magnifications of 500x,
750x, 1000x, and 1500x. Changes in the surface structure
of the dentin were classified as slight, moderate, or severe.
Because smear layers may have occurred, especially over
the dentin, during the cutting procedure with drills, only
intact dentin surfaces were evaluated.

Results
Results from the electron microscopic evaluation are
summarized in table 1.

Table 1: Influence of dentin surfaces as a result of various types and concentrated bleaching agents
Slight irregularity in the surface
structure (out of 6)

Moderate irregularity in the
surface structure (out of 6)

Severe irregularity in the surface structure
(out of 6),
(dehydratation in the structure)

Group 1

=6=

-

-

Group 2

=4=

=2=

-

Group 3

-

=2=

=4=

Group 4

-

=5=

=1=

Group 5

-

=4=

=2=

Group 6

-

=1=

=5=

Intact dentin surfaces to which distilled water was
applied as a control agent had remained unchanged (Group
1, Fig. 2). Specimens treated with 10% hydrogen peroxide
(Group 2, Fig. 3) had fewer observable changes than any
other bleached group; deformations in the surface structure
did occur, but less frequently than in other groups. Severe
changes occurred in most of the intact dentin surfaces
treated with 30% hydrogen peroxide (Group 3, Fig. 4). In
group 4, in most of the samples moderate surface structural
changes were seen (Fig. 5). In group 5, moderate surface

structural changes were seen in most of the samples;
besides, severe surface structural changes were also found
in 2 samples (Fig. 6). With 30% hydrogen peroxide and
sodium perborate tri-hydrate (Group 6, Fig. 7), the surface
became almost completely irregular.
Interesting finding was the presence of different
amounts and locations of sodium perborate residues
and particles on all the specimens subjected to sodium
perborate applications (Fig. 8).
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Figure 2. Group 1 (X 1500 magnification): Distilled water applied
dentin surfaces. Entrance of dentin tubules are clear and regular and the
prismatic structure kept original structure.

Figure 5. Group 4 (X 1500) Distilled water and sodium perborate
applied dentin surfaces. It is seen that the prismatic properties of dentin
tubules are lost and the tubule crevices are widened. Deformation in
dentin structure is visible.

Figure 3. Group 2 (X 1500) 10% hydrogen peroxide applied dentin
surfaces. It took attention, but dentin tubules kept their original
structures.

Figure 6. Group 5 (X 1500) In this group in which 10% hydrogen
peroxide was used together with sodium perborate, deformation in the
tubular entrances took attention and also disregulation in the tubular
pattern was seen.

Figure 4. Group 3 (X1500) 30% hydrogen peroxide applied in dentin
surfaces. Randomly located tissue crevices due to dehydratation are
visible. Although the regular form prisms of dentin tubules kept its
original structure few deformations especially in the tubule entrances.

Figure 7. Group 6 (X 1500) In this group whereas the %30 hydrogen
peroxide was used together with sodium perborate; dentin tubules over
the dentin surface was enlarged and their tubular structure disappeared
in most although in some regions still the tubular may be seen.
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findings by Zalkind et al9, in the present study changes
were also observed in specimens treated with sodium
perborate plus water.

Figure 8. (X 500) Presence of different amounts of sodium perborate
residues and particles in specimens.

Discussion
Previous studies have used teeth extracted for
orthodontic purposes. In this study, in order to avoid
incidental effects of the oral environment, fully impacted
teeth were used.
Most researchers have attributed cervical resorption to
the caustic effect of H2O2. The lack of electron-microscopic
evaluation of this procedure prompted us to undertake
this study. The present study demonstrated a reduction in
regularity of the surface structure associated with the use of
hydrogen peroxide plus sodium perborate, as is commonly
reported with the walking bleach technique. In the thermocatalytic method, however, hydrogen peroxide is used
with heat alone. The more common occurrence of external
resorption with thermo-catalysis suggests that damage can
be accelerated by the acidity of hydrogen peroxide and/or
the heat used in this method.
Several investigations have evaluated differences
in external resorption after bleaching with hydrogen
peroxide plus heat3-7. External resorption after the use of
hydrogen peroxide plus sodium perborate in the walking
bleach technique has been reported by Latcham8. Also,
Zalkind et al9, using a scanning electron microscope,
observed damage in enamel, dentin, and cement caused
by bleaching agents (30% hydrogen peroxide, sodium
perborate); 30% hydrogen peroxide solution was
associated with severe changes to dentin surfaces, whereas
no changes were observed with sodium perborate. In our
study, specimens treated with 30% hydrogen peroxide
(Group 3) showed definitive changes to both the intact
and cut dentin structures. Prepared surfaces showed
differential penetration of bleaching material (Fig. 9).
Therefore, in order to maximize the standardization of the
experimental groups, intact dentin is preferred when the
effects of different bleaching agents on dentin surfaces
are evaluated. The greatest effect was found with 30%
hydrogen peroxide (Group 3). However, in contrast to

Figure 9. (X 750 magnification): Both prepared and intact dentin
surfaces are seen together. In prepared regions tubular entrances are
closed and the prismatic properties were lost. In intact surfaces regular
tubular structure can be seen.

Arı and Üngör10 studied different types of sodium
perborate for intracoronal bleaching efficacy and stated
that duration of the application of the bleaching agent is
more crucial than the concentration. They claimed that
to mix the sodium perborate with water rather than the
hydrogen peroxide is more advisable to prevent further
damage on hard tissues. In the present study, we elected
to assess the effects of the trihydrate form of sodium
perborate instead of the monohydrate form because of
its frequent use in practice; no significant difference was
found between them in this in vitro study.
One potential explanation for the discrepancies
associated with the use of sodium perborate is the type
of sodium perborate used. Unfortunately, Zalkind et al9
did not record the type of sodium perborate they used.
Interestingly, in our study, in the group in which sodium
perborate was used with water, moderate effects were
seen. This accords with results recorded by Lewinstein
et al11. Additionally, in our study, sodium perborate was
found to be more effective when used with hydrogen
peroxide.
Rotstein et al12 reported that among perborates, the
highest content (16%) of active oxygen occurs in sodium
perborate monohydrate. When combined with water
or hydrogen peroxide, it changes to a solid form in less
than 1 hour and becomes inactive. In comparison, the
active oxygen content of sodium perborate tri-hydrate
is 11.8% and it becomes solid in 24 hours or more. The
active oxygen content of sodium perborate tetra-hydrate is
10.4%. Peroxide compounds are widely used in different
concentrations for bleaching purposes. Oxidation is the
main cause of varying degrees of surface porosity and
structural change depending on the bleaching agent.
In addition to differences caused by modes of use, the
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bleaching agents may not spread uniformly throughout the
surfaces, and the deformation caused by this process needs
to be confirmed.
It is believed that in the majority of cases, the use
of bleaching agents and the bleaching process itself are
not solely responsible for cervical resorption. Thus, it is
important that clinicians are aware of the potential for
penetration, and take precautions while trying to increase
the dentin permeability12. The few studies in the dental
literature that have evaluated the effects of bleaching
agents on the surfaces of dental tissues have most often
been concerned with carbamide peroxide.

Conclusion
Evaluation with electron microscopy showed that
the intact dentin surfaces treated with 30% hydrogen
peroxide (Group 3) and 30% hydrogen peroxide plus
sodium perborate (Group 6) had severe surface changes
more often than specimens from any other group. We
have observed that over the dentin hard tissues, effects of
sodium perborate were similar to those of H2O2 (10% and
30%). Therefore, the belief that sodium perborate causes
less surface destruction than hydrogen peroxide is not
supported by the evidence.
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Denture Related Stomatitis and Candida Counts of a
Rest Home Population: An Epidemiologic Pilot Study
in Patients Wearing Upper Full Removable Dentures
SUMMARY

The aim of this study was to investigate the presence and numbers of
Candida species, as well as denture related stomatitis (DRS), in an elderly
population of a rest home. Additionally, the relation between presence of
DRS and Candida species was controlled. A total of 80 patients wearing
upper complete removable dentures were included in our study group. All
patients were examined and interviewed for predetermined parameters and
for DRS if any existed.
The results of this pilot study showed clearly that patients with symptoms of DRS had a pronounced number of Candida albicans in the saliva
samples. Other candida species seem not to play a key role in the infection of
the palatal mucosa. 31.25% of all examined patients showed DRS. Another
important result of this study was that there was a statistically significant
relationship between denture cleanliness, denture age and Candida albicans
numbers.
Keywords: Denture Related Stomatitis; Candida albicans; Removable Dentures

Introduction
Since elderly patients suffer more often from health
problems, thus use generally more medication than
younger individuals and have a reduced velocity of
metabolism, salivary flow rate is often lower. These facts
inhibit the protection mechanisms of the mucosa seriously
and pathologies can easier affect these persons.
Denture related stomatitis (DRS) is the most
frequently encountered lesion associated with denture
wearing and is most often seen under full upper dentures3,8,16,20,29,30,31,37,40. It was reported that the incidence of
oral mucosal lesions in elderly people is in average 27%,
and the inflammation of denture bearing tissues is the
most often encountered lesion type31. The incidence rate
of candida induced denture stomatitis was reported to be
in average 19%36.
Several studies have demonstrated an association
between the opportunist pathogen C. albicans and
DRS5,8,9,18,34,39. Candida species are found in the oral
cavity of 25-50% of healthy individuals. When only
denture wearers are considered, the values increase to 60
up to 100%4. In comparison with other species of Candida,
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such as C. tropicalis, C. glabrata, C. parapsilosis and
C. krusei, Candida albicans was shown to have a very
high occurrence in the oral cavity1,2,3,22,24,41,42, thus
the majority of candidiasis still seems to be caused by
Candida albicans12,27,28,38. This study is focused more on
epidemiologic parameters and denture wearing habits, such
as denture age19,30, denture hygiene5,17 and continuous
use of dentures15,16,21 by assessing Candida counts in
patients with removable complete upper dentures, with
or without presence of DRS, and has the aim to evaluate
the importance of denture wearing habits as predisposing
factors in the development of DRS in the Turkish geriatric
population.

Material and Methods
A total of 80 upper edentulous and lower partially
dentate or edentulous patients with an average age of
63.4 ± 8.2 (60 females and 20 males) were examined and
interviewed.
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The patients’ (1) age, (2) gender, (3) existence of a denture actually being used, (4) denture age, (5) frequency and
(6) method of denture cleaning and (7) dental history were
recorded. Clinical examination performed the same investigator for standardization reasons. The type of dentures,
presence and localization of denture induced lesions, such
as stomatitis, inflammatory papillary hyperplasia, and the
cleanliness of the dentures was noted. Only individuals who
were not undergoing antibiotic or antifungal therapy for at
least 6 months before sampling were selected for this study.
In the case of DRS, the erythema was scored by using
Newton’s classification index32:
(1) Slight inflammation (localized slight hyperaemia);
(2) Moderate inflammation (generalized erythema);
(3) Severe inflammation (diffuse and papillary hyperplasia).
A subjective denture hygiene index6 was used to
score the plaque at the intaglio surface in 3 groups.
(1) Excellent - no or very little plaque;
(2) Fair - less than half of the denture base covered by
plaque;
(3) Poor - more than half of the denture base covered by
plaque.
In all cases, a mycological test for Candida species
was made. In order to provide standardization for collected
samples, the overall investigation was carried out at
midmorning and at least 2 hours after eating, drinking or
any hygiene procedure. Smear samples from a triangular
area of the palate and saliva samples were taken from the
patients. 1ml of saliva as well as the smear samples were
cultured in Chromagar medium, incubated at 37°C for
48 hours, and subsequently the count of Candida colonyforming units of all different morphologies was recorded.
For identification of the yeasts, the morphologies were
examined in cornmeal agar with Tween 80 and the
carbohydrate assimilation was investigated with API ID 32
C (Biomerieux® - France). For differentiation of Candida
albicans and C. dubliniensis, the colony morphology and
chlamydospore development in Staib agar, chlamydospore
development in Casein agar and the capability to grow in
45°C was investigated.
The growth of yeasts from saliva samples were
determined as colony forming units (cfu). The growth of
smear samples was determined as follows:
- In case of growth in the first region - low;
- In case of growth in the first and second region - dense;
- In case of growth in all three regions - very dense.
The relationship between DRS, denture age and
patient age was analyzed by using Whitney-Mann U-test.
The relationship between other denture related factors and
DRS was investigated by the use of Chi-square test.

Results
60 isolates (75%) of Candida species were obtained
from the oral cavity of the elderly subjects. Distribution

Candida Counts in Full Removable Denture Wearers 99

of the different Candida species were shown in table 1.
32.25% of all examined patients had symptoms of DRS.
Table 1. Distribution of Candida Species
Candida Types
C. albicans
C. glabrata
C. tropicalis

n - %
50 (62.5)
20 (25)
9 (11.25)

C. parapsilosis

9 (11.25)

C. crusei
C. crevisiae
C. guilliermondii
C. dubliniensis
C. lusitaniae
C. kefyr

2 (2.5)
1 (1.25)
1 (1.25)
1 (1.25)
1 (1.25)
1 (1.25)

Smear samples: The relationship between DRS
symptoms, such as palatal erythema and Candida albicans
growth, was not statistically significant. Additionally,
other Candida species also had no effect on the DRS.
Candidal growth showed clear differences within
the 3 stomatitis types, although there was no statistical
significance, thus patients with any type of inflammation
regardless of the Newton classification, were considered
as DRS cases.
Saliva samples: The numbers of Candida albicans in
saliva samples had a statistically significant effect on the
clinical symptoms (Tabs. 2 and 3). Other candida species
had no effect on the DRS.
Table 2. The relationship between C. albicans count and Denture
Related Stomatitis

Denture Related
Stomatitis

Candida Albicans Count
n
mean
SD
25
820,2
1290,4
55
434,6
996,4

+
-

Table 3. The relationship between C.albicans and
Denture Related Stomatitis

+
Candida albicans

Total

n
%
n
%
n
%

Denture Related
Stomatitis
+
21
30
84
53,7
4
25
16
46,3
25
55
100
100

There was also a statistically significant association
between Candida albicans numbers and denture cleanliness
(Tab. 4). The relation between denture age and DRS was
found to be statistically very significant (p = 0.008). There
was no statistical relation between patient gender, denture
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cleaning methods, denture cleaning frequency, continous
denture wearing and frequency of denture cleaning and DRS.
Table 4. The relationship between denture cleanliness and
C.albicans count

Denture Cleanliness

Excellent
Fair
Poor

Candida Albicans Count
n
mean
SD
15
34,2
123,5
32
234,2
801,2
33
1074,4
1345,0

Discussion
The patients in this study were drawn from a
population of people living in a rest home. Therefore, this
sample group may not be representative of the population
wearing removable dentures on a whole, but is a crosssection.
Budtz-Jorgensen and Bertram5 suggested that the
denture plaque on tissue surfaces of dentures must have an
irritating effect on mucosa. Catalan et al11 have reported
that denture plaque in patients with DRS mostly show
a considerable thickness. The toxic effects of plaque
masses in contact with oral mucosa, for extended period
of time, are predictable and similar as in the periodontal
patient. Candida albicans and other related species
are the most common type of bacteria found in oral
candidal infections43. A significant number of DRS cases
were encountered especially among patients wearing
maxillary complete dentures: the palate is the most
frequently affected region and is more susceptible to yeast
colonization. This finding was usually reported in similar
investigative studies40,43, which is also confirmed by our
results. This fact can be explained by the greater area
which is covered by the denture base and thus prevented
from contacting saliva and being subject to anaerobic
conditions37.
Denture plaque is mainly composed of Candida
albicans, which is the main cause of DRS9-11,13,19,35. The
importance of Candida species, especially Candida albicans,
in provoking DRS was reported by several other investig
ators9,10,13,19,24,35,41. In comparison with other species of
Candida, such as C. tropicalis, C. glabrata, C. parapsilosis
and C. krusei, Candida albicans was shown to have
a very high occurrence in the oral cavity1-3,22,24,41,42,
thus the majority of candidiasis still seems to be caused by
Candida albicans12,27,28,38. These findings were confirmed
by our results too, but no statistically significant differences
in yeast colonization between the various stages of DRS
could be shown; however, 75% of all patients had at
least one kind of Candida species in their samples. The
comparison of our findings with other studies about the
distribution of Candida species showed generally similar

numbers and percentages. The only 2 differences were
that the percentage of C. tropicalis in our study group was
lower than other reports, and in contrast, the C. glabrata
percentage was much higher. This could indicate to a
difference for the Turkish geriatric patient as well as being
a coincidence due to the low number of cases14,33.
The denture cleanliness, according to numerous studies5,10,17,21,23,24,26, is an important factor in the development
of DRS. Similarly, in Kulak and Arikan’s study23 the results
showed a significant association between DRS, denture
hygiene and candidal colonization. Our results indicated
a significant association between DRS and denture
cleanliness, and a tendencial relation to Candida albicans
growth, too.
Some studies have shown that denture hygiene
habits (frequency and method) are important factors in
the development of DRS21; however, in accordance to our
findings, others found no relationship23,24,31. The reason
for these controversial findings could be the fact that many
patients are not properly informed about the brushing and
cleaning methods and the frequency, and believe that their
habits are adequate.
According to the results of many studies showing a
high incidence of yeasts in the saliva or on palatal tissue
of DRS patients in comparison to the control groups, it has
been speculated that the presence of yeasts is an important
factor in the development of the disease. However, many
subjects with intraoral yeast presence can from time to
time be free of symptoms of DRS. On the other hand,
some cases with significant symptoms of DRS can have a
relatively low count of yeasts. There must be other factors,
besides the presence of yeasts, that are important in the
development of the disease. The filamentous growth in
the hyphae form of Candida albicans has been reported
to enhance the adherence to the tissues and consequently
contributing to the virulence of this pathogen25,38. It
can be speculated due to our low yeast counts from the
palatal smears, that the hyphae form is resistant to smear
sampling due to the strong adherence, thus in spite of
heavy inflammation, no yeast colonization can be detected.
Understanding of the potential role of hyphae in the
pathogenicity of Candida albicans would be of significant
benefit in view of the increasing incidence of candidiasis7.
In the light of these findings, for the future of this
project it is planned to increase the number of patients
and to take epithelial samples of a permitting group to
ascertain the role of hyphae in the development of DRS.

Conclusions
The results of this pilot study showed clearly that:
1) The relationship between DRS symptoms, such as
palatal erythema, and Candida albicans growth was
not statistically significant in palatal smear samples;

Balk J Stom, Vol 12, 2008

2) Patients with symptoms of DRS had a pronounced
number of Candida albicans in the saliva;
3) Other Candida species seem not to play a key role in
the infection of the palatal mucosa;
4) Poor denture hygiene seems to increase Candida
albicans numbers;
5) Denture age influences DRS development, too.
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Modification of Impressions to Prevent
Supporting Tissues Overloading
SUMMARY

While taking impressions from the displaceable mucosa, the tissue dislocation should be minimal. Our aim was to control the tissue dislocation
from flabby ridges during taking impressions with a modified method of “free
impression”. 14 edentulous patients with displaceable alveolar ridges were
treated using this modified method of functional impression and mild pressure
on the tissue. The method is called “free impression”. Custom tray perforated in the soft tissue region was constructed. To keep the impression material not to leak through the perforation, gauze was used. After completing of
the border moulding procedures and taking selective - compressive impression, as usual, we completed the procedure with soft tissue impression. The
impression material was applied between the gauze and the oral mucous with
a syringe. Control of tissue dislocation was measured with the distance of 3
points marked on the soft tissue, which were transferred from the impression
to the plaster model. The distances were measured with accuracy of 0.02.
There were not significant differences between the values of the distances measured in the mouth and on the models (p<0.0002).This results
encourage us to prefer the method of “free impression”, as a method with
minimal tissue dislocation.
Keywords: Denture, complete; Functional Impressions; Displaceable Mucosa,
Flabby Ridges

Introduction
Interaction between the complete denture and the
other structures from the stomathognatic system should
be well balanced from functional aspect. This should be
well composed, harmonious, functional unit, which on a
standard level should effectively satisfy the individual
needs of the patient.
The functional impression is a part of the designing of
the complete denture5,7,9. With this impression, we define
the interaction of the denture with the oral mucosa, such as
its dimension, pressure distribution and border moulding, as
important factors for retention and stability of the complete
denture. When there is severe mobility of the denture
supporting tissues, the impression methods with controlled
selective pressure should be preferred. With these methods
the pressure is the most similar to the physiological one, the
pressure distribution is adequate to the oral base quality,
the subjective influence of the therapist is avoided and the
displacement of the tissue is minimal6.

K. Dejanoski, A. Angelovska, S. Pancevska, L.
Popovska, N. Janeva
Dental Clinical Centre “St Pantelejmon”
Faculty of Dentistry
Skopje, FYROM

ORIGINAL PAPER (OP)
Balk J Stom, 2008; 12:103-106

Our aim was to control tissue dislocation,
experimentally and clinically, during taking impressions
from the displaceable oral mucosa using a modified
method called as “free impression method”.

Material and Method
The control of the tissue dislocation during the
usage of the modified method of “free impression” was
performed by the comparison of marked distances in the
mouth and on the models. We were able to control tissue
dislocation in horizontal plain only. We marked by using
an indelible pencil 3 points before taking impression, 1 in
the area of the rigid mucosa and 2 on the movable area.
These distances were constant, so that we could compare
them. A model from Plexiglas was constructed. These
points were transferred, over to the impression, on the
model. The distances between the points on the pattern
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were determined with precision of 0.02 mm. The casts
were made of plaster with expansion of 0.1%.
A modified method known as “free impression
method” requires primary impression and production
of special tray fenestrated in the region of the movable
tissue. While taking an impression from the upper jaw,
we put gauze on the fenestrated area, which was supposed
to hold the impression material in close contact with the
oral mucosa and to avoid deformation of the impression
material.
After completing of the border moulding procedure
and taking selective compressive impression of the
unchanged oral tissues, as usual, we completed the
procedure with soft tissue impression (Fig. 1). We took
the impression out of the mouth and cut the excess of
the impression material from the edges of the perforation
(Fig. 2). A peace of gauze was stuck to the tray above
the perforated area. Then the impression was returned in
the mouth (Fig. 3). In addition, the impression material
was put with a syringe between the gauze and the oral
mucosa (Fig. 4). The quantity of the material should be
adequate to the surface that would be copied, so as not
to make pressure between the gauze and the mucosa,
and to have sufficient quantity that will enable the
proscribed thickness of the manufacturer, usually 2-4 mm.
Afterwards, by coping the movable area, we completed
the impression13,16 (Fig. 5). We used the light body silicon
materials (Xantopren LV -Heraus Kulzer).
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Figure 3. Preparation for taking impression from the flabby ridges

Figure 4. Application of the impression material for taking impression of
the flabby parts

Figure 1. Border moulding procedure and functional impression from
the unchanged mucosa
Figure 5. Completed functional impression

Figure 2. Functional impression from the unchanged mucosa

In this impression technique the pressure comes only
from the weight of the impression material itself. On the
maxilla it is minor because of the gravity.
“Free impression” clinical method was used with 14
patients, complete denture users with displaceable mucosa
and signs of mechanical irritation. The control was made
on plaster models from 28 impressions, from 14 patients,
from the maxilla, the second impression was taken after
the rest of the tissue for at least 2 hours. Student’s T-test
was used for comparison.
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Results
The results of the measured distances did not show
significant differences between the values in the mouth and
on the model (p<0.05), and their differences were close to
the expected volume changes of the plaster (Tab. 1).
Table 1. Comparison of values of the measured distances in
mouth and on the working model
Distance
N
M
SD
p

AB in mouth
14
15.01
0.01

AB on model
14
15.00
0.02
0.07

Clinical examinations showed effective results,
objective and subjective, in all cases according to the oral
mucosa condition.

Discussion
Changes of the oral mucosa may appear as undesired
effects of some drugs, antagonists and blockers of the
calcium which initiate collagen production, or drugs
which interact and activate the fibroblasts. Mc Cord et
al11,12 found gingival hyperplasia in approximately 65%
of the complete denture users who were using Phenytoin.
However, a special aspect should be given to changes
of the denture supporting areas that appear as a result
of irregular dentures which have been worn for a longer
period, or which were not used or maintained properly.
If these changes are of proliferative type, they are known
as denture related hyperplasia. According to literature,
changes like these can be found in 15-18% of denture
wearers, mostly over 50 years of age; they appear more
frequently in women, than in men11,12.
Permanent irritation or pressure over the oral mucosa
initiate inflammatory changes. The oral mucosa is not
functionally predetermined to receive and distribute the
masticatory pressure over the bone base even though in
some areas it can endure larger pressure. If such uneven
forces are larger and exceed the physiological oral tissue
tolerance, pathological changes in the sub-epithelial tissue
occur. At the beginning, these changes are exudative, but
they often turn into proliferative changes. This forces
result in continuing resorption of the bone - oral mucosa
loses its firm tissue and becomes displaceable. The
epithelium may be healthy or with persistent lesions or
ulcers in more severe mechanical irritations. Deterioration
of the circulation, increased temperature under the
dentures; incorporated infective, chemical or allergic
factors may initiate even more serious manifestation.

From the prosthetic aspect, it is important that the
changed mucosa and the denture may create reciprocal
actions - the unstable denture due to its constant irritation
leads to these changes, and they decrease the stabilization
of the denture. The unburdening of certain areas by
using lead foil, adding phosphate cement, free scrubbing
from the denture should not be allowed, because those
procedures are subjective, freely dosed and may have a
negative effect of chamber.
The impression technique is one of the preventive
ways to avoid the appearance of oral hyperplasia in the
removable denture wearers. The other phases of the
complete denture fabrication must be paid attention
to. Prevention is very important and doctors from
different specialties must be involved and consulted. The
impressions from the areas with changed mucosa should
be taken without compression, deformation and without
displaceable tissue distortion. From that point of view,
impressions with controlled and minor compression are
preferred because they allow minimal deformation and
dislocation of the changed tissue.
There are also other indications and techniques
in the literature for the modified method of functional
impressions1-4,8,10,14,15.

Conclusion
The method of “free impression”, when the procedure
is followed, gives favourable results, which insure good
relationship between the oral tissues and the denture.
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Using a Modified Neutral Zone Technique to
Obtain Maxillary and Mandibular Impressions in
1 Stage for Construction of a Denture for a
Mandibular Defect Patient: A Technical Report
Şebnem Begüm Türker1, Ender Kazazoğlu2

SUMMARY

Fabrication of a complete denture for the post-surgical intraoral carcinoma patient can be difficult because of the severe limitation in the oral
opening. The neutral zone concept can be used for such cases. The purpose
of this case report is to describe a modified neutral zone impression technique designed to obtain maxillary and mandibular impressions in one stage
in preparation for construction of a mandibular denture when insertion of
fabricated impression trays is impossible due to the partial resection of the
mandible. This technique reduces the total chair time during construction of
the dentures.
Keywords: Neutral Zone Impression; Mandibular Defect

Introduction
The neutral zone is the potential space between
the lips and checks on one side and tongue on the other,
in which natural or artificial teeth are subjected to equal
opposing forces from the surrounding musculature6.
Conventional complete dentures and dentures made
by using the neutral zone were compared by Fahmy
and Kharat4. They suggested that comfort and speech
performance were better with the neutral zone dentures.
Alfano and Leupold1 used this technique to obtain
maxillo-mandibular registration for complete dentures and
concluded that denture stability can be obtained with this
technique. Ohkuba et al8 described a similar procedure
for making a mandibular complete denture for a partial
glossectomy patient and reached the same conclusion.
Many patients experience severe limitation of mouth
opening after mandibulectomy. The limitation of opening
may, in fact, become more severe as fibrosis progresses
during normal healing. Because sufficient mouth opening
is required for making impressions, a common problem
during dental treatment for such patients is the insertion
and removal of the stock impression tray9. Several
techniques have been described for taking impressions of
such patients2,3,7,10. This case report describes a modified
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neutral zone impression technique designed to obtain
maxillary and mandibular impressions together, in 1 stage,
for the purpose of constructing a denture prosthesis for a
mandibular defect patient for whom the insertion of the
fabricated impression trays was impossible due to severe
limitation of mouth opening.

Technique
The clinical and radiographic examinations of a
51-year-old female patient revealed a mandibular defect.
Salivary glands and left mandible had been resected 3
years earlier following diagnosis of a carcinoma. A plastic
and reconstructive surgeon had reconstructed the resulting
defect using a fibular free flap (Fig. 1). A dentate maxilla
except for the right first maxillary molar and an edentulous
mandible were observed in the clinical and radiographic
examination. The tongue was only partially mobile
because part of it had been used to close the surgical
wound. The mandibular mucosa and the mandibular lip
were oedematous as a result of continuous irritation by
the maxillary anterior teeth. Remarkable limitation in oral
opening (2.3 cm) and space between the commissures
measuring 3.6 cm were noticed (Fig. 2). As a result, taking
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impressions of the maxillary and mandibular arches using
stock impression trays was impossible. Therefore, an
altered neutral zone impression technique was planned in
order to fabricate a mandibular denture.
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mandibular alveolar ridge to support silicone impression
material during construction of a neutral zone impression.
A silicone impression material with medium viscosity
(Speedex, Coltene, Whaledent Inc, New Jersey) was
injected on this wire using a 5 cc dental injector while
the patient was at the rest position. Then, the patient was
instructed to make functional movements for several
minutes as the silicon impression material was setting.
Functional movements included: pronouncing words with
“S” sounds, taking frequent sips of water and swallowing
to activate the floor of the mouth, pursing the lips to
activate the tongue, and whistling to contract the muscles
around the lips. The forces exerted during functioning of
the lips, cheeks, and tongue shaped the neutral zone. When
the setting time for the first injection was completed,
a second injection of the same material was placed onto
the first set impression material and the patient was again
instructed to make functional movements.

Figure 1. Extraoral view of the mandibular defect
Figure 3a. Intraoral view of the mandibular wire supported silicone
impression model with the occlusal scheme of the maxillary arch

Figure 2. Remarkable limited oral opening

Impression Procedure
An orthodontic 0.9 mm stainless steel wire was
prepared and adapted along the centre of the patient’s

Figure 3b. The wire supported silicone impression
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Figure 3c. The occlusal scheme of the maxillary arch
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print of the maxillary teeth, the upper part of the NZ
impression was poured with plaster. After the plaster had
set, the NZ impression was removed and cleaned. To
obtain a mandibular master cast, 2 wax rolls were adjusted
to the posterior part of the NZ impression. The purpose
of the wax rolls was to provide a path of insertion for
flowing liquid acrylic resin and melted wax to construct
the recording base and the occlusion rim, respectively. A
silicone putty index was placed around the NZ impression
(Fig. 4). The NZ impression and the wax rolls were
removed when the putty silicone index had set. The
index preserves the space of the neutral zone impression.
First, the impression surface of the NZ impression was
converted to a recording base by pouring liquid acrylic
resin into the related negative space. After acrylic resin
polymerization was completed, the polished surface of
the NZ impression was converted to an occlusion rim
by pouring melted wax into the related negative space.
After the melted wax had cooled and solidified, the putty
silicone index was removed. The mandibular recording
base and the mandibular occlusion rim were obtained.

Figure 3d. Lingual view of the wire supported silicone impression

At the end of the second setting time, a wiresupported silicone impression had been obtained, and was
removed from the patient’s mouth, examined extraorally
and excess silicone removed. The wire supported silicone
impression was placed again into the mouth and a third
injection was performed using the same material. The
patient was asked to make functional movements again
while the material was setting. The same procedure was
repeated several times until the occlusal print of the upper
teeth was seen on the top of the wire-supported silicone.
The impression must exhibit a typical neutral zone (NZ)
impression with the characteristic shape produced by the
oral musculature. The impression surface and the polished
surface of this neutral zone impression were controlled to
implement further laboratory procedures (Fig. 3a-d).

Laboratory Stage
The NZ impression was cast for fabrication of master
models. First, to obtain a maxillary master cast from the

Figure 4. Silicone index with rolled wax

The mandibular recording base and the occlusion
rim were placed into the mouth. Vertical dimension was
determined to support aesthetics, phonetics factors and
physiologic rest position tests. The face bow transfer was
performed. Centric relation was recorded and the jaw
relationship transferred to a semi-adjustable articulator
(Artex, Gırbach Dental GmbH, Pforzheim, Germany).
Another silicone index was prepared around the occlusion
rim to preserve the neutral zone space during the tooth
arrangement stage10. Tooth arrangement was completed
using the prepared silicone index (Fig 5, a and b) and
controlled at the try-in stage and, finally, the denture was
processed and finished (Fig 6, a and b).
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Figure 5a. Maxillary master cast

Figure 5b. Tooth arrangement

Figure 6a. Denture processed with Molloplast-B relining material

Figure 6b. Intraoral view of the denture

Discussion
The neutral zone denture functionally contours all
the polishing surfaces of the denture and this may be
an important contributing factor to better speech and
comfort1. The most critical stage for the rehabilitation of
the maxillofacial prosthodontic’ patient is the impression
procedure. Because this patient’s oral topographies had
been changed as a result of surgical procedures, taking
impressions presents, sometimes, severe difficulties. The
technique described here offers an alternative impression
technique for the situation in which the conventional
impression technique cannot be used.
In the case presented here, the patient’s tongue
location had been changed to obtain primary closure of
the surgical area. The patient’s mandibular opening was
limited due to the surgical resection. In addition, cicatrized
tissue was found near the site of the surgery. All of these
factors had negative effects on the possibility of taking
accurate impressions using conventional methods.
Using the neutral zone impression technique as
described in this case report allowed the clinician to obtain
maxillary and mandibular models, mandibular recording

base and occlusion rim at only one visit. At the second
appointment, vertical dimension and centric relation
were determined. The vertical dimension of occlusion
was reduced to ensure sufficient inter-occlusal space for
mastication and improved speech with the finished denture.
The try-in stage was performed at the third appointment.
Thus, the time required to construct the mandibular denture
was decreased.
As the lower incisor teeth were arranged with silicone
index, the continuous trauma caused by the maxillary
incisors was prevented.
The technique presented allows the dentist to construct
a more stable record base. Although the technique is
relatively simple for the dentist who uses the neutral zone
technique in general practice, it is more time consuming.
Another disadvantage of the technique is the necessity for
increased laboratory time. The laboratory technician must
be trained to support all the laboratory procedures.
Conventionally, the tongue provides support for lower
denture stability, but in the case presented here, because
the patient’s tongue had been used to close the surgical
area, lower denture stability was provided by the patient’s
surrounding tissues including the lips, cheek and tongue.
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Conclusion
The neutral zone approach can be easily used
for limited oral opening cases. It offers an alternative
technique for patients with partially resected mandible for
whom the insertion of conventional impression trays is
impossible.
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Platelet-Rich Plasma and Bone Graft Combined with
Partial Thickness Mucosal Flap Technique in the
Treatment of Deep Intrabony Defects
SUMMARY

Regenerative results of intrabony defect treatments are seriously compromised when the flap cannot be kept completely closed. To optimize the
clinical outcomes of regenerative procedures, primary closure over treated
area seems to be very important. The aim of the present study was to describe
a surgical technique modification, which is appropriate to the anatomical
features of the operation site and which allows for the primary closure of
huge intrabony defects. For these purposes, we report 2 patients in whom
previous biomaterial applications had failed and resulted with progressive
alveolar bone loss and development of a huge cavity. Clinical parameters
and radiographic bone fill were assessed at baseline and 12th months. The
results of a specific flap design in relation to anatomical characteristics of
gingival thickness, adequate graft and biologic agent combination for large
intrabony defects are reported.
Keywords: Platelet Rich Plasma; Partial Thickness Mucosal Flap; Infrabony Defects

Introduction
During the past decades, treatment modalities like
grafting of biomaterials and application of biological agents
have been used with varying success to accomplish the
reconstruction of lost attachment apparatus in deep intraosseous defects1. However, retention of the graft matrix
can present a clinical challenge and graft containment
would seem necessary for an optimal regenerative response
to occur2,3. Autologous platelet rich plasma (PRP) is a
novel method for obtaining autologous platelet growth
factors (PGFs), especially for platelet derived growth
factor (PDGF) and transforming growth factor ß (TGF
ß)4. PRP use is a way to accelerate and enhance body’s
natural wound-healing mechanisms4. The added benefit of
PRP is its ability to form a biologic gel that may provide
containment, clot stability and function as an adhesive5.
An important decrease in healing time of bone grafts was
shown when they are used in combination with PRP5.
Numerous reports have shown that the use of PRP facilitates
clinical handling of graft material6-8.
In periodontal diseases, the graft material and/
or regenerative potential of biological agents are not
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the only factors that have an influence on the variety
in the management of intrabony defect fill. Clinically,
several factors, including the patient selection, defect
morphology, biological and physiochemical characteristic
of grafted biomaterials/biomimetic substances, as well
as surgical variables and postoperative maintenance, may
influence the extent of clinical attachment gain and bone
re-growth following a grafting procedure1-3. Periodontal
reconstructive surgery for intra-osseous defects is a
technically sensitive procedure9. Selection of a specific
flap design in relation to anatomical characteristics of
interdental space and location/morphology of bony lesion
and proper suturing technique may significantly contribute
in determining the amount of soft and hard tissue changes
following surgery9. Preservation of the flap tissue is
important for regenerative techniques to ensure coverage
and containment of the graft post surgically3. The goal
of flap management is to obtain tension-free primary
closure over the entire graft or defect complex. While most
clinicians agree that primary soft tissue closure, which is
maintained throughout the course of regeneration, is ideal;
opinions vary greatly concerning how best to accomplish
this goal10,11.
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The purposes of this article were to describe a surgical
technique modification, which is appropriate to the
anatomical features of the operation site and which allows
for the primary closure of huge intrabony defects, and
also to evaluate the obtained regenerative outcomes using
this procedure. For these purposes, we report 2 patients
in whom previous biomaterial applications had failed and
resulted in a progressive alveolar bone loss leading to a
huge cavity around the involved region.
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Figure 2. Intrabony defect involving the mesial aspect of premolar and
the alveolar ridge under the pontic

Surgical Technique

Case 1
A 45-year-old female was referred to the Department
of Periodontology at University of Ege, Faculty of
Dentistry, for periodontal diagnosis and treatment. The
patient complained about a swelling around the missing
mandibular left canine area on which there was a 3
unit fixed adhesive restoration between mandibular left
second incisor (32) and left first premolar (34). Clinical
examination revealed an abscess formation under the pontic,
which was deeply seated on the alveolar mucosa (Fig. 1).
She stated that biomaterial application was performed in
the region 4 years ago. Radiographic examination revealed
a biomaterial application failure, which resulted with
abscess formation causing to an increase in alveolar bone
loss. A huge intrabony defect was observed involving
the mesial aspect of mandibular left first premolar and
the alveolar area under the pontic (Fig. 2). The clinical
measurements for mandibular left first premolar including
probing pocket depth (PPD), probing attachment level
(PAL) and the position of gingival margin recession (REC)
were obtained by a graded periodontal probe (CP-15UNC
HU-FRIEDY). During initial therapy (root planning and
scaling) individual acrylic occlusal stents were prepared for
standardized intraoral radiographs (Ekta-speed, Eastman
Kodak Co, Rochester, NY, USA). An individualized film
holder consisting of a Rinn bite block (KKD, Ellwangen/
Jagst, Germany), which was rigidly connected to the acrylic
dental stent and X-ray tube was used (10 mA, 70 kVp,
Trophy Radiologie, Vincennes, France). Before surgery, the
pontic of prosthetic restoration was shortened to expose the
incision line.

Figure 1. Abscess formation around missing mandibular left canine

The main objective of the following flap design is
to allow passive advancement of both lingual and buccal
flaps on the defect side. The surgical technique is outlined
in drawing 1.

Drawing 1. (1) Intrasulcular incisions were performed lingually and
extended interproximally; (2) The incision followed the mucogingival
line extending to 2 adjacent teeth on either side of the defect; (3)
Horizontal releasing incisions were later continued by 2 vertical
releasing incisions which were connected horizontally through the
vestibular sulcus

1. Starting lingually 1 or 2 teeth from each side of the
defect, intrasulcular incisions were performed lingually
and extended interproximally, which were later followed
on the buccal aspect by oblique/vertical incisions
terminating at mucogingival line;
2. From this point, the incision followed the mucogingival
line extending to 2 adjacent teeth on either side of the
defect;
3. These horizontal releasing incisions were later continued
by 2 vertical releasing incisions that were connected
horizontally through the vestibular sulcus. Starting from
the most apical position, a partial-thickness mucosal
flap was carefully elevated. This preparation ran apicocoronary over the defect and ended up at lingual alveolar
crest. Here the blade was positioned slightly deeper,
touching the bone, so that a full-thickness flap could be
elevated on the lingual aspect of the mandible.
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This combined partial-full thickness flap was inverted
lingually in apico-coronal direction passing through the
wide pontic area (Fig. 3). All granulomatous tissue was
eliminated until sound bony margins were exposed in the
area adjacent to the interproximal defect. A sequestrization
area of the bone on the mesial aspect of premolar was
observed after the granulation tissue was removed (Fig. 4).
Osteo-conductive and partially osteo-inductive DFDBA
and osteo-conductive HA graft materials were used in
combination to enhance the management of defect fill.
Platelet rich plasma (PRP) was used to increase the
vascularization of the operation site and the adhesion
between graft particles (Fig. 5). The split thickness flap
was sutured trying to achieve primary closure and tension
free flap area on the defect side.
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Postoperative medications included an antibiotic
for 1-week (1g amoxicillin per day), an analgesic and
antimicrobial mouth rinse. The sutures were removed
after 1 week and the patient was placed on monthly recall
visits including supragingival cleaning. The clinical and
radiographic appearance of the operation site at 12th
months are shown in figures 6 and 7. Preoperative and
postoperative radiographs were transferred into a computer
software programme (UTHSCSA Image Tool Version 3.0,
San Antonio, Texas) after digitization with a flatbed scanner
with a transparency module (Hewlett Packard Scanjet XPA
7400c). The distances between cemento-enamel junction
and base of the defect (CEJ-BD), cemento-enamel junction
and alveolar crest (CEJ-AC), alveolar crest and base of the
defect (AC-BD) were measured using a known distance.
The position of the CEJ was identified as described by
Schei et al12. The effectiveness of the treatment 12 months
after the operation was evaluated by analyzing the reduction
in periodontal pocket depth, gain of clinical attachment
level and radiographic bone fill. The operation area healed
uneventfully with no clinically detectable or subjectively
reported side effects. Clinical postoperative measurements
showed a decrease from 12 mm to 6 mm in PPD and from
14 mm to 9 mm in PAL, while a 1 mm increase in REC
was recorded (2 mm to 3 mm). As for the radiographic
assessment, the CEJ-BD distance showed a decrease from
12.3 mm to 6.82 mm (44.5% defect fill).

Figure 3. Combined partial-full thickness flap was inverted lingually in
apico-coronal direction

Figure 6. The clinical appearance of the operation area at 12th months

Figure 4. Sequesterization of the bone on the mesial aspect of premolar
Figure 7. Radiographic appearance of the operation area at 12th months

Case 2

Figure 5. Application of platelet rich plasma (PRP)

A 53-year-old woman complained about pus
formation in the mandibular left canine area. She stated
that a biomaterial application was performed to the area of
complaint 3 years ago. Generalized moderate periodontitis
with localized severe bone destruction on the mesial aspect
of the mandibular left canine was recorded. Radiographic
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examination revealed a biomaterial application failure
around mandibular right canine, which resulted with
abscess formation causing to an increase in alveolar bone
loss (Fig. 8). PAL, PPD and REC measurements were
performed and recorded. Individual stents were prepared,
the same radiography technique and instruments were
used during radiographic evaluation. No decrease in the
probing depths was observed after initial periodontal
therapy indicating a regenerative surgical treatment.

Figure 8. Severe alveolar bone loss around mandibular right canine
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Surgical Technique
A para-crestal lingual incision, releasing one tooth
mesially and distally, was performed at the defect site
(Drawing 2a);
This was followed by intra-sulcular incisions at each
side of the defect, terminating buccally at mesial and distal
line angles of the adjacent teeth (Drawing 2b);
Afterwards, a lingual flap was raised, which was first
performed as a full thickness and later continued as a split
thickness flap over the defect site. This full/split thickness
combination flap was later inverted buccally, passing
through the wide interdental area (Drawing 2c);
At this point, a split thickness flap, including
one adjacent intact papilla from each side, was raised
terminating at the vestibular sulcus. So a split thickness
flap passing over the defect site in a corono-apical direction
has left the granulation tissue untouched (Drawing 2d);
This granulation tissue was first removed by using 15
C blades, which was followed by the use of curettes until
sound bony margins were exposed (Drawing 2e).

a

d
b

c

e

Drawing 2. (a) A para-crestal lingual incision, releasing 1 tooth mesially and distally, was performed at the defect site; (b) Intra-sulcular incisions
terminating at each side of the defect; (c) A lingual flap was raised, which was first performed as a full thickness flap and later continued as a split
thickness flap over the defect site; (d) Split thickness flap passing over the defect site, leaving the granulation tissue untouched in corono-apical
direction; (e) Granulation tissue was removed until sound bony margins were expose
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In this case, regarding the morphological potential of
the intrabony defect, osteo-conductive and partially osteoinductive DFDBA and PRP was used in combination to
enhance the management of defect fill (Fig. 9). Tensilefree primary flap closure was performed.

Figure 9. Application of combined osteoconductive and partially
osteoinductive HA/DFDBA and platelet rich plasma (PRP)

Postoperative medications included a 1-week regimen of antibiotic (1g amoxicillin BID) and antimicrobial
mouth rinse. The sutures were removed 10 days after
the surgery and the patient was placed on monthly recall
visits including supragingival cleaning. The second
standardized radiographs were taken 12 months after the
operation (Fig. 10). Previously described radiographic
measurements were performed on preoperative and postoperative radiographs. The effectiveness of the treatment
was evaluated by analyzing reduction of periodontal
pocket depths, gain of clinical attachment level and radiographic bone fill. The operation area healed uneventfully.
No clinically detectable or subjectively reported side
effects were noted (Fig. 11). Clinically, PPD decreased
from 10 mm to 3 mm, and PAL from 13 mm to 8 mm,
while REC increased from 3 mm to 5 mm. Radiographic
assessment showed an improvement of 13.83 mm to 6.07
mm (63.08% defect fill) in the CEJ-BD distance.

Figure 10. Radiographic appearance of the operation area at 12th months

Figure 11. The clinical appearance of the operation area at 12th months
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Discussion
These data appear to emphasize the clinical
importance of adapting surgical approach to the anatomy
of the treated area, as well as to the physical/chemical
characteristics of the regenerative material. Incision design
critically influences the postoperative wound healing
process in terms of blood supply and flap survival13. A
surgical procedure especially designed to preserve the
interdental tissues and to obtain primary closure of the flaps
over the membranes in GTR was introduced by Cortellini
et al14. In the present surgical study, the primary closure
of the flaps in the interdental space was not obtained as
described by Cortellini et al, i.e. by not releasing the flap
coronary with a periosteal incision.
It is well known that healing and regeneration results
are seriously compromised when the complete closure of
the flap is not maintained15. This problem can be solved
with primary flap coverage and adequate passive flap
adaptation and vertical tensile force distribution during
healing. Wang et al10 and Obarrio et al11 preferred split
thickness flaps for primarily closure in order to provide
the flap to be tension-free. Apart from these investigators
who combined reflected full and partial thickness flaps
during the operation, we reflected partial thickness flaps
without involving the adjacent periosteum and only the
wall components of the defect area were exposed after
granulation tissue was removed. Blank et al16 stated the
importance of an adequate zone of gingiva in the combined
treatment of large defects, and emphasized that gingival
recession and a lack of keratinized gingiva were present
after healing in their cases. Positioning the flap coronary
to achieve primary closure over the membrane and graft
may have created these mucogingival problems. They
performed a second surgical procedure, a sub-epithelial
connective tissue graft, to treat the gingival recession and
lack of attached gingiva. In our cases, the technique we
applied avoided the coronal repositioning of the marginal
gingiva and did not disturb the normal relationship of the
existing surrounding tissues nor reduced the vestibular
depth. Trombelli et al9 reported that selection of a specific
flap design in relation to anatomical characteristics of
interdental space and location/morphology of intrabony
defect, and proper suturing technique, may contribute in
limiting the apical shift of gingival margin.
Wound stabilization appears to be a critical factor
for success in regeneration procedures17. Movement of
only 10 to 20 μm during early stages of fracture healing
is enough to divert the differentiation of mesenchymal
cells into fibroblasts instead of osteoblasts17. This enables
organization of coagulum and graft material during the
early phases of wound healing and thereby maximum bone
regeneration may be achieved. Confirming previously
reports, our results also showed that PRP can serve both
in haemostasis and adhesion of graft material, as well as
contributing physiologically to provide rapid healing of
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the surgical site6-8. PRP, while improving angiogenesis
(new blood vessel formation), is a potent mitogen
(stimulator of cell proliferation) and chemotactic (causes
directed cell migration) protein for PDL fibroblasts and
alveolar bone cells, while bone allograft offers a biological
matrix conducive to cell growth and may contribute osteoinductive bone matrix proteins. The present aim was to
combine the mentioned properties of these 2 materials. As
declared by Lindhe et al18, the clinician should be aware
that graft material, intra-osseous defect morphology,
technical factors and selection of patient may account for
variability in clinical performance. Regenerative potential
of the graft material is not the only factor to account for
the variability of clinical results about the defect fill and
the elimination of pocket depth.
In conclusion, selection of a specific flap design in
relation to anatomical characteristics of the treated area
is as important as the selection of a biomaterial and/or
combination adequate for the morphology of intrabony
defects. More research is needed to identify patient, site,
choice of material and technique factors associated with
successful outcomes of the treatment of intra-osseous
defects.
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Osteosarcoma of the Mandible. A Case Report
B. Obradovic1, D. Dizdarevic2, F. Foco2

SUMMARY

Osteosarcoma is a malignant tumour of bone mesenchymal cells. It
accounts for 20% of all primary bone malignancies, but only 5-6% of jaw
malignancies. The peak incidence is during the third decade of life. There is
a 2:1 male-to-female preponderance. This is a report of a 30-year-old man
with painful swelling on the right side of the mandible and parotid on the
same side. He was previously treated under a diagnosis of dental abscess
(that diagnosis was made by a general dentist). Over a very short period of
time tumour progressed and the patient lost weight. After the clinical and
radiographic examination (CT scan, MRI) and biopsy, we diagnosed osteosarcoma of the mandible, grade 3.
In consultation with an oncologist, the first step was preoperative
chemotherapy and after that a radical surgical procedure. The wound after
surgery was repaired with myocutaneous pectoral major flap. PH examination was osteosarcoma with clear margins. In perspective this patient is a
candidate for reconstruction of bone defect with one of familiar methods - a
second stage procedure.
Keywords: Osteosarcoma; Mandible; Reconstruction; Myocutaneous Pectoral Major Flap

Introduction
Osteosarcoma is a malignant tumour of bone
mesenchymal cells. It accounts for 20% of all primary bone
malignancies4, but it represents only 5-6% of jaw malignancies8. The peak incidence is during the third decade
of life; it is rare in children. There is a 2:1 male to female
preponderance7. Trauma has been implicated as a causative
factor. Paget’s disease and fibrous dysplasia are the most
common pre-existing benign lesions associated with this
tumour11.
The most common presentation is a painful swelling
with associated paraesthesia, occurring more often in the
body of the mandible than in the maxilla5. Paraesthesia
occurs as a result of reaction of one of the involved
cranial nerves: V2, V3, VII, XII. In some cases general
symptoms, like loss of weight, exhaustion and raise of
body temperature are present. The tumour is characterized
by rapid, progressive growth, with early metastasis in the
lungs.
Standard clinical evaluation of osteosarcoma comprises: clinical examination of head and neck, tumour
staging1, biopsy, laboratory tests, ortopanthomogram, MRI
(jaw and neck), CT scan (bone window without contrast
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enhancement), thoracic spinal CT. Therapy comprises:
radical surgical procedure if tumour is operable, chemotherapy, radiotherapy. Reconstructive surgery with basic
principles “tissue for tissue” is also possible.

Case Report
A 30-year-old man with a painful swelling of the
right side of the mandible and parotid was referred (Fig.
1). He was previously treated under a diagnosis of dental
abscess (that diagnosis was made by a general dentist) and
underwent some tooth extractions. Over a very short period
of time, tumour progressed and there was loss of weight,
with body temperature of 380C. Clinical examination
revealed a large tumefaction on the right side of the
mandible, about 10x10 cm, of solid consistency, without
sings of pulsations, and with intraoral ulceration (Fig. 2).
Extraoral inspection pointed at perforation on the right side
of facial skin (Fig. 2). Pressing the swelling, we got clear
serous liquid from parotid gland.
CT scan showed the large tumour mass in parotidmasseteric region on the right side, without differentiation
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of parotid gland and sternocleidomastoid muscle, and with
destruction of zygomatic arch (Fig. 3). Tumour penetrated
in pterygopalatine fossa and parapharyngeal space on the
right side. Distally, it destructed ramus and corpus of the
mandible.
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We took biopsy in local anaesthesia for PH examination. Diagnosis was osteosarcoma of the mandible, grade
3. In consultation with an oncologist, the first step was
preoperative chemotherapy. After that, we performed a
radical surgical procedure (Figs. 4 and 5). The wound
after surgery was repaired with myocutaneous pectoral major flap, just soft tissue reconstruction (Fig. 6). We
did not make reconstruction of the hard tissue because of
the general condition of the patient prior to and after surgery. We also did not know how radical we were during
the operation. In this case the reconstruction method was
myocutaneous pectoral major flap with a dominant blood
supply from the thoraco-acromial artery, demonstrated for
the first time in 19792.

Figure 1. Ortopanthomogram of the jaws.
Developed tumour at the right side of the mandible

Figure 2. Extraoral inspection - perforation on the right
side of the skin

Figure 3. CT scan showing a large tumour mass on the right side

Fig.4 Radical surgical procedure

Fig.5 The excised lesion
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Fig. 6 Reconstruction with myocutaneous pectoral flap

The definite PH was osteosarcoma of the mandible,
grade 3, with clear margins. After surgery the patient
was stable, without sings of metastasis. In perspective,
this patient is a candidate for reconstruction of bone
defect with one of familiar methods (fibula, iliac crest,
scapula), rehabilitation of TMJ function, and rehabilitation
occlusion with implants (second stage procedure).

Discussion
After surgical removal, osteosarcoma often gives
local recurrences. In cases like this, when we confront
with a big developing tumour invading local tissue, a radical surgical removal is a method of choice in the treatment
of such lesions. However, large operative defects after surgery, especially after hemi-mandibulectomy and disarticulation of the temporomandibular joint, with generally bad
conditions of the patient, can present a problem in reconstruction of the jaw.
The problem is even bigger if we do not know how
radical we were on margins during the operation. In case
report of osteosarcoma of mandible, Soares et al12 performed partial mandibulectomy and reconstructed bone
using the rib. 8 months after surgery, there was local recurrence of the lesion and patient died approximately 1 year
after surgery.
Clear surgical margins correlated statistically with
improved survival3. August et al3 showed that 27% of
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patients were alive when margins were less than 5 mm,
compared to 62% disease free patients with surgical margins greater than 5 mm. These authors also stressed that
early diagnosis, definitive surgical treatment and aggressive adjuvant chemotherapy are additionally important in
the treatment of jaw osteosarcoma.
The treatment of choice for osteosarcomas of the
mandible is hemi-mandibulectomy with disarticulation at
the temporomandibular joint. Bone reconstruction from
the iliac crest should be done at a second stage10. However,
immediate mandibular reconstruction after tumour surgery
does offer advantages in selected cases, especially when
tumour has been adequately excised, the nutritional status
is satisfactory, and the patient is able to tolerate an extended
operating time. Reconstruction of the mandible in children
is very complex, and surgeon must be sure to make stability
during the growth6. Resection and reconstruction must be
done in the first stage of surgery.
In the presented case, reconstruction of soft tissue
was solved with myocutaneous pectoral major flap only
because of the general conditions of the patient. After
reconstruction of the bone defect (second stage procedure),
rehabilitation of the TMJ function can be a problem. One
of the latest procedures is rehabilitation with implants,
where osseointegrated implants are used for dental restoration after mandibular reconstruction. Simultaneous dental
implant insertion allows immediate prosthetic rehabilitation but requires meticulous planning of implant position,
adequate soft tissue management, and sufficient primary
stability of the implants9. However, there are still many
dilemmas concerning the after-care of patients operated on
jaw malignant tumours.
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Mandibular Infected Buccal Cyst
(Buccal Bifurcation Cyst). A Case Report
S. Iordanidis1, G. Venetis2, A. Epivatianos3

SUMMARY

The mandibular infected buccal cyst or mandibular bifurcation cyst is
a cystic lesion that occurs on the buccal surface of the permanent mandibular first or second molar in children aged around 6-8 years. We report the
clinical, radiographic, and histological features and the treatment of a mandibular infected buccal cyst of the first molar in a 7-year old child. 1 year
follow up after the enucleation of the cyst without extraction of the adjacent
tooth there has not been occurrence. The differential diagnosis of mandibular infected buccal cyst is fundamental to lead in its appropriate treatment.
Keywords: Cyst, odontogenic; Buccal Bifurcation Cyst; Paradental Cyst

Introduction
According to the new classification of the World
Health Organization1, a new entity of lateral inflammatory
cyst is recognized in relation with a vital tooth: the
paradental cyst. This cyst is defined as an inflammatory
odontogenic cyst that occurs adjacent to the cervical
margin of the lateral aspect of the root of a vital tooth,
secondary to inflammation in the periodontal pocket. Two
subtypes of the lesion are distinguished clinically: either
a lesion that occurs on the buccal surface of the partially
erupted permanent third mandibular molar in an adult2-5,
or a buccally located lesion involving the mandibular first
or second permanent molar in children6-9.
Main10,11 described the entity of paradental cyst
using the term “inflammatory collateral cyst”. Graig12
first reported a clinicopathological analysis of 49 cases,
suggesting the term “paradental cyst” and considered that
is the same as the cysts described by Main10,11. Stoneman
and Worth13 described the clinical, radiological and
histological features of one subtype of paradental cyst that
occurs in the first and second molars as site of location
and age of patients were characteristics that differentiate
this cyst from the cyst that occurs in the third molar
region, and introduced the term “mandibular infected
buccal cyst”. Recently, some authors proposed the term
“buccal bifurcation cyst”14-16.
The mandibular infected buccal cyst (MIBC) presents
distinct clinical and radiographic features that include the
involvement of a vital mandibular first or second molar
tooth in children with tilting of the adjacent tooth15,16,
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radiolucency on the buccal tooth aspect covering the roots
with normal width, density of the periodontal ligament and
lamina dura, high gingival bleeding index16-19, suppuration
of a periodontal pocket, and periosteal reaction14,15,17.
There were usually unilateral, although in some cases
bilateral17-20. The histology of the cyst is not specific14,16,18
and identical to that of radicular cyst2. Its aetiology is still
debated18.
Treatment of these cysts has been controversial: curettage with extraction of the involved tooth9,13,18-24 or enucleation of the cyst without tooth extraction1,5-8,10,19-21. Preferable
treatment of choice is enucleation or marsupialization of the
cyst and maintenance of the involved tooth15,17,18.

Case Report
A 7-year old girl presented with a swelling at the
left buccal area. The intraoral examination revealed a
fluctuant swelling corresponding to the buccal surface of
the roots of the tooth 36. A dilated gingival sulcus and
a deep periodontal pocket (up to 10 mm) were found at
the buccal side of the tooth 36 (Fig. 1). Teeth 37 and 75
were vital. In the panoramic radiograph, a radiolucency
was visible involving roots of the 36 tooth (Fig. 2). Under
local anaesthesia a crevicular gingival incision with
vertical releasing incision was performed on purpose to
raise a triangular-shaped gingival flap. The mucoperiosteal
flap was reflected and the buccal cortex was found to be
expanded by a cystic lesion lying on the bifurcation area
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of the tooth 36, extending apically 1-2mm superiorly to
the apices (Fig. 3). After enucleation of the cyst and mild
curettage of the bifurcation area, the triangular gingival
flap was returned in its anatomic position and sutured with
4/0 interrupted silk suture.
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Histological examination of sections stained with
haematoxylin and eosin showed a cyst lined by nonkeratinized epithelium that was surrounded by loose
connective tissue with plenty of capillaries (Fig. 4). The
inflammatory infiltrated epithelium focally protruded into
the stroma, forming arcades (Fig. 5). Increased number of
plasma cells, neutrophils and lymphocytes were present in
the stroma where foci of haemorrhages and hyaline were
also present (Fig. 6). The results were compatible with
mandibular infected buccal cyst.

Figure 1. Dilated gingival sulcus at the buccal side of the tooth 36

Figure 4. Microphotograph of the epithelial lining of the cyst and
surrounding stroma. Capillaries are located just underneath the
epithelium (arrows). An extensive haemorrhage (arrowheads) and small
areas of hyaline (small arrows) are present (H&E x 33)

Figure 2. Radiolucency surrounding the roots of the tooth 36

Figure 5. Microphotograph of the proliferating epithelium that forms
arcades. Heavy inflammatory infiltration of the surrounding connective
tissue (H&E x 33)

Figure 3. Appearance of the cyst after partial removal of the expanded
cortical bone

6 months postoperatively, the filling bone in cavity
appeared to be normal and the periodontal ligament was
in an acceptable depth (Fig. 7). Electrical stimulation and
cold test showed vitality of the tooth 36.
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Figure 6. Microphotograph of the connective tissue that is infiltrated by
plasma cells and lymphocytes (H&E x 132)

Figure 7. Periapical radiograph 6 months postoperatively. The newly
formed bone that fills the bifurcation area appears to be mature. Probing
of the bifurcation area is in normal depth

Discussion
Main10 was first who pointed that an inflammatory
cyst may be found attached to the roots of a vital tooth.
The term “mandibular infected buccal cyst” (MIBC)
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and the specific characteristics of this entity, such as its
occurrence at the mandibular first and second molars of
children old around 7 years were credited by Stoneman
and Worth13.
Pathogenesis of MIBC was initially directed
to developmental causes. Enamel projections at the
bifurcation area of mandibular molars, known as “enamel
spurs”, have been considered by Shear22 to be implicate in
pathogenesis of MIBC. Incidence of the cyst in children’s
permanent mandibular molars, as well as the frequency
of bilateral cases8,9,17,21-24, supported the developmental
theory for pathogenesis and the aspect that is a self
existing entity for more than 20 years. Inflammation of
epithelial remnants of Malassez were considered as the
certain causative factor and appearance of the mandibular
infected buccal cyst at the first and second molar of a
child aged around 7 years reflects simply the dates of
eruption of the involved teeth5,13-15. Thus MIBC and the
inflammatory collateral cyst, usually arising from the
distal periodontium of a wisdom molar, are subcategories
of the paradental cyst. The relative more impressive
clinical picture of MIBC, accompanied with swelling,
buccal periostitis and pain have been attributed to the fact
that collateral inflammatory cyst drains spontaneously
through the dilated gingival sulcus of a partially erupted
third molar. Moreover, some episodes of pericoronitis
may be due to an inflamed collateral cyst, which after
a conservative management, drains, shrinks and is
coexisted with the responsible tooth raising no interest
for histological examination. Probably some cases of
inflammatory collateral cysts with similar clinical intense
as MIBC are misdiagnosed through this course.
Histological features of the cyst appear to be
common in all studies5,9,14,16,18. Non-keratinized squamous
epithelium lines the cyst and inflammatory reaction in
epithelium and stroma were found in all examined cases.
Hyaline is also a usual finding, and some authors5,9
reported giant cells reactions, foam cells and cholesterol
clefts. However, none of these findings is specific and
histology alone cannot be diagnosed in most cases14.
Differential diagnosis from the developmental
collateral periodontal cyst with secondary infection is
difficult based on the non specific histological criteria
alone. Appearance of this developmental cyst, usually at
the canine and premolar area in older group of patients,
is helpful in the discrimination of these 2 cysts. Lateral
radicular cyst is also among the lesions that have to be
distinguished from MIBC: negative electrical pulp test of
the adjacent teeth, patient’s age and integrity of the enamel
point that paradental cyst should be considered as a result
of the periodontal destruction24. Appicectomy should be
avoided; there is lack of information whether endodontic
treatment should also be avoided initially, until a certainty
of the vitality is readable.
The usual presence of the MIBC in the bifurcation
of first permanent molar led some authors13,14 to consider
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the name “buccal bifurcation cyst” as more descriptive
for this cyst. However, after WHO1 classification in
1992, the term “mandibular infected buccal cyst” has
been established. Since then 4 studies6,8,19,24 (4 patients
with MIBC) have been reported under this headline. 3
of them were bilateral cases6,19,24. Due to the origin of
MIBC, it is expected for the cystic cavity to communicate
with a periodontal pocket in most cases. Frequency and
clinical importance of this relationship remains unclear
despite its potential consequences in periodontal health
of the involved tooth. In our case, the deep periodontal
pocket completely healed, which is probably related to
the age of the patient and the short history of periodontal
involvement. Regeneration of the ligament reported in
most published cases3,5,14,18,21 may limit the need for
root sealing. A mild curettage that efforts to remove
epithelial remnants from the root surface may be sufficient
management of the periodontal defect. Some of these cysts
resolved without surgery either with no treatment at all or
by daily irrigation of the buccal pocket with saline and
hydrogen peroxide15,25.
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Hemisection and Root Amputation:
Report of a Case
SUMMARY

Besnik Gavazi, Diana Brovina

Root amputation refers to the removal of one or more roots of a multirooted tooth while the other root is retained. Such procedures are usually more
complicated than the extraction of the tooth. Based on the literature data, we
have practiced this method in different teeth in patient of different ages. We
have applied root amputation in altogether 10 multi-rooted teeth, 6 mandibular and 4 maxillary molars. Here we are reporting one of these cases.
Keywords: Root Amputation; Furcation

Introduction
Endodontic surgery with interventions like root
amputation has been estimated as a treatment method
that belongs to endodontic therapy. The technique of root
amputation and its use has been described in the literature
a long time ago. Even Black and other authors in the 18th
century have suggested its use. It comprises the removal of
one or more roots of a multi-rooted tooth, while the other
root is retained. Indications and the techniques of this
kind of treatment of multi-rooted teeth have been already
described1-3.
The improvement of the technology and new
medications that are used today in endodontics for
treating periapical lesions have made possible to treat
even complex root canals easily. However, a magic
medication is not yet found to overcome some problems
connected with a complex root canal morphology without
surgical intervening. The difficulties that we find during
the treatment of these canals are many and different, but
other treatment alternatives, such as tooth hemisection, to
escape the need for tooth extraction.
We have practiced this method in different teeth,
in patient of different ages. The indication for the use of
this method were many, but we have grouped them in 2
principal categories: (1) Periodontal indications (severe
vertical bone loss involving only 1 root of the multirooted tooth); (2) Endodontic indications: (periapical
lesions in multi-rooted tooth where there are anatomic
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difficulties for a successful treatment, severe caries
lesion at the level of the tooth neck or in the furcation
that are difficult to be treated, the failure of the previous
endodontic treatment, or in the case of a vertical fracture
of 1 root with a hopeless prognosis.
We have applied root amputation in 10 multi-rooted
teeth, 6 mandibular and 4 maxillary molars. The aim
of this report was to present an interesting case of root
amputation applied to a 23-year-old patient.

Report of a Case
We are presenting here with figures of an interesting
case of root amputation applied to a 23-year-old patient.
All phases of the procedure are presented in figures 1-7.

Discussion
A knowledge of root anatomy is very important to
indicate and perform the procedure of root amputation.
The radiogram orientates us for the right topography of
the roots. Canal filling of the remaining root should be
placed before the surgery. After the crown is filled with
amalgam (radio-opaque), vertical cut method should be
utilized with a long shank, tapered fissure carbide bur in
the air-rotor to section through the entire crown and root
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to the furcation as to gain a complete root separation. A
deep preparation is required before we use the elevator.
The forceps should be position parallel to the root body,

and a minimal force should be applied for its removal.
The side of the left part of the crown should be accurately
smoothed and prepared for the temporary crown.

b

a

Figure 1. The radiography before (a) and after (b) root amputation

Figure 2. The tooth before root amputation.

Figure 3. The filling of the remaining root.

Figure 4. The tooth after root amputation

Figure 5. The extracted root.
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Figure 6. The constructed bridge on the model

Figure 7. The application of the bridge after 1 month

Before starting the amputation procedure, the
following cautions should be observed:
1. Does the remaining root has sufficient stability,
especially if it is short and thick?
2. Is the remaining furcation clean and healthy?
3. Does the patient applies an adequate oral hygiene and
does he belong to a group of caries-risk patients?
4. Is the remaining root medicated adequately, and the
crown correctly filled?
5. Does the patient have any medical risk?
6. Is the apical position of root furcation reachable, or
can it be fixed through the separation?
7. Does the patient know possible prognosis.
After the procedure, the patient should be treated
with antibiotic. He/she would be under continued control
to check the state of the remaining root.
As a conclusion, we can say that root amputation
is very useful nowadays. The prognosis is very good
especially in the maxilla. With the improvement of

techniques and materials in both periodontics and
endodontics, the value of posterior teeth is increased for
retaining arch integrity.
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