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I

PREFACE

Primum non nocere
The principle of ‘First do no harm!’, dedicated to Hippocrates, 

is an ethical obligation imposed on physicians. A good physician 
is a person who serves his patient in line with ethical principles 
and carries out his profession with the responsibility of following 
scientific developments. The developments in digital image 
processing in the field of dental radiology bring great improvements 
in diagnostic dentistry applications, and the development of dental 
materials in the field of treatment. 

In this book titled “Dentistry Concepts, Researches and 
Practice”, there are five separate chapters, each of which is written 
by experts in the field, giving valuable information about the 
developments in the diagnosis and treatment concepts of dentistry. 
I hope this book will be useful to the world of science, dentists and 
dental students. I would like to thank all the valuable scientists and 
publishers who contributed to the creation of this book, which I am 
proud to be its editor.

Editor
Assoc. Prof. Dr. Melek TASSOKER, 2022 

Necmettin Erbakan University Faculty of Dentistry 
Department of Dentomaxillofacial Radiology Konya, 

Turkey
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1. Fractal Concept

The shapes in classical Euclidean geometry (line, plane, 
circle, polygon, etc.) are often insufficient to understand 
and model objects with complex structures in nature. The 

famous mathematician Mandelbrot, in his work “The Fractal 
Geometry of Nature”, used the term ‘fractal’ to denote objects 
whose complex geometry cannot be characterized by an integral 
dimension (1). Fractal is based on the Latin word ‘fraktus’ meaning 
‘broken, fractured’. The underlying principle of fractals is that a 
simple process that goes through an infinite number of iterations 
becomes a very complex one (2). The smallest part of a fractal shape 
has properties similar to the whole object. Formally, self-similarity 
is defined as a feature by which a subset is indistinguishable from 
the whole when enlarged to the size of the whole (3). An example 
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of this is the Koch curve model. The Koch Curve (KC) is a non-
differentiable continuous curve, has infinite length and limits a finite 
area.(Figure 1)(4). 

Figure 1: The middle third of the K0 curve is removed and 
replaced with two new pieces of the same length that will form an 
equilateral triangle. The resulting K1 curve, which consists of four 
equal parts, is called the generator of the Koch Curve. In the next 

step, the K2 curve is created by treating each of the four sections in 
the same way. This operation is performed infinitely and the Koch 
curve is seen as the figure obtained in the limit that we will denote 

with K∞. 

2. Fractal Analysis and Fractal Dimension

The conversion of fractal analysis into a quantitative data is expressed 
as the fractal dimension (FD). Fractal dimension of an object; it 
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measures the object’s complexity, space-filling capacity, or spatial 
extent (2). Fractal dimension values are expressed with fractional 
values between 0-3 instead of integers (5). In general, a high fractal 
dimension value indicates that the structure is more complex, and 
a low value indicates that the structure has a simpler internal order 
(6). The fractal dimension is a metric concept, not a topological one. 
With a more descriptive definition; If the Hausdorff dimension (Dh) 
of a cluster exceeds its topological dimension (DT), the cluster is 
considered to have fractal geometry (1). The topological dimension 
corresponds to the number of arguments required to define a cluster 
(7). For example, the topological dimension of a point is 0, While the 
topological dimension of the curves formed by the coming together 
of the points is 1, the topological dimension of the planes formed 
by the coming together of the curves is 2; It is generally accepted 
that the Euclidean space Rn is n-dimensional (8). The Hausdorff-
Besicovitch dimension is determined by calculating the logarithmic 
ratio between the internal similarity(N)(homothety) of an object 
and the reciprocal(r) of this similarity ratio. In general terms, since 
an object with a fractal dimension D can be shrunk at the rate of 

1/= Dr N  and divided into N pieces, the fractal dimension can be 

determined by the equation D=
log( ) . 

log(1/ r) 
N

With this equation, the 

fractal dimension of a simple shape, such as the Sierpinski triangle, 
that is infinitely duplicated, can be calculated (Figure 2) (5).

Figure 2: The midpoints of the equilateral triangle consisting 
of three equal sides of 1 unit are combined and 4 new equilateral 
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triangles with side lengths of ½ units are obtained. Then the middle 
triangle is subtracted. For 3 triangles with a side length of 1/2 unit 

in the figure no.1; D=
log(3)

log(1/ 2)
= 1.58 For 9 triangles with side 

length 1/4 unit in figure no. 2; D=
log(4)

log(1/ 9)
= 1.58. The same result 

is obtained at each step.

3. Fractal Dimension Calculation Methods: 

There are many methods for fractal dimension calculation based 
on different theoretical foundations. Different methods can often 
result in different dimensions for the same feature. Although the 
algorithms applied differ, basically the quantile of the object is 
measured using various step sizes, the measured quantile and step 
dimensions are plotted on a logarithmic scale, and a regression 
line is determined in accordance with the obtained values. The 
slope of the regression line gives the fractal dimension of the 
structure (7). Lopes and Betrouni(7) fractal dimension calculation 
methods in the literature; box counting methods; fractional 
Brownian motion (fBm) methods and area measurement methods 
(Table 1).

Box-counting methods Fractional 
Brownian motion 
(fBm) methods

Area measurement 
methods

Box-counting method (BC)
Differential box-counting 
method (DBCM)
“Extended counting” 
method (XCM)

Variogram method
The power 
spectrum

Isarithm method (IM)
Blanket method (BM)
Triangular prism 
method (TPM)

Table 1:  Fractal dimension computing methods
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4. Application Areas for Fractal Analysis

The complexity of the investigated regions must be determined 
in several scientific disciplines. Fractal analysis, a quantitative 
technique for assessing intricate structures by looking at their 
basic elements; It has become increasingly popular in recent years 
for the analysis of biological images and is employed in many 
other research areas, including finance, architecture, geography, 
and astronomy. The complexity of the investigated regions must 
be determined in several scientific disciplines. Fractal analysis, a 
quantitative technique for assessing complex features by looking at 
their basic elements; It has become increasingly popular in recent 
years for the analysis of biological images and is employed in many 
other research areas, including finance, architecture, geography, and 
astronomy (9-12). Although there are studies in dentistry in which 
fractal analysis was performed using histological sections (13), the 
sounds made by patients with temporomandibular joint disorders 
during mouth opening (14) or dental materials (15), these analysis 
studies were mostly performed on radiological images. Fractal 
analysis studies on dental radiographs cover the evaluation of 
changes in the alveolar bone supporting the teeth in general, such as 
bone density measurement, implant stability and osseointegration, 
and the effects of some diseases on the jaw bones. Studies using 
fractal analysis on dental radiographs evaluate general changes 
in the alveolar bone that supports teeth, including bone density 
measurement, implant stability and osseointegration, and the effects 
of various disorders on the jaw bones.

5. Fractal Analysis in Dental Radiology

5.1.	 Fractal	Analysis	in	Panoramic	Radiographs

Since maxilla, mandible and all dentoalveolar structures are seen 
together in panoramic radiographs; both compact and trabecular 
bone can be evaluated and fractal analysis of multiple regions can 
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be performed by selecting regions of interest (ROI) from different 
regions. Spongy bone is metabolically more active than compact 
bone, therefore it gives more valuable diagnostic results as an 
indicator of metabolic activity. Microarchitecture of trabecular 
bone; It has fractal features such as complexity, self-similarity 
and characteristic length (16). Fractal analysis can be considered 
not only as a reflection of trabecular bone microarchitecture, but 
also as a noninvasive tool to measure changes in mineral content of 
alveolar bone (17). There is a positive correlation between fractal 
size and mineral density of the jaw bones, according to studies in 
which medullary bone trabeculation and changes in cortical bone in 
panoramic radiographs of patients with osteoporosis were evaluated 
by fractal analysis(18–20), though some found no statistically 
significant difference (21, 22).

There are also studies in which fractal analysis is used 
to determine the bone quality of recipient sites before implant 
placement on panoramic radiographs or to evaluate osseointegration 
after implant surgery (23, 24). Zeytinoğlu et al. performed fractal 
dimension analysis by determining three different areas of interest 
(ROI) on the periimplant alveolar bone in the 3rd month, 6th month 
and 12th month panoramic radiographs of patients who will be treated 
with fixed prosthesis on implant. As a result of this study, it was 
determined that the 6th month fractal values decreased significantly 
compared to the initial values, but there was no statistically 
significant difference between the 6th and 12th month fractal 
values(25). The fractal values of the trabecular bone surrounding 
the implant were compared on four panoramic radiographs taken 
from the patient before the implant and one week, one month, and 
two months after implant placement in a study investigating the 
effectiveness of the fractal analysis method in determining implant 
osseointegration. Fractal analysis is a noninvasive method that can 
be used in the evaluation of osseointegration. The conclusion was 
that it might be a method (26). Arsan et al.(27), on the other hand, 
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correlated low fractal dimension values with severe degenerative 
changes in bilateral mandibular condyle heads, as a result of fractal 
analysis analysis performed in patients with temporomandibular 
joint disorders. Creton et al.(28) concluded that there was no 
significant difference in radiographic parameters of mandibular 
trabecular bone structure in patients with and without hypodontia. 
Again, fractal analysis is used to evaluate the bone healing 
process after orthognathic surgery on panoramic radiographs(29), 
such as sickle cell anemia(17), chronic renal failure(30), renal 
osteodystrophy(31), Type 1 and Type 2 Diabetes Mellitus (32). 
There are studies evaluating the changes in the trabeculation of the 
jaw bones of individuals with systemic diseases and syndromes 
such as Osteogenesis Imperfecta (33).

5.2.	 Fractal	Analysis	on	Periapical	Radiographs

Periapical radiographs are an intraoral imaging technique that 
display the hard tissue in the interdental and periradicular regions as 
well as the whole size of the teeth from the crown to the root apex 
(34). Fractal analysis made with periapical radiographs are mostly 
used in the fields of endodontics and periodontology. In the field 
of periodontology; In a study in which fractal size was calculated 
on periapical radiographs of the area from the mandibular posterior 
regions of individuals with healthy gingiva and periodontitis, it 
was shown that fractal analysis was able to distinguish changes in 
the interdental trabecular bone pattern of patients with moderate 
periodontitis (35), while according to another study, gingivitis and 
periodontitis patients can be separated from each other by fractal 
size calculation on periapical radiographs (36). On the other hand, 
Updike et al. (16) compared the trabecular bone pattern of these 
patient groups by calculating fractal size using the box-counting 
method on the periapical radiographs of healthy, moderate and 
severe periodontitis patients. This study found that the differences 
between healthy people and those with periodontal disease may be 
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quantitatively detected using fractal analysis using the box-counting 
method (16).

In studies in the field of endodontics, fractal analysis has 
generally been used as a quantitative method for monitoring the 
healing of the periapical region after root canal treatment. Yu et al. 
(37) on the periapical radiographs of molar teeth with a radiolucent 
lesion larger than 2 mm in the periapical region taken before root 
canal treatment and 6 months after a successful root canal treatment; 
They calculated fractal size in 2 different ROIs of 128x128 pixels, 
with a pixel size of 0.02 mm. In another study, fractal size analysis 
on periapical radiographs was used to differentiate between patients 
with gingivitis and those with periodontitis. Huang et al. (38) 
compared the fractal size values they calculated and determined 8 
different ROIs on the periapical radiographs taken before root canal 
treatment or apical surgery and 1 year after the osteolytic apical 
lesion procedure. They concluded that it can be determined. Amer 
et al. (39) investigated whether there is a correlation between these 
regions by performing fractal, area function and particle count 
analyzes in 6 ROIs (maxillary and mandibular anterior, premolar 
and molar tooth regions) on 600 periapical radiographs. According 
to this study, fractal analysis is a practical method for investigating 
trabecular bone architecture, and particle count and area function 
analyzes support fractal analysis in determining bone microstructure 
and bone mineral density.

5.3.	 Fractal	Analysis	on	Bitewing	Radiographs

By biting the bite wing on the specially prepared film onto the 
patient, bitewing radiographs are taken, and the central beam is 
then directed to move through the interproximal areas. While the 
crowns and some of the roots of the maxillary and mandibular teeth 
in the imaged area with Bitewing projections, caries, restoration 
or calculus in the interproximal area, the condition of the alveolar 
crest, and the pulp chambers of the teeth can be evaluated; these 
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radiographs do not allow for a complete view of the roots and apical 
area (34). Yaşar et al. (40) reported fractal analysis on bitewing 
radiographs to investigate at changes in alveolar bone under 
restoration in individuals with proximal overflow restoration but 
no visible vertical bone loss. When the fractal dimensions of the 
alveolar bone were evaluated in the study between 28 teeth with 
overhang restorations and those without contralateral restorations, 
no statistically significant difference was found. However, it was 
stated that protruding dental restorations seem to cause a decrease 
in trabecular bone density, and this may cause decreases in alveolar 
bone height in the following years. Another study employing 
Bitewing radiographs found that when performing fractal analysis 
on alveolar bone, ROIs of varied sizes and shapes may have an 
impact on the results (41).

5.4.	 Fractal	Analysis	 with	 Cone	 Beam	Computed	 Tomography	
(CBCT)	Images

CBCT is a useful imaging method that produces submillimeter 
resolution images of diagnostic quality, enables volumetric imaging 
of osseous structures in the maxillofacial region, and provides more 
detailed diagnostic information when two-dimensional applications 
such as panoramic or conventional radiographs are insufficient (34). 
CBCT voxels are isotropic and thanks to this feature, measurements 
made in different planes give the same accurate result. In CBCT 
sagittal sections, Gümüşsoy et al. (42) found that erosive degenerative 
bone change in the mandibular condyle. They classified these 
images into three groups: normal, slightly erosive, and extremely 
erosive. They compared these groups after determining ROI on the 
coronal sections of condyles with degenerative bone change (DBC) 
and using the box-counting method, and they emphasized that there 
was a statistically significant difference between the FD values 
of patients with erosive DBC in the condyle and those without. 
Kaymazmaz et al. (43) performed fractal analysis to examine 
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trabecular changes in mandibular condyle heads on CBCT images 
of patients diagnosed with temporomandibular joint osteoarthritis 
(TMJOA) and to compare it with mandibular condyle trabeculation 
of healthy patients. It was emphasized that it can be used as an 
auxiliary method to provide early detection of TMJOA.

When using CBCT images to assess midpalatal suture 
maturity, Kwak et al. (44) looked into whether fractal analysis would 
be a determinant. By comparing fractal dimensions of midpalatal 
sutures, it was concluded that there is a strong relationship between 
fractal size and midpalatal suture maturation stage, therefore fractal 
analysis can be a useful method for the evaluation of midpalatal 
suture maturation (44). In this study, it was also predicted that the 
optimum fractal dimension threshold value could be determined and 
this value could be used as a reference for the non-surgical rapid 
maxillary enlargement procedure.

In a study in which CBCT images of patients with Medication-
Related Osteonecrosis of the Jaw (MRONJ), which is seen as a 
side effect of some antiresorptive and antiangiogenic drugs, and 
who also have clinical osteonecrosis, were compared with CBCT 
images of healthy patients; it has been stated that fractal analysis 
can be used as a method of distinguishing between these two 
groups (45).

Although three-dimensional images are obtained with CBCT, 
many studies in the literature have been carried out on two (2D) 
sections of CBCT. Oliveira et al. (46) used fractal analysis to assess 
lesions of ossifying fibroma and fibrous dysplasia on 2D and 3D 
CBCT images. A significant difference was detected between the 
two lesion groups in all ROIs in panoramic reconstruction and axial 
sections created on 2D images, and fractal analysis results on 3D 
images gave similar results. In conclusion, it has been reported 
that fibrous dysplasia lesions show a more complex structure than 
ossifying fibromas.
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5.5.	 Fractal	Analysis	with	Ultrasound	Images

Ultrasound is a technique that creates real-time images with sound 
waves without using ionizing radiation (34). In this imaging 
technique, ultrasound is generated and sent to the tissues, and the 
sound waves reflected from the tissue are detected and converted 
into electrical signals by the probes. In dentistry, it is generally used 
for soft tissue examinations such as salivary glands, lymph nodes 
and muscles in the head and neck region. There are fractal analysis 
studies on ultrasound images of salivary glands in the literature. 
Badea et al. (47) of a patient with acute pain and swelling in the 
left submandibular salivary gland; performed fractal analysis to 
compare submandibular salivary gland ultrasound images with 
the asymptomatic side. Ultrasound imaging of salivary glands was 
made using ARFI (acoustic radiation force impulse) and real-time 
elastography technique. According to the results of the study, the 
FD value of the left mandibular salivary gland with symptoms 
was calculated higher than the asymptomatic side, and this was 
interpreted as that images with a high FD could indicate the 
presence of pathology. Again, in a study evaluating the pathology in 
the salivary glands with FA; Ultrasound images of benign salivary 
gland tumors such as Warthin and Pleomorphic Adenoma and 
malignant salivary gland tumors were used. As a result of this study, 
it was reported that the FD values of Pleomorphic Adenoma were 
higher than those of Warthin and malignant tumors (48).

5.6.	 Fractal	Analysis	with	Other	Imaging	Methods

In the literature, there are also studies in which fractal analysis 
with lateral cephalometric radiographs, sialography, hand-wrist 
radiographs and micro-CT, which is preferred in in vitro studies, 
are used in the field of dentistry. Otis et al. (49) examined the lateral 
cephalometric radiographs of 22 patients who received orthodontic 
treatment before and after treatment in order to evaluate whether the 
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apical resorption of the teeth is related to the shape and density of 
the surrounding alveolar bone. Tooth full size, root length, root area, 
alveolar area around the root, medullary bone areas were measured 
with an interactive software algorithm, and trabecular space area and 
fractal size were calculated by determining an ROI in the symphysis. 
In this study, while the size of the tooth and root was associated 
with the degree of root resorption, no significant correlation was 
observed between the amount of alveolar bone around the root, 
the thickness of the cortical bone, fractal measurements of the 
symphysis trabeculation, and apical resorption. 

In a study that analyzed ductal patterns in sialograms with fractal 
size calculations, it was reported that the fractal values of parotids 
with Sjögren’s syndrome and normal parotid fractal values were 
significantly different, and it was stated that fractal size could serve 
as a numerical rating of the progression of this disease (50). Akbulut 
et al. (51) investigated the distal, proximal and medial phalanges of 
the middle finger on the hand-wrist radiographs of successful and 
unsuccessful RPE groups to investigate whether fractal analysis on 
hand-wrist radiographs is a helpful method to predict the success 
of rapid palatal expansion (RPE). They compared the values of the 
two groups by calculating the fractal dimension in 4 different ROIs, 
at the epiphysis-diaphysis line of the radius bone.  As a result of 
the finding that patients who underwent unsuccessful RPE treatment 
had higher fractal values, it was hypothesized that fractal analysis 
of hand-wrist radiographs would be useful in determining whether 
RPE will be effective.

In addition, there are different fractal analysis studies in 
the literature, differential studies were performed to evaluate the 
relationship between systemic bone turnover and the microstructure 
of alveolar bone using micro-CT (52), bone density measurement in 
dental implant recipient sites (53), and the effect of porous titanium 
granules and bone graft materials in patients who underwent 
maxillary sinus lift (54). 
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Conclusion

Since fractal analysis is noninvasive, simple to use, and can be used 
to objectively assess the complexity of structures on radiographs, 
its usage in dentistry has considerably expanded in recent years. 
Most of the research investigated in this study used the box-
counting technique for fractal analysis, and statistically significant 
correlations were observed in the regions evaluated by fractal 
parameters in general.
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1. Introduction

With the developments in dentistry and increased health 
awareness of individuals, the incidence of complete 
edentulous has decreased, while partial edentulism 

has increased with the prolonged life expectancy in the elderly 
population.(1,2) It is estimated that approximately 50% of adults in 
the United States will lose one or more teeth, and that the number 
of individuals with partial edentulism will exceed 200 million in 
the next 15 years. (3) Therefore, it can be thought that the need for 
prosthetic treatment planning for partial edentulism will continue to 
increase in the future.

Implant supported prosthetic treatment for partial edentulous 
patients has become widespread today but removable partial 
denture treatment is also applied as a frequent treatment option. 
(3,4) Although dental implant treatment is a good option for partial 
edentulous patients, but financial limitations may cause patients to 
prefer other prosthetic treatments. In cases where implant treatment 
cannot be applied and there are not enough abutment teeth for 
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fixed prosthetic treatment, rehabilitation should be provided with 
removable partial dentures.(4,5) While it is aimed that removable 
partial dentures will restore the functions of missing teeth, it is also 
important to ensure aesthetics and harmony with oral tissues. The 
retention of traditional partial removable dentures is provided by 
clasps that are the continuity of the metal framework. The gray color 
of the metal from which the clasps are produced is not compatible 
with natural teeth and oral tissues. (6) Patients are uncomfortable 
with incompatible appearance of their dentures.  Increasing in 
aesthetic awareness leds to prefer aesthetic thermoplastic resin 
materials such as polyamide materials. Some polyamide materials 
are listed in Table 1.

Table 1. Some Polyamide Materials Which Can Be  
Used For Removable Partial Dentures.

Product Name Manufacturer

Valplast UNIVAL

Lucitone FRS DENTSPLY International

Ultimate Ultimate

Deflex Nuxen

2. Polyamide 

Polyamide consists of aliphatic, cycloaliphatic, and aromatic 
fibers formed by polycondensation of polyamide adipic acid and 
hexamethyldiamine.(7,8) Polyamide is a naturally occurring or 
artificially prepared resin composed of diamine and dibasic acid 
monomers. (6,9) Polyamide is considered as a very good alternative 
to metal framework of removable partial dentures due to its 
durability, resistance to fracture, flow properties, and improved heat 
resistance. (6,10) The material properties of different polyamides 
under the same conditions may also be different each other. (11) 
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Various properties of different brands polyamide materials have 
been searched in various studies. 

2.1.	 Valplast

Valplast is a type of polyamide resin composed of polylaurolactam 
(nylon 12, chemical formula {CO(OH2)11NH}n). (10)  

Its elasticity was excellent to stand under maximum loads. 
It was reported that high thermal contraction could be seen in 
Valplast, therefore control follow-up appointments were required 
for patients with few natural teeth and Valplast could be proper 
for spare dentures. (10,12) Especially, Valplast can be convenient 
to rehabilate deficiency of one-two anterior teeth. The rigidity of 
Valplast  can be strengthen by using a metal framework and it could 
be applied for multiple missing teeth cases. (13)

Valplast is semitransparent and it is in harmony with gums. 
However, discoloration effect of the spice was higher for Valplast 
compared with acrylic resin.(14)

2.2.	 Lucitone	FRS

Lucitone FRS is a type of polyamide and its structure mades from 
a high grade microcrystalline, and Lucitone FRS shows excellent 
stability.(10) The absorbency of Lucitone FRS is higher than acrylic 
resin.(15) The color stability of Lucitone FRS is lower than acrylic 
resin after exposure to dyeing agents. (16)

The bond strength of Lucitone FRS to self-curing resins is not 
strongth and mechanical retentive cavities are required to achieve 
connection with artifical teeth. (10) Therefore, Lucitone FRS 
without a metal framework can be considered for dentures replace 
a few missing teeth.

2.3.	 Ultimate

Ultimate is a novel soft polyamide material with lower flexural 
strength than Valplast and it can be produced as a thin base to 
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improve oral comfort of patients. Moreover, the repair of Lucitone 
FRS can be achieved with Ultimate. (10) The properties of Ultimate 
should be searched in further investigations.

2.4.	 Deflex

Deflex is another polyamide material and it can be molded with 
thermo-injection method to produce removable dentures. The 
toxicity feeature of deflex is comparable with acrylic resin used as 
denture base material. (17) Moreover, deflex was suggested as a base 
material for complete dentures but not appropriate for removable 
partial denture. (18) 

It was reported that deflex showed higher flexibility than 
acrylic resin but  hardness values of deflex were defined lower than 
acrylic resin in a former study. (19) Therefore, the effect of lower 
hardness nature of deflex on clinical success of dentures should be 
investigated. 

3. Polyamide Dentures

Polyamide dentures can be preferred to handle the allergic reaction to 
metal and/or residual monomers of acrylic resin. (20) Additionally, 
patients feel better with polyamide dentures because it has a softer 
surface texture and lower elastic modulus compared with acrylic 
resin.(18) Polyamide dentures can be good alternatives instead of 
the hard plate of acrylic resin dentures for patients with systemic 
disease such as diabetes who have more sensitive oral tissues. (7) 
Further, since polyamide material can stay moist for a longer time 
compared to acrylic resin, they can improve to comfort of patients 
with xerostomia. (21) However, some important components such 
as occlusal rests and rigid framework are not found in polyamide 
dentures and the rigidity of dentures is lower than acrylic dentures. 
(13) Since polyamide is not as hard as acrylic, external factors 
can leave deeper marks on polyamide surface than the surface of 



ESTHETIC REMOVABLE DENTURES PART I: POLYAMIDE DENTURES     25

acrylic resin. (22) Therefore, color changes can occur more easily 
on the surface and carefully cleaning procedure should be applied 
to eliminate microorganisms. (15,23) It was reported that Candida 
albicans and Staphylococcus aureus microorganisms exhibit lower 
affinity to  acrylic resin than to polyamide. (7) Although the surface 
of polyamide can be easily changed with mechanical factors, 
polishing the surface is more difficult than the surface of acrylic 
resin and requires a special polishing procedure.(24) Additionally, 
repair and reline procedures of polyamide material are difficult 
because the bonding capacity of polyamides is poor.(14) Because 
the chemcial etchant and primers can not react with crystalline 
structure of polyamides. (25) The effect of all these pros and cons 
on the prognosis of dentures should be considered when planning a 
polyamide denture.

Although the manufacturers suggest that polyamide dentures 
are suitable for every cases, there are suggested indications and 
contraindications due to the properties of the material in previous 
studies. (5,6,13,20,26) (Table 2 and Table 3).

Table 2. Endications of Polyamide Dentures  
Without A Metal Structure.

Indications  (without a metal structure )

 as an interim denture,

 dentures for patients suffering from metal allergy,

 dentures for replacement of few missing anterior teeth,

  when functional forces do not come to dentures as epitheses for 
patients,

 patients with high esthetic expectations,

 patients who demand denture without  remaining teeth preparation.
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Table 3. Contraindications of Polyamide  
Dentures Without A Metal Structure.

Contraindication  (without a metal structure )
  tooth-tissue-supported dentures, when rigid framework is required to 

protect the support tooth
  when the structural components of the dentures need to be rigid 

against wear and fracture

  when it is thought that repairing or relining of denture may be needed.

  patients with inadequate oral hygiene,

  Kennedy Class I and Class II cases 

Occlusion is another important clinical factor for polyamide 
dentures. Especially, clinical prognoses of polyamide dentures 
in patients have few natural teeth and patients without vertical 
stop occlusion are uncertain. Changes in occlusal contacts and 
movements of the denture can cause the concentration of occlusal 
forces and resin components of polyamide dentures may easily be 
deformed or broken due to the concentration of occlusal forces. 
(20) 

Metal framework can be used to improve strength of polyamide 
dentures which planned for partially edentulous patients. (10,27) 
The aesthetic appearance of polyamide dentures and rigidity of 
metal major connector can be functioned together. Moreover, the 
metallic occlusal rests of this design controls denture movements 
under functional forces. (28) It is primarily recommended to use 
polyamide dentures without metal framework in Kennedy’s class 
III cases, during healing process after oral surgical interventions, 
and in those who are allergic to acrylic resin and/or metal 
framework.(27)

With the increasing demands in aesthetic and natural 
prostheses, interest in polyamide materials is also increasing. 
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However, clinicians’ experiences, manufacturer’s recommendations 
and in vitro studies seem to be the main sources of information about 
polyamide dentures. Because there are not enough clinical studies 
to enable us to understand the success of polyamide prostheses. 
Therefore, polyamide dentures should be carefully planned because 
their long-term clinical success has not been completely proven.
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1. Introduction

Prosthetic treatment planning for partial edentulism is an 
important topic in dentistry field. There are various treatment 
options that clinicians can apply in partial edentulism. Implant 

supported fixed partial dentures or removable partial dentures are 
treatment options for patients with few natural teeth. 

While planning a prosthetic treatment, clinicians concider 
various factors such as  patients’ general health condition, patients’ 
demands, and the prognosis of  remaining natural teeth. Therefore, 
in cases where oral surgical procedures cannot be performed, 
removable partial dentures should be applied instead of implant 
treatments.(1,2) For instance, removable partial dentures can be  
preferred instead of implant supported fixed dentures if patients 
who have severe resorbed alveolar ridges or have defect in the 
maxillofacial region.(3)

However, metal clasp components are used to provide 
retention in traditional removable partial dentures and patients can 
not be satisfied with unnatural gray color of metal clasps. Therefore, 
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recently, with the increase in aesthetic expectations, precision 
attachments have become popular. Since precision attachments can 
hide the metal-colored appearance, aesthetic and natural appearance 
can be obtained for patients with removable partial dentures.

Precision attachments are systems consisting of matrix 
(negative, female part) and patrix (positive, male part) components.
(1)(Figure 1)  Matrix and patrix parts form a good connection with 
each other and they can be seperated if necessary. This connection 
type is more esthetic than clasps of traditional removable partial 
dentures. Further, precision attachments can also be used to solve 
parallelism problems because of different entrance pathways 
between abutments. Precision attachments are useful prosthetic 
connection systems that can be used both as retaining parts in 
removable dentures and as connecting parts in fixed partial dentures.
(4) Moreover, it has been informed that the use of precision 
attachments in removable partial dentures has a positive effect on 
quality of life of partially edentulous patients.(5)

Figure 1. Schematic view of components of precision attachments

2. Classifications of Precision Attachments

Precision attachments are the connection between the matrix 
part on the abutment tooth and patrix part  placed on it and these 
attachments can also be used in implants or maxillofacial obturators.
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(6,7) However, precision attachments are more commonly used to 
connect a fixed denture with a removable partial denture.

When an esthetic removable partial denture with precision 
attachment is planned, clinician has to choose proper attachment 
type from a wide variety of precision attachment types. There are 
various type of attachments and the retention features of attachments 
vary based on their type, design, and wear characteristic (8) vertical 
dimension, force distribution on occlusal surfaces and oral tissues, 
and level of expected retention of denture are important factors 
while deciding type of attachments.(9,10) Abutment teeth with poor 
bone support, low vertical dimension, poor oral hygiene have been 
reported as risk factors that may adversely impact the success of 
precision attachment dentures.(11,12) When precision attachment 
type is not properly selected, fracture of the abutment teeth, poor 
retention of the dentures, and even breakage of the major connector 
may be seen.(13) Therefore, a new prosthetic treatment may be 
required. Actually, precision attachments do not have any advantage 
over each other, but attachment type should be properly selected 
according to the case.

There are different classifications for precision attachments 
according to their fabrication methods , shape ,and designs.  
Precision attachments can be classified as precision attachments and 
semi-precision attachments according to their fabrication method 
and the tolerance degrees of fit between components.(14,15)  
(Figure 2.)
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Figure 2. Schematic view of type of precision attachments based 
on their fabrication and tolerance characteristics.
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There is another classification according to shape, design ,and 
utilization region of precision attachments. (16,17) (Figure 3).

Figure 3. Schematic view of shape of precision attachments  
based on their design and utilization region characteristics.
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2.1.	 Intracoronal	Precision	Attachments

In order to apply intracoronal precision attachment system, the 
male part must be placed inside the removable partial denture and  
the female part must be placed within the crown boundaries of the 
abutment tooth.(15)  Therefore, tooth preparation is needed. Rigid 
connection can be achieved with this attachment type. There are 
some suggested indications and contraindications for intracoronal 
precision attachments.(18,19)

Indications:

 Kennedy Class III and Kennedy Class IV cases.
 Vertical dimensions of abutment teeth are adequate to be 

retentive after preparation.
 In cases where the abutment teeth are not parallel to partial 

dentures.
 In cases with complete dentures or Kennedy Class I 

removable dentures in the opposite dental arch.
 They can be planned in teeth supported removable dentures 

because they do not allow rotation of the denture base.

Contraindications:

 Kennedy Class I and Kennedy Class II cases because of 
different resiliens.

 The mesial part of anterior teeth because of non esthetic 
appearance.

 In cases where the clinical crown length of abutment teeth 
are short and pulp chambers are wide.

2.2.	 Extracoronal	Precision	Attachments

The male and female parts of extracoronal precision attachments 
are located on outside contour of crown and these type attachments 
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can be rigid or resilient.(15) It is recommended to include at least 
two abutment teeth in the planning, as negative torque forces may 
occur on the abutment teeth due to their extracoronal position.
(20) Indications and contraindications for extracoronal precision 
attachments are reported in previous researches. (15,21,22)

Indications:

 In cases which the crown lengths of abutment teeth are 
inadequate.

 Kennedy Class I and Kennedy Class II cases due to their 
stress breaker nature.

 In cases which metal clasps are contraindicated due to high 
esthetic demands. 

 In removable partial dentures with distal extension because 
they can improve stability and retention of dentures.

Contraindications:

 Patients with poor oral hygiene
 Periodontal problems
 Patients with bruxism.

Besides, there is a detailed classification of rigid and resilient 
precision attachments based on their functions (Table 1) and it is 
suggested that rigid attachments can be used for abutment-tooth 
retained dentures, and resilient attachments can be preferred for 
abutment-tooth and tissue retained dentures.(22)
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Table 1. The detailed classifications of rigid and  
resilient precision attachments.

Classification Subgroups
Precision Attachment 

Examples

Solid type 
precision 

attachments

Class 1a:
(there is no movement between 
the tooth and the attachments)

Intracoronal: Score-BR, 
Score-PD, Beyeler,PDC, 

Omega-M, Interlock
Extracoronal: SwissEx, D2.7 
and D3.0, OT strategy, Vario

Class 1b:
(it is similar to class 1a but 
female and male parts are 

connected by a screw or U-pin)

SCORE-UP,Swiss-Bloc,Screw-
Bloc, MK1,SwissLog NG, 

Dalbo, ASC 52, Swiss Mini, 
Ceka

Resilient type 
precision 

attachments

Class  2: Vertical resilient type
(attachments allow movements 

in only vertical plane)
TSE, Vertica

Class 3: Hinge resilient type 
(attachments allow movements 
around only a specific point)

Dalbo minor, Swiss Minor, 
Ancorvis Gilmar,SwissMar, 
May’s Ackermann System, 

SwissAnchor OD,
Class 4: Vertical and Hinge 

resilient type (it allows 
simultaneous movement in the 

vertical plane and the hinge 
axis

DalboS, Ultra-M, Locator 
Direct

Class 5: Rotational and 
vertical resilient type (it can 

allow vertical resilient during 
rotational movement)

SwissAnchor SA, ERA, ASC 52, 
ZAAG, Locator Bar retained, 

Allegro OD, Uni-Anchor

Class 6: Universal, omni-
planar resilient type ( it allows 

movement in multi planes)

ORS, Logic, ORS-DE,O-Ring 
System,Zaag
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2.3.	 Telescopicic	type	attchments

Telescopic type attachments are good at solving entry pathway 
problems. Restorations prepared with telescopic type attachments 
can be applied in various indications, from fixed partial dentures 
to overdentures. (23) Vertical and bucco-lingual distance of dental 
arches should be sufficient. Telescopic type attachments can be 
preferred in the presence of a few abutment teeth and in cases 
where the clinical crown lengths of the abutment teeth are short.
(24) Telescopic type attachments can direct  occlusal forces  to 
alveolar bone along the long axis of  abutment teeth and they can  
keep stable.(25) However, it is recommended that telescopic type 
attachments should be used in patients with good oral hygiene, 
because  the attachments  may exert pressure on interdental papilla.
(26) Telescopic type attachments may provide long-term success 
when they are used for appropriate cases.(11,27)

2.4.	 Bar	type	Attachments	(Joints	of	Units)

Bar type attachments can be in various shapes, including round or 
angular.(28,29) Round-sectioned attachments can be locked with 
clips, while angular-sectioned atachments can provide retention 
with frictional forces.(23) Bar type attachments can be used as a 
component that connects implants, teeth and/or roots.(11,28,29) 
Therefore, bar type attachments can equally distribute occlusal forces 
and they can also be used to increase retention of complete dentures. 
They can also be used on teeth with poor periodontal health, as they 
have a splinting effect.(22) However, bar type attachments are not 
suggested for use in patients with inadequate distance between 
dental arches and in patients with poor oral hygiene.(30)

3. Conclusion

Removable partial dentures with precision attachments are good 
treatment options to meet aesthetic expectations of patients, especially 
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when fixed dentures cannot be planned. Further, lateral forces due 
to clasps of traditional removable partial dentures are prevented by 
precision attachments.  However, clinicians should have sufficient 
knowledge and experience about precision attachment types and 
they should evaluate all risks of treatment by performing a detailed 
clinical examination at the beginning of prosthetic treatment. 
Precision attachment type to be chosen without proper planning 
may jeopardize patient’s remaining support tissues, natural teeth, 
and the success of denture. Therefore, if removable partial dentures 
with precision attachments are prepared after correct planning, they 
will be successful and will improve  patients’ oral quality of life.
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1. Introductıon

Gingival and periodontal diseases in children are rarely 
encountered. However, the prevalence and severity of 
periodontal diseases increase from childhood to adulthood. 

There seems to be a relationship between the age-dependent 
development of periodontal diseases and the characteristics of oral 
tissues.1

1.1.	 Differences	between	periodontal	structures	in	children	and	
adults;

Keratinization of the gingiva in children is less. For this reason, the 
presence of the underlying vascularized tissue causes a color change 
that can be confused with inflammation. During the transition from 
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the primary dentition to the permanent dentition, significant changes 
occur in the periodontal structures. Most changes are associated 
with the eruption and this is physiological.2 During the period 
when the teeth are erupting, the redness of the gums is local and 
sometimes permanent. The interdental gingiva spreads over a wider 
area in the fascio-lingual direction. The gingival margin is thick and 
roll-shaped, with a softer consistency. In addition, stipling appears 
on the gums around the age of 3 years. Stipling is seen in 56% of 
children aged 3-10 years.3,4 

Alveolar bone spaces are less calcified, wider, lymphatic 
drainage and blood supply are more. There is also a thinner lamina 
dura in the alveolar bone and less trabeculation. The interdental 
septum runs straight, 1-2 mm apical to the cementum-enamel 
boundary. In children, the periodontal membrane is thicker and the 
fiber bundle density is less. In addition, the periodontal membrane 
is rich in blood vessels and contains water. Cemented tissue, on 
the other hand, may be less calcified and hyperplasic. Due to these 
differences, the development of periodontal disease increases during 
the primary dentition.2,3,4

Hormonal changes in children can also cause changes in 
periodontal structures. Estrogen and progesterone levels increase 
with the pubertal development of the child in the permanent 
dentition period. However, dilatation is observed in the capillary 
blood vessels in the gums. With the increase in dilatation, edema, 
hyperplasia and gingival bleeding can be seen in the gums. With 
the increase in vascular permeability, leukocyte migration to the 
inflamed tissue may occur, resulting in granulation tissue formation 
and endothelial destruction.5 Since the junctional epithelium in the 
attached gingiva is thicker in the primary dentition compared to 
the permanent dentition, its permeability is lower. As a result, the 
possibility of infiltration of bacterial toxins into the gingival tissues 
and initiation of inflammation in the primary dentition period 
decreases.2



PERIODONTAL DISEASES IN CHILDREN     45

1.2.	 Etiology	of	periodontal	diseases	in	children

The main etiological factor of periodontal diseases is microbial 
plaque, which can cause destruction of gingival tissues and 
periodontal attachment.6 The normal ecology of the mouth 
contains a large number of bacteria. Many of these are virulence. 
Microorganisms that play a role in the pathogenesis of gingivitis 
are any important non-specific substances that accumulate in 
certain areas. The amount of bacteria and bacterial products is 
the most important factor in gingivitis.7 Periodontal inflammation, 
on the other hand, develops with an increase in the number of 
gram-negative bacteria and anaerobes in the subgingival plaque.8 

Microorganisms that are frequently associated with periodontal 
diseases; Aggregatibacter (Actinobacillus), Tanerella forsythensis, 
Porphyromonas gingivalis and Treponema denticola.9

Local factors such as flooded fillings or fractured-edged 
restorations, significant caries lesions, dental malpositions, 
malocclusions, orthodontic appliances, proximal and palatogingival 
grooves may also cause microbial plaque accumulation and thus 
periodontal disease development.10 For all these reasons, oral 
hygiene should be provided in children immediately after teeth 
eruption and regular brushing habits should be introduced.11

Gingival inflammation may occur in children with mouth 
breathing or inadequate lip closure. Mouth breathing causes drying 
of the gums in the anterior regions. These lead to vascular contraction 
and decrease in host resistance.12 Apart from these, traumatic, 
developmental, genetic, neoplastic and metabolic factors, some 
drugs (nifedipine, cyclosporine A, phenytoin, dilantin) and some 
systemic diseases (diabetes mellitus, leukemia, agranulocytosis) 
can cause gingival and periodontal diseases.7,13

Periodontal diseases that occur in adulthood can be seen as 
a continuation of milder gingival diseases in childhood. The most 
common gingival diseases in childhood are plaque-related gingivitis 
and gingivitis associated with puberty.14 Many forms of periodontal 
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disease can occur in children and adolescents. Diseases such as 
plaque-induced gingivitis, non-plaque gingival diseases (herpetic 
gingivostomatitis, candida), chronic periodontitis, aggressive 
periodontitis, necrotizing periodontal diseases, periodontitis 
associated with endodontic lesions, periodontal abscess, 
developmental and acquired deformities and conditions constitute 
the forms of periodontal disease.15 

1.3.	 Pubertal	gingivitis

With the onset of the pubertal period, changes in gonadotropic 
hormone levels and normal and abnormal fluctuations in hormone 
levels can change the gingival inflammation response resulting 
from microbial plaque. During this period, significant inflammation, 
bluish-red discoloration, hyperplasia and edema in the gingiva 
can generally be local factors that will cause a mild gingival 
response.16 The most common manifestation of pubertal gingivitis 
is inflammatory gingival enlargement with interproximal gingival 
hemorrhage, which usually resolves in adulthood.17 

While the primary etiological factors are microbial plaque and 
calculus in pubertal gingivitis, hormonal changes are secondary or 
modifying factors.16 It is known that hormonal changes that occur 
during puberty increase the risk of periodontitis.18 Therefore, it is 
very important to eliminate primary and secondary factors in the 
treatment of pubertal gingivitis.19

1.4.	 Eruption	gingivitis

It is a term used to describe very intense inflammatory reactions 
around erupted teeth and in the gums during eruption of permanent 
teeth. The gingiva around the erupted tooth may appear reddish in 
color. This is because the keratinization of the gingival margin and 
the development of the sulcus have not yet been completed. The 
causative agent of eruptive gingivitis is the exfoliation of primary 
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teeth and eruption of permanent teeth, causing inflammatory 
reactions as tooth brushing is difficult or undesirable, causing 
excessive plaque accumulation.7 

1.5.	 Plaque-induced	gingivitis

Plaque-induced gingivitis is the most common type of periodontal 
disease in childhood, and microbial plaque is its primary cause.20 

Plaque-induced gingivitis affects 70% of children older than 7 years 
of age.19 Reversible gingival inflammation occurs in the gingival 
margin as a result of plaque accumulation. Inflammation is mostly 
confined to the marginal gingiva and does not usually develop into 
periodontitis. Because there are differences in the host response 
during inflammation.21 In children, the number of B lymphocytes and 
plasma cells is less than the number of T lymphocytes. At the same 
time, plasma cells that increase in advanced periodontal diseases 
are relatively less. All these are seen as the reason why gingivitis is 
painless and does not involve deep periodontal tissues.2,4,7 However, 
sometimes bone and connective tissue attachment losses occur and 
gingivitis can turn into periodontitis in later ages.19 The main types 
of bacteria that cause the inflammatory response in the gingiva 
and are also included in the plaque; Actinomyces, Streptococcus, 
Prevotella, Eubacterium, Capnocytophaga and Fusobacterium.22

The clinical manifestations of plaque-induced gingivitis 
are gingival hyperplasia, edema and bleeding.23 The treatment of 
plaque-incuded gingivitis is to provide oral hygiene and plaque 
control. Acquiring the habit of brushing the teeth can be done by 
ensuring the interface cleaning. In cases where gingivitis is very 
severe, professional scaling should be done to remove plaque and 
calculus under the gums.7

1.6.	 Non-plaque	gingivitis

Although the incidence of non-plaque gingivitis is less than that of 
plaque-induced gingivitis, it is often of great importance for patients. 
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Non-plaque gingival inflammations are often manifestations 
of systemic disorders or conditions. However, it can also show 
pathological conditions limited to gingival tissues. In the etiology 
of inflammation, there are genetic/developmental disorders, some 
specific infections of viral, bacterial or candidal origin, neoplasms, 
vitamin deficiencies, traumatic lesions and immune conditions/
lesions.15

1.7.	 Primary	herpetic	gingivostomatitis

Primary herpetic gingivostomatitis is an acute and contagious 
disease caused by the herpes simplex virus Type 1 (HSV-1). It is 
usually seen in infants and children younger than 6 years of age, but 
can also be seen in adolescents and adults. The primary infection of 
the disease is frequently asymptomatic.24 Clinically, the oral mucosa 
and gingiva appear with varying degrees of edema, bleeding and 
diffuse, erythematous bright involvement. At the initial stage, gray 
vesicles of different sizes are seen on the gingiva, tongue, pharynx, 
sublingual mucosa, soft palate, cheek and lip. These vesicles rupture 
after approximately 1 day. These turn into painful small ulcers. 
The edges of these ulcers are red, the middle part is in the form 
of a yellowish halo or gray-white areas. These symptoms can be 
seen as separate large areas or as merged clusters. Acute herpetic 
gingivostomatitis, on the other hand, occurs after primary infection. 
Oral infection is also seen with systemic symptoms. Acute herpetic 
gingivostomatitis continues for 1 week-10 days and heals without 
scarring.25 The treatment is to relieve the patient by eliminating 
the symptoms and to prevent secondary infections or systemic 
disorders that may occur. Bed rest, soft diet and adequate hydration 
and paracetamol suspension are recommended to the patient. 
With the use of chlorhexidine, secondary infection of ulcers is 
prevented. As systemic treatment, antivirals (acyclovir), analgesics 
(acetaminophen) and topical anesthetics are given.26
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1.8.	 Acute	necrotizing	gingivitis	(ANUG)	

It is a disease characterized by painful and hemorrhagic oral papillary 
ulceration and pseudomembranous necrotic exudate formation 
along the gingival margin.27 In addition, its clinical features are 
usually accompanied by halitosis.24 It is more common in children 
in underdeveloped countries with malnutrition problems. It is an 
important cause of morbidity in children whose immune system is 
suppressed and malnourished.27 

Microorganisms such as Treponema, Fusobacterium, 
Selenomonas species and Prevotella intermedia are frequently 
encountered in necrotizing gingivitis. Its treatment is rinsing the 
mouth with 0.1% chlorhexidine or 0.5% hydrogen peroxide (H2O2) 
in children. In addition, professional plaque removal is required. 
Antibiotics are given in cases where the patient does not respond to 
the cleaning of infected tissues after surgery, where there is a risk of 
spreading the infection or when it threatens general health.7

1.9.	 Chronic	periodontitis

The occurrence of periodontitis is extremely rare in children and 
adolescence and increases with age.28 Periodontitis; It turns into 
a thin and ulcerated pocket epithelium with the apical migration 
of the junctional epithelium, which is close to the border in the 
cervical region of the tooth. In addition, it is a periodontal disease 
with loss of periodontal attachment and loss of alveolar bone. From 
time to time, devastating and rapid attacks can be seen in chronic 
periodontitis. It is also a form of periodontitis with a low to medium 
progression rate.13 

The classification of chronic periodontitis can be made 
according to its prevalence and severity. According to the affected 
area, the disease is called localized and generalized. If the affected 
area is less than or equal to 30%, it is defined as ‘localized’, and if 
it is more than this rate, it is defined as ‘generalized’. In addition, 
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classification is made according to clinical attachment loss. 
Attachment loss is classified as ‘mild’ if it is 1-2 mm, ‘moderate’ if 
3-4 mm, and ‘severe’ if it is equal to or greater than 5 mm.29

Loss of periodontal support in young children is usually seen as 
single lesions in primary molars. Pocket depth is limited in affected 
primary teeth. It is characterized by accidental loss of attachment 
in the teeth in this region, mostly associated with various types of 
local traumas or due to various factors related to the development 
of dentition. This type of disorder may also show a period that has 
previously had an inflammatory process but has recovered. But 
more importantly, it can also indicate an initial stage of progressive 
periodontal disease.7

Aggressive Periodontitis is also known as juvenile 
periodontitis. It is thought to be common in pubertal children and 
adolescents. There is rapid loss of alveolar bone and connective tissue 
attachment with familial aggregation. Aggressive periodontitis is 
caused by abnormalities in host defense mechanisms together with 
pathogenic microflora.3 Aggregatibacter actinomycetemcomitans, 
Porphyromonas gingivalis are frequently seen in the microbial 
biofilm of aggressive periodontitis, as in chronic periodontitis.30

Generalized aggressive periodontitis; It is characterized by a 
generalized loss of interproximal attachment affecting at least three 
more permanent teeth other than the incisors-permanent first molar, 
usually seen in those younger than the middle age group (30 ≤), and 
a weak serum antibody response to the infecting agent. If localized 
aggressive periodontitis; It is characterized by onset in adolescence, 
loss of interproximal attachment in at least two of the incisors, 
the permanent first molar and at most two of the other teeth, and 
the ability to form strong serum antibodies, particularly against 
Aggregatibacter actinomycetemcomitans.13

The success of the treatment of localized aggressive 
periodontitis depends on early diagnosis, direct elimination of 
pathogenic microorganisms and providing a healthy environment 
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free from infection. Surgical/non-surgical root debridement with 
the use of antibiotics is the most appropriate treatment. The most 
successful antibiotic reported is tetracycline and can sometimes be 
prescribed in combination with metronidazole.31 While the use of 
antibiotics together with surgical or non-surgical root debridement is 
very effective in the treatment of localized aggressive periodontitis, 
it has been reported that generalized patients do not respond very 
well to this treatment or antibiotics. Alternative antibiotics should 
be selected according to the pathogenic flora in patients with 
generalized aggressive periodontitis that do not respond to standard 
periodontal therapy.12

Children and adolescents are exposed to various periodontal 
diseases. Therefore, during routine dental examination, evaluation 
should be made in terms of periodontal conditions and diseases. 
During this examination, the signs of growth and development on 
periodontal tissues in children and adolescents should be well known 
and the mechanism and causes of the types of periodontal diseases 
that may occur according to age groups should be understood. 
Even if periodontal problems are not common in children, it 
should not be forgotten that every gingivitis has a tendency to turn 
into periodontitis in the future. For this reason, early diagnosis is 
important and necessary for successful treatment.
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Introduction

FMF, also known as Familial Mediterranean Fever, is an 
autosomal recessive inherited condition and is the most 
common autoinflammatory disease in the world. Common 

symptoms are fever, pleuritis, arthritis, peritonitis, and the most 
serious complication is amyloidosis (1). It has been determined that 
serum Amyloid A and C Reactive Protein (CRP) levels increase 
during the attack periods of the disease. This caused the studies to 
focus on proinflammatory cytokines, and it was determined that 
proinflammatory cytokines were high during attacks or between 
attacks. It is stated that periodontal diseases that manifest with acute 
phase markers such as high proinflammatory cytokines, CRP and 
fibrinogen in the body have a higher prevalence in FMF patients (2). 
In recent years, many studies investigating the relationship between 
FMF and periodontal diseases have been published (3-6). In some 
of these studies, it is stated that FMF and periodontal diseases may 
have similar genetic backgrounds (7-9). The aim of this paper is to 
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present the dental approach in FMF patients in the light of current 
literature.

1. Epidemiology and pathogenesis

FMF is most common in Middle Eastern Arab peoples, Sephardic 
and Iraqi Jews, Armenians, Turks, and North African people. It is 
also found in countries such as Poland, Greece, Italy, Belgium, 
Cuba and Australia (10). The frequency of the disease in Turkey is 
approximately 1/1000 and the carrier rate is 1:5 (4). It is reported 
that 24% of FMF patients are in Central Anatolia, 70% are in 
Eastern Anatolia and Black Sea, and a small portion is in the Aegean 
Region (1). 

Regarding FMF, it is stated that the M694V mutation is most 
common in Turkish population (11). Studies report that the M694V 
mutation is a severe form of FMF, and patients with homozygous 
mutations with M694V are at increased risk of developing 
amyloidosis (1). FMF patients with homozygous M694V mutations 
appear to show more severe symptoms than patients with 
heterozygous mutations.

The pathogenesis of FMF resulted from the emergence 
of the MEFV (MEditerranean FeVer) gene encoding the pyrin 
protein (12). This gene, called MEFV, has 3505 nucleotides and 
consists of 10 exons. Mutations in FMF patients usually affect the 
B30.2 region. Any mutation in the MEFV gene prevents the anti-
inflammatory function of the pyrin protein, so disease symptoms 
occur. Pathogenic variants according to studies M694V, M694I, 
M680I, V726A, R761H, A744S, I692del, E167D, T267I; variants 
of uncertain significance I591T, F479L, E148Q, K695R, P369S; 
normal ones are R408Q, R202Q mutations (13).

2. Clinical features

In most patients, symptoms begin before the age of 10 (14). FMF 
is characterized by various types of attacks accompanied by fever. 



DENTAL CONSIDERATIONS ABOUT FAMILIAL MEDITERRANEAN . . .     57

Between attacks, the patient is completely healthy and does not show 
any other symptoms. The duration of attacks is variable, usually 2-4 
days (15). Patients can continue their lives for a long time without 
experiencing an attack, and sometimes the intervals between attacks 
are very short. In 90% of patients, attacks begin before the age of 
20. The leading factors are stress, climatic conditions and individual 
intolerances. Common manifestations of FMF are: recurrent fever, 
abdominal pain, arthritis/arthralgia, pleuritis, pericarditis, and 
amyloidosis (13).

3. Diagnosis

When making a diagnosis, help is taken from genetic tests. Patients 
with MEFV gene mutations are accepted if they meet other diagnostic 
criteria, but as can be seen from the examples, genetic testing is not 
a clear diagnostic or refusing criterion. Taking into account the low 
prevalence of mutations that have not yet been identified, genetic 
testing is only a good help for common mutations. Colchicine 
treatment is started for 3-6 months in patients who cannot be sure 
of having FMF, and the diagnosis is made by looking at the course 
of the attacks. Tel-Hashomer criteria are the leading criteria used 
for diagnosis in the clinic (15). Accordingly, Major Criteria: (1) 
Recurrent febrile attacks with peritonitis, synovitis or pleuritis, (2) 
AA type amyloidosis, (3) Colchicine response, Minor criteria: (1) 
Recurrent fever attacks, (2) Erysipelas-like erythema, (3) A history 
of FMF in first-degree relatives. Definitive diagnosis: 2 major or 1 
major + 2 minor criteria, Suspicious diagnosis: 1 major +1 minor 
criteria (16).

4. Treatment

Colchicine has been used in the treatment of FMF attacks since 
1972. Colchicine prevents attacks as well as the development of 
amyloidosis, which is an important complication. In the study 



58     DENTISTRY CONCEPTS, RESEARCHES AND PRACTICE

conducted in Israel (17), in cases followed for 11 years; while only 
2% of the patients using colchicine developed amyloidosis, it was 
observed that 49% of the patients who used colchicine irregularly 
or did not use it at all, developed amyloidosis in cases followed 
for 9 years. The recommended dose of colchicine is 1–1.5 mg per 
day, regardless of the severity of the disease, age and weight of 
the patient. If high doses are required, it is appropriate to give it 
in divided doses. Generally, if the 2 mg daily dose is not effective, 
it is thought that higher doses will be ineffective. In this case, 
the presence of colchicine resistance can be mentioned. While 
significant improvement is observed in 95% of patients with 
colchicine treatment, complete remission is achieved in 75% of 
the patients. Failure to take colchicine or taking less than the dose 
deemed appropriate for the patient may cause the onset of attacks. 
Steroids are ineffective in FMF attacks, but steroids should be added 
to the treatment in vasculitides that occur secondary to the disease. 
Immunosuppressant drugs such as cyclophosphamide should be 
started in cases that develop PAN (Polyarteisis nodosa).

5. Dental considerations

Recurrent oral aphthous ulcers, caries, and periodontitis can be seen 
as mouth findings in FMF (6). Extraoral findings are associated with 
temporomandibular joint (TMJ) involvement. Although rare, TMJ 
arthritis due to FMF can be seen (14). An important determinant of 
prognosis in FMF is the presence of amyloidosis. It develops in a 
minority of patients with FMF. It gradually accumulates in various 
tissues and organs, especially in the kidney. The diagnosis is made 
by demonstrating amyloid deposition by biopsy in the involved 
organ. Since chronic kidney disease poses a risk to oral health, it is 
known that oral health is inadequate in individuals with FMF who 
develop amyloidosis (3,5).
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5.1.	 Periodontal	disease

When the studies carried out to date in the literature are examined, 
it is seen that the relationship between FMF and periodontal disease 
is focused on (3-9). In terms of genetic and gender predisposition, 
periodontitis and FMF have been shown to have many similar 
potential pathogenic mechanisms. Both diseases have common risk 
factors such as smoking, age, social status, education and stress (9). 
In the study conducted by Fentoğlu et al. (8), on 122 FMF patients 
and 128 healthy controls, clinical periodontal parameters such as 
pocket depth on probing, plaque index, gingival index, bleeding 
on probing and clinical attachment loss were examined and it was 
shown that these values were lower in the M694V mutation. Sezer 
et al. (9) reported that there is a 3.51-fold higher risk of periodontitis 
in individuals with FMF with M694V gene mutation compared to 
other FMF patients, and they concluded that the risk of periodontitis 
is increased in FMF patients with M694V gene mutation. 
Fentoglu et al. (7) reported that rs2295368 and rs1380916375 
polymorphisms are common in the PLG gene in the pathogenesis 
of FMF, amyloidosis and periodontitis, and that these diseases have 
a common pathogenesis. In another study (3), moderate to severe 
periodontitis was seen in FMF patients who developed amyloidosis, 
while milder periodontitis was seen in FMF patients who did not 
develop amyloidosis.

Colchicine is an alkaloid commonly used in the treatment of 
gout, FMF and other arthritis today. It is given in daily doses of 1-2 
mg to keep inflammation and FMF attacks under control. Acute 
phase reactants rise during acute FMF attacks and return to normal 
during clinical remissions. It has been suggested that regular use of 
colchicine with its anti-inflammatory effect can prevent periodontal 
attachment loss (4). The need for additional treatment and the gingival 
index value of the patients who regularly use the drug were found to 
be significantly lower than the patients who did not use the drug. 
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Colchicine treatment is thought to be protective against periodontal 
damage, but the protective mechanism on periodontitis is not fully 
known. This protection is thought to be related to the regulatory 
effect of colchicine on osteoblast and osteoclast activity (13).

5.2.	 Tooth	caries

In a study examining pediatric patients with FMF (13), the prevalence 
of dental caries in patients who had and did not have an attack in the 
last 6 months was examined. The percentage of patients who had any 
dental caries in the last 6 months was found to be significantly higher 
than the rate of any tooth decay in the patients who did not have an 
attack in the last 6 months. The presence of M694V homozygous 
gene mutation was found to have a significantly higher percentage 
of primary tooth caries and susceptibility to any dental caries than 
its absence, and they reported that dental caries and periodontal 
diseases were seen with a high frequency in individuals with FMF.

5.3.	 Oral	aphthous	ulcer

It is known that aphthous ulcers are frequently seen in autoimmune 
diseases (6). In a study (18) in which 586 patients diagnosed 
with FMF were examined, diseases accompanying FMF were 
investigated, and it was reported that Behçet’s disease, which is 
accompanied by oral and genital aphthae, is among the diseases 
accompanying FMF.

Dysregulation of cellular immunity is accused in the etiology 
of recurrent aphthous ulcers, and colchicine has been reported 
to be effective in the treatment of aphthous ulcers by binding to 
microtubular proteins (6).

5.4.	 Other	considerations	(Tongue,	lip,	oro-dental	anomalies	and	
TMJ	arthritis)

The tongue is a localized site of intraoral amyloid deposition (19). 
Similarly, the lip may become prominent in FMF patients as a result 
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of chronic inflammation. In individuals with FMF, the ramus height 
is lower and the mandible is smaller (20). Bone mineral density 
decreases as a result of chronic inflammation and developmental 
defects (deep bite, mandibular prognathia, maxillary hypoplasia) 
can be observed (21). Decreased mineral density in the bone and 
vitamin D deficiencies, which are common in individuals with FMF, 
are shown as the cause of enamel defects (22-24).

Although TMJ involvement is rare in FMF, it significantly 
reduces the quality of life and may be misdiagnosed due to similar 
symptoms with some diseases. FMF that causes TMJ arthritis is 
usually short-lived. However, it can persist for months, causing bone 
damage such as chronic pain, trismus, and juxta-articular osteoporosis. 
In the literature, methods such as anesthetic spray, physiotherapy, IM 
local anesthesia injection, arthrocentesis, therapeutic exercises, IM 
and intra-articular dexamethasone injection, arthroscopy have been 
reported in the treatment of cases with FMF-related TMJ arthritis. In 
all reported cases, patients have reduced symptoms, but there is no 
definitive treatment consensus (14).

Conclusion

Oral hygiene motivation should be given to these patients and routine 
follow-up should be performed by dentists, especially considering 
the predisposition to periodontitis, dental caries and oral aphthous 
ulcer in FMF patients.
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