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SUMMARY
The fluoride ion has a well-established beneficial role in dentistry 

in protecting the teeth from assault by caries. It is known to contribute to 
the dynamic mineralisation process of the natural tooth mineral, and 
also to become incorporated with the mineral phase, forming a thin 
layer of fluorapatite. This is more resistant to acid attack than the native 
hydroxyapatite, hence protects the tooth against further decay. Other 
recently discovered aspects of the role and uptake of fluoride will also be 
discussed.

One of the widely used dental restoratives, the glass-ionomer dental 
cement, is able to release fluoride in a sustained manner that may continue 
for many years, and this is seen as clinically beneficial. The closely related 
resin-modified glass-ionomer cement, and also the polyacid-modified 
composite resin (“compomer”) are able to do the same. There are also 
fluoride-containing conventional composite resins able to release fluoride.

These various materials are reviewed and the way in which they 
release fluoride are described, as well as the effectiveness of the release at 
the levels involved. Studies of effectiveness of fluoride release from these 
various classes of material are reviewed, and shown to suggest that release 
from conventional and resin-modified glass-ionomers is more beneficial than 
from composite resins. This is attributed to 2 causes: firstly, that it is not 
possible to replace the lost fluoride in composites, unlike glass-ionomers, 
and secondly because the other ions released from glass-ionomers (calcium, 
phosphate) are able to contribute to local remineralisation of the tooth. 
The absence of these other ions in fluoridated composites means that 
remineralisation is able to occur to a lesser extent, if at all.
Keywords: Fluoride-release; Dental Restorative Materials

John W. Nicholson

St Mary’s University, Biomaterials Research Group 
School of Sport, Health and Applied Science 
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The Role of Fluoride against Dental Caries

Fluoride has been known to have a role in the 
prevention of dental caries since early observations in 
the 1930s linked fluorosis in patients with low levels of 
tooth decay1. Over the years, this subject has been studied 
intensively and it is now known that fluoride acts topically 
rather than systemically2. It has also been established that 
long term exposure of the teeth to fluoride is the most 
effective way to exploit this topical effect and to minimise 
dental caries3.

Dental caries arises from 3 interacting factors, 
namely (i) the presence of fermentable sugars in the 
mouth, (ii) the occurrence of bacteria in dental plaque, 
and (iii) the presence of teeth, in particular their mineral 
phase4. Bacteria in the plaque metabolise the sugars, 
producing a cocktail of weak organic acids, of which by 
far the most abundant is lactic acid5.  These acids attack 
the mineral component of the tooth, hydroxyapatite, 
leading to loss of structure. As decay develops, so the 
relative amount of mineral phase is reduced, leaving 
behind only collagen, which discolours and takes on a 
leathery texture4.∗ Presented at the 19th Congress of the BaSS, Belgrade, 2014



of 3 x 10-5 mg/L (30 ppb), under both static and stirred 
conditions, it was found to follow pseudo-first-order 
kinetics13, i.e.

ln(qe – qt)  =  ln(qe)  -  k1t
where qe is the equilibrium uptake (in concentration 

units), qt is the uptake at time t, and k1 is the first-order 
rate constant.

At higher concentrations of fluoride ion, i.e. in the 
range 100-1000 ppm and static conditions, uptake has 
been shown to follow pseudo-second-order kinetics14. 
This means it follows the equation:

t/(qt)  =  1/[k2(qe)2]  +  t/(qe)    
where k2 is the second order rate constant. 
It is not straightforward to relate kinetics of 

adsorption to the mechanism, but in this case, it does 
seem that the pseudo-second-order process relates to 
a change in mechanism, in this case the deposition of 
CaF2. Because of the low but finite solubility of CaF2, 
under low concentration conditions, i.e. in the ppb range, 
any calcium fluoride remains soluble, its solubility 
in water being 1.6 x 10-5 g/cm3 at 20oC15. Hence at 
low concentrations of fluoride ion, little or no CaF2 
precipitates out of solution. This would favour the F-/
OH- exchange mechanism of remineralisation at the 
hydroxyapatite surface. Under higher concentration 
conditions, by contrast, CaF2 is insoluble and is 
precipitated so that the alternative remineralisation 
process is able to occur as well. This is consistent with the 
change in kinetics at higher concentrations14.

Modern Restorative Materials

Modern dental restoratives are based on either 
composite resin or glass-ionomer systems16, each 
with their own subsets of material17. Briefly, they are 
classified as follows:

(i) Composite resins.  These are based on large organic 
monomers, mainly bisphenol glycidyl methacrylate 
(bis-GMA) or urethane di-methacrylate, plus other 
lower viscosity monomers, such as tri-ethylene glycol 
di-methacrylate (TEGDMA). They are filed with inert 
particulate filler of varying particle size, which are bonded 
to the organic matrix by silane coupling agents. Modern 
composite materials are typically single paste systems that 
polymerize by photo-initiation.

The resulting material has excellent aesthetics, 
but does not bond to the tooth surface.  Instead, it needs 
bespoke bonding agents18, the subject of which is beyond 
the scope of the present article. Composite resins are 
not inherently fluoride-releasing, but can be made so by 
adding fluoride compounds19.

(ii) Polyacid-modified composite resins.  These materials 
were developed in an attempt to make a composite resin 

Dental caries can be viewed as a disturbance to 
the demineralisation-remineralisation balance in the 
hydroxyapatite phase of the tooth2. A healthy tooth 
surface is maintained by a balance between dissolution 
of hydroxyapatite into saliva (demineralisation) and 
precipitation of hydroxyapatite from the saliva onto the 
tooth surface (remineralisation). Under healthy conditions, 
these 2 chemical processes occur at the same rate, and 
the net effect is that the mineral phase of the tooth is 
maintained in a functioning and fully intact form.

The presence of lactic acid at the tooth surface 
alters this balance, enhancing the rate of demineralisation 
relative to that of remineralisation2. Consequently 
hydroxyapatite is lost from the mineral phase and the 
tooth decays.

Fluoride’s principal role in inhibiting decay is 
now considered to be its effect on the remineralisation 
process6,7. Specifically, it promotes this process, thereby 
re-establishing the mineral phase of the affected tooth2,6-

9. Remineralisation involves inducing hydroxyapatite 
crystals to grow by precipitation of Ca2+ and PO4

3- ions 
from saliva onto the surface of the mineral phase10. The 
mechanism is complex, involving dynamic activity 
mainly between the tooth and the saliva. Fluoride 
ions appear to influence this process by 2 possible 
mechanisms, namely substitution of hydroxyl ions into 
hydroxyapatite and formation of calcium fluoride11. Both 
take place in solution close to the tooth surface, but lead 
to the formation of substances of low solubility, which 
consequently precipitate onto the tooth surface.

The 2 reactions may be summarised as:
10Ca2+ + 6PO4

3- + 2F-Ca10(PO4)6F2 

Ca2+ + 2F-  CaF2 
Reaction (ii) generates a slight excess of hydroxyl 

groups in solution, which would otherwise have 
precipitated as hydroxyapatite, and which are alkaline. 
However, they are readily buffered in vivo. They may 
also be useful in neutralizing the organic acids produced 
by the oral bacteria. Reaction (ii) precipitates an insoluble 
species that can act as a nucleation site for hydroxyapatite 
growth and thus promote remineralisation of the 
biomineral. 

The initial precipitate appears to be amorphous, but 
seems to generate crystals at a reasonable rate and this 
contributes to remineralisation. The new mineral phase 
includes some fluoride, mainly as a thin surface layer. 
Molecular dynamics calculations have shown that these 
layers are no more than 3 atom layers thick9. The new 
precipitated phase is less soluble than the fluoride-free 
hydroxyapatite, but this difference in solubility is no 
longer considered to be the principal mechanism by which 
fluoride inhibits caries12.

Uptake of fluoride by hydroxyapatite has been 
shown to follow 2 different kinetic models, depending on 
concentration. At very low concentrations, of the order 
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in order to bring about addition polymerization of the 
HEMA, and this is typically a photo-initiator sensitive to 
blue light at 470 nm28-30.

Certain brands of resin-modified glass-ionomer 
contain modified polymers which are based on 
poly(acrylic acid) but contain a minority of branches 
that are terminated in vinyl groups. These undergo 
co-polymerization with the HEMA when irradiated with 
blue light, so that the set material contains organic cross-
links when cured, in addition to the ionic cross-links 
formed by the acid-base reaction30. Like conventional 
glass-ionomers, resin-modified glass-ionomers are able to 
form strong adhesive bonds to both enamel and dentine29. 
They also release fluoride. 

Resin-modified glass-ionomers were originally 
designed for use as liners and bases in dentistry though 
they have since been formulated for use as complete 
restoratives30. In addition, they can be used for core build-
up and for luting, though in the latter application, they 
are not photocured but are prepared with a 2-part initiator 
that forms free radicals when the components are mixed. 
This means that they are able to set in the dark. They 
are widely used, particularly in paediatric dentistry as 
alternatives to amalgam27.

It has been suggested that the presence of HEMA 
in these materials compromises their biocompatibility31. 
Studies have shown that HEMA is released from resin-
modified glass-ionomers, especially in the first 24 hours32, 
and it is able to diffuse through the dentine and affect the 
pulp, where is has been found to be cytotoxic33. There is 
also the possibility of systemic effects, including contact 
dermatitis34 and sensitisation35 on dental personnel. Safety 
precautions have been recommended when using these 
materials31, mainly ensuring good ventilation of the work 
place and avoiding the intake of HEMA vapour from the 
uncured resin-modified glass-ionomer material. 

(v) Giomers and glass carbomers.  2 other tooth-
coloured materials are available in modern clinical 
dentistry that are claimed to be innovative, namely the 
giomers and the glass carbomers.  In fact, these are each 
types of established material, as already described.  

Giomers are a type of flowable composite resin, but 
contain as at least part of their filler, pre-reacted ionomer 
glass treated with poly(acrylic acid)36. As such, they are 
moderately fluoride-releasing37, due to the pre-reaction at 
the glass surface of the filler particles, but in all important 
particulars they are composite resins. Their fluoride 
release has been associated with their anti-bacterial 
characteristics38.

The other type of modern material, the glass 
carbomer, is a type of complex glass-ionomer cement39. 
It is based in glass-ionomer cement chemistry, but has 
been modified in order for the set cement to promote 
mineralisation within the tooth40. The glass carbomer 
contains nano-scale particles of powder and also 

with the fluoride-releasing capability of conventional 
glass-ionomer cements17. They are composed of the same 
type of components as conventional composite resins, 
i.e. large monomer molecules, diluents, and particulate 
inorganic fillers. In addition, they contain acid-functional 
monomers and small amount of reactive alumina-
silicate glass as filler20. The primary setting reaction is 
polymerization, brought about by the photo-sensitive 
initiators on application of light of the appropriate 
wavelength from a dental curing lamp. Following this, 
in the mouth, they are able to draw in small amounts of 
water, and this triggers the acid-base reaction, and makes 
the fluoride originally present in the glass filler available 
for transport to the outside of the restoration20. There is 
also some diminution in mechanical properties of these 
materials on exposure to moisture21, indicating that the 
acid-base reaction does not contribute to strength. The 
fluoride-releasing nature of these restoratives means that 
they have become widely used in children’s dentistry20.

(iii) Glass-ionomer cements.  Conventional glass-
ionomers are based on a calcium (or strontium) 
fluoroalumino-silicate glass powder, which is reacted 
with a polyalkenoic acid, typically poly(acrylic acid) to 
make a cement16,17. This material sets rapidly to form 
a porcelain-like substance that adheres to the tooth 
structure, and can release fluoride, as well as other ions 
(calcium or strontium, sodium, silicate and phosphate)22. 
The physical properties and appearance of the set cement 
are considered acceptable for most clinical applications, 
though the overall aesthetics is less good than the 
composite resins.

The ability of these materials to release ions is 
important as this process is involved in the development 
of long-term durable bonds with the tooth. Studies have 
shown that ions can move from the cement and from the 
tooth into the interfacial region to create an ion-exchange 
layer that proves highly durable in clinical service23,24.

Mechanical properties of set cements are acceptable 
for many clinical applications, as shown by the range 
of conditions treated using the ART technique25. This 
technique, involving removal of caries by hand-held 
scoops only, and no dental drill, is only possible with 
glass-ionomers, as it requires a material capable of 
forming natural adhesive bonds to the tooth. Despite these 
successes, many authorities are cautious about the wide 
use of glass-ionomers in restorative dentistry26, and these 
materials are often used mainly in children’s dentistry27, 
where their ability to release fluoride is considered 
particularly advantageous.

(iv) Resin-modified glass-ionomers.    Resin-modified are 
similar to conventional glass-ionomers in that they contain 
a basic ion-leachable glass powder, and also a water-
soluble polymeric acid28. However, they also contain 
the water-soluble organic monomer 2-hydroxyethyl 
methacrylate, HEMA. An initiator system is also required, 
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results show an excellent fit with this equation, with a 
correlation coefficient of 0.9987 for Ketac Fil (ESPE, 
Seefeld, Germany)43.

Amounts of fluoride released are relatively low, even 
in the early stages of release. They have often been quoted 
relative to the surface area of the cement specimens, i.e. 
as	μg/mm2 26, which is not helpful in determining likely 
local concentrations in vivo. Another complicating factor 
is that in vitro studies have typically been carried out into 
deionised water43 or even tap water42, and fluoride release 
is suppressed in both artificial saliva44 and real saliva45.

Of the studies that have quoted fluoride 
concentrations, Creanor et al46 found a fall from 15-155 
ppm at 24 hours to 0.9-4 ppm at day 60. In another 
study, Perrin et al47 showed that after 1 year, the steady 
state fluoride release was in the range 0.5-7 ppm. The 
high early value has been confirmed in several other 
studies48-51.

Fluoride release from conventional glass-ionomers 
has been demonstrated in vivo45. Immediately after 
placement of between 1 and 6restorations the fluoride 
concentration in unstimulated saliva was found to rise 
from a baseline of around 0.04 ppm to between 0.8 and 
1.2 ppm.  After 1 year, the level was found to be 0.3 
ppm, almost 10 times greater than the baseline values, 
thus demonstrating that sustained release of fluoride also 
occurs in vivo51.

Conventional glass-ionomers not only release 
fluoride, they are also capable of taking it up under 
appropriate conditions. This phenomenon has been called 
“fluoride re-charge”41 and was first suggested by Walls 
in a review of conventional glass-ionomer cements for 
clinical dentistry54. Since this time, there have been 
numerous studies to demonstrate the effect experimentally.

For example, Preston et al studied re-fluoridation by 
exposing glass-ionomers to a 500 ppm fluoride solution 
13 times over a 2-year period, and showed that on each 
occasion fluoride release increased following re-charge55. 
Similarly Goa et al56 demonstrated that conventional 
glass-ionomers designed for use in the ART technique 
released increased amounts of fluoride following exposure 
to a re-charge fluoride solution. Increased fluoride 
release following exposure to fluoride solutions has been 
confirmed in numerous other studies57-61. It has also 
been shown for glass-ionomers following exposure to 
fluoridated toothpastes62 and fluoride gels63.

These studies have typically measured fluoride 
uptake indirectly. Fluoride uptake has been assumed to 
occur when the glass-ionomer specimens were exposed 
to the fluoride solutions because of the enhanced release 
when they were moved into pure water. 2 studies that 
have measured fluoride uptake directly have given 
extra insights into the process. Both studies used similar 
approaches, measuring reduction in fluoride concentration 
in recharge solutions in the presence of specimens of 
hardened glass-ionomer cement.

hydroxyapatite and fluorapatite as secondary fillers. 
The reactive glass powder is modified with dialkyl 
siloxanes, and the liquid is aqueous poly(acrylic acid). 
The manufacturers recommend treating the newly placed 
material with a high-energy dental curing lamp, though 
the material does not set by photo-polymerization.  
Rather, the lamps exert a heating effect40.

Glass carbomers are designed for use as either 
restorative materials or as fissure sealants, and as 
part of their function when placed, they promote 
mineralisation. This partly arises from the presence of 
calcium fluorapatite nanocrystals, which act as nucleating 
agents, and partly from the presence of hydroxypatite, 
which is a source of mineralising ions. The setting of 
glass carbomers has been shown to resemble that of 
glass-ionomers closely, especially in the behaviour of 
aluminium. This element is present in the glass powder 
in 4-co-ordination, but changes to 6-co-ordination in the 
matrix of the set material39.

Fluoride Release Patterns 

In terms of fluoride release, glass-ionomers have 
been studied the most, and are inherently fluoride-
releasing, as a result of the composition of the glass 
component.  For this reason, their release will be 
considered first in this section, followed by the various 
types of composite resins.

(i) Fluoride release from glass-ionomers.      Fluoride 
release is considered one of the important clinical 
advantages of glass-ionomers of both types (conventional 
and resin-modified)38. This release has been shown, 
for conventional glass-ionomers, to last for at least 5 
years39. Release occurs by 2 mechanisms, a relatively 
rapid dissolution process from the surface layers and a 
slower process that relies on diffusion of the fluoride ions 
through the bulk cement38,41. Having diffused through 
the cement, these ions are released into the surrounding 
aqueous solutions. The latter process is identified from 
kinetics based on the square root of time, t½42.

The overall process of fluoride release has been 
shown for both conventional and resin-modified glass-
ionomers to follow the equation43:

 [F]c  =  [F]It/(t + t½)		+		βt½
The first term is the early dissolution process, 

sometimes called “early washout”, though it continues for 
some time, possibly up to 4 weeks following exposure of 
the glass-ionomer cements to the aqueous medium43. The 
second term, in t½, is the one describing the diffusion part 
of the process. The term [F]c is the cumulative fluoride 
release at time t, the term [F]I is the total amount of 
fluoride available for release, t½ is the time to release half 
of	this	total	amount	and	β	is	a	constant.	The	experimental	
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(e.g. PO4
3, SiO3

2-). Under acidic conditions, calcium (as 
Ca2+ ions) is also released22. All ions, including fluoride, 
are released in greater quantities in acid than in neutral 
conditions, and this is associated with increased rates of 
overall degradation of the glass-ionomer as indicated 
by increases in roughness and decreases in hardness on 
storage in acid66. Resin-modified glass-ionomer cements 
have also been shown to release increased levels of 
fluoride and other ions under acidic conditions67,68.

As active caries typically has a pH of about 4.969, 
the ability to release increased amounts of fluoride may 
be advantageous67. Greater amounts of fluoride have been 
suggested to have an increased preventative effect in vivo 
for these materials. However, under acidic conditions, 
there is greater likelihood of the fluoride being complexed 
and not available as free F- ions.  The reduced pH, with 
extra H+ ions available, may lead to the formation of 
un-dissociated HF, and the increased release of Al3+ leads 
to the possibility of the occurrence of such complexed 
species as AlF2+, AlF2

+70 or even AlF4
-71. Experimental 

results with a fluoride ion selective electrode have 
suggested that under acidic conditions almost all of the 
fluoride is complexed in some way22.  

A study to examine the effect of such complexation 
confirmed the absence of free fluoride in acid extracts 
from glass-ionomer cements, despite the overall higher 
levels of fluoride released compared with neutral 
conditions72. Exposure of these solutions to synthetic 
hydroxyapatite powders showed rapid depletion in 
fluorine levels, demonstrating that the mineral is capable 
of taking up fluoride readily, whatever state (free or 
complexed) it is in solution72. It was also found that, 
despite the increased levels of aluminium released into 
acidic solutions, there was no significant amount of 
aluminium deposited onto the hydroxyapatite surface. 
This, in turn, suggests that the aluminium does not 
become involved in the remineralisation process72. 
Overall, this study confirmed the suggestion of Forss67 
that increased fluoride release under acidic conditions is 
probably of clinical benefit.

(ii) Fluoride release from composite resin materials.   
Composite resins are not inherently capable of releasing 
fluoride, but may become so if appropriate fluoride-
containing compounds are added to them. These include 
inorganic salts (e/g. NaF or SrF2), fluoridated glasses 
or organic fluoride compounds. Longer-term sustained 
release requires only sparingly soluble fluoride salts, 
such as SrF2 orYbF3, or leachable glass fillers43. Fluoride 
release from these substances requires water to diffuse 
into the composite resin, a process that is slow, due to 
the hydrophobic nature of the resin polymer system73. It 
is, however, accelerated by the presence of hydrophilic 
or ionic additives74 so that it occurs at a sufficient rate to 
promote the release of fluoride from the restoration.

The first of these studies showed that potassium 
fluoride solutions corresponding to 100 and 1000 ppm 
fluoride ion uptake by immature cements followed 
pseudo-first order kinetics64, i.e. 

 ln(qe  -  qt)  = ln (qe)  +  k1t,
where qe is the equilibrium uptake, qt is the uptake at 

time t, and k1 is the first order rate constant. The cements 
employed had been cured at 37oC for only 10 minutes 
prior to exposure to fluoride solution, and most of the 
uptake was complete with a few hours64.  Subsequent 
exposure of the specimens to water showed that they 
released very little of the fluoride taken up in their first 24 
hours in water.

The second study examined the effect of maturation 
on fluoride uptake65 (Tab. 1). 4 commercial restorative 
grade glass-ionomers were used and the fluoride 
concentrations of solutions containing a small specimen 
were determined after 24 hours. The storage solution was 
nominally 1000 ppm in fluoride, but measurement showed 
it actually to be 978.0 ± 5.7 ppm. Specimens of cement 
that had been matured for 1 month prior to exposure to 
this fluoride solution made little or no difference to this 
concentration, as shown in the table. This contrasted 
substantially with the results for specimens cured for 
24 hours, leading to the conclusion that, as maturation 
proceeds, glass-ionomers lose their capacity to take 
up fluoride, at least from neutral solutions. This in 
turn suggests that glass-ionomers are less effective at 
undergoing fluoride recharge than has been widely 
assumed, and that in clinical conditions there is no 
effective recharge at all for the majority of glass-ionomer 
restoration’s service life.

Table 1.  Fluoride concentration of storage solutions after 24 
hours (ppm) (Standard deviations in parentheses)65

Material Cure time
Fluoride 

concentration 
at 24 hr/ppm

Equivalent 
uptake/ppm

None

Fuji IX Extra

Fuji IX Fast

Ketac Molar 
Quick

Chemflex

-

24 hr
1 month

24 hr
1 month

24 hr
1 month

24 hr
1 month

978.0 (5.7)

880.0 (17.6)
965.2 (4.7)

902.4 (4.5)
983.6 (2.3)

892.4 (7.8)
982.2 (5.1)

911.1 (3.1)
965.4 (8.8)

0.0

98.0
12.8

77.6
-5.6

87.6
-4.2

66.9
12.6

Studies have shown that Na, Al, P and Si are also 
released in neutral conditions22, either as free positively 
charged ions (Na+, Al3+) or as negatively charged oxy-ions 
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that neither polyacid-modified composites nor giomers are 
capable of any significant fluoride recharge85.

Clinical Effects of Fluoride Release

Fluoride is provided to individuals mainly 
from fluoridated oral health care products, including 
toothpastes, and drinking water. Fluoridated toothpastes 
contain high amounts of fluoride, generally at least 1000 
ppm but possibly up to 5000 ppm86, though this level is 
diluted on application, and clears from the mouth after 
about an hour87. Drinking water typically provides 
fluoride at concentrations of around 0.7 - 1.0 ppm88, 
and this also clears fairly quickly after consumption. 
However, regular exposure to these fluoridated substances 
may result in long-term changes in the baseline fluoride 
concentration in saliva89, with increases from around 0.02 
ppm to between 0.10 and 0.20 ppm having been measured 
in some subjects90. As we have already seen, fluoride 
levels attributable to release from glass-ionomer cement 
rose following placement of restorations, but only to 0.8-
1.2 ppm immediately, to 0.3-0.5 ppm after 6 weeks47 and 
0.3 ppm after 1 year53.  

Restorative materials therefore contribute only small 
additional amounts of fluoride, compared with toothpastes 
and drinking water. Against that, it is sustained, and of the 
same order as the shift in concentration due to sustained 
use of fluoridated oral care products. It also occurs close 
to the tooth surface, which increases its chances of having 
positive effects.

In principle, fluoride may have antibacterial 
properties and there is certainly evidence that, even at 
low concentrations, sufficient is released from restorative 
materials to reduce bacterial growth and interfere with 
bacterial metabolism91,92. However, this has not always 
been found, and results seem to be sensitive to precise 
details of the experiments and the release conditions93,94. 
In general, it seems that the level of fluoride release, even 
from conventional glass-ionomers, is too low to have 
a consistent effect on the dental plaque, leading to the 
conclusion that such effects are minor compared with the 
effect of fluoride on the mineral phase of the tooth26.

Studies of precipitation of fluoride suggest it forms 
a calcium fluoride-like layer on the surface of the mineral 
phase of the tooth95. This layer facilitates the precipitation 
of mineral phase, fluorapatite or fluoro-hydroxyapatite, 
thus promoting remineralisation and preventing further 
loss of mineral phase96. The literature is unclear what 
this calcium fluoride-like precipitate is, but the solubility 
of calcium fluoride as estimated from its solubility 
product (3.9 x 10-11mol2 dm-6 at 20oC15) suggests that 
this it is not CaF2, because this substance would not 
precipitate until the fluoride concentration exceeded 8.0 
ppm. The substance may be a mixed hydroxide-fluoride 

The amount of fluoride released by composites tends 
to be much lower than that released by glass-ionomer 
cements of either type. It is also lower than that released 
by polyacid-modified composite resins. This may be 
because the simple water uptake/dissolution process is 
less effective at providing fluoride than the mechanisms 
in glass-ionomers or compomers; or it may reflect lower 
fluoride loadings in the composite formulation55,75,76.

Fluoride release tends to show no “early burst” 
from composite resins, and also there appears to be little 
capacity for fluoride recharge in most systems, though 
recharge has been demonstrated for an experimental 
composite system77. On the other hand, fluoride has been 
shown to be released over long periods of time, at least a 
year having been reported in a number of studies78,79.

Kinetics of fluoride release from composite resins are 
less clear than those of glass-ionomers59. Systems have 
shown a variety of types of behaviour, including fluoride 
release directly proportional to time and approximately 
proportional to the logarithm of time or to the inverse 
square root of time, t-½ 79,80.

Like fluoridated composite resins, polyacid-modified 
composite resins shown no initial burst of fluoride52,81,82, 
but deliver a sustained release that continues for 
considerable periods of time45,52. Fluoride release has 
been shown59 to follow the kinetic equation:

 [F]c  =  [F]It/(t + t½)		+		αt
Values	of	the	constant,	α,	vary	with	the	material	and	

can be considered as a measure of the driving force for the 
release process26,83.

Levels of fluoride release from polyacid-modified 
composite resins vary with brand, and can be comparable 
with those of conventional glass-ionomer cements in 
certain cases26. There is, though, a fundamental difference 
in fluoride release between these 2 materials as polyacid-
modified composite resins have to take up moisture to 
promote the secondary setting reaction before fluoride can 
be released from the filler20, and is able to move out of the 
material. In some brands of polyacid-modified composite 
resin, fluoride levels are augmented with added fluoride 
salts, such as YbF3, but even in these materials there 
has to be diffusion of water into the material to dissolve 
out the fluoride salt, and this process takes a finite time. 
These delayed processes mean that polyacid-modified 
composites may release very little fluoride when newly 
placed83, even if they are eventually capable of releasing 
amounts of fluoride that match those of conventional 
glass-ionomers in the long term (up to 3 years)81,83.

The final group of composites, the giomers, have 
also been studied for their fluoride release behaviour. 
It has been confirmed that they can release fluoride for 
extended periods of time52,84, though, like other types of 
composite, there is no early burst of release. Amounts of 
fluoride released are lower than for other composites, and 
this may be a reflection of the relatively small amount of 
available fluoride within these materials. Studies suggest 
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composite resins. They include the relatively new 
proprietary materials giomers and glass carbomers, which 
are shown to be specialised types of composite resin and 
glass-ionomer respectively.

The interaction of fluoride with the tooth mineral 
(hydroxyapatite) is reviewed.  Findings are presented 
to demonstrate that low levels of fluoride are able to 
promote remineralisation via precipitation of fluorapatite 
or a calcium fluoride-like substance, both of which lead to 
increased crystallisation and incorporation of fluoride into 
the mineral phase.

Despite these known remineralisation mechanisms, 
the current literature remains unclear as to whether 
fluoride-releasing restoratives are clinically beneficial. 
The physico-chemical studies discussed suggest that it 
is likely that they are, but so far clinical studies have 
not confirmed this point. Rather, they have come to 
conflicting conclusions about the effectiveness of these 
materials. Further clinical studies are needed to answer 
this question unambiguously, as it is important clinically, 
especially for groups such as children and special care 
patient groups with poor oral hygiene.
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SUMMARY
Natural rubber latex is found in numerous medical and dental 

products. Adverse latex reactions in dental patients and practitioners have 
significantly increased since the introduction of universal precautions 
for infection control. These reactions range from contact dermatitis to 
potentially life-threatening hypersensitivity. Patients with a history of 
spina bifida, urogenital anomalies, multiple surgical procedures, allergic 
reactions or atopy, health care personnel and latex production workers are 
at increased risk of latex allergy. Diagnosis is based on a combination of 
clinical history and laboratory tests. Identification of latex sources and the 
avoidance of latex exposure are critical for protecting both dental patients 
and dental personnel.
Keywords: Latex Allergy; Dental Patient; Dental Personnel; Prevention; Management
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Introduction

During the last 100 years latex products have become 
ubiquitous in everyday life. It is estimated that over 
40,000 products contain latex rubber; some of them are 
presented in table 1. The popularity of latex is attributed 
to its unique biomechanical performance characteristics 
including strength, elasticity, tear resistance and superior 
barrier qualities. Latex is found in numerous medical and 
dental care products1-5 (Tab. 2).

Table 1

Common household products that may contain latex
Athletic equipment
Balloons
Toys
Infant pacifiers and feeding nipples
Erasers
Household gloves
Elastic fibre diapers
Elastic bands on clothing
Condoms
Shoe soles
Rubber bands
Rubber mats
Computer mouse pads

Table 2

Latex dental care products
Latex gloves
Latex bite blocks
Rubber dams
Rubber file stops
Rubber  stoppers on local anaesthetic carpules
Rubber mixing cups
Amalgam carriers
Impression material
Orthodontic elastics
Face mask retention straps
Polishing cups
Polishing points
Disposable syringes
Containers with rubber droppers
Surgical masks, hats and shoe covers
Elastic wraps
Nitrous oxide masks

The long history of the use of rubber dates back to 
the native populations of South and Central America 
before the arrival of Columbus in the new world. 
Commercial applications in Europe began in 1839. By 



1890 rubber gloves had been introduced into surgical 
practice by Dr. William Halsted, an American surgeon, to 
protect hands from the strong antiseptics then in use. In 
recent years, concern about the transmission of human 
immunodeficiency virus (HIV) and hepatitis B virus 
has led to increased glove usage by health care workers 
throughout the world6,7 .

The word “latex” refers to natural rubber 
latex (NRL), an extract from the rubber tree Hevea 
Brasilienesis. Although this tree is a native of Brazil, the 
majority of plantations currently producing commercial 
latex are located on the Pacific Rim - Malaysia, 
Indonesia, Thailand, and Vietnam. Latex is a generic term 
designating a water emulsion, or a liquid dispersed within 
another liquid. NRL is composed of rubber particles and 
water, and contains 256 proteins, including 11 being 
potentially allergens6-11.  Although some of chemicals and 
additives used in latex manufacturing are implicated as 
being responsible for dermatitis and other irritations, true 
latex allergies usually occur in response to the naturally 
occurring proteins found in latex6-9,11,12. 

Recently, the use of latex has been strongly 
implicated in the occurrence of latex allergies. A 
commonly expressed theory about latex allergy is that 
the increased demand for latex gloves, brought on by 
more widespread precautions, has led to a decline in the 
quality and an increase in the average allergen content 
of gloves5-9. Repeated exposure to latex allergens in 
dental practice is known to elicit adverse immune 
responses that limit patient access to dental care4,8,9,12. 
Dental practitioners, like other health care providers, are 
at increased risk of latex sensitivity and are sometimes 
forced to change jobs1,4,8,12,13 .

The purpose of this article is to review the literature 
regarding population at risk of latex allergy, as well as 
etiology, diagnosis, prevention and management of latex 
allergy, both in patients and dental practitioners.

Population at Risk

The risk of latex allergy in general population 
is quite low, ranging from 5 to 10%14. However, a 
number of factors are associated with increased risk 
of latex allergy. Risk groups for latex allergy have been 
defined as healthcare workers, persons with a history 
of atopy, children with spina bifida, workers in rubber 
manufacturing plants and individuals with congenital 
urinary tract abnormalities and a history of multiple 
operations. 

One of the groups at greatest risk of latex allergy 
concerns patients with cystic spina bifida4,12,15-20. Spina 
bifida is a congenital neural tube defect that occurs when a 
portion of the neural tube fails to close or when the neural 
tube reopens after successful closure. The prevalence of 

latex allergy in children with spina bifida ranges from 
28% to 67%15,21. These patients may become sensitized 
to latex allergens from mucosal latex exposure during 
procedures involving the use of latex products (gloves, 
catheters, blood pressure cuffs). Children with spina bifida 
and latex sensitivity may present initially with an allergic 
contact dermatitis reaction. These children are treated as 
latex allergic when this occurs, and latex precautions are 
required to prevent sensitivity reactions from progressing 
to anaphylactic shock16.

Individuals with congenital urinary tract anomalies, 
or past medical history significant for multiple surgeries 
or catheterizations seem to be at high risk of latex 
sensitization4,8,12,13,19. One study has specifically 
addressed the isolated risk factor of multiple surgical 
interventions. This study has shown that 6.5% of multiply 
operated patients were sensitized to latex, whereas 
individuals without prior surgery or other risk factors were 
sensitized at a rate of 0.37%22.

The risk of developing latex hypersensitivity 
increases with prolonged and repeated exposure. The 
frequency of the donning and removal of latex gloves by 
health care professionals is extremely high, and this high 
level of exposure to latex gloves and other latex medical 
products places them in a high-risk group for developing 
latex allergy. With dental professionals, as with other 
health care workers, the use of NRL examination 
gloves has led to an unfortunate trade off between the 
protection offered by such gloves and the possible adverse 
reactions associated with latex allergy5,8,9,12,13,16,19,23-26. 
Investigations have shown that up to 17% of health care 
workers are sensitized to NRL allergens27-30. Although 
many health care workers remain able to continue 
practicing by switching to synthetic or non-latex gloves, 
some develop such severe allergic responses, including 
asthma and anaphylaxis, that they are forced to change 
careers24,25,31.

Atopy is a type I hypersensitivity with a genetic 
predisposition and has an incidence in general population 
that approaches 20%16,32. Individuals with atopy tend to 
develop allergic reactions like asthma, allergic rhinitis, 
dermatitis, hay fever or eczema. An individual with a 
personal or family medical history of these diseases 
is at higher risk of experiencing allergic response to 
latex4,5,8,9,12,13,16. 

Latex allergies are linked to allergies to fruits and 
vegetables due to a probable cross-reactivity between 
latex antigens and those contained in certain foods. The 
frequency of sensitization ranges from 18% to 32% in 
patients allergic to latex. The most common cross reacting 
foods include avocado, banana, chestnut, kiwi, potato 
and tomato, all of which are antigenically similar to the 
latex allergen4,5,16,20,23,31. Not all patients with these food 
allergies will develop latex allergy. Conversely, not all 
patients with latex allergies will have adverse reactions to 
these foods4,31.
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Workers in the latex industry are regularly exposed to 
latex allergens. This frequent exposure is responsible for 
the heightened risk of latex sensitization in this population 
group9,14,16,20,33. In one study, 11% of the workers at 
a latex glove factory had positive allergy skin tests to 
latex34. For people who work directly in production 
processes involving NRL containing materials, exposure 
is impossible to avoid, and they usually have to quit their 
job. Nevertheless, little is known about the prevalence of 
latex allergy in this group of patients33,35.

Etiology

Penetration of the allergen may occur through 
many routes, such as the respiratory system, skin or 
vascular system. Furthermore, high vascularity and a thin 
epithelium of mucous membranes contribute to increased 
risk of sensitization on direct contact between the oral 
mucosa and latex products.

When the protective barrier of the skin is weakened 
due to contact dermatitis, latex proteins may be easily 
absorbed. Friction, pressure, heat and perspiration also 
increase absorption13,36,37.

The respiratory route of exposure occurs mainly 
through aerosolized powder. The powder covering the 
gloves absorbs latex allergens. These allergens become 
airborne when gloves are donned or removed and 
aeroallergen concentrations are higher in areas where 
staff usage of gloves is high. Once aerosolized, the latex 
protein-carrying starch particles may be inhaled by 
members of the dental team and patients in the dental 
surgery. The resulting effect is sensitization and repeated 
exposure may lead to hypersensitivity reactions3-5,33,38.

Clinical Manifestations

Irritant Contact Dermatitis
Irritant contact dermatitis (ICD) is the most common 

reaction to latex products8,12,39. It is a non-immunologic 
local inflammatory reaction of the skin caused by direct 
damage to the stratum corneum39,40, which is the principal 
epidermal barrier against most exogenous noxious 
agents. Damage to the stratum corneum is followed by 
an increase in penetration of the irritants1,4,8,13,39,41,42. 
Any substance causing chemical or physical damage to 
cells is an irritant. ICD arises when irritants penetrate 
the skin, producing an alteration in cells or inducing an 
inflammatory response12,39-42.

Scratching, scrubbing, washing, excessive 
wetness, improper drying, perspiration, and extremes 
of temperature, all contribute to the reaction. Certain 
groups are at high risk, including people who work in wet 

environments (such as health care workers who frequently 
wash their hands), atopic patients, and individuals with 
fair skin. ICD occurring on dentists’ hands has been 
associated with frequent hand washing and occlusion of 
skin by gloves and glove powders4,5,12,16,40. 

Clinical findings include erythema, oedema, dryness, 
fissuring, chapping, and vesicle formation as a late 
manifestation4,16,39. Lesions are sharply demarcated and 
limited to the area in direct contact with the offending 
agent. ICD is not considered to be an allergic reaction. 
However, these inflammatory changes in epidermis can 
promote penetration of allergens16,36. Treatment is aimed 
at careful hand-washing and drying of hands, avoidance of 
extremely hot water, and use of skin emollients1,4,8,13,39. 

Allergic Contact Dermatitis
Allergic contact dermatitis (ACD) is delayed type 

IV hypersensitivity. It is a specific allergic reaction 
mediated by T cells. The allergens in ACD are usually 
small-molecular-weight-molecules or haptens that 
conjugate with proteins in the skin and induce activated 
epidermal keratinocytes to release pro-inflammatory 
cytokines. The Langerhans cells endocytose the process, 
and combine specific hapten peptides with HLA class I 
molecule and then activate and sensitize T-cells. Activated 
T cells then proliferate and generate clones of hapten-
specific CD4+,CD25+ regulatory and CD8+ effector 
cells, which become either memory or effector cells. This 
is known as the afferent limb of the immune reaction. 
The CD4+ regulatory/effector and CD8+ effector cells 
then return to the original skin site and there function 
as the efferent limb of the immune response. Both 
CD4+ and CD8+ sensitized effector cells release pro-
inflammatory cytokines. These cytokines, especially 
interferon-y (IFN-y), tumour necrosis factor (TNF), and 
migration inhibitory factor (MIF), are mainly responsible 
for inflammatory events during the development of a 
delayed hypersensitivity reaction, causing vasodilatation 
and accumulation of lymphocytes and macrophages at 
the site of allergic challenge. Memory lymphocytes are 
retained for long periods of time at the original ACD sites, 
accounting for the shortened latent period (anamnesis) on 
subsequent exposure12,16,29,33,36,39,43,44.

ACD principally is caused by cutaneous or mucous 
contact with the offending agent. Accelerators and 
antioxidants used in latex manufacturing are commonly 
implicated agents.  Allergic contact dermatitis, however, 
can be secondary to any of the chemicals used in latex 
manufacturing1,4,8,10-13,33,44. 

Clinical findings are similar to those of irritant 
contact dermatitis and include pruritus, erythema, scales, 
crusts, scabs, papules, and vesicles. They appear 48 to 96 
hours after exposure and are initially located on the site 
of contact with the allergen. Lesions can persist for weeks 
and may ultimately spread peripherally. The development 
of a type IV hypersensitivity allergic response may occur 



Balk J Dent Med, Vol 18, 2014 Latex Allergy in Dental Practice  73

even after years of contact with a substance. The patient 
will remain sensitized, and a reaction will recur if the 
individual comes into contact with products containing the 
same allergen4,16,39.

ACD and ICD frequently overlap because many 
allergens at high enough concentrations can also act as 
irritants36,41. Impairment of the epidermal barrier layer, 
such as fissuring, can increase allergen entry into the 
epidermis16,36,39.

Immediate Type I Reaction
Although less prevalent, Immediate type I reaction 

(type I hypersensitivity) is the most serious response. 
Immunoglobulin E (IgE) mediated type I responses to 
latex proteins result in adverse reactions within minutes 
to hours of exposure, ranging from mild irritation to loss 
of life9,12,35. Immediate type I reaction is IgE-mediated 
and is secondary to the proteins present in NRL. IgE 
antibodies are formed and bind to mast cells with the 
initial latex contact. Secondary exposure causes cross-
linking of the IgE molecules on the surface of the mast 
cells, with resultant degranulation and histamine release. 
This mast cell degranulation and histamine release is 
responsible for clinical manifestations of immediate type I 
hypersensitivity4,12,31. 

These symptoms include immediate pruritus and 
stinging, with erythema, oedema and a wheal and flare 
reaction occurring minutes later. After this initial reaction, 
rhino-conjunctivitis, generalized urticaria, dyspnoea, 
palpitations, dizziness, laryngeal oedema, bronchospasm, 
anaphylaxis, vasodilatation, gastrointestinal 
cramping, vomiting, hypotension and even death may 
result4,9,26,31,35,45. In some cases, general anaesthetics 
or surgical drapes may mask the early signs of more 
severe allergic reactions, and hypotension or oxygen 
de-saturation may be the first signs of anaphylaxis4,31.

Diagnosis

Clinical history is the first step in the diagnosis of 
latex allergy46-49. Patients who have positive histories 
for latex allergy are treated with latex avoidance. 
Persons with a very high risk of latex allergy, such as 
patients with spina bifida, should be considered latex-
allergic4,50. Such a patient is treated with latex avoidance 
and should be referred to an allergist for definitive 
testing. Individuals in other high-risk categories should 
be questioned thoroughly about latex hypersensitivity. 
Patient complaints often begin with a spectrum of allergic 
symptoms - skin, upper and lower airway symptoms 
- that are associated with exposure to natural rubber 
latex products. The temporal association between latex 
exposure and allergic symptoms may be strengthened by 
the disappearance and reappearance of allergic symptoms 

after concurrent separation from, and reintroduction of 
the individual to a known latex allergen source46,48,49. The 
suspected latex-allergic individual should be questioned 
about a number of issues: atopy, hand dermatitis and 
allergies to certain foods are established risk factors 
associated with latex allergy9,12. 

Occupational information helps identify repetitive 
uses of natural rubber products, which can increase the 
individual’s frequency and magnitude of latex allergen 
exposure48-52. The individual should also be asked 
about the time course and magnitude of any localized 
or systemic allergic symptoms that might be associated 
with latex exposure. Dermatitis, swelling, redness, and 
irritation confined to the area of skin-rubber contact 
are particularly useful in discriminating between type 
IV and type I hypersensitivity. Information about the 
frequency and type of reactions to latex and the number of 
operations the individual has had with general anaesthesia 
may determine a positive latex allergy history.

Once the clinician has concluded that there is a high 
degree of suspicion concerning IgE antibody-mediated 
latex allergy, a confirmatory test for latex-specific IgE 
antibody should be performed to obtain support for this 
doubt. Definitive testing for latex allergy is completed 
with either in vitro or in vivo tests. 

In vitro serologic tests measure the serum level of 
latex-specific IgE. The most common IgE assay method 
used is the radio-allergosorbent test (RAST), which has 
been shown to be of doubtful accuracy as an indicator 
of latex allergy4,20,48,49,53-55. Although less sensitive 
than skin testing, RAST has the advantage of avoiding 
concern about an untoward reaction that exists during skin 
testing4,5.

In vivo tests are more sensitive than in vitro tests 
and are clinically more relevant. The most reliable and 
sensitive test for latex allergy is a skin patch test1,4,5,35. 
The skin patch test (SPT) involves placing of a piece 
of latex glove in sterile saline for up to 24 hours. This 
allows adequate time to elute antigens from the latex 
into the solution. A drop of the solution is then placed 
on the patient’s arm, and a skin patch is made. Test 
results are interpreted in 20 minutes. A flare and wheal 
constitute a positive reaction. The scratch test involves 
making a 5-mm scratch on the patient’s arm. A patch of 
a latex glove is then placed on the scratch. The method 
of interpretation is similar to the SPT. The wear test 
differs from the previous 2 tests in that a latex glove 
with the finger portion removed is worn by the patient. 
Interpretation is otherwise similar to the other 2 tests. 
The SPT is most sensitive and has the least likelihood of 
causing anaphylaxis. Reports indicate that life threatening 
anaphylactic reactions have occurred during skin 
testing48,49,56. Intradermal testing is especially dangerous. 
Commercially available latex extracts are used in Europe 
and Canada, but are not approved by the Food and Drug 
Administration for use in the United States5,48.
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gutta-percha products should be encouraged to avoid 
the addition of any gutta-balata in their formulation, as 
gutta-balata releases proteins that can cross-react with 
NRL75. Moreover, the clinician should avoid gutta-percha 
extension beyond the apex of the tooth root that exposes 
the gutta-percha to a blood supply, inflammatory tissue 
and surrounding bone, and may increase the risk for 
allergic reactions65,78.

Health care providers who have contact dermatitis 
to latex products should be appropriately investigated to 
identify the implicated antigen. This can then be avoided 
by changing to a different brand of glove. Cotton liners 
and barrier creams also may be effective. Personnel with 
type I sensitivities to latex proteins should completely 
avoid the offensive allergens. Sometimes occupational 
asthma or rhino-conjunctivitis may force health workers 
to leave their workplace12,16,29,65,79.  

Table 3: Examples of latex products used in the dental office and alternatives

Product Alternative
Latex gloves Vinyl/Nitrile/Silicone gloves
Rubber dams Non-latex (Polyvinyl Chloride) dams
Latex bite blocks Metallic/Silicone mouth props
Rubber file stops Wax file stops
Injectable ampules (rubber plungers in syringe) Injectable vials
Orthodontic elastics used for oral fixation Sterile wire to secure arch bars
Polishing cups Non-latex toothbrushes
Rubber mixing cups Silicone mixing cups
Penrose latex surgical drains Silicone/Polyvinyl Chloride surgical drains
Containers with rubber droppers Containers without rubber droppers
Instrument bands, impression material,   polishing wheels Non-latex alternatives from dental manufacturers

Prevention

Avoidance is the cornerstone of latex allergy 
prevention4,5,57,58. In one study, when measures were 
taken to minimize latex exposure during dental treatment, 
81% of latex allergic patients did not suffer adverse 
reactions5,59.

As far as gloves are concerned, latex alternatives 
- vinyl, nitrile or silicone - should be used in the dental 
clinic to prevent sensitization of patients and personnel. 
A number of studies have confirmed that a wide range 
of NRL proteins leach out of latex gloves and bind to 
surgical glove powders, so powder free gloves are also 
recommended13,44,60-62. Recommendations to use powder-
free, low-protein NRL gloves or non-NRL gloves have 
been issued by the Occupational Safety and Health 
Administration in the United States and organizations in 
many other countries27,63. However, only reports at the 
level of the individual patient or hospital have shown that 
these recommendations are successful34,47,64.

A thorough patient history, including spina bifida, 
surgery congenital abnormalities, atopy and latex 
hypersensitivity, should be taken during treatment 
planning appointments. At-risk patients should be 
identified and referred for latex allergy testing. Patients 
with risk factors or confirmed latex hypersensitivity 
should be scheduled at the beginning of the office 
workday, when the level of aerosolized latex proteins in 
the treatment area is at a minimum to prevent exposure to 
aerosolized allergens4,5,63,65,66. A thorough wipe down of 
office equipment before the patient’s appointment is also 
recommended65,66.

In addition, latex-sensitive patients should be treated 
in a latex-safe environment. A latex-safe environment is 
one in which no latex gloves are used by any personnel 
and latex-free supplies are used instead of latex materials 
throughout the patient’s care9,16,57,67-70 (Tab. 3). A barrier 
protection is necessary in order to avoid direct contact 
with any latex item that cannot be removed16,67.

Because it is impossible to remove all latex-
containing materials from the dental office, patients 
with an extreme sensitivity to latex or rubber should 
consult their physician regarding premedication with 
antihistamines and corticosteroids64. Premedication may 
reduce the severity of an allergic response; however, 
it should not be considered an alternative to latex 
avoidance4,64,71-73.

With respect to endodontics, the potential for 
immunological cross-reactivity between the gutta-percha 
used in endodontics and NRL has been the subject of 
some controversy74. Chemically, gutta-percha and NRL 
appear as isomers66,73-76. Several studies have suggested 
that gutta-percha may release proteins that induce 
reactions in latex-allergic individual64,76-78. These studies, 
however, have not proven cross reactivity between 
NRL and gutta-percha73. However, manufacturers of 
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Management

Knowledge of signs and symptoms and management 
protocols for allergic reactions are essential. The treatment 
of latex reactions is based on severity and sometimes 
additional medical intervention is necessary. In all cases, 
the first step is removal of the allergen4,9,31,65,80. 

Contact dermatitis and type IV allergy may 
be managed with topical corticosteroids. Mild 
type I reactions without respiratory distress can be 
treated with topical steroids and antihistamines (50 
mg diphenhydramine, 4 times a day until swelling 
resolves). Severe type I hypersensitivity with respiratory 
distress, swelling of the tongue, larynx or pharynx, 
and anaphylaxis requires assessment of ABCs (airway, 
breathing and circulation) and activation of emergency 
medical services. Drugs needed for management of an 
anaphylactic reaction should be readily available for high-
risk patients. In this case, latex-free resuscitation carts 
are used to administer high-flow oxygen and deliver 0.3-
0.5 ml intramuscular or subcutaneous doses of 1:1000 
epinephrine (0.1 ml/kg every 5 minutes for children). Vital 
signs and ABCs should be continually checked. After 
stabilization, antihistamines, such as diphenhydramine, 
and corticosteroids should be prescribed4,5,9,65,79. 

Conclusions

Reactions to latex products are reportedly occurring 
with an increased frequency, both in patients and in health 
care providers. Dental practitioners should consider the 
potential health risks that are associated with the use of 
Natural Rubber Latex in dental practice.

Patients with a history of spina bifida, urogenital 
anomalies, multiple surgical procedures, allergic reactions 
or atopy, health care personnel and latex production 
workers are at increased risk of latex allergy.

Adverse reactions following exposure to latex 
products may be categorized as irritant contact dermatitis, 
delayed (Type IV) and immediate (type I) hypersensitivity 
reactions.

Diagnosis is based on a patient’s history, but several 
in vitro and in vivo tests can be very useful as well. The 
most reliable and sensitive test for latex allergy is the skin 
patch test.

For patients with confirmed latex allergy, or 
those at risk of hypersensitivity, it is critical for dental 
personnel to be familiar with the range of possibilities 
for latex exposure and to employ appropriate preventive 
procedures.
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SUMMARY
Introduction: Oral cancer is the sixth most common cancer in the 

world. Cyprus recorded 312 new cases between 1998 and 2009, which 
represent a significant percentage of all cancers reported in Cyprus.

Purpose: This study aimed to evaluate the knowledge and perceptions 
of group of Cypriots about oral cancer.

Methods: A convenience sample of 234 people was selected from those 
who came to mobile clinics in 4 major cities of Cyprus and received free 
dental examinations. The study used a self-completion questionnaire with 
questions about socio-demographics, habits (smoking, alcohol consumption, 
visits to the dentist), plus knowledge and perceptions of oral cancer.

Results: 53% (n= 124) of the respondents had heard about oral cancer, 
77.4% (n= 181) knew that smoking is a risk factor for oral cancer but only 
59.4% (n= 139) identified alcohol, and 38.9% (n= 91) solar irradiation as 
other risk factors. Although 68.4% (n= 160) responded that changing the 
habits of everyday life can prevent oral cancer, 38.9% (n= 91) erroneously 
thought that oral cancer is hereditary. In addition, only 25.6% (n= 60) 
mentioned that in case of a wound/lesion of their oral mucosa they would 
seek treatment from a dentist, while only 12% (n= 28) reported that they 
have been screened for oral cancer by their dentist. Those with higher 
education, as well as non-smokers, were more likely to have knowledge 
about oral cancer, while those who reported that they often visited the 
dentist had more chances of receiving preventive screening (p < 0.05). 

Conclusions: The results demonstrate a lack of adequate information 
in Cyprus, especially among less educated people, highlighting the need for 
an integrated policy planning, aiming at informing the public and health 
professionals about oral cancer and, at the same time, the need for introduce 
preventive examination within the context of the routine dental examination.
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Introduction

Mouth and pharyngeal cancer (from here onwards 
referred to as oral cancer) grouped together are the sixth 
most common cancer in the world. In 2008, 283 861 new 
cases of oral cancer were recorded worldwide24, while the 
reported incidence ranged from 1 to 10 cases per 100 000 
population. In exceptional cases the incidence maybe higher, 
such as in India, where the relevant indicator is 12.6 per 100 
000 population due to everyday habits, such as betel quid/

tobacco chewing16. In Cyprus, 311 new cases were reported 
for 1998-2009 period, of which 57 concerned the lips, 92 
the tongue, 79 the oral cavity, 56 the salivary glands, 14 the 
tonsils and 13 the oropharynx. On average 32 new cases are 
diagnosed every year and the annual incidence is 3.8 cases 
per 100,000 population (the population of Cyprus is 850,000 
inhabitants). From the 79 cancer cases relevant to the oral 
cavity, 49 involved men and 30 women (1.6 to 1 ratio). In 
addition, after histological assessment, 59 of the 79 cases 
were diagnosed as Squamous Cell Carcinoma12.



information was going to be anonymous, and they signed 
a consent form.

Results

Table 1 presents socio-demographics of the 
participants and their distribution by province, sex, marital 
status, nationality, age, level of education and living area 
(urban or rural).

Table 1. Socio-demographic data of the participants

  n %

Province

Nicosia
Limassol
Larnaca
Paphos

75
49
50
60

32
21
21
26

Sex
Men
Women
Not replied

128
103

3

55
44
1

Marital status

Married
Single
Divorced
Widower
In a relationship
Not replied

151
40
19
15
6
3

65
17
8
6
3
1

Citizenship

Cypriot
EU Country Citizen
Other
Not replied

199
17
10
6

86
7
4
3

Area of 
residence

Urban
Rural
Not replied

184
48
2

79
20
1

Age

18-44
45-64
65-74
75 +
Not replied

88
97
37
10
2

38
41
16
4
1

Level of 
education

Elementary graduates
Junior High School Graduates
High School Graduates
Higher Education Graduates
Not replied

30
42
56
97
9

12
18
24
42
4

With regard to habits, 44.4% (n=104) of the 
participants stated that their main reason for visiting a 
dentist was the need for emergency dental treatment, 
while 29.5% (n= 69) reported that they visit a dentist once 
a year and 20.9% (n= 49) that they visit a dentist every 6 
months. Men (58.7% n=75) and those who had received 
only elementary school education (85.7% n=26) reported 

The main risk factors for oral cancer are smoking, 
alcohol consumption and Human Papiloma Viruses 
(HPV)25. 

Oral cancer is categorized as an early cancer that can 
be detected by clinical examination. Nevertheless, the 
majority of the cases are diagnosed at an advanced stage, 
likely due to the ignorance of the population concerning 
the symptoms, but also because preventive screening for 
oral cancer is frequently not included in the routine dental 
examination.

The aim of this study was to evaluate knowledge and 
perceptions of a group of Cypriots with regards to oral 
cancer. Within this aim there is a hope that findings will 
contribute to shaping strategic planning for the prevention 
of oral cancer and its early diagnosis.

Methods

The study was conducted as part of a prevention 
campaign for oral cancer, which was organized by the 
Dental Services of the Ministry of Health in December 
2012. The campaign was carried out by dentists working 
for the Ministry of Health, who were responsible for 
function of several mobile dental units at central points 
within the 4 major cities of Cyprus. The campaign 
also included free dental examinations for those who 
participated. Prior to their oral examination, they were 
all asked to fill in an anonymous questionnaire, specially 
created for the needs of the study. 

The questionnaire was previously tested in a pilot 
study on 20 people. It included 21 questions, a number 
of which were relevant to the socio-demographic 
characteristics of the participants, while others were on 
the topic of their habitual routine (visits to the dentist, 
smoking, alcohol consumption), their knowledge 
regarding the aetiology and the epidemiological 
characteristics of oral cancer, their perceptions about oral 
cancer (if it can be prevented and if changing personal 
habits can reduce the risk of it occurring), and in case 
they knew about oral cancer, how did they receive the 
relevant information. Also there was a question whether 
or not their dentist performed a screening examination for 
oral cancer and whether or not they had carried-out self-
examination. Finally, there was a question on “what do 
you do if you detect some kind of soreness in the mouth?” 
A convenient sample was used in this study; it consisted 
of 234 people, including citizens from the 4 major cities 
of Cyprus, namely Nicosia, Limassol, Larnaca and 
Paphos, who visited the mobile units for consultation. The 
statistical analysis of data (t-test, X ²) was carried out with 
SPSS20.

Ethical approval for the study was given by the 
Cyprus Bioethical Committee. Participants were informed 
by the dentists for the purpose of the study and that all 
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kind of preventive examination by their dentist or carried 
out a self-examination (12.8% n=30).

Table 2. Sources of information about oral cancer

Sources of information N %

Dentist 25 6.6

Internet 23 6.1

Personal physician/GP 21 9.0

Newspapers and magazines 21 9.0

More than one sources 19 8.1

Friends 15 6.4

TOTAL 124 53.0

Regarding the knowledge and perceptions of the 
participants about prevention and early diagnosis of 
oral cancer, the study obtained the following results: 
as far as the question “do you think mouth cancer is a 
matter of luck and we can’t prevent it” is concerned, 1 
out of 4 participants (25.6% n= 60) agreed, while 1 in 5 
mentioned they had no knowledge of the subject matter 
(20.9% n= 49). As far as the question “do you believe that 
early detection can increase the chances of treatment” is 
concerned, 70.5% of the participants (n=165) responded 
positively. Similarly, positive responses of participants 
68.4% (n=160) were given to the question “do you think 
changing the everyday habits can reduce the risk of 
developing oral cancer”. 

that they visited a dentist more often for emergency 
reasons when compared with women (33.7% n=35) and 
those with university education (37.5%n=36), which was 
statistically significant (p<0.05).

Exactly 33.8% (n=79) of the participants identified 
themselves as smokers, of whom 13.7% (n=32) reported 
consumption of fewer than 10 cigarettes a day, 12.8% 
(n=30) 11 to 25 cigarettes per day, and 7.3% (n=17) more 
than 25 cigarettes per day. The highest percentages of 
smokers were recorded among males (46.5% males n=60) 
as opposed to 25.8% (n=32) of women (p<0.05). In fact, 
19.3% (n=25) of men smoked 11-25 cigarettes per day in 
comparison with only 7.2% (n=7) of women. In addition, 
13.2% of men (n=17) reported smoking more than 25 
cigarettes per day, as opposed to 2.1% (n =2) of women 
(p<0.05).

With regard to alcohol consumption, 22.6% (n=53) 
of the sample reported that they drank alcohol only a few 
times a week and 4.3% (n=10) consumed alcohol daily. 
Again, the study has recorded a statistical significant 
difference between males and females (p<0.05) with 
44.3% (n=57) of men consuming alcohol a few times a 
week or daily, compared to only 14% (n=15) of women.

With regards to their knowledge about oral cancer 
(Tab. 2), 53% (n=124) were familiar with the concept of 
oral cancer and their primary information sources were, in 
descending order: their dentist, the internet, their personal 
physician and newspapers and magazines. Although half 
of the participants reported that they were familiar with 
oral cancer, only 32.5% (n=76) knew about screening for 
oral cancer and even less of them (12% n=28) had some 

Table 3. Effect of independent variables on knowledge of and attitudes to oral cancer

Have you 
heard of oral 
cancer (%)

Have you heard 
about screening 

for oral cancer (%)

Have you ever had 
screening for oral 

cancer (%)

Mouth cancer 
is a matter of 

luck (%)

Early detection 
increases the 
chances of 

treatment (%)

Changing habits 
decreases the 

chance of having 
oral cancer (%)

Sex
-Men
-Women

60 (47,2)
69 (67)*

Level of education
-Elementary graduates
-University graduates

3 (8.9)
63 (65.5)*

5 (15.5)
42 (43.2)*

15 (51.3)
19 (19.1)*

19 (62.5)
84 (86.2)*

19 (62.5)
76 (78.7)*

Frequency of dental visits
-Urgent
-Every 6 months

27 (26.2)
32 (66.0)*

19 (18.0)
23 (46.9)*

5 (5.2)
13 (27.4)*

Smoking
-Yes
-No

12 (14.6)
88 (57.0)*

27 (33.9)
128(82.5)*

* - p<0.05
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visit dentists. 44.4% of the participants reported that their 
main reason for visiting a dentist was in case of a dental 
emergency. This percentage was virtually the same as 
that of the Euro barometer survey5, which indicated that 
45% of the Cypriots only visited a dentist if they had a 
dental emergency, giving Cyprus a rather uncomfortable 
lead for this characteristic within the 27 Member States 
of the European Union. However, although 83% of the 
population is entitled to almost free of charge dental care 
at the Public dental services, only 10% make use of them. 
The majority of the population goes to a private dentist 
where they pay fee for service3.

Furthermore, another key finding of the current  
study is the fact that women visit dentists more frequently 
than men, which confirms the Statistics of the Dental 
Services (Ministry of Health), according to which, 
women in all age groups are more frequent users of dental 
services than men4.

The percentage of the participants who reported 
that they had some knowledge of oral cancer (53%) is 
significantly lower than the percentage found in similar 
studies in Malaysia 84.2%6, in the United Kingdom 
80%1, and in New York 80.4%14, hence highlighting the 
significant lack of information resources in Cyprus.

It is also worth commenting on the sources of 
information from which the participants of the study 
considered were important for acquiring some kind 
of knowledge about oral cancer. Overall 20% of them 
reported a health professional, who according to the 
respondents could be either a dentist or a General 
Medical Practitioner (GMP), as the main source of their 
information. This highlights the need for more appropriate 
training among the GMPs in informing patients about 
the need of mouth cancer prevention and early detection. 
Furthermore, a study into the knowledge of medical 
students about oral cancer highlighted their lack of 
knowledge compared to dental students2. Another study 
found that GMPs knowledge on the same topic appears 
to be insufficient as well7. The aforementioned facts and 
figures indicate the need for introducing the subject of 
oral health education to all health professionals. On the 
other hand, one has to take into account the unwillingness 
or inability of dentists to inform patients about oral 
cancer, although in theory they have a sufficient level of 
knowledge to do so.

The percentage of people who had heard about the 
oral cancer screening was also lower in Cyprus (32.5%), 
compared to 84.2% in Malaysia6, and 80.4% in the UK14. 
This highlighted the lack of adequate information about 
oral cancer in Cyprus. Furthermore, a brief literature 
review showed that the percentage of patients who 
have received information from their dentist about the 
possibility of getting preventive screening in the context 
of early detection of oral cancer varied inconsistently. 
More specifically, a telephone survey carried out with 
a sample of 5544 adults in New York indicated that 

Table 3 presents the various socio-demographic 
characteristics and habits associated with the knowledge and 
perceptions of the participants. More specifically, people 
with high level of education, such as university graduates, 
had better knowledge of oral cancer and screening than the 
ones with a low level of education, (i.e. elementary school 
only), and they acknowledged the fact that oral cancer is 
not a matter of bad luck, and that it is highly associated with 
everyday habits, such as smoking and consuming alcohol.

Similarly, frequent visits to the dentist have been 
positively associated with screening for oral cancer. That is 
why participants who visited the dentist every 6 months had 
received screening at a higher rate than those who argued 
that they visited the dentist only for emergencies (27.4% 
n= 13 vs. 8.2% n=8). Finally, participants who identified 
themselves as smokers seemed not to have good knowledge 
and perceptions of and about oral cancer. As a result, 
smokers believed, in a smaller proportion than non-smokers, 
that a change in their habits could reduce the likelihood of 
developing oral cancer (54.5% n=43 vs. 82.5% n=128), 
which was statistically significant (p< 0.05), and were less 
informed about oral cancer compared with non-smokers 
(23.5% n=19 vs. 57% n=88). When participants were asked 
about the epidemiological characteristics of oral cancer, 
23.9% (n=56) suggested that it occurs more frequently in 
males, 36.3% (n=85), that it most commonly has a higher 
incidence in people older than 40 years, and that the tongue 
is the most common site for oral cancer 29.1% (n=68). As 
far as etiological factors of oral cancer were concerned, 
77.4% (n=181) of the participants associated oral cancer 
with smoking (non-smokers 92.2% n=143 vs. smokers 
67.9% n=54, and participants with a high level of education 
87.5% n=85 vs. 62.5% n=19 with a low level education), 
59.4% (n=139) with alcohol consumption and 38.9% (n=91) 
with solar irradiation. Contrary to the aforementioned, 
38.9% (n=91) erroneously considered that oral cancer is 
hereditary, in addition to 11.5% (n=27) of the participants 
who attributed oral cancer to dental treatment. Finally 52.5% 
(n=122) suggested that mouth inflammation is closely 
associated with oral cancer and 55.6% (n=130) mentioned 
the lack of oral hygiene as a cause for oral cancer. 

As far as the question “What do you do in case 
you identify a wound in your mouth” is concerned, the 
majority of the participants replied that they rinse their 
mouth with antiseptics (31.6% n=74), some of them that 
they visited the dentist (25.6% n=60), 15% (n=35) of the 
participants that they did nothing, and 8.5% (n=20) that 
they went to their General Medical Practitioner (GP) and 
3.8% (n=9) that they sought advice at a pharmacy (n=8). 

Discussion

This study has presented important results regarding 
knowledge about oral cancer in Cyprus. The results 
suggest that many of those who took part do not often 
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Grossman8 “...the more educated are more knowledgeable 
about smoking or about what constitutes a healthy 
diet”. Indeed, in a report published by the World Health 
Organization, the 2-way relationship between health and 
educational level is also very well documented19. Finally, 
West et al27, when presenting the findings of their study 
with a sample of 4198, also found that better educated 
people had higher rates of knowledge regarding oral 
cancer than people with lower levels of education. 

Furthermore, the frequency of visits to dentists seems 
to affect both the knowledge about oral cancer and the 
possibility of receiving screening for oral cancer22. The 
importance and benefits of regular visits to the dentist 
are also part of the main findings of a study conducted 
by Watson et al26, according to whom, patients who 
have regular visits to a dentist were more likely to be 
diagnosed with oral cancer at an early stage, than the 
ones who did not. The current study confirmed a previous 
finding that Cypriots do not visit the dentist often, which 
is an important inhibitory factor of the early diagnosis of 
oral cancer. For better future results, as far as this factor 
is concerned, comprehensive strategic planning for the 
adoption of philosophy of preventive visits to the dentist, 
but also removing any economic obstacles or barriers to 
access, is needed.

Another interesting finding of this study lies 
in the poor knowledge of the participants about the 
epidemiological characteristics of oral cancer. More 
precisely, only 23.9% of the participants reported that men 
are most frequently diagnosed with oral cancer, 36.3% 
thought that there is a higher incidence for people over 40 
years old, and 29.1% that it is often located on the tongue. 
These percentages are similar to those found in a similar 
study in Portugal, which respectively were 21.8%, 43.2% 
and 33.9%13.

The majority of participants identified smoking as 
a cause of oral cancer, a finding verified in several other 
surveys6,13,17,20,23,27, and is likely a consequence of the 
information campaigns carried out in Cyprus regarding 
the negative effects of smoking. In addition, non-smokers 
and also higher educated individuals acknowledged 
(p<0.05) smoking as a risk factor of oral cancer at the 
highest rate (p<0.05) when compared with smokers and 
people with low educational level. Similar rates were also 
reported by West et al27. The aforementioned finding calls 
on a greater need for additional information targeted at 
high-risk groups, such as smokers.

High rates of incorrect answers or statements about 
the risk factors of oral cancer are also of particular 
interest. The 38.9% of the participants who considered 
that oral cancer is hereditary disease is impressively high 
compared to just 2% of the Rogers study in Liverpool17. 
This demonstrated a lack of knowledge and confusion 
towards the causative factors of oral cancer and perhaps of 
all forms of cancer, and it may be linked with credibility 

35% of the respondents reported that they had received 
oral cancer screening14, while in another telephone 
survey in North Carolina, the relevant percentage was 
approximately 29%15. In both cases the percentages 
were clearly higher than the 12% found in the current 
study. Nevertheless, a recent study in Portugal with a 
sample of 602 patients who visited a specific hospital 
showed that only 1.7% of participants had benefited 
from preventive screening for oral cancer from their 
dentists13. This of course does not necessarily prove that 
dentists do not systematically examine their patients for 
oral cancer. It is worth mentioning that Awojobi et al1 in 
a recent study, with a sample of 184 dental patients in the 
United Kingdom, found that 72% of respondents did not 
know whether or not the dentist had them screened for 
oral cancer, while 56% did not even know that dentists 
are trained to detect early signs and symptoms of oral 
cancer. Therefore, it is possible that dentists within a 
routine dental examination control their patients for 
early symptoms of oral cancer, but do not inform them. 
However, dentists have ethical obligation not only to 
inform their patients about oral cancer, but also to teach 
them how to self examine and track any suspicious signs 
and symptoms in the oral cavity. This requires constant 
training and skill enhancement of dentists. Studies in 
Germany9 and Spain18 showed positive effects of training 
dentists in screening for oral cancer and on patient 
information regarding its predisposing factors.

As far as the attitude of the participants towards 
prevention and their views on whether early detection 
can increase the chance of treatment, the findings of 
several studies vary. Findings from a study conducted 
in the London area showed that 94% of respondents had 
a positive view on the contribution of early diagnosis 
in the effectiveness of a possible treatment23, while in a 
similar study in Portugal13 the rate was approximately 
94.5%. Taking into account that in recent years there was 
a consistent flow of systematically organized campaigns 
on prevention and its importance in the early detection 
of chronic diseases such as cancer and cardiovascular 
diseases, which are the leading death causes in Cyprus21, 
this percentage is considered rather low. In addition, 
food for thought and for further self-reflection, although 
this is a convenient sample and may not be necessarily 
representative of all Cypriots, can cause the finding that 
1 in 4 of the Cypriots who took part in this study believed 
that oral cancer is a matter of luck, which apart from the 
fact that it proves severe lack of knowledge, also implies 
a certain degree of unresponsiveness on behalf of the 
Cypriots concerned, and presents signs of unwillingness 
to change self-destructive habits, such as smoking and 
consuming alcohol. 

In relation to the factors affecting knowledge and 
attitudes of the participants towards the prevention of oral 
cancer, as it was expected, there was a positive effect of 
the educational level, accurately mentioned in the study of 
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on oral health issues should also be a priority of the 
Ministry of Health, even though the ongoing economic 
crisis in Cyprus has led to cuts in the Ministry’s budged. 
Otherwise ignorance and lack of information on this issue 
will continue and the negative effects on the health of 
citizens will increase.
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of information sources of the people, which in only 2 out 
5 cases were reported to be health professionals.

Finally, it is worth highlighting the reaction of 
participants when they identify a wound in their mouth. 
In these circumstances, 15% reported not doing anything 
and 31.6% chose to rinse with antiseptics, which are 
known not only to have no therapeutic value in cases of 
malignancy, but which can lead to significant delay in 
seeking medical advice. One out of 4 participants visited 
their dentist and 8.5% consulted their GMP, which in fact 
reveals the fertile ground a GMP can exploit and act in 
the prevention and early diagnosis of cancer. GMPs role 
is decisive.  Indeed in one study10, it was found that 56% 
of the referrals at an oral maxillofacial clinic were from 
GMPs, and only 36% from dentists. In addition, Horowitz 
et al11, in a study carried out in Maryland, revealed greater 
their study’s participants were more comfortable to 
discuss issues relating to oral cancer with their GMP than 
with their dentist.

Conclusions

The results of this study highlight the lack of 
awareness of the examined Cypriots who took part in 
the study and particularly of low-educated individuals 
and smokers, who are a high-risk group for oral cancer. 
It confirms the need for an integrated planning and 
engagement of all authorities and professionals involved, 
such as doctors, dentists, nurses and the Ministry of 
Health. Their hands on engagement should aim to 
provide better information on oral cancer to the public, 
as well as to their fellow professionals, and to introduce 
preventive screening for oral cancer during routine dental 
examinations.

Hence in the context of the continuing education of 
GMPs and dentists, it is necessary to enrich their training 
with issues such as mouth cancer and the connection of 
oral hygiene with the good health in general. A report on 
a prevention protocol and on management of patients with 
oral cancer is an urgent necessity, as well as its careful 
implementation by the relevant health professionals. That 
is why, protocol prevention and management of patients 
with oral cancer and the accurate implementation by all 
health professionals is also considered a priority. 

Dentists are in the forefront to prevent and provide 
early diagnosis of oral cancer, and as such, not only do 
they have to integrate screening for oral cancer within 
the context of a normal dental examination, but they also 
need to educate patients on how to examine themselves 
and be aware of any suspicious lesions and symptoms. 
This of course requires people to visit dentists regularly 
and systematically, something that is not encouraged due 
to the high costs when seeking care in the private sector. 
Information campaigns and raising awareness of citizens 
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SUMMARY
The aim of this study was to provide clinical results of dentinal 

desensitization treatment of non-carious defects. 146 patients were treated, 
who were diagnosed with generalized and local hyperesthesia of the second 
and third level. The patients were treated with Tiefenfluorid during 2 
sessions carried out in interval of 8 days. Level of hyperesthesia and success 
of the treatment were assessed not only according to patient’s complaints but 
also by using the test-meter for making evaluations in mkA. The opposite 
tooth side of the same patient, was treated with conventional fluoride gel to 
serve as control side. The patients were followed up for 2 years.

The cases treated with Tiefenfluorid, which included treatment of 
general dental hyperesthesia, localized hyperesthesia in the tooth necks, as 
well as treatment of cuneiform defects, resulted more successful compared 
to the treatment with traditional fluoride gel. The immediate response 
as well as the long term result was better (it was necessary to perform 10 
sessions of traditional fluoride gel treatment and only 2-3 treatments with 
Tiefenfluorid).
Keywords: Dentinal Hyperesthesia; Cuneiform Defects; Fluoride Gel; Tiefenfluorid
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Introduction 

Dentinal hyperesthesia is a high sensitivity of the 
tooth’s tissues, caused by chemical, mechanical and 
temperature irritation. Normally, the dentine is surrounded 
and protected by the enamel, meanwhile in the gingival 
level it is surrounded and protected by the cementum. 
Frequently, the cementum covering the roots’ dentin is 
absent or removed by curettage or brushing, exposing 
dentinal tubules. New toothpastes used for the “tartar 
and plaque” removal bring dentinal hypersensitivity. The 
smoothed parts of the dental layer removed by the action 
of various agents leave the opening of the dentinal tubules 
unprotected. After being exposed to periodontal surgery, 
in which many root zones were left bare as a consequence 
of gingival placement in a more apical direction, 
hypersensitivity tends to be the most prominent complaint 
of patients.  

The dentinal slab formed and the bacteria which 
develop an acidic environment in the plaque create 
a genuine irritation barrier into the dentinal tubules. 
As a consequence dentine becomes hypersensitive 
and painful toward exposures such as brush, floss and 
hand instruments. In such cases, different authors have 
suggested various techniques to deal with a problem, 
ranging from the usage of fluoride gels to other liquids 
containing fluorine. Others go up to the point of the 
vital pulp extirpation. The aim of this paper is to present 
results of the clinical treatment of dentinal hyperesthesia 
with Tiefenfluorid solution and compare its efficacy to 
traditional methods of treatment.

Material and Method

146 patients, 49 men and 97 women, aged from 18-70 
years, were selected for the study, diagnosed to have local 
second and third level of hyperesthesia. The main clinical * Presented at the 18th Congress of the BaSS, Skopje, 2013
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Results 

The results of the Tiefenfluorid treatment are 
presented in table 2. To sumarize:
1. 90 cases were stabilized after the 2nd session, in the 2nd 

grade; they were 100% successful in long term;
2. 56 cases were stabilized during 3rd session, in the 3rd 

grade; desensitization was achieved in 94.65% of the 
cases;

3. Sensitivity reduction was achieved with 1.5 MKA after 
each session, as digitest meter showed15;

4. This was not achieved with the traditional method of 
gel fluoridation.

Table 2. Success of the treatment

Degree of sensitivity Success - Failure 
(%)

Number of patients

2nd degree 100  -    0 90

3rd degree 94.65  -  5.35 56

2nd + 3rd degrees 97.2  -  2.8 146

sign was pain in the region of the crash, in the consumed 
parts of the enamel and dentin, with an exposure of the 
roots in the tooth’s neck. Under the influence of various 
stimuli, such as spicy foods, cold water, air, tactile stimuli 
etc, pain differed from insignificant sensitivity up to 
intensive and strong pain. The level of hyperesthesia and 
success of the treatment were assessed not only according 
to patient’s complaints but also by using the test-meter for 
making evaluations in mkA (Tab. 1).

Table 1.  Data of the measurement of sensitivity

Degree of sensitivity Test meter (mkA) Number of patients

First degree 5-8 -

Second degree 3-5 90

Third degree 0.5-2.5 56

The opposite part of the same patients’ jaw served 
as a control side for comparison. Dental treatments were 
made through the usage of 2 Tiefenfluorid solutions. 
Ingredients of the first solution were: magnesium silicate 
fluorine, copper fluorine silicate, sodium fluoride, and 
distilled water; the second solution consisted of: calcium 
hydroxide in high dispersion, methyl cellulose and 
distilled water.

We conducted approximately 2 sessions in interval 
of 8 days from one session to the other, for each tooth. At 
the first session, tooth cleaning was conducted through 
the usage of a simple brush in lack of abrasive pastes and 
through isolation of operative field by using cotton rolls. 
The tooth has to be dried out by warm air and after that, 
we passed on invoking the first solution with a cotton 
pellet to the damaged parts of the tooth (Fig. 1).

Figure 1.  Keeping the surrounding of the cleaned teeth relatively dry 
(a), and application of the first solution with a soaked cotton pellet (b)

Figure 2. Immediate application of the second solution.

Figure 3. Rinsing with water

a b

After evaporating, we invoked the second solution 
with the other side of the cotton pellet and left it for a few 
minutes in contact with the tooth (Fig. 2). After that, we 
removed the cotton and cleaned the tooth with water (Fig. 
3). The second session took place after 8 days, implying 
the same procedures as the above mentioned. Only in 
severe cases, we had to undertake a third session.

In the opposite part of the jaw we did perform 10 up 
to 11 sessions with fluoric gel.
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phosphate and some hydroxyl ions from the saliva. This 
means a precipitation of the apatite even within the small 
canals of the dental enamel. Therefore, very small crystals 
(CaF2 and MgF2) embedded in silica gel remain for a very 
long time in the depths of dental enamel canals.

This process is called true fluoridation in deep 
penetration as defined above. Compared to the 
application of sodium fluoride and other types of 
fluorides, none of the calcium is extracted from the 
dental mineral. Clinically, it was noticed that during the 
dentinal hyperesthesia treatment, the effect was quite 
quick to be achieved and sustainable at the same time. 
Remineralisation processes, evolve to both enamel and 
dentin parts. The content of phosphorus and calcium in 
tissues increase1,2,11.

Mutual interaction of both liquids with each other 
resulted in enamel holes that were than filled by crystals 
of calcium fluoride, magnesium fluoride, which were 
polymerised and created an alkaline environment. 
Fluoride crystals remain into the pores for several months, 
from 6 months to 2 years7,9,11,14.

Conclusions 

Strengthening remineralisation processes is an 
important task not only for fighting caries, but also for 
avoiding the abrasive phenomenon. Tiefenfluorid gives a 
fast desensitizing and remineralizing effect in the enamel, 
as well as in the dentine hyperesthesia. At the same time, 
the fluoric gel brings to an improvement of the hyper-
sensible dentine, which lasts appropriately long.
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Discussion 

Current problems faced mostly in adult patients are 
the consequence of the fact that, in most industrialized 
countries, oral hygiene is accomplished through the usage 
of mechanical devices, such as toothbrush and toothpaste. 
Naturally, it helps in dental plaque removal, reducing 
of microbial acids and reducing frequency of caries 
but, on the other hand, it increases the spread of other 
cavity forms such as: erosion, abrasion, and exposure 
of the tooth necks17. It is recognized that teeth cleaning 
with certain toothpastes containing abrasive substances 
might lead to the loss of the tooth’s hard substance. 
This is particularly noticed in tooth whitening pastes, 
which are frequently used nowadays8, which favour 
enamel demineralisation. Also, the increased intake of 
carbohydrates and refreshments which contain acids 
and other compounds16 leads to the beginning of enamel 
dissolution and to the abrasion coloured yellow.

The ideal desensitizing agent should not be irritating 
to the pulp3. It should be relatively painless during the 
application, easy to apply, and it should act fast and 
have long-term or permanent effects. It should isolate 
peripheral tubular ends in sensitive dentins. Over the years 
agents such as Ca (OH)2, formaldehyde and silver nitrate 
have been tried. Other agents proved to be successful in 
the tubules isolation are: potassium oxalate, strontium 
chloride, sodium fluoride, resins and new vinyl, etc3,14,17. 

The effect derived by the varnishes which contain 
fluorides in teeth hyperesthesia despite meeting the 
requisites for desensitizing, prevents the hermetic closure 
of the porous and small canals by the varnish membrane8. 
It should be noted that the varnish cover prevents 
mainly the remineralisation, by closing the entry of the 
hydroxyapatite components (calcium ions, PO4, OH/F) 
damaging in this way even the enamels’ parts. Therefore, 
there are several ways of treating hypersensitive 
dentins10,12,13.

A priority in the treatment of dentinal hyperesthesia 
is to perform dental plaque removal prior to the treatment. 
After that, the use of Tiefenfluorid seems to be successful, 
although a placebo effect cannot be excluded to some 
degree. When applied, the second solution (that includes 
calcium hydroxide) reacts with the fluorine complex 
silicate of Tiefenfluorid, even within the small tooth’s 
canals. It is there, where small crystals of calcium 
fluoride (CaF2), magnesium fluoride (MgF2), little 
copper hydroxide fluoride and silica gel are obtained. 
Deep penetration of fluoridation derives from the fact 
that CaF2 crystals have a size of only 50 Ao (Ao = 0005 
μ);	due	 to	 that	 fact,	 they	 fit	well	 into	 the	small	canals	of	
the enamel4-6. In combination with too small magnesium 
fluoride crystals and fluoride crystals, an optimal 
concentration of fluoride ion can be obtained. This 
high concentration of fluoride ions causes a very strong 
physiological remineralisation in combination to calcium, 



88   Aida Meto et al. Balk J Dent Med, Vol 18, 2014

18. Knappwost A. Zur Kinetik der Bildung von 
Hydroxilapatit - deckschichten (Remineralisation) auf 
Zahnschmelzoberflachen. Z f  Elektrochemie u angewandte 
physical, 1951; 55:586-590. 

19. Kuriakina  NB. Stomatologia  Dietskovo Vozrasta, 2007; pp 
146-147.

20. Ogaard B. Kariesprophylaxe in Norwegen. Individuelle 
Fluoridanwendungen bevorzugt. Individualprophylaxe, 
2000; 2:5-6.

21. Saxer UP. Weichgewebedefekte Atiologie der Rezessionsbildung 
durch mechanische Zahnreinigung. Individualprophylaxe, 2001; 
2:9-10.

Correspondence and request for offprint to:
Aida Meto, DDS, MSc 
Him Kolli, Nd: 27/3/17 
Tirana 
Albania 
E-mail: aida_meto@yahoo.com

12. Kielbassa A, Meyer-Luckel, H. Hartgewebedefekte. Die 
Abrasion von Schmelz und Dentin. Individualprophylaxe, 
2001; 2:7-8.

13. Knappwost A. Grundlagen der Kariesprophylaktischen 
Wirkung von lokal angewandten und innerlich verabreichten 
Fluorsalzen. Dtsch Zahnärzt Z, 1968; 23:115. 

14. Knappwost A. Grundlagen der Resistenztheorie 
(Remineralisationstheorie) der Karies. Dtsch Zahnärzt Z, 
1952; 7:670-680.

15. Knappwost A. Tiefenfluoridierung durch mineralische 
Schmelzversiegelung. LZAKB, 1993; 21:232. 

16. Knappwost A. Trinkwasser und Tablettenfluoridierung 
versagen bei der Approximal- und Fissurenkaries von 
beginn der Pubertat an. DZW, 1995; pp 9. 

17. Knappwost A. Spekulation und gesicherte Tatsachen uber 
die physiologische Fluoridwirkung. In: Kariesprophylaxe 
mit Fluorid. Frankfurt, 1978.



SUMMARY
The purpose of this investigation was to compare centring ratio of 

ProTaper and Mtwo rotary systems. 60 mandibular molar teeth which had 
25, 30 and 35 degree curvature in mesio-buccal root canal were used. Group 
1 had 25°, Group 2 had 30°, and Group 3 had 35° curvatures. The roots 
were sectioned horizontally at 2 mm away from the apex. The apical region 
was then observed under a stereo-microscope. In each group, teeth were 
instrumented using ProTaper and Mtwo systems. After canal preparation, 
digital images of apical part of canals were taken. These images were then 
superimposed by using Adobe Photoshop CS2 programme. The data were 
analyzed using ANOVA and Student’s t-test.

No significant differences were found between each curvature degrees 
and rotary systems at the apical part of curved root canals (p<0.05).
Keywords: Root Canal, curved; Centring Ability; ProTaper; Mtwo
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Introduction

Canal-shaping is a critical aspect of endodontic 
treatment because it influences the outcome of the 
subsequent phases of canal irrigation, filling, and the 
overall success of the treatment itself1. One of the aims 
of endodontic treatment is to provide a continuously 
tapered preparation that maintains the canal anatomy, 
keeping the foramen as small as possible2-3, without 
any deviation from the original canal curvature2-4. This 
tapered canal shape allows effective irrigation and 
obturation5. During instrumentation, maintaining the 
original path of the canal in small-curved canals is often 
difficult. However, instrumentation of curved canals with 
stainless-steel files may cause some complications, such 
as canal transportation, zipping, ledging, root perforations 
or breaking files6-7. These complications are related to the 
use of stainless-steel files for bio-mechanical preparation 
of canals with complex root canal morphology. Stainless-
steel files lose their elasticity to larger sizes.

Disadvantages of using traditional files cause 
requirement of files produced with different material. It 
was reported that files made from nickel-titanium alloy 
had 2-3 times bending and torsion elasticity compared 

with stainless-steel8,9. The nickel-titanium files, which 
have ascendant properties such as super elasticity, 
bio-compatibility, high fatigue resistance, memory 
phenomenon (shape memory phenomenon) effects, 
are better than stainless-steel files for preparation of 
curved canals. Nickel-titanium rotary instruments reduce 
procedural errors and the time required to finish the root 
canal preparation10.  Compared with stainless-steel files, 
nickel-titanium files have superiority in maintaining the 
original canal path and reducing the risk of transportation 
and perforation11. The super elasticity of the material 
allows the nickel-titanium rotary instruments to be used 
in continuous rotation, even in curved canals, to produce 
a desirable, tapered root canal form with low risk of 
transporting the original canal path12. There have been 
many reports on the effectiveness of these instruments 
while shaping teeth with curved root canals13. These in 
vitro studies confirm the ability of rotary Ni-Ti instrument 
to maintain the shape of even severely curved canals.

The purpose of this investigation was to compare 
the ability of 2 nickel-titanium rotary systems; ProTaper 
(Dentsply Maillefer, Switzerland) and Mtwo (Sweeden & 
Martina, Padova, Italy) in maintaining the original canal 
path at the apical part of the canal. 
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The mean centring ratio was calculated by formula 
X1-X2/Y15, where X1 represented the maximum 
extend of canal movement in one direction, X2 was 
the movement in the opposite direction, and Y was the 
diameter of the final canal preparation. According to this 
formula, the centring ratio approached zero as X1 and X2 
became closer. “Zero” was an indication of perfect canal 
centring and no canal transportation (Fig. 2). 

Data were analysed with Student’s t-test and ANOVA 
in SPSS 10.0 for Windows programme.

Material and Methods

Mandibular first and second molars with varied 
degree of canal curvature were used in this study. The 
teeth with incompletely formed apices and had external 
resorption were eliminated. Surface debris, carries and 
old restorations were removed. After endodontic access 
preparation, a size 10 K file (Dentsply-Maillefer) was 
introduced into the mesio-buccal canal until the file tip 
was visible at the foramen. Then standardized radiographs 
were scanned with a computer (Scanner, Agfa Duasca, 
Germany). The Canal curvature was determined by using 
the Schneider’s method14. The 60 mandibular first molars 
that had 25°, 30° and 35° curvatures of mesio-buccal 
canals were chosen for this investigation. Each group 
comprised 20 teeth. Group 1 included 20 teeth with canal 
curvatures of 25°, Group 2 included 20 teeth with canal 
curvatures of 30° and Group 3 included 20 teeth with 
canal curvatures of 35°.

The mesio-buccal roots were sectioned horizontally, 
2 mm away from the root apex. The teeth were mounted 
in resin blocks with transparent acrylic by leaving their 
apex visible, (Orthoplast; Vertex, Zeist, Netherlands). 
Pre and post-prepared apical foramen images were 
examined under a stereo microscope (Leica TM QWin, 
Leica Imaging Systems Ltd, Cambridge) and images were 
recorded. In each group, 10 teeth were prepared with 
ProTaper and the other 10 teeth were prepared with Mtwo 
according to the manufacturer’s instructions. Canals were 
prepared using a set of ProTaper instruments, consisting 
of shaping files S1 and S2 and the finishing files F1 and 
F2 in crown-down manner. In all groups, irrigation was 
performed after each change of instrument with 2.0 ml of 
a 5.25% sodium hypochlorite solution, followed by 2.0 
ml of a 17% EDTA and a final rinse with 2.0 ml saline. 
After preparing 5 canals, each set of ProTaper and Mtwo 
instruments was discarded and replaced with a new set. 
In Mtwo group the canals were instrumented with 10/0.4, 
15/0.5, 20/0.6, and 25/0.6 files. Mtwo system required 
introduction of each instrument directly to working length, 
maintaining permanent rotation with slightly in-and-out 
movement. Images of post and pre- instrumented apices 
were superimposed using Adobe Photoshop CS2 program 
(Fig. 1).

Figure 1.  Superimposed computed images

A B
Figure 2. This photograph (A) and drawing (B) represent the centring 
ratio formula. The shaded area is the pre-instrumentation canal shape 

and the clear area represents the post instrumentation canal shape. 
X1 represents the maximum extent of canal movement in one direction 
and X2 is the movement in the opposite direction. Y is the diameter of 

final canal preparation

Results

The results were presented in table 1. In the canals 
instrumented with Mtwo system in ratio of 24% and with 
Pro-taper system 22%, more material was removed on 
the outer wall then the inner wall in the apical part of the 
canal. In group 3, one of Mtwo files and two of ProTaper 
files were broken during the preparation. Although the 
centring ability ratio of ProTaper was found worse than 
that of the MTwo in Groups 2 and 3, no statistically 
significant difference was found between the systems and 
on canal curvatures (p<0.05).

Table 1.  Mean values for centring ratio

MTWO PROTAPER
n Mean ± SD Mean ± SD p

1. Grup (250 ) 20 0.23 ± 0.10 0.24 ± 0.08 0.855
2. Grup (300) 20 0.21 ± 0.07 0.19 ± 0.12 0.747
3. Grup (350) 20 0.24 ± 0.09 0.21 ± 0.11 0.523
p 0.682 0.561

     Discussion

One of the most important stages of root canal treatment 
is the bio-mechanical preparation of the root canals16-17. 
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The present study compared the maintaining ability 
of Mtwo and ProTaper Ni-Ti rotary instruments. Mtwo is 
characterized by constant taper increasing with the files. 
On the contrary, ProTaper instruments have multiple 
and progressively changing tapers along the length of 
their cutting blades29-30. Other features of the ProTaper 
instruments relate to their convex triangular cross-
section. This feature reduces the contact area between 
the blade of the file and dentin, improving safety. It is 
used in crown-down manner. Mtwo is used with “single 
length technique”; all files used in working lengths. 
Mtwo instruments have S shaped cross-sections, which 
provide maximum space for removal of dentinal debris 
and minimum radial canal wall contact that enables right 
preparation. Working techniques and cross-sections 
of these systems are different from each other. On the 
basis of these differences, the present investigation has 
shown that there are no significant differences between 
the centring ratios of both systems. Both systems 
cause furthest apical transportation from mesial wall. 
Transportation ratio to distal wall was 24% in Mtwo 
groups and 22% in the ProTaper group.

Conclusion

Although it was expected that transportation would 
be more severe as the angle of the curvature increases, no 
significant differences were found between each curvature 
degrees and rotary systems at the apical part of curved 
root canals.
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to describe the curvature28. The degrees of curvature 
were determined according to the Schneider’s technique 
similar to other investigators. SEM, stereomicroscope, 
radiographic studies and CT were some of the techniques 
used in investigations in which extracted human teeth 
were used. Using the Adobe Photoshop CS2, photographs 
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Alves et al, made a comparison among manual 
instruments and PathFile and Mtwo rotary instruments to 
create a glide path in the root canal preparation of curved 
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aberration10. The results of that study are parallel to the 
present study.
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SUMMARY
Hypodontia or tooth agenesis is a condition at which the patient is 

missing one or more teeth due to a failure of those teeth to develop. This 
is not only an aesthetic, but also a functional deficiency. The incidence of 
congenitally missing teeth depends on etiological factors that affect tooth 
development, as well as which dentition is concerned, sex or race and 
geographic distribution. The tooth agenesis is mostly seen in teeth that 
are formed last in a given class (lateral incisors, second premolars and 
third molars). The aim of this study was to calculate the prevalence of 
congenitally missing teeth in population of FYROM and, through a review 
of the literature, to compare these results to other populations in the world.

For this purpose a retrospective, transversal and cross-sectional study 
was made, where dental history and anamnesis of 8160 patients (3671 males 
and 4489 females) were examined, as well as their panoramic radiographs. 
The patients were 8-18 years old. The data was statistically analyzed with 
programme Statistica 7.0. The prevalence of hypodontia population of 
FYROM was 7.52%. Most commonly congenitally missing tooth in patients 
with hypodontia was mandibular second premolar (35.5% left and 34.53% 
right). Tooth agenesis predominated in females and in ethnic Albanian 
population, without significance. 
Keywords: Hypodontia, prevalence; Tooth Agenesis; FYROM

Darko Pop Acev1, Julijana Gjorgova2

1Private Dental Office “Pop Acevi” 
Skopje, FYROM 
2Ss. Cyril and Methodius University in Skopje 
Department of Orthodontics, Skopje, FYROM

ORIGINAL PAPER (OP)
Balk J Dent Med, 2014; 18:93-98

BALKAN JOURNAL OF DENTAL MEDICINE ISSN 2335-0245 

Prevalence of Hypodontia in the Permanent Dentition of 
Macedonian Population

STOMATOLOGIC
A

L 
 S

O
C

IE
T

Y

 Introduction

Hypodontia or tooth agenesis is a condition at which 
the patient is missing one or more teeth due to a failure of 
those teeth to develop. This is due to an absence of their 
germ. Hypodontia describes a situation where the patient 
is missing up to 6 teeth, excluding the third molars. If a 
patient is missing more than 6 teeth, excluding the third 
molars, that is oligodontia, whilst the condition where all 
teeth are missing is called anodontia.

Tooth agenesis is the most common congenital 
dental anomaly1-3. It is not only an aesthetic, but also a 
functional deficiency4-6. The patients with tooth agenesis 
in permanent dentition may have masticatory dysfunction 
as well as irregular pronunciation. Additionally, tooth 
agenesis can be followed by other conditions, as delayed 
tooth eruption, abnormalities in tooth shape, captured 
primary teeth, ectopic canines or taurodontism7-9. Also, 
tooth agenesis of permanent teeth has negative effect 

on the sagittal development of the jaw, as well as an 
increased vertical overlap (overbite)10.

Lack of front teeth or agenesis of more than 2 teeth 
in the same quadrant is an indication for orthodontic 
treatment11-12. Thus, for the clinicians, this presents a 
common problem in dental practice and its treatment 
is a real challenge. Therefore, examination of the 
prevalence of tooth agenesis has a big role in both, early 
diagnosis and the plan of the treatment5. This will prevent 
complications of hypodontia, such as malocclusions and 
insufficient development of alveolar bone11,13,14.

Many etiological studies have been made worldwide 
to define the prevalence of this anomaly for a certain 
country, city or a region. Usually they are retrospective 
radiographic studies. Reviewing the literature we can 
assume that presence of tooth agenesis is different for 
different populations. The prevalence of hypodontia 
(excluding the third molars) in the permanent dentition 
among different populations is from 2.6%-11.3%15 (Tab. 1).
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Table 1. Prevalence of hypodontia among different population

The prevalence of hypodontia varies according to sex, 
race, geographic and demographic distribution, as well 
as ethnic affiliation2,10,11. Evolutionary changes also have 
affect on diversity. Some researchers in their studies have 
come to a conclusion that the rate of hypodontia increases 
in time2,11,16, while others do not confirm that10,12.

Tooth agenesis can be represented in both, primary 
and permanent dentition. In primary dentition it is 
represented from 0.1%-0.9%. In 30-50% of the cases 
tooth agenesis in primary dentition is followed with 
agenesis of their permanent replacements.

Tooth agenesis presents an important clinical 
and social health problem. The early diagnosis of this 
anomaly may alert the clinician of possible presence 
of other associated dental anomaly in the same patient 
or his family. This is order to prevent the possible 
consequences. The diagnosis usually is made after 
radiographic examination. However, germs of the teeth 
that erupt later are formed later, so their early diagnosis 
is not possible by radiographic status. Dental examination 
along with radiographic screening for possible presence 
of hypodontia in early childhood should be emphasized 
as part of a public dental health policy. This will help in 
early diagnosis and will enable timely intervention. Tooth 
agenesis with its aesthetic and functional influence, its 
diagnosis, prevention and therapy become an integral part 
of comprehensive dental health care for the patient.

The aim of this study was to calculate the prevalence 
of tooth agenesis of the FYROM’s population, to see 
if there is a difference between the 2 largest ethnic 

communities, Macedonian and Albanian; then, how is 
tooth agenesis distributed between genders, to confirm 
the hypothesis that it is more common in females; which 
teeth are most commonly missing, whether those that are 
last formed in a given class (incisors, premolars, molars); 
then, what is the total number of missing teeth in one 
patient with hypodontia, their distribution between the 
maxilla and mandible and whether those patients who lack 
2 or more teeth have unilateral or bilateral distribution. 

Material and Methods

In this retrospective study, patients’ dental history 
was examined along with their panoramic radiographs. 
The examination took place at the Clinic of orthodontics 
at the Faculty of Dentistry in Skopje and included patients 
from all regions in FYROM in period from 1998 till 2013. 
Patients with a history of extracted teeth due to trauma, 
dental decay or periodontal tissue loss were excluded 
from the study. The study included only respondents 
who had proper anamnesis and panoramic radiograph in 
their dental history. The patients were 8-18 years old and 
grouped by gender and ethnicity. In those patients where 
tooth agenesis was confirmed, it was recorded which 
tooth/teeth was/were missing. Tooth agenesis of third 
molars was excluded from the study.

The collected data was statistically analyzed with 
programme Statistica 7.0.
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present in 52.12% and bilateral in 47.88% of the cases. 
Those patients that had tooth agenesis of 2 or more teeth 
in 94.53% of the cases it was bilateral.

Table 2. Correlation of patients according to ethnicity and 
presence of hypodontia

Without 
hypodontia With hypodontia Total 

Macedonians 5918 458  (7,18 %) 6376 
Albanians 1628 156  (8,75 %) 1784 
Total 7546 614    (7,52 %) 8160 

Table 3. Correlation of patients according to sex and presence of 
hypodontia

Without 
hypodontia 

With 
hypodontia Total 

Male 3434 237  (6,46 %) 3671 
Female 4112 377  (8,40 %) 4489 
Total 7546 614  (7,52 %) 8160 

Average number of congenitally missing teeth in 
patients with hypodontia of FYROM population was 2.04. 
Out of all examinees, 49.35% were missing only 1 tooth, 
while maximal number of missing teeth was 17, found 
in 1 person (Fig. 2). The most common missing tooth 
was lower second premolar. The left one was presented 
in 35.50% of the patients with hypodontia, while the 
right one in 34.53%. This one was followed by upper 
lateral incisor, right one presented in 27.03% and left one 
in 26.55% of the cases. Least affected were upper first 
molars with 0.16% each. In the mandible least affected 
were canines, left canine in 0.16% and right canine in 
0.33% of the patients with hypodontia (Fig. 3).

Results

The total number of participants who met the criteria 
of this study was 8160. 78.15% were of Macedonian 
ethnic community, while remaining 21.85% of Albanian. 
Of all participants 44.99% were males, while 55.01% 
females. The mean age of all patients that enrolled this 
study was 11.29 years (Fig. 1).
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Figure 1. Examinees age distribution and average age

The results showed that prevalence of hypodontia in 
FYROM is 7.52%. According to Mann-Whitney test, in 
terms of ethnicity, the difference was not significant for 
P value <0.05 (P=0.31). The prevalence of hypodontia 
among Macedonian community is 7.18%, while it was 
8.75% in Albanian community (Tab. 2). The difference 
was not significant either in relation to gender, P<0.05 
(P=0.13). Prevalence among male examinees was 6.46% 
and 8.40% in females (Tab. 3). The distribution in terms 
of jaws involvement was as follows: mandible 43.97%, 
maxilla 38.11%, while in 17.92% of the cases there were 
missing teeth in both jaws. Unilateral distribution was 

Figure 2. Total number of congenitally missing teeth per person
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Figure 3. Frequency distribution of missing teeth in Macedonian population

Discussion

Hypodontia is one of the most common dentofacial 
anomalies. Due to its frequency, complexity in its 
approach and method of treatment, it is a subject of many 
scientific papers. Epidemiological studies get us closer to 
its distribution among different populations. The purpose 
of these examinations is to calculate its prevalence in 
the general population, the ratio between the sexes, 
which teeth are most affected, what is their distribution 
by quadrants, which jaw is more affected, whether it is 
unilateral or bilateral and what is the total number of 
missing teeth in an individual with hypodontia. Also, 
through these studies, we can see a distribution among 
different ethnic groups, racial allocation and demographic 
distribution.

Through meta-analysis in patients with hypodontia it 
is proven that the presence of this anomaly in Caucasians 
is higher than in Negro race. It is also higher in Europe 
and Australia than in North America. Tooth agenesis is 
greater among women than among men. In Portugal in 
2012 the prevalence of hypodontia was 6.1%. It was more 
prevalent in women than in men, although this difference 
was not statistically significant17. In Iran, in accordance 
with a study made in 2012, the prevalence of hypodontia 
was calculated at 5.21%. The difference in terms of sex 
was not significant, although women predominated with 
5.86% rather than men with 4.25%. Average number of 
missing teeth in patients with hypodontia was 1.69. It is 
interesting that although the percentage of patients with 
hypodontia is bigger in females, males are those who have 

more missing teeth per person (2.32 in men and 1.40 in 
women). This tells us that hypodontia is more severe in 
men. Most common missing tooth was maxillary lateral 
incisor with 37.2%, followed by mandibular second 
premolar 22.1% and mandibular central incisor 10.7%. 
The difference between missing teeth in maxilla and 
mandible was significant. Maxilla predominated with 
5.3%, while mandible was affected in 3.5% of the cases 
(Fig. 4)18.

Study made in Venezuela in 2012 showed similar 
results. Prevalence of hypodontia was 4%. Half of the 
examinees had 1 missing tooth, and other half more than 
1 tooth. Women were more affected compared to males 
at ratio 1.5:1. Most common missing tooth was upper 
lateral incisor with 40% of patients with tooth agenesis. 
Maxilla was more affected with 55% than the mandible 
with 45%19. In epidemiological study conducted in 
Turkey in 2011, the prevalence of hypodontia was 6.77%, 
with no significant difference between the sexes (7.63% 
in females and 5.44% in males). The most frequent 
missing tooth was maxillary lateral incisor, followed by 
mandibular second premolar20. In Egypt population the 
prevalence of hypodontia amounted to 2.4% which is the 
lowest compared to the other countries21. 

In Japan the presence of hypodontia was 8.5%. 
Women were more dominant with representation of 9.3%, 
while men were represented with 7.5%. However this 
difference was not significant. The most common missing 
tooth was mandibular second premolar, followed by 
maxillary and mandibular lateral incisor. In patients with 
hypodontia average tooth missing per person was 2.422.
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12.4% and in men 9.5%. Half of the examinees were 
missing only 1 tooth, 36% were missing 2, while the 
rest were missing more than 2 teeth. Figure 5 presents 
the proportional presence for every missing tooth 
separately23. 

The highest prevalence of congenitally missing 
teeth was recorded in the Republic of Korea in 2011 with 
11.3% - the most frequent missing tooth was mandibular 
second premolar with 44.2% prior to mandibular lateral 
incisor with 36.6%. In women the prevalence was 

Figure 5. Frequency distribution of missing teeth in Republic of Korea 

Figure 4. Frequency distribution of missing teeth in Iranian population in 2012

Figure 6. Total number of missing teeth in a study of 50 examinees that 
are missing more than one tooth

Figure 6 shows the total number of missing teeth 
in an individual in a study performed in 50 patients with 
hypodontia of more than one tooth10.

From all mentioned above we can conclude that the 
prevalence of hypodontia of FYROM population does not 
deviate from the results of epidemiological studies done 
in other countries. With prevalence of 7.52% FYROM 
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is situated in the middle. Although the difference is not 
significant, women are more affected, which confirms the 
hypothesis that this anomaly is more dominant in females 
than in males. Though there is insignificant difference 
between 2 biggest ethnic communities in FYROM. 

The results show us that in most of the cases the 
missing teeth were those teeth which develop last in the 
sequence of a given group (second premolar, lateral 
incisor). Lower incisors were the exception from this rule 
because tooth agenesis was present more in central than 
in lateral. Bilateral distribution in maxilla was mostly due 
to bilateral agenesis of the left and right lateral incisors. 
However, in the mandible it is due to tooth agenesis of left 
and right second premolar.

Mattheeuws et al24 through meta-analysis, where 
data was evaluated chronologically, came to an interesting 
fact where they concluded that the degree of prevalence 
of patients with hypodontia has ascending trend in recent 
years and is diagnosed more often in everyday practice1.
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SUMMARY
Aim.  The purpose of this study was to evaluate our experience with 

treatment and outcome of 18 cases of fibrous dysplasia (FD) that were 
treated in our clinic. 

Materials and Methods.   We present 18 cases of FD of 
craniomaxillofacial bones. 7 patients were affected by the polyostotic type of 
the disease, 2 by McCune Albright Syndrome (MAS) and 9 by the monostotic 
type. One patient with monostotic type developed malignant transformation 
(osteosarcoma). All the patients were treated with conservative surgical 
procedures as the primary treatment, mainly for aesthetic reasons. 2 patients 
required subsequent surgery to reduce furthermore bone enlargement. 2 
patients received supplementary treatment with bisphosphonates (BPs).

Results.   The follow-up for all patients ranged from 3 to 14 years. 
Cosmetic results and local control of the disease proved satisfactory for 
most patients.

Conclusions.    The opinions about surgical procedures for the 
treatment of FD are controversial. Many authors believe that radical 
surgical excision permits an immediate functional and aesthetic result. BPs 
may have a significant role for the therapy of FD. 
Keywords: Fibrous Dysplasia; Bisphosphonates; Osteosarcoma
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Introduction 

Fibrous dysplasia (FD) is a benign fibro-osseous 
lesion in which fibrous tissue and abnormal bone 
replace the normal bone. It presents about 2.5% of bone 
disorders and 7% of benign tumors1-3. 3 forms of FD are 
usually distinguished: a) monostotic form, presenting in 
early adolescence as a single localized bone lesion; b) 
polyostotic form, typically presenting in the late childhood 
and affecting multiple skeletal sites; and c) polyostotic 
form associated with endocrinopathies and skin 
pigmentation (café au lait spots), known as the McCune-
Albright syndrome (MAS)4-7.

Monostotic FD is much more common than the 
polyostotic form, accounting for as many as 80% of the 
cases8. Jaw involvement is common in this form of the 
disease, with the maxilla to be affected more frequently. 
Maxillary lesions may extend to involve the maxillary 

sinus, zygoma, sphenoid bone, temporal bone and 
floor of the orbit. This polyostotic form of the FD, with 
involvement of several adjacent bones, has been referred 
as craniofacial FD. The most common site of mandibular 
involvement is in the body portion6,9-11.

 Many studies have been made in the past 10 years 
in an effort to approximate the pathophysiology of FD. 
It is now recognized that FD is caused by the missense 
mutations of the gene encoding the “a” subunit of the G 
protein (Gsa) that stimulates cAMP formation, resulting 
in an increased cAMP concentration in genetically 
changed cells. This increased signalling though the 
cAMP pathway has been shown to be responsible for 
the clinical characteristics of monostotic and polyostotic 
FD, pituitary adenoma and MAS12-14. The diagnosis of 
FD is based on clinical, radiographic, and histological 
features. The most common clinical sign is swelling or 
deformity of the affected bone. When the disease concerns 
the craniofacial form, it can be presented with nasal 
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(No 1 and 18) received supplementary treatment with 
bisphosphonates. For the patient No 12 with malignant 
transformation (osteosarcoma - Fig. 6), segmental 
mandibulectomy was required, followed by implantation 
of iliac bone graft. All the treatment procedures, for all 
patients, are listed in table 1.

obstruction, sinusitis, hearing loss, headache, diplopia, 
proptosis or loss of vision11,15. Radiological features can 
be cystic, sclerotic or pagetoid, often with typical “ground 
glass” appearance caused by the mixture of fibrous and 
osseous elements4-6,16. An important distinguishing feature 
of FD is the poorly defined radiographic margins of the 
lesion. The process appears to blend into the surrounding 
normal bone without evidence of a circumscribed border. 
Histopathological view shows that the lesion consists 
of areas of fibrous tissue interwoven with newly formed 
bone. The fibrous tissue may be extensive or limited and 
may vary within areas of the same lesion7,17,18.

3 main histological types have been identified:1) the 
“Chinese letters” model, 2) the “pagetoid” model, and 3) 
the “hypercellular” model. Each of these is differentiated 
on the basis of the architecture and cellularity of the 
osseous tissue4,5,19.

The purpose of this study was to evaluate our 
experience with the presentation, treatment and outcome 
of 18 cases of FD that were treated in the Clinic of 
Oral and Maxillofacial Surgery at the hospital “G 
Papanikolaou” in Thessaloniki. We also reviewed the 
methods of treatment as they presented in the recent 
literature.

Materials and Methods

In this study we described 18 cases of FD of 
craniofacial bones. The patients, 11 males and 7 females, 
were treated in our clinic at the “G Papanikolaou” 
hospital at Thessaloniki. The patient’s age ranged from 8 
to 48 years and the mean age was 17.8 years. 7 had the 
polyostic type of the disease, 2 had MAS, and 9 had the 
monostotic type of the disease. 1 patient of our study 
(No 12) with monostotic type of the FD developed 
osteosarcoma 4 years after the first surgical procedure 
(osseous contouring). The age and sex distribution, as well 
as, the areas of involvement are shown in table 1. 

The most common clinical feature was an osseous 
hard painless protrusion of the face or an asymptomatic 
swelling in the oral cavity. 2 patients (No 1 and 18) with 
spread of the lesion in temporal, sphenoid and frontal 
bones had exophthalmos, without diplopia or reduced 
visual activity (Fig. 1). Radiographically, the lesions 
were defined as unilocular radiolucent areas (Fig. 2) or 
as densely radiopaque masses with diffused margins 
(“ground glass” appearance - Figs. 3 and 4).

After an incisional biopsy the diagnosis of FD was 
established for all lesions (Fig. 5). All the patients were 
treated with conservative surgical procedures (osseous 
contouring), as primary treatment, mainly for aesthetic 
reasons (asymmetry or protrusion of facial bones). 2 
patients (No 4 and 11) required subsequent surgery 
to reduce furthermore bone enlargement. 2 patients 

Figure 1.  FD involving craniofacial bones (patient No 18, MAS)

Figure 2. Radiolucent area of the left mandibular body and ramus 
(patient No 9)

Figure 3. Diffuse maxillary opaque mass 
(“ground glass” appearance, patient No 15)
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are very occasionally seen lining their margins. Over 
time, FD may show maturation, which is characterized 
by formation of lamellar bone and parallel arrangement 
of trabeculae. It is proven, in serial biopsies, that lamellar 
maturation does occur, and the lesions that contain 
appreciable quantities of lamellar bone, always come 
from older patients and the lesion is likely to have been of 
relatively long duration4-6,17.  

The lesions of FD tend towards stabilization with 
the completion of normal skeletal growth. Thus lesions in 
children may grow actively for a period and then become 
quiescent when the skeletal growth has been completed. 
On the other hand, lesions that have been quiescent for 
some time may undergo a phase of renewed growth. This 
may occur in adults, who may be aware that a quiescent 
lesion from their childhood could be reactive7.

Results   

The follow-up for all patients ranged from 3 to 14 
years. Cosmetic results and local control of the disease 
proved satisfactory for most patients. The results and the 
follow-up of all patients are listed in table 1.

Discussion

FD is a lesion in which normal medullary bone is 
gradually replaced by generally loose, cellular fibrous 
tissue, composed of irregularly shaped trabeculae of 
immature bone. The trabeculae consist at first of osteoid, 
later becoming well calcified, and rows of osteoblasts 

Figure 4. Computed tomography scan, showing radiopaque masses of 
the maxilla (patient No 2)

Figure 6a. Osteosarcoma: The lesion transoperatively

Figure 5. Fibrous dysplasia: Irregularly shaped bony trabeculae within 
a fibrous stroma (ΗΕx200)

Figure 6b. Osteosarcoma: Trabeculae of immature bone are produced by 
tumour cells (ΗΕx200)
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No Sex Age Location Treatment Follow-up

1 M 8y
Mandible (R) (body, ramus, 
condyle), maxilla (R), 
zygomatic bone and arch

Conservative surgery (osseous 
contouring of the mandible, maxilla 
and condylectomy)

5 years later the lesion spread in sphenoid, 
temporal and frontal bones. Treatment with 
bisphosphonates: 180mg pamidronate intravenous 
every 6-months (60mg/day during 3 days). 3 years 
later the lesion is remarkably stable.

2 F 20y

Maxilla (R) premolar-molar 
region, zygomatic bone, most of 
the maxillary sinus replaced by 
the lesion

Conservative surgery (osseous 
contouring of the maxilla)

5 years later the maxillary sinus is partial occupied 
by the lesion    

3 M 12y
Maxilla anterior portion 
crossing midline until premolar 
region (R). 

Conservative surgery (osseous 
contouring of the maxilla) 

8 years later without clinical and radiographic 
features.

4 M 10y
Most of the maxilla, zygomatic 
complex and most of the 
maxillary sinus (R)

4 conservative surgical procedures 
((osseous contouring of the maxilla-
intraoral approach).
2 surgical excisions of masses of 
anterior maxilla, zygomatic bone 
and orbital rim (extraoral approach).

4 years after the last surgical procedures and 12 
years	after	the	first	conservative	surgical	procedure,	
was not observed progression of the disease.

5 F 24y Mandible (R) premolar-molar 
region

Conservative surgery (osseous 
contouring of the mandible)

6 years later was no observable progression of the 
disease.

6 F 48y
Maxilla (R) premolar-molar 
region, zygomatic bone with 
spread in maxillary sinus

Conservative surgery (osseous 
contouring of the maxilla and 
zygomatic bone)

8 years later the lesion is remarkable stable

7 F 18y Maxilla (R) premolar-molar 
region

Conservative surgery (osseous 
contouring of the maxilla)

7 years later there are not clinical or radiographic 
features of the disease.

8 M 12y
Mandible anterior portion 
crossing midline until premolar 
(R)

1 surgical conservative procedure 
(osseous contouring of the mandible). 
4 years later malignant transformation 
of the lesion (osteosarcoma). Fast 
growing painful swelling with 
spread in the soft tissues. Partial 
mandibulectomy and reconstruction 
with iliac bone craft.  

14 years after the second radical surgical procedure 
the patient is free of the disease.

9 M 11y Mandible (L) premolar-molar 
region

Conservative surgery (osseous 
contouring of the mandible) 8 years later the lesion is remarkable stable 

10 F 12y
Maxilla (R) premolar-molar 
region, zygomatic bone and 
maxillary sinus

Conservative surgery (osseous 
contouring) 7 years later the patient is free of the disease

11 F 30y Maxilla anterior portion Conservative surgery (osseous 
contouring) 7 years later the patient is free of the disease

12 M 10y Maxilla anterior and premolar 
region (R)

Conservative surgery (osseous 
contouring) 12 years later the patient is free of the disease

13 M 13y Maxilla premolar-molar region 
with spread in the maxillary sinus

Conservative surgery (osseous 
contouring) 17 years later the patient is free of the disease

14 M 17y Maxilla anterior region Conservative surgery (osseous 
contouring) 13 years later the patient is free of the disease

15 F 31y Maxilla (R) premolar-molar 
region

Conservative surgery (osseous 
contouring)

12 years later there was not observed progression 
of the disease

16 M 11y
Maxilla premolar-molar region 
(L) with spread in the maxillary 
sinus

Conservative surgery (osseous 
contouring)

10 years later a part of maxillary sinus is occupied 
by the lesion 

17 M 9y

mandible molar region (R), 
temporal and frontal bones, base 
of the skull, ferum (R), café au lait 
pigmentation, precocious puberty

Osseous recontouring  for the lesion 
of the mandible

3 years later stabilization of the disease process. 
The patient refused any more following

18 M 26y

mandible premolar-molar region 
(L), maxilla premolar-molar 
region (R), sphenoid bone and 
zygomatic maxillary complex 
(R), frontal bones, arm (R), 
café au lait pigmentation, 
hyperparathyroidism

Two conservative surgical 
procedures for aesthetic reasons 
(asymmetry of the mandible and 
protrusion of the zygomatic and 
frontal areas).

One year later treatment with bisphosphonates. 
180mg pamidronate intravenous every 6 months 
(60mg/day during 3 days). 3 years later the disease 
is under control (no further spread of the disease).

Table I. Fibrous Dysplasia of cranio-maxillofacial region
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18), the primary treatment always included a correction 
of deformations and asymmetry. For the patient No 1 the 
surgical treatment was completed with condylectomy. 
For the patient No 8 with malignant transformation 
(osteosarcoma), the final surgical treatment was radical 
excision (partial mandibulectomy) and reconstruction with 
iliac bone graft. For maxillary and zygomatic complex 
lesions (No 1-4, 6, 7, 10-16, 18) conservative surgical 
treatment was the only treatment. 2 patients (No 4 and 
11) required subsequent surgery to reduce further bone 
enlargement; the patient No 11 is free of the disease 
(Table 1). 2 patients of our study with FD of craniofacial 
bones (No 1 and No 18) had some of these symptoms 
that are related to the involvement of craniofacial bones 
(asymmetry, protrusion of facial bones, headache and 
exophthalmos). 

The management of FD involving craniomaxillofacial 
sites can be challenging21. Most patients with craniofacial 
FD have functional and cosmetic problems. These 
may include swelling or facial asymmetry, headache, 
malocclusion, sinusitis, telecanthus, exophthalmos etc. 
In such cases, with many vital structures in the involved 
area, radical resection of FD in the craniofacial and skull 
base area may not be possible. Furthermore, the available 
reconstruction options, especially in paediatric and 
adolescent patient population, are not optimal. The use of 
bisphosphonates (BPs) could be an alternative solution 
when surgical approach is difficult or impossible.

The use of BPs in the treatment of FD has increased 
the recent years. with encouraging reports of successful 
control and stabilization of the disease, both clinically 
and radiologically25. Chapurlat et al3 evaluated the long-
term effects of intravenous pamidronate in 20 patients 
with FD. They received course of 180mg of intravenous 
pamidronate every 6 months (60 mg/day during 3 days by 
infusion). The mean duration of follow-up was 39 months. 
They found a decrease in bone pain and improvement in 
the radiographic appearance of the lesions. The same 
authors reported another study of 58 patients with FD. 
All patients who had bone pain referred significantly 
decreased intensity. Furthermore, 50% of patients showed 
radiographic improvement (development of new bone)26. 
Kos et al27 referred in their study the results of the 
treatment with pamidronate in 6 children with progressive 
FD located in the mandible, maxilla or cranial base. All 
patients received pamidronate infusions (1 mg/kg iv.) for 
3 days, every 4-6 months. Pain relief was achieved in all 
cases, the local bone density increased and there was no 
further spread of the disease in any of the patients. Chao 
et al28 examined the effects of high-dose oral alendronate 
(40 mg daily) for 6 months on 3 adult patient with severe 
headache due to FD of the skull. The patients underwent 
clinical follow-up 1, 3 and 6 months. All 3 patients 
demonstrated a significant decrease in pain levels and 
there was no evidence of tumour growth during the 
follow-up period. 

The aim of treatment of FD is to achieve a cosmetic 
and functional satisfactory result. The surgical treatment 
is based on 2 different approaches, conservative (shaving 
or osseous contouring) or radical excision followed by 
immediate reconstruction. Conservative surgical treatment 
may be recommended as primary treatment until the 
lesion shows less growth and its activity is reduced as 
adulthood is near11. 

It is estimated that between 25% and 50% of patients 
will show further post-operative growth after surgical 
procedure20. This post-operative growth appears more 
common in younger patients, suggesting that surgical 
procedures should be delayed as long as possible. The 
advances in surgical techniques can significantly reduce 
the risk and the complexity of radical excision; so, many 
authors are in favour of radical surgical treatment, which 
permits the complete removal of the lesion followed by 
immediate reconstruction with free-vascularised flaps21.

Chen and Noordhoff22 and Ricalde and Horswell15 
divided the craniofacial skeleton into 4 zones according to 
surgical, aesthetic and functional criteria. They proposed 
conservative treatment for the alveolar part of the maxilla, 
the mandible (protection of alveolar ridges and teeth) and 
for cranial base. On the other hand they suggested radical 
excision for the fronto-orbital area and maxillo-zygomatic 
complex. 

Valentini et al11 refer in their study that among 68 
patients who underwent surgery, 61 had radical excision, 
six received conservative treatment and a patient with 
mandibular involvement received radical excision 
and immediate reconstruction with a free fibula flap. 
No disease recurrence was observed in cases treated 
with complete excision, whereas a case of mandibular 
involvement treated with remodelling, required further 
surgery. The same authors support the radical treatment 
even in cases involving the maxilla and the mandible, 
and the use of conservative surgical treatment only in 
polyostic cases and cases of MAS. In their experience, 
the radical excision approach prevents the occurrence of 
relapses and eliminates the illness. Posnick10 also states 
that the treatment of choice should be radical excision for 
an immediate functional and aesthetic result. Kreutziger23 
believes that the conservative treatment is unable to 
eliminate the lesions. Zenn and Zuniga20, in considering 
the numerous relapses following conservative treatment, 
are in favour of radical treatment in FD of the mandible. 
The controversial opinions about radical excision concern 
the management of FD involving alveolar bone and cases 
in which the optic nerve canal is involved, particularly 
in patients with normal vision21. Furthermore, other 
authors24 consider being better to follow the progression 
of the illness than to perform an early prophylactic 
decompression with incalculable consequences. 

For the patients of our study we used the 
conservative surgical treatment with satisfactory results 
(Table 1). For mandibular lesions (No 1, 5, 8, 9, 17 and 
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Principal findings: Surgical approach (conservative 
or radical) is considered by most as treatment of choice 
for FD of the facial bones. 

Practical implications: However, in recent years, 
drug therapy with bisphosphonates has advanced to play 
the main role.
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SUMMARY
Usually increased presence of Heat Shock Proteins (HSPs) is 

considered to mediate inflammation process in Oral Lichen Planus (OLP) 
lesions, but in contrast HSP-70 expression found to be stable or even 
decreased in those lesions. The purpose of this study was to detect the serum 
titres of the HSP-70 in patients with OLP compared to healthy individuals, 
which may indicate an alternative, systemic role. Serum levels of HSP-
70 were detected by sandwich-ELISA in 45 patients with reticular (n=28) 
and erosive (n=17) OLP, respectively. A group of 35 healthy individuals 
was used as control. HSP-70 was detected in significantly increased levels 
in OLP (p<0.05) compared to controls. The increase was prominent in 
reticular-OLP (p<0.05), whereas no difference was observed between serum 
HSP-70 in erosive OLP compared to controls. These results indicate a 
systemic initiation of the immune response in the pathogenesis and process 
of OLP. The higher titres of HSP-70 in reticular but not erosive form of 
OLP indicate rather an immunoregulatory role in chronicity than in the 
acute inflammatory process of OLP. Consequently, the evaluation of serum 
imbalances of HSP-70 in OLP using ELISA may be a useful marker for 
disease’s monitoring and/or efficacy of systemic treatment.     
Keywords: Heat Shock Protein 70 (HSP-70); Oral Lichen Planus
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Introduction

Heat shock proteins (HSPs) are highly conserved 
proteins, essential for cell protection and survival, 
distributed in microorganisms and mammalian cells. They 
are induced by temperature as well as other physiological 
or pathological stressful events, acting as intracellular 
chaperones or as cytokine-like molecules1,2. Exogenous 
(from pathogens) and native (from host cells) HSPs 
can initiate innate and adaptive immunity, having a pro-
inflammatory role, but they have also been considered as 
autoantigens via a cross-reactive immune response3,4. 

HSP-70 is normally located within the cytoplasm 
as chaperone, playing a role in intracellular events 
(constitutively expression)2. Stress-inducible, extracellular 
or membrane HSP-70 participates in activation of 
the antigen-presentation process, cell recognition and 
enhancement of pro-inflammatory cytokines secretion by 

monocytes, macrophages, and dendritic cells5. However, 
unlike other members of HSPs, HSP-70, also, seems 
to have an anti-proinflammatory effect, as shown in an 
experimental model of arthritis6.     

Lichen planus is a chronic, inflammatory disease, 
involving mucosal surfaces and/or skin. Oral subtype of 
lichen planus (OLP) is the most characteristic immune-
mediated oral disease related to cellular immunity 
against insufficient constitutes of basal keratinocytes7. 
Several immunohistochemical studies showed increased 
presence of different HSPs members, in contrast to the 
non-altered or even decreased HSP-708-12 in OLP, as 
well as in cutaneous lichen planus13. Taking together the 
extended role of HSP-70 in immunity and its non-altered, 
even decreased, expression in involved tissues, this study 
investigates, for the first time, the serum levels of HSP-
70 that may indicate an alternative systemic implication in 
OLP pathogenesis.



Figure 1. Serum (ELISA) HSP-70 values in OLP patients and controls

Discussion

HSPs may have dual role, initiating immune-
responses as inflammatory activators but also they can act 
as autoantigens via an immune cross-reaction response 
leading to the onset of immune-mediated diseases3,4. 
However, this self-HSPs reactivity has also been 
considered as a self-limited mechanism for regulation of 
pro-inflammatory process15. 

Inducible HSP-70 may be presented as extracellular 
molecule or as cell membrane receptor or extracellular 
molecule16. It is believed to activate the innate immune 
response as antigen transporter, by triggering cytokines’ 
secretion, and also as marker for both NK targeting and 
macrophage recognition/engulfment17. However, unlike 
other HSPs, HSP-70 seems to have an anti-inflammatory 
function also, as shown in an experimental model of 
arthritis6. 

The link between HSP-70 and OLP could be supported 
by the ability of HSP-70 to mediate unknown antigen-
presentation process and interaction between dendritic and 
T-cells via the expression of CD40L. Overall HSP-70 assists 
activation of both CD4+ T helper (for example by triggering 
the	NF-κB-dependent	activation	of	CD4+CD45RA	memory	
T-cells) and cytotoxic CD8+ T cells, and consequently, 
increases cytokines’ expression. Also, this HSP mediates the 

Material and Methods

Patients and Controls
45 OLP patients with clinical/microscopic 

confirmation, including 20 males and 25 females, 
aged from 27 to 75 years (mean age 57 ± 2.53 years) 
participated in this study. 28 of the patients manifested 
the reticular and 17 the erosive form of OLP. All serum 
samples were obtained at the time of diagnosis and the 
patients had not received any treatment previously. Serum 
samples were also obtained from 35 age and sex matched 
(17 male and 18 female, mean age 52.3 ± 1.89) healthy 
individuals (controls). All controls were free of infection 
and were not suffering from any autoimmune disease. The 
study was conducted according to Helsinki II declaration.

 HSP-70 ELISA
Serum Hsp-70 levels were assessed by colorimetric 

sandwich ELISA test according to manufacturers’ 
instructions (Hsp70 ELISA, Stressgen Biotechnologies, 
Victoria, BC, Canada) as described in detail previously14. 
The test recognizes only inducible native and recombinant 
Hsp-70, but not other members of HSP family. The results 
were analysed using the SPSS v.18.0 statistical package. 
The unpaired Student’s t-test was used for the correlation 
of HSP-70 titres of OLP patients and healthy controls. 
Significant levels of correlation were set at a P value of 
less than 0.05. 

Results

The serum HSP-70 values in the different forms 
of OLP and controls are presented in figue 1 and table 
1. HSP-70 was detected in the serum of all patients and 
healthy individuals. Overall, titres of HSP-70 in OLP 
sera were significantly increased compared to controls 
(p=0.005). Interestingly, when the comparison focused 
on the clinical form, only HSP-70 levels in reticular type 
of OLP cases were significantly increased compared to 
controls (p=0.0019). In contrast, no differences of serum 
HSP-70 was observed between patients with erosive form 
of OLP and controls (p=0.17).  

Table 1. Mean ± SE (ELISA) values* of serum HSP-70 in OLP 
patients and controls

Patients with OLP Controls p

Total  (n=45) 3.8 ± 0.4

2.04 ± 0.3

0.005

Reticular (n=28) 3.9 ± 0.5 0.0019

Erosive (n=17) 3.1 ± 0.7 0.17

* Values =ng/mL
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apoptosis induction18,19. These phenomena are hypothesized 
to be involved in the pathogenesis of OLP7.

However, in contrast to Sugerman et al (1995)8, who 
found significant increase of HSP-70, other studies in 
involved oral mucosal10,11 and cutaneous lichen planus 
lesions13 showed downregulation or non significant 
difference9,12. Indeed, based on the immunohistochemical 
data, it is questionable, whether a local apoptotic, pro-
inflammatory role of HSP70 in lichen planus is truly 
evident. It can be hypothesized that, due to stress-induced 
gene dysfunction, HSP-70 of oral keratinocytes may act as 
autoantigen or assist other (unknown) antigen-recognition, 
before other shock proteins mediate the “outbreak” of 
inflammation as part of cellular immune response, in 
a very early phase of pathogenesis. Unfortunately, in 
this early step, the exact expression pattern of HSP-70 
cannot be, easily, detected, compared to its normal even 
downregulated expression in inflammatory phase. 

The increased levels of serum HSP-70 in OLP, as 
shown for the first time in our study, possibly represent a 
“fingerprint” of a generalized immune response occurring in 
immune-mediated diseases, similarly to recurrent aphthous 
ulceration or Behcet disease20. The significant increase 
of serum HSP-70 in reticular form of OLP indicates a role 
in the systemic regulation of immune response, actually 
in self-limitation, and “chronicity” of OLP, but not in the 
expansion of tissue inflammation. Further investigation 
regarding the possible serum and/or saliva imbalance of 
HSP-70 in OLP, evaluated by ELISA, could be useful 
marker for monitoring of the disease, systemic treatment 
efficacy and early prediction of recurrences.   
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SUMMARY
Nevus flammeus, which is also known as port-wine stain (PWS), is 

one of the vascular birthmarks. PWS occurs in 0.3% of the newborns in 
both genders. It is a capillary vascular malformation, characterized by a 
pink or red stain and may involve skin, soft tissue and/or bone. There are 
a very limited number of reports regarding intraoral involvement of PWS. 
We report 2 female patients with PWS from date of birth. The first patient 
was an 11-year-old female who applied to our clinics for the treatment of 
her non-aesthetic and deviated intraoral view and discoloration of her 
gingiva, and the second patient was a 56-year-old female who applied for 
the extraction of her wisdom tooth. Extraoral examination in both patients 
revealed a diffuse PWS on the right side of their face over the cheek, 
extending from the midline. While the first patient had reddish skin, gingiva 
on right site her both jaws and lips, the second patient had only her upper 
jaw and lip. Because of the first patient’ age, the treatment postponed to her 
20’, and the second patient did not accept any treatment. PWS is a rare and 
non-fatal condition; however, the unique appearance of these patients can 
lead to psychological problems especially in early ages.
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Introduction

Port-wine stains (PWS) are one of the vascular 
birthmarks and also known as nevus flammeus1. PWS 
occur in 0.3 percent of the live newborns, affecting 
females and males equally in different racial ethnicities1-6.

PWS are congenital and superficial vascular and 
slow-flow capillary malformations. Adults may have 
raised papule or nodular components that are associated 
with soft tissue overgrowth6. They may also develop 
varicosities or granulomas. PWS are often located on the 
face and follows the trigeminal nerve. It is appearing at 
birth as a diffuse light pink macula and tends to become 
darker and thicker with age7. Unlike hemangiomas, PWS 
generally do not fade over time, and do not disappear; on 
the contrary, PWS expands while child is growing. PWS 
do not need treatment, but pulsed dye laser therapy is 
thought to be gold standard therapy for lightening lesions1.

Histologically, PWS are clusters of superficial 
capillaries that are abnormally increased in size and 

number in the papillary layer of dermis. The pathogenesis 
of PWS is controversial. There is a progressive increase 
with age in both size and number of the capillaries that 
can result in disfiguring lesions. There are many negative 
psychosocial implications for a child growing up with 
such a facial birthmarks6.

Pigmentation is discoloration of the oral mucosa or 
gingiva due to wide variety of lesions and conditions. Oral 
pigmentation occurs in all races and ethnic groups and 
gingiva is the most frequently pigmented intraoral tissue. 
The most of the complaints and requests for treatment 
of gingival pigmentation arise from aesthetic reasons7. 
The prevalence of gingival pigmentation was higher 
on the labial part of the gingiva than on the buccal and 
palatal/lingual parts of the jaws. The shade of pigment 
was classified as very dark brown to black, brown, light 
brown-yellow8. 

 We report the cases of 2 female Turkish patients (11 
and 56 years of age, respectively) with PWS.
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 Case Reports

Case 1
An 11-year-old Turkish girl presented to Kocaeli 

University, Faculty of Dentistry for the reconstruction of 
her unsymmetrical facial and intraoral view. During the 
extraoral examination, a diffuse port-wine staining on the 
right side of her face over the cheek, which was extending 
from the midline and the forehead to the upper and the 
lower lips, was noted (Fig. 1). Her parents reported that 
the stain appeared at birth and became darker. 

Intra-oral examination showed that the gingival 
tissues of the right upper and lower jaws were reddish and 
darker than the left side (Fig. 2, a and b). Asymmetrical 
intraoral view was noticed. The upper right teeth and 
gingiva were positioned more coronal compared to the left 
side. Oral hygiene was good. Radiological examination 
revealed normal bone and jaw structures. 

Due to her younger age, no treatment was planned 
for pigmentation and asymmetrical intraoral view. Figure 1. Facial view of 11 year-old female with PWS

Figure 2 (a, b). Intraoral view with gingival involvement on the right upper vestibular region

Case 2
A 56-year-old Turkish woman applied to Kocaeli 

University, Faculty of Dentistry for the extraction of her 
wisdom tooth due to severe pain. She had a diffuse PWS 
on the right side of her face over the cheek, which was 
extending from the midline and from the forehead to the 
upper lip (Fig. 3). She stated that she already had PWS 
when she was born. 

In the intraoral examination, it was seen that the 
gingiva of right side her upper jaw was more reddish than 
the left side (Fig. 4a). It was also seen that the right side of 
the palate was pigmented (Fig. 4b). This pigmentation has 
a perfect line through the central incisors.  Radiological 
examination revealed normal bone and jaw structures. 

She did not have any complain about her non-
aesthetic facial view, and did not accept the treatment of 
her gingival pigmentation. Figure 3. Facial view of 56 year-old female with PWS
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Discussion

PWS presents hypertrophy and progressive 
vascular dilation with age if it is not treated9. PWS can 
be treated by curettage, cryotherapy, dermabrasion, 
tattooing, chemical cauterization, electric cauterization, 
photodynamic therapy, intense pulsed light, 
spectrophotometric devices, which are specially, design 
for PWS, cosmetic makeup; however, current standard 
treatment is laser9-11. Early intervention during infancy is 
crucial for better results. Treatment with laser therapy also 
decreases the development risk of pyogenic granuloma12. 
While the pulse-dye laser is gold standard therapy for 
PWS, argon lasers are one of the first lasers, which 
are used for treatment of PWS12.  Treatment is mostly 
well tolerated and is successful in approximately 70% 
of individuals13. Laser treatment of haemangioma can 
be lighted the PWS since PWS therapy is resulted with 
reduction in the number of vessels; however, complete 
eradication of the PWS lesion is not warranted9,14. 
Radiation therapy, smoking, UV exposure would be the 
reason for the development of the skin cancer in PWS12.

A simple and effective technique for removal 
of gingival pigmentation is surgical excision of the 
epithelium and pigmented gingiva15; there are many 
other therapeutic approaches for treatment of gingival 
pigmentation such as, cryosurgery, chemical abrasion, 
free gingival grafts, gingivectomy and laser16. PWS 
involving gingiva does not require treatment, except for 
the aesthetics demands. 
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