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SUMMARY
 Late in the 19th century, anatomists, anthropologists and forensic odon-

tologists began to study the correlation between the surface soft tissues of 
the face and the underlying bony structure of the skull. All the techniques of 
facial reconstruction rely upon this hypothesized relationship. The ultimate 
aim of all facial reconstructions for forensic purposes is to recreate an in 
vivo countenance of an individual, normally when no other identifying evi-
dence is available, bearing a sufficient visual resemblance to the missing or 
deceased person, so that it may contribute to their recognition and lead to 
identification via the discovery of new evidence.

This article refers to the techniques of facial reconstruction, including 
plaster skull reconstruction, computerized reconstruction and video super-
imposition. A description of the previous methods is made, followed by a 
discussion about their application in archaeology and criminology, their 
re liability and future progress. 
Keywords:  Human Identification; Plaster Scalp Reconstruction;  
 Skull/Photo Video Superimposition; Computerized 3D Facial Reconstruction
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Introduction

Facial reconstruction is a technique used to aid in 
building an “alive” face out of skeletal remains. The 
reproduction of facial features is based upon the soft tissue 
thicknesses over the underlying bony structure of the 
skull1,2. The skull itself is the armature upon an objective 
muscle-by-muscle and feature-by-feature approach of how 
a person looked like is made. How important bones to all 
living creatures are, has been marked out since the late 
second century AD by the great Roman doctor Galen, who 
wrote: “As poles to tents and walls to houses, so are bones 
to all living creatures, for other features naturally take 
their form from them and change with them”3,4.

In modern times, facial reconstruction has been 
developed in order to help archaeologists in their attempts 
to demonstrate the appearance of the early man. It has also 
been used to identify skeletal remains thought to be those 
of specific well-known persons, such as the skull of the 
German poet and playwright Schiller (1795-1805), the 
skull of the Italian Renaissance painter Raphael and the 
skulls of Ivan the Terrible, Phillip II (father of Alexander 
the Great) and King Midas. Last but not least is the use 

of facial reconstruction in forensic science in order to 
produce an image from a skull, which offers a sufficient 
likeness of the living individual. The image will facilitate 
identification of skeletal remains by stimulating memories 
of relatives, friends or witnesses. The image being 
generated can be presented to public via mass media and 
posters. We should understand that the reconstruction 
itself does not identify the subject being reconstructed, but 
it becomes the last solution when it results in remembering 
a forgotten detail4-7.

History

Facial reconstruction - making faces - is an old story. 
In ancient Egypt, great efforts were made by scientists to 
preserve as many details of their ancestors as they could. 
In 1953, the excavations made in Jericho brought to light 
the first examples of facial reconstruction. Plaster skulls 
with shells into eye-sockets to simulate eyes were found 
under the floor of houses aged about 7500-5500 BC 
(the Pre-Pottery Neolithic B Period). Another example 



represents the death masks, which have been used in many 
cultures and have much in common with a sculpture built 
from the outside inwards. According to Pliny, Lysistratos 
was the first taking plaster casts direct from face as bases 
for portrait sculpture in the late fourth century BC4.

The first scientific reconstruction was brought off in 
1895 by the anatomist His8. He was the first person who 
collected soft tissue thickness measurements so as to be 
able to identify the supposed remains of Johan Sebastian 
Bach, whose grave had been discovered in Leipzig in 
1894. His effort was confirmed in the mid 1920’s by a 
complicated system developed by the British biometric 
school of artists in London. The anatomist Kollman and 
the sculptor Buchly used his measurements and combined 
them with theirs9.

Meanwhile, in 1946, the American anatomist 
Krogmann formulated 5 general principles to standardize 
methodology in reproducing the unpredictable soft 
tissues of the facial features, which defined the relation of 
the eyeball to the orbit, the shape of the tip of the nose, 
the location of the ear, the width of the mouth, and the 
ear length10,11. In 1981, Caldwell assured the value of 
3-dimensional reconstructions through a questionnaire. 
The last 20 years, Professor Galina Lebedinskaya, former 
pupil of Gerasimov, has been gathering data from faces 
of different ethnic groups, such as Koreans, Buryats, 
Kazakhs, Bashkirs, Uzbeks, Armenians, Abkhazians, 
Russians and Lithuanians, using the ultra-sonic measuring 
technique of flesh thicknesses on living people. In early 
1980’s, new soft thicknesses data for male and female 
Caucasians were published in 1984 by Professor Richard 
Helmer in Germany4,5,12-15. 

Michail Gerasimov
The title of the father of the technique of facial 

reconstruction deserves to be awarded to the Russian 
palaeontologist, Professor Michail Gerasimov. In 1924, he 
developed the “Russian method” in which the development 
of the musculature of the skull and neck is regarded as 
being of fundamental importance. That’s why he created 
a repetitive system of measurements of thicknesses of 
soft tissues of the heads. Eventually, sufficient reliable 
data had been assembled in order for him to attempt a 
reconstruction. Gerasimov reconstructed over 200 heads 
of our prehistoric ancestors and worked on the faces 
of the earliest known fossil men: Neanderthaloid and 
Pithecanthropus. As he was perfecting his work, he was 
awarded the unique degree of Doctor of Facial Science. 
He also had the opportunity to exercise his skills in the 
solution of a murder case and afterwards he managed to 
complete his celebrated reconstruction of Tamerlane’s, 
the Great head. In 1950, he founded the Laboratory for 
Plastic Reconstruction at the Ethnographical Institute of 
USSR Academy of Sciences in Moscow, called nowadays 
Laboratory of Anthropological Reconstruction at the 

Institute of Ethnography and Anthropology of the Russian 
Academy of Sciences4,16-18. 

Richard Neave
A man, therefore, who has been creating miracles for 

some time is Richard Neave. Neave is a leading medical 
illustrator of the Department of Anatomy at Manchester’s 
University Medical School. He has been following the 
footsteps of the Russian Gerasimov in reconstructing 
the faces of many historical figures and enjoyed great 
success with the head of Phillip II (given in 2 different 
aspects, with and without treatment of his eye wound). 
In collaboration with his colleague at Manchester, Dr 
John Prag, keeper of Archaeology at the Museum, he 
reconstructed the King Midas’s head. But the very special 
talent of Richard Neave and his team is used nowadays 
by the police, in an attempt to put identities to skeletal 
remains of possible murder victims or unrecognizable 
victims of natural disasters (Fig. 1)4,16.

Figure 1.  Richard Neave who has built reconstructions of numerous 
historical figures (King Philip II, Father of Alexander the Great, King 

Midas of Phrygia, etc). His forensic work has assisted police forces 
in many occasions throughout the UK to give names to previously 

unidentifiable bodies.

In 1990, he enjoyed remarkable success in the case 
of Karen Price. Karen Price, a 16-year-old teenager, was 
found 10 years after her murder in the back yard of a 
house, which was being renovated. Her dead body was 
tied in a carpet with electrical flex. When the forensic 
experts examined the remains, they found out that rotting 
particle of clothing still draped round some of the bones, 
blonde curls were visible around the skull and a pair of gilt 
earrings was found nearby. The remains of her clothing 
helped to assure the chronology of her death and many 
clues about her age and origin came from the examination 
of her denture19. The great contribution of dentistry in 
such cases is due to the fact that all physiologic variations, 
pathoses, and the effects of dental therapy may be recorded 
in the hard tissues of the remaining dentition throughout 
life, testifying the key in enabling identification of the 
dead20. When Neave was conducted, he viewed the task 
of recreating “Miss X” as a great forensic challenge. He 
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received the skull, which was undamaged, on December 
18 and set to work. After 2 days, he was more than 
satisfied with what he had in front of him. On January 8 
1990, the outcome of the reconstruction was evaluated 
and 48 hours after the nationwide appeals went out, the 
girl was identified. Her killers were found and jailed for 
life. The procedure which Neave followed to carry out the 
reconstruction was based on “building” the face muscle-
by-muscle, using measurements on muscle depth and skin 
type based on figures of real people (Fig. 2)5,19. 

cranium and mandible together and fit the false eyes 
before casting. When the 2 halves of the mould are 
opened and the alginate peeled away, the replica of the 
skull is revealed. Then, the position of the skull should 
be decided16. The pegs of 3mm in diameter are fitted to 
the distance according to the thickness of the soft tissues 
regarding the age, sex, ethnic group and mainly the 
appropriate set of measurements. The medial and lateral 
canthi of the eyes is marked with a copper pin. 1 or 2 pegs 
project from the nasal aperture.

Figure 2. The skull of Karen Price. The model of the skull begins to 
take shape by R. Neave with wooden skewers inserted to determine the 

correct depth of flesh and skin. The rebuilding of the head was completed 
in 2 long days (courtesy of Mr R. Neave).

Plaster Scalp Reconstruction 

The traditional technique of facial reconstruction 
is disarmingly simple. Its tools consist of clay modelling 
tools and a packet of cocktail sticks. It also requires the 
eyes and hands of an artist and the specialized knowledge 
of an anatomist.

Method
The process starts with a cast of the skull made in 

a compound called alginate. It’s preferable to cast the 

Figure 3. Facial reconstruction of Tsar Nicholas II from the model of the 
skull (courtesy of Mr S. Nikitin)

The main muscles are built by using cornish pot clay 
with fine grog from the surface of skull outwards. The 
position and strength of the muscle insertions should be 
noted. The progression of muscle building is: temporal 
muscle, masseter, buccinator, orbicularis oris. The width 
of the mouth is determined by the outer borders of the 
canine teeth. When the teeth are missing, the width is 
same to the distance between the inner borders of the 
iris. Expression’s muscles are added: levator anguli oris, 
levator labii superioris, zygomaticus major and minor, 
depressor labii inferioris and the depressor anguli oris. The 
space between them should be supported to prevent them 
from collapsing later. The next step is the configuration of 
general size and shape of the nose. It has been proven that 
the width of the nasal aperture in the skull is equal to the 
three-fifth of the overall nose’s width. The angle at which 
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the eyes appear to slant can be determined from the skull. 
Now or even earlier the turn of the neck is to be built. The 
next stage is to cover up the whole by a layer of clay to 
simulate the outer layers of subcutaneous tissues and skin. 
The layer is applied as wide strips. The modelling of the 
superficial features makes a face look alive. Ears and 
mouth are the most speculative features. The mouth has 
to be created in harmony with the rest of the face. Ears 
are not very important. According to statistics, nobody 
pays much attention on ears when they try to recognize a 
suspect. When everything is ready, the surface of the skin 
is smoothed off (Fig. 3). Any subjective element that could 
confuse a probable recognition is out of the question. Then 
reconstructions are usually publicized through the news, 
media and posters. The average success is considered to 
be between 50% and 60%3,4,6,7,20,21.

Reliability
As it has been mentioned, the technique of plaster 

face reconstruction has a long story. Although many efforts 
for progress were made, the opponents of the technique 
tried with their articles to detract all the achievements. 
Eggeling (1900) claimed that no individual’s likeness 
could be recreated by reconstructing it on the individual’s 
skull and the Czech scientist Suk (1935) that a skeleton 
offers no clues for any reconstruction that is true to life4.

Most of the methods are based on the knowledge 
of facial soft tissue thickness measured at selected 
anatomic landmarks, as well as knowledge of particular 
morphologic features. Between ‘landmark’ sites the depths 
are interpolated. We must also have in mind that there 
are many facial variations, particularly according to the 
nutritional status and the different rates and intensities of 
ageing22.

Furthermore, the details of the nose, eye, ear, lips and 
chin cannot be constructed exactly from the skull and are 
largely guesswork23-26. Secondary characteristics, such as 
hair, could only be predicted if enough soft tissue remains 
to help predict these features. Easily predictable features 
are enhanced and other uncertain remain enfeebled. The 
shape of the nose could be predicted with only about 60% 
accuracy and the shape of the tip with only about 40%. 
Thus, facial reconstruction is a blending of science and art 
that eventually results in a reproduction of a face that may 
lead to identification1,2.

The tissue depth measurements used tend to be those 
collected from cadavers in the early part of the twentieth 
century or before. These measurements are biased because 
they come from small samples, because a dead person’s 
tissues are not the same as those during life and because 
they take only limited account of the average differences 
known to occur between people of different age, build and 
sex, and between the major human diversity aggregates. 
However, this problem has been solved in recent years 
with the use of Computed Tomography (CT) scanning and 

Magnetic Resonance Imaging (MRI) and the creation of 
large computerized image datasets27-29. 

Skull/Photo Video Superimposition

This method is useful when ante-mortem photographs 
of 1 or more possible decedents are available (Fig. 4). It 
entails the careful superimposition of key anatomical 
landmarks of a facial photograph of the subject upon a 
photograph of the properly oriented skull14.

Figure 4. Sergei Nikitin and Sergei Abramov used video superimposition 
to compare the skull of Tsar Nicholas II with antemortem photographs. 

The successful superimposition had all the anatomical features 
matching.

In the identification process, it is critical to establish 
the correct enlargement factor of the photograph to the 
skull. This enlargement factor has been based on the 
linear measurements of fabric on a victim, items within 
a room in which the photograph portrait was taken or 
the focal length of the camera lens. The results are more 
satisfactory when the anterior teeth are clearly visible in 
the ante-mortem photograph. With a magnification factor 
established from the anterior teeth, life-size transparencies 
of the photograph are superimposed with the skull’s dental 
landmarks and subsequently, skeletal and facial features. 
This method was first described by McKenna30. The 
difficulty in establishing correct enlargements is compound 
by the need for establishing a correct angulation of the 
skull to the photograph31 .

Method
The materials needed in superimposition are a skull 

and an ante-mortem photograph, supplemented with a 
skull radiograph. Extraneous soft tissue and foreign matter 
should be removed from the skull31.

The skull is mounted on an adjustable support which 
allows movement in 3 dimensions. A high resolution video 
camera is aligned at right angles with the ante-mortem 
photograph. The centre of the lens must be at the same 
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level as the horizontal centre of the photograph. A second 
video camera, similar to the one above, is aligned with 
the skull in the same manner as the first camera with the 
photograph. The 2 images from each camera are processed 
in a vision mixer, so that a variety of functions (for 
example, horizontal and vertical wiping, superimposition 
and negative stimulation) can be performed. 

It was mentioned before that if the teeth are present, 
they are of great help because the enlargement is carried 
out until the teeth in the ante-mortem photograph exactly 
overlap the teeth in the superimposed video picture. If 
the teeth are not present, estimation should be made. This 
estimation is made by adjusting the vertical height of the 
photograph to that of the skull. With correct enlargements 
and skull orientation the anatomical features of both the 
skull and ante-mortem photographs can be superimposed. 
Successful superimposition should have all the anatomical 
features matching. The resulting image is viewed on a 
monitor and ultimately recorded on a VCR30-33.  

Reliability
The 2 most important factors in superimposition 

are the enlargement of the ante-mortem photograph 
and the alignment of the skull with the photograph. 
Video superimposition will provide quicker and greater 
flexibility in both these areas than other techniques, if no 
dental or other landmarks are available in the ante-mortem 
photograph. If the anterior teeth are present in both 
specimens, the technique of McKenna is more accurate in 
establishing correct enlargement.

Inherent in all superimposition procedures are 
estimations that have to be made of the bony anatomical 
features on the ante-mortem photograph. The average 
thicknesses of tissue over bone have been recorded and 
therefore a calculation can be made of the soft tissue 
outlines of the skull.

Of great advantage with the video technique is 
the operator’s ability to fade either the skull or the ante-
mortem photograph in and out of the video screen. This 
allows for careful overall assessment of how well the two 
specimens match30,31,34. The value of superimposition is 
challenged because alignment and enlargement factors 
are too variable. The possibility that other skulls could 
fit all the facial features of a photograph could occur and 
therefore the technique is best used in exclusion rather 
than identification, and to supply corroborative evidence.

The reliability of the method is also based on the 
quality and the details of the photographs of the deceased. 
The most useful photograph is one of a person smiling and 
showing their teeth. Some hairstyles, headgear or beards 
may reduce the value of a photograph.

When only a single facial view of the face is 
available, such as the front view of the face, a skull 
from someone else -the wrong skull- may seem to fit 
in about 8-10% of the cases if the skull is complete and 
unreconstructed. When 2 different views of a face are 

available, the chance of an error by an experienced person 
is less than 1%. Close up comparisons of the teeth in skulls 
and clear photographs can greatly improve reliability.

In Australian courts of law, video superimposition 
has been accepted as a means of identifying skeletal 
remains. Its value is highlighted when other methods of 
identification are not possible or reliable31,33,34. 

Computerized 3D Facial 
Reconstruction

Facial reconstruction has emerged as an increasingly 
important tool in forensic pathology and anthropology. 
In this field, computers for many years were mostly used 
to store and retrieve images from facial databases. More 
advanced software proposes to modify the presence of 
facial hair or features of a given reference facial image 
using 3-dimensional (3D) digitized image capture, 
graphical modelling and animation. Those programmes, 
however, do not treat the problem of reconstruction of a 
skull22,23.  

Computerized methods for 3D facial reconstruction 
have been attempted to be established. These methods 
employ computer programmes to transform laser-scanned 
3D skull images into faces. Although the results are 
more reproducible than sculpted reconstructions, some 
subjectivity could remain in the ‘pegging’ of a composite 
facial image onto the digitized skull matrix. The use 
of such a standardized image will reduce the influence 
of the individual shape of each skull, which is, after all, 
fundamental to the person’s appearance. Computerized 
methods may be repeatable, fast and precise, but as long as 
they employ the old data, the quality of the reconstruction 
will be undermined25-28.

Method
The general goal that the computerized method wants 

to achieve is to have a model-based reconstruction of the 
face of a given skull. A database of head models (both 
skulls and faces) and soft tissue depth with their personal 
characteristics (age, sex, race, and nutrition status) is 
required. By using the same relationship between soft 
tissue depth and the underlying bone -as used in clay 
reconstruction- the computer generates an image5.

The remains of the deceased are first unrestricted 
examined by a team of a forensic pathologist (post-mortem 
examination), a forensic anthropologist (osteological 
study), and a radiologist (radiographs and CT scanning). 
The information provided by the osteological analysis, 
such as the determination of the sex, age, ethnic 
identification, metric and dental analysis is utilized by the 
model in order to choose the appropriate skull and soft 
tissue templates5,25,26,35.  
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The design of a computerized facial reconstruction 
system is inevitably constrained by the limitations of the 
available hardware and software. The Cyberware colour 
laser scanner and the graphic software are used to generate 
a representation of the scanned skull as a matrix made 
up of a number of latitudes and longitudes. The skull is 
positioned in a padded head holder. As the skull rotates 
on the platform the longitude changes and the ‘radius’ 
(the distance from the centre of the platform to the surface 
of the object nearest to the scanner) is measured for 
each latitude. Thus a ‘wire-frame’ of  256 × 256 radii is 
constructed. It is this wire-frame matrix of the skull which 
must be transformed, using tissue depth measurements 
to generate the foundation of the facial reconstruction. 
Digitized images of facial features, not predicted by the 
skull contours (nose, eyes, and mouth), must then be added 
with separate means to generate a wire-frame face, onto 
which colour and texture can subsequently be rendered. 
Finally, the generated image can be presented in several 
ways. The use of animation facilities allows the display 
of a moving image in a variety of lighting conditions 
and a range of versions of the reconstruction. Output can 
be achieved via display to the VDU monitor by printing 
a 2-dimensional colour image or by downloading a 
videotape. Alternatively, these images can be available on 
the Internet to any agency with an appropriate password 
and suitable software5,27,28,35.

Much of the difficulty with the 3D technique lies in 
the database of tissue depths used in the reconstruction. 
CT and MRI are the latest scanning methods used to 
precisely detect the margins of bone and soft tissues of 
various kinds and to make accurate measurements of 
tissue depths. The existing database of stored scanned 
images is already very large. Also, with computer imaging 
techniques skeletal remains could be preserved digitally 
for immediate and future research 5,36.

Quatrehomme22 recommends a different method and 
does not use tissue depth. He chooses from the skull/facial 
database the most ‘similar’ head as a reference in such a 
way that the given and the reference skulls should have 
the same characteristics. Under the assumption that “if 
skulls have similar forms, the corresponding faces should 
have main characteristics in common”, he proposes a face 
of a given skull whose reconstruction is guided by the 
reference head22,23.

Reliability
It is important to point out that 3-D imaging does 

not create new data; creating 3-D images allows for 
the exploration of more data (already present but not 
observable), better presentation of the data and directs 
attention to further investigation35,37. 

Computer assisted facial reconstruction has many 
benefits compared to the classic method. First, it surely 
eases the procedure of the reconstruction itself. Of course 
the procedure is not fully automatic, but the amount of time 

spent by forensic scientists on proposing a facial model 
is greatly reduced. The second benefit lies in producing 
several possible models from a given skull depending on 
varying parameters22,23. Also, it decreases the amount of 
artistic subjectivity found in various methods and improves 
the reproducibility of the reconstructions5,28. Finally, the 
3-dimensional model produced could be moved under 
several angles, observing all aspects and, thus, increasing 
the probability of identification of an individual22,23,35,37. 
In some cases, the use of 3D imaging to analyze cranial 
fractures in skeletal remains of homicide victims serves 
to refine fracture measurements and detail patterns of 
trauma. This information can lead even to the conviction 
of the perpetrator of the homicide35. Until recently, there 
is 1 problem with these ways of displaying faces - these 
facial surfaces have lacked pigmented “features”, making 
it difficult to be identified36,37.

However, one cannot help but think that by making 
use of traditional depth data, the end results are going to 
suffer from most of the problems of the plastic sculpture 
technique. Another problem is that the technique is being 
developed using C++, a programming language which is 
fairly inaccessible to the non-specialist, and for this reason 
efforts are made to create a Windows type application. 
This will enable anyone with an access to a PC to work on 
this area5. One difficulty is potential warping of the image. 
In some experimental work, 5-10% of warping occurred. 
As Oliver et al37 pointed out, warping may be overcome 
with more research and experimentation of validation 
methods.

Discussion

Judging from the success of the efforts in actual cases 
and controlled experiments, there is no doubt that a skilled 
practitioner of this technique could produce a reasonably 
accurate portrait of the unknown individual from the 
skull. The chances of the effort leading to the positive 
identification of the decedent depends largely upon the 
extent that the reconstruction is circulated in the news 
media. It is hoped, of course, that some newspaper readers 
or television viewers will recognize the reconstruction as 
that of the person known to be missing and will notify 
the proper authorities5,14,20,21,29. It should be stressed that, 
alone, facial reconstruction cannot be used for positive 
identification since the method is inherently inaccurate and 
many individuals are sufficiently similar in facial features. 
However, facial reconstructions are means of seeking 
possible victims or allow the exclusion of a particular 
individual5,14,25-28. 

To date, the scanty statistics available indicate 
a success rate of about 10-20%. It is long shot but, 
especially in homicide cases, it is well worth taking when 
all other attempts to identify the victim have failed14.
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Several forensic scientists have criticized facial 
reconstruction for the accuracy of the method and its 
failing to create exact replicas of an individual. One should 
have in mind that facial reconstruction will only ever 
produce images that are a gross approximation. However, 
it is desirable to minimize the error to the greatest possible 
degree1,2,5.

Tyrell et al5 maintain that very little is actually 
understood about the nature of the relationships between 
the hard and soft tissues of the face and that only when 
these relationships have been explored in much greater 
detail, might a sufficient level of accuracy be attainable in 
reproducing the faces of unknown individuals.

Conclusion

In conclusion, facial reconstruction techniques are a 
major tool in the identification of human remains for both 
legal and humanitarian reasons. Throughout the years, 
many scientists supported the method and others criticized 
it. We must have in mind that facial reconstruction 
is a combination of science and art based upon well 
documented anatomical rules. The use of computers and 
specialized software have created a new era and increased 
all the abilities of the method.  
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SUMMARY
Tissue engineering is a contemporary area of applied biomedical 

research aimed at developing procedures and biomaterials for the fabrica-
tion of new tissues to replace damage tissues, and is based on principles 
of cell biology, developmental biology and biomaterials science. Recent 
advances in growth factor biology and biodegradable polymer construct 
have set the stage for successful tissue engineering of cartilage, bone and 
related tissues. The periodontium could be considered a prime candidate for 
such procedures.

We report a phase I study: the protocol describes the transplantation 
of Mesenchymal Stem Cells (MSC) derived from a sample of percutaneously 
aspirated bone marrow; the bone marrow stromal cells are managed ex vivo 
for the isolation of the MSC populations and finally they are implanted in a 
periodontal alveolar defect by means of a bio-mimetic scaffold (Gingistat® - 
VEBAS) and an osteogenic medium.
 Keywords: Tissue Engineering; Mesenchymal Stem Cell; Periodontal Regeneration
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Introduction

The discovery of the exact structure of DNA and 
the recent decoding of the human genome have contri-
buted to ushering in a new scientific era, in which bio-
logy has become an “information science”1-5. This “post- 
genomic era” has opened new research frontiers, while at 
the same time supplying the instruments for understanding 
the potential role of genetic information in the diagnosis 
and development of diseases. A new scientific paradigm is 
gaining a foothold in medicine and oral health: “biological 
solutions to biological problems”. The tendency to mo dify 
the approach to prevention, diagnosis and treatment is 
therefore being consolidated with an increasing valorisa-
tion of biological solutions1,3,5-11. In the current scientific 
setting, an extraordinary convergence is being realized 
among medicine, dentistry, human genetics, molecular and 
developmental biology, biotechnology, bioengineering and 
bioinformatics1-11. At the apex of this convergence there is 
the opportunity offered by tissue engineering to regenerate 
numerous tissues, including periodontal tissues.

Tissue Engineering and Stem Cells
The restoration of damaged functions through the 

substitution of the damaged tissues or organs represents 

the main objective of contemporary medical research. 
The use of transplant techniques or of substitution tech-
niques with synthetic materials is strongly conditioned by 
nu merous factors, such as the host’s immune response, the 
limited availability of useable tissues and organs and the 
morbidity of the donor site12.

The area of tissue engineering is an area of multi-
disciplinary research aimed on regenerating tissues and 
restoring organ functionality by means of the transplant of 
cells and tissues developed in vitro or by stimulating cel-
lular growth in a synthetic matrix13. The basic principles 
of tissue engineering anticipate the combining of vital 
cells with a natural or synthetic matrix with the intention 
of generating a vital tissue that is immunologically, func-
tionally, structurally and mechanically identical to the 
native tissue.

In order to attain a complete recovery that is stable 
and durable, certain fundamental criteria must be satisfied:

generate a number of cells, and therefore a tissue, that 1. 
is of adequate size for a single case;
correctly differentiate cells and maintain the correct 2. 
phenotype;
create a cellular agglomerate that is correctly 3. 
organized in 3 dimensions and that produces an 
adequate extra-cellular matrix;



produce cells and tissues that are structurally and 4. 
mechanically suitable to the characteristics of native 
tissue;
obtain a complete integration with host tissue in terms 5. 
of immunological response and an adequate neo-
angiogenesis that assures integration also in terms of 
vascularization.
The key element in order to address all these criteria 

resides in the quality of starting materials and particularly 
in a reliable source of cells.

The spectrum of possible sources of cells that can 
be used in tissue engineering includes mature cells taken 
from the patient that have already differentiated, “adult” 
stem cells taken from the patient (mesenchymal stem 
cells) and embryonic stem cells.

Despite a good level of availability and the absence 
of adverse immune reactions, mature cells do not represent 
a good source of cells for tissue engineering: the advanced 
level of differentiation implies a decreased proliferative 
capacity and restricts their area of use to the specific 
cellular phenotype of the tissue from which they are taken.

Stem cells are described as immature or 
undifferentiated cells capable of generating daughter cells 
identical to themselves or of differentiating into diverse 
cellular phenotypes14,15. Stem cells present a potentially 
unlimited capacity of auto-replication and they are capable 
of generating 1 or more cell lineages that are highly 
differentiated, depending on their replication potential:

“Totipotent” stem cells can generate all cell and tissue 1. 
types present in an organism (for example, fertilized 
egg cell or zygote);
“Pluripotent” stem cells can generate the majority 2. 
of cell and tissue types present in an organism (for 
example, embryonic stem cells);
“Multipotent” stem cells can generate a limited 3. 
number of cell and tissue types, usually dependent on 
their germ layer of origin (mesenchymal stem cells - 
MSC).
The type and the number of highly differentiated 

cell lineages that a stem cell is capable of generating 
are determined genetically. Nonetheless, the external 
environment plays a fundamental role in the processes 
of genetic activation by means of the modification of 
the cytokine gradient, intercellular interactions and 
interactions between cells and extra-cellular matrix, 
guiding the process of differentiation.

Embryonic stem cells are those cells taken from the 
inner cell mass of the blastocyst before its implantation16,17. 
They are pluripotent cells, which maintain the possibility 
of generating the majority of tissues in vivo and in vitro. 
In the presence of leukaemia inhibiting factor (LIF), these 
cells can be maintained and made to replicate indefinitely 
in vitro. Once this growth factor is removed, the embryonic 
stem cells spontaneously differentiate into specific 
aggregates of cells, or embryonic bodies that contain cells 

in the differentiation phase, towards the mesodermal, 
ectodermal and endodermal line18-20.

By manipulating this cell culture, it is possible to 
control and restrict the lines of differentiation and generate 
cultures rich in specific cellular precursors. Using this 
approach, precursors of haematopoietic and nervous cells, 
adipocytes, myocytes, chondrocytes and pancreatic islet 
cells have been obtained21-26.

The recent possibility of isolating embryonic stem 
cells from amniotic liquid has opened new research 
frontiers for tissue engineering. Despite the marked 
differences in morphology, in the modes of replication and 
in the growth medium itself, these cells seem to have the 
same potential to differentiate into multiple cell lineages27.

The key factors in directing cellular development 
towards a specific phenotype can be summarized as 
follows22,24,26:

use of growth and differentiation factors, such as 1. 
transforming growth factor-β (TGF-β), the bone 
morphogenetic proteins (BMP), retinoic acid (RA), 
fibroblast growth factor (FGF), platelet-derived 
growth factor (PDGF);
choice of a specific timing in cell stimulation;2. 
cell cultures associated with already differentiated 3. 
cells;
biochemical selection by means of the insertion 4. 
of particular surface markers in order to be able to 
purify the cell sample;
genetic manipulation of the stem cells, by means of 5. 
the insertion of a particular gene capable of favouring 
the process of selection of the desired phenotype, or 
cell reprogramming by means of nuclear transfer or 
further modification of the major histocompatibility 
complex.
Adult stem cells are present in specific locations 

called “stem cell niches”, located in all organs, especially 
in those that have a rapid cell turnover14,15,27. Many of 
them have been identified, for example haematopoietic, 
neural, of the umbilical cord and of the marrow stroma 
and mesenchymal ones28-30.

The most well-known adult stem cells are 
those derived from bone marrow. There are 2 types: 
haematopoietic cells, which can generate the entire 
lineage of blood cells, and those of the marrow stroma or 
mesenchymal cells (MSC), which can generate numerous 
connective tissues, among which bone and adipose tissue.

There are numerous studies in the literature that 
highlight the elevated differentiation potential of adult 
stem cells taken from different tissues or niches. For 
example, neural stem cells have been shown to be able 
to generate blood cells, and even stem cells taken from 
adipose tissue may form cellular phenotypes of bone 
tissue, cartilage, or muscle tissue31. Among all cells, MSC 
have demonstrated the highest pliability: in animal models, 
they have been shown to be able to generate phenotypes of 
nervous, bone and myocardial tissue, and even phenotypes 
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of hepatic, renal, intestinal, haematopoietic and skin cell 
lines32-35.

This extraordinary differentiation capacity has 
contributed to increasing research efforts regarding adult 
stem cells and intensifying the debate over the necessity of 
turning to embryonic stem cells, which present increased 
risks of adverse immunological reactions and which seem 
to be less predictable in terms of eventual degeneration of 
a neoplastic nature36.

Clinical Applications of Scaffolds 
and Biomaterials in Tissue 
Engineering

There are 3 key factors involved in tissue and organ 
regeneration:

a reliable source of cells (stem cells, etc.);1. 
molecules capable of inducing cell differentiation 2. 
(proteins, growth factors);
matrices in which to allow cells to grow (scaffolds);3. 
These growth matrices must allow cells to migrate 

within themselves, to attach themselves to the structure 
and then to proliferate and differentiate. They must offer an 
environment that allows cells to maintain their phenotype 
and to synthesize the proteins and molecules necessary 
for their development. These structures must furthermore 
present an extended implantation surface, sufficient 
mechanical resistance, an adequate 3-dimensional form, 
and a possible complete biodegradability. The correct 
porosity of the material is also a crucial characteristic 
in order to allow cellular migration and angiogenesis, 
as is the ability to provide an adequate surface area for 
intercellular interactions37.

Types of Available Scaffolds
2 categories of scaffolds exist, those made of natural 

materials and those made of synthetic materials:
Natural materials (collagen, glycosaminoglycans, 1. 
alginates, etc.);
Synthetic materials (polymers, ceramic material, 2. 
bioglass, etc.).
The main advantages of natural materials are 

the low level of toxicity and the low degree of chronic 
inflammatory response; furthermore, they may be 
combined in biodegradable composite masses, acquiring 
mechanical characteristics of synthetic materials while 
maintaining their biocompatible characteristics38. 
Disadvantages include the low degree of mechanical 
resistance and a structural complexity that makes their use 
difficult and that often requires chemical manipulation. 
Collagen, the main extra-cellular matrix protein, is one of 
the most commonly used biomaterials.

3 main classes of synthetic materials exist: 
polymers, ceramic material and bioglass. With regards to 
polymers, there are ones that are able to be reabsorbed, 
such as polyglycolide (PGA), polylactate (PLA) and 
polyglycolide-polylactate (PLG), utilized for example in 
sutures and even ones that are not able to be reabsorbed, 
such as polytetrafluoroethylene (PTFE), used for vascular 
grafts and periodontal regeneration. Ceramic materials 
present an inorganic and non-metallic composition and 
are commonly used in bone surgery. Bioglass is made 
of a silicon base structure combined with ions, such as 
calcium, sodium or phosphorous; main areas of application 
are in the field of bone regeneration, due to its capacity to 
specifically bind to this type of tissue39.

Clinical Applications
The main clinical applications of tissue regeneration 

using scaffolds involve bone tissue, cartilage, nervous 
tissue, the circulatory system, and the skin.

Bone tissue. In this case, mechanical resistance 
represents one of the main characteristics required by 
the scaffold, which must be able to be designed in 3 
dimensions in order to be able to satisfy the specific 
needs of the anatomical parts involved. The scaffold must 
also present a porous surface capable of facilitating the 
process of bone neo-formation. An example could be the 
coral scaffold, used in animal models to regenerate bone 
tissue with mesenchymal stem cells40; this is a natural 
exoskeleton in which inorganic calcium carbonate grows 
by following an organic matrix, and it presents very good 
mechanical characteristics41,42.

Cartilage. The peculiar characteristics of cartilage 
make regenerative hypotheses substantially complex. 
In fact, this is a non-vascularized tissue that has very 
limited repair capabilities. An ideal scaffold in this case 
would have to impede the transformation of chondrocytes 
into fibroblasts, maintaining them in the chondrogenic 
phenotype. One of the materials that has been proposed 
for this is the copolymer polyglycolide-polylactate (PGA/
PLA), successfully used to regenerate cartilage from 
articular bovine chondrocytes43.

Nervous tissue. Currently, repair techniques used 
in cases of division of central or peripheral nerve trunks 
call for the surgical rejoining of the cut ends. Guided 
regeneration of a nervous trunk may also be facilitated 
by structures capable of guiding cells, such as particular 
polymers capable of promoting cellular adhesion and axon 
growth44. 

Circulatory system. Tissue engineering currently 
allows for the production of vascular grafts capable 
of substituting vessels with small diameters, 
cultivating smooth muscle cells in tubular structures of 
polyglycolide45.  

Skin. Tissue engineering currently represents a solid 
alternative in the treatment of burn lesions. The tissue 
obtained with these techniques can be applied on wounds 
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and facilitate the reconstruction phase. There are 2 types 
of scaffolds for skin regeneration: Dermagraft® , made 
by Advanced Tissue Science46, and Appligraft®, made by 
Organogenesis47.

Cranio-Facial Tissue Regeneration: 
Bone Tissue and Dental Tissues

Current goals reached in the area of tissue engineering 
contribute to the delineation of a future in which using 
tissues synthesized with bioengineering to substitute others 
that are missing or damaged due to disease or trauma will 
be possible. Such techniques will be applicable even in the 
case of highly mineralized organs, such as teeth, which 
are the result of a complex system or reciprocal control 
between epithelium and dental mesenchyme.

Recent studies regarding growth factor biology 
and the production of biodegradable support structures 
have created the basis for the production of cartilage and 
bone tissue by means of bioengineering techniques. The 
periodontium appears to be a very good candidate for 
such procedures: preliminary studies have confirmed the 
absence of immunological and inflammatory reactions 
in cases of periodontal transplants using cells of the 
periodontal ligament and bone tissue.

Applications for Bone Tissue Regeneration
Reconstruction of cranio-facial defects through 

the use of MSC allows for all the limits associated with 
autologous and heterologous grafts to be remedied. Studies 
on animal models have demonstrated the possibility of 
using cranio-facial tissue regeneration procedures based on 
stem cells48. From a practical point of view, the procedure 
calls for the isolation of MSC from bone marrow or dental 
tissue, and their subsequent placement in biodegradable 
matrix cultures (scaffolds) with morphogenetic factors 
capable of guiding their differentiation towards the 
desired cell line. The hybrid tissue obtained in this way 
is then inserted into the bone defect, stimulating a potent 
osteogenic response. The development of novel techniques 
for the production of these matrices, in which stem cells 
are allowed to replicate has, simplified the regeneration of 
very widespread 3-dimensional defects49.

In a study by Abukawa et al50, a segmental 
mandibular defect was treated in an animal model 
with MSC taken from the ilium, allowed to replicate 
in vitro, and then incubated in a biodegradable matrix 
of polyglycolic-polylactic acid combined with growth 
factors. The tissue obtained at 6 weeks after implantation 
appeared to be indistinguishable from native tissue upon 
histological examination: osteoblasts, osteocytes and 
anastomotic trabeculae with haversian canals containing 
immature vascular structures and periosteum at the surface 
of the synthetic matrix50.

Similar results were obtained by Yamada et al51, 
who investigated in an animal model the level of osteo-
integration of endosseous implants inserted in areas 
reconstructed with PRP grafts combined with MSC and 
PRP combined with an autologous bone sample. 2 months 
after the positioning of the implants, the bone-implant 
contact entity and the bone density in the group treated 
with MSC appeared to be in line with those obtained with 
an autologous bone graft51.

Recently, the possibility has been demonstrated of 
correcting a potential mandibular discontinuity using a 
bone substitute that had developed inside a titanium grid 
and had been inserted in the latissimus dorsi muscle of the 
patient himself, combining precursors from marrow with 
morphogenetic proteins and de-proteinized bovine bone52.

To increase the regenerative potential of MSC, it 
has been further proposed to recombine the genome 
using genetic engineering techniques by inserting human 
telomerases (reverse transcriptase). Quantitative analysis 
of resulting tissues has confirmed a significant increase in 
bone regeneration53,54.

Applications for the Regeneration of the Dental 
Pulpal Complex

Despite the fact that the morphology of dentinal 
matrix differs substantially from that of bone matrix, the 
biochemical composition of the 2 is rather similar. Even 
dentin contains bone morphogenetic proteins (BMP) and the 
de-mineralized dentinal matrix can stimulate the formation 
of bone tissue when it is experimentally placed in a muscle. 
Both, bone tissue and dentinal matrix, also stimulate the 
formation of dentin if implanted in dental pulp13.

Even though dentin does not have a cell turnover rate 
similar to that of bone, its repair capacity in situations of 
pulpal damage has been sufficiently demonstrated. Just as 
osteoblastic stem cells have been found in bone marrow, 
so too have stem cells been recently isolated in dental 
pulp. In a study by Gronthos55, cells with an elevated 
proliferative capacity and an immunophenotype similar 
to MSC derived from marrow have been isolated in adult 
dental pulp. In culture, these cells presented a significant 
alkaline phosphatase activity and a tendency towards 
forming dense calcified nodules. Transplanted in vivo, they 
then demonstrated the capacity to form structures similar 
to dentin, but did not differentiate into other phenotypes.

The absence of specific markers for the identification 
of cementocytes impedes the clear identification of root 
cementum progenitor cells: indeed, it is not clear if the 
cells involved are osteoblast-type cells that synthesize 
this tissue in response to specific environmental 
conditions of the so-called “dental niche”, or if there is 
a specific cellular phenotype dedicated to this function. 
Nevertheless, the identification of cells of the cementocyte 
lineage isolated from healthy dental elements, combined 
with the use of tissue and genetic engineering techniques, 
is opening new research frontiers56, 57. Recently, a study 
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by Saito et al58 was presented in the literature, in which 
the progenitor cells of the cementoblastic line were 
isolated from cell cultures of dental follicles of bovine 
origin. An immortalized clonal cell line was then created 
of cementoblastic progenitor cells with which researchers 
were able to create a tissue similar to bone, with cells 
similar to cementocytes in a mineralized matrix.

In a study by Seo et al59, totipotent stem cells 
were isolated from a human periodontal ligament. The 
capacity of these cells to differentiate into cells of the 
cementoblastic and adipocyte lines and into cells capable 
of producing collagen tissues was verified in vitro. Using 
an animal model, researchers were then able to stimulate 
the regeneration of tissue similar to cementum and of 
structures belonging to the periodontal complex59.

Regenerating enamel is surely more complex with 
respect to other tissues, such as bone and dentin. With 
dental eruption, the enamel organ’s epithelium dissolves, 
blocking any regeneration potential for the tissue in the 
case of injury. Despite the fact that the existence of stem 
cells, present in adult tissue, capable of differentiating into 
ameloblasts can be excluded, it is nevertheless possible 
that some oral tissue cells can begin to synthesize enamel 
in the presence of certain specific stimuli. In a study by 
De Moerlooze et al60, the possibility was suggested that 
it is fibroblast growth factor (FGF) that maintains and 
determines the differentiation of these cell lines. The 
understanding of the real mechanisms at the base of such 
differentiation would allow for the induction of such 
transformation in other strains of oral epithelial cells.

Molecular Techniques and Tissue Engineering in 
Periodontal Regeneration

Current knowledge regarding dental developmental 
biology and the discovery of growth factors involved in 
determining such development have suggested the use of 
these factors in periodontal regeneration procedures61-69. 
Among the most commonly used factors, there are the 
Platelet-derived Growth Factor, the Insulin-like Growth 
Factor70-75, the Transforming Growth Factor β-176, the 
Basic Fibroblast Growth Factor77, dexamethasone78, and 
the BMP79,80.

Clinical trials on the use of Platelet-derived Growth 
Factor combined with Insulin-like Growth Factor in 
the treatment of periodontal defects have demonstrated 
that only high doses of such factors are capable of 
stimulating a statistically significant increase in bone neo-
formation72. When Platelet-derived Growth Factor is used 
in combination with alloplastic grafts for the treatment 
of second degree furcations and infra-osseous defects, 
the histological results confirm the regeneration of the 
alveolar bone, cementum and periodontal ligament81,82.

An alternative to the use of single growth factors is 
the combination of alloplastic grafts and platelet gel, or 
rather a fraction of plasma that contains Platelet-derived 

Growth Factor and Transforming Growth Factor β-1 
(PRP)83-85.

Nevertheless, problems relative to the non-specific 
activity of single factors on diverse cell lines do exist, as 
do limitations linked to the rapid breakdown and disposal 
of these factors when applied topically. To overcome these 
problems, genetic engineering studies were conducted on 
cells taken from the periodontium, using an adenovirus 
as a carrier for the Platelet-derived Growth Factor gene 
in order to promote and sustain its release and subsequent 
biological activity86-88. Potential recourse to in vivo 
genetic therapy to stimulate periodontal regeneration 
has been studied in animal models, confirming the 
regeneration of the alveolar bone and of the cementum in 
severe periodontal defects following the direct transfer of 
the Platelet-derived Growth Factor gene89.

The use of BMP appears to require high dosage levels 
and presents certain limitations linked to non-specific 
action on diverse cell lines and to the rapid breakdown 
and disposal when applied topically73,90. Even in this case, 
recourse to genetic therapy using a BMP-7-containing 
adenovirus confirmed the potential of this therapy91. 
Recent revisions regarding this topic92 seem to confirm the 
positive outlook for this research, but they also highlight 
the limits linked to the current lack of data that impede 
the performance of meta-analyses on the effect of growth 
factors on periodontal regeneration.

The use of MSC in periodontal regeneration has 
revealed alternative techniques to the use of single growth 
factors. In a study by Kawaguchi et al93, guidelines for 
this kind of experimentation are discussed. Once MSC 
were isolated from the bone marrow of a model animal, 
they were made to expand in vitro and then combined with 
2% type-1 collagen. This medication was then inserted 
in class III defects and a histological and morphometric 
evaluation was performed a month after the transplant. 
Results indicated a regeneration of defects with cementum, 
periodontal ligament and bone tissue93.

The auto-implantation of MSC represents, therefore, 
an innovative option for the regeneration of periodontal 
tissues and currently constitutes the main area of research 
in experimental periodontology.

Materials and Methods

Considering the limits of the current surgical 
techniques regarding periodontal regeneration and the 
results of in vitro studies regarding tissue regeneration 
using MSC, which were conducted in our laboratories, a 
protocol for periodontal regeneration using mesenchymal-
type adult stem cells has been defined and tissue 
engineering techniques have been developed, which are 
awaiting international patent. Research work required a 
phase of in vitro experimentation with MSC (extraction, 
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isolation and osteogenic differentiation), and the 
subsequent formulation of the Experimental Clinical 
Protocol.

Realization of the GMP Laboratory for Cellular 
and Genetic Therapy

In the past 10-15 years, a series of innovative 
cellular therapies has emerged, among which genetic 
manipulation, immunotherapy, and stem cell therapy for 
the treatment of metabolic, autoimmune, neurological, 
cardiovascular, orthopaedic, ocular and oral cavity 
diseases. The cells and tissues used in these therapeutic 
approaches require complex preparation processes, often 
requiring isolation procedures geared towards specific rare 
cellular subsets, prolonged phases of in vitro expansion, 
genetic manipulation, in vitro stimulation with particular 
molecules to promote maturation and/or activation. This 
was all in accompaniment to a different cultural definition 
of the so-called “cell factories”, which today are no longer 
considered laboratories of simple cell processing, but 
rather true centres of cellular and genetic engineering. 
Such complexity of production is inevitably associated 
with an increase in related risks.

Directive 2001/20/CE of the European Parliament 
(enforced in Italy with the Legislative Decree of June 
24, 2003, n. 211), regarding the implementation of good 
production practices (GCP, Good Clinical Practice) within 
clinical protocols for medications intended for human use 
establishes, as foreseen by article 9, paragraph 6, that 
products used for genetic and cellular therapy, which are 
based on human and xenogenic cells, must be considered 
drugs and must consequently be produced according to 
Good Manufacturing Practice (GMP).

GMP rules are essentially aimed towards 
preventing the contamination of cellular products with 
infective microorganisms and guaranteeing that, once 
manipulation has been performed, cells maintain their 
integrity and function. These rules cover the methods of 
cellular preparation, the characteristics of the production 
laboratories, screening methods and tests performed on 
donors, and the methods of gathering, selecting, analyzing, 
manipulating, preserving, labelling and distributing 
cellular products. Complete and extensive documentation 
must be supplied for all processes and tests performed. 
Certain aspects of GMP rules are particularly constraining:

Traceability of the product; ●
Reagents, materials and instruments. GMP rules  ●
force everything that enters into the productive phase 
to have its own certificate of quality and everything 
must be subjected to a tracking system that 
continuously verifies its characteristics and expiration 
date;
Laboratory structure. The majority of GMP  ●
production processes require class B environments 
(with the exception of sterile hoods, which are of 
class A), and so they are subjected to a continuous 

filtration and recycling of air by means of HEPA 
filters. Environments must be subjected to a 
continuous monitoring for particles in the air and for 
microorganisms in the air and on surfaces;
Staff. All GMP staff must possess a suitable resume  ●
and must undergo specific training in order to 
gain authorization to work in a GMP laboratory. 
All workers must operate according to Standard 
Operating Procedures, which describe in detail 
every single activity performed in processes of 
cellular manipulation and culture, as well as the 
use and maintenance of all equipment, laboratory 
management, rules of acceptance or refusal of raw 
material to be manipulated and batch release;
Test to release cellular products. Every cellular  ●
product that leaves a GMP laboratory must be 
subjected to a battery of tests that assures its safety, 
purity, identity, function and stability. Mandatory 
microbiological tests include bacteriological and 
fungal tests, the mycoplasma test and the bacterial 
endotoxin test. Purity and identification tests include 
evaluation of vitality and phenotypic characteristics 
(immuno-phenotype and morphological phenotype, 
karyotype if necessary);
These mandatory requirements culminate in the 

submission of a dossier to be subjected to ministerial 
approval. The dossier must contain an explanation of the 
proposed therapy (scientific rationale and therapeutic 
advantages), a description of the quality of each step in 
the production process, documentation regarding viral 
deactivation, pharmacology, toxicology and mutagenesis 
of the proposed product and the analytical formulation of 
the clinical proposal.

In Vitro Experimentation with MSC: 
Extraction, Isolation and Osteogenic Differentiation

Experimental studies with MSC on animal models 
were conducted at the Department of Neurosciences 
and Biomedical Technologies of the University of 
Milano-Bicocca, and at the Dental Clinic of the San 
Gerardo di Monza Hospital, in order to obtain bone 
tissue regeneration in vitro, using a collagen scaffold 
(Gingistat®) (Figs. 1A, 2A and 3A). The results of this 
study confirmed the extensive osteogenic proliferation 
and differentiation capacities of MSC, despite the 
rapid degradation of the collagen support structure (4-5 
weeks)94,95. Such experimental studies have steered 
research activity towards the possible use of human 
autologous MSC grown on Gingistat® collagen scaffolds 
in the regeneration of oral bone tissue.

4 large scale simulations were then performed in a 
GMP environment using the bone marrow of 4 donors96 
(Figs. 1B, 2B and 3B). MSC were isolated from bone 
marrow and expanded until the third passage in order to 
obtain a suitable number of cells for future clinical use. 
During culture, cell growth and vitality were quantified 
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and, at each passage, specific microbiological tests were 
performed (results were always negative). MSC were 
characterized by the elevated expression of the membrane 
antigens CD90, CD105 and HLA-ABC (≥70%), and by the 
low expression of the antigens CD33, CD34 and HLA-DR 
(≤5%). Osteogenic differentiation of MSC was obtained 
both in dishes and on Gingistat scaffolds by treating 
the cells with culture medium enhanced with clinical-

grade differentiation agents (dexamethasone, vitamin 
C and sodium glycerophosphate). The results of these 
verifications confirmed the behaviour of mesenchymal 
cells, which adhered to and spread themselves out in a 
homogenous manner among the meshes of the collagen 
scaffold, depositing mineralized matrix only if incubated 
with osteogenic medium95,96.

Figure 1. Morphology of rMSC and hMSC cells treated with OS medium. Images, taken with a phase contrast optical microscope, show the initial 
phases of osteogenic differentiation (Bar=50 µm)  

(A) rMSC were treated for 7 days with OS medium;                          (B) hMSC cells were treated for 28 days with OS medium.

Figure 2. Cells dyed with Alizarin red S. Bone matrix deposition appeared to be more premature in rMSC compared to hMSC  
(A) rMSCs were cultured for 28 days with OS medium;    (B) hMSCs were cultured for 35 days with OS medium 

Figure 3. Osteopontin immunofluorescence. Immunolocalization for osteopontin was conducted using immunofluorescence (green). Nuclei were dyed 
with propidium iodide (red)    

(A) rMSCs were treated for 14 days with OS medium;                           (B) hMSCs were treated for 28 days with OS medium 
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valve or other manufactured prostheses in other 
anatomical locations, for example hip, etc…);
Alcohol and/or drug abuse;• 
Severe bruxism;• 

2. Bone marrow sampling
10-15 ml of bone marrow will be withdrawn from the 

posterior iliac crest of the patient and transported to the 
laboratory for cellular and genetic therapy.
3. MSC isolation, expansion and differentiation on scaffolds

MSC will be isolated and expanded in the laboratory 
for cellular and genetic therapy. Cells will be maintained 
in culture until they reach an adequate number based 
on the characteristics of the bone defect of each single 
patient. A cellular aliquot will be used for phenotype 
characterization, while an aliquot of supernatant will be 
saved for microbiological tests (endotoxin, mycoplasma, 
aerobic and anaerobic bacteria). 

Cells will be placed on Gingistat scaffolds at a 
concentration of 1x106 MSC/125mm3 and, after 3 days, 
will be induced to differentiate osteogenically using 
clinical-grade osteogenic medium, consisting of GMP-
grade DMEM, 10% FBS Hyclone, GMP-grade antibiotics, 
GMP-grade L-glutamine with the addition of the 
differentiation factors: dexamethasone (100 nM), vitamin 
C (0.05 mM) and sodium glycerophosphate (10 mM) 
(Farve).

In parallel with the scaffolds, a control cellular aliquot 
will be also plated on dishes and induced to differentiate 
with clinical-grade osteogenic medium in order to perform 
the proper osteoblastic differentiation evaluations.

From day 21, and not after day 42, control dishes will 
be dyed with Alizarin Red every week in order to observe 
the start of the mineralization process, which coincides 
with the initial positive appearance of Alizarin Red dye. 
On the day that dyeing is first observed on a plate, a 
control scaffold will be frozen and analyzed, in order to 
obtain a more accurate and adequate evaluation of the 
degree of differentiation on the biodegradable material 
that will be inoculated into the patient.

If the product is found to be appropriate, and 
therefore only if osteogenic differentiation has begun, a 
surgical intervention will be planned in a predictable time 
period of 1-3 days, while in the meantime, the appropriate 
microbiological tests will be performed (endotoxin, 
mycoplasma, anaerobic and aerobic cultures).

Information regarding negative endotoxin results will 
be the only information available for the release of the cel-
lular batch for clinical use. Information regarding myco-
plasma culture tests and tests for aerobic-anaerobic bacte-
ria/fungi will be communicated for clinical use only after 
inoculation has been performed, due to issues connected 
with the reading of the bacteriological test results.
4. Surgical procedures for the inoculation of the cellular 
product

A week/10 days before scaffold implantation, a non-
surgical periodontal treatment will be performed. The 

Formulation of Clinical Protocol
The experimental product that was proposed at the 

Higher Institute of Health consisted of the osteoblastic 
differentiation of autologous mesenchymal cells (isolated 
and expanded from bone marrow sample) and the 
subsequent deposition on biodegradable collagen scaffold.

In order to obtain authorization for use in humans, 
it was necessary to codify the procedures in a detailed 
dossier that was then evaluated by the Higher Institute of 
Health in order to verify compliance with GMP principles 
and medical research ethics for human subjects, present in 
the Declaration of Helsinki adopted by the 18th General 
Assembly of the AMM in Helsinki, Finland, in June of 
1964, and amended by the 29th General Assembly in 
Tokyo, Japan, in October of 1975, by the 35th General 
Assembly in Venice, Italy, in October of 1983, by the 41st 
General Assembly in Hong Kong, in September of 1989, 
by the 48th General Assembly in Somerset West, Republic 
of South Africa, in October of 1996 and by the 52nd 
General Assembly in Edinburgh, Scotland, in October of 
2000.

The entire phase of production and clinical use 
consists in the following operating phases:
1. Patient selection

Inclusion criteria are:
Severe periodontal disease;• 
No periodontal treatment available due to the severity • 
of the disease;
Vertical bone re-absorption X-ray test inferior to 8 • 
mm;
At least one periodontal site per quadrant having a • 
Gingival Index (GI)≥2;
Periodontal Pocket Depth (PPD) inferior to 8 mm;• 
Between 30 and 50 years of age;• 
Availability to complete the study;• 
Acceptance of informed consent.• 
Exclusion criteria are:

Pregnancy, acute renal insufficiency, multiple • 
myeloma, arthritis and collagenopathies, pulmonary 
fibroses, emphysema, tumours, osteoporosis, 
recent surgical intervention (1 month), chronic 
inflammatory diseases, recent infective condition, 
known neurological and/or dysautonomic disorders, 
thyroid disorder, blood disorders, depression or eating 
disorders;
Elements with circumferential defects and/or teeth • 
with periapical lesions;
Known allergies to products used in the study;• 
Patients who have undergone treatment for tumours or • 
who have severe diseases involving bone structure;
Condition or medical history that requires antibiotic • 
prophylaxis before dental treatment (eg. rheumatic 
fever, rheumatic heart diseases, mitral valve prolapse, 
valve malfunction, cardiac hypertrophy, bacterial 
endocarditis, congenital heart defect, prosthetic heart 
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cultured in the scaffold in the presence of differentiation 
agents, such as dexamethasone, glycerol phosphate and 
ascorbic acid53,54.

The use of these techniques in humans is still in its 
initial phase, but work confirms the importance of the 
expansion ex vivo of autologous MSC taken from bone 
marrow to reduce the invasiveness of the technique, and 
the need for a porous support on which the newly forming 
tissue can develop95,96,101,102.

On the basis of these considerations, a MSC 
research protocol was defined in 2002 with the title 
“Tissue Engineering: Development of New Strategies for 
Periodontal and Alveolar Bone Regeneration by Using 
Haematopoietic-Derived Mesenchymal Cells in Animal 
and Human. Evaluation of Systemic Effects”  (sustained 
by the contribution of the Ministry of Universities and 
Research, FIRB project, protocol RBNE017HYL_001) 
that involved the Dental Clinic of the San Gerardo di 
Monza Hospital, the Department of Neurosciences and 
Biomedical Technologies of the University of Milano-
Bicocca and the “Stefano Verri” Interdepartmental Labo-
ratory for Cellular and Genetic Therapy of the San 
Gerardo di Monza Hospital. 

The results of in vitro research have led to the 
definition of a periodontal regeneration protocol 
using mesenchymal-type adult stem cells (Alveolar 
bone regeneration in human by using hard tissue 
engineering with bone marrow mesenchymal stem cells 
- Clinical study), as well as to the development of new 
methodologies that are awaiting international patent 
(“Scaffolds and dental and osteogenic implants containing 
mesenchymal stem cells”).

The application of these procedures in different areas 
of oral surgery, maxillofacial surgery and orthodontics, 
constitute only 1 aspect of the potential applications of 
such methodologies, which are commensurate with the 
possibility of cryogenic conservation of MSC.

This stocking technique does not alter either the 
proliferation capacities or the differentiation capacities 
of MSC103, but renders them available for subsequent 
uses without needing to repeat autologous sampling and 
it allows interventions to be performed in the absence of 
a cell-factory like the GMP laboratory for cellular and 
genetic therapy.
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SUMMARY
Several recent studies have demonstrated epidemiological associa-

tion between periodontal and cardiovascular diseases. Chronic periodontal 
lesions may be the site from which lipopolisacharides and pro-inflammatory 
citokines may reach the bloodstream and foster atherosclerotic plaque ruptu-
re by different mechanisms. The purpose of this study was to compare the 
plasma levels of established risk markers for atherosclerosis, such as lipo-
proteins and C-reactive protein and fibrinogen in periodontitis cases to those 
in healthy, non-periodontitis cases.

Significant positive correlation was found between cholesterol levels 
and probing depths, as well as low-density lipoprotein levels and probing 
depths. We also found a significant negative correlation between high-den-
sity lipoprotein levels and probing depths, however not for fibrinogen and 
C-reactive protein.
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Introduction

Several studies have recently demonstrated epide-
miological associations between periodontal and cardio-
vascular diseases1,2. Possible overestimation may result 
from insufficient compensation for lifestyle differences 
and common risk factors (smoking and diabetes) in the sta-
tistical models1. Another possible mechanism ac counting 
for the reported association between periodontal and 
cardio vascular diseases could be the release of lipopolisa-
charides (LPS) and pro-inflammatory citokines from the 
chronic periodontal lesions into the blood stream3-6.

Almost all of the cells of the immune system are 
capable of producing pro-inflammatory citokines. In perio-
dontitis, the major triggers of their synthesis are the LPS of 
the Gram-negative bacteria of the bacterial plaque7,8. The 
pro-inflammatory citokines may play a role in increasing 
the inflammation of the atherosclerotic plaques by:

Stimulating the invasion of macrophages in the 
plaque and the activation of matrix metal proteinases 
(MMP)7-8;

Stimulating the synthesis of intercellular adhesion 
molecule-1 (ICAM-1) from the endothelial cells7-8;

Stimulating the synthesis of C-reactive protein (CRP) 
from the hepatic cells, as well as of fibrinogen - CRP 
binds to the C1q fraction of complement at the surface of 
damaged endothelial cells4,6,9-13.

IL-1β and TNF-α can also affect the lipid 
metabolism7,14-17.

Although DNA from oral bacteria has been found 
in atherosclerotic plaques, a bacterial contribution to the 
plaque formation has yet to be demonstrated. 1,2,18,19

Atherosclerosis, a relatively benign condition, can 
be transformed to a life threatening condition due to its 
rupture. Why some atherosclerotic plaques are more 
susceptible to rupture than the others? This is determined 
by the thickness of the fibrous cap7,8,15,20-22. Inflammation 
may enhance the risk of atherosclerotic plaque for rupture 
because it puts the collagen fibril of the fibrous cap under 
a double attack of low synthesis from the smooth muscle 
cells and high degradation from macrophages7,8,15,20-22. 
Plaque rupture is followed by coronary thrombosis, which 
clinically is expressed as the acute coronary syndrome.

The aim of this study was to compare the plasma 
levels of the established risk markers for atherosclerosis 
(such as lipoproteins, C-reactive protein and fibrinogen) 
in patients with periodontal disease and healthy patients 
(non-periodontitis cases).



Materials and Methods

The periodontitis group consisted of 26 subjects, 
non-periodontitis group of 25 subjects. The period of 
study lasted 5 months. Those with known cardiovascular 
diseases or diabetes were excluded from the study. 

Clinical Examination for Periodontal Disease 
All patients underwent a comprehensive periodontal 

examination23,24, including radiographs and clinical 
examination. Probing depth and attachment loss were 
calculated using a calibrated periodontal probe (from 
1.5mm-11.5mm; every 1 mm - TPS Vivacare), which 
enabled control of probing forces up to 200 N/cm2 (when 
both markings of the handle and probe correspond to 
one another). Probing depths >3mm were considered 
pathologic. Data were collected into the periodontal chart 
designed according to Basle, modified by Gressly.

Plaque was evaluated using the Plaque Index (PI) of 
Silness and Löe, whereas gingival status was evaluated 
using the Gingival index (GI) of Silness and Löe.

Individual radiographs of the sites with the largest 
pocket depths, as well as panoramic radiographs, were 
used to establish a correct diagnosis.

Blood Lipid and Inflammatory Indices Analysis
Plasma was obtained after centrifugation at 1500 g 

for 10 min and stored at -70°C until analysis. 
Cholesterol levels were measured using the enzymatic 

colorimetric method (510 nm). Normal values of this method 
are: 150 - 330 mg/dl. High-density lipoprotein (HDL) levels 
were measured by using the precipitation method. Normal 
values of this method are: 35 - 55 mg/dl. Low-density lipo-
protein (LDL) levels were measured by using the indirect 
method (Friedewald formula). Normal values of this method 
are: <180 mg/dl. Fibrinogen levels were measured by using 
the classic turbidimetric method. Normal values of this 
me thod are: 200 - 400 mg/dl. CRP levels were measured 
by using the slide latex agglutination test. When CRP was 
present in the sample, presence of agglutination indicated a 
content of CRP equal or greater than 6 mg/l, without pre-
vious sample dilution. Normal value of method: <6 mg/l.

Statistical Methods
Parametric and non-parametric data were analysed 

using the Student-t test or Mann Whitney U-test, 
respectively. Associations between the periodontal and 
serological parameters were evaluated using the Spearman 
Rank order correlation coefficient. 

Results

The characteristics of the study and control groups 
are given in table 1. Table 2 gives the average levels 

of cholesterol, HDL, LDL, fibrinogen and CRP in 
periodontitis and non-periodontitis group, respectively.

Table 1. The characteristics of the patient and comparison 
groups

Periodontitis
n=26

Non-Periodontitis
n=25

Gender (F/M) 16/10 17/8
Mean age (years.) 58.3 33.5
No. of cigarettes per day 2.82 2.8
BMI(kg/m2) 24.7 23.6
Mean no. of teeth 15.5 28.5
Mean no. of pocket 
sites>3mm 14.75 -

Mean depth of 
pathological pockets (mm) 4.16 -

Mean attachment loss (mm) 4.59 -

Table 2. The average levels of cholesterol, HDL, LDL, fibrinogen 
and CRP in periodontitis and non-periodontitis group

Periodontitis Non-Periodontitis
Cholesterol (mg/dl) 234.7 195.3 
LDL (mg/dl) 175 129
HDL (mg/dl) 37.7 39
Fibrinogen (mg/dl) 333 293
CRP (mg/l) <6 <6

Total cholesterol levels were higher in patients of 
the study group than in the controls (p=0.04). We found a 
strong significant positive correlation between cholesterol 
and probing depths (R=0.79) and attachment loss (R=0.9). 
LDL levels were also higher in the study group than in the 
controls (p=0.01). We found a strong significant positive 
correlation between LDL and probing depths (R= 0.75) 
and attachment loss (R=0.9). HDL levels were lower in 
the study group than in the controls (p=0.04). Weak, but 
significant negative correlation between HDL and probing 
depths (R= 0.25) and attachment loss (R= 0.58) was 
apparent.

Although plasma fibrinogen levels were higher in 
patients, the differences were not significant. CRP levels 
were less than 6mg/l in both groups.

Discussion

In agreement with previous studies1, this study has 
reported significant correlation between periodontal 
disease and low levels of HDL. A weak, but statistically 
significant relationship between HDL and probing depth 
has been observed. Albeit not very strong, we think that 
this correlation is important as it suggests that periodontal 
disease might influence blood lipid concentrations and 
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thereby the risk of cardiovascular disease. Mortality in 
individuals with low levels of HDL is higher than in 
individuals with higher levels of HDL, regardless of 
total cholesterol levels15.  This might be explained with 
the fact that HDL participates in the reverse transport 
of cholesterol17, it is a carrier of antioxidant enzymes17 
and has anti-inflammatory properties by decreasing the 
adhesivity of endothelial cells1.

Our explanation for this association is that chronic 
inflammation in periodontium leads to the release of 
lipopolisacharides and pro-inflammatory citokines (IL-1β 
and TNF-α), which have the capacity to affect lipid 
metabolism. 

In agreement with other studies1,2,14, we found 
significant differences in total cholesterol and LDL levels 
between periodontitis and non-periodontitis cases, which 
may account for the correlation between periodontal and 
cardiovascular diseases, to which high cholesterol and 
LDL levels are known risk factors. 

In our study we did not found significant differences 
in fibrinogen levels. Contradictory reports of literature, 
however, emphasise the need for further research in this 
context6,18,19.

Unlike previous studies1,2,6,9-11, we found no 
detectable difference in CRP levels between periodontitis 
and non-periodontitis cases: both groups had <6mg/l. Our 
explanation for this is that we have used a low sensitivity 
test, whereas the high sensitivity test can detect levels 
of plasma CRP as low as 1 mg/l. Therefor, we should 
recommend the use of high sensitivity CRP test in further 
studies. 

Conclusions

In this study we have found serological differences 
of some parameters, known to be risk factors for 
atherosclerosis, between patients with periodontal 
disease and healthy patients. These findings can provide 
a physio-pathological explanation for the epidemiological 
associations between periodontal and cardiovascular 
diseases, as observed in many recent studies. 
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SUMMARY
Aim: To evaluate patient anxiety and pain experience to dental injec-

tion delivered prior to an extraction and to compare the measured results for 
2 different local anaesthetic delivery systems.

Material and Methods: 100 patients referred for tooth extraction were 
included in the study. 50 patients were injected with a traditional syringe 
injection, and 50 with a computer-controlled local anaesthetic delivery sys-
tem (the WAND®). Anxiety levels before the injection were measured using 
the Spielberger’s State-Trait Anxiety Inventory (STAI). Individual pain expe-
rience was recorded by means of a visual analogue scale (VAS). Systolic 
and diastolic blood pressure, pulse rate and oxygen saturation levels were 
recorded for each paient. The Mann Whitney U, Pearson’s correlation ana-
lyse, χ2 test and Kruskal-Wallis test were used to determine differences in 
response between the 2 types of injection delivery. 

Results. Statistically significant differences were recorded for both, 
STAI and VAS. Smaller changes in systolic and diastolic blood pressure, 
pulse rate and oxygen saturation were recorded following injection for the 
computer-controlled local anaesthetic delivery system group; however, the 
differences were not statistically significant.  

Conclusions. The use of a computer-controlled local anaesthetic deli-
very system for infiltration injection prior to extraction resulted in a lower 
mean anxiety level for a group of 50 patients. Significantly lower pain 
response was recorded by the group of patients injected with the compu-
ter-controlled local anaesthetic delivery system when compared to a group 
injected with a traditional syringe. 

Keywords: Anxiety; Local Anaesthesia; Blood Pressure; Pulse Rate; Oxygen Saturation
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Introduction

Despite monumental clinical and technological 
advances that have lead to the often used phrase of 
“modern dentistry” and of late, “dentistry in the new 
millenium” - anxiety and even fear remain as a common 
experience that patients communicate to their dentist prior 
to dental treatment. The mere sight of the anaesthetic 
needle, as well as the sight, sound and feeling of the dental 
drill, have been described as stimuli associated with dental 
anxiety1. Several studies have examined the prevalence, 

cause, symptoms and consequence of anxiety related to 
dental treatment1-4. 

Patients commonly report a fear of the dental 
injection5-7. This fear can be a significant impediment 
to dental care and may result in patients either delaying 
and even avoiding essential dental treatment. The use 
of general anaesthesia, sedation, hypnosis and a host of 
other behavioural techniques offer an useful alternative in 
selected cases. Despite the availability of these techniques, 
it is interesting to note the findings in a recent publication 
by Hill and Walker8. This study assessed stress in patients 
undergoing extraction of wisdom teeth and the authors 



concluded that local anaesthesia is the preferred mode of 
pain control for patients who express no strong preference 
for type of anaesthetic.

An elevated state of anxiety prior to oral surgery 
is common and may be associated with an increased 
level of pain during delivery of the local anaesthetic 
injection. Elevated anxiety and intraoperative stress can be 
measured by specific means9. STAI (Spielberger’s State-
Trait Anxiety Inventory) distinguishes between anxiety as 
a general aspect of personality (STAI-T, trait anxiety) and 
anxiety as a response to a specific situation (STAI-S, state 
anxiety)10.

Hypoxia is a potential complication related to dental 
surgery and the condition requires a clinician to carefully 
monitor patient vital signs, specifially pulse rate and 
blood oxygen content. Pulse oximetry is a non-invasive 
technique allowing immediate, accurate and continuous 
monitoring of these parameters11. Mean systolic and 
diastolic blood pressure can increase during dental surgery 
and it has been reported that dental anxiety and fear can be 
directly related to such an increase12.

Pain is commonly measured and described by 
using the visual analogue scales (VAS) and although this 
provides a useful method of describing pain experience, 
it does not assess the multidimensional nature of this 
complex stimulus. More sophisticated techniques for this 
measurement include analysis of the sensory, affective and 
cognitive components of pain, as described in a number of 
scientific studies13-15.

The aim of this study was to evaluate patient anxiety 
and pain experience to a dental injection delivered prior 
to an extraction and to compare the measured results 
for traditional syringe and computer-controlled local 
anaesthetic delivery systems.

Material and Methods

100 healthy caucasian patients who were referred to 
the Department of Oral Medicine and Surgery, Faculty of 
Dentistry, University of Istanbul for mandibular anterior 
tooth extraction participated in the study. Each patient was 
informed that 2 local anaesthetic injection techniques were 
being studied: group 1 - a computer-controlled (using the 
WAND® - Milestone Scientific Inc, Livingston NJ, USA) 
(mean age=41.34±12.60; 23 female, 27 male) and group 
2 - traditional syringe local anaesthetic delivery systems 
(using TRIXYLEST aspiration syringe, ESPE GmbH, 
Germany) (mean age=36.06±14.85; 26 female, 24 male). 
Each patient would receive only one or the other technique 
and selection was done randomly.

No patient had previously received a local anaesthetic 
injection using the computer-controlled and all patients 
had previously experienced a traditional syringe injection. 
Each patient completed the STAI survey sheet prior 

to treatment. Physiologic stress was measured by the 
STAI-S and STAI-T. This self-reported questionnaire, 
comprised of 40 statements, 20 measuring state and 20 
trait-anxiety, asks subjects to imagine they are to undergo 
dental treatment. Items are scored on 4-point scales, with 
response categories varying according to the nature of the 
question. This questionnaire has been tested extensively 
for reliability and validity10. STAI values were recorded 
before the injection. 

Using a sterile cotton applicator, topical anaesthetic 
gel in the form of 20% benzocaine (Topex, Sultan Dental 
Products, Englewood NJ, USA) was applied for 1-minute 
at each of the 2-sites to be injected. Xylestesin (2% 
lidocaine hydrochloride and 0.048 mg epinephrine - ESPE 
Dental AG, Germany) was used for all injections. The 
anaesthetic cartridge was held in the hand of the operator 
for 2-minutes (to warm the solution to body temperature) 
before applicator loading.

Each patient received 2 supraperiostal infiltration 
injections. Buccal injections were delivered first. 
Approximately 0.5 ml of anaesthetic solution was 
delivered into the buccal sulcus of the anterior mandible 
between the first incisor and the canine at a point 
approximately 10 mm inferior to the gingival margin. 
Directly following the buccal infiltration, a second 
injection of approximately 0.5 ml was delivered at the 
corresponding site on the lingual aspect of the mandible. 
All injections were delivered by the same operator. 

Pain was measured using a visual analogue scale 
(VAS). Overall pain was assessed by using a 200 mm 
horizontal, ungraded visual analog scale onto which 
patients were asked to place a marking. The left side 
was marked “no pain” and the right side marked “worst 
pain imaginable”. A 10-point verbal rating was also used 
and patients were asked to give a value to their pain 
experience, zero being “no pain” and 10 being “worst 
pain imaginable”. VAS values were recorded after the 
injection and gave an indication of the pain experience for 
individual patients in each group.

Systolic and diastolic blood pressure was recorded 
immediately before the injections for each patient 
(ERKA blood-pressure-meter, Bad Tölz, Germany). 
Blood pressure measurements were recorded by a second 
operator. Pulse oximeters produce audible and visible 
signals to alert the practitioner to changes in pulse rate 
(bpm) and oxygen saturation (%SaO2) during dental or 
surgical procedures. Pulse rate and oxygen saturation 
was recorded immediately before the injections for each 
patient (3304 Quick Reference, BCI-International Model 
71200A1, Waukosha Wisconsin, USA). Readings were 
recorded by the second operator with the pulse oximeter 
placed on the patients right index finger. 

 Statistical analysis was applied to all the results 
obtained. The Mann Whitney U, Pearson’s correlation 
analyse, χ2 test and Kruskal-Wallis test were used to 
compare STAI and VAS values for each of the 2 injection 
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systems, to evaluate differences in blood pressure before 
injection, as well as to test for statistical significance for 
differences in pulse rate and oxygen saturation before the 
injections.

Results

The anxiety, pain, blood pressure, pulse rate and 
oxygen saturation levels of 100 patients were analysed. 
As indicated in table 1, the mean value of VAS from in 
group 1 were 1.41 (± 0.67) and 0.91 (± 0.57) in group 2 
(p<0.001). The mean STAI-S score of group 1 were 53.76 
(± 5.01) and 71.34 (± 6.67) in group 2 (p<0.001). The 
mean STAI-T score of the group 1 were 43.98 (± 56.1) 
and 43.74 (± 6.21) in group 2 (p>0.05). A statistically 
significant difference in mean values was found for both 
the STAI-S as well as for the VAS. The STAI-T serves as 
a control in this study and the close proximity in values 
between the 2 groups confirms the alikeness of anxiety 
as a general aspect of personality between the 2 groups 
studied.  

Table 1. Mean (±SD), median and Z values for STAI-S, STAI-T 
and VAS (n=50) 

Mean(±SD) Median Z value

STAI-S Group 1 57.76 ± 5.01 58.00
7.53 p>0.001

Group 2 71.34 ± 6.67 75.00

STAI-T Group 1 43.98 ± 5.61 43.00
0.38 p>0.05

Group 2 43.74 ± 6.21 42.00

VAS Group 1 1.08 ± 0.72 1.00
4.62 p>0.001

Group 2 2.58 ± 1.71 2.00

As indicated table 2, the mean systolic blood pressure 
of group 1 were 1.23 mmHg (± 0.68) and 1.37 mmHg 
(± 0.41) in group 2 (p>0.05). The mean diastolic blood 
pressure of the group 1 were 1.06 mmHg (± 0.58) and 1.17 
mmHg (± 0.63) in group 2 (p>0.05). The mean pulse rate 
of group 1 were 1.25 bpm (± 0.18) and 1.41 bpm (±0.73) 
in group 2 (p>0.05). The mean oxygen saturation of the 
group 1 were 0.53% Sa02 (± 0.05) and 0.60% Sa02 (± 
0.11) in group 2 (p>0.05). Although the changes in blood 
pressure (systolic and diastolic), pulse rate and oxygen 
saturation measured before the injection were all smaller 
for the group injected with the computer-controlled 
local anaesthetic delivery system, these changes were 
not statistically significant. There were no statistically 
differences between sexes and groups (χ2=0.36; p>0.05), 
similarly there were no stastically differences between 
ages and groups (t=1.91; p>0.05). There was no 

correlation between age and anxiety levels (for STAI-S, 
r=0.17 p>0.05; for STAI-T t=0.008, p>0.05).

Table 2: Mean values (±SD) for differences in measurement 
before the injection: systolic and diastolic blood pressure, pulse 

rate and oxygen saturation (n=50)

Delivery 
system

Systolic BP 
(mmHg)

Diastolic BP 
(mmHg)

Pulse rate 
(bpm)

Oxygen 
saturation 
(% SaO2)

Group 1 1.23 
(±0.68) 1.06 (±0.58) 1.25 

(±0.18)
0.53 
(±0.05)

Group 2 1.37 
(±0.41) 1.17 (±0.63) 1.41 

(±0.73)
0.60 
(±0.11)

Discussion

Clinical observations with regard to pain and anxiety 
related to the dental injection are often reliant on subjective 
comments of patients, unsubstantiated claims by dental 
companies or by hopeful interpretations of results by dental 
clinicians. A need to scientifically measure both anxiety 
and pain related to a dental injection and the further need 
to investigate claims by manufacturers of new technology 
used for dental local anesthesia, prompted this study.

Recent trends in legislation and the general decline 
in acceptance of general anesthesia for routine dental 
procedures has heightend the awareness of patients to the 
use of local anethesia. The wider acceptance and increased 
use of computer technology within the dental environment 
is obvious and the extension of micro-chip technology 
to the art and science of safe drug delivery should not be 
excluded.

Pain can result from the penetration of the 
needle through the tissue and from the first few drops 
anesthetic16. Topical anaesthetic is widely used to reduce 
the pain associated with dental needle insertion. Most 
patients are accustomed to having a topical agent before 
injections and they can taste and feel the effect on their 
soft tissue17,18. 

A highly significant statistical difference was found 
between the VAS values recorded for the 2 groups with 
the computer-controlled injected group, recording a 
mean VAS value of 1.08 as opposed to 2.58 for the group 
injected with the traditional syringe. 

Claims have been made by a number of papers with 
regard to the WAND® and it’s ability to reduced pain 
and anxiety. Unfortunately, few scientific tests have 
been conducted to confirm this. Krochak and Friedman15 
reported that fear levels decreased significantly when the 
WAND® was used and the authors presumed that continued 
use of the system could lead to virtual elimination or at 
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least minimization of dental injection anxiety in most 
patients. According to Levato19 who treats large numbers 
of patients with dental anxiety and needle phobia, these 
patients, as well as children in his practice, derive the 
greatest benefit from the use of the WAND®. Hochman 
et al20 in their comparative clinical study on 50 patients, 
reported that the WAND® was 2 to 3 times less painful 
than the traditional syringe injection and that 48 of 50 
patients recorded a more comfortable injection with the 
WAND®. They concluded that there was an optimal flow 
rate of anaesthetic at which the perception of pain during 
an injection is minimized. 

Lipp et al21 suggested that basic information prior 
to dental local anesthesia could be a useful method for 
reducing anxiety and improving a patient’s confidence 
in the dentist or surgeon. Lackey8 concluded that the 
WAND® was a viable alternative to traditional local 
anaesthetic administration and that this system reduced 
fear and anxiety in dental patients. Saloum et al22 
suggested that the WAND® generally seemed to provide 
less painful injections; however, the mean ratings of pain 
were mostly mild pain for both injections.

To the contrary, Goodell et al23 found that use of a 
conventional atraumatic syringe injection technique was 
superior to the WAND®. This study reported reduced pain 
perception, increased procedure tolerance, and reduction 
in post-injection dental anxiety when the conventional 
syringe was used. It should be pointed out that this study 
included predominantly males employed in the military 
service, and that different results could be expected in a 
more randomly selected group. 

The objective of this study was thus to test some of 
these claims scientifically. The objective did not include 
a test for anaesthetic efficacy and as such this was not 
established for either of the injections.

Individual changes in blood pressure and pulse rate 
can be initiated by pain, anxiety and fear related to the 
dental injection. For adults, a diastolic pressure below 85 
mmHg is considered to be normal and between 85 and 89 
as high-normal. A systolic pressure below 130 mmHg is 
regarded as normal and between 130 and 139 mmHg as 
high-normal. Although both systolic and diastolic blood 
pressure increased slightly (high-normal), the increase in 
the traditional syringe group was slightly higher, but this 
was not statistically significant. 

A mean increase in pulse rate following injections 
for both groups in this study was noted but the difference 
between the 2 groups was not statistically significant. It 
was also noted that the mean pulse rate for women was 80 
and that for men 75. 

Pulse oximeters have generally been found to be 
accurate between a range of 70 and 100 percent oxygen 
saturation (% SaO2). In this study oxygen levels were 
between 98-100. Again, there was no statistically 
significant difference between the two groups. 

Conclusions

Within the limitations of this study, the following 
conclusions are made:

Anxiety levels (STAI-S) measured before infiltration 
injection using a computer-controlled delivery system (the 
WAND®) were significantly lower than those measured 
when using a traditional syringe injection;

Differences in change (immediately before and 
directly after injection) for blood pressure (systolic 
and diastolic), pulse rate and oxygen saturation were 
smaller for the WAND® group, but differences were not 
statistically significant;

Pain response (VAS) to the WAND® was significantly 
lower than to that recorded for the traditional syringe 
group.
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SUMMARY
The mental foramen can be found in various locations, ranging from 

the root of the first lower premolar to the roots of the first molar. The ante-
rior loop is described as the mental canal, which rises from the mandibu-
lar canal and runs outward, upward, and backward to open at the mental 
foramen. The knowledge of the location of the mental foramen and the exis-
tence of an anterior loop is important for successful administration of local 
anaesthesia, for surgical (including implantology), operative or diagnostic 
purposes. The aim of the study was to evaluate the radiographic appearance 
of the position of the mental foramen and the presence of an anterior loop of 
the mandibular canal in a Greek population. 1000 panoramic radiographs 
of Greek adult patients were interpreted. The course of the mandibular canal 
and the position of the mental foramen were evaluated.

The most frequent position of the mental foramen was under the second 
lower premolar (52.9%), followed by the one between premolars (32.3%). 
An anterior loop of the mandibular canal was present in 29.8% of the radio-
graphs observed. The anterior loop demands attention during pre-surgical 
evaluation for implant placement. Our results are in agreement with the 
results of similar studies of other ethnic groups.
Keywords: Mental Foramen; Panoramic Radiographs
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Introduction

Panoramic radiographs are a useful tool for the 
dentist. Their correct interpretation requires good 
knowledge of the anatomical structures of the facial region 
and the mandible, including the mandibular canal and 
the mental foramen. The inferior alveolar neurovascular 
bundle enters the mandibular foramen and travels forward 
with the mandibular canal. It is divided into 2 terminal 
branches, the mental and incisive neurovascular bundle. 
The incisive bundle continues within the incisive canal, 
while the mental bundle exits at the mental foramen. There 
is 1 mental foramen on each side of the mandible through 
which the mental artery and vein and the mental nerve 
pass. The mental nerve is the largest of the 2 terminal 
branches of the inferior alveolar nerve. There may be 
more than 1 mental nerves and the inferior alveolar nerve 

may extend beyond the mental foramen as an intraosseous 
anterior loop1,4. The anterior loop is described as the 
mental canal, which rises from the mandibular canal and 
runs outward, upward, and backward to open at the mental 
foramen7. In radiographs, the mental foramen appears 
as a radiolucent area in the lower premolar region8. The 
mental foramen can be found in various locations, ranging 
from the root of the first premolar to the roots of the first 
molar31.

The knowledge of the location of the mental foramen 
is important for successful administration of local 
anaesthesia (mental nerve block anaesthesia) for surgical, 
operative or diagnostic purposes and for endodontic 
treatment1. The position of the mental foramen and 
the presence or absence of an anterior loop is of great 
importance for oral surgeons as they often have to operate 
in the region of the lower premolars or to insert implants 
in the inter-foraminal region of the mandible. Post-
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surgical complications (e.g. neurosensory dysfunction or 
failure of osseointegration) are possible when this loop is 
not identified, as placement of implants in this area may 
impinge on the inferior alveolar nerve15,16. Thorough 
evaluation of the anatomical structures of the maxilla 
and the mandible is basic for every pre-surgical planning. 
Panoramic radiographs are commonly used for this reason.

In order to avoid this kind of complications, it 
is important for every oral surgeon to evaluate the 
radiographic appearance of the course of the mandibular 
canal and to have in mind the individual variations of 
the location of the mental foramen. Increased knowledge 
concerning the occurrence and the radiographic appearance 
of the anterior loop should heighten the success of implant 
placement into the anterior mandible4.

Yosue and Brooks34,35, classified the radiographic 
appearance of the mental foramen into 4 types: (1) 
Continuous type which shows continuity with the 
mandibular canal through the mental canal, (2) Separated 
type, in which the foramen is distinctly separated from the 
mandibular canal; (3) Diffused type, in which the foramen 
has an indistinct border; and (4) Unidentified type, in 
which the mental foramen cannot be identified on the 
panoramic radiographs.

The above classification does not refer to the presence 
or absence of an anterior loop, probably because when it 
was first described dental implants were not yet widely 
used in clinical practice. The purpose of this study was to 
evaluate the radiographic appearance of the position of the 
mental foramen and the presence of an anterior loop of the 
mandibular canal in Greek people.

Material and Methods

1000 panoramic radiographs of Greek adult patients 
were interpreted in order to evaluate the course of the 
mandibular canal and the position of the mental foramen. 
All radiographs were taken at the department of Oral 
Surgery, Surgical Implantology and Dental Radiology of 
the Aristotle University of Thessaloniki Dental School. 

Inclusion criteria: 
Panoramic radiographs from Greek patients with • 
fully erupted lower premolars 
No radiopaque or radiolucent areas near the mental • 
foramen region
No exposure or processing artefacts/good contrast.• 

a) Position of the Mental Foramen
If one or more of the mandibular premolars was 

missing then only the side with both premolars, if there 
was one, was evaluated for the position of the mental 
foramen. The sides that had one or both lower premolars 
missing were evaluated only for the type of the mental 
foramen.

The position of the radiographic image of the 
mental foramen was classified into 5 positions using 
the mandibular first and second premolars as reference 
guides. Mental foramina that could not be identified were 
characterized as having position 0.

Position 0: unidentified mental foramen;
Position 1: situated anterior to the first premolar;
Position 2: situated in line with the first premolar;
Position 3: situated between the first and the second 

premolar;
Position 4: situated in line with the second premolar;
Position 5: situated posterior to the second premolar.
In cases where multiple foramina were seen then the 

true radiographic mental foramen was considered to be 
the uppermost and rearmost landmark because there is the 
possibility that a part of the mental canal may be observed 
as a second or third foramen34,35.

For avoiding problems during measurements and 
sample selection, we used a modification of the method 
that Green9 used in a similar study. A transparent plastic 
membrane was used, which was marked with a “T”. 
The horizontal portion of the “T” was aligned with the 
apparent occlusal plane and the vertical part was used 
to locate the foramen. If any part of the foramen met 
the vertical line passing along the longitudinal axis of a 
tooth, the foramen was classified to that position. If any 
part laid on the vertical line passing through the contact 
area between the teeth, it was assigned to that position. If 
the foramen was too small to intersect a line or too large, 
intersecting 2 lines, then it was assigned to the position 
that the foramina centre was closer to. If the centre was 
in the middle between 2 positions, then the foramen was 
assigned to the more anterior position.  

The symmetry or not of the position of the mental 
foramina on the 2 sides was also recorded. This was 
done only in the cases that both sides had the 2 premolars 
present.

b) Type of Mental Foramen
Because Yosue and Brook’s classification34,35 did not 

clearly present the cases of an anterior loop radiographic 
image as a separate type of mental foramen, we modified 
it. We subdivided the “continuous type” into 2 subtypes: 
I) the continuous type without an anterior loop and II) the 
continuous type with an anterior loop (anterior loop type). 
The complete classification was:

Continuous type without an anterior loop (Fig. 1);1. 
Anterior loop type (Fig. 2);2. 
Separated type (Fig. 3);3. 
Diffused type (Fig. 4);4. 
Unidentified type (Fig. 5).5. 
The radiographs were examined and the findings 

were classified to the above 5 types. The symmetry of the 
type of mental foramen on the 2 sides of the mandible was 
also recorded.
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The radiographs were interpreted by 2 observers. 
If there were any differences in the results then a third 
observer with experience in oral radiology would make 
the final evaluation. 

Results

A total of 1000 panoramic radiographs were 
examined, 448 of which concerned male and 552 female 
Greek adults. There was no difference in the distribution 
of the position of the mental foramen by gender (p<0.001). 
769 panoramic radiographs (in which premolars were 
present on both sides and the mental foramina were not 
unidentified) were evaluated for the symmetry of the 
position of the foramen on the 2 sides. In only 62.9% of 
the examined radiographs the position of the foramen was 
symmetrical. For this reason and because gender made no 
difference to the distribution, each side of the mandible 
was considered as an independent unit.

1757 sites in which both lower premolars were 
present were evaluated for the position of the mental 
foramen as mentioned above. The results are presented in 
table 1. The most frequent position of the mental foramen 
was in line with the second lower premolar (52.9%). In 
32.3% of the cases, the radiographic image of the total 
number of mental foramina was found to be between the 
first and second premolar followed by the position in 
line with the first premolar (4.9%). In 3.6% the mental 
foramen was behind the second premolar and in 0.6% in 
front of the first premolar. In 5.6% of the examined sites 
the mental foramen was unidentified. 

All 1000 radiographs were evaluated for the type 
of the mental foramen (2000 sites - table 2). Gender did 
not influence the distribution. The most frequent type 
of mental foramen was the “continuous type without 
an anterior loop” (59.6%). The “anterior loop type” was 
present in 29.8%, followed by the “separated type” 
(3.6%) and the “diffused type” (1.8%). In 5.2% of the 
sides examined the mental foramen was unidentified 

Figure 1. Continuous type without an anterior loop

Figure 2. Anterior loop type

Figure 3. Separated type

Figure 4. Diffused type

Figure 5. Unidentified type
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(“unidentified type”). In 929 radiographs in which the type 
of the mental foramen was not unidentified on either side, 

the symmetry of the type was evaluated. In 85.6% the type 
was symmetrical on the 2 sides. 

Table 1. The position of the mental foramen in relation to the mandibular premolars 

POSITION

MALE FEMALE TOTAL

   n        %
R

   n       %
L

   n       %
R

   n      %
L

   n     %

0   10   (0.57)   23     (1.3)   25    (1.4)  41   (2.3)     99    (5.6)

1     4   (0.2)     3     (0.2)     2    (0.1)    2    (0.1)     11    (0.6)

2   19   (1.1)   24     (1.4)   22    (1.3)   21   (1.2)     86    (4.9)

3 114   (6.5) 137     (7.8) 139    (7.9) 178   (10.1)   568  (32.3)

4 229   (13) 188    (10.7) 285    (16.2) 227   (12.9)   929  (52.9)

5   11   (0.6)   16    (0.9)   17     (1)   20   (1.1)     64    (3.6)

TOTAL 387   (22) 391     (22) 490     (28) 489    (28) 1757   (100)

Position 0: unidentified mental foramen; position 1: situated anterior to the first premolar; position 2: situated in line with the first premolar; position 
3: situated between the first and the second premolar; position 4: situated in line with the second premolar; position 5: situated posterior to the second 
premolar

Table 2. The type of the mental foramen

TYPE

MALE FEMALE TOTAL

n      %
R

  n        %
L

  n       %
R

  n        %
L

  n       %

1 251   (12.6) 242   (12.1) 352   (17.5)   347    (17.4) 1192   (59.6)

2 159     (7.9) 159     (7.9) 148        (7) 130       (7)   596  (29.8)

3   19     (0.9)   14     (0.7)   19     (0.9)   20       (1)     72    (3.6)

4          9     (0.5)          8     (0.4)         7     (0.4)        12    (0.6)         36     (1.8)

5        10     (0.5)        25     (1.3)       26     (1.3)        43    (2.2)       104     (5.2)

TOTAL      448   (22.4)      448   (22.4)     552   (27.6)      552  (27.6)      2000   (100)

Type 1: Continuous type without an anterior loop; type 2: Anterior loop type; type 3: Separated type; type 4: Diffused type; type 5: Unidentified type

Discussion

In the literature, it is mentioned that the mental 
foramen is located at the midpoint of the inferior border 
of the mandible and the alveolar crest in the region of 
the second premolar. A clinically significant amount of 
individual variation exists but the most frequent position 
of the mental foramen in Greek people was found to be 
the one situated in line with the second premolar. There 
was no difference in the distribution of the position of the 
mental foramen by gender. 

In clinical dentistry, the knowledge of the variations 
of the position of the mental foramen is necessary for 
both the successful administration of mental nerve 
block anaesthesia and the differential diagnosis of small 
radiolucencies in the premolar and molar regions of the 

mandible9. It is also important for an implantologist to 
identify the anterior loop in the course of the mandibular 
canal, especially in cases of implant placement in the 
anterior region of the mandible.

Errors in patient positioning and variations in facial 
morphology can lead to mesial and distal angulations of 
the X-ray beam. Comparative studies on dry skulls have 
shown a close correlation with the radiographic location 
of the mental foramina23,26,32. It seems that the shift in the 
actual antero-posterior position of the mental foramen in 
panoramic radiographs is insignificant1.

The findings of our study are similar to the findings 
of other studies, concerned with other ethnic groups. 
Most studies, conducted in different ethnic and racial 
groups, showed that the most common position of the 
mental foramen was in line with the longitudinal axis 



Balk J Stom, Vol 11, 2007 Location of the Mental Foramen  109

of the lower second premolar tooth. The second most 
common place was between the longitudinal axes of the 
first and the second premolar. These studies included 
analyses of radiographs or direct measurements on human 
specimens2,3,6,9-14,19-21,23-27,29,31-33,36,37. Few studies showed 
that the most common position of the foramen was the 
one between the axes of the first and the second premolar 
closely followed by the one below the longitudinal axis 
of the lower second premolar9,30. Fishel et al8 found 
that in periapical radiographs the highest percentage of 
mental foramina was located between the 2 premolars 
(70%). In a later study, Phillips et al24 found that in 
periapical radiographs (using the paralleling technique), 
the radiographic position of the foramen was an average 
of 2.18mm mesial to the actual position. The mesial shift 
of the foramen in panoramic radiographs was found to be 
only 0.13mm22.

In our study the radiographic appearance of an 
anterior loop of the mandibular canal was present in a 
significant percentage (29.8%). Many authors studied 
the existence of an anterior loop. Bavitz et al5 compared 
measurements of the radiographic length and the actual 
length of the anterior loop in human specimens and found 
that there is a clear tendency to overestimate the length 
of the anterior loop in radiographic examinations. He 
found that although the radiographic length of the loop 
varied from 0.0 to 7.5mm, the actual length varied from 
0.0 to 1mm, stating that no correlation exists between the 
radiographic versus the clinical loop. These findings were 
not in agreement with the findings of others. Arzouman 
et al4 demonstrated that the skeletal length of the anterior 
loop was significantly greater than that measured 
radiographically. They found a loop length of 3.18 to 
3.45 mm in panoramic radiographs of 25 dry skulls; 
when they measured the loop in the dried mandibles, 
they found an average of 6.95mm. They also found that 
significantly fewer loops were detected in radiographs as 
compared with anatomic assessment. They recorded loop 
existence in 92-96% of the direct measurements (56-76% 
in radiographic measurements using 2 different panoramic 
radiographs). They used bone markers inserted into the 
canal. The accuracy of his method was later questioned25. 
Solar at al28 in an autopsy study, found that in 37 human 
specimens 22 cases had a “simphon type” course of the 
nerve prior to its exit from the mental nerve, with a length 
of up to 5mm. They recommend that a safe distance of 
at least 6mm anterior to the mental foramen should be 
maintained when performing surgery in the mandibular 
premolar region. Misch and Crawford15,16 state that the 
loop averages 5mm and is visible radiographically 12% of 
the time. 

Rosenquist25 in a study conducted in patients in whom 
nerve transposition were performed for implant placement, 
found that the anterior loop of the inferior alveolar nerve 
was present in only 26% of the patients (in 15 out of 
58 patients), and it was not bigger than 1mm. Bavitz5 

says that the anterior loop may represent a well defined 
incisive canal. If that’s the case and there is an incisive 
nerve of considerable thickness, it is still important for an 
implantologist to avoid placing an implant in that region. 
If an implant is placed in contact with the branch of the 
nerve, then 2 problems may erupt: firstly, the implant 
may fail to integrate due to the migration of soft tissues 
around the implant; secondly, trauma of the branch of the 
nerve centrally to its separation can cause neurosensory 
dysfunction. He gives another possible explanation of 
the radiographic image of the anterior loop: it may be a 
radiographic phenomenon caused by the mylohyoid line 
and/or a deep sublingual fovea.

Answers should be given to these hypothesizes. Until 
then, surgeons should avoid placing implants to the region 
which is in close proximity to the mental nerve, especially 
when there is a radiographic image of an anterior loop. 
When they do they must thoroughly detect the walls of the 
prepared site within the bone prior to the placement of the 
implant.  

It is important to positively identify the mental 
foramen radiographically before surgery in the region. 
The modification of the flap design accordingly, would 
be beneficial17,18. The placement of an implant near the 
mental foramen without taking into account an anterior 
loop, can lead to a direct contact of the implant to the 
neural branch25. Nevertheless, because the radiographic 
determination of the mental foramen is quite challenging, 
it is recommended that the mental neurovascular bundle be 
identified in vivo during implant placement5 and surgery 
in the region.

Conclusions

In panoramic radiographs of Greek adults the most 
frequent position of the mental foramen is in line with 
the second lower premolar. The anterior loop is present 
in a significant percentage of the population and demands 
attention during pre-surgical evaluation for implant 
placement. Our results are in agreement with the results of 
similar studies concerned with other ethnic groups.
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SUMMARY
The isthmus is a narrow, ribbon shaped communication between 2 root 

canals that contains pulp tissue, which must be removed during the surgical 
endodontic treatment. The aim of the study was to assess apical canal mor-
phology of maxillary premolars in vitro, as well as to locate and define the 
type of the isthmus. To achieve that task, 60 maxillary premolars (MP) were 
extracted, 30 for each premolar group. The apical samples were obtained by 
resection of the apical third of the root. The resected surfaces of each apical 
fragment were exposed to different methods of visual inspection, regarding 
the set aims.

Isthmus presence was detected in 90% of the examined samples, and 
80% of MP with 2 canals on the resected root surface. Detected isthmuses 
were type II, III, IV, V. We detected a unique type of isthmus which consisted 
of 2 main, and numerous accessory canals. The isthmus incidence was 
higher as the resections were more distant from the apex. 
Keywords: isthmus, premolars, surgical endodontic
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Introduction

The basic prerequisite for successful surgical 
endodontics is a thorough debridement of the root canal 
system and surrounding periapical area, and biological 
seal with inert material. Despite respecting this basic 
prerequisite failure can occur, especially when posterior 
teeth are in question (premolars and molars). Long-term 
studies of surgical-endodontic procedures confirm a less 
favourable prognosis after surgery of posterior teeth. 
Friedman et al4 reported the success rate of 44.1% for 136 
surgically treated roots of molars and premolars.

According to Carr1 and Carr2, most surgical failures 
were due to a lack of seal of the resected root, which  Tam 
et al8 explained by failure to detect and properly prepare 
the isthmus area of posterior teeth. A canal isthmus 
is defined as a narrow, ribbon shaped communication 
between 2 root canals, which contains pulp tissue10. 
The recognition and management of the isthmus is an 
important factor that could improve the success rate of 
peri-radicular surgery of posterior teeth7.

Hsu et al3 described 5 types of isthmus, depending 
on the number of the canals included in the isthmus 
formation, and what is of foremost importance for oral 

surgeons, in teeth with 2 canals, the 4 mm sections contain 
an isthmus in 100% of the time.

Premolars can vary widely in root canal anatomy, so 
it would be reasonable to expect some type of an isthmus 
in this teeth. Therefore, we established the aims of the 
study: (1) to determine the canal morphology of the apical 
third of the maxillary premolars; and (2) to evaluate the 
location and type of isthmus, as it plays a key roll in the 
success of surgical endodontics of posterior teeth.

Material and Methods

To realize the set task, 60 MP were extracted, 30 for 
each premolar group (Fig. 1). The apical samples were 
obtained by resection of the apical third of the radix (Fig. 2).

The resected root surfaces of each apical fragment 
were exposed to direct visual inspection, then painted 
in methylen blue dye, and examined under focused light 
and x2 magnification (Figs. 3 and 4). At the Institute 
of Pathology, the samples were de-calcinated in 7.5% 
trichloracetate acid, exposed in a series of transversal 
sections 1mm each, starting from the apex, and numerated 
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Results

We identified isthmus in 90% of the examined first 
MP, and 80% of second MP with 2 canals on the resected 
root surface, 6 mm from the apex. (Tabs. 1 and 2). Detected 
isthmus connections in the apical samples were of type II, 
III, IV and V, at different level of sections (Figs. 5-8). 

Table 1. Canal morphology of the resected root surface of the 
examined first MP

Number of canals Samples of first MP Isthmus incidence

2 canals 10 (33%) 9 (90%)

3 canals 1 (3.1%) /

1 canal 19 (63%) /

Total 30 (100%) /

Table 2. Canal morphology of the resected root surface of the 
examined second MP

Number of canals Samples of MSP Isthmus incidence
2 canals 16 (53.3%) 14 (80%)
3 canals 1 (3.4%) /
1 canal 13 (43.3%) /

Total 30 (100%) /

from I to VI, each individually fixed upon 10% formalin, 
and painted in HE. Finally, the material was viewed with a 
Light microscope at x40 magnification.

Figure   1. Extracted maxillary premolars

Figure   2. Apical sample

Figure   3. Resected root surface viewed by naked eye

Figure   4. Resected root surface painted with methylen-blue

Figure   5. Isthmus type II, Light microscopy x40 (HE)

Hsu et al3 defined Isthmus type II as 2 canals that 
possess a definitive connection. Type III differs from 
the latter only with the presence of 3 canals instead of 2. 
Incomplete C-shaped canals extended into the isthmus 
area were deemed type IV. Type V was recognized as a 
true connection. 

Our data concerning the isthmus incidence at a 
different level of section confirmed high statistical 
significance for examined first and second MP (Diagrams 
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1 and 2). We discovered a unique type of isthmus which 
consisted of 2 main canals and numerous accessory canals 
(Fig. 9).

Figure   6. Isthmus type III, Light microscopy x40 (HE)

Figure   7. Isthmus type IV, Light microscopy x40 (HE)

Figure   8. Isthmus type V, Light microscopy x40 (HE) Figure   9. Unique type of Isthmus

Diagram 1. Isthmus incidence on different level of section
for maxillary first premolars

F = 2.32 ; DF = 5 ; P < 0.05 *

Diagram.2. Isthmus incidence on different level of section for maxillary 
second premolars

F = 2.98; DF = 5 ; P < 0.05 *

frequency

frequency
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Discussion

When performing surgical endodontics on posterior 
teeth, oral surgeon must routinely look for isthmus 
connections. But traditional surgical techniques do not 
obtain good visualization of the entire resected root 
surface. This is partially due to an inadequate light source, 
and also, because during the surgical procedures oral 
surgeon doesn’t use visual aid.

In our study, we implemented different methods of 
visualization (naked eye, blue dye and magnifying loupe 
x2), and finally, as a check up method, light microscopy. 
The blue dye enhances the visualization of the entire 
resected root surface by deposition on the soft tissue and 
empty spaces. Thus, isthmuses, missed canals, leaking 
fillings, and fractures can be accurately stained and 
enhanced with this dye. In our study, engaged methods of 
visualization showed no statistical significance on the meter 
of gained results. This could be explained by the in vitro 
nature of our study (we could adapt the light source and our 
objects of interest, to gain best view of the target area).

The literature is insufficient with data concerning 
the isthmus incidence in apical portion of MP. Our data 
concerning incidence of isthmus at a different level of 
section confirmed high statistical significance for the 
examined first and second MP, and this is in accordance 
with data reported by Hsu3 (Diagrams 1 and 2). In other 
words, the further we go from the apex more  isthmus we 
can expect.

As Tam et al8  reported, any opening on the resected 
root surface acts as a portal of exit, or foramen. Endodontic 
surgery should seal all portals of exit of the root canals 
system and the isthmuses, to eliminate bacteria and their 
by-products from contaminating the peri-radicular tissues 
Mc Donald et al5.

Enhanced visualization is an integrative part of 
contemporary surgical endodontics. Surgical binoculars 
providing 2-3.5 times magnification, operative head lamps 
and fibre optics illumination, have been a part of the 
practitioner’s armamentarium for many years. Operating 
microscope and endoscope are the latest addition to 
this armamentarium9. Retro preparations performed by 
piezoelectric ultrasound handpiece and specially designed 
retro tips, must include isthmus formations.

Conclusions

The isthmus connection can be observed between any 
2 root canal systems that occur within one root.

Our study confirmed that almost all apical samples of 
MP with 3 canals had isthmus connections.

The isthmus incidence is higher as the resection is 
more distant from the apex. 

The preparation of the root surface must incorporate 
the isthmus area. 

Present-day surgical techniques that provide better 
visualization, retro preparations performed by piezoelectric 
ultrasound handpiece and specially designed retro tips, are 
the best tool that will improve the outcome of surgical 
endodontics of posterior teeth (Figs. 10 and 11).

Figure 10. EMS Retro Berruti

Figure 11. Retro-preparation of second MP performed by EMS piezo 
handpiece and Retro Berruti
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SUMMARY
Aim: This study compared the levels of dental anxiety experienced by 

young uncooperative children having dental rehabilitation using general 
anaesthesia (GA) with those who had their dental treatments by “Tell-Show-
Do” technique in the dental clinic.

Methods: Out of 54 children, 26 had been treated under GA and 28 
had been treated with the use of “Tell-Show-Do” behavioural approach 
method. At the initial examination, Frankl’s Behaviour Rating Scale, sitting 
patterns, Venham Picture Test (VPT) and Children’s Fear Survey Schedule-
Dental Subscale (CFSS-DS) of the children were recorded and compared 
with scores after 1 year. The accompanying parents were asked to complete 
Corah’s dental anxiety scale (DAS). For statistical analysis, chi-square test, 
t-test, Mann-Whitney test  and repeated measure Anova were used.

Results: The children in both groups showed similar behaviours with 
a reduction in their anxiety level after 1 year as measured by the Frankl’s 
Behaviour Rating Scale, VPT and the sitting pattern. The decrease in the 
CFSS-DS scores of the children in the clinic group was statistically signifi-
cant (p<0.05). There was also a decrease in the children of GA group, but 
not statistically significant (p>0.05). Parents of both groups showed similar 
scores in the total DAS.

Conclusion: Although, the children whose treatments were performed 
in the dental clinic with “Tell-Show-Do” technique became more familiar 
with the dental environment and procedures, GA also could be a suitable 
alternative for treating young uncooperative children with rampant caries.
Keywords: Dental Anxiety, General Anaesthesia, Children, uncooperative 
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Introduction

Anxiety and fear of dental treatment in children 
have been recognized as a source of problems in patient 
management for many years1. Dentists treating anxious, 
uncooperative children with extensive dental disease 
have relied on a variety of patient management strategies, 
including behavioural non-pharmacologic techniques, or 
sedation and general anaesthesia (GA)2,3. 

One of the non-pharmacologic techniques used in 
behavioural management is “Tell-Show-Do” technique, 
first described by Addelston in 19594. It provides to give 
the child a very careful explanation of a procedure and 
equipment before the procedure is done5. Hoist et al6 
reported that the use of this method throughout dental 

treatment for children resulted in an increase in positive 
acceptance of all treatment steps encountered.

Sedation and GA are the other alternatives for treating 
children who are uncooperative and fearful of the dental 
environment. The ideal goal of sedation is to relax the 
patient, allowing completion of the dental treatment, while 
maintaining communication and responsiveness. GA may 
be the preferred method and the most common modality 
for treating young uncooperative children with extensive 
caries, rather than subjecting them to numerous sedation 
visits7, because an increased sensitization of children 
to repeated stressful procedures with accompanying 
decreased cooperative behaviour has been found8. An 
important goal is to complete all necessary treatment in 1 
appointment for these children.



Dental anxiety is most commonly measured using 
rating scales. To assess dental anxiety in children, many 
measurement techniques have been proposed. For example 
Children’ s Fear Survey Schedule-Dental Subscale (CFSS-
DS) is a well-known instrument for assessing dental 
fear in children. The scale consists of 15 items related to 
various aspects of dental treatment. (Fig. 1). Scale scores 
are calculated by summing item scores; the total score can 
range from 15 to  75. Scores above 38 indicate significant 
dental fear9.

The Venham Picture Test (VPT) is a self-report 
instrument using a picture technique for answering and 
consists of eight items measuring situational or state 
of anxiety. The child is presented 8 pairs of pictures of 
children exhibiting various emotions and is asked to 
choose the child that best reflects his own emotions. 
Scores are determined by summing the number of 
instances in which the child selects the high-fear stimulus. 
This scale has a range of “0”, meaning no fear, to “8”, 
meaning high fear (Fig. 2)10.

Corah’ s Dental Anxiety Scale (DAS) consists of 
4 questions to assess anticipatory dental anxiety. Each 

question has 5 possible responses which correspond to 
feeling “relaxed’’ (scoring 1) to “so anxious’’ (scoring 5). 
This gives a possible range from 4 to 20 (Fig. 3)11.

Another method, which has been used in behavioural 
research, is referred to as the Frankl’s Behavioural Rating 
Scale. The scale divides observed behaviour into 4 
categories, ranging from definitely positive to definitely 
negative (Fig. 4)12.

The  future behaviour of child in the dental 
environment had also attracted attention of researchers. 
Most of the previous reports have been focused on the 
behavioural changes of the children who received dental 
treatment under GA and under sedation13-15, but little 
is known about the behavioural changes or anxiety of 
children who underwent dental treatment in a clinic with 
children whose dental treatments were performed under 
GA. The aim of the present study was to compare the 
expected future dental behaviour or anxiety after 1 year of 
a group of children who experienced dental treatment by 
the use of “Tell-Show-Do” technique with children who 
underwent GA.

Items not at all afraid a little afraid somewhat 
afraid fairly much afraid very much afraid

1.Dentists

2.Doctors

3.Injections

4.Having somebody examine your mouth

5.Having to open your mouth

6.Having a stranger touch you

7.Having somebody look at you

8.The dentist drilling

9.The sight of the dentist drilling

10.The noise of the dentist drilling

11.Having somebody put instruments in 
your mouth

12.Choking

13.Having to go to the hospital

14.People in white uniforms

15.Having the nurse clean your teeth

Figure 1. Children’s Fear Survey Schedule-Dental Subscale (CFSS-DS)
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Material and Methods

Study Population
The study population consisted of 54 (39 male, 

15 female) young uncooperative healthy children, aged 
between 4-6 years, being referred for their dental problems 
to the Paediatric Dentistry Clinic of Ege University, 
Turkey. 

Clinical Examination
The children were examined in the Paediatric 

Dentistry Clinic by an experienced dentist (Ö.Ö) with a 
mirror and a probe. The caries status was recorded using 
the criteria of DFS scores (D: decay, F: filling, S: surface). 

Questionnaire
After obtaining the written consent of the informed 

parents, a standard questionnaire was also answered by 

1.  If you had to go to the dentist tomorrow for a check-up, 
how would you feel about it?

 a. I would look forward to it as a reasonably enjoyable 
experience

 b. I wouldn’t care one way or the other
 c. I would be a little uneasy about it
 d. I would be afraid that it would be unpleasant and painful
 e. I would be very frightened of what the dentist would do
2. When you are waiting in the dentist’s office for your turn in 

the chair, how do you feel?
 a. Relaxed
 b. A little uneasy
 c. Tense
 d. Anxious
 e. So anxious that I sometimes break out in a sweat or 

almost feel physically sick
3. When you are in the dentist’s chair waiting while the dentist 

gets the drill ready to begin working on your teeth, how do 
you feel?

 a. Relaxed
 b. A little uneasy
 c. Tense
 d. Anxious
 e. So anxious that I sometimes break out in a sweat or 

almost feel physically sick
4. Imagine you are in the dentist’s chair to have your teeth 

cleaned. While you are waiting and the dentist or hygienist 
is getting out the instruments which will be used to scrape 
your teeth around the gums, how do you feel?

 a. Relaxed
 b. A little uneasy
 a. Tense
 b. Anxious
 c. So anxious that I sometimes break out in a sweat or 

almost feel physically sick.

Figure 2. Venham Picture Test (VPT)

Figure 3.  Corah’s Dental Anxiety Scale (Corah’s DAS)

Rating 1: Definitely negative (refusal of treatment, crying forcefully, fearful, or any other overt evidence of extreme negativism)

Rating 2: Negative (reluctant to accept treatment, uncooperative attitude, but not pronounced)

Rating 3: Positive (acceptance of treatment; at times cautious; willingness to comply with the dentist; at times with reservation, 
but patient follows the dentist’s directions cooperatively)

Rating 4: Definitely positive (good rapport with the dentist, interested in the dental procedures, laughing and enjoying)

Figure 4.  Frankl Behavioural Scale
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mothers, which included the general history of their chil-
dren and their socio-demographic information (age and 
education). They were also asked to complete Corah’s 
DAS11 to assess their dental anxiety status.

The Criteria in Choosing the Treatment Modality 
The parameters in the decision to offer treatment 

under GA or in the dental clinic included the amount 
and complexity of the dental treatment, the expected 
quality of treatment, children and parents’ behaviour and 
social competence as determined during the consultation 
appointment. Home distance was also a criterion that 
determined the treatment of choice: children living 50 km. 
far from our clinic were offered GA.

One experienced dentist (Ö.Ö) carried out the dental 
rehabilitation of children who were treated in the dental 
clinic by “Tell-Show-Do” technique with sessions of 
lasting maximum 20 minutes. Completion of the dental 
treatment generally took 5 sessions. The accompanying 
parent was allowed to enter the clinic during the treatment.

From 54 children, 26 were treated under GA in the 
operating room of the Paediatric Surgery Clinic of Ege 
University, and 28 children were treated with the use of 
″Tell-Show-Do″ behavioural approach method in the 
Paediatric Dentistry Clinic of the same university.

In GA procedure, the children received premedication 
(Dormicum®, Roche, 0.5-0.75 mg/kg) 30 minutes before 
GA. Inhalation induction was employed using nitrous 
oxide (50%)-oxygen (50%) and sevofluorane (8 %) 
(Sevorane®, Abbott). Halothane 1-1.5% (Halothan®, 
Hoeschst Marion Roussel) and Sevofluorane (2-3%) 
were anaesthetics for the maintenance of anaesthesia. 
The mean duration of treatment was 60 minutes. Parents 
were allowed to enter the operating room at the induction 
of anaesthesia. No overnight postoperative hospital 
admission was found to be necessary, and children were 
discharged from the hospital approximately 4 hours after 
the operation. None of the children suffered adverse 
events postoperatively. Children who undergone GA were 
routinely given a follow-up appointment after 1 week and 
every 3 months.

Parents of both groups were instructed to return after 
1 year. In  addition to a routine full dental examination, 
the teeth of the children were cleaned with pumice with 
a slow-rotating bur, and chlorhexidine varnish (Vivadent, 
Schaan, Liechtenstein) was applied for prevention. 
The scores recorded after the use of a slow rotating bur 
were then compared to the scores recorded at the initial 
examination visit. The mothers were also asked whether or 
not they would be willing to have their children undergo 
GA again if necessary.

Dental anxiety of children were assessed by Frankl’s 
behavioural rating scale12, Children Fear Survey Schedule 
Dental Subscale (CFSS-DS)9 and Venham Picture test10. 
The mothers of all children were asked to participate by 
completing the CFSS-DS on behalf of their children. In 

addition, the sitting pattern of child (climbing on the chair 
by himself or placed on the chair by the parent) was also 
observed. 

The examiners were calibrated before the study and 
at the end of 1 year. Inter- and intra-reproducibility were 
calculated using the Cohen-Kappa scores.

For statistical analysis, SPSS software 10.0 was used. 
Chi-square analysis was performed for the comparisons of 
the present and previous sitting patterns, and to compare 
the education levels of the parents. T-test was used to 
compare the dental anxiety of the parents (DAS) and 
to evaluate the difference between the scores of CFSS-
DS among groups. Mann- Whitney U-test was used to 
evaluate the differences of VPT and  Frankl’s Behavioural 
Scale among groups. Repeated measured ANOVA was 
used and the ages of the children and DAS scores of 
the parents were co-varied. Statistical significance was 
determined at p<0.05.

Results

The results of the calibration were good and Kappa 
values were 0.92 for intra-examiner reality and 0.88 for 
the inter-examiner assessment.

The ages of the children in both groups were similar 
with a mean age of 4.8±0.6. (4.7±0.4 and 4.9±0.8 in 
the GA and clinical groups, respectively). The ages of 
the parents in both groups were also similar. The mean 
ages of mothers in GA group and clinical group were 
30.46±5.8 and 31.07±4.37, respectively. The mean age of 
fathers in GA group and clinical group were 34.15±5.91 
and 35.67±5.11, respectively. There were no statistically 
significant differences in ages of mothers as well as 
fathers between the groups. There was no statistical 
difference in education levels of the parents and their 
socio-demographic status.

The children in the GA group had significantly greater 
mean numbers of teeth with dentinal decay compared with 
children treated in the clinic (DFS score in GA group: 
24.7±20.9, DFS score in clinic group: 14.2±14.5).

46 (46.2%) percent of the parents whose children 
were treated under GA preferred their children to be 
treated under GA again if required. 14 (14.3%) percent of 
the parents whose children were treated in the dental clinic 
preferred GA if needed.

The behaviour of children in the GA and clinical 
groups at the first visit and after 1 year, according to 
Frankl’s behavioural rating scale, was demonstrated in 
table 1. In the GA group, 10 children out of 26  who were 
described as Frankl 1 or 2 (negative) became positive. In 
the clinic group, 18 children out of 27 who were described 
as Frankl 1 or 2 became positive. “Positive” behaviours 
(Frankl 3 and 4) were found more prevalent in both groups 
after 1 year, but without statistical significance.



120   Özant Önçağ et al. Balk J Stom, Vol 11, 2007

Table 2 demonstrates the “sitting pattern” of children 
in both groups. More children sat alone on the dental 
chair without the assistance of their parents at the end of 
1 year and the difference between the initial period and 1 
year was statistically significant (p<0.05). There were no 
statistical differences between the groups both at the initial 
period and after 1 year.

The mean values of VPT at the initial and at the end 
of one year were 2.69±1.4 and 2.12±1.1 in the GA group, 
2.79±1.8 and 2.01±1.7 in the clinic group, respectively. 
This reduction was not statistically significant. There was 
no statistical difference between the groups.

The mean scores of CFSS-DS of the children in the 
GA group and in the clinic group were 36.58±9.5 and 
37.0±10.3, respectively at the initial visit. The mean scores 
of CFSS-DS of the children in the GA group and in the 
clinic group were 32.62±7.7 and 28.86±8.9, respectively 
after 1 year. The decrease in the level of anxiety of the 
children in the clinic group was statistically significant 
(p<0.05), but although there was a decrease in the anxiety 
level of the children in the GA group, this decrease was 
not statistically significant. 

The dental anxiety levels of parents were similar in 
both groups (total DAS 9.45 and 9.10 in the GA and clinic 
groups, respectively).

It was found that ages of the children and the anxiety 
scores of the parents (DAS) had no significant main 
effects and no interactions on the differences of the CFSS-
DS scores among the groups.

Discussion

The results of the present study demonstrated that 
young uncooperative children who had the dental treatment 
under GA or in the clinic, showed similar behaviour 
in 1 year routine follow-up examination, as measured 
by the Frankl’s behaviour rating  scale, VPT and by the 
“sitting pattern”. The explanation for the similar dental 
behaviour in the follow-up examination between the GA 
and clinic groups could be the natural maturation of the 
children in the follow-up examination. Curry et al16 also 
suggested that children were more capable of repressing 
previous traumatic experience and better coping with the 
dental situation than adults. Furthermore, half of these 
children (57.5% in the GA, 42.9% in the clinic group) 
had suffered from pain before the treatment and after the 
treatment they could feel more comfortable in the clinic 
because of the release of pain. In addition, Huq et al17 

Table 1. Children’s behaviour at initial and follow-up examinations by Frankl’s scales 

Initial visit Follow-up visit

n Frankl 
1

Frankl 
2 Frankl 3 Frankl 4 Frankl 1 Frankl 

2
Frankl 

3
Frankl 

4

GA 26 17
(65.4%)

9
(34.6%) 0 0 0 16

(61.5%)
9

(34.6%)
1

(3.9%)

Clinic 28 12
(42.8%)

15
(53.6%)

1
(3.6%) 0 0 10

(35.7%)
11

(39.3%)
7

(25.0%)

Total 54 29
(53.7%)

24
(44.4%)

1
(1.9%) 0 0 26

(48.2%)
20

(37.0%)
8

(14.8%)

Table 2.  The sitting patterns at initial and follow-up visits

Initial visit Follow-up visit

n Sitting alone Seated   by parent Sitting alone Seated   by parent

G.A 26 14
(53.8%)

12
(46.2%)

23*
(88.5%)

3
(11.5%)

Clinic 28 17
(60.7%)

11
(39.3%)

28*
(100.0%) -

Total 54 31
(57.4%)

23
(42.6%)

51*
(94.4%)

3
(5.6%)

* - statistically significant (p<0.05)
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also suggested that children experienced less discomfort 
during treatment than they or the operators had expected. 
Furthermore, in the present study, the period that had 
passed after the completion of treatments was 1 year and 
this period could be faded the memory. On the other hand, 
Veerkamp et al18 found that fearful behaviour in children 
was still clearly present 1.5 years after the first treatment 
phase. Venham et al10 found that children’s response to 
dental treatment became more positive when they had 5 
or 6 restorative visits. Berge et al19  found that the level 
of fear in the children of their study group decreased 
after several sessions. We also suggest that increasing 
the number of treatment sessions (5 sessions in the clinic 
group) could decrease the level of dental anxiety. Varpio 
et al13 also stated that children who had conventional 
treatment more often show a lasting positive acceptance 
than do children who had received GA. They postulated 
that children undergoing GA probably did not experience 
the positive feeling of having coped with a difficult 
situation by their own efforts and thus were not given the 
possibility of changing their negative attitude toward the 
dental situation. In the present study, the children in the 
GA group had a positive change in their negative attitude 
toward the dental situation due to the frequent visits to 
our clinic during 1 year. It could be suggested that they 
might became more familiar to our clinic, instruments and 
dentists.

Although, the reliability scores of behavioural ratings 
(Frankl Scale and VPT) were frequently high (20), validity 
could be more problematic and there are reports of weak 
correlation between behavioural ratings and psychometric 
methods (CFSS-DS)21. The CFSS-DS appeared to be 
preferable over the VPT and Frankl Behaviour Rating 
Scale as a self-report measurement of dental anxiety in 
children. Moreover, the CFSS-DS covered more aspects 
of the dental situation than the others22. In the present 
study, the only statistically significant difference between 
the 2 groups determining the anxiety level of children was 
the scores of CFSS-DS test. It could be suggested that GA 
and operating room could lead a distressing atmosphere 
because the risk of GA both for the child and parents 
results in negative behaviour in the future. In addition, 
not all of the parents (46.2%) whose children were treated 
under GA preferred their children to be treated under 
GA again if required. In the present study, the amount of 
dental caries was the most important factor in the decision 
to offer GA. The authors considered that completing the 
comprehensive dental treatments in 1 appointment under 
GA was more suitable for the anxious children who 
had more than 6 caries rather than subjecting them to 
numerous clinic visits.

In this study, the parents’ ages, which could affect 
their anxiety, were similar in both groups. The mothers’ 
DAS scores were also similar in both groups and did not 
correlate to child dental fear in the present study.

In the present study, although the reduction in dental 
anxiety achieved after using “Tell-Show-Do” technique 
was more permanent than the reduction in anxiety 
achieved by GA, there was also a noticeable positive 
behaviour after 1 year in comparison with the initial 
examination in the GA group. The authors suggested 
that GA could be a suitable alternative for treating young 
uncooperative children with rampant caries. Further 
research is needed to assess the long-term behaviours of 
these children with enlarged sample size in school age, or 
in adolescence. 
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SUMMARY
Aim: To measure layer thickness of 5 endodontic sealers and evaluate 

sealer distribution and adaptation of thermafil and sealer within root canals.
Material and Methods: 20 single-rooted teeth divided into 5 groups 

were prepared in the crown-down technique. Smear layer was removed 
and root canals were obturated with Thermafil and 1 of 5 different endo-
dontic sealers: AH Plus, Tubliseal, Acroseal, Apexit and Sealapex. Roots 
were cross-sectioned in 3 levels resulting in 4 sections for scanning electron 
microscopy (SEM). 

Results: Acroseal exhibited the greatest mean layer thickness, fol-
lowed by AH Plus, while Tubliseal showed the thinnest mean layer. Sealers 
were unevenly distributed with incomplete layer along root canal perimeter. 
No sealer formed a continuous layer between the dentinal wall and gutta-
percha. Gaps of up to 10 μm were observed between core plastic carrier and 
gutta-percha. Microscopically visible voids were present in different levels of 
root canals, usually between dentinal wall and sealer/gutta-percha. 

Conclusions: The layer thickness in decreasing order were: Acroseal 
> AH Plus > Sealapex > Apexit > Tubliseal. Microgaps between dentinal 
wall and the obturating material and gutta-percha / carrier could contribute 
to inadequate adhesion within the root canal and increased microleakage of 
Thermafil compared to other obturation techniques.
Keywords: Endodontic Sealers; Marginal Adaptation; Thermafil
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Introduction

In an attempt to achieve hermetical 3-dimensional 
seal of canal orifices, dentinal tubules and portals of exit, 
many materials and obturation techniques have been 
developed. The contemporary standard of care should 
consist of minimal amounts of root canal sealer with 
core obturating material used to gain an adequate seal. 
The idea is to fill the irregularities of dentinal walls for a 
hermetical seal and to minimize the contraction of sealers 
during setting. A core obturating material can either be 
gutta-percha alone or combined with a carrier, as in the  
Thermafil obturation technique. 

The essence of Thermafil technique is to insert 
thermoplastized gutta-percha and push it along the 
root canal with a rigid core carrier in order to enhance 
adherence and fill all portals of exit. Many studies 

have been carried out to compare Thermafil with other 
obturation techniques1-3,11,14,15.  The most commonly used 
evaluation method is the dye penetration test. Most studies 
have suggested that Thermafil obturation technique 
does not achieve a seal as good as lateral condensation 
technique since it exhibits significantly greater scores 
of dye penetration2,3,14. However, some authors have 
found that Thermafil demonstrates a comparable seal to 
lateral condensation as long as a sealer is used15. Only a 
few scanning electron microscopy (SEM) studies have 
investigated the adaptation of different sealers16 or 
Thermafil components7. Film thickness of different sealers 
was investigated in vitro by Lacey et al12 and McMichen 
et al13 using a 2-plates method. Microscopic studies by Da 
Silva et al1 and Weis et al17 have investigated the thickness 
of AH 26 and AH Plus with various obturation techniques. 

The aim of the present study was to measure the 
thickness of 5 endodontic sealers: AH Plus (resin based), 
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Tubliseal (zinc oxide eugenol based), Apexit, Sealapex 
and Acroseal (calcium hydroxide based) with Thermafil 
obturation technique and to analyze distribution and 
adaptation of sealers and Thermafil components within 
root canals.

Materials and Methods

20 freshly extracted single-rooted teeth were 
randomly divided into 5 groups. All teeth were cleaned 
from debris immediately after extraction, and kept in 0.2% 
thymol solution until the beginning of the experiment. 
After rinsing under tap water, crowns and roots were 
separated with a diamond cylindrical bur in a high-speed 
handpiece under constant water cooling.

All canals were prepared using the crown-down 
technique and rotary Protaper files of 0.06 taper (Dentsply-
Maillefer, Ballaigues, Switzerland) in a torque control 
handpiece (Dentsply-Maillefer, Ballaigues, Switzerland). 
After initial canal negotiating with #10 and #15 hand 
files up to ⅔ of the canal, canals were prepared with S1, 
S2 and Sx Protaper files in a brushing motion and with 
copious irrigation with 3% sodium hypochlorite (Parcan®, 
Septodont, Saint-Maur Cedex, France). Working length 
was determined by placing a #15 file up to the anatomical 
foramen and reducing this length for 0.5 mm. All canals 
were prepared to working length using S1, S2, F1 Protaper 
files and finished with a F2 Protaper file. The canals were 
rinsed with 17% EDTA in order to remove the smear layer 
and finally with 3% sodium hypochlorite.

Roots were embedded in small plastic moulds filled 
with slightly wet pieces of sponge prior to obturation and 
fixed with wax. Paper points (#25 and 0.06 taper) were 
used to dry the canals. Each group of 4 teeth was obturated 
with Thermafil® (Dentsply-Maillefer, Ballaigues, 
Switzerland) and the following sealers: Group 1 - AH Plus 
(Dentsply DeTrey GmbH, Konstanz, Germany), Group 
2 - Tubliseal (Kerr Corp, Orange CA, USA), Group 3 - 
Acroseal (Septodont, Saint-Maur Cedex, France), Group 
4 - Apexit (Ivoclar Vivadent AG, Schaan, Liechtenstein), 
and Group 5 - Sealapex (Kerr Corp., Orange CA, USA). 
Each sealer was mixed according to the manufacturer’s 
instructions and inserted into the canal with a #30 
lentulo spiral. The amount of sealer enough to cover the 
spirals of the lentulo spiral was taken and inserted into 
the canal to ½ of the working length only once for each 
canal. A #30 Thermafil® was used for obturating each 
canal according to the manufacturers’ instructions. After 
heating in the ThermaPrep® oven, a Thermafil obturator 
was inserted into the canal to working length, applying 
a gentle pressure apically. All canals were obturated by 
one operator. Radiographs were taken in mesio-distal and 
bucco-oral directions to verify the quality of obturation. 
After removing the excess plastic carrier and guttapercha, 

coronal parts of the canals were sealed with FujiIX glass 
ionomer cement (GC Corp, Tokyo, Japan) and roots were 
kept in saline at 37ºC for 5 days prior to proceeding to 
SEM.

Roots were sectioned transversely with a diamond 
saw and under constant water cooling into 4 sections 
each: at 2 mm below cemento-enamel junction (coronal 
section); 2 mm above the root apex (apical section); and in 
the middle of the remaining part of the root (middle I and 
middle II section, labeled from coronally). All sections 
were labeled. Sections were mounted on aluminium 
stubs, vacuum-dried, coated with 8 nm of gold and then 
examined under SEM (JEOL JSM-6460LV, JEOL Ltd, 
Tokyo, Japan). All sections were analyzed under x100, 
x500, x1000 and x2000 magnification. Samples were 
analyzed in respect to sealer thickness and sealer and 
gutta-percha adaptation.

Results were statistically analyzed using Kruskal-
Wallis Test (nonparametric ANOVA) with Dunn’s Multiple 
Comparisons post-test (GraphPad Instat v. 3.00, GraphPad 
Software Inc, San Diego CA, USA).

Results

Control X-rays revealed the extrusion of gutta-percha 
and sealer in 12 out of 20 teeth (60%). Neither gutta-
percha nor the sealer was overfilled in the Acroseal group. 
Besides, 2 specimens from the Tubliseal and 2 from the 
Sealapex group did not exhibit overfilling. SEM revealed 
different layer thickness for different sealers. Mean sealer 
thickness and standard deviations (SD) for each group of 
sealers are presented in table 1.

Table 1.  Mean layer thickness with standard deviation (SD) for 
each sealer

Sealer Number of 
sections (N)

Number of 
measured points (n)

Mean ± SD 
(μm)

AH Plus 16 46 21.6 ± 10.6

Tubliseal 16 38 10.9 ± 7.3

Acroseal 16 42 33.4 ± 16.8

Apexit 16 36 11.5 ± 8.2

Sealapex 16 36 12.6 ± 6.0

Number of measuring points varied for different 
sealers as various amounts of sealers were present in SEM 
figures. Acroseal formed the thickest mean layer of 33.4 
μm, followed by AH Plus (21.6 μm); the other 2 calcium-
hydroxide-based sealers, Apexit and Sealapex, formed 
much thinner layers compared to Acroseal - 11.5 μm and 
12.6 μm, respectively (Figs. 1 and 2). The thinnest mean 
layer was formed by Tubliseal, 10.9 μm.
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Table 2 presents statistical differences between each 
pair of sealers. Acroseal exhibited significantly greater 
mean layer thickness compared to Tubliseal (p<0.001), 
Apexit (p<0.001) and Sealapex (p<0.01). The difference 
between AH Plus and Acroseal was not statistically 
significant (p>0.05). Among other pairs of sealers there 
were no statistically significant difference in sealer 
thickness except for AH Plus - Tubliseal (p<0.01) and AH 
Plus - Apexit groups (p<0.05). 

In all investigated groups, the sealer appeared as a 
discontinuous layer covering various percentage of root 
canal perimeter (Fig. 2). Furthermore, all sealers exhibited 

tendency to form unevenly thick layers. Standard deviation 
values presented in table 1 show that the greatest variation 
in layer thickness occurred in the Acroseal group, while 
Sealapex appeared to have the least variable layers. 

Table 2. Statistical difference between 5 groups of sealers 
(Kruskal-Wallis Test with  Dunn’s Multiple Comparisons post-test)

Sealers Sealapex Apexit Acroseal Tubliseal

AH Plus NS p>0.05 * p<0.05 NS p>0.05 ** p<0.01

Tubliseal NS p>0.05 NS p>0.05 *** p<0.001

Acroseal ** p<0.01 *** p<0.001

Apexit NS p>0.05

In all sealer groups, it was observed that sealers 
had good adaptability potential to fill the irregularities 
of dentinal wall but also canal isthmuses, diverticuli 
and accessory canals. However, micro-gaps of up to 
10 μm appeared between dentinal wall and sealer/
Thermafil, mostly in coronal and middle segments in 
AH Plus, Acroseal, Apexit and Tubliseal groups (Fig. 
3). Furthermore, in some cases, microscopic voids, 
undetectable on control X-rays, were noticed in AH Plus 
(middle I section), Acroseal (coronal section), Sealapex 
(middle II section) and Apexit (middle II section). Round 
to oval shaped and 200-250 μm in greatest diameter, these 
voids were positioned within gutta-percha (Acroseal, 
Apexit), or between dentinal wall and sealer/gutta-percha 
(AH Plus, Sealapex) - figure 4. 

Figure 1. A specimen from the Acroseal group (x1000)

Figure 2. A specimen from the AH Plus group (x1000)

Figure 3. A specimen from the Apexit group, noticeably thinner than 
previous sealers (x1000)
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Thermafil core plastic carrier maintained its original 
round cross-section in all studied groups, but was not 
always centrally positioned in the root canal. This was 
seen in middle II and apical segments in AH Plus, 
Acroseal and Apexit, and apical segments in Sealapex and 
Tubliseal groups (Fig. 5). 

Discussion

Layer thickness of 5 endodontic sealers, their 
distribution and adaptation of Thermafil components after 
root canal obturation were analyzed in the present study. 
Although Acroseal is not a brand new Ca-hydroxide 
based material, it has not been thoroughly investigated. 
One pilot study showed that Acroseal had significantly 
less microleakage, compared to Apexit and Apexit Plus, 
immediately after obturation and material setting6. 
Therefore, within the scope of the present study, Acroseal 
was compared to sealers from the same, as well as from 
different groups. 

While designing methodology, it was decided that 
smear layer would be removed prior to obturation using 
17% EDTA, because previous studies have reported that it 
increases material retention and adhesion to dentinal walls 
and penetration into the dentinal tubules4,9-11.

Several in vitro studies have reported the extrusion 
of obturation material beyond root apex during Thermafil 
obturation technique in almost 100% of cases regardless 
whether plastic blocks or extracted teeth were used1,11,14. 
In these studies, the fact that periodontal ligament and 
periradicular tissue pose certain resistance in clinical 
conditions was not taken into account. Therefore, certain 
innovations were introduced into the design of the present 
study. Prior to obturation, each root was embedded in a 
slightly wet (saline) piece of sponge, fixed with wax in 
the cervical segment and put in a plastic mould. This 
accounted for a closer simulation of clinical conditions 
compared to the situation in which root canal obturation 
is done in teeth or plastic blocks surrounded by air. 
This was confirmed by 40% less frequency of material 
extrusion in the present study. However, the resistance of 
surrounding tissues was not the only reason for material 
extrusion. It was also influenced by sealer’s ability to 
flow along canal walls. In the Acroseal group, material 
extrusion was not recorded in either case and this could 
be explained by higher viscosity of this sealer compared 
to others.

This result was in correlation with SEM findings in 
this study, showing that Acroseal exhibited the greatest 
mean layer thickness, significantly greater than Apexit, 
Sealapex and Tubliseal. AH Plus layer thickness was 
smaller than Acroseal, but not significantly. This result 
could also be explained with more viscous consistency 
of Acroseal and AH Plus, and higher surface energy 
compared to other sealers. The thickness values in the 
present study were significantly lower than in 2 in vitro 
2-plate tests12,13. However, although the absolute values 
were different, a similar pattern was observed. Tubliseal 
exhibited smaller thickness than Apexit, and both of them 
showed smaller layer thickness than AH Plus. Lacey et 
al12 reported the lower viscosity of Tubliseal than other 

Figure 4. Micro-gaps of up to 10 µm present between dentinal wall and 
gutta-percha (x1000)

Figure 5. Oval void of about 250 µm in diameter between dentinal wall 
and gutta-percha (x500)
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sealers, and higher viscosity flow rate of Tubliseal and 
Apexit. These findings could be the reason for lower 
thickness values of these sealers compared to Acroseal and 
AH Plus, as recorded in the present SEM study. Beside the 
mean thickness value, one must take into consideration 
standard deviation which showed relatively high values in 
all sealer groups. This result implied prominent tendency 
of all sealers to form layers of variable thickness in all 
segments from coronal to apical.  

Beside variable sealer thickness, it was also observed 
that all sealers formed discontinuous layers covering 
variable percentage of root canal perimeter. This finding 
is in accordance with two previous results5,7 while Weis et 
al17 reported the complete encasement of Thermafil core. 
The discontinuous sealer film could be the result of the 
pressure of thermoplastized gutta-percha and rigid carrier 
and the initial minimal amount of inserted sealer. This 
thesis was also confirmed by Wu et al18, who reported that 
the percentage of sealer coated root canal perimeter was 
less than 50% in compaction techniques and 97% in the 
monocone obturation technique.

The findings of this SEM study are in accordance 
with previous results that Thermafil technique exhibited 
greater microleakage, both coronal and apical, compared 
to lateral and vertical compaction techniques2,3,11,14. 
Complete, hermetical, 3-dimensional seal remains an 
ideal in the Thermafil technique. The present SEM study 
revealed that, in spite of sealer penetration into dentinal 
tubules, there were also micro-gaps between dentinal 
wall and gutta-percha/sealer, observed in various coronal-
to-apical segments. The diameter of these micro-gaps 
was up to 10 μm. In addition to this, minute air bubbles, 
unidentifiable in control X rays, were also observed 
in several sections contributing to less than ideal root 
canal obturation. The third locus minoris for greater 
microleakage was the gutta-percha/carrier interface. While 
in compaction techniques, the core material is gutta-
percha alone, the core in Thermafil technique is made up 
of 2 very different materials. The core carrier and gutta-
percha do not interact chemically, but form only intimate 
physical contact instead. The carrier design is not in 
favour of micromechanical retention which is present 
between the obturating material and open dentine tubules 
on the opposite side. Such smooth surface of the carrier, 
along with the possible contraction of gutta-percha during 
cooling, could be the cause of the imperfect interface, as 
observed in the present study.

Conclusion

The layer thickness in decreasing order were: 
Acroseal > AH Plus > Sealapex > Apexit > Tubliseal. 

In Thermafil technique, no sealer formed a continuous 
layer between the dentinal wall and gutta-percha. The 
imperfect marginal adaptation at the gutta-percha/core 
carrier interface and micro-gaps between dentinal wall 
and the obturating material could contribute to inadequate 
adhesion within the root canal and increased microleakage 
of Thermafil compared to other obturation techniques.
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SUMMARY
Objectives: The aim of the study was to evaluate the effect of calcium 

hydroxide on the adhesion of a resin system to dentin by scanning electron 
microscopy (SEM). 

Methods: Cavities were prepared on the mesial and distal sides of 10 
extracted lower human molars. The mesial cavities were coated with Prime 
& Bond 2.1 (Caulk, Dentsply) after total etching, and were restored with TPH 
composite resin (Caulk, Dentsply). The distal cavities were restored with cal-
cium hydroxide (Dycal, Caulk), Prime & Bond 2.1 and TPH Hibrid compo-
site resin, respectively. The teeth were then sectioned and analysed by SEM. 

Results: Prime & Bond 2.1 adhered closely to dentin, forming a gap-
free attachment with a hybrid layer in most of the specimens. However, in 
the cavities lined with calcium hydroxide, the polymerisation shrinkage of 
the resin composite caused the separation of the calcium hydroxide from the 
dentinal surface, forming 15 to 30 µm wide interfacial gaps. 

Conclusion: The interposition of a layer of calcium hydroxide between 
dentin and adhesive could reduce the dentinal surface available for adhesion 
of the restoration and disrupt the continuous adhesion of the bonding agent 
to dentin.
Keywords: Calcium Hydroxide; Adhesive Systems; Adhesion
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Introduction

For several decades, the development of adhesive 
systems has been limited by the belief that acids applied 
to dentin during restorative procedures cause pulpal 
inflammation. The use of bases and liners was considered 
essential to protect the pulp from the toxicity of restorative 
materials9. For many years calcium hydroxide liners 
were traditionally used in routine restorations for pulp 
protection because of its antibacterial and therapeutic 
effect, stimulating dentin bridge formation18,19. However, 
it has been later reported that microleakage of bacterial 
components at the cavo-surface margin through the 
dentinal walls was the primary cause of pulp inflammation 
rather than the disastrous effects of the material4.

Recently, new adhesive systems with higher bond 
strengths have been introduced to improve the adhesion 
of restorative materials and to prevent microleakage and 
eventual pulpal irritation by forming a hybrid layer12. 

These systems include acid etching of not only enamel, 
but also dentin, with complete removal of smear layer and 
plugs6,15. Manufacturers have also introduced self-priming 
adhesive materials, which are claimed to completely 
infiltrate the etched dentin with resin in one clinical step. 

Today, total acid etching of vital dentin and 
placement of adhesive systems are biologically accepted 
for routine clinical use. Vital dentin is now etched, and 
various adhesive systems are placed without utilizing 
traditional calcium hydroxide bases and liners. Several 
clinical studies have also reported successful results 
of direct pulp capping of exposed pulps with various 
adhesive systems2,5,13,20.  However, some authors have 
reported that total etching may increase pulpal irritation 
because etching procedures demineralises the dentin 
surface and exposes the collagen fibres14. Thus, many 
clinicians still have some doubts about the toxicity and 
the sealing capacity of these systems and they prefer to 
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protect the pulp with intermediate materials, particularly 
with calcium hydroxide preparations.

 The aim of this study was to evaluate the effect of a 
calcium hydroxide liner on the adhesion of resin system to 
dentin by scanning electron microscopy (SEM).

Material and Methods

10 non-carious, extracted human lower third molars 
were used in the present study. After the extraction, the 
teeth were placed in 4% thymol solution for 1 week, and 
then left in bi-distilled water until ready to use. 

Cavities (2 x 2 x 2 mm) were prepared on the mesial 
and distal sides of the teeth at cementoenamel junctions 
with an inverted-cone diamond bur, using copious 
amounts of water spray. Mesial cavities of the teeth were 
acid etched with 36% phosphoric acid for 20 seconds, then 
rinsed off and gently dried. The cavities were coated with 
Prime & Bond 2.1 (Caulk, Dentsply, USA) and allowed 
to flow for 30 seconds. Then, they were thoroughly air 
dried for 5 seconds to maintain a uniform layer, and light-
cured for 10 seconds. The cavities were filled with TPH 
composite resin (Caulk, Dentsply, USA) and cured for 
40 seconds. The restorations were immediately refined 
using Soft-Lex disks (3M, St. Paul, Minnesota). The 
distal cavities of the same teeth were restored with a thin 
layer of self-hardening calcium hydroxide (Dycal, Caulk, 
Dentsply, USA) Prime & Bond 2.1 and TPH composite 
resin, respectively, as described above.

The teeth were embedded in a self curing epoxy resin 
and sectioned into 4 equal parts mesio-distally and bucco-
lingually along the longitudinal axis passing through 
the centre of the restorations with a #314 bur. Section 
surfaces were ground flat with wet silicon carbide paper, 
in decreasing grits (240, 400, and 600). Then, they were 
cleaned with 37% phosphoric acid for 10 seconds and 
2.5% NaOCl for 30 seconds, respectively, to remove the 
smear layer and visualize resin tags and hybrid layer. After 
rinsing with distilled water for 60 seconds and drying, 
they were mounted on metallic stubs. Ethyl alcohol was 
not used for dehydration to eliminate the risk of debonding 
of Prime & Bond 2.1. Specimens were dehydrated in a 
desiccator containing phosphorus pentoxide for 1 week 
and then coated with gold (Polaron SC 502, Fisons). They 
were observed with a scanning electron microscope (Jeol, 
JSM-5200) and images were taken from the representative 
areas.

Results

The adhesion of Prime & Bond 2.1 to dentin, resin 
composite and enamel was excellent in all specimens, with 

a hybrid layer of 5 µm in thickness. The residual dentin 
surface appeared as a clean and homogenous surface with 
several collagen fibrils forming the scaffold of the dentin 
surface (Figs. 1 and 2). Adhesion of the bonding agent 
to cavity floor was superior in comparison with cavity 
corners and walls (adhesive pool). It was observed that the 
thickness of the adhesive at the cavity corners and on the 
walls was not uniform, 0-60 µm and 0-15 µm, respectively 
(Fig. 3). In 2 specimens, debonding of the adhesive along 
the dentinal surface was approximately 10-15 µm while 
the other specimens were gap-free (Fig. 4). 

Figure 1. A) Excellent adhesion of the composite-resin-adhesive complex 
(C) to the dentin (D) with a hybrid layer (H) forming resin tags (RT); 
                  B) The dentin appeared to be crossed by resin tags (RT) 

penetrating the tubules

A

B

Figure 2. Excellent adhesion (→) of the composite-resin-adhesive 
complex (C) to the enamel (E)
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In all cavities lined with calcium hydroxide, polymeri-
sation shrinkage of the resin composite caused detachment 
of the calcium hydroxide from the dentinal surface. The 
thickness of calcium hydroxide was 150-300 µm and had 
a granular structure. In addition, the thickness of the gaps 

was 15-30 µm and patent dentin tubules were observed 
(Fig. 5). The relationship between the resin composite and 
the dentinal surface in the outermost areas where calcium 
hydroxide was not applied were also examined. Excellent 
adhesion of the composite resin-adhesive complex to the 
dentin, mediated by a hybrid layer was evident. 

Discussion

Good marginal adaptation of restorative materials is 
very important and the reason of pulpal irritation after the 
placement of a dentin-bonding agent is due to separation 
or debonding of the resin from dentin, followed by the 
passage of bacteria and their toxins to the pulp tissue7,16. 

In the present study, it was demonstrated that the 
polymerisation shrinkage of the resin composite caused 
detachment of the calcium hydroxide, leading to the 
formation of an interfacial gap between calcium hydroxide 
and dentin in all of the specimens treated with calcium 
hydroxide. According to Brannström et al3, such a micro-
fissure would be quickly colonized by pulpal fluids, and 
because of inward and outward fluid movement, most of 
the calcium hydroxide paste would disappear with time. It 
was also reported that calcium hydroxide did not constitute 
an adequate long-term protection in the presence of a 
marginal defect because it did not present an obstacle to 
the passage of bacteria or their metabolic products to the 
pulp1. In addition, it occupied some of the area that could 
have been used for dentinal bonding. Therefore, it could 
be suggested that the application of calcium hydroxide 
underneath resin composite restorations sometimes may 
be harmful if it leads to the passage of bacteria and their 
products. This result was in agreement with other studies, 
which reported that calcium hydroxide placed under 
resin composite with a bonding agent tended to be pulled 
away from the cavity surface, leaving a gap between the 
lining and the dentin8,10,17.   Furthermore, Reinhardt and 
Chalkey17 found that calcium hydroxide did not adhere to 
the smear layer or to the dentinal tubule complex.

 In contrast, in the zones in which the adhesive 
had been applied in direct contact with the dentin, 
a well-developed resin-impregnated zone  (hybrid 
layer), ranging from 4 to 6 µm in depth and covered 
by an uniform adhesive layer (approximately 30 µm), 
was generally observed in the present study. Thus, a 
chemical and micromechanical bond was obtained, 
based on both the penetration of resin tags inside the 
tubules and the impregnation of the collagen fibres by 
the adhesive monomer. Nakabayashi et al11 indicated 
that this demineralised dentin-resin inter-diffusion zone 
was acid resistant and had the double function of binding 
the restoration to the dentin and rendering it caries 
resistant. It has been also suggested that the hybrid layer 
provides with a coefficient of elasticity that contributes 

Figure 3. The different thickness of the bonding agent (BA) at the cavity 
corners and on the walls penetrating the dentin (D)

Figure 4. Gap (→) with a 10-20 µm of thickness appearing between 
dentin (D) and the composite (C)

Figure 5. The calcium hydroxide (CH) forming a gap between dentin (D) 
and composite (C)
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to the maintenance of the bond distributing the stress 
uniformly21.

Conclusion

It could be suggested that the interposition of a layer 
of calcium hydroxide between dentin and adhesive would 
reduce the dentinal surface available for adhesion of the 
restoration and would disrupt the continuous adhesion 
of the adhesive system to dentin. Further clinical studies 
are needed to determine the effect of calcium underneath 
the bonding system on the success of resin composite 
restoration.
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SUMMARY
The purpose of the study was to determine the effect of mica as filler 

on in vitro wear of denture teeth PMMA resin. Denture teeth PMMA resin 
was modified with 4 percentages (5, 10, 15, 20% by weight), silanized and 
unsilanized mica filler as the test group specimens. Control specimens were 
unfilled. All of specimens were tested at initial and after 90 days with 2-
body wear testing device. Mann-Whitney U, Wilcoxon and Kruskal Wallis 
1-Way Anova tests were used for the statistical analysis (p<0.05). Test speci-
mens with silanized mica filler displayed a weight loss significantly lower, 
whereas test specimens containing unsilanized mica lost significantly more 
weight (p≤0.05). With the exception of the 20% group (p=0.07), silaniza-
tion increased wear resistance significantly (p≤0.01). With increasing mica 
concentration, total weight loss of the silanized group did not show a sig-
nificance change (p>0.05); in the unsilanized groups, the weight loss fitted a 
variable distribution pattern (p≤0.01). The wear of all test specimens, except 
for unsilanized 20% (p=0.02) and silanized 10% (p=0.007) groups, was not 
affected negatively after stored at open atmosphere. The percentage of 5% 
silanized mica filler was found to give the best wear resistance results, but 
unsilanized mica was found to weaken the denture teeth PMMA resin.
Keywords: Wear; Mica; Denture Teeth; PMMA Resin
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Introduction

In relation to the long-term conservation of aesthetic, 
the wear of artificial teeth is important due to their 
influence on the maintenance of maximum intercuspitation 
at centric jaw relation position, masticatory efficiency, the 
occlusal vertical dimension, and occlusal stability. For 
this reason choosing the artificial teeth material is very 
important. Artificial teeth replacements are made from 3 
types of material: porcelain, acrylic resin and modified 
resin. Acrylic resin teeth, which have been widely used 
in clinic, have some advantages over porcelain teeth: 
acrylic resin teeth have excellent fracture toughness, 
easy occlusal adjustment and high bond strength to 
denture base materials, but their wear resistance has been 
questioned6,10,20. Recently, composite materials have 
received some interest as denture teeth material6. New 

artificial teeth (composite resin) have been developed for 
improving their mechanical properties and wear resistance. 
A composite with filler particles and cross-linked polymers 
are used as the material for artificial teeth12,24. Inorganic 
fillers in the composite teeth are subjected to a silane-
coupling treatment to enhance adhesion of these particles 
to the matrix base of the teeth material4,9,14,18,21,28,31 .

It is believed that the greatest improvement in 
abrasion resistance of especially resin composites can 
be maintained by using solid, high Mohs, broad size 
distribution filler having strong bond/matrix interaction 
via surface modification to maximize bonding22. It is very 
well known that compared with acrylic resin denture teeth, 
isosit denture teeth containing silica filler wear less17,28,31. 
The addition of quartz in various ratios to polymer that is 
used in the production of artificial teeth has been reported 
to diminish the wear significantly29,30. Among the other 
reinforcing fillers, mica has silica sheet structure with 
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biotite and muscovite, which is mainly aluminium silicate 
and exhibits an intermediate Mohs hardness (2.5-3)22. 
It has been used as filler for plastics due to its low cost, 
easy availability, and outstanding electrical, thermal and 
chemical resistance. It is transparent, flexible and elastic, 
and can be ground to very fine particles with a high aspect 
ratio22. The acrylic resin teeth produced for the removable 
dentures have a tendency to wear, which creates a 
problem. Therefore, we decided to investigate the wear of 
acrylic resin denture teeth by adding mica to denture teeth 
PMMA resin. Although used mica has an intermediate 
Mohs hardness, its broad particle size distribution and 
surface modification are believed to contribute a lot to 
abrasion resistance. Moreover, extra benefits are expected 
in easy taking of mould details and easy removal of mould 
material, as well as high solvent resistance due to the 
platelet nature of mica giving rise to lower viscosity and 
restricted diffusion of solvent molecules in layers22 .

The present study was undertaken to determine the 
effect of mica as filler on in vitro 2-body wear of denture 
teeth PMMA resin. In addition, the effect of storage at 
open atmosphere on wear was studied.

Material and Method

Denture teeth acrylic resin (Rutinium Dental 
Manufacturing, Italy) was used in this study. The mica 
filler (10 µm in length, 32 µm in particle size) was sup-
plied from DYO (The Yaşar Paint Group, Izmir, Turkey). 
The silane coupling agent, A-174, 3-methacryloxypro-
pyl trimethoxy-silane (3-MPS) was supplied from Union 
Carbide, UK.

9 groups of specimens (totally 90 specimens) were 
divided as follows: 10 specimens of unfilled PMMA used 
as a control group (C), and the others were test groups 
of PMMA modified with 5, 10, 15, and 20% by weight 
unsilanized and silanized mica filler added to polymer 
(n=10 totally 80 specimens).

 The specimen dimensions were 16 mm in diameter 
and 7 mm in thickness. Powder to liquid ratio recommended 
by the manufacturer was 20g/10ml. The powder to liquid 
ratio of the resin was 20 g of powder to 14 ml liquid, which 
was determined before the addition of mica fillers for all 
the groups. This higher than normal liquid to powder 
ratio was used to ensure better impregnation of the mica 
fillers. The mica fillers were set in pre-determined masses 
enough to form the percentages of 5, 10, 15, and 20% of 
the powder/liquid mixes. The weight of mica fil lers was 
determined using an analytic balance to the nearest 0.0001 
g (Precisa 3100C No 34709, Switzerland). The desired 
mass of fillers was first mixed thoroughly with a pre-
determined weight of PMMA powder, then the required 
volume of methylmethacrylate liquid was added to the 
mixture and stirred so that the fillers oriented randomly to 

give isotropic properties to the composite. The acrylic resin 
was polymerized at 175°C under a pressure of 160 bars for 
3 minutes (Elimko 2200 Hidrocontrol Machine, Ankara, 
Turkey) and then cooled with water under a pressure of 160 
bars for 3 minutes. After de-molding, the specimens were 
removed and finished to remove excess material by honing 
with fine emery paper. The exact final dimensions were 
ensured with a fine digital micrometer (Mitutoyo Digimatic 
Caliper 500154/CD 15 C, England).

The specimens were stored in distilled water at 
37±1°C (Elektromag-M96K Water bath, Turkey) for 7 
days before wear testing. The testing apparatus was an 
abrading device (APGI 613. 10 Carl Shroder KG Material 
prüfmachinen 6940 Weinheim Serial Number 40176) and 
was in compliance with DIN 53516 standard8. The Al2O3 
emery paper was used as the abrading material (600 grid, 
3M production resin paper 251 U-P 600). The emery paper 
was replaced before abrading each test group. All wearing 
tests were performed in distilled water at room temperature 
(23±1°C). The difference in weight measurements between 
before- and after-wear testing determined weight loss 
(Mettler H 20, Switzerland, nearest 0.01 mg). Weight loss 
(mg) was evaluated as amount of wear. The specimens 
were stored in a dry environment at room temperature for 
90 days. After storage, the specimens were again stored in 
distilled water at 37±1°C for 7 days before repeating the 
wear test.

Mann Whitney U test, Wilcoxon test and Kruskal 
Wallis 1-Way Anova were conducted to analyze the 
findings. All analyses were executed using Unistat 
Statistical Package (5.1.03 Version, 1984-2001 Unistat 
Ltd, 4 Shirland Mews, London, England).

Results

Table 1 shows the means, standard deviations and 
statistical comparisons for the total weight loss (mg) of the 
control and test groups at initial and after-storage. Means 
were compared between control and test groups by Mann-
Whitney U test. All the unsilanized test groups displayed a 
statistically significant higher total weight loss compared 
with the control group, both at the initial and after-storage 
at open atmosphere (p<0.05). On the contrary, compared 
to the control group, silanized test groups showed a 
statistically significant lower total weight loss (p<0.05).

Statistical comparison for total weight loss of the 
unsilanized and silanized test groups was performed by 
Wilcoxon test. Silanization significantly reduced (z=2.803; 
p=0.005) total weight loss both initially and after storage 
but 20% (z=2.803, p=0.07).

The effect of the filler concentrations on total weight 
loss (mg) of the test groups was compared by Kruskal 
Wallis 1-Way Anova (Tab. 2). No statistically significant 
difference in percentages was found among the silanized 
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mica incorporated groups both initially (p=0.07) and after 
storage (p=0.86). There was a statistically significant 
difference among unsilanized test groups (p=0.001). 
Total weight loss increased at a significant level between 
unsilanized 5% and 10% and also between unsilanized 
15% and 20%; however decreased significantly between 
unsilanized 5% and 10% (p<0.05). After storage at 
open atmosphere, total weight loss again increased at 
a significant level between unsilanized 5% and 10% 
(p<0.05), whereas no difference was found among the 
other percentages (p >0.05). 

Table 1.  The means and standart deviations, and statistical 
comparison of the total weight loss (mg) of control and test 

groups

Initial After  90 days storage

Control C 0.14 (0.02) 0.14 (0.02)

U
ns

ila
ni

ze
d 5%

10%
5%
20%

0.15 (0.02) p: 0.023*

0.18 (0.03) p: 0.003*

0.16 (0.02) p: 0.016*

0.20 (0.03) p: 0.001*

0.16 (0.02)  p: 0.008*

0.18 (0.02)  p: 0.001*

0.17 (0.01)  p: 0.001*

0.17 (0.05)  p: 0.01*

Si
la

ni
ze

d 5%
10%
5%
20%

0.10 (0.03)  p: 0.005*

0.09 (0.03)  p: 0.01*

0.12 (0.03)  p: 0.028*

0.12 (0.03)  p: 0.013*

0.11 (0.02)  p: 0.002*

0.12 (0.03)  p: 0.082 NS
0.12 (0.02)  p: 0.016*

0.12 (0.03)  p: 0.07 NS

* - indicates significant difference between control and test 
groups at p<0.05 level 
NS - indicates no significant difference  at p>0.05 level 

Table 2. Effect of filler quantity on the wear (mg) of the test 
specimens 

 Test Unsilanized  
5-20% Silanized  5-20%   

Initial
Chi-Square 17.036 6.809

Df 3 3

Asymp. Sig 0.001* 0.078NS

After 90 days
storage

Chi-Square 8.060 0.757

Df 3 3

Asymp. Sig 0.045* 0.860NS

The statistical comparison of total weight loss of 
same test groups at initial and after 90 day storage was 
performed by Wilcoxon test (Tab. 3). Only the amount 
of wear of unsilanized 20% decreased at a statistically 
significant level after 90 day storage (p=0.02); the amount 
of wear of silanized 10% increased at a statistically 
significant level after storage (p=0.007). No significant 
difference was observed in the other groups (p>0.05). 

Table 3. Statistical comparison of wear (mg) values of the same 
test groups initially and after storage 

Unsilanized 5% z:-0.968  p: 0.333(NS)

Unsilanized 10% z:-0.255  p: 0.799(NS)

Unsilanized 15% z:-1. 886  p: 0.059(NS)

Unsilanized 20% z:-2. 191  p: 0.028*

Silanized  5% z:-1. 478  p: 0.139(NS)

Silanized  10% z:-2. 701  p: 0.007*

Silanized  15% z:-0.051  p: 0.959(NS)

Silanized  20% z:-0.255  p: 0.799(NS)

Discussion

Assessment of wear resistance has been conducted 
through in vivo and in vitro methods5,7,15. Due to 
complexity of the wear mechanism, correlation of the 
in vivo and in vitro finding is often difficult16. However, 
in vitro tests are still necessary to test newly developed 
materials, as the clinical trials are expensive and time 
consuming. In vitro methods are classified as a 2-body 
test3,13,19,23 or a 3-body test25. The phenomena of occlusal 
wear under clinical conditions are generally divided into 
2 components: an abrasive material loss found in contact 
free areas (CFA-wear 3-body wear) and a second type 
at the path of articulation on the occlusal contact areas 
(OCA-wear, 2-body wear)1. The 2-body wear test was 
used in this study because wear resistance of the occlusal 
contact areas of removable prostheses was the subject of 
the study.

In our study it has been observed that the addition of 
untreated mica filler into similar matrix, PMMA, resulted 
in a detraction considerably from the wear resistance 
of unfilled rigid PMMA. Tappe et al29,30  stated that 
unsilanized and silanized quartz have a positive effect on 
the wear. Our results were not in accordance with their 
study. In our study, it was observed that unsilanized mica 
had a negative effect on wear, silanized mica had not. 
Our study disclosed a positive effect due to the addition 
of silanized mica filler only. It has been known that 3 
factors appear to predominate in the effects of filler 
on wear resistance: the absolute hardness of filler, the 
strength of the interfacial bond between polymeric matrix 
and filler, and relative filler packing fraction. First factor 
is especially important in the cases where the absolute 
hardness of particles and abrasives are not comparable. 
Most abrasive media consists of silica corundum, which 
consists of hard, tough particles. If the filler is softer than 
the abrasive, it is readily abraded, whereas if it is harder 
than abrasive, the wear performance may be increased by 
inclusion of these particles into the matrix directly11.
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In this study, the decrease in wear resistance with 
mica loading may be attributed to the existence of the 
mica particles, which are softer than the Al2O3 abrasive 
in polymer matrix. It is then quite reasonable to expect 
further loss in wear resistance by an increase in mica 
loading for PMMA matrix. It is also clear from the results 
that silanization of mica surfaces overcome this drawback 
significantly via improving interfacial bonding, which 
makes the dislodgement of particles from the matrix 
difficult. Adequate adhesion of the fillers to the polymer 
matrix is one of the important variables for the strength of 
the composite2. 

When fillers are added to plastics, the bonding 
between them is very crucial. If the filler is silanized, 
the inter-bonding is stronger and more water-resistant, 
which in turn favours the mechanical properties of the 
material2,26,27. The results of our study also support these 
findings. In our investigation, the specimens with silanized 
mica fillers displayed a significantly less wear compared 
with unsilanized specimens. In addition, the silanization 
of mica decreases the mica ratio in the composite via 
improving the wear resistance. 

The incorporation of silanized mica higher than 
5% did not decrease the wear significantly. Within these 
groups, the wear resistance increased up to 5% silanization 
and then almost level off. Moreover, since higher loading 
causes certain coloration, it seems to be useful to 
concentrate mainly around the composition loaded with 5% 
silanized mica. Similarly, quartz unsilanized and silanized 
average particle diameter of 15μ were added to artificial 
teeth made up of PMMA resin in different percentages of 
weight, and it was reported that as the proportion of quartz 
increased, the wear decreased. Addition of 15% quartz at 
maximum was recommended29,30. 

For a polymeric composite material, performance 
tests after aging are designed mainly in 2 different groups 
- the final performance of the sample after subjecting the 
material to: (a) specific conditions in which they are stored 
(shelf life), and (b) specific conditions that are simulated 
to environment in which it actively works. Possible 
degrading effect of both moisture and oxygen in open 
atmosphere on silane filler surface bonding via creating 
competitive hydrogen bonding sites, and on PMMA matrix 
via oxidative reactions, respectively, then resulting in loss 
of composite strength, was also investigated by repeating 
the wear tests with the samples waited at open atmosphere 
for a long time. Results given in table 3 show that the 
composites did not exhibit any difference in their wear 
strength, indicating a high moisture and oxygen resistance. 

In general, measurements of the mica incorporated 
specimens after 90 days storage showed no difference in 
terms of wear. However, it is very interesting to note a 
minimum abrasion after 90 days in the group with 10% 
silanized mica, although initially remarkable increase in the 
wear was observed. In addition to this, the storage of the 
specimens that were reinforced with in a dry environment 

for 90 days did not create a negative effect in general. The 
results of this study suggest that mica filler incorporated 
in denture teeth PMMA resin has relatively good stability 
against open atmosphere.

Conclusion

In conclusion, the silanized mica fillers in denture 
teeth PMMA resin enhanced wear resistance. The 5% 
silanized mica was found to give the best wear resistance 
result. There appeared to be a specific limit of mica fillers 
concentration above which the level of enhancement 
was reduced and resulted in undesirable coloration. In 
addition, unsilanized mica fillers actually reversed effect 
and weakened the resin.
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SUMMARY
Primary tuberculosis of the oral cavity is a rare entity and it may pose 

a diagnostic problem. Dentists should be aware of the possibility of the 
occurrence of oral lesions of tuberculosis. Our case is a 7-year-old female 
who suffered from left sided lymphadenopathy and a hypertrophic lesion in 
the gingiva of the second deciduous molar. The tooth was extracted and a 
biopsy was taken from the lesion. A second biopsy was taken from the lymph 
node. Primary tuberculosis was diagnosed following the histopathologic and 
bacteriologic examinations.
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Introduction

Tuberculosis is a chronic granulomatous disease 
of infectious etiology with a worldwide prevalence, 
caused by acid fast Mycobacterium tuberculosis and, 
less commonly, by Mycobacterium bovis8,11,13,18. It is 
known that there is a natural resistance to invasion of 
Myobacterium tuberculosis in the oral cavity but some 
factors, like ca rious teeth and periodontal diseases, 
may break the natural barrier of the oral mucosa10,14,16. 
Although there are strong control measures for infected 
dairy cattle, it is possible, particularly in developing 
countries, that bovine tubercle bacilli cause human 
infections4,10,11. Oral tuberculous lesions may be either 
primary or secondary7. Primary tuberculosis in the 
oral cavity is typically seen in younger patients, with 
the prevalence of 0.2-1.5% of tuberculosis cases5,12. It 
may be associated with cervical lymphadenopathy. The 
most affected site is the tongue, but lips15, cheek1,19, 
soft palate2,6, uvula and gingival mucosa may also be 
involved.

The purpose of this article is to emphasize the 
importance of early diagnosis of primary tuberculosis of 
the oral cavity, which has become so rare that it may be 
overlooked in the differential diagnosis of oral lesions 
with apparent systemic infection.

Case Report

A 7-year-old girl was referred to our department on 
February 26 2002, with an intraoral ulcer that her mother 
first noticed 3 months previously (Fig. 1). She reported 
left cervical lymphadenopathy for 1 month. The ulcerated 
area was seen in the buccal sulcus adjacent to the second 
deciduous molar, extending to the mucogingival junction. 
The lesion was painless, measured 1 x 0.5 cm, and showed 
minimal induration with an irregular periphery and under-
mined borders. The second deciduous molar was carious. 
Oral examination revealed good oral hygiene. A panoramic 
radiograph revealed a radiolucent area in the region of the 
apex of the tooth and surrounding bone (Fig. 2).

* Presented at the EAOM (European Association of Oral Medicine) 
Congress, Lisbon, 2002 Figure 1. Intraoral ulcer



Figure 2. Radiolucent area in the region of the apex of the tooth and 
surrounding bone

The tooth was extracted and an incisional biopsy 
was taken from the ulcerated area (Fig. 3). The biopsy 
specimen showed caseating granulomatous lesions com-
posed of epithelioid cells and some Langerhans’ giant 
cells, very characteristic for tuberculosis (Fig. 4). Due 
to the histopathologic report, the patient was admitted to 
the hospital for a complete medical examination. A punch 
biopsy was taken from the area of lymphadenopathy. 
Histopathologic examination of the punch biopsy speci-
men showed granulomatous features. Her haematologi-
cal and biochemical values were within the normal refe-
rence range. Sputum studies showed no acid fast bacilli. 
Radiographs of the chest showed no evidence of present 
or past pulmonary disease (Fig. 5).

Figure 4. Epithelioid cells and Langerhans’ giant cells

Figure 3. The tooth was extracted and an incisional biopsy was taken 
from the ulcerated area

Considering the diagnosis of primary tuberculosis of 
the gingiva, the patient was treated with a course of 3 anti-
tuberculous drugs consisting of rifampicin, isoniazid and 
pyrazinamide. In addition to these drugs, the patient was 
given iron, vitamins and a 2% chlorhexidine mouthwash. 
Treatment was continued for 6 months. The response to 
anti-tuberculous therapy was excellent and the oral lesions 
healed within 3 weeks (Fig. 6). The appearance of the 
lesion after 2 years follow up is seen in fig 7.

Figure 5. No evidence of present or past pulmonary disease

Figure 6. The oral lesions healed within 3 weeks

Figure 7. After two years follow-up
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Discussion

The oral lesions of tuberculosis occur in various 
forms. They may appear as ulcers, nodules, fissures, 
tuberculomas or granulomas9,10,14,16. Primary involvement 
is more common in children and it usually presents as a 
single painless ulcer, typically on the gingiva. It may 
extend from the gingival margin to the depths of the 
adjacent vestibule, and is often associated with enlarged 
cervical lymph nodes.

Tuberculosis is an important component of the 
differential diagnosis for oral ulcers. The differential 
diagnosis should include malignancy, traumatic and 
aphthous ulcers, syphilis, sarcoidosis and deep mycotic 
infections10,13,20. Early biopsy and bacteriological tests 
help differentiate between the lesions included in the 
differential diagnosis.

The diagnosis of oral tuberculosis is based on 
histopathologic examination together with a tuberculin 
test. Additional direct microbiologic examination of 
swabs taken  from the ulcer and of sputum, using special 
stains, as well as bacterial cultivation from the involved 
area, are considered important. Another useful tool which 
is being used in recent years for diagnosis of infectious 
diseases including tuberculosis is polymerase chain 
reaction analysis17. In addition to these, chest radiographs 
play an important role in the diagnosis. In our case,  
histopathologic examination of the biopsy specimens from 
the gingival lesion and lymphadenopathy were the most 
important aids in the diagnosis of  tuberculosis 3,9,10,14,16. 

In conclusion, primary tuberculosis of the oral 
cavity is relatively rare and often is not considered in the 
diagnosis of oral lesions. It should always be included in 
the differential diagnosis of oral ulceration, as a delay in 
the diagnosis may cause serious consequences.  
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SUMMARY
This clinical report describes the characteristics and prosthodontic res-

toration of 2 young male patients with anhidrotic ectodermal dysplasia. With 
proper care and prosthodontic treatment, the patients can enjoy a relatively 
normal life. It is important that the patients and their parents fully under-
stood the dental problems related to their physiologic and psychological 
conditions. The need for continued dental treatment is stressed.
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Introduction

Ectodermal dysplasia (ED) is a hereditary disorder 
characterized by abnormal development of certain tissues 
and structures of ectodermal origin. It have been described 
as a group of morphogenesis displaying 2 or more of 
the following signs and symptoms: (1) tricho-dysplasia 
(abnormal hair), (2) dental anomalies, (3) onycho-dystro-
phy (abnormal nails), and (4) dyshidrosis (abnormal or 
missing sweat glands)1. Congenital malformation of teeth, 
hair, nails, or sweat glands may occur either as isolated 
malformations or as part of an ED syndrome. Freire-Maia 
and Pinherio1 classified ED into 11 possible groups, based 
on all possible combinations of 2 or more defects.

The most frequently reported ED syndrome is 
X-linked hypo-hidrotic dysplasia 2, also known as 
Christ-Siemens-Touraine syndrome, which affects 1 to 7 
individuals per 10,000 live births1. Clarke3 suggested that 
the X-link trait is transmitted with the gene being carried 
by the female partner and manifested in the male partner. 
However, an anhidrotic ectodermal syndrome may occur in 
a family without previous history of this disease because of 
gene mutation4. Female carriers of this dysplasia may have 
a variable degree of clinical involvement, ranging from 
non-detectable signs to clinically significant hypodontia, 
hypotrichosis, and unilateral hypoplasia of the breats5.

The most common oral characteristic is hypodontia 
or anodontia in many cases, reflecting the complete 
suppression of dental ectoderm3. Because of the lack of 
teeth and resultant loss of vertical dimension, the lips are 
protuberant, the vermilion border is indistinct, and the 
alveolar process does not develop in the absence of teeth 
and, hence is missing6. Incisors, canines, and premolars, 
when present, often have conical crowns and the oral 
mucosa often appears dry. Histopathologic evaluation 
shows aplasia of the labial, buccal and lower respiratory 
glands2. The pharyngeal and laryngeal mucosa may be 
atrophic, resulting in dysphonia.

Early and extensive dental treatment is needed 
throughout childhood because of the absence of most of 
the deciduous and permanent teeth. A multidisciplinary 
team composed of a paediatric dentist, a prosthodontist, 
an orthodontist, and an oral and maxillofacial surgeon 
has been advocated in some reports and recommended 
to ensure proper treatment of young ED patients7,8. 
The following report describes the characteristics and 
prosthodontic treatment of 2 patients with anhidrotic 
ectodermal dysplasia.

Case Reports

A 14-year-old boy was referred to the Department of 
Prosthodontics (Dicle University, Faculty of Dentistry), 

* Presented at the 10th International Dental Congress of the Turkish 
Dental Association, Antalya, 2003.
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for prosthodontic rehabilitation due the lack of teeth. A 
review of the medical and dental histories revealed that 
the diagnosis of anhidrotic ED was established in the early 
childhood. The patient exhibited typical characteristics of 
the anhidrotic ectodermal dysplasia including protuberant 
lips, saddle nose, fine sparse hair, scant eyelash and 
eyebrow, and pigmentation around the eyes and mouth 
(Fig. 1). His parents did not exhibit evidence of ectodermal 
dysplasia, and none of his relatives were known to have a 
condition similar to this.

Figure 1: Facial appearance of a 14-year-old boy (Case 1)

Figure 2: Profile appearance of a 14-year-old boy (Case 1)

Figure 3: Intraoral view of a 14-year-old boy (Case 1)

An oral examination revealed that the patient had 
a loss of vertical dimension of occlusion with dry oral 
mucosa, protuberant lips, indistinct vermilion border, and 
underdeveloped alveolar ridges, which was small and thin 
(Fig. 2). He had the left and right permanent first molars in 
the maxilla. There were no teeth in the mandible; patient’s 
tongue occupied the space between posterior alveolar 
ridge (Fig. 3).

The second patient was a 9-year-old boy with 
anhidrotic ED. He had the same a review of medical 
and dental histories (Figs. 4 and 5). However, intraoral 
examination revealed an absence of the left and right 
permanent first and second molars in the maxilla. There 
were no teeth in the mandible. Patient’s tongue occupied 
the space between posterior alveolar ridge (Fig. 6).

Figure 4: Facial appearance of a 9-year-old boy (Case 2)
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Prosthodontic Treatment
Maxillary removable partial dentures and mandibular 

complete dentures were fabricated in the conventional 
manner9. A silicone impression material (Lastic Xtra, 
Kettenbach, D-35713, Eschenburg, Germany) was used 
for this young patients with dry mucosa, because silicone 
is highly biocompatible10, clean, and pleasant for the 
patient. It is highly elastic, and the setting time is fast 
and can be controlled. It is hydrophobic and requires an 
extremely dry field. Anterior deciduous plastic teeth were 
used for aesthetic reasons. Anatomic, 33-degree, plastic 
posterior teeth (Major Prodotti Dentari S.p.A, Moncalieri, 
Italy) were used to develop bilateral-balanced occlusion. 
Maxillary and mandibular trial dentures were verified, and 
protrusive record was obtained.

After the approval of the tooth arrangement by 
the patients and their parents, the waxed dentures were 
processed in a heat-polymerized denture base resin 
(Melliodent, Heraeus Kulzer Ltd, Germany). The dentures 
were inserted, and the patients and their parents were 
instructed on the proper maintenance the oral hygiene 
(Figs. 7 and 8). The patients were then scheduled for 

Figure 5: Profile appearance of a 9-year-old boy (Case 2)

Figure 6: Intraoral view of a 9-year-old boy (Case 2)

The patients were examined by a paediatric dentist. 
While right permanent first molar of the second patient 
was restored with Glass ionomer cement (Fig. 7), no 
treatment was required for the first patient.

Figure 7: Appearance of complete and partial dentures (Case 1)

Figure 8: Appearance of complete and partial dentures (Case 2)
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1-week, 2-week, 1-month, 3- month, and 6-month follow-
up appointments; no major complication were observed 
for one and half years.

Discussion

The decision to begin treatment should be made by 
the treating dentist, along with the parents and the patient. 
Because individuals with ED are quite young when they 
are evaluated for treatment, the treating dentist should 
have some knowledge and ability in the behavioural 
management of paediatric patients11. 

Numerous clinical reports have demonstrated the 
importance of prosthetic dental treatment in ED patients 
for physiologic and psychosocial reasons12. Prosthodontic 
treatment of ED can include fixed, removable, or implant-
supported dentures13,14.

Fixed prosthodontic treatment is seldom used 
exclusively in the treatment of ED, primarily because 
many afflicted individuals have a minimal number of 
teeth. In addition, ED patients are often quite young when 
they are first treated, and fixed partial dentures with rigid 
connectors should be avoided in young, actively growing 
patients8. 

Removable prosthodontics is the most frequently 
advised as a treatment modality for the dental management 
of patients with ED15. Because anodontia or hypodontia 
is typical in individuals with this condition, complete 
dentures, partial dentures, or overdentures are often part of 
the treatment provided. When there are teeth present for 
the support, overdentures are a desirable treatment option 
for these patients11,15. 

Previous studies have reported situations in which 
endosteal implants were successfully used in the 
prosthodontic management of ED7,13,16,17. A number 
of studies indicate an improvement in physiologic and 
psychosocial function of adult patients with an implant-
supported denture when compared with their condition 
before that, or with an edentulous control group with 
complete dentures18. 

In this clinical report, the consideration of 
osseointegrated implants was deferred because of the 
age and potential growth of this young patients. Also, 
overdentures were not evaluated because presented teeth 
were molars, available for retention of removable partial 
denture. Common problems of ED patients who used 
removable partial dentures and/or complete dentures 
usually related to loss of dentures retention. In this clinical 
report, removable partial dentures and complete dentures 
provided acceptable results for aesthetics, psychological 
support, function and phonetics. In addition, the patients 
were observed without a major complication for one and 
half years.
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