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SUMMARY
Resin-modified glass-ionomer cements (RMGICs) in combination 

with resin-based cements (RBCs) constitute luting systems widely used in 
dentistry. Because the cement interfaces of restorations are in the intimate 
contact with oral tissues, it is critical to define the biocompatibility of 
these cements. At this article disadvantages of conventional glass-ionomer 
cements (GICs) that led to the development of RMGICs are presented. 
RMGICs are hybrid materials combining conventional glass-ionomer and 
methacrylate resin. Data presented in this study show that RMGICs and 
RBCs are cytotoxic to different cell types, i.e. to pulp cells, osteoblasts, 
human gingival fibroblasts and ceratinocytes, by inhibiting cell growth or 
causing cell death. This article highlights these RMGICs and RBCs and 
presents a concise and updated review of their biological profile. 
Keywords: Resin-modified Glass-ionomer cements; Resin-based cements; 
 Biocompatibility; Cytotoxicity

T. Bozini, A. Theocharidou, P. Koidis
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Introduction

Most of dental materials have to contact with body 
tissue and fluids, so materials’ selection must take into 
consideration not only mechanical and physical properties 
but also biological compatibility1. The need for evaluating 
issues related to cytotoxicity and biocompatibility of a 
specific material is as important as the assessment of its 
physical or mechanical properties2,3. Many systems and 
protocols are used for the determination of this complex 
biological behaviour: in vivo systems, like usage tests in 
animals, and in vitro studies, especially with cell cultures4.

A particular category of luting materials is glass-
ionomer cements (GICs), which were first introduced in 
the early 70s by Wilson and Kent5. Since their introduction, 
glass-ionomers have increasingly been used for restoration, 
cementation, cavity lining, bases and core build-up6. 
Also, major changes have occurred in their chemical 
composition. Conventional GICs were characterized 
by an acid-based reaction between polycarboxilic acids 
and aluminosilicate glass particles that formed a set 
matrix. They presented favourable characteristics, such 
as their ability to chemically adhere to dental tissues and 
to release fluoride ions5. For these cements the highest 
leakage of fluoride occurred during the first week, with 

the most rapid release during the first 24h. During the 
second week, the fluoride release was substantially lower 
and there after gradually and slowly levelled of during a 
12-week period7. The leaching of fluoride ions has been 
reported as an advantage of conventional GICs, supporting 
remineralization of adjacent enamel and prevention of 
secondary caries8. However, their clinical significance 
and indications are limited, because, in addition to the 
“temporary” and insufficient fluoride release, they exhibit 
poor mechanical and aesthetic properties9.

Resin-reinforced glass-ionomer and resin-based 
cements have been developed to extend the clinical 
applications of glass-ionomer cements. The aim of this 
study is to present in brief the current status of resin-
modified glass-ionomer and resin-based cements and 
review their biological profile. 

Resin-modified Glass-ionomer Cements
In an attempt to overcome the disadvantages of 

conventional GICs, a further evolution combined light-
cured composite resin and GIC technology. The term 
“resin-modified glass-ionomer cement” (RMGIC) 
defines a material with the main characteristics of the 
GICs, but modified by the presence of resin molecules, 
usually 2-hydroxyethyl methacrylate (HEMA)10. HEMA 
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is a monovinyl monomer commonly used in adhesive 
chemistry as a hydrophilic primer and as a component of 
some adhesive resins11. Clinically, the hybrid ionomers 
present optimal behaviour immediately after placement, 
while the conventional GICs improve their properties with 
time10,12,13.

So far, there are 3 major types of RMGICs on the 
market (Tab. 1). One is made of fluoroaluminosilicate 
glass powder and an aqueous solution of a copolymer 
of acrylic and maleic acid, HEMA, water and initiators. 

Another is composed of sodium lanthanum calcium 
aluminum fluorosilicate glass, combined with a 
copolymer of acrylic and maleic acid in dry form and a 
solution of polymerizable monomers and oligomers, 
HEMA, water and initiators14. The third is composed of 
a calcium fluoroaluminosilicate glass powder and an 
aqueous solution of a copolymer of acrylic and itaconic 
acid with pendant methacrylate groups, HEMA, water and 
initiators15. Different commercial RMGICs may vary in 
compositions (Tab. 2).

Table 1. Different compositions of RMGICs

POWDER SOLUTION

1. Fluoroaluminosilicate glass powder Copolymer of acrylic + maleic acid
HEMA
Water
Initiators

2. Sodium lanthanum calcium aluminum 
fluorosilicate glass 
+
Copolymer of acrylic+maleic acid

Polymerizable monomers + oligomers
HEMA
Water
Initiators

3. Calcium Fluoroaluminosilicate glass 
powder

Copolymer of acrylic + itaconic acid
HEMA
Water 
Initiators

Table 2. Dual-setting reaction of RMGICs

ACID
BASE
REACTION

Calcium aluminosilicate glass (base)
+                                                               →
Poly(acrylic) acid  

Calcium
+
aluminium polysalt hydrogel

POLYMERIZATION 
REACTION

HEMA
+                                                               →
Photochemical                                     
initiator/activator

polyHEMA matrix

The RMGICs are mixed in the same way as 
conventional materials. The reaction is dual-setting: 1) 
the normal GIC acid-base reaction and 2) a free radical or 
photochemical polymerization process similar to that used 
in composite resins.

Acid-base reaction: calcium aluminosilicate glass 
(base) + poly(acrylic acid)   →  calcium and aluminium 
polysalt hydrogel.

Polymerization reaction: HEMA + photochemical 
initiator/activator   →   polyHEMA matrix16.

The RMGICs have improved setting characteristics. 
There is a longer working time because the resin slows 
down the acid-base reaction. It is also easier to apply since 
the consistency remains constant until light-cured and 

exact positioning of the base may be undertaken without 
haste17.

RMGICs adhere to dentine in the same way as 
conventional GICs18. They also have the advantage 
of directly bonding to composite resins, making them 
useful in the GIC/composite resin laminate restorations16. 
In addition, inclusion of the resin component into the 
conventional glass-ionomers allows rapid development 
of strength and more resistance to early moisture 
contamination. The set cement has improved diametral 
tensile strength, compressive strength and elastic modulus 
when compared with its conventional counterparts16,19-22. 

Several laboratory and clinical studies have clearly 
demonstrated the ability of the resin-modified glass-
ionomers to release fluoride7,23,24. The fluoride release 
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and uptake by the resin-modified products was higher 
than that of the conventional glass-ionomers25-27. Finally, 
a major advantage with this group is their potential 
caries inhibition due to their release of fluoride, which 
is equivalent to that for a conventional glass-ionomer 
when tested in vitro28. However, even the in vitro release 
of fluoride cannot be substantiated by data confirming 
prolonged action and sustained critical levels of 
concentration for prevention. 

Finally, their potential clinical applications have 
included routine restoration of anterior teeth, restoration of 
resorptive root lesions, root carries, endodontic perforations 
and as an all purpose cementation medium for fixed partial 
prosthesis and resin bonded retainers. Additionally, such a 
material can be used for porcelain repairs bonded or sealed 
amalgam restorations and core building29. They also have a 
particular role in the restoration of primary teeth17 and as a 
post-and-core build up30,31.

Resin-based Cements
Resin-based cements (RBCs)  are the dental 

cements composed either of polymethyl methacrylate or 
dimethacrylate, produced by mixing acrylic polymers and 
mineral fillers32. The cement is insoluble in water and is 
thus resistant to fluids in the mouth, but it is also irritating 
to the dental pulp. It is used chiefly as a luting agent for 
final and for temporary restorations32.

RBCs are basically low viscosity composites. The 
resins may be BisGMA or urethane dimethacrylates with 
the appropriate diluents. The fillers usually are barium 
glasses, although some RBCs are filled with microscopic 
silica particles33.  It has been proved that RBCs show 
good marginal integrity and low microleakage34. They are 
classified according to the way they are polymerized as 
(Tab. 3): light-cured, dual-cured (both chemical and light 
cure), and chemical cure (or self-cured).35

Light-cure resin cements: These can be used for light 
curing only35 and are useful for bonding thin ceramics 
veneers where achieving adequate depth of cure is not a 
problem36. 

Dual-cure resin cements: These cements use both 
chemical and light curing. These products commonly 

are used to cement composite or porcelain inlays, onlays, 
crowns and veneers because these restorations will partially 
transmit light; however, it is not possible to illuminate the 
cement through a metal casting or bridge. The concept 
behind dual curing is that the areas that are not exposed to 
the light source eventually will polymerize on their own, by 
the chemical-curing reaction33.  

Chemical-cure resin cements: These are usually 
paste-paste systems and are used to cement metal and 
opaque ceramic cores35. Chemically polymerized RBCs 
are especially recommended for luting base metal resin-
bonded fixed partial dentures (“Maryland” type)37.  

Another use of RBCs is the cementation of posts, 
both metallic and non-metallic38,39. This implies that 
bonded RBCs can be useful as alternative cement material 
in clinical situations where retention of crowns or fixed 
partial dentures is compromised40.

Typically, RBCs are used in conjunction with enamel 
and dentin bonding agents and, as a result, are capable of 
micro-mechanical attachment to both structures through 
the bonding agent. They can also bond to appropriately-
treated fitted surfaces of restorations. This bonding is 
usually micro-mechanical in nature and occurs when the 
fitted surface of the restoration (ceramic, resin composite 
or metallic) has been micro-etched40.  

To achieve adhesion to dentin, various pre-treatment 
steps of the tooth’s surface are necessary prior to the use 
of the RBCs, including dry etching with phosphoric acid, 
priming and/or bonding or the use of a conditioner34. By 
acid etching, the prepared surface is roughened. After 
removing the smear layer by the acid, the dentinal tubules 
are opened, widened and the peritubular and intertubular 
dentin are superficially demineralized and a fine network 
of collagen fibres is exposed. The infiltration of this 
network with resin has been shown to be the best way 
to obtain a strong and reliable bond to dentin41. In fact, 
the infiltration of resin is not limited to the hybrid layer, 
as resin may infiltrate the tubules and their branches, 
creating micromechanical retention of resin tags within the 
demineralized substrate42-44.

Table 3. Classification of resin-based cements and their uses

RESIN CEMENTS Way of polymerization Uses

Light-cure resin cements Light cure Veneers

Dual-cure resin cements Both chemical and light-cure Ceramic inlays

Self-cure resin cements Chemical cure Maryland bridges
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Biological Profile

Until some years ago, almost all national and 
international dental standards and testing programs 
focused entirely on physical and chemical properties. 
The physical and chemical requirements set forth in 
the specifications for dental materials have been based 
on published clinical studies and clinical use of the 
materials; that is, the specifications lag behind materials 
development. 

Biocompatibility is an important feature of any 
material designed for use within the body. It is defined as 
the ability to perform with the appropriate host response 
in a particular application45. However, it is important 
to mention, that the oral environment is especially 

hostile for dental restorative materials. Saliva has 
corrosive properties, and bacteria are ever present. This 
environment demands appropriate biological tests and 
standards for evaluating any material that is developed 
in the past 20 years, and serves as dental restorative 
product46. On the other hand, a dental restorative material 
may influence the health of oral soft tissues in several 
ways, especially by delivering water-soluble components 
into the saliva and the oral cavity, as well as by interacting 
directly with adjacent tissues, e.g. gingiva and periodontal 
ligament4. 

Ideally, a dental material that is to be used in the 
oral cavity should be harmless to all oral tissues: gingiva, 
mucosa, pulp and bone. Furthermore, it should contain 
no toxic, leachable, or diffusible substance that can be 

Figure 1. Biological performance of RMGICs and RBCs and their components
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absorbed into the circulatory system, causing systemic 
toxic responses, including teratogenic or carcinogenic 
effects. The material also should be free of agents that 
elicit sensitization or an allergic response in a sensitized 
patient47.

In accordance with existing standards, all materials 
should pass primary tests (screening to indicate 
cellular response), secondary tests (evaluating tissue 
responses), and usage tests in animals before being 
evaluated clinically in humans47. Additionally, as 
reported by Craig48, the cytotoxicity tests are initial tests 
recommended by ANSI/ADA49 to evaluate lyses of cells 
(cell death), the inhibition of cell growth, and other effects 
on the cultured cells caused by experimental materials or 
their extracts.

To evaluate toxicity of dental resin materials and to 
predict the toxic level of those materials, it is important 
to know toxicity and the structure-toxicity relationship of 
dental resin components, especially of monomers50. As 
for cytotoxicity, resin components released from dental 
restorative materials have been shown to be cytotoxic in 
vitro in sufficient concentrations51 (Fig. 1). 

HEMA has been used as one of the major 
components in RMGICs14,15, because it acts as both 
co-solvent and co-monomer in the system. In RMGICs, 
polymerizable resin or polymer requires the addition of 
some amphiphilic monomers, like HEMA, in order to 
help them dissolve the water. During polymerization at 
human body temperature, HEMA can reach conversions 
about 89-90%52, depending on other reaction conditions 
(initiator conversation, initiating light intensity, presence 
of oxygen). Since HEMA concentration in RMGICs is 
21-41%53, its polymerization rate may be lowered due to 
the dilution effect; the degree of conversation may also 
be altered. The cured RMGICs were found to release 
measurable levels of HEMA54.

However, HEMA has been reported to exhibit 
cytotoxicity when it contacts the dental pulp tissue 
and osteoblasts50,55-57. Free HEMA leached from 
RMGICs was identified by Fourier transform IR (FT-
IR) spectroscopy and found to be responsible for 
cytotoxicity55. The hydroxyl group on the HEMA 
molecule seems to enhance cytotoxicity50 and inhibit the 
release of a bioactive hormone57.

 Oliva et al56 evaluated several dental RMGICs and 
compared the response of primary cultures of human 
osteoblasts to these materials, finding that HEMA-
containing cement exhibited cytotoxicity toward the 
osteoblasts, and exposure to pure HEMA led to complete 
cell death. Cytotoxicity tests performed adding pure 
HEMA to cultured osteoblasts showed that this molecule 
caused cell death already at 1-2mM. Thus HEMA could 
be one of the compounds responsible for the unfavourable 
effect of this material to the cells. 

An in vitro study of de Souza Costa et al58, 
demonstrated that RMGICs caused intense cytopathic 

effects on the cultured cells, decreasing significantly the 
cell metabolism as well as causing remarkable cell death. 
The adverse effect was attributed to the leaching of at 
least 2 components of polyacidic phase (HEMA) as well 
as unidentified acidic species. Consequently, it may be 
speculated that high cytotoxic effects observed for both 
experimental RMGICs evaluated in that in vitro study 
were caused by unreacted resin monomers rather than by 
other compounds, such as F-, Zn+2, Al+3 which are present 
in the conventional GICs. The cytotoxic effects of the 
experimental RMGICs evaluated in the above study may 
be partially caused by the metal components, which are 
released in the culture medium58. It has been suggested 
that metal components of some restorative biomaterials 
may cause cytotoxic effects on cultured cells by oxidative 
stress59.

Stanislawski et al55 analyzed further the possible 
cytotoxicity of some ions that are present in significant 
amounts in GICs, such as F-, Al+3, Zn+2, and Sr+2. Fluoride 
release varied among biomaterials and the concentration 
was too low to be toxic for pulp cells. Al+3 and Sr+2 were 
also present in quantities too small to account for a toxic 
effect on pulp cells. Zn+2 was the only element that was 
found to be at sufficient high concentration to induce a 
cytotoxic effect.

Several in vitro studies assessed the cytotoxicity of 
conventional GICs and RMGICs on cultured cells2,56,60-

62. Most of these in vitro studies supported the concept 
that leacheable components of the dental materials are 
responsible for adverse effects to cell culture.

A study by Hamid et al63 investigated the release of 
organic elements from a range of RMGICs. Their in vitro 
study looked at release from a cement sample directly into 
its storage medium and also release via diffusion through 
the dentin of a restored tooth. In both experiments all the 
materials tested were found to release measurable levels 
of HEMA. No other species were found in the elute.

Schamalz et al64 determined the cytotoxicity of 
various GICs and other dental materials in the filter test 
system. These authors reported that the RMGIC Vitrebond 
was significantly more cytotoxic than the other GICs 
tested. 

Caughman et al65 investigated the correlation 
between resin content and percentage of monomer 
conversion of resinous composites to cause cytotoxic 
reactions in gingival cell cultures. They found that the 
cellular toxicity decreased as the percentage of monomer 
conversion increased. Furthermore, the authors reported 
that despite a 60-seconds light curing, the monomer-
polymer conversions detectable between the top and the 
bottom of the 1-mm-thick polymerized specimens were 
always different. 

A detailed study concerning the identification of 
composite resin components was performed by Spahl et 
al66. Interestingly, it was found that more monomers and 
other components are extractable by methanol from the 
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polymerized than from the corresponding un-polymerized 
material. Though there are no comparable studies 
published for RMGICs, this observation should also be 
conclusive for these materials.

Leyhausen et al4 investigated the cellular 
compatibility of modern light-curing GICs to one 
conventional GIC, which was a resin-based. Human 
primary fibroblasts of the attached gingiva (HGF) and 
permanent mouse fibroblasts (3T3) were used for the 
experiments. The comparison of the cytotoxic effects 
of the tested cements in 3T3 and HGF cultures clearly 
indicated that there were significant differences between 
the various materials. The results of this study showed 
that all the specimens of the RMGIC were extremely 
cytotoxic for 3T3 fibroblasts and inhibited the growth 
of 3T3 fibroblasts cultures completely. Interestingly, 
even the 20-day extract of RMGIC considerably 
reduced the growth of 3T3 fibroblasts. Furthermore, 
this material revealed a marked acute cytotoxicity for 
HGF, which decreased in time. This may be caused 
by a high concentration of components elutable from 
the polymerized material, e.g. resinous monomers, 
poly(acrylic acid)s, Zn+2 ions and other non-identified 
components created during the polymerization reaction66. 
Compared to RMGIC, the conventional GIC induced 
less intensive cytotoxic alterations. In this study, RMGIC 
also revealed the highest cytotoxic potential. This 
observation is corroborated by various other authors 
based on experiments with prokaryotic cells67,68, whereas 
only 1 study classifies this RMGIC (Vitrebond) tested as 
biocompatible69. 

In another study of Caughman et al70, the cytotoxic 
potential of resin luting agents on cultures of gingival 
fibroblasts and oral epithelial cells was evaluated for 
direct microscopic cytotoxicity, cell morbidity, impaired 
adherence and inhibition of macromolecular synthesis. 
The effects of several variables on the cytotoxicity of 
composite resin luting agents were compared with a GIC. 
The results indicated that the composite resin luting agents 
produced more cytotoxicity than the GIC, which was the 
only sample that allowed direct cellular attachment to the 
sample surface. 

It is known that both composite resins and bonding 
resins release unreacted monomers of methacrylates into 
the adjacent aqueous phase and that monomers diffuse 
through dentin to the pulp71,72. The principal components 
of the light cured polymers are HEMA and TEGDMA 
(triethylene glycol dimethacrylate). 

Stanislawski et al55 suggests that HEMA and 
TEGDMA are the components that contribute to most 
of the cytotoxicity of the RMGICs tested. Additionally, 
the important monomers BisGMA and TEGDMA are 
characterized by a high cytotoxic potency, which increases 
with prolonged exposure time73.

Furthermore, there is an indication that TEGDMA 
is not only cytotoxic73,74, but also that it may reveal 

a chronic toxic potential, which can result in a higher 
susceptibility of the cells for subsequent damages or 
injuries from other xenobiotics, e.g. other organic 
compounds leaching from resin restorations. These 
findings may explain interactive (synergistic) cytotoxic 
effects of monomers in the combinations UDMA 
and TEGDMA and TEGDMA/BisGMA, which have 
been found by Ratanasathien et al75. These studies 
also indicated a higher cytotoxic potency of BisGMA 
in comparison to TEGDMA. It was found that the 
“lipophilic” matrix monomer BisGMA inhibited cell 
growth at significantly lower concentrations than the 
“hydrophilic” co-monomer TEGDMA75. TEGDMA 
revealed no noticeable effects on migration of HGF 
or immortalized human keratinocytes at sublethal 
concentrations. Contrary, BisGMA significantly increased 
keratinocyte migration73.  

Yoshii50 investigated the toxicity of 39 acrylates and 
methacrylates that had been used in dental resin materials 
using a cytotoxicity test. All the acrylates tested were 
more toxic than corresponding methacrylates. In both the 
acrylates and methacrylates, a hydroxyl group seemed 
to enhance cytotoxicity. In this study, the cytotoxicity 
ranking of monomers tested as components of dental resin 
materials was BisGMA > UDMA > HEMA. 

  In another study, Geurtsen et al74 examined the 
cytotoxicity of 35 dental resin monomers and compared 
the cytotoxic effects of these compounds in 3T3 cells and 
3 primary human cells types isolated from oral tissues. 
In general, it was found that the ED50 values (effective 
doses which decreased number of viable cells to 50% 
of the control assays) of the different substances varied 
between 0.06 mM and >5 mM. The more toxic substances 
were the monomers BisGMA, UDMA as well as the 
co-monomer TEGDMA. Contrary to these monomers, 
HEMA was significantly less cytotoxic in all cell cultures. 
Interestingly, if we combine the results of these 2 last 
studies, we can create a diagram (Fig. 2), which presents 
the cytotoxicity ranking of these substances (BisGMA, 
UDMA, TEGDMA and HEMA). 

Figure 2. Comparison of dose-response curves of 3 resin components 
(composed and modified from Yoshii50 and Geurtsen et al74)
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The biochemical mechanism by which biomaterials 
cause cytotoxicity has not been elucidated. However, 
GICs and RMGICs eluates have been shown to reduce 
protein synthesis of HGF cultured in vitro76. Another 
study demonstrated that methyl methacrylate affected 
mainly mitochondria by membrane disruption and blocked 
electron transport in the oxidative phosphorylation77.

Bouillaguet et al78 compared the cytotoxic effects 
produced to pulpal fibroblasts by the leachables of the 
primer systems and the diffusates through dentin of 4 
RMGICs. This study showed that most materials released 
a sufficient amount of leachables to elicit toxicity to the 
cultured cells. Materials were most toxic at early intervals 
and were generally less cytotoxic at later intervals, 
although there were exceptions. This apparent toxicity 
could be attributed to the leaching of resin monomers and 
fluoride ions from the materials. The results suggest that 
the application to dentin of a RMGIC (Vitremer) poses 
a potential risk for pulpal irritation, whereas the other 
RMGICs tested exhibited favourable biological properties.

Souza et al79 evaluated, comparatively, the 
cytotoxic effects of contemporary RMGICs applied to 
an immortalized odontoblast-like cell line (MDPC-23) 
and the biocompatibility of these bioactive materials 
following implantation into the subcutaneous connective 
tissue of rats. 3 resin-modified glass-ionomer cements, 
Vitremer (VM), Vitrebond (VB) and Rely X Luting 
Cement (RL), were evaluated. Regarding this in vitro 
study, the methyltetrazolium (MTT) assay demonstrated 
that VB was the most cytotoxic material evaluated. The 
high cytotoxicity presented by this material has been 
corroborated by other authors based on experiments 
using different cell lines4,80. Palmer et al54 evaluated the 
percentage release of HEMA from various RMGICs. 
The authors demonstrated that VB releases a very high 
percentage of HEMA after immersion in distilled water, 
even when the material is light-cured according to the 
manufacturer’s recommendation. In addition, VM presents 
a lower concentration of HEMA release when compared 
to VB. Moreover, VB also presents higher powder:liquid 
ratio when compared to VM. Then, it seems that HEMA 
is an important toxic component released by most 
RMGICs since several in vitro studies have demonstrated 
a defined cytotoxicity of HEMA to the culture of 
cells81-83. Methacrylate monomers, such as HEMA, are 
incorporated in the lipid bi-layers of cell membranes 
that are solubilized by the un-reacted monomers84. This 
mechanism of action of uncured leached monomers 
on the cell membrane may be regarded as responsible 
for the high cytotoxicity of VB observed in the present 
investigation. Despite the similar concentration of HEMA 
present in VB and RL, the latter was less cytotoxic.

In that investigation, it was shown that the intensity 
and area of the inflammatory reaction decreased with 
time. However, some samples exhibited macrophages and 
a few giant cells adjacent to the tube opening even at the 

longest period of evaluation application of experimental 
bioactive materials for specific purposes.

The RMGIC components, released into the wet 
environment after the implantation procedure, triggered 
a persistent local chronic inflammatory response. 
However, it may be speculated that some minor RMGIC 
components released into the connective tissue, such as 
HEMA, which presents low molecular weight, might be 
removed by local lymphatic drainage. This hypothesis 
should explain why the inflammatory reaction decreased 
with time and the connective tissue healing occurred 
for all experimental materials at 90 days following the 
implantation. 

Based upon the results obtained in the above 
investigation, it was concluded that different RMGICs 
may cause specific cytotoxic effects on the immortalized 
cell line MDPC-23. It was clear that the degree of light 
cure played an important role in HEMA release. But there 
are contradictory opinions about the clinical significance 
of such results. So, based on this in vitro experiment54, 
Vitrebond was the most toxic material. But, according to 
the in vivo methodology, all the RMGICs evaluated may 
be considered as biocompatible following implantation 
into the connective tissue of rats. Furthermore, it was 
shown that the intension of the inflammatory reaction 
is decreased with time79. Even experiments on human 
teeth have demonstrated that RMGICs were biological 
acceptable85. Besides mechanical and adhesion 
properties86, the fluoride release87 and the release of the 
same ions which are released by conventional GICs88, 
render these materials useful in dentistry. But, for human 
protection, complementary in vivo tests (secondary 
and usage tests) should be performed to determine the 
possibility of safe clinical application of experimental 
bioactive materials for specific purposes. Furthermore, 
not only patients but dental personnel could be affected by 
dental materials and in particular by RBCs and RMGICs. 
Specific precautions are recommended for safe use of 
RMGICs (such as avoid to touch the material even with 
gloves, avoid inhalation of HEMA vapour etch.)89.

Conclusions

Based on the data presented in the present study, the 
revealed conclusions are as follows:

RMGICs and RBCs are useful dental materials due 
to their mechanical and adhesion properties;

The monomer HEMA, which is a component 
of RMGICs and is released from them under all 
polymerization conditions, compromises their in vitro 
biocompatibility compared to RBCs. However, more in 
vivo studies should elucidate the biological profile of these 
materials;
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Further improvements in the performance of these 
cements can come only through a reconsideration of their 
setting chemistry, in order to minimize cytotoxic side-
effects to pulp and gingival margin cells.
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SUMMARY
Menopause is characterized by many problems and symptoms, oral 

manifestations being the consequence of both disturbance of general health 
and psychological  factors. Characteristics of the burning mouth syndrome, 
bone loss and periodontitis, xerostomia, changes of oral mucosa, and oral 
consequences of hormone replacing therapy are especially stressed.

Keywords: Menopause; Burning Mouth Syndrome; Osteoporosis; Xerostomia;
 Hormone Replacement Therapy

Elena Iordanidou

Aristotle University, School of Dentistry
Dept. of Oral Medicine and 
Maxillofacial Pathology
Thessaloniki, Greece

REVIEW PAPER (RP)
Balk J Stom, 2009; 13:141-145

 BALKAN JOURNAL OF STOMATOLOGY     ISSN 1107 - 1141  

Oral Manifestations of Menopause

TUPNB
UP

MP

HJ
D
B
M!
!T
P
D
JF
U
Z

Introduction

Menopause is the permanent and complete cessation 
of menstrual flow in women, which occurs in a mean age 
of 51. This means that women spend one third of their 
lives as postmenopausal, something which should be 
considered a blessing as well as a period of life full with 
a diversity of health problems. For women have the right 
to retain their quality of life even during these years, it is 
very important that they are totally informed about what 
they are about to face and which are their options in 
dealing with the symptoms.

The phenomenon of the menopause was widely 
known to the ancient Greeks as it was Aristotle who 
described it as the reason for madness and afterwards for 
psychiatric illnesses. An interesting approach is that the 
word “menopause” is derived from men and pause. 

Problems and symptoms associated with menopause 
vary, and as oral health is an integral part of general 
health, oral manifestations should be mentioned. In this 
report, the most common of the above will be addressed:

 ● Burning sensation (generally included in the Burning 
Mouth Syndrome - BMS);

 ● Bone loss and periodontitis (as a result of 
osteoporosis on the whole);

 ● Oral dryness; 
 ● Oral discomfort, including bad taste and altered taste 

sensations (salty, peppery, or sour);
 ● Oral mucosal changes (gingival atrophy, menopausal 

gingivo-stomatitis).

Continually, the role of psychological factor will be 
analyzed together with few things about treatment related 
to the hormone replacement therapy (HRT).

Of course, menopause has a range of common 
symptoms, which have found to be 35. The most frequent 
of them are the below1:

 ● Hot flashes and night sweats;
 ● Mood swings and sudden tears;
 ● Depression, dysphoria and difficulty in concentrating;
 ● Urinary tract infections;
 ● Aching, sore joints, muscle and tendons;
 ● Tinnitus: ringing in ears, bells, buzzing, etc;
 ● Osteoporosis.

A number of studies and surveys have examined 
various characteristics associated with menopause, based 
on women and their experiences. Being valuable, they 
will be abstractly mentioned in order to give examples and 
facts for each object studied.

Oral Symptoms

Before analyzing each symptom separately, it would 
be useful to give a short explanation about the mechanism 
with which menopause causes a series of manifestations 
in the oral cavity. The sequence is an initial decrease 
in oestrogen, which directly leads to a vasomotor 
disturbance; this in turn causes an increase in neurosis and 
it is the change in psychological status which results in the 
greater number of oral symptoms2. More specifically, as 
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regards to periodontitis and bone loss, it should be added 
that the decrease in female hormones suppresses the 
intestinal absorption of calcium, which in turn increases 
the serum parathyroid hormone and, as a result, the bone 
resorption is being enhanced. 

Burning Sensation
It is referred as the main symptom in the burning 

mouth syndrome (BMS), which is described as the 
condition in which burning in any area of the mouth 
and lips occurs in the absence of clinical and laboratory 
findings of the affected sites3.

As showed below, menopause belongs to the systemic 
causes of the BMS:

CAUSES 4,5

Bone Loss and Periodontitis
Osteoporosis is a skeletal disease at which there 

is an increase in fragility and bone fractures due to low 
bone mass and micro-architectural deterioration of the 
bone. As a result, bone loss and periodontitis are the 
oral manifestations of osteoporosis which are noted in 
menopausal and postmenopausal women9. 

First of all, there are 2 types and 4 categories of 
osteoporosis:

 ● type 1: occurs 15-20 years after menopause;
 ● type 2: is age-related, and its causes are endocrine 

and renal diseases, affecting both men and women 
over age 65.
The classification in categories is based on the 

average bone mineral density (BMD), and can be seen 
below:  

 ● osteoporosis: >2.5 standard deviations below the 
mean of the reference group;

 ● osteopenia: 1.0-2.5 standard deviations below the 
mean of the reference group;

 ● normal-low: higher than the cut-off for osteopenia, 
but lower than the mean BMD score of the reference 
group;

 ● normal-high: more than the mean BMD of the 
reference group.
Despite the fact that osteoporosis is described as a 

normal after-effect of the aging process, there are various 
factors that aggravate the appearance and intensity of 
osteoporosis, i.e. bone loss and periodontitis10,11:

 ● gender;
 ● age;
 ● a thin, small-framed body;
 ● heredity;
 ● Ca deficiency;
 ● lack of exercise;
 ● smoking;
 ● early menopause;
 ● certain medications (e.g. steroids);
 ● a sedentary lifestyle;
 ● high caffeine consumption; 
 ● smoking. 

As regards the signs and symptoms of bone loss 
inside the oral cavity, they include oral bone resorption, 
attachment loss and tooth loss. Early signs also may be 
described in dental radiographs, particularly some changes 
in the mandibular condyle. Additionally, the dentures 
become loose and their ill-fitting can lead to mouth sores 
and consequently to difficulty in speaking or eating11. 
Moreover, periodontitis and gingival recession is thought to 
be a side effect of osteoporosis in postmenopausal women. 

Dentally, the alveolar bone is mainly trabecular 
bone, the type of bone more susceptible to osteoporosis. 
A number of medications are used to prevent and treat 
it, such as oestrogen, alendronate sodium, risedronate 
sodium, raloxifene and calcitonin. Their way of affection 

 local
 ● ill-fitting dentures               
 ● denture materials
 ● hypersensitivity to Hg
 ● galvanism
 ● candidiasis
 ● carcinomas of oral 

cavity

 systemic
 ● postmenopausal women
 ● deficiency in Fe and in 

vitamin B complex
 ● anaemia
 ● diabetes
 ● psychological factors 

(anxiety and depression)

 

Since hormonal changes take place in menopause, 
they are considered as important factors, although there 
is little convincing evidence of the efficacy of hormone 
replacement therapy in postmenopausal women with the 
disorder5. The symptom escalates typically in intensity 
during the day and decreases with eating; concerning 
epidemiology of the BMS, it is reported to be 10- 40% 
among women presenting for treatment of menopause6. 
Researchers in Yale University5 believe that damage to 
the taste system results in the BMS and other oral pain 
phantoms, suggesting that the burning sensations are 
created in the nervous system and that they are sensory 
phenomena (that is why the oral mucosa remains normal). 
They also explain why burning sensations are more likely 
to postmenopausal women through their findings about 
tasters, non-tasters and super-tasters, as hormones affect 
taste (especially bitter) in women. Similarly, investigations 
have found that the ability to detect bitter taste decreases 
at the time of menopause7.

It should be mentioned that there is a constellation 
of factors which play a complementary role in the 
extension in which burning sensation occurs. Mainly, the 
unfortunate life experiences influence the psychological 
condition, which results in a more serious expression 
of the symptoms8. Below there is a reference to the 
psychological factor more extensively.
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of bone, as well as their efficacy, is explained later; but 
in general, these drugs reduce bone loss, increase bone 
density and reduce the risk of fracture12.  

A study has been carried out to investigate the 
assessment between the age and edentulousness upon the 
BMD in women. What it showed was that the decline in 
serum oestrogen levels in menopause has the effect on 
bone loss irrelatively of whether the female group was 
dentate or edentulous12. The above means that the BMD is 
not additionally influenced by the presence or absence of 
teeth, but age and menopause has a major role. 

What’s more interesting, efforts have been made to 
identify postmenopausal women with low BMD using 
panoramic radiographs. Methods such as dental screening 
and mandibular cortical width measurement are not that 
practical so as to be widely used, especially in studies. A 
respective study that was held showed that simple visual 
estimation of the mandibular inferior cortex on panoramic 
radiographs may be useful for identifying postmenopausal 
women with low BMD. Continually, the specificity and 
positive predictive value in identifying the above women 
were relatively high although the mean sensitivity was 
low13. 

From the above mentioned, it is taken for granted 
that bone loss happens irreversibly and in different levels 
from the moment that a woman enters the menopause. 
That is the reason why they should be well-informed 
although osteoporosis is not curable, on the other hand is 
preventable and treatable. The below strategies could help 
some women to lead a normal menopausal life:

 ● activeness and plenty of exercise;
 ● foods high in Ca, and supplemental dietary Ca and 

vitamin D;
 ● a healthy lifestyle;
 ● treatment of any underlying conditions that could 

affect bone density.

Oral Dryness (Xerostomia)
Oral dryness is a subjective sensation that is 

clinically obvious only in up to one-third cases and is 
usually described as an unpleasant feeling in the mouth 
and throat14. The explanation for oral dryness might be 
some qualitative changes in the salivary composition, 
the non-existence of balance among the various salivary 
glands, or some changes in the mucosal sensory receptors. 
Nevertheless, during menopause oral dryness is more 
likely due to hormonal alterations which take place, as 
already mentioned15.

Oral dryness, as well as the rest of the symptoms in 
menopause, is faced with therapies which mostly include 
the hormone replacement therapy (HRT). To define 
the HRT, it is the systematic administration of certain 
hormones (especially estrogens and progestin), which 
aim is to increase their levels in order to eliminate the 
menopausal symptoms16. Although HRT is the treatment 
of choice, its efficacy on oral dryness is yet to be 

questioned and further clinical trials are needed. Contrary 
to this, there are studies which mention that the oral 
dryness was relieved after HRT with aledronate (ALN) 
and calcium supplements on saliva. What’s more, poor 
general health, smoking and drugs such as antidepressants, 
respiratory and endocrinologic drugs, are thought to be 
high risk factors for dry mouth17. 

As a consequence, the question is raised of whether the 
salivary flow rate and the saliva PH values are influenced 
by menopause and whether they are related with the oral 
dryness. Studies15 have shown that the salivary flow rate 
decreases during the menopausal period, but increases 
after hormone replacement therapy, so that the beneficial 
effect on this variable is obvious. On the other hand, the 
saliva PH values are not affected by this treatment. Finally, 
to put it briefly about the calcium concentration, it has 
been found that there is a possible relationship between 
its level and oral dryness in menopausal women, but no 
correlation has been proved between Ca levels and salivary 
flow rate15. For the composition of saliva in menopausal 
women is dependent on oestrogen, it is suggested that Ca 
levels are lower after the HRT due to higher oestrogen 
level, as it also happens during ovulation and pregnancy 
(high oestrogen level).

Finally, oral dryness is one of the major symptoms 
in Sjogren’s syndrome, an inflammatory disease that 
affects the salivary and lacrimal glands and is considered 
to be affected by hormonal changes. The high incidence 
of Sjogren’s syndrome among menopausal women may be 
explained by the decline in androgen and oestrogen level 
that takes place and this combination of menopause and 
dry mouth should be taken into consideration.

Oral Discomfort - Psychological Factor
Oral discomfort primarily includes pain and burning 

sensations, as well as altered taste perception and bad 
taste. It is more the total feeling of all the symptoms 
mentioned and the most significant side of it is the 
correlation and association with the psychological nature 
of women’s character18.

Several studies have been conducted in order to 
distinguish the exact relationship between the hormonal 
changes and oral mucosa. As expected, the results 
were controversial, especially due to the fact that oral 
discomfort reported in some menopausal women may be 
the result of psychological disturbances occurring at that 
time. This shows the close relationship between those 2 
variables. More specifically, Wardrop et al18 found that 
46% of the women appeared to notice oral discomfort. 
Further regrouping of those with oral discomfort revealed 
the significant higher prevalence of depression, inability 
to cope, nervousness and apprehension, and headaches 
than those without the symptom. At the same time, no 
obvious clinical changes were reported, something which 
again proves the expression of oral discomfort without 
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any clinical observations, but with an increased level of 
psychological disturbances18.

Oral Mucosal Changes
In some cases, changes in the oral mucosa can be 

reported that vary from an atrophic pale appearance to a 
condition known as menopausal gingivo-stomatitis17,19, 
marked by dry and shiny gingiva that bleed easily 
and range in colour from abnormally pale to quite 
erythematous. It appears that HRT is of benefit in 
reducing oral discomfort in those who have both abnormal 
and normal mucosal appearance. Women on HRT may 
experience gingival problems similar to those of oral 
contraceptive users. 

Hormone replacement therapy
As already mentioned, hormones are used in order to 

relieve women of menopausal symptoms. The findings of 
their efficacy vary, but in general, there are some benefits, 
such as prevention of bone loss and relief from oral 
discomfort. Those benefits are not yet fully understood 
and more research is needed to clarify these effects. In 
contrast, there is a range of risks and side effects of HRT 
that should be seriously taken into account20.

Recently, controlled studies21,22 could not find 
evidence for primary or secondary preventive effects 
of HRT on coronary heart disease, as it was earlier 
supported23,24, while the side effects include25:

 ● increased risk of endometrial cancer (in women with 
a uterus, if oestrogen is taken without progesterone or 
a progestin);

 ● slightly increased risk of breast cancer due to 
proliferation of breast epithelium (after 4 or more 
years of HRT);

 ● slightly increased risk ovarian cancer;
 ● slightly increased risk of heart attack or stroke (both 

in women with cardiovascular disease and in healthy 
women);

 ● venous thromboembolism.
Consequently, HRT is usually not recommended for 

women who have:
 ● vaginal bleeding for unknown reason;
 ● a history of breast cancer;
 ● a history of cancer of the uterus;
 ● liver disease;
 ● blood volts in the veins of legs, or in the lungs;
 ● cardiovascular disease.

Surely, it depends on the way of administration, 
as oral oestrogen is related with more side effects than 
transdermal oestrogen25.

Although the oral mucosa has specific oestrogen 
receptors and is therefore an oestrogen target tissue, the 
mode of action of hormones used in the HRT, related 
to oral discomfort, is not clear. An improvement in 
subjective complaints has been reported, as well as a 
return to a more normal appearing oral mucosa. But it 

has been finally demonstrated that the therapy may be of 
value in those menopausal patients in whom the cause of 
the oral discomfort was not clinically evident. Thus the 
psychological influences were those responded to HRT25. 
As regards oral benefits, the results of a study showed an 
inverse association between current use of postmenopausal 
hormones and the loss of one or more teeth (the risk of 
tooth loss was lower among postmenopausal hormone 
users, with the most substantial decrease occurring 
among current users). Many studies, also, link oestrogen-
replacement therapy to the increasing bone density.  

Conclusion

Menopause is a phase of women’s life during which 
big changes occur, not only in their body but also in their 
close environment. The first have an impact on their health 
in general, while the others influence their psychological 
sphere. Thus, every doctor should be well-informed 
about the symptoms of menopause and treat those women 
with patience and understanding. As a result, a dentist 
should be aware of those mentioned above in order to 
distinguish certain oral diseases and set diagnose through 
a more confident way. Moreover, a dentist would have 
the duty to guide such women who are not undergoing 
gynaecologist’s attendance so that they receive one. 

As the symptoms of menopause are really 
uncomfortable, a dentist should behave in an understanding 
way because in some cases the HRT might be of no use. 
Its effects vary and it should be continued as long as the 
benefits are judged to outweigh the risks. Finally, the oral 
symptoms are to be recognized through a well-developed 
medical history, which every dentist is obliged to take 
unexceptionally.
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SUMMARY
Saliva is the most available and non-invasive fluid of the human 

body and includes a large number of inorganic and organic compounds, 
which act as a “mirror of the body’s health”. Due to its composition 
and functions, saliva could have a significant role in controlling and/
or modulating oxidative damages in the oral cavity. As a diagnostic fluid, 
saliva offers distinctive advantages over serum. Furthermore, saliva may 

provide a cost-effective approach for the screening of large populations. 
Whole saliva, however, is most frequently used for diagnosis of systemic 

diseases. 
Sialochemistry will play an increasingly important role in the early 

detection, monitoring and progression of oral diseases because we enter 
the era of genomic medicine. We reviewed the current data within literature 
and of our research concerning clinical potential of the saliva for dental 
medicine.
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Introduction

Saliva derives from several types of salivary 
glands with characteristic composition and properties1-4. 
Whole saliva is a mixed fluid, derived predominantly 
from 3 pairs of major salivary glands: the parotid, the 
submandibular, and the sublingual glands. Approximately 
90% of total salivary volume results from the activity of 
these 3 pairs of glands, with the bulk of the remainder 
from minor salivary glands located at various oral 
mucosal sites. Whole saliva also contains gingival 
crevicular fluid (GCF). There are several ways by which 
serum constituents that are not a part of the normal 
salivary constituents (i.e. drugs and hormones) can reach 
saliva4-6. Depending on the degree of inflammation in 
the gingiva, GCF is either a serum transudate or, more 
commonly, an inflammatory exudate that contains serum 
constituents.

Saliva can be collected with or without stimulation7. 
The best 2 ways to collect whole saliva are the draining 
method, in which saliva is allowed to drip off the lower 
lip, and the spitting method, in which the subject 
expectorates saliva into a test tube8. 

Saliva is not an ordinary fluid - it is devoid from 
the sincerity of sweat, the drama of the blood and the 
eloquence of tears7. Saliva is the mirror of the body, a 
heterogeneous fluid containing proteins, electrolytes, 
hormones and other chemical compounds transported 
from the blood. It is a washing solution, a lubricant, an ion 
reservoir, buffer solution and a remarkable antioxidant. 
Also it is the first line of defence against oxidative stress 
(OS).

Surprisingly saliva has been used for diagnostic 
purposes over 2,000 years ago. In Chinese traditional 
medicine, saliva and blood are brothers and are thought to 
have the same origin2. A few of the advantages of saliva 
as a diagnostic fluid are: easy and non-stressful collection, 
great stability of the samples and the possibility of long 
term storage, minimum contamination between medical 
staff and the patients, great correlation between blood and 
saliva parameters, in some cases even greater sensitivity 
compared to blood, great screening test, it doesn’t require 
special equipment for preservation and it can be used for 
dynamic test1,9-11,18.

Let’s analyse biomarkers of saliva with more 
significance in dental medicine.



Uric Acid
Ames considered it as a powerful scavenger for 

reactive oxygen species. It is the major salivary antioxi-
dant. Lower concentration of uric acid have been found 
in saliva of smokers, oral cancer patients, diabetics with 
periodontitis, and patients with oral lichen planus, giving 
emphasis of OS from oral cavity12-17.

Albumin 
It can take over the antioxidant function of uric acid. 

Low levels have been found in saliva of patients with 
periodontal disease, diabetics with periodontitis, probably 
due to OS from oral cavity. High levels of albumin, acting 
as a marker for complications, are found in saliva of 
patients undergoing chemotherapy13,16,17,19.

Glutathione 
It plays a crucial role in periodontitis by controlling 

the pro-inflammatory cytokines. High levels of 
glutathione blocks the activation of NF-kB and the 
production of pro-inflammatory cytokines. High levels of 
glutathione are found in smoker’s saliva2,3,20. It protects 
the oral cavity from OS induced by metal ions released by 
dental restoration materials2,3,14.

Ascorbic Acid
High levels were revealed in diabetic patients and 

patients with rheumatoid arthritis. In certain conditions it 
can act as a pro-oxidant21.

Immunoglobulins 
High levels of IgA, IgG and IgM have been found in 

patients with chronic periodontal disease, decreasing after 
treatment. Salivary antibodies can be used for monitoring 
the risk of periodontal disease and also for treatment 
efficiency.

Total Antioxidant Capacity (TAC)
It has a clinical significance in evaluation of 

antioxidant status of saliva under normal and pathological 
situations. It includes all salivary antioxidants and it is 
considerably lower in smokers, diabetic patients, oral 
cancer and periodontitis. Smokers saliva looses it’s 
antioxidant capacity and acts as a pro-oxidant2,3,12,14,17,20. 

Salivary Antioxidant Enzymes System
The most important is salivary peroxidase and it 

displays a decreased activity in smokers, probably due 
to the cyanide ions present in cigarette smoke, a very 
powerful inhibitor of peroxidase, and  in patients with oral 
cancer.

Superoxide dismutase (SOD), acting as a secondary 
antioxidant, is found in low concentrations in saliva of 
oral cancer patients14,20,22.

Gamma-glutamyltransferase (GGT) is decreased 
significantly in saliva of cigarette smokers caused by 

exposure to OS. GGT is no longer regarded as a hepatic 
marker for alcoholism and obesity, but also for vascular 
risk and OS, so it could be regarded as interesting to 
evaluate the oxidative status of saliva.

Glutathione S-Transferase (GST) levels were lower 
in saliva the case of oral cancer patients32.

Aspartate aminotransferase (AST/GOT), alanine 
aminotransferase (ALT/GPT) and alkaline phosphatase 
(ALP) are markers in periodontitis21 and oral cancer. High 
levels of GPT, GOT were found in periodontal disease 
and also low levels of lysozyme are linked with a growth 
of bacterial plaque which is a risk factor for periodontal 
disease29-31.

Defensins
What a suggestive name!!! These are peptides 

with antimicrobial and cytotoxic activity. Oral cancer 
patients display low concentrations23,24. Useful markers 
for malignant diseases that are found in saliva, beside 
defensins, are p53 antibodies2,25-27.

Nitrogen Species
Higher levels of salivary nitric oxide (NO), nitrite 

(NO2) and nitrate (NO3) were found in oral cancer patients 

compared to healthy individuals, and increased activity of 
nitrate reductase was associated with an increased odds 
ratio for the risk of oral cancer32.

8-Hydroxy-Deoxyguanosine (8-OH-dG)
In the oral cavity, the level of oxidized DNA is 

expressed by 8-OhdG levels. 8-OH-dG is a useful marker 
for periodontal and oral cancer diseases. Higher levels 
of 8OH-dG were found in periodontitis and in some oral 
cancer patients32,33.

Salivary Carbonyls
Analysis of salivary protein carbonylation, showed 

an increased level of protein carbonyls in oral cancer 
patients32. 

Mucin7 ( MUC7)  
A subtype of mucin, MUC7, which induces oral 

bacteria agglutination and blocks their adhesion on oral 
structures, is found in saliva and it is directly responsible 
for low DMFt indices2,28.

Oral Bacteria
Saliva is also very suitable for the monitoring of 

oral bacteria that can survive in saliva, and can utilize 
salivary constituents as a growth medium. For example, 
the increased numbers of Streptococcus mutans and 
Lactobacilli in saliva were associated with the increased 
caries prevalence and with the presence of root caries. 
Detection of certain bacterial species in saliva can reflect 
their presence in dental plaque and periodontal pockets.
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Conclusions 

Due to its location, saliva is an ideal biological fluid 
for detecting human body and oral diseases. So, it can be 
used for screening of precancerous lesions, oral cancer, 
prognosis of the malignant lesions, periodontal disease, 
and oral lichen planus.

The recent studies focus on the potential role of 
periodontal disease as a risk factor for cardiovascular 
and cerebrovascular diseases, and its possible link with 
metabolic syndrome and OS.  
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SUMMARY
Surgical laser technique has a lot of advantages compared to 

conventional techniques. The surgical laser is a powerful tool that adds 
great dimension to the oral and maxillofacial surgeon’s practice, but it 
warrants appropriate knowledge for usage in proper indications. The aim 
of this paper is to present the author’s experience and practice in laser 
application for 2 years in the University Dental Clinic of Tirana, Albania. 20 
cases treated with diode laser are presented. All the patients were treated on 
the outpatient basis and were followed up for a week, 3 weeks and 3 months.

Laser surgery was well tolerated by the patients; it is quick, painless 
and bloodless procedure. All the patients required only 1 treatment session. 
No swelling and no pain occurred postoperatively.
Keywords:  Laser; Power Density; Wound Healing; Fluency

Merita Bardhoshi

University Dental School, Tirana, Albania

ORIGINAL PAPER (OP)
Balk J Stom, 2009; 13:149-152

 BALKAN JOURNAL OF STOMATOLOGY     ISSN 1107 - 1141  

Early Results of Oral Lesions Treatment with 
Laser Surgery

TUPNB
UP

MP

HJ
D
B
M!
!T
P
D
JF
U
Z

Introduction

Laser is applicated succesfully in medicine, especially 
in surgery. It had been used concentrating its energy 
density (fluency) to ablate or remove the tissues1,3. 
Many laser systems are available on the market, each 
of them having its own benefits and drawbacks. These 
laser systems are different in wavelength and therapeutic 
results5.

Diode laser is classified as “soft laser”, wave length 
being 800-900 nm. Its main quality is high efficiency1. 
Laser surgery has a lot of advantages compared with 
conventional techniques. These advantages are attributed 
to their biological effects, documented by many 
studies3,11,19.

The goal of laser surgery is to create a temperature 
gradient or profile in tissues that will result in coagulation 
or vaporisation of tissue2,14. Coagulation provides 
haemostasis and vaporization, the ability to cut, incise, 
excise, resect or ablate tissue. Generally, 4 reactions 
can happen when laser light interacts with tissue, which 
are: reflection, scattering, transmission and absorption. 
The balance of these reactions is determined by the 
wavelength of light and the type of tissue. However, only 
light that has been absorbed can yield a therapeutic result. 
In addition of wavelength’s light, the power density, 
fluency, and duration to exposure are important for tissue 
effects.

The outcome of laser tissue interaction can be 
grouped to: photo-thermal, photo-chemical and photo-
physical. The effect of heat on biological tissue depends 
on the duration and peak value of tissue temperature 
achieved. The effect of heating can be seen as coagulation, 
which can proceed to vaporization. Photo-chemical 
effect is clearly and quickly seen in 1 microsecond, but 
the final effect of laser radiation can be seen after some 
months5,9,12.

The goal of laser surgery is to excise or ablate, or 
both, the target tissue, and to damage as little as possible 
the surrounding tissue5. The surgeon usually wants to 
maximize tissue removal while minimizing thermal injury. 
Understanding the principles of heat dispersion, based on 
the wavelength, power and duration of action is essential 
for determining the technique for a given indication5,6,8.

The aims of this study were to appreciate advantages 
of oral lesions treatment with laser surgery and quality of 
wound healing in accordance to the treatment protocol.

Methods and Results

20 cases have been treated with laser surgery at the 
University Dental School in Tirana, Albania. They were 
all treated on the outpatient basis, under a diagnostic and 
therapeutic protocol (Figs. 1-3). The treated oral lesions 
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were: mucocele (1 case), fibromas of the tongue (4 cases), 
fibromas of the alveolar process (4 cases), frenectomy 
(3 cases), epulis (2 cases), pigmented lesions (4 cases), 
corneum cutaneum (1 case), and implant exposure (1 case).

Figure 1. Case of the vascular malformation of the lip: (a) before the treatment; (b) after the completion of the treatment; (c) wound after 1 week - 
fibrin coagulum; (d) area of the treatment, healed at 21 days

a

c

b

d

The following therapeutic protocol had been chosen:
a. a local anaesthesia;
b. a specified surgical technique;
c. technical data of the intervention.
Local anaesthesia has been used in all cases. 

Basic surgical techniques were: ablation, incisional and 
excisional techniques, and photo-coagulation. Technical 
data were: power (watt) mode of radiation (continuous 
wave or pulsed).

In 13 cases, excisional technique 6 watt, pulsed 
mode was used. At first, the lesion would be outlined 
with individual pulses to mark the incision line prior to 
excision (mucocele, fibromas, and implant exposure). 
After the lesion’s depth has been reached, it was 
undermined and completely removed.

In 3 cases (prominent fraena) the incisional 
technique was used, with 4 watt pulsed mode. Removal 

of prominent fraenum is one of the simplest, quickest and 
most effective procedures that can be performed with laser 
surgery. The fraenum is incised using pulsed mode to lyse 
the fibrous band.

In 4 cases (pigmented lesions) the ablation was used 
with 5 w pulse mode. The objective of ablation was to 
selectively remove parts of all of the mucosa according to 
the operator’s choice. Usually, only the surface epithelium 
was removed. Removal had stopped at about the level of 
the basement membrane.

Sutures were not used in any cases.
All surgical techniques were quick, painless and 

bloodless. So, laser surgery was a comfortable not 
only for the patient but also for the surgeon. Wound 
healing followed after 1 week, 1 month and 3 months. 
The postoperative wounds looked like craters with 
shining smooth surface and brown margins due to the 
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Figure 2. Opeculectomie. (a) before the treatment; (b) after the 
completion of treatment; (c) the wound after 1 month

a

b

Figure 3. Vascular malformation of labio-buccal sulcus. (a) before the 
treatment; (b) after completion of the treatment; (c) the treated area after 

21 days

c
c

b

a
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thermal effect in the tissue from the radiation; they were 
completely bloodless. After 1 week we could see the 
fibrin coagulum and the would looked yellow in colour. 
Healing was complete (by re-epithelization in less than 
14 days for moderate sized lesions (pigmented lesions, 
corneun cutaneum, prominent fraenum, implant exposure) 
and approximately 3 weeks for large lesions (fibromas, 
gingival hyperplasia). After surgery, all patient hadn’t 
postoperative swelling or pain. No scarring occurred. 

Discussion

The laser has become a useful tool in the surgeon’s 
armamentarium. In addition to being adjusted to 
conventional surgical methods, lasers are now the 
treatment of choice or the sole treatment modality for a 
variety of pathologies.

Nowadays, the use of laser surgery gives us a 
possibility to perform an intervention painless, bloodless, 
and comfortable, without postoperative swelling 
compared to other conventional technique. There are 
different laser systems with different technical data. So, it 
is important for the surgeon to know exactly the physical 
principles of laser radiation and to apply them correctly in 
each clinical case2,3,5.

Many attempts have been made to qualify and 
quantify the dynamics of healing after the use of laser on 
a variety of tissues. Healing in all cases is just the same 
with data documented in the literature4,11,14,15. In 20 cases 
a good healing was evident, painless (or with minimal 
pain), without swelling or scarring.

After 3 months, the treated tissues were normal 
in colour and consistence, without loss of function and 
recurrence.   

Laser surgery is comfortable not only for the patient, 
but also for the surgeon.
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SUMMARY
Objectives: The purpose of this study was to evaluate the effect of 2 

prophylaxis pastes on surface roughness of composites cured with halogen 
or additionally post-cured, and to compare it with porcelain.

Materials and Methods: 42 specimens with 2 mm in thickness and 8 
mm in diameter from the composites Miris (M; Coltene) and Filtek Z250 
(Z250; 3M ESPE) were polymerized (Optilux 501; Kerr) in polyethylene 
moulds. Then, the specimens from each group were randomly divided in 2 
groups 21 specimens each, and these specimens were post-cured 7 minutes 
at 120oC with simultaneous light exposure (Coltene D.I-500) (MP; Z250P). 
After 24 hours storage at 37oC, the specimens were polished with 2500 
grit SiC paper, followed by 1μm diamond paste. 21 porcelain specimens 
(E;Empress II; Ivoclar) were prepared with the same diameter and thickness 
as the composites, and were glazed.

Prophylaxis pastes Detartrine (D; Septodont) and Topex (T; Sultan) 
were applied with brush to the composite and porcelain specimens for 12 
seconds, by renewing them every 6 seconds. Specimens which did not 
exposed to prophylaxis procedures were used as control groups (n=7). The 
mean surface roughness (Ra; μm) of the control group specimens and proph-
ylaxis pastes Detartrine (n=7) and Topex (n=7) applied groups was deter-
mined using a surface profilometer (Perthometer M1;Mahr). Data were ana-
lyzed using one-way ANOVA and Tukey’s post hoc test.

Results: For all materials, except glazed porcelain, prophylaxis pastes 
resulted in a significant surface roughening when compared to the control 
group (p<0.05); however, the  differences between the 2 prophylaxis pastes 
were not significant (p>0.05). There was not any significant difference 
between the Detartrine applied groups in all materials (p>0.05), though 
between Topex applied groups the least surface roughness was obtained with 
MPT and ET (p<0.05). 

Conclusion: Prophylaxis pastes increased surface roughness of com-
posites, whereas they did not have any effect on porcelain. Post-curing did 
not affect the surface roughness of Filtek Z250; however, Miris responded 
positively in the Topex prophylaxis paste applied group. 
Keywords: Prophylaxis, Surface Roughness; Material, restorative
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Introduction

The removal of stains and plaque from all accessible 
tooth surfaces is a routine part of the hygiene maintenance 
therapy21,23. This procedure is usually performed using 
a variety of prophylaxis pastes and rotary rubber cups or 
brushes as carriers. Commercially available prophylaxis 

pastes are typically composed of a mixture of binder (or 
thickener), humectant (to retain moisture and stabilizes 
the preparation), colouring agent, preservatives, fluoride, 
flavouring, and a range of abrasive grades from coarse to 
fine17. Ideally, prophylaxis pastes should combine good 
cleaning ability with simultaneous polishing. In addition 
to this, the agent should cause minimal abrasion of dental 
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Miris (M; Coltene) and Filtek Z250 (Z250; 3M ESPE), 
were polymerized according to the manufacturer’s 
instructions using a light curing unit (Optilux 501; Kerr) 
with 700mW/cm2 light intensity in polyethylene moulds, 
with 2 mm in thickness and 8 mm in diameter. Then the 
specimens from each group were randomly divided in 
2 groups, 21 specimens of each, and these specimens 
were post-cured 7 minutes at 120oC with simultaneous 
light exposure (Coltene D.I-500) (MP; Z250P). After 24 
hours storage at 37oC, the specimens were polished with 
2500 grit SiC paper followed by 1μm diamond paste. 
21 porcelain specimens (E; Empress II; Ivoclar) were 
prepared with the same diameter and thickness as the 
composites, and fired according to the manufacturer’s 
instructions in Empress II EP 600 Combi (Ivoclar/
Vivadent) oven, and were glazed.

Prophylaxis pastes Detartrine (D; Septodont) 
and Topex (T; Sultan) were applied with brush to the 
composite and porcelain specimens for 12 seconds, by 
renewing them every 6 seconds. A new brush was used for 
each material-treatment combination. Specimens which 
did not exposed to prophylaxis procedures were used as 
control groups (n=7). To minimize the effects of operator 
variability, all the prophylaxis paste applications were 
carried out by a single person with a single, slow speed 
handpiece at 2,000 rpm. The surface roughness of the 
control group specimens and prophylaxis pastes Detartrine 
(n=7) and Topex (n=7) applied groups was determined 
using a surface profilometer (Perthometer M1;Mahr), set 
for a tracing length 1.5mm and a cut off value of 0.25mm. 
Each sample was rotated 1200 to record three readings 
per surface, and an average value of this 3 reading was 
recorded for each specimen. The instrument provided a 
readout of average surface roughness Ra per tracing in 
microns. Ra is the arithmetic average height of roughness 
component irregularities from the mean line measured 
within the sampling length. Data were analyzed using 
one-way ANOVA and Tukey’s post hoc test.

hard tissues3,14, as well as of dental restorations26. However 
surface finish of dental restorations has been shown to be 
affected due to the applications16,17,22,26, because many 
clinicians use only one prophylaxis paste, although patients 
present a wide range of polishing requirements16.

The surface finish of dental restorations has a 
substantial effect on their overall long-term clinical 
success12. Improper hygiene maintenance therapy may 
reduce the functional and aesthetic life of composite 
restorations15. During these procedures, organic matrix of 
the composites is preferentially removed19 as the abrasives 
in prophylaxis pastes could be harder than the resin matrix 
and could even be similar in hardness to the fillers22. After 
removal of the organic matrix, filler particles may be 
exposed and may lead in a rough surface19. The increase 
in surface roughness can contribute to staining, plaque 
retention, gingival irritation and recurrent caries24,27. 
Due to improved filler technology modifications in the 
organic matrices and a greater degree of polymerization, 
composite inlays are becoming increasingly popular 
as an alternative to porcelain inlays. In addition, post-
curing also increases the degree of conversion of resin 
composites18, and homogenization of the organic matrix20. 
The increased degree of conversion may lead to improved 
physical properties6,9,18. Therefore, indirect composites 
may be less susceptible to surface roughening than 
the direct composite restorations. This study aimed to 
investigate the effect of 2 prophylaxis pastes on surface 
roughness of porcelain and 2 hybrid composites that were 
light cured and additionally post-cured.

Materials and Methods

Technical profiles of the materials used in this study 
were listed in table 1. 42 specimens from each composite, 

Table 1. Technical profiles of the materials used in the study

Materials
                                       Composition

Manufacturer
Filler type Average filler size Filler volume  (%) Resin system

Miris Silanized stroncium 
glass, silanized barium 
glass, hydrophobic 
silisic acid

    0.6μm      58
Bis-GMA
Bis-EMA,
TEGDMA

Coltene

Filtek Z250 Silica,
zirconia

   
     0.6μm

 
      60

Bis-EMA (6),
TEGDMA,
UDMA

3M ESPE

Empress II SiO2 (57-80%),Al2O3 (0-5%), La2O3 (0.1-6%), MgO (0-5%), ZnO (0-8%), K2O 
(0-13%), Li2O (11-19%),P2O5 (0-11%) Ivoclar

Detartrine Silica, 35 % formaldehyde solution Septodont

Topex 1.23 % APF Sultan
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Figureureure 1. Mean surface roughness values (Ra; μm) of the control 
and prophylaxis pastes applied groups

Figure 2a. Scanning electron micrograph of Miris control group showing 
a very smooth surface

Representative scanning electron micrographs were 
taken from each group, showing surface roughness similar 
to the mean surface roughness of the corresponding 
group. The specimens were dried, gold-sputter coated, 
and observed using a scanning electron microscope (JSM 
6335F; JEOL Ltd, Tokyo, Japan).

Results

The mean surface roughness of the control and 
prophylaxis pastes applied groups are shown in table 
2. No significant difference in surface roughness was 
achieved among the control groups of the composites 
(Miris, Miris P, Filtek Z250 and Filtek Z250 P) - p>0.05,  
whereas Empress II control yielded statistically higher 
surface roughness than the composites. (p<0.05; Tab. 3). 
For all materials, except glazed porcelain, prophylaxis 

pastes resulted in significant surface roughening when 
compared to the control group (p<0.05); however, 
the  differences between the 2 prophylaxis pastes were 
not significant (p>0.05). There was not any significant 
difference between the Detartrine applied groups in all 
materials (p>0.05), though between Topex applied groups, 
the least surface roughness was obtained with MPT and 
ET (Tab. 3; p<0.05). 

Scanning electron micrographs of Miris, as well 
as of Filtek Z250 control groups, regardless post-curing, 
revealed smooth surfaces (Fig. 2a; Fig. 3a; Fig. 4a; Fig. 
5a), whereas Detartrine and Topex prophylaxis paste 
applied groups showed many irregularities (Fig. 2b,c; Fig. 
3b,c; Fig. 4b,c and Fig. 5b,c), showing protruding (Fig. 
3b and Fig. 5b) and displacement (Fig. 3c; Fig. 5c) of the 
filler particles and scratches on the surface (Fig. 2b,c).

Scanning electron micrographs of the control and 
prophylaxis paste applied porcelain surfaces revealed 
smooth surfaces (Fig. 6a-c). 

Table 2. Mean surface roughness values (Ra; μm) of the control and prophylaxis pastes applied groups

Group Miris Filtek Z250 Miris P Filtek Z250 P Empress II

Control 0.029±0.013 0.042±0.01 0.03±0.008 0.026±0.008 0.116±0.028

Detartrine 0.186±0.035 0.167±0.013 0.148±0.013 0.170±0.014 0.153±0.051

Topex 0.166±0.018 0.184±0.031 0.127±0.014 0.185±0.013 0.120±0.059

Table 3. Results of Statistical  Analysis

     Group  Differences

    Control  Mirisa = Miris Pa = Filtek Z250a =  Filtek Z250 Pa < Empress IIb

    Detartrine  Miris Da =Miris PDa = Z250 Da = Z250 PDa =Empress II Da

    Topex  Miris Ta = Z250 Ta = Z250 PTa > Miris PTb = Empress II Tb

Materials identified by different superscript letters in each row are significantly different (p<0.05) - one-way ANOVA and Tukey’s 
post hoc test
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Figure 2b. Scanning electron micrograph of Miris Detartrine group. 
Many deep scratches on the  surface were evident (compare Figure 3a)

Figure 3a. Scanning electron micrograph of Filtek Z250 control group 
showing a smooth surface

Figure 3c.  Scanning electron micrograph of Filtek Z250 Topex group. 
Filler particles were displaced

Figure 2c. Scanning electron micrograph of Miris Topex group. The 
surface revealed protruded filler particles with superficial scratches

Figure 3b. Scanning electron micrograph of Filtek Z250 Detartrine group. 
Note the pronounced exposure of filler particles (compare Figure 3a)

Figure 4a. Scanning electron micrograph of Miris post-cured control 
group. The surface was very smooth and similar to the Miris control 

group (Figure 2a)
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Figure 4b. Scanning electron micrograph of Miris post-cured Detartrine 
group. Smooth scratches on the surface were evident but not as deep as 

the Miris Detartrine group (Figure 2b)

Figure 5a. Scanning electron micrograph of Filtek Z250 post-cured 
control group showing a smooth surface

Figure 5c. Scanning electron micrograph of Filtek Z250 post-cured 
Topex group showing displacement of the fillers

Figure 4c. Scanning electron micrograph of Miris post-cured Topex 
group. Scratches on the surface were evident; however, filler particles 

were not protruded (compare Figure 2c)

Figure 5b. Scanning electron micrograph of Filtek Z250 post-cured 
Detartrine group revealing protruding of filler particles

Figure 6a. Scanning electron micrograph of Empress II control group 
showing a smooth surface
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Discussion

Composition, application force and application time 
of the prophylaxis pastes, as well as the structure of the 
restorative materials, may affect the surface roughening 
of the restorations during hygiene maintenance therapies. 
Prophylaxis pastes content are similar to the dentifrices. 
Among the other ingredients, Detartrine consist of silica 
abrasives and 35% formaldehyde solution, and Topex 1.23 
APF. For minimizing the effects of operator variability, 
in this study, all hygiene maintenance procedures 
were carried out by a single person, using a slow speed 
handpiece at 2,000 rpm, and the treatment time was fixed 
at 12 seconds. Structure or composition of the restorative 
material is influenced by its inorganic and organic content. 
Both Filtek Z250 and Miris are hybrid type composite 
resins, with a mean particle size of 0.6μm. However, they 
differ in their inorganic particle type and organic matrixes. 
Filtek Z250 contains 60% volume silica and zirconia filler 
particles whereas Miris has 58% glass particles in its 
content (Tab. 1). Empress II porcelain has a homogenous 
structure and was used as a reference material.

In order to determine the effect of prophylaxis pastes 
on surface roughness of different restorative materials, 
the initial surface roughness should be standardized and 
the obtained values should be close to the data, which is 
obtained with the mylar strip Ra = 0.04 μm. Therefore, 
in this study, before prophylaxis paste application, all 
composite specimens were polished with 2500 grid SiC 
paper followed by 1μm diamond paste, and the obtained 
Ra values of the specimens were in range of 0.02-0.04 
μm, which simulates finishing under mylar strip17. Surface 
roughness data indicated that the effect of prophylaxis 
pastes was material dependent. Irrespective from the 
curing method (light cured or light cured and then post-
cured), tested composite materials Miris (Figs. 2b,c and 
4b,c) and Filtek Z250 (Figs. 3b,c and 5a,b), yielded 

significantly higher surface roughness after prophylaxis 
paste application compared to their control groups (Figs. 
2a and 4a), whereas Empress II porcelain (Fig. 6a-c) was 
not significantly affected (Tab. 2). Scanning electron 
micrograph observation revealed that Miris as well as 
Filtek Z250 control groups, showed smooth surfaces 
regardless post-curing (Figs 2a, 3a, 4a and 5a), and 
prophylaxis pastes Detartrine and Topex applied groups 
revealed many irregularities (Figs. 2b,c; 3b,c; 4b,c and 
5b,c). Detartrine prophylaxis paste caused deep scratches 
on the Miris surfaces (Fig. 2b), whereas Topex resulted 
in protruding of the fillers (Fig. 2c). On the other hand, 
although it did not result in significant less roughening 
(p>0.05), Detartrine caused smoother scratches on the 
Miris post-cured group (Fig. 4c) when compared to the 
Miris Detartrine group (Fig. 2b). In comparison to the 
Miris Topex group (Fig. 2c), Miris post-cured Topex group 
(Fig. 4c) did not yield protruding of the filler particles, and 
only some smooth scratches were evident on the surface, 
which resulted in significantly less surface roughening 
(p<0.05). Surface topography of Filtek Z250 and Filtek 
Z250 post-cured groups were similar after prophylaxis 
pastes application. Filler particles of both groups were 
protruded after Detartrine application (Fig. 3b; Fig. 5b) 
while Topex caused displacement of the fillers (Figs. 3c 
and 5c). Scanning electron micrographs of the control 
and prophylaxis paste applied porcelain surfaces revealed 
smooth surfaces (Fig. 6a,b,c), which is consistent with 
their roughness data (Tab.2). 

Prophylaxis paste applications abraded the composite 
surfaces with a three-body wear process17. Three-body 
wear involves the process of resin matrix loss between 
filler particles and subsequent dislodgement of the filler4. 
Post-curing has been found to enhance composite resin’s 
physical properties, such as surface hardness8, tensile 
strength6 and flexural strength1, and to increase the degree 
of conversion2; however, the response of mechanical 
properties to post-curing changed to levels identical to 

Figure 6b. Scanning electron micrograph of Empress II Detartrine group Figure 6c. Scanning electron micrograph of Empress II Topex group
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V composite restorations. J Am Dent Assoc, 1983; 
106(4):482-484. 

8.  Ferracane JL, Condon JR. Post-cure heat treatments for 
composites: properties and fractograhy. Dent Mater, 1992; 
8:290-295.

9.   Ferracane JL, Greener EH. The effect of resin 
formulations on the degree of conversion and mechanical 
properties of dental restorative resins. J Biomed Mater Res, 
1986; 20:121-131.

10.  Ferracane JL, Hopkin JK, Condon JR. Properties of heat-
treated composites after aging in water. Dent Mater, 1995; 
11:354-358. 

11.  Ferracane JL, Mitchem JC, Condon JR, Todd R. Wear and 
marginal breakdown of composites with various degrees of 
cure. J Dent Res, 1997; 76(8):1508-1516.

12. Goldstein RE, Garber DA, Schwartz CG, Goldstein CE. 
Patient maintenance of esthetic restorations. J Am Dent 
Assoc, 1982; 123(1):61-67.

13. Loza-Herrero MA, Rueggeberg FA. Time-temperature 
profiles of post-cure composite ovens. Gen Dent, 1998; 
46:79-83.

14.  Lutz F, Sener B, Imfeld T, Barbakow F, Schupbach P. 
Comparison of the efficacy of prophylaxis pastes with 
conventional abrasives or a new self-adjusting abrasive. 
Quintessence Int, 1993; 24(3):193-201.

15.  Nash LB. Maximizing aesthetic restorations: The hygienist’s 
role. Practical Periodontics in Aesthetic Dentistry, 1991; 
3(3):17-18.

16.  Neme AL, Frazier KB, Roeder LB, Debner TL. Effect of 
prophylactic polishing protocols on the surface roughness 
of esthetic restorative materials. Operative Dentistry, 2002; 
27(1):50-58.

17.  Neme AL, Wagner WC, Pink FE, Frazier KB. The effect 
of prophylactic polishing pastes and toothbrushing on the 
surface roughness of resin composite materials in vitro. 
Operative Dentistry, 2003; 28(6):808-815.

18. Peutzfeldt A, Asmussen E. The effect of postcuring on 
quantity of remaining double bonds, mechanical properties, 
and n vitro wear of two resin composites. J Dent, 2000; 
28(6):447-452. 

19.  Roulet JF, Roulet-Mehrens TK. The surface roughness 
of restorative materials and dental tissues after polishing 
with prophylaxis and polishing pastes. J Period, 1982; 
53(4):257-266.

20.  Ruyter IE. Types of resin-based inlay materials and their 
properties. Int Dent J, 1992; 42:139-144.

21.  Schallhorn RG, Snider LE. Periodontal maintenance 
therapy. J Am Dent Assoc, 1981; 103(2):227-231.

those of the light cured groups when the specimens were 
subjected to water storage after curing10. One advantage 
that remained unchanged was the increased extent of 
cure over the light-cured group13. The degree of cure of 
the resin matrix influenced the wear process11 though 
the effect of post-curing on surface roughness may vary 
from material to material. Miris as well as Filtek Z250 
are based on the monomers BisGMA, TEGDMA and Bis-
EMA. In addition to these, Filtek Z250 consist a blend of 
UDMA. Bis-EMA and UDMA are of higher molecular 
weight and therefore have fewer double bonds per unit of 
weight25. Post-curing did not affect the surface roughness 
of Filtek Z250; however, Miris responded positively in 
Topex prophylaxis paste applied group. This may be due 
to the fact that initially cured Filtek Z250 has a more 
homogeneous structure than initially cured Miris. Another 
explanation for the difference in responsiveness may be 
due to the difference s in filler type, filler loading (Tab. 1) 
and bonding of the filler particles to the polymer matrix.

The critical threshold value of surface roughness 
for the simultaneous increase in plaque accumulation is 
0.2μm. Any increase after this critical value, increases 
the risk for caries and periodontal inflammation5. In 
this study, the application of Detartrine and Topex 
prophylaxis pastes increased the surface roughness of 
the composites that were light cured or additionally 
post-cured though the increase in surface roughness did 
not reach the critical threshold value. However, these 
results cannot be generalized, as the abrasiveness of 
the prophylaxis pastes is not standardized and surface 
roughness increases with subsequent use of applications22. 
Therefore, further re-polishing of the composites might 
be necessary with subsequent hygiene maintenance 
therapies. On the contrary, Empress II porcelain did not 
show any significant surface roughening after prophylaxis 
paste applications. From this point of view, composite 
restorations, whether they are post-cured or not, which 
means whether they are inserted directly or indirectly, 
might cause aesthetic and biological disadvantages to a 
greater extent than the porcelain restorations.
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SUMMARY
The purpose of this study was to determine, in Turkey, the patterns and 

distribution of partial edentulism (PE) according to Kennedy-Applegate 
classification. This study was carried on patients who applied to the dental 
university clinics and who were diagnosed as requiring a removable partial 
denture (RPD), at least for one arch. Total of 319 patients were included 
in the study (206 females, 113 males, aged 35-89). The evaluation of the 
findings was made using chi-square test.

There were 424 partially edentulous arches and 93 totally edentulous 
arches. Kennedy I was the most frequently observed, whereas Kennedy IV 
was the least frequent, both in the upper and the lower partial edentulous 
arches. Edentulous maxilla opposing mandibular Kennedy I was found as 
the most common arch combination. There was no statistically signifi-
cant difference between the distribution of Kennedy classes of both arches 
(p>0.05). When PE was examined according to the modification number, 
Kennedy I with no modification was encountered the most, in both arches. 
The relationship between the distribution of Kennedy classes and gender 
was statistically significant. PE was encountered more in females in both 
arches. The difference between various Kennedy classes of the maxilla 
and age distribution was statistically significant (p:0,048). The difference 
between various Kennedy classes of the mandible and age distribution was 
not statistically significant (p>0.05). Kennedy I was observed the most often, 
both in the maxilla and the mandible among Turkish population with PE. 
Determination of the incidence of various classes of PE provides clinically 
useful information.
Keywords: Partial Edentulism; Kennedy Classification
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Introduction

Many removable partial denture (RPD) 
classifications have been proposed to identify potential 
combinations of teeth to ridges1-4. Although Skinner 
presented the first comparative study based on incidence, 
the Kennedy classification is most widely used1,4. 
The primary purpose for the classification of partially 
edentulous arches is to identify potential combinations 
of teeth to edentulous ridges in order to facilitate 
communication among dental colleagues, students, 
and technicians4,5. In addition, with a classification, 

the incidence of classes of RPDs can be compared 
longitudinally4,6,7. Moreover, the trends in the incidence 
of the various classes of RPDs being fabricated should be 
reviewed periodically to serve as teaching guidelines4,5. A 
current determination of the incidence and its comparison 
with previous surveys could help to direct pre-doctoral, 
post-doctoral and continuing education programmes, 
and also could provide clinically useful information for 
alternative treatments, such as dental implants4. The 
location of the partially edentulous region is an important 
criterion in the planning of fixed or removable dentures 
that are supported with implants. Since there is currently 
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In this study, statistical analysis was implemented 
using GraphPad Prisma V.3 package programme. The 
comparison of qualitative findings was made using chi-
square test. 

Results

The distribution of age, number and gender of the 
study population is given in table 1. 

The distribution of partially edentulous arches 
according to Kennedy classification is shown in table 
2. The arch opposing the partially edentulous arch was 
either partially edentulous or totally edentulous or totally 
dentulous. The number of partially edentulous arches 
was 424 in total. Of these, 270 were Kennedy I, 107 
Kennedy II, 45 Kennedy III, and 2 were Kennedy IV. 
There was no statistically significant difference between 
the maxilla and the mandible in terms of the distribution 
of Kennedy classification. In both arches, the incidence 
of PE was Kennedy I (the most common), Kennedy II, 
Kennedy III and Kennedy IV, respectively. Kennedy IV 
was observed only in the maxilla. The difference between 
the arches, in all the edentulism types, was statistically 
significant (p=0001 χ²=89.24). There was no statistically 
significant difference between the arches according to the 
classification of PE (p=0.082 χ²=6.68).

Table 1. Age and gender distribution of the sample

Age groups Female Male Total n (%)

35-44 4.9% 1.8% 12 3.8%

45-54 21.4% 12.4% 58 18.2%

55-64 28.6% 30.1% 93 29.2%

65-74 25.2% 34.5% 91 28.5%

>75 19.9% 21.2% 65 20.4%

* No statistical difference was observed between gender and age 
distribution (χ²=7.39    p=0.117)  

a remarkable increase in the use of implant-supported 
dentures, knowledge about the distribution of partial 
edentuliism (PE) is significant as it will guide the implant 
studies8-11. Although several studies4,6,7 have evaluated 
the incidence of the various types of PE, the number of 
studies is not sufficient.

The cause of tooth loss has been evaluated in 
selected populations in different countries5,12-14; and 
it is found that the cause may differ according to age, 
gender, education level and social status12-15. Moreover, 
Kennedy classification studies showed that the incidence 
of PE differed among the countries4-6. The purpose of 
this study was to determine the PE according to Kennedy 
classification with the guidelines advocated by Applegate, 
and to evaluate age and gender distribution for a selected 
population in Turkey.

Material and Methods 

This study was carried out on patients who applied 
to the prosthetic dentistry clinics of Yeditepe University, 
Istanbul during a period September-June, and who were 
diagnosed as requiring a RPD by the prosthodontist. 
First, the pre-prosthetic treatment of all the patients 
was completed. The prosthodontic treatments were 
provided by dental students under supervision of clinical 
instructors. 319 patients, who had PE at least in one arch, 
were investigated in total. The patients consisted of 206 
females and 113 males, age ranging from 35 to 89. 638 
arches were examined in total of which 424 were partially 
edentulous (160 maxillary and 264 mandibular). The 
Kennedy classification with the guidelines advocated 
by Applegate for each partially edentulous arch was 
recorded. Categorization of the modifications for the 
Kennedy classes was expanded to 4 categories:

1. No modification area;
2. Anterior modification area; 
3. Posterior modification area;
4. Combined anterior and posterior modification 

area.

Table 2. Distribution of partial edentulous arches according to Kennedy classification

Arch Kennedy I
Nr            %

Kennedy II
 Nr          %

Kennedy III
 Nr       %

Kennedy IV
 Nr      %

Edentulous
  Nr      %

Dentate
 Nr        %

Maxilla 100 37.04 40 37.38 18 40 2   100  84 90.32 75 61.98

Mandible 170 62.96 67 62.62 27 60 0     0 9   9.68 46 38.02

Total 270 100 107  100 45 100 2    100 93 100 121 100

* The difference between the arches, in all the edentulism types (dentate, edentulous and type of Kennedy), was statistically 
significant (p=0.001, χ²=89.24)
** There was no statistically significant difference between the arches according to the classification of PE (p=0.082, χ²=6.68)
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Table 5. Number of modifications in the mandible

         Mandible

Number of modification area in the mandible

1 2 3 Total

Kennedy I

51 8 1 60

85% 13.3% 1.7% 100%

52.6% 24.2% 100% 45.8%

Kennedy II

31 19 50

62% 38% 100%

32% 57.6% 38.2%

Kennedy III

15 6 21

71.4% 28.6% 100%

15.5% 18.2% 16.00%

Total

97 33 1 131

74% 25.2% 0.8% 100%

  100%   100%    100% 100%

Table 4. Number of modifications in the maxilla

Maxilla
Number of modification area in maxilla

1 2 3 4 Total

Kennedy I

32 8 40

80% 20% 100%

56.1% 36.4% 48.2%

Kennedy II

13 12 3 1 29

44.8% 41.4% 10.3% 3.4% 100%

22.8% 54.5% 100% 100% 34.9%

Kennedy III

12 2 14

85.7% 14.3% 100%

21.1% 9.1% 16.9%

Total

57 22 3 1 83

68.70% 26.5% 3.6% 1.2% 100%

100% 100% 100% 100% 100%

Table 3. Arches combination

Maxilla

Kennedy I Kennedy II Kennedy III Kennedy IV Edentulous Dentate Total

Mand.

Kennedy I

47 14 3 62 44 170

27.60% 8.20% 1.80% 36.50% 25.90% 100.00%

46.50% 35.00% 16.70% 74.70% 58.70% 53.30%

Kennedy II

16 7 6 2 13 23 67

23.90% 10.40% 9.00% 3.00% 19.40% 34.30% 100.00%

15.80% 17.50% 33.30% 100.00% 15.70% 30.70% 21.00%

Kennedy III

5 4 2 8 8 27

18.50% 14.80% 7.40% 29.60% 29.60% 100.00%

5.00% 10.00% 11.10% 9.60% 10.70% 8.50%

Edentulous

9 9

100.00% 100.00%

8.90% 2.80%

Dentate

24 15 7 46

52.20% 32.60% 15.20% 100.00%

23.80% 37.50% 38.90% 14.40%

Total

101 40 18 2 83 75 319

31.70% 12.50% 5.60% 0.60% 26.00% 23.50% 100.00%

100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

*(χ²=103   p=0.0001), Mand. - Mandible 
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had no modification, whereas 37 (16 maxillary, 21 
mandibular) had at least one modification area. The 
location of the modification areas in the maxilla and 
the mandible can be seen in table 6.  The difference 
between the distribution of Kennedy I - IV, and pattern of 
modification areas by arch was statistically significant in 
both arches.

The difference between the distribution of Kennedy 
classes and gender (Tab. 7) was statistically significant 
in both the maxilla and the mandible. Of 270 Kennedy 
I arches (63.6%), 100 were maxillary (51 females, 49 
males), and 170 were mandibular (116 females, 54 males). 
Of 107 Kennedy II arches (25.2%), 40 were maxillary (30 
females, 10 males), and 67 were mandibular (43 females, 
24 males). Of 45 Kennedy III arches (10.6%), 18 were 
maxillary (11 females, 7 males), and 27 were mandibular 
(19 females, 8 males). Both of the 2 Kennedy IV arches 
(0.47%) were in the maxilla, seen only in females.

There was a tendency for PE to increase in numerical 
values in Kennedy Class I between 35-74 age group. 
On the other hand, the PE tended to decrease in all 
classes upwards to 75 years of age (Tab. 8). A statistical 
difference was observed between maxillary Kennedy I - 
IV and age distribution (χ²=15.48 p=0.048). No statistical 
difference was observed between mandibular Kennedy I - 
IV and age distribution (χ²=12.48 p=0.13).

Among 319 patients examined, mandibular Kennedy 
I opposing maxillary total edentulism was the most 
common combination (Tab. 3). 106 patients had PE in 
both arches and mandibular Kennedy I opposing maxillary 
Kennedy I was the most common combination in these 
patients (47 patients).

The number of modifications in maxillary and 
mandibular Kennedy I, II, III and IV can be observed in 
tables 4 and 5. The maximum number of modification 
areas was found to be 4, in the maxilla, and 3 in the 
mandible. Kennedy IV cannot be seen in the table as it 
does not have any modification areas.  

Kennedy I, without any modification area, was 
seen the most often in both arches (Tab. 6). The number 
of partially edentulous arches without modification was 
204, whereas at least 1 modification area was seen in 220 
arches. The number of arches with a modification area 
was close to the number of arches with no modification, 
in both the maxilla and the mandible. Of 270 Kennedy 
I arches, 168 (59 maxillary, 109 mandibular) had 
no modification, while 102 arches (41 maxillary, 61 
mandibular) displayed at least one modification area. Of 
107 Kennedy II arches, 26 (9 maxillary, 17 mandibular) 
had no modification, while 81 arches (31 maxillary, 50 
mandibular) displayed at least one modification area. 
Of 45 Kennedy III arches, 8 (2 maxillary, 6 mandibular) 

Table 6. Distribution of Kennedy classes according to pattern of modification areas by arch

No modification          area Anterior modification area Posterior modification area Combined modification area

Max. Mand. Max. Mand. Max. Mand. Max. Mand.

Kennedy I 59 81.94% 109 82.58% 23 79.31% 44 78.57% 13 34.21% 10 20% 5 23.81% 7 27%

Kennedy II 9 12.50% 17 12.88% 1 3.45% 6 10.71% 16 42.11% 32 64% 14 66.67% 12 46%

Kennedy III 2 2.78% 6 4.55% 5 17.24% 6 10.71% 9 23.68% 8 16% 2 9.52% 7 27%

Kennedy IV 2 2.78% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0%

Total 72 100% 132 100% 29 100% 56 100% 38 100% 50 100% 21 100% 26 100%

* A statistical difference was observed between maxillary Kennedy I, II, III, IV and modification area pattern (no modification, 
anterior, posterior, combined) distribution (χ²=57.72  p=0.0001)

** A statistical difference was observed between mandibular Kennedy I, II, III, IV and modification area pattern (no modification, 
anterior, posterior, combined) distribution (χ²=89.07  p=0.0001) Mand. - Mandible, Max. - Maxilla

Table 7. Gender distribution of Kennedy classes according to the sample

Kennedy I Kennedy II Kennedy III Kennedy IV Total

Max. Mand. Max. Mand. Max. Mand. Max. Mand. Max. Mand.

Female 51 51% 116 68.2% 30 75% 43 64.2% 11 61.1% 19 70.4% 2 100% 0 0% 94 58.75% 116 68.2%

Male 49 49% 54 31.8% 10 25% 24 35.8% 7 38.9% 8 29.6% 0 0% 0 0% 66 41.25% 54 31.8%

Total 100 100% 170 100.0% 40 100% 67 100.0% 18 100.0% 27 100.0% 2 100% 0 0% 160 100% 170 100%

* A statistical difference was observed between both arches Kennedy I, II, III, IV and gender distribution  (maxilla χ²=13.60  
p=0.018, mandible χ²=9.58  p=0.047) Mand. - Mandible, Max. - Maxilla
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Table 9. Comparison of distribution of Kennedy classification in 
4 studies

Anderson & 
Bates6 (1952)
    n      (%)

Curtis et al4 
(1992)

   n       (%)

Sadig et al5 
(2002)

   n      (%)

Present 
study (2008)
   n     (%)

Kennedy I   277      50  132      40  188      25  270   63,6

Kennedy II   114      20  108       33  206      27  107   25,4

Kennedy III   129      23    59       18  302      40    45   10,6

Kennedy IV     39       7    28         9    44       8      2     0,4

Total   559  327  740  424

Curtis4 has reported that mandibular RPDs are more 
common than maxillary RPDs. Several previous studies 
indicate that 57-80% of RPDs are mandibular17-19. Basker 
et al20 and Idowu et al12 reported that Kennedy I and II in 
the mandible are more common than Kennedy I and II in 
the maxilla. Our findings are in line with this study. 

Completely edentulous maxilla opposing mandibular 
Kennedy I was found as the most common arch 
combination. In the mandible, the requirement for teeth 
for retention and stability may direct the patients and the 
dentists towards such a final stage. Completely dentulous 
and completely edentulous arches are observed more in 
the maxilla compared to the mandible. It is considered 
that in the maxilla, either the modifications are treated 
with fixed restorations, thus achieving a complete 
arch, or ended up with a completely edentulous arch by 
extracting the few remaining teeth. The most frequent 
arch combination was maxillary total edentulism opposing 
mandibular Kennedy I, whereas the most frequent arch 
combination among the partially edentulous opposing 
arches was maxillary and mandibular Kennedy I. 
The patients’ demands for a treatment increase with 
the decrease in chewing ability caused by the loss of 
antagonist posterior teeth. The difficulty in treating 

Discussion

Hummel et al16 suggest that in the near future, a 
larger number of people will face PE. It is projected by 
Thompson and Kreisel14 that in the United States, in 
2010, 75 years-olds will have an average of 16 remaining 
teeth. Nevertheless, there is a decline in the number of 
completely edentulous patients. As the elderly population 
increases, PE increases as well16. The incline in PE 
cases causes an increase in the use of other alternative 
treatments, such as implants. Implants provide the 
treatment of PE with fixed restorations8,10,11. The location 
of PE and the number of edentulous areas can guide the 
studies on implants. Since there is a remarkable increase 
in the use of implant-supported dentures currently, 
knowledge about the distribution of PE may help to 
determine the need for implants in the future.

It is important to know the distribution of PE 
according to age, race and gender. As patterns of tooth 
loss may differ according to age, gender, education level 
and social status, determination of the incidence and its 
comparison with previous surveys could provide clinically 
useful information and also help education programs for 
dental training4.

Table 9 shows the comparison of various Kennedy 
classification studies carried out on different populations, 
at different years. In our study, as in the studies of 
Anderson6 and Curtis4, the mostly seen class was 
Kennedy I. On the other hand, Kennedy III was the 
mostly encountered group in the study of Sadig et al5 
and they have related the reason to the health insurance 
programmes in their country. The frequency of Kennedy 
III observed in our study was in accordance with the study 
of Curtis et al4. Kennedy IV was the least seen group in 
all the studies listed in table 9. The low percentage of 
Kennedy IV can be explained by low chance of tooth loss 
in the anterior region compared to the molar region, and in 
the presence of such an edentulism, fixed restorations are 
preferred as the mode of treatment. 

Table 8. Age distribution of Kennedy classes according to the sample

Age group

Kennedy I Kennedy II Kennedy III Kennedy IV Total

Max. Mand. Max. Mand. Max. Mand. Max. Mand. Max. Mand.

35-44 1 1.0% 4 2.4% 5 12.5% 2 3.0% 1 5.6% 2 7.4% 0 0% 0 0% 7 4.38% 8 3.03%

45-54 19 19.0% 30 17.6% 10 25.0% 11 16.4% 6 33.3% 5 18.5% 0 0% 0 0% 35 21.88% 46 17.42%

55-64 28 28.0% 41 24.1% 13 32.5% 28 41.8% 5 27.8% 9 33.3% 2 100% 0 0% 48 30.00% 78 29.55%

65-74 36 36.0% 51 30.0% 6 15.0% 18 26.9% 4 22.2% 7 25.9% 0 0% 0 0% 46 28.75% 76 28.79%

>75 16 16.0% 44 25.9% 6 15.0% 8 11.9% 2 11.1% 4 14.8% 0 0% 0 0% 24 15.00% 56 21.21%

* A statistical difference was observed between maxillary Kennedy I, II, III, IV and age distribution (χ²=15.48   p=0.048)
** No statistical difference was observed between mandibular Kennedy I, II, III, IV and age distribution (χ²=12.48   p=0.13)
Mand. - Mandible, Max. - Maxilla
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posterior edentulism with fixed restorations may be 
another reason for this consequence. 

PE with no modification was seen most common in 
both arches. Arches with one modification area were the 
second most common type. The modification areas were 
treated with fixed restorations as much as possible prior to 
RPD. This might add to the low incidence of arches with 
more than 1 modification area. Contrary to other Kennedy 
classes, Kennedy II arches had more modification areas 
compared to no modification areas, in both the maxilla 
and the mandible. In order to increase the retention and 
stability of RPD, modification areas may not have been 
restored in Kennedy II.

Idowu et al12, in their study carried in Saudi Arabia, 
found that females had  a higher rate of mandibular 
molar tooth loss, suggesting there is a greater likelihood 
of finding mandibular distal extensions among females. 
In the present study, all the PE cases were seen more in 
females. The reason for females having more tooth loss 
may be their willingness to restore them at an earlier 
age. We may either say that females lose their teeth at an 
earlier age or males tend to postpone their treatments. 

Sadig et al5 reported that Kennedy III cases were 
observed more frequently at younger adults, whereas 
Kennedy I and II started to incline after the 45-54 age 
group. In our study, an increase in all PE classes with the 
increase in age was noticed. Contrary to Sadig’s study5, 
the reason for Kennedy III being less at an early age is 
because fixed restorations were preferred for the treatment 
of PE. On the other hand, Kennedy I and II were the 
mostly seen groups at all ages. The reason for this finding 
might be the difficulty to treat these cases with fixed 
restorations. There was a tendency to decline in partially 
edentulous cases in the >75 group, which might be 
explained by tendency of complete edentulism in this age.

Conclusions

Kennedy I was the most common PE type, whereas 
Kennedy IV was the rarest in both arches.

Edentulous maxilla opposing mandibular Kennedy 
I was the most frequent arch combination type. On the 
other hand, in the partially edentulous opposing arches, 
Kennedy I vs. Kennedy I was the most common one.

All the PE cases were more common in females. 
Kennedy I and Kennedy II were more frequent in all 

the age groups.
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SUMMARY
Supernumerary teeth are the teeth that exceed when compared with the 

number of the teeth of a normal dentition. They appear more frequently in 
men than in women with a ratio 2:1, respectively. Several theories had been 
suggested to explain this phenomenon with the “dental lamina hyperactivity 
theory” to be the most accepted. Supernumerary molars (fourth molars 
or distomolars) usually are impacted and in this way they cause the 
impaction of third molars. They can be associated with complications or 
stay asymptomatic. The golden standard for the diagnosis of supernumerary 
teeth is the dental panoramic tomography. Treatment involves the removal 
of supernumerary teeth (together with third molars) because of the 
complications that their presence can cause. This article reports 6 cases of 
supernumerary fourth molars in patients who referred to our clinic.
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Introduction

Supernumerary teeth are the teeth which are in 
excess when compared with the number of teeth in a 
normal dentition. Their prevalence ranges between 0.1-
3.8% in the permanent dentition and 0.3-0.8% in the 
primary dentition1,2,4. Supernumerary teeth occur more 
often in males than females and the reported ratio is 
almost 2-3:1 respectively2-4,18.  They appear almost 
8-10 times more frequently in the maxilla than in the 
mandible1,2,14.

The aetiology of supernumerary teeth still remains 
unclear. Both genetic and environmental factors seem 
to affect their appearance in the oral cavity5. Moreover 
supernumerary teeth appear in several syndromes and 
developmental anomalies: 
1. Cleidocranial dysostosis (Figs. 1 and 2) - partly or 

completely missing of clavicles, hypoplasia of the 
midface, delayed closure of sutures and fontanelles of 
the skull 9;

2. Gardner’s  syndrome  - multiple  adenomatous  
polyposis  of  the  large  intestine, multiple osteomas 
of facial bones, cutaneous epidermoid  cysts10;

3. Cleft lip and palate13;
4. Less common in: Fabry-Anderson’s syndrome 

(cutaneous vascular lesions - angiokeratomas, 
acroparesthesias - burning pain in fingers and toes, 

cardiac, cerebral and renal vascular manifestations)11 
and Ehlers-Danlos’ syndrome (hyperextensible skin, 
joint hypermobility, fragility of the vessels)12.
 Several theories have been suggested to explain the 

development of supernumerary teeth:
1. Atavism theory - according to this theory, super-

numerary teeth are the result of phylogenetic reversion 
to an extinct primitive dentition1;

2. The “dental lamina hyperactivity” theory suggests that 
supernumerary teeth are formed as a result of local 
and independent hyperactivity of dental lamina. A 
supplemental form could develop through the lingual 
extension of a tooth bud, though the rudimentary 
form could develop through the proliferation of dental 
lamina’s epithelial remnants. This is the most accepted 
theory2,6;

3. The dichotomy theory - according to this theory, 
the tooth bud is separated into 2 equal or different 
size parts. These 2 parts develop 2 equal teeth or 1 
normal and 1 dysmorphic tooth. This theory has been 
rejected6;

4. Heredity-genetic and environmental factors - 
heredity could be associated with the development of 
supernumerary teeth because there have been reported 
cases in which there was familial occurrence of 
supernumerary teeth2,7,8,19.
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Fourth molars or distomolars are placed behind 
the third molars. The fourth molars, which are found 
in the maxilla, have conical shape because they are 
not completely developed1,2,19,3. They are smaller in 

comparison to the fourth molars in the mandible, which 
are often similar to the third molars1,2. They appear 
more frequently in the maxilla than in the mandible14.  
Fourth molars usually stay impacted, but they can 
also erupt normally. The simultaneous presence of 4 
impacted fourth molars in every quarter is a very rare 
phenomenon2,15.

Detailed medical and dental histories are very 
important for the diagnosis of supernumerary teeth. The 
diagnosis of fourth molars is often done by chance after 
radiographic examination of the corresponding area2, 
especially in conditions where they stay impacted and 
asymptomatic17. In case they stay impacted, radiographic 
examination is necessary for the localization of the 
supernumerary teeth. The golden standard for the 
diagnosis of supernumerary teeth is the dental panoramic 
tomography. Both periapical and occlusal radiographs 
give useful information. The occlusal radiographs give 
extra information for the location of the supernumerary 
tooth. Radiographic examination of all the quarters is 
obligatory when 1 fourth molar is detected because the 
bilateral existence of supernumerary molars is frequent. 
In some cases of surgical extraction of fourth molars, 
Clark’s rule can be used as a supplemental tool for their 
localization (this technique uses 2 radiographs of the 
same area with different angulations). The anatomic 
morphology of the adjacent area can restrict the 
radiographic examination with periapical radiographs. In 
these cases, dental scan solves the problem of anatomic 
limitations.

Fourth molars usually stay impacted and in this way 
they cause the impaction of the corresponding third molar. 
They can stay asymptomatic but also can cause clinical 
complications (Tab. 1).

Table 1. Complications associated with the presence of 
fourth molars

Delayed eruption or non-eruption of third molars. Rarely, they 
can through the third molars, stop the eruption of second molars3

Displacement of supernumerary tooth itself with lingual, 
palatal or parietal direction. Moreover they can migrate into 
the sinus or stay close to sinus floor21

Occlusal problems

Displacement of permanent teeth (crowding, rotation)

Subacute pericoronitis, periodontal abscess, fistulas and 
odontomas14 

Resorption of third molars’ root20

Cystic formation with prevalence that ranges from 2 to 9%6

Figure 1. Panoramic radiograph of a patient with Cleidocranial 
dysostosis, showing multiple impacted teeth and supernumeraries

Figure 2. Lateral radiograph of the head of the patient with 
Cleidocranial dysostosis
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Case 3
Radiographic examination for other reason, in a 

35-year-old male patient, revealed bilateral existence of 
fourth molars in the maxilla (Fig. 4). Extraction of the 
maxillary third and fourth molars and the left mandibular 
third molar were performed because the patient would be 
under orthodontic treatment. 

Clinical Study 

Case 1 
A 32-year-old female patient presented for treatment 

of class III malocclusion, which was the result of the 
hereditary disease Cleidocranial dysostosis. The final 
treatment plan suggested surgical exposure of the 
impacted teeth for pre-orthodontic treatment and removal 
except for the third and fourth molars (they were under the 
third molars) in the maxilla. (Figs. 1 and 2). The patient is 
now under pre-surgical orthodontic treatment.

Case 2
A 24-year-old male patient with 2 fourth molars 

in the maxilla and 1 in the mandible (right) is under 
orthodontic treatment. He was referred for removal of the 
maxillary third and fourth molars and also the removal of 
third molars of the mandible (Fig. 3).

Case 4 
A 27-year-old female patient was under orthodontic 

treatment 13 years ago. A scheduled examination by 
the orthodontist revealed a fourth and fifth molar in 
the maxilla but also revealed the impaction of the third 
molars in the mandible (Fig. 5). Extractions of all the third 
molars, the fourth and the fifth molars suggested. 

Figure 3. Supernumerary fourth molars in both the maxilla and the 
mandible

Figure 5. Third, fourth and fifth molars impacted in the maxilla

Figure 4. Fourth molars in the maxilla

Case 5 
A 13-year-old male patient had delayed eruption 

of the right mandibular second molar. The radiographic 
examination revealed the existence of a third molar’s tooth 
bud beneath the fourth molar’s tooth bud (Figs. 6 and 7). 
The orthodontist suggested the extraction of both the third 
and the fourth molars in order to release the eruption and 
development of the right mandibular second molar.

Figures 6 and 7. The tooth buds of the third and fourth molars caused 
the impaction of the second molar

6

7
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Case 6 
A routine radiographic examination, in a 29-year-old 

female patient, revealed fourth molars both in the maxilla 
and the mandible (Figs. 8 and 9). Extraction of the fourth 
and third molars simultaneously was suggested.

Discussion  

In case of supernumerary teeth and especially in 
fourth molars early diagnosis, estimation of the present 
condition of both the supernumeraries and the adjacent 
teeth, selection of the most indicated treatment and the 
best timing are essential. Treatment concerns the removal 
of the fourth molars because of the possible complications 
their existence could cause. If they stay asymptomatic they 
could remain to the dentition under often and continuous 
monitoring (clinical and radiographic examination every 
1 or 2 years). Removal involves simple extraction (if the 
supernumerary tooth is erupted) or surgical extraction 
of impacted fourth molars and the adjacent third molars 
simultaneously. The area in which the fourth molars are 
located can be reached vestibular, palatally or lingually 
and depends on the location of supernumerary as it is 
estimated through the clinical and radiographic findings. 
Simultaneous extraction of fourth molars in two quarters 
is possible when the possible difficulties are estimated and 
the patients agree with this plan.

Figures 8 and 9. Left fourth molars in the maxilla and the mandible

8

9

Case 7
A 25-year-old patient referred to our clinic 

complained for pain in the posterior left area of the 
mandible. The radiographic examination revealed a third 
and a fourth molar impacted in the mandible (Fig. 10). 
Extraction at the same time was suggested (Fig. 11).

Figure 10. Left fourth and third molars impacted in the mandible

Figure 11. Process of the surgery of left fourth molar
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The timing of the surgical extraction of super-
numeraries remains controversial because it is impossible 
to preview the possible complications which a fourth 
molar could cause. It is also impossible to define the exact 
time when these complications will take place. The most 
important factor for the time of the surgical removal is to 
balance the benefits and the risks which are involved in 
such surgical procedures. We recommend that it is better 
the removal to be done in younger people than in older, 
who probably have more health problems.

The early surgical removal of fourth molars aims 
at prevention of the possible complications, reduces the 
surgical movements and because of this, the surgical 
injury is smaller but also makes simple and easier one 
possible orthodontic treatment. However, there are also 
drawbacks in this early surgical removal that are related 
to: children’s inability to tolerate the surgical procedure, 
damage of the adjacent tooth, which can cause dysplasia 
or necrosis (the roots of permanent teeth are not 
completely developed in young ages). If it is possible to 
identify such cases, through radiographic examination, 
it is better to cancel the procedure until the root of the 
adjacent teeth are completely developed6,7.

Infrequently and accordingly the position of the 
fourth molar, the surgical procedure could cause: damage 
to the inferior alveolar nerve and artery, haemorrhage 
and/or haematoma, perforation of the maxillary sinus, 
jaw fracture in case the bone is thinned enough and 
finally paralysis or anaesthesia.  Monitoring of the patient 
follows the surgical removal until the rehabilitation of 
the occlusion. Orthodontic treatment can be used if it is 
necessary. 

Conclusion   

The early diagnosis (radiographic examination) and 
the proper treatment in every case of supernumerary teeth 
are essential factors for the prevention and confrontation 
of the potential complication they could cause.
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SUMMARY
Supernumerary teeth are defined as any teeth or tooth substance in 

excess of the normal dental formula. Their incidence is approximately 1 per 
110 children. Premolars account for approximately 8.4% of all supernumerary 
teeth. The occurrence of multiple supernumeraries in the absence of an 
associated systemic condition (as in our case) is nevertheless a much rarer 
phenomenon with only a few examples reported in the literature. Most 
associated problems are due to their potential to interfere with the normal 
occlusal development or orthodontic mechanics. Decision of their extraction vs. 
retention and periodic monitoring should include the potential risk of leaving 
them in place weighed against the possible complications of surgical removal.

A 30-year-old non-syndromal Caucasian male patient was referred to 
the Orthodontic private practice being concerned about the appearance of 
his supernumerary premolar’s cusp within the mouth cavity between #35 and 
#36. Intraoral assessment showed presence of spaces between lower teeth, 
especially between #33 and #34, and supra-eruption of #47 due to the long 
absence of its antagonists. Radiographic assessment showed a satisfactory 
degree of root development of the supernumerary (beyond two thirds). 
Treatment aimed at mandibular space closure, submergence of #47 and 
occlusal detailing.
Keywords: Supernumerary Teeth, premolars
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Introduction

Supernumerary teeth may be defined as any teeth or 
tooth substance in excess of the normal dental formula, 
i.e. of 20 deciduous and 32 permanent teeth, and they 
may be encountered in various regions of the dental 
arches3,5,15. The incidence of supernumerary teeth among 
the general population is approximately 1 in every 110 
children, and the ratio of prevalence in the maxilla to 
mandible is 8.2 to 119-21,23,24.

The most common supernumerary teeth, listed in 
order of frequency are the:
1. maxillary midline supernumerary teeth (mesiodentes);
2. maxillary fourth molars;
3. maxillary paramolars (rudimentary supernumeraries 

that develop buccally or lingually to the maxillary 
molars);

4. mandibular premolars;
5. maxillary lateral incisors;
6. mandibular fourth molars;
7. maxillary premolars3,13,19,21. 

Concerning premolars, they account for 
approximately 8.4% of all supernumerary teeth, with 
mandibular teeth constituting 6.6% of the total. This 
is in variance to the observed maxilla to mandible 
ratio mentioned above1,12,18-20,23. The wide variation in 
percentages reported can be attributed to variations in size 
of study, age, range, racial composition and methods of 
detection18.

The prevalence of supernumerary teeth in the 
permanent dentition ranges between 0.1-3.8% while in 
the primary dentition between 0.3-0.8%3,5,13,16,18. While 
there is no sex predilection for supernumerary teeth in 
the primary dentition, males are affected twice as often as 
females in the permanent dentition1,5,16,18.



1. Cleidocranial dysplasia (35% anterior upper and lower regions, and 27% for the upper and lower premolar 
regions)3,5,12,13,15,16,18,19;

2. Cleft lip-palate (28% especially in the anterior region)3,5,15,16,18,19;
3. Gardner’s syndrome (21%)3,12,13,15,16,18,24;
4. Oral-facial-digital syndromes, such as orodigitofacial dysostosis9,16;
5. Hallerman-Streiff syndrome16;
6. Down’s syndrome9; 
7. Crouzon’s disease9; Dominant form: 10.3% supernumerary teeth
8. Robinow syndrome 
9. Fabry-Anderson syndrome 6;  Recessive form: no supernumerary teeth 11

10. Ehlers-Danlos syndrome ž6

11. Facial fistulas6;
12. Occulocerebrocutaneous syndrome2;
13. Chondroectodermal syndrome22;
14. Partial anodontia4;
15. Megadontia (supernumerary teeth in siblings)17;
16. Hereditary gingival fibromatosis-hearing deficiencies-hypertelorism14;
17. Nance-Horan syndrome7;
18. Steroid dehydrogenase deficiency7.

The incidence of supernumeraries in general popu-
lation, mentioned above, refers to studies concerning 
Caucasian populations, whereas other populations (Mon-
goloid 2.3-3.4%, Asian) seem to be more affected12,15,23. 
Single supernumeraries occur in 76-86% of cases, 

double supernumeraries in 12-23% of cases and multiple 
supernumeraries in less than 1% of cases.15

While the occurrence of supernumerary teeth is a 
rare phenomenon, it is often found in association with 
a number of syndromes, developmental, and systemic 
conditions5,12,15, such as:

 

On the other hand, the occurrence of multiple 
supernumerary teeth in the absence of an associated 
systemic condition or syndrome is a much rarer 
phenomenon, and only a few examples of non-syndromal 
multiple supernumerary teeth have been reported in the 
literature15,12. Reviewing most of the cases published 
in the English language, Yusof found that when non-
syndromal multiple supernumeraries are present, the 
most common site affected is the mandibular premolar 
region, followed by the molar and the anterior regions, 
respectively15,18,23.

Although the exact etiology of supernumerary 
teeth remains unclear, several hypotheses have been 
proposed1,3,5,12,15,17,19. The phylogenetic theory of atavism 
(evolutionary throwback) is one of the first speculated 
pathways suggested by some authors to explain their 
development, but this theory has faced serious doubts3,5.

The dichotomy of a tooth bud has also been 
suggested as a possible etiological factor in the 
development of supernumerary teeth. A complete, equal 
split of the bud would give rise to a “supplemental” 
supernumerary tooth, while an unequal split would result 
in one normal tooth and one smaller tooth3,5,16,19.

Most literature supports the dental lamina 
theory1,5,15,19. This theory proposes that supernumeraries 
are formed as a result of localized, independent and 
conditional hyperactivity of the dental lamina, or 
due to the proliferation of dental lamina remnants or 

cell rests6,12,18. Findings in animal studies support 
that proliferation of epithelial remnants, mainly from 
Hertwig’s root sheath, may be stimulated by trauma, as 
there is possibly a cause-and-effect relationship between 
jaw fractures and supernumerary tooth formation19.

Heredity also seems to play an important role as 
supernumerary teeth are more likely to be present in 
patients whose relatives possessed supernumeraries, 
although there are no satisfactory explanations for the 
mode of inheritance which does not follow the simple 
Mendelian pattern3,12,15,16,18. An autosomal dominant trait 
has been suggested, though the sex predilection of males 
over females has influenced several authors to indicate 
the possibility of a sex-linked inheritance3,19. To be more 
precise, the combination of environmental factors and 
genetics may lead to hyperactivity of the dental lamina 
and the cascade of events which follow3,5.

A number of different types of supernumerary teeth 
exist and are classified according to their morphological 
features3:

 ● Rudimentary, which are either conical (most 
common), tuberculate or molariform;

 ● Supplemental, which resemble that tooth of the 
normal series with which they are associated. 
These are usually smaller in size and are found 
either as primary supernumeraries or as permanent 
supernumerary premolars3,13,19,23.
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Supernumerary maxillary premolars have a variable 
morphology, but are predominantly conical. Those in the 
mandible tend to have the shape of a normal crown10,18.

Most problems associated with supernumeraries are 
because of their potential to interfere with normal occlusal 
development or with orthodontic mechanics, such as:-
1) Abnormal diastema or premature space closure5,15,18,19;
2) Displacement or rotation of permanent 

tooth5,12,15,16,18,19,21;
3) Impaction/ failure of eruption5,15,18,19,21,23,24;
4) Fusions with normal teeth13;
5) Abnormal eruption sequence, i.e: retained 

deciduous teeth and delayed eruption of permanent 
teeth15,16,18,19,24;

6) Impediment to orthodontic alignment of permanent 
teeth, such as a compromised space closure5,15,18,19.

Other complications include:
 ● Dilacerations, delayed or abnormal root development 

of the permanent teeth5,19; 
 ● Pathologic resorption of adjacent tooth10,12,13,15,18,24; 
 ● Eruption into the nasal cavity or the maxillary 

sinus5,15,18;
 ● Cystic formation5,10,12,13,15,18,21,23,24;
 ● Compromised alveolar bone grafting, implant site 

preparation or implant placement5;
 ● Increased incidence in caries of adjacent teeth24;
 ● Gingival inflammation and periodontal abscesses24;
 ● Spontaneous eruption5;
 ● When they erupt, aesthetically undesirable16.

A decision regarding the appropriate treatment for 
patients diagnosed with supernumerary teeth should be 
carefully made12. The potential risks of leaving the teeth in 
place must be weighed against the possible complications 
of surgical removal12. The generally recommended 
course of treatment is extraction, unless a good reason for 
retention can be found24. Such reasons exist when:
1) The surgery would be unjustifiably hazardous to 

adjacent structures3,15,23,24; 
2) The tooth could be used for orthodontic reasons19,24; 
3)  It is contraindicated by the patient’s medical status18; 
4) The patient is not willing to undergo a surgical 

procedure for a condition she/he was unaware of and 
that is not causing an immediate problem19,24. 
In the case of supernumerary premolars, surgical 

removal is indicated if any of the previously mentioned 
complications are found or anticipated during radiographic 
or clinical examination.19  Bodin et al. reported that only 
2% of supernumeraries in the premolar region exhibited 
any pathological change, and indicated that these 
teeth should be left untreated rather than risk surgical 
damage.3,19 Although, in general terms, extraction of 
supernumerary premolars has been the recommended 
treatment choice, the timing of surgical removal appears to 
be controversial.19

A.  An early intervention. This is suggested when the 
supernumerary is causing problems such as prevention 

of eruption or malposition of permanent teeth. Early 
diagnosis and treatment also permits an interceptive 
orthodontic approach and correction of arch crowding.

B.  A later intervention.  This could take place: i) 
prior to orthodontic treatment, ii) in conjunction with 
extraction of third molars in an attempt to minimalize 
surgical trauma, iii) after the full permanent dentition has 
developed, as a late treatment of the overall condition 
(late extraction of normal deciduous, permanent, 
supernumerary premolars, as part of the orthodontic 
treatment plan) in one session reduces treatment time, as 
well as damage to adjacent structures and psychological 
trauma to the patient, and, iv) as suggested by most 
authors, after further development of their roots allows 
for uncomplicated surgery with less damage to adjacent 
structures.19

It should be noted that the vicinity of the mental 
nerve to the area poses the risk of  surgical trauma which 
may lead to mental paraesthesia or anaesthesia12,23  
Regardless of whether the supernumerary is left in situ or 
extracted, a regular clinical and radiographic monitoring 
program should be implemented as there is an increased 
risk of  further supernumerary teeth developing.12

Case Report

A 30-year-old non-syndromal Caucasian male 
was referred to the Orthodontic private practice after 
initially visiting the Dental Surgery Clinic of the Aristotle 
University of Thessaloniki. His main concern was the 
appearance of the cusp of his supernumerary premolar 
within the mouth cavity, which caused irritation and food 
impaction in the area between  #35 and #36 (Figs. 1 and 2). 
He also asked for prosthetic rehabilitation of the area #15-
#18. The patient stated that at about 10 years of age he had 
gone surgical extraction of “some” teeth in the premaxillary 
region. Nevertheless, his dental records could not be 
retrieved. It should be noted that there is a possible family 
history of supernumeraries. The patient’s mother reported 
extraction of supernumeraries in the upper right quadrant 
when she was about 13 years of age.

Clinical findings were as follows:
Extra-oral assessment - average lower face height, 

competent lips at rest, acceptable facial profile;
Intra-oral assessment - acceptable overjet and 

overbite, right Angle class I and left Angle class II (Canine 
relationship - missing #16), diastema between #33 and 
#34, supraeruption of #47, mesial inclination of #48;

Radiographic assessment - the pre-treatment OPG 
showed an acceptable degree of root development 
of the supernumerary tooth (beyond two thirds), the 
supernumerary was not rudimentary (smaller, as 
found usually) but of normal size, a lower level of the 
right maxillary sinus floor in comparison to the left 
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side, a radiolucency beneath the crown portion of the 
supernumerary and at the level of junction between 
middle and apical thirds of the root of the second 
premolar. The progress OPG showed angular bone loss 
in the area described above (between the second premolar 
and the supernumerary) after the supernumerary has been 
brought to occlusion (Fig. 3). 

The treatment aimed mainly at the closure of spaces 
in the mandible, this being the reason for maintaining the 
supernumerary tooth. It also aimed at the submergence 
of #47 (to facilitate the prosthetic rehabilitation of region 
#15-#18), and finally, at detailing the occlusion.

The treatment plan included the use of lower 
fixed appliances and elastic chain for space closure and 
detailing of occlusion, and the use of an Essix splint made 

by vacuum formed thermoplastic material for occlusal 
stabilization.

Unfortunately, due to poor cooperation of the patient, 
there was a reassessment of the initial treatment goals 
concerning the submergence of #47 for prosthetic reasons. 
After a prolonged treatment period of about 2.5 years, 
due to poor patient cooperation, the mandibular dentition 
was well aligned and the supernumerary was brought into 
occlusion and into the line of the arch. All spaces were 
closed and a good relationship was obtained between 
upper and lower arches. Facial aesthetics were preserved 
(Fig. 4). Concerning the periodontal changes observed 
in the progress OPG, and after clinical examination, the 
patient has undergone initial periodontal treatment and 
will be periodically followed up.

Figure 1. Pre-treatment OPG shows the impacted supernumerary 
premolar in the area between teeth #35 and #36

Figure 2. Occlusal view of the mandibular arch

Figure 3. Progress OPG shows the supernumerary premolar brought to 
occlusion

Figure 4. Intra-oral photograph in centric, showing the supernumerary 
premolar in occlusion

Discussion

Reactivation of the incompletely resorbed dental 
lamina takes place at around the time of crown completion 
of normal teeth19. This explains why supernumeraries tend 
to begin their development later than the corresponding 
teeth of the normal series10. Concerning supernumerary 
premolars, several authors support that these develop 

approximately 7-11 years after the development of the 
normal teeth3.

However, it is difficult to determine when exactly 
a supernumerary tooth starts to form due to their 
lingual position (usually), making detection on routine 
radiographs difficult3. Careful radiographic follow up 
should be conducted in case any unusual radiolucencies 
are detected during routine radiographic screening10. 
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The interval between progress x-rays could be 1, 2 or 5 
years, as suggested by various authors10,19. It should be 
noted that since supernumerary premolars commonly 
occur in several regions of the same mouth, the finding 
of 1 indicates radiographic examination of the remaining 
premolar regions19.

Recurrence of supernumerary teeth after surgical 
extraction has also been reported. It is possible that the 
crypts of supernumerary premolars could have been 
present earlier, but were not detected in the previous 
radiographs. Periapical radiographs may also miss 
some of the more apically developing supernumerary 
premolars19. Recurrence of supernumerary premolars 
after surgical removal was reported in 8% of the total 
sample19. Therefore, even after supernumerary premolars 
are extracted, a long-term observation is advised as these 
may redevelop up to 5 years after initial extraction19,23. 
Patients with a previous history of supernumerary teeth in 
the anterior region have a 24% possibility of developing 
supernumerary premolars at a later age, and should 
therefore be closely monitored. A good group for early 
diagnosis of supernumerary premolars is from 12 to 24 
years of age19.
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