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Dear Colleagues,
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We are sure you’ll enjoy high quality lectures, stimulating discussions, cutting-edge research and interesting presentations, 
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and create a lot of new.

We shall be glad if you accept our invitation to attend the 19th Congress of the BaSS, which will be held in the capitol of 
Serbia. Wishing this Congress to be both informative and enjoyable, the organizers and the city of Belgrade welcome you 
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We look forward to seeing you in Belgrade.

Prof.	Dragoslav	Stamenković
President of the 19th BaSS Congress

Congress Secretariat
SAVA CENTAR

19th Congress of the Balkan Stomatological Society
April 24-27, 2014, Belgrade, Serbia



SUMMARY
During eruption of teeth in the oral cavity, the effect of gene variations 

and environmental factors can result in morphological and structural 
changes in teeth. Amelogenesis imperfecta is a failure which is detected 
on the enamel of the teeth and clinical picture varies by the severity and 
type of the disease. Classification of the types of amelogenesis imperfecta 
is determined by histological, genetic, clinical and radiographic criteria. 
Specifically, there are 4 types of amelogenesis imperfecta (according 
to Witkop): hypoplastic form, hypo-maturation form, hypo-calcified 
form, and hypo-maturation/hypoplasia form with taurodontism and 14 
subcategories. The diagnosis and classification of amelogenesis imperfecta 
has traditionally been based on clinical presentation or phenotype and the 
inheritance pattern. Several genes can be mutated and cause the disease. 
Millions of genes, possibly more than 10,000 genes produce proteins that 
regulate synthesis of enamel. Some of the genes and gene products that are 
likely associated with amelogenesis imperfecta are: amelogenin (AMELX, 
AMELY genes), ameloblastin (AMBN gene), enamelin (ENAM gene), 
enamelysin (MMP20 gene), kalikryn 4 (KLK 4 gene), tuftelins (Tuftelin 
gene), FAM83H (FAM83H gene) and WDR72 (WDR72 gene). Particular 
attention should be given by the dentist in recognition and correlation of 
phenotypes with genotypes, in order to diagnose quickly and accurately 
such a possible disease and to prevent or treat it easily and quickly. Modern 
dentistry should restore these lesions in order to guarantee aesthetics and 
functionality, usually in collaboration with a group of dentists.
Keywords: Amelogenesis Imperfecta; Enamel; Phenotype; Genotype

Georgios Chatzopoulos, Dimitrios Tziafas

Aristotle	University,	School	of	Dentistry 
Department of Endodontology 
Thessaloniki,	Greece
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Introduction

From	 the	 eruption	 of	 teeth	 in	 the	 oral	 cavity,	 until	
the	completion	of	 their	 formation,	morphological	as	well	
as	 structural	 variations	 may	 occur.	 These	 variations	 are	
the	 result	 of	 genetic	 damage	or	 a	 harmful	 environmental	
impact during dentinogenesis1. Amelogenesis imperfecta 
is a malformation group of enamel structure and its 
clinical	 image	 varies	 according	 to	 the	 type	 and	 the	
gravity	of	 the	condition.	The	prevalence	of	 the	condition	
has been studied in only a few population groups and 
it	 has	 been	 reported	 to	 range	 from	 1/700	 to	 1/15,000,	
while it depends on the population groups on which the 
study is conducted and on the diagnostic criteria (1/700 

in	 Sweden	 and	 1/15,000	 in	 the	 USA)1-5. The inherited 
developmental	 damage	 of	 enamel	 structure	 on	 primary	
and permanent teeth does not affect any other organs or 
systems	 of	 the	 human	 organism,	 since	 it	 is	 caused	 by	 a	
harmful agent during the process of amelogenesis in the 
primary	stages	of	tooth	development.	In	that	way,	enamel	
appears	to	be	thinner,	up	to	1/8	of	its	normal	thickness	and	
it	is	brittle;	so,	as	a	result,	it	wears	off	quickly	and	reveals	
the underlying dentin. In other occasions enamel shows 
normal	thickness,	but	looks	like	chalk	and	is	very	brittle6.

Amelogenesis
Amelogenesis is the mechanism of enamel 

formation	 in	 the	 teeth	 that	 starts	 during	 the	 bell	 stage,	
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is	 adopted	by	most	 scientists,	 amelogenesis	 is	 divided	 in	
the	 following	stages:	pre-secretory	stage,	secretory	stage,	
transition	 stage,	 maturation	 stage	 and	 post-maturation	
stage7	 (Tab.	 1).	 In	 the	 second	 occasion,	 the	 following	
stages	 are	 proposed:	 pre-secretory	 stage,	 secretory	 stage	
and maturation stage8.

after dentinogenesis. During the whole process of 
dentinogenesis,	 epithelial	 cells	 of	 the	 inner	 enamel	
epithelium produce the components of pre-enamel 
under the effect of lateral mesenchymal cells1. Enamel 
development	 is	 studied	 in	 5	 distinct	 stages7. Some 
researchers suggest 3 stages8. In the first occasion that 

Table 1.  Stages of amelogenesis7

	Differentiation of pre-ameloblasts 
and pre-odontoblasts       

	 Basal lamina resorption

	Deposition and partial mineralization 
of enamel thickness

	Ameloblasts compose and secrete proteinases
	Ameloblasts decompose proteins that are formed but cannot be secreted
	Ameloblasts absorb and destroy matrix proteins
	Ameloblasts retreat from recently formed dentine

Extensive	structural	and	functional	variations

	 Increased amounts of minerals
	 Loss of protein and water bulk in the enamel matrix
	Mineral ions are added to the enamel plexus
	Mature	enamel	with	98%	of	minerals
	Cells	become	striated	or	have	a	ruffled	borders

	 Enamel organ cells stop functioning and degenerate
	 Enamel epithelium is reduced

PRE-SECRETORY
STAGE

SECRETORY 
STAGE

TRANSITION 
STAGE

MATURATION
STAGE

POST-MATURATION
STAGE

The pre-secretory stage is the first stage of 
amelogenesis and it includes the part of the enamel organ 
before	 the	 secretion	 of	 enamel	matrix.	 In	 that	 stage,	 the	
epithelial cells of the inner enamel epithelium that are 
initially	cube-shaped,	differentiate	into	pre-ameloblasts.	2	
processes characterize this stage:

 ► Differentiation of pre-ameloblasts and pre-
odontoblasts is interdependent and the right signal 
is	 required	 in	 order	 for	 the	 process	 to	 begin.	 So,	
the differentiation of mesenchymal cells into 
odontoblasts should be included in the studies on the 
differentiation mechanism of ameloblasts.

 ► The second characteristic is resorption of the basal 
lamina	before	the	enamel	matrix	is	created	(Tab.	1).
The second stage of amelogenesis is the secretory 

stage.	 In	 this	 stage,	 deposition	of	 the	organic	matrix	 (pre-
enamel	 formation)	and	partial	mineralization	of	 the	whole	
thickness of enamel are reported. Ameloblasts compose 
proteins	of	the	organic	matrix,	as	well	as	proteinases,	which	
they	 secrete	 in	 the	 inside	 of	 the	 enamel	 matrix	 (Tab.	 1).	

The	proteins	that	are	formed,	their	molecular	genetic	basis	
and	the	role	they	have	been	attributed	with	to	date,	are	the	
following:
1. Amelogenin	(product	of	AMELX,	AMELY	genes	that	

are	 found	 in	 the	X	 and	Y	 chromosome)	 is	 the	most	
abundant	protein	in	developing	enamel9,10. The exact 
role	of	amelogenin	is	not	entirely	determined,	but	it	is	
claimed to play a special role in regulation of the size 
and shape of enamel crystallites. The water in the pre-
enamel	 region	 is	 removed	 in	 order	 for	 the	 required	
space between amelogenins to be formed and for 
hydroxyapatite	crystals	to	develop.

2. Ameloblastin (product of the AMBN gene that is 
found	 in	 chromosome	 4,	 4q21)	 is	 another	 enamel	
protein that appears to be the second most abundant 
enamel protein. Ameloblastins emigrate from the 
dentinoenamel	 junction	 to	 the	 outer	 surface	 of	 the	
tooth,	where	apoptosis	occurs	before	tooth	eruption11. 
Each ameloblastin creates an enamel rod that consists 
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ameloblastins and tuftelins. Amelogenins gradually 
disappear and enamelins are the main enamel component. 
Enamel calcification will be completed by the end of this 
stage1.

When	 enamel	 is	 fully	 developed,	 the	 enamel	 organ	
cells	 stop	 functioning	 and	 degenerate.	 In	 this	 way,	
amelogenesis	processes	to	its	final	stage,	the	fifth,	during	
which	the	enamel	epithelium	is	reduced	(Tab.	1).

Classification of Amelogenesis Imperfecta
Classification of amelogenesis imperfecta is based 

on	histological,	genetic,	clinical	and	radiographic	criteria.	
The	 types	 of	 amelogenesis	 imperfecta,	 as	 reported	 by	
Witkop6 are presented in Tab. 2. Amelogenesis imperfecta 
is	generally	subdivided	into	4	main	types	based	on	enamel	
damage	and	it	 is	further	divided	into	14	distinct	subtypes	
based	 on	 clinical	 appearance	 (phenotype)	 and	 the	 mode	
of	 inheritance.	 Although	 a	 lot	 of	 genes	 that	 have	 been	
accused	 of	 causing	 amelogenesis	 imperfecta	 have	 been	
identified	since	1990,	most	of	its	 types	do	not	yet	have	a	
distinct molecular basis6.

Table 2.  Types of amelogenesis imperfecta6

1)	Hypoplastic		(Type	I)

2)	Hypo-maturation		(Type	II)

3)	Hypo-calcified		(Type	III)

4)	Hypo-maturation/	Hypoplasia/	Taurodontism		(Type	IV)

 ► TYPE I- Hypoplastic form
This type concerns the differentiation degree or 

the	 cycle	 of	 life	 of	 ameloblastins,	 while	 the	 condition	
that	 appears	 causes	 their	 low	 biosynthetic	 activity.	
All	 subcategories	 (7	 subcategories)	 of	 hypoplastic	
amelogenesis imperfecta are characterized by the primary 
feature of deficient amount of enamel. The deficient 
amount	of	enamel	varies	in	each	subcategory	and	may	be	
characterized	 by	 enamel	 with	 canals,	 enamel	 with	 large	
missing	 areas,	 very	 thin	 enamel	 as	 well	 as	 surrounding	
enamel	 with	 normal	 thickness,	 or	 finally	 very	 thin	
enamel throughout the whole extent of the crown of the 
tooth. The mode of inheritance of the hypoplastic form 
of amelogenesis imperfecta may be either autosomal 
dominant,	autosomal	recessive,	or	X-linked	(Tab.	3)6.

 ► TYPE II- Hypo-mature form
This type concerns damage in the architectural 

structure of enamel prisms and of the prism membrane. 
The reduced strength of enamel increases fracture risk on 
its	 surface	 in	 case	 of	 intense	 chewing	 forces,	 the	 result	
being the instant collapse of its mass1. The hereditary 
character of hypo-mature amelogenesis imperfecta may be 
autosomal	dominant,	autosomal	recessive	or	X-linked,	just	
like	the	previous	type19.

of hydroxyapatite crystals12. The natural arrangement 
of enamel rods is crucial for enamel’s strength.

3. Enamelin (product of ENAM gene that is found 
in	 chromosome	 4)	 is	 secreted	 by	 ameloblasts	 in	
relatively	small	amounts.	This	protein	could	probably	
interact with amelogenin or other enamel proteins and 
its	role	is	highly	important	for	the	development	of	the	
length of the enamel rods13,14.

4. Enamelysin (MMP20 gene that is found in 
chromosome	11)	is	a	proteinase	related	to	amelogenin	
disintegration	 and	 is	 considered	 as	 the	 major	
proteinase	 involved	 in	 the	 processing	 of	 proteins	 of	
the enamel matrix15,16.

5. Kallikrein 4 (KLK4 gene that is found in 
chromosome	 19)	 is	 a	 proteinase	 that	 is	 secreted	 in	
the	 maturation	 stage	 of	 enamel	 development.	 It	 is	
an	 aggressive	 proteinase	 that	 could	 be	 responsible	
for disintegration of any protein that can’t be 
disintegrated	 by	 enamelysin.	 Its	 removal	 during	
maturation is critical in order for enamel crystallites 
to	develop	and	fully	grow17.

6. Tuftelins (tuftelin gene that is found in chromosome 
1)18 are protein molecules that belong to the enamelin 
family. These molecules are mainly found in some 
morphological	 enamel	 elements,	 enamel	 tufts	 and	
enamel spindles1.
Secretory stage ameloblasts decompose matrix 

proteins	 as	well	 as	 the	 ones	 that	 are	 formed,	 but	 cannot	
be	 secreted.	 In	 this	 stage,	 a	 retreat	 of	 ameloblasts	 from	
recently	 formed	 dentine	 is	 observed.	 In	 the	 end	 of	 this	
stage,	 the	 cells	 of	 the	 enamel	 organ	 undergo	 elaborate	
reorganization of their morphology that continues in the 
transition	 stage,	which	 is	 the	 third	 stage	of	 amelogenesis	
(Tab.	1).

In	 the	 transition	 stage,	 enamel	 cells	 undergo	
extensive	 structural	 as	 well	 as	 functional	 changes.	
Ameloblasts	become	shorter	 in	length,	from	60-70	μm	in	
the	secretory	stage,	they	shrink	and	present	with	a	length	
of	40	μm	in	this	stage7	(Tab.	1).

The	 next	 stage,	 the	 maturation	 stage	 of	 pre-enamel	
into	 enamel,	 is	 characterized	 by	 the	 increasing	 amounts	
of	mineral	contents,	as	well	as	by	the	final	loss	of	protein	
and water bulk from the enamel matrix. Mineral ions are 
added	 to	 the	 pre-enamel	 plexus,	 while	 mature	 enamel	
that	 is	 formed	 consists	 of	 98%	 of	 mineral	 contents	 and	
is	 an	 extremely	 hard	 substance.	 In	 the	maturation	 stage,	
the ameloblast transfer substances are used in enamel 
formation,	 while	 microscopically,	 the	 most	 remarkable	
aspect of this stage is that these cells become striated 
or	 have	 a	 ruffled	 borders7.	 In	 the	 maturation	 stage,	
ameloblasts transfer some of the substances used in 
enamel	 formation	 from	 pre-enamel	 (Tab.	 1).	 Most	 of	
those substances are proteins used for regulation of 
enamel	 calcification,	 as	 well	 as	 for	 the	 formation	 of	 its	
particular	 architectural	 structure.	 The	 proteins	 involved	
in	 this	 procedure	 are	 mainly	 amelogenins,	 enamelins,	
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Table 3. Clinical, radiographic and hereditary characteristics of 4 main types of amelogenesis imperfecta6,19

Type Clinical Appearance Enamel Thickness Radiographic Appearance Inheritance

Hypoplastic	(Type	I)

•	 Colour:	varies	from	yellow-
brown to white

•	 Smooth
•	 Glossy,	shiny
•	 Rough 

•	 Varies from 
thin to normal 
thickness

•	 Grooves
•	 Rows 

•	 Varies from normal to 
slightly reduced contrast

•	 Autosomal 
dominant

•	 Autosomal 
recessive

•	 X-linked

Hypo-maturation	(Type	II)

•	 Colour:	varies	from	
opaque white to opaque 
yellow

•	 Mottled yellow
•	 Mottled brown
•	 Soft 

•	 Normal thickness

•	 Males: slightly reduced 
contrast between enamel 
and dentin

•	 Females: no defects are 
observed	

•	 Unerupted teeth: normal 
morphology

•	 Autosomal 
dominant

•	 Autosomal 
recessive

•	 X-linked

Hypo-calcified	(Type	III)

•	 Unerupted teeth: light 
yellow-brown to orange 
colour 

•	 Brown to black 
•	 Friable 
•	 Soft 
•	 Sensitive	to	temperature	

changes

•	 Normal thickness •	 Enamel is less radiopaque 
than the dentin

•	 Autosomal 
dominant

•	 Autosomal 
recessive

Hypo-maturation/ 
Hypoplastic with 
taurodontism	(Type	IV)

•	 Mottled brown-yellow-
white •	 Reduced thickness 

•	 The same or slightly 
greater radiodensity than 
dentin

•	 Enlarged pulp chambers

•	 Autosomal 
dominant

 ► TYPE III- Hypo-calcified form
This type concerns disorders in the rate and the 

degree	of	pre-enamel	calcification,	where	its	composition	
appears to be normal. Chewing forces on enamel of soft 
composition result in wearing of its surface. That is the 
most frequent manifestation of amelogenesis imperfecta. 
Studies	 have	 shown	 that	 teeth	 with	 hypo-calcified	
amelogenesis	imperfecta	showed	up	to	30%	less	minerals	
than normal enamel1.	The	autosomal	dominant,	as	well	as	
the	autosomal	recessive	type	of	inheritance,	are	the	types	
of inheritance of hypo-calcified amelogenesis imperfecta9 
(Tab.	3).

 ► TYPE IV- Hypo-mature/ Hypoplastic form with 
taurodontism
In	this	type,	enamel	presents	with	white,	yellow	and	

brown	marks	on	its	surface,	while	its	thickness	is	reduced.	
The tooth that shows the specific type of amelogenesis 
imperfecta looks small clinically and lacks proximal 
contact. The type of inheritance is characterized as 
autosomal dominant19	(Tab.	3).

Molecular-Genetic Basis of Amelogenesis 
Imperfecta

Phenotype	 variety	 in	 the	 4	 types	 and	 their	
subcategories is due to the large number of genes that 
can	mutate	 and	 cause	 the	 condition.	The	 genes	 involved	
in	 enamel	 formation	 are	 thousands,	 probably	 more	

than	 10,000.	 Genes	 produce	 proteins	 that	 regulate	 gene	
expression for enamel formation and cell function. They 
can be secreted by ameloblasts in order to create the 
pattern	 for	 enamel	 development.	 Some	 of	 the	 proteins	
secreted	 by	 ameloblasts	 regulate	 the	 size,	 the	 shape	 and	
the	 orientation	 of	 the	 developing	 enamel	 crystallites,	
contributing to its final structure and formation.

Various genes and gene products that are known or 
suspected to be associated with amelogenesis imperfecta 
are mentioned below:

 ► Amelogenin	 (product	 of	 AMELX,	 AMELY	 genes	
found	 in	 X	 and	 Y	 chromosomes).	 Multiple	 mutations	
in the AMELX gene in humans are connected to 
amelogenesis imperfecta. 15 mutations of this gene 
have	been	 reported.	The	variety	of	enamel	phenotypes	 is	
undoubtedly related to the site of mutation in the gene20. 
On	 the	other	hand,	 there	 are	no	known	mutations	on	 the	
AMELY gene. Research on genes and their mutations 
that	 cause	 amelogenesis	 imperfecta	 might	 prove	 helpful	
in	 correlating	 genotypes	 with	 phenotypes,	 as	 well	 as	
genotypes	 with	 the	 corresponding	 gene	 therapy,	 aiming	
at	 the	 prevention	 and	 treatment	 of	 the	 condition18. In a 
research conducted in 2001 on a transgenic mouse that 
does	 not	 express	 the	AMELX	 gene,	 a	 very	 thin	 enamel	
overlay	 lacking	prism	structure,	 similar	 in	 its	 appearance	
to	that	of	some	people	that	have	mutations	on	the	AMELX	
gene,	was	found	on	the	teeth	of	the	mouse21.
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Research	 has	 revealed	 6	 genes	 that	 undergo	
mutations and cause this condition. Those genes are 
AMELX,	enam,	KLK4,	MMP20,	FAM83H	and	WDR72.	
The mutation of gene DLX3 has been reported to be 
associated	 with	 the	 tricho-dento-osseous	 syndrome,	 and	
it causes hypo-mature amelogenesis imperfecta with 
taurodontism27.

The	 development	 of	 genetics	 has	 given	 an	
opportunity for lots of mutations to be associated 
with	 various	 types	 of	 amelogenesis	 imperfecta,	 in	
order	 to	 help	 diagnose	 the	 different	 types.	 In	 reality,	
clinical examination cannot on its own lead to definite 
conclusions;	 for	 example,	 verification	 of	 the	 type	 of	
the condition. Identification and association of the 
clinical phenotype of each subcategory of amelogenesis 
imperfecta with genetic mutation would be of great 
importance	 in	 preventing	undesirable	 conditions,	 such	 as	
skeletal open bite and calculus formation by immediate 
implementation of the most adequate treatment.

 ► AMELX GENE
More	 than	 15	 mutations	 have	 been	 reported	 in	 the	

AMELX	gene,	each	presenting	with	a	different	phenotype	
according to its effect on the enamel protein. Mutations 
on the specific gene may be loss of the C-terminus of the 
protein,	 loss	 of	 the	N-terminus	of	 the	protein,	 large	base	
deletions and mutations on the signal peptide coding 
region.

 ► The first mutation to be associated with amelogenesis 
imperfecta was reported by Lagerstrom et al in 1991. 
A 5 Kb deletion was found from exon 3 to a part of 
exon	7	(g.	1148_47del)	(large	deletion)28.

 ► 4	mutations	of	the	AMELX	gene	have	been	found	to	
include a part of the N-terminus of amelogenin. The 
first	mutation	was	 a	 frame	 shift,	 which	 is	 the	 result	
of a substitution in exon 5 that leads to a stop codon. 
The result of this mutation will be an amelogenin 
with 36 amino acids in length. The phenotype will be 
hypo-mature	 enamel	 hypoplasia	 of	 various	 degrees.	
Variation between the phenotypes of the 2 sexes is 
also	reported	(loss	of	the	N-terminus)29,30.

 ► There are also 5 different mutations that introduce a 
stop codon and reduce the C-terminus of amelogenin. 
4 of these mutations are the result of the deletion of a 
single	nucleotide	at	various	positions	in	exon	6.	They	
all introduce a premature stop codon in the position 
of	 amino	 acid	 187.	The	 products	 of	 the	 4	mutations	
are	almost	the	same,	since	18	amino	acids	are	absent	
in the C-terminus of the protein. The phenotype 
differs according to the degree and the type of the 
amino acid changes that occur from the swift point 
to the stop codon31,32,33,34.	 Despite	 their	 differences,	
they all cause reduction of enamel thickness and its 
hypoplastic appearance. According to Shaw35,	 the	
C-terminus plays an important role in the formation 

 ► Ameloblastin (product of AMBN gene found in 
chromosome	 4,	 4q21).	 The	 AMBN	 gene	 is	 another	
candidate gene for the autosomal dominant type 
of	 amelogenesis	 imperfecta.	 Its	 involvement	 in	 the	
abnormality	 in	humans	 is	not	yet	entirely	verified.	 It	has	
not yet been associated with a phenotype of amelogenesis 
imperfecta	 in	 humans,	 while	 it	 is	 associated	 to	 the	
hypoplastic enamel phenotype according to a research 
conducted on mice22.

 ► Enamelin (product of ENAM gene found in 
chromosome	 4).	 Mutations	 of	 the	 ENAM	 gene	 are	
associated with the autosomal type of inheritance of 
amelogenesis imperfecta13,14. The enamelin gene has 10 
exons,	8	of	which	are	encoded14. The clinical appearance 
ranges	 from	 relatively	 small	 local	 cavities	 to	 a	 serious	
type of its hypoplasia23,24. The condition may be to a large 
extent	mild	and	not	clinically	perceivable.	It	is	frequently	
manifested	 in	an	 indirect	way,	since	 those	people	present	
with high tooth caries rate25.

 ► Enamelysin (MMP20 gene found in chromosome 
11)15. Enamel mutations are associated with the autosomal 
recessive	 type	 of	 inheritance	 of	 amelogenesis	 imperfecta	
and the phenotype that accrues is the hypo-mature type.

 ► Kallikrein 4	 (KLK4	gene	 found	 in	chromosome	19).	
Mutation of kallikrein 4 is associated with autosomal 
recessive	mode	of	inheritance	of	amelogenesis	imperfecta,	
the hypo-mature type to be specific. The enamel 
produced from the mutation is characterized by reduced 
concentration of mineralized substances17.

 ► Tuftelins	 (tuftelin	 gene	 found	 in	 chromosome	 1)18. 
Mutations	 of	 these	 genes	 have	 been	 reported	 to	 be	
associated with amelogenesis imperfecta26.

 ► FAM83H	 (product	 of	 FAM83H	 gene	 found	 in	
chromosome	8q24):	mutations	 on	 this	 gene	may	 cause	 a	
disorder in mineralized enamel elements.

Apart from the damage appearing on the surface of 
enamel,	it	has	been	verified	that	amelogenesis	imperfecta	
leads to a series of other conditions as they are reported in 
table 4.

Table 4.  Conditions presented because of amelogenesis 
imperfecta

Condition Reference

1.  Increased probability of impacted teeth 73,	74

2.  Abnormalities on tooth eruption 73,	74,	75

3.  Congenitally missing teeth 73,	74,	75

4.  Skeletal open bite 73

5.  Pulp calcifications 74,	75

6.  Dental malformations 74

7.  Crown-root absorption 73,	74

8.		Taurodontism 74,	76
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The AMELX gene mutations are presented 
extensively	 in	 table	 5,	 as	 they	 have	 been	 detected	
during time.

and	the	direction	of	enamel	crystallites,	as	well	as	in	
amelogenin	 connection	 during	 enamel	 development	
(loss	of	the	C-terminus	of	the	protein).

Table 5.  AMELX Mutations

Researcher Year Genomic DNA Cdna Protein Phenotype Reference

Simmer et al. 2004 g.2T>C c.2T>C p.M1T ΑΑ	(Ι)
(normal	mineralization) 36

Simmer et al. 2004 g.11G>C c.11G>C p.W4S ΑΑ	(Ι)
(normal	mineralization) 36

Sekiguchi et al. 2001 g.11G>A c.11G>A p.W4X ΑΑ	(Ι)
(normal	mineralization) 33

Lagerström-Fermer et al. 1995 g.14_22del c.14_22del p.I5_A8delinsT ΑΑ	(Ι)
(normal	mineralization) 37

Lagerström et al. 1991 g.1148_54del c.55_54del p.18del ΑΑ	(ΙΙ)
(some	hypoplasia) 28

Lench	και	Winter	 1995 g.3455C>T c.152C>T p.T51I ΑΑ	(ΙΙ)
(some	hypoplasia) 31

Aldred et al. 
 Lench et al. 

1992
1994 g.3458delC c.155delC p.PS2fsX53 ΑΑ	(ΙΙ)

(some	hypoplasia)
29
30

Collier et al. 
Hart et al.

1997
2000 g.3781C>A c.208C>A p.P70T ΑΑ	(ΙΙ)

(some	hypoplasia)
38
39

Hart et al. 2002 g.3803A>T c.230A>T p.77L ΑΑ	(ΙΙ) 34

Sekiguchi et al. 2001 g.3958delC c.385delC p.H129fsX187 ΑΑ	(Ι) 40

Greene et al. 2000 g.3993delC c.420delC p.Y141fsX187 ΑΑ	(Ι) 41

Lench	and	Winter 1995 g.4046delC c.473delC p.P158fsX187 ΑΑ	(Ι) 31

Kindelan et al. 
Hart et al. 

2000
2001 g.4114delC c.541delC p.L181fsX187 ΑΑ	(Ι)

(some	hypomineral.)
32

Lench	and	Winter	 1995 g.4144G>T c.571G>T p.E191X ΑΑ	(Ι) 31

Kid et al. 2007 g.3458C>G p.P52R AA	(I) 42

 ► ENAM GENE
The first clinical condition that was detected as 

amelogenesis imperfecta and is inherited in an autosomal 
mode was identified as a mutation on the enam gene that 
is found in chromosome 4q2143. Mutations on the enam 
gene are now known to be associated with at least 2 types 
of amelogenesis imperfecta. This character has been 
more frequently found to be transferred in an autosomal 
dominant	mode,	while	it	has	also	been	found	transferring	
as	 an	autosomal	 recessive	as	well.	 6	mutations	 that	have	
been found resulting in loss of the largest part of the 
protein,	 such	 as	 protein	 K53X	 for	 example,	 result	 in	
regional	 hypoplastic	 damage.	On	 the	 contrary,	mutations	
that result in little loss of protein produce enamel with a 
generalized hypoplastic phenotype.

 ► MMP20 GENE
Mutations in the enamelysin proteinase that 

participates	 in	 enamel	processing	during	 its	 development	
are	 related	 to	 autosomal	 recessive	 type	 of	 inheritance.	
Enamel	 thickness	 is	 normal,	 but	 it	 shows	 reduced	
concentration of mineral content and increased 
concentration of proteins. The phenotype that results from 
these	 mutations	 is	 the	 hypo-mature	 type.	 Teeth	 have	 an	
orange-brown	 coloration,	 while	 enamel	 lacks	 its	 natural	
opacity and a slight contrast is presented in its comparison 
with dentine48. Mutations of the gene are presented in 
table 7.

 ► KLK4 GENE
Enamel phenotype is associated with the loss 

of function of the protein that regulates enamel 
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with reduced density compared to normal teeth. Enamel 
crystallites are far from each other and enamel retains 
large	 amounts	of	 amelogenin,	which	 is	 a	 similar	protein.	
The	mutation	of	this	gene	is	presented	in	table	8.

mineralization	during	its	expression,	because	of	the	KLK4	
gene mutation50,51. Affected people show an orange-
brown coloration both on primary and on permanent teeth. 
In	 radiographs,	 teeth	 show	 normal	 enamel	 morphology	

Table 6.  ΕΝΑΜ Mutations

Researcher Year Genomic DNA cDNA Protein Phenotype Reference

Mardh 2002 g.2382A>T c.157A>T p.K53X AA	(I)
localized 44

Rajpar 2001 g.6395G>A IVS7+1G>A c.534+1G>A p.A158_Q178del ΑΑ	(Ι)
Generalized-thin 43

Kida

Hart

2002

2003
g.8344delG IVS8+1delGc.588+1delG p.N197fsX277 ΑΑ	(Ι)

Generalized-thin

45

46

Hart 2004 g.13185_13186insAG c.1258_1259insAG p.P422fsX448 ΑΑ	(Ι)
Generalized-thin 42

Ozdemir 2005 g.12663C>A c.737C>A p.S246X AA	(I) 47

Ozdemir 2005
g.12946_12947insAG
TCAGTACCAGTAC

TGTGTC/WT

p.V340_
M341insSQYQYCV AA	(I) 47

Table 7.  ΜΜΡ20 Mutations

Researcher Year Genomic DNA cDNA Protein Phenotype Reference

Kim et al. 2005 g.30561A>T c.954-2A>T	ή	
c.IVS6-2A-T

p.I319Fs338X		ή	
p.I319X

ΑΑ	(ΙΙ)
Decreased mineral 

contents
48

Hart et al. 2009 g.16250T>A c.678T>A p.H226Q ΑΑ	(ΙΙ) 49

Table 8.   KLK4 Mutations

Researcher Year Genomic DNA cDNA Protein Phenotype Reference

Hart et al. 2004 g.2142G>A c.458G>A p.W153X ΑΑ	(ΙΙ)
Decreased mineral contents 50

Table 9.  FAM83H Mutations

Researcher Year cDNA Protein Phenotype Reference
Wright 2009 c.860C>A p.S287X Generalized 50
Lee 2008 c.891T>A p.Y297X Generalized 51
Wright 2009 c.923_924delTC p.L308fsX323 Generalized 50
Kim 2008 c.973C/T p.R325X Generalized 48
Kim 2008 c.1192C/T p.Q398X Generalized 48
Lee 2008 c.1243G>T p.E415X Generalized 51
Hart 2009 c.1330C.T p.Q444X Generalized 49
Hart 2009 c.1366C.T p.Q456X Generalized 49
Lee 2008 c.1380G>A p.W460X Generalized 51
Wright 2009 c.1408C>T p.Q470X Generalized 50
Wright 2009 c.1872_1873delCC p.L625fsX703 Localized 50
Lee 2008 c.2029C>T p.Q677X Generalized 51
Wright 2009 c.2080G>T p.E694X Localized 50
El-Sayed 2009 c.1374C>A p.Y458X Localized 52
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density	 in	 proteins	 poor	 in	 proline,	 as	 shown	 in	 hypo-
mature types of amelogenesis imperfecta50.

The	 14	 mutations	 of	 the	 FAM83H	 gene	 that	 have	
been found to date and cause hypo-calcified amelogenesis 
imperfecta that is inherited in an autosomal dominant 
mode are presented in table 9.

 ► WDR72	GENE
The	 WDR72	 gene	 consists	 of	 19	 coding	 exons	

spanning around 250 kb encoding a protein of 1102 amino 
acid. Its functions are unknown53.	 The	 WDR72	 protein	
is an intracellular protein with a predicted b-propeller 
structure	 that	 is	 expected	 to	 mediate	 in	 reversible	
interactions	 between	 proteins,	 while	 its	 structure	 could	
probably	 contribute	 to	 a	 number	 of	 various	 ways	 of	
amelinoblastin maturation. Gene mutations affect 
the late stages of enamel maturation10.	 WDR72	 gene	
mutations	are	associated	with	type	II	autosomal	recessive	
amelogenesis imperfecta and are presented in table 10.

 ► FAM83H	GENE
FAM83H	 gene	 is	 the	most	 recent	 gene	 found	 to	 be	

associated with amelogenesis imperfecta. It is found in 
chromosome	 8q24	 and	 has	 been	 identified	 as	 causative	
of type III amelogenesis imperfecta in an autosomal 
dominant mode48,49,50. The condition presents with 
reduction	in	the	mineral	content	of	enamel	and	as	a	result,	
hypo-calcification occurs.

The role of this gene and of the protein it produces 
is	unknown	to	date,	but	we	know	that	despite	the	fact	that	
this	gene	is	expressed	in	lots	of	tissues,	the	only	mutations	
that	have	been	detected	cause	enamel	deficiencies.

The phenotype of the autosomal dominant type of 
amelogenesis	imperfecta	III	shows	diversity	and	is	related	
with	 the	 type	of	 the	FAM83H	gene	mutation.	The	colour	
of enamel of the primary and permanent teeth is yellow-
brown and the enamel is particularly thin and brittle. 
Mineral content of enamel are significantly reduced (from 
40	up	to	70%	per	volume),	while	enamel	has	an	increased	

Table 10.   WDR72 Mutations

Researcher Year cDNA Protein Phenotype Reference

W.	Elsayed	et	al. 2009 c.2348C>G p.S783X AA	(II) 53

W.	Elsayed	et	al. 2009 c.2934G>A p.W978X AA	(II) 53

W.	Elsayed	et	al. 2009 c.2857Adel p.S953V fs X20 AA	(II) 53

W.	Elsayed	et	al. 2011 c.2728C>T p.R897X AA	(II) 54

Table 11.  Candidate genes related to amelogenesis imperfecta 
(as reported in the literature)

Candidate gene Researcher Reported year Reference

CNNM4 Parry et al. 2009 55

GJA1 Vitiello et al. 2005 56

SLC4A4 Igarashi et al. ; 
Urzua et al.

1991 ;  2011 57	;	58

DLX3 Dong et al. 2005 59

ROGDI Schossig et al. 2012 60

C4orf26 Parry et al. 2012 61

AMTN Gasse et al. 2012 62

TP63 Kantaputra et al. 2011 63

FAM20A Vogel et al. 2012 64

FAM20C Vogel et al. 2012 64

TUFT1 Luo et al. 2004 65

AMBN Paine et al. 2003 66

 ► OTHER GENES
Apart	 from	 those	 6	 genes	 that	 have	 been	 proved	 to	

be	correlated	with	types	of	amelogenesis	imperfecta,	there	
are also candidate genes that could be integrated or not in 
the list of genes that cause amelogenesis imperfecta after 
research studies that will be conducted in the future. The 
candidate	genes,	the	researcher	that	proposed	them	and	the	
year when they were reported are presented in table 11.

A correlation between amelogenesis imperfecta 
and the nephrocalcinosis syndrome has also been 
reported.	 Various	 researches	 have	 shown	 that	 people	
that	 present	 deficiencies	 in	 enamel	 surface,	 suffer	 from	
nephrocalcinosis	 syndrome,	 but	 lots	 of	 research	 steps	
are still needed in order for such a conclusion to be 
formed67,68.

Discussion

The	 development	 of	 technologies	 as	 well	 as	 of	
scientists’	abilities	to	detect	gene	mutations	has	decisively	
contributed in establishing a connection between 
amelogenesis imperfecta phenotypes and genotypes. It has 
contributed	 in	 the	grouping	of	 the	phenotypes,	 the	genes	
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Conclusion

In	 conclusion,	 there	 are	 6	 genes	 that	 have	 been	
genetically	 proved	 to	 be	 causative	 of	 amelogenesis	
imperfecta.	 These	 genes	 are:	 AMEX,	 ENAM,	 MMP20,	
KLK4,	 FAM83H,	 and	 WDR72.	 Mutations	 that	 have	
been found to lead to the disorder in teeth enamel 
are	 mentioned	 in	 the	 literature.	 As	 genetics	 develop,	
more genes related to amelogenesis imperfecta cold be 
recognized,	 while	 there	 will	 be	 a	 possibility	 for	 further	
research. The 4 categories of amelogenesis imperfecta 
differ	 in	 their	 clinical	 appearance,	 their	 radiographic	
depiction and the mode of inheritance. The dentist 
ought to recognize and correlate the phenotype with the 
genotype	in	order	to	prevent	or	treat	conditions.
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The dentist ought to know the phenotype and the 
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SUMMARY
The aim of this study was to evaluate by SEM morphological changes 

of dentin surfaces under the use of 5% NaOCl before applying different 
acids for etching. In the study, dentin surfaces were prepared from the 
middle third of 20 non-carious human third molars. Samples were divided 
into 2 groups with 3 subgroups each. In the first group, no application was 
performed on dentin surfaces. In the second group, 5% NaOCl was applied 
for 60 seconds on the dentin surfaces then rinsed with distilled water for 5 
seconds. In all of the subgroups, dentin surfaces were etched by different 
conditioning agents for 15 seconds then rinsed for 30 seconds. After 
surface applications, all of the specimens were placed in distilled water. 
Morphological changes of dentin surfaces were determined by SEM. The 
results were evaluated by the scoring system based on Brannström et al.

In the NaOCl treated groups, scores were as follows: The score of 
dentin without NaOCl treatment was 0, while it was 4 after phosphoric acid 
application, 3 after only citric acid-ferric chloride, and 1 after only maleic 
acid application. In the group where only NaOCl was applied, the score was 
not exactly 1 but slightly less. The score for NaOCl with phosphoric acid 
was 4, NaOCl with citric acid-ferric chloride was 3, and NaOCl with maleic 
acid was 2. Weak acid was found more effective on NaOCl treated dentin 
surfaces when compared with non-treated dentin surfaces.
Keywords: Dentin; Sodium Hypochlorite; SEM; Maleic Acid; Phosphoric Acid
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Introduction

 Prognosis of root canal treatment depends on 
the	 success	 of	 the	 final	 restoration,	 because	 penetration	
of microorganisms from a coronal direction may re-infect 
the root canal system1. So,	 the	 quality	 of	 the	 coronal	
restoration is a crucial factor for the prognosis of the 
treated tooth after the root canal treatment2. Recent	years,	
parallel	 to	 the	 development	 of	 dentin	 bonding	 systems,	
adhesive	 restorations	 are	mostly	 preferred	 for	 restoration	
of endodontically treated teeth.  

Also,	 there	 is	 a	 widely	 held	 belief	 that	 root-treated	
teeth are weakened and more susceptible to fracture 
than	 vital	 teeth3,4. Several	 factors,	 such	 as	 the	 presence	
of	 an	 endodontic	 access	 cavity,	 wide	 coronal	 flaring	
of	 canals,	 altering	 the	 properties	 of	 dentin	 related	 to	 the	

loss	of	pulp	vitality	can	cause	weakening	the	root-treated	
teeth5. In	 addition	 to	 these	 factors,	 intra-canal	 irrigants,	
medicaments and materials may contribute to physical 
and	 mechanical	 properties	 of	 dentin.	 For	 example,	
eugenol-containing root canal sealers can harden intra-
canal dentine6, while	 chloroform,	 xylene	 and	 halothane	
soften dentine7.	 Sodium	 hypochlorite	 (NaOCl)	 is	 widely	
used as a root canal irrigant because of its antibacterial 
properties,	and	also	its	ability	to	denature	toxins8,9. NaOCl 
application	 results	 in	 gross	 debridement,	 lubrication,	
dissolution	of	 tissues,	 removal	of	 the	 collagen	 layer,	 and	
dehydration of the dentin10.	However,	it	was	observed	that	
the	NaOCl	solutions	can	not	remove	the	smear	layer	from	
the root canal walls completely11. Several	researchers12-16 
have	studied	the	role	of	NaOCl	in	dentin	permeability	and	
dentin adhesion. Depending on each testing method and 
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acid	 (maleic	 acid)	were	 found	 to	 be	 different	 from	other	
micrographs	(Fig	7).

On	 the	 other	 hand,	 after	 application	 of	 NaOCl	
alone	 on	 dentin	 surfaces,	 the	 effectiveness	 of	 NaOCl	
was	 found	 to	 be	 very	 weak	 on	 the	 removal	 smear	 layer	
(Figs.	 1	 and	 2).	 Following	 utilization	 of	 this	 irrigant,	
dentin	surfaces	were	covered	with	a	thin	smear	layer,	but	
orifices of tubules could still be distinguished (the score 
was	 not	 exactly	 1	 but	 slightly	 less).	 Acid	 application	
after	 NaOCl	 significantly	 enhanced	 the	 removal	 of	

Table 1: Groups (main and subgroups) used in the study.

Group 1

No application of  
5%	NaOCl

Group 1A 
 
37%	phosphoric	acid	is	applied	for	
15 seconds only

Group 1B

10%	citric	acid	+	3%	ferric	
chloride is applied for 15 sec.

Group 1C

10%	maleic	acid	is	applied	for	15	
seconds only

Group 2

5%	NaOCl	is	
applied

Group 2A

After	the	NaOCl	application,	37%	
phosphoric acid is applied for 15 
sec.

Group 2B

After	the	NaOCl	application,	
10%	citric	acid	+	3%	ferric	
chloride is applied for 15 sec.

Group 2C

After	the	NaOCl	application,	10%	
maleic acid is applied for 15 sec.

specific	composition	of	each	dentin	adhesive,	application	
of NaOCl upon etching may increase or decrease bond 
strengths14,17-21. Dentin is composed of approximately 
22%	 organic	 material	 by	 weight.	 Most	 of	 this	 organic	
structure	consists	of	collagen,	which	exerts	a	considerable	
contribution to the mechanical properties of dentin. 
Therefore,	 NaOCl	 has	 the	 possible	 ability	 to	 weaken	
dentine. Various forms of surface morphology changes 
may occur depending on the type of acid applied to dentin 
surfaces22-24.

The	aim	of	this	study	was	to	evaluate	morphological	
changes of dentin surfaces due to the application of 
various	acids	with,	or	without	utilization	of	NaOCl.

Materials and Methods

Non-carious	 human	 third	 molars,	 stored	 in	 distilled	
water	 after	 extraction,	 were	 used	 in	 this	 study.	 Dentin	
surfaces were prepared from the coronal middle-third of 
the teeth. A high-speed dental drill with a tapered diamond 
bur cooled by water was used to form 3 mm thick dentin 
discs. All of the dentin discs were then ground on 600 grit 
SiC paper to reduce their thickness to 1 mm and produce a 
smear layer.

The	 study	 was	 planned	 in	 2	 main	 groups,	 which	
were	 divided	 in	 1	 control	 and	 3	 subgroups	 related	 to	
application	of	different	 agents	on	dentin	 (Tab.	1).	 In	 the	
first	 group,	 only	 conditioning	 agents	 (37%	 phosphoric	

acid,	 10%	 citric	 acid	 +	 3%	 ferric	 chloride,	 10%	maleic	
acid)	 were	 applied	 on	 dentin	 surfaces.	 In	 the	 second	
group,	 5%	NaOCl	was	 applied	 for	 60	 seconds	 on	 all	 of	
the dentin surfaces and then rinsed with distilled water 
for	 5	 seconds.	After	NaOCl	 application,	 dentin	 surfaces	
were etched by the different conditioning agents in all of 
the subgroups - by acid gels for 15 seconds then washed 
with a water-air spray for 30 seconds. After surface 
applications,	all	of	the	specimens	were	placed	in	distilled	
water. The effects of the conditioning agents on dentine 
surfaces	 were	 evaluated	 by	 using	 SEM	 (Jeol	 6335	 F,	
Jeol	 Ltd.,	 Tokyo,	 Japan)	 under	 x2000	 magnification.	
The	 operating	 voltage	 for	 SEM	 observations	 was	 20kV	
at a working distance of 25 mm. SEM micrographs were 
scored blind for their effects on the smear layer. Scores 
from	0	 to	 4	were	 rated	 by	 3	 separate	 assessors,	 and	 the	
median score was used to produce a ranking order for the 
conditioning agents tested. The scoring system was based 
on that of Brannström et al25.

0	=	surface	completely	covered	with	thin	smear	layer,	
no	tubules	visible;

1	=	surface	covered	with	thin	smear	layer	but	orifices	
of	tubules	visible;	occasional	tubules	open;

2	=	smear	layer	partly	removed	and	orifices	of	most	
tubules open or partially open;

3	 =	 smear	 layer	 mainly	 removed,	 most	 tubules	
completely open;

4	=	smear	layer	completely	removed	and	peritubular	
dentin	 removed,	 resulting	 in	 increased	 size	 of	 tubular	
orifices.

Results

SEM micrographs of Group 1 and Group 2 are 
shown	 in	 figures	 1	 and	 2.	 In	 general,	 topographical	
views	 of	 dentin	 surfaces	 treated	 by	 only	 strong	 acids	
(phosphoric	 acid	 and	 ferric	 chloride/citric	 acid)	 revealed	
similar features at the same magnifications (Figs. 3 and 
5).	But	SEM	findings	of	dentine	surfaces	treated	by	weak	
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smear	 layer.	 When	 topographical	 appearances	 of	 dentin	
surfaces	were	evaluated,	 it	was	observed	 that	application	
of	 both	 phosphoric	 acid	 alone	 (Group	 1A	 -	 Fig.	 3)	 or	 in	
combination	 with	 NaOCl	 (Group	 2A	 -	 Fig.	 4)	 produced	
the	 same	 score	 of	 4.	 Similarly,	 in	 the	 group	where	 citric	
acid/ferric	 chloride	 were	 applied,	 the	 score	 was	 3,	

regardless	 NaOCl	 (Groups	 1B	 and	 2B	 -	 Figs.	 5	 and	 6).	
Since	maleic	 acid	 is	 weaker	 than	 the	 others,	 after	 using	
this	 conditioner	 alone	 (Group	 1C	 -	 Fig.	 7),	 the	 surface	
score	was	1.	However,	when	maleic	acid	was	applied	after	
NaOCl	 (Group	2C	 -	Fig	 8),	 topographical	 appearance	 of	
the surface was scored 2. 

Figure 1:  The non-treated dentin surface microphotograph Figure 2:    Dentine surface microphotograph when treated with 5% 
NaOCl 

Figure 3:  Dentine surface microphotograph when treated with 37% 
phosphoric acid only

Figure 4: Dentine surface microphotograph when treated with 5% 
NaOCl and 37% phosphoric acid
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views	 of	 this	 effectiveness	 are	 important	 to	 understand	
the micro-retention potential of dentin surface treated 
by	NaOCl.	 In	 addition	 to	 this,	 various	 acid	 solutions	 are	
used	before	restorative	procedures	and	they	are	applied	to	
dentin	 surfaces	 irrigated	with	NaOCl.	 For	 these	 reasons,	
investigating	 the	 effects	 of	 NaOCl/various	 acid	 solution	
combinations on dentin surfaces and confirmation of this 

Figure 5:  Dentine surface microphotograph when treated with 10% 
citric acid + 3% ferric chloride

Figure 6: Dentin surface microphotograph when treated with 5% NaOCl 
and 10% citric acid + 3% ferric chloride

Figure 7:  Dentine surface microphotograph when treated with 10% 
maleic acid only

Figure 8: Dentine surface microphotograph when treated with 5% 
NaOCl  and 10% maleic acid

Discussion

In	 this	 study,	 the	 effect	 of	NaOCl	 only	 or	NaOCl	 /
acid solution combinations on coronal dentin surfaces 
were	 evaluated.	 NaOCl	 is	 routinely	 used	 for	 irrigation	
during endodontic treatments. So the effect of this irrigant 
on organic structure of dentin and the ultra-structural 
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effect	by	SEM	microphotographs	is	interesting.	Although,	
NaOCl irrigant is applied only inside root canals during 
endodontic	 treatment,	 the	 solution	 affects	 lateral	 walls	
of the pulp chamber and dentin surfaces of the crown 
cavities	as	well.

Various acid solutions that are strong or weak 
are	 used	 for	 acid-etching	 procedures.	 For	 example,	
phosphoric acid and citric acid/ferric chloride etching 
solutions are strong acids but maleic acid is weak26,27. In 
addition	to	this,	demineralization	degree	of	acid	solutions	
changes	related	to	pH	levels	of	etching	solutions28-31. 

The results of this study showed that scores of dentin 
surfaces prepared by phosphoric acid or citric acid/ferric 
chloride remained similar regardless the application of 
NaOCl before acid etching (for phosphoric acid: score 4; 
for	citric	acid/ferric	chloride:	score	3).	But	ultra-structural	
views	 of	 dentin	 surfaces	 prepared	 by	 maleic	 acid	 and	
irrigated	 by	 NaOCl,	 or	 non-irrigated	 before	 were	 found	
to be different (score 2 for NaOCl with maleic acid and 
score	1	for	only	maleic	acid).	These	results	show	that	the	
application of NaOCl on dentin surface before etching 
procedure is more important for weak acids than for 
strong	 acids,	 because	 NaOCl	 irrigation	 enhances	 the	
etching effects of weak acids on dentin surfaces.

The	 results	 of	 previous	 studies	 showed	 that	
chemical	 irrigants,	 such	 as	 NaOCl,	 are	 commonly	 used	
as	 nonspecific	 proteolytic	 agents	 capable	 of	 removing	
organic material in endodontic treatment23,32. According 
to	 the	 studies	 about	 concentrations	 of	 NaOCl,	 5%	 was	
the	 most	 effective	 in	 killing	 bacteria	 established	 within	
dentinal	 tubules.	 Therefore,	 5%	 NaOCl	 is	 generally	
preferred as an endodontic irrigant during root canal 
treatments33-35.

After	 endodontic	 treatment,	 generally,	 there	 is	
a	 significant	 amount	 of	 hard	 tissue	 loss	 and	 adhesive	
systems	 may	 be	 more	 advantageous	 in	 these	 cases.	
Preparation of tooth surfaces after root canal treatments 
is important to obtain appropriate dentine surface for 
successful hibridization.

NaOCl application also results in destruction of 
microorganisms,	 dissolution	 of	 tissues,	 removal	 of	 the	
collagen	layer,	and	dehydration10.	On	the	other	hand,	dentin	
contains	 22%	 organic	 material,	 mainly	 collagen	 type	 I,	
which	plays	a	major	mechanical	role36,	and	it	was	reported	
that depletion of the organic phase after NaOCl treatment 
may cause mechanical change37.	 Even	 though,	 the	 ultra-
structural	 views	 and	 scores	 of	 the	 dentin	 surfaces	 treated	
by NaOCl and etched with strong acids (phosphoric acid 
or	 citric	 acid/ferric	 chloride)	were	 found	 to	 be	 practically	
the	same,	mechanical	properties	of	dentin	surfaces	irrigated	
by NaOCl might be weaker than non-irrigated groups38. 
However,	 different	 scores	 were	 obtained	 for	 maleic	 acid	
groups depending upon NaOCl irrigation (score 2 for 

irrigated	 group	 and	 score	 1	 for	 non-irrigated	 group).	 But	
acid-etching with weak acid after NaOCl irrigation did 
not	 cause	 any	 destruction	 on	 dentin	 surface	 (score	 2).	
According	 to	 the	 results	 of	 the	 present	 study,	 it	 can	 be	
speculated that although mechanical changes of dentin 
surface	 occur	 due	 to	 NaOCl	 irrigation,	 the	 additional	
negative	effects	of	weak	acids	on	mechanical	properties	of	
dentin surfaces can be less than strong acids.  

Yiu et al39 reported that sodium hypochlorite 
remained within the porosities of mineralized dentin 
after its application during root canal treatment. This 
residual irrigant solution in mineralized dentin may 
cause the diffusion of etching solutions to deeper layers 
of	mineralized	 tissue,	 so	 etching	 solutions	may	 be	more	
effective	on	mineralized	structure.

It is known that phosphoric acid or citric acid/ferric 
chloride	 etching	 agents	 are	 effective	 on	 dentin	 tissue	 and	
they can create suitable conditioned surfaces for successful 
bonding between resin and dentin29,40. In	 this	 study,	
scores	 of	 dentin	 surfaces	 (irrigated	 or	 non-irrigated)	 and	
etched by these acids were found to be almost the same 
(score 4 for phosphoric acid and score 3 for citric acid/
ferric	 chloride).	According	 to	 these	 results,	 it	 can	 also	be	
speculated that NaOCl application does not decrease the 
bonding	strength	between	adhesives	and	dentin	surfaces.	

In	previous	 studies,	 it	was	 found	 that	5%	of	NaOCl	
produced significantly large reductions in resin-dentin 
bond strengths especially for dentin surfaces etched by 
phosphoric acid or citric acid/ferric chloride35,41-44. On 
the	 other	 hand,	 Öztürk	 and	 Özer41 reported that after 
NaOCl	 application	 on	 dentin	 surfaces,	 self-etching	
bonding systems with low pH45,46 were more successful 
than the other systems with high pH in bonding to 
dentinal	wall.	Accordingly,	adhesive	systems	that	contain	
weak acids or low acidulated primers are more suitable 
alternatives	 for	 the	preparation	of	 dentin	 surfaces	 treated	
with NaOCl38.	When	 strong	 acids	 are	 applied	 on	 dentin	
surfaces	 after	NaOCl	 irrigation,	more	 destruction	 can	 be	
created.	 This	 has	 been	 confirmed	 by	 SEM	 observation,	
possibly due to residual irrigant solution in mineralized 
dentin39. Utilization of  weaker acids for conditioning 
dentin	 surfaces	 previously	 irrigated	 with	 NaOCl	 might	
be more suitable to obtain higher and more successful 
bonding strength between resin and dentin surfaces. 
Further in vitro	bonding	studies	are	necessary	to	evaluate	
effectiveness	 of	 various	 acids	 (strong,	 weak	 acids)	 on	
dentin surfaces irrigated with NaOCl.

Conclusion

	 If	an	acid	agent	will	be	used	on	teeth	previously	
treated	with	NaOCl,	weak	acids	 can	be	preferred	 to	 etch	
the dentin surfaces instead of strong acids. 
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SUMMARY
Fluoride-releasing restorative materials are often combined with 

topical fluoride application products in order to enhance fluoride 
effects. The purpose of this study was to determine the colour stability 
of 3 aesthetic fluoride-releasing restorative materials after application 
of 2 topical fluoride products. 15 disc shaped specimens were prepared 
for each restorative material and were divided into 3 groups. Topical 
fluorides were applied onto the specimens according to the manufacturer’s 
instructions. The procedure of fluoride application was repeated twice. 
Colour properties of all specimens were evaluated at baseline and 48 hours 
after topical fluoride application. Colour analysis was performed using the 
spectrophotometer and CIE L*a*b* method. 3 consecutive readings were 
recorded for each specimen and L*, a*, b* parameters and a mean number 
of readings were calculated.

According to the results, topical fluoride application products caused 
changes of colour properties in the examined materials, but these changes 
were clinically acceptable with the ΔΕ* value being below 3.3. In general, 
it can be concluded that fluoride application products can be safely used 
on the restorative materials without causing clinically significant colour 
changes.
Keywords: Restorative	materials,	fluoride-releasing;	Colour	stability
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Introduction

Aesthetic	 restorative	materials	 releasing	 fluoride	are	
widely	used	in	dentistry	because	they	have	the	advantages	
of	 caries	 prevention,	 inhibition	 of	 tooth	 demineralization	
and enhancing the remineralizing potential1,2. They are 
mainly used for fillings in children and in elderly patients 
with	high	caries	 risk.	Conventional	glass	 ionomers,	 resin	
modified	 glass	 ionomers,	 poly-acid	 modified	 composite	
resins	 (compomers),	 composite	 resins	 releasing	 fluoride	
and giomers (composites with Pre-Reacted Glass ionomer 
fillers	 -	PRG)3 are referred as aesthetic fluoride-releasing 
restorative	 materials4.	 Often,	 fluoride	 released	 from	
restorative	 materials	 is	 not	 enough	 for	 caries	 prevention	
and additional topical application of fluoride-containing 
products is desirable1,5.	 Topical	 fluorides	 provide	

additional protection against dental caries and they are 
also	used	in	cervical	sensitivity	treatment.	Fluoride	topical	
application products are applied on both tooth structure 
and	restorative	materials	surface	and	thus	they	may	affect	
the colour of aesthetic restorations.

The	 products	 available	 for	 topical	 fluoridation	
include	 gels,	 varnishes	 and	 foams.	 Fluoride	 gels	 are	
divided	 into	 those	 with	 acidulated	 phosphate	 fluorides	
(APF),	 which	 contain	 1.23%	 or	 12,300	 ppm	 of	 fluoride	
ions,	 and	 those	 with	 2%	 sodium	 fluoride	 (NaF),	 which	
contains	 0.90%	 or	 9,050	 ppm	 of	 fluoride	 ions.	 Fluoride	
varnishes	 usually	 contain	 5%	 sodium	 fluoride,	 which	 is	
equivalent	to	2.26%	or	22,600	ppm	of	fluoride	ions6.

While	 tooth-coloured	 materials	 provide	 successful	
aesthetic	 dental	 restorations,	 unacceptable	 colour	 match	
or	staining	are	major	reasons	to	replace	anterior	fillings7. 
Intrinsic factors due to physicochemical reactions in the 



Table 1. Names and characteristics of the tested fluoride-
releasing restorative materials

Restorative	
material Manufacturer Type Shade

KetacFil 
Plus Aplicap

3M	ESPE,	St.	
Paul,	MN,	USA

Conventional	glass	
ionomer	cement,	
encapsulated

Α3

Fuji	II	LC	
Capsules

GC	America,	
Alsip,	IL,	USA

Resin modified glass 
ionomer cement Α3

Beautifil II Shofu	Inc.,	
Kyoto,	Japan

Giomer containing 
Surface Pre-Reacted 
Glass ionomer fillers 
(PRG)

Α3

45	 disc	 shaped	 specimens	 (15	 of	 each	 restorative	
material),	 10mm	 in	 diameter	 and	 2mm	 in	 height	 were	
prepared	 in	 split	 Teflon	 moulds,	 pressed	 between	
transparent	 plastic	 strips	 and	 glass	 slabs,	 to	 obtain	 a	
uniformly smooth specimen surface. The materials 
were manipulated and polymerized according to the 
manufacturers’	 instructions.	 A	 Satelec	 Mini	 LED,	
(KaVo	Dental	GmbH,	wavelength	420	 -	 480	mm,	output	
1.100	 mW/cm2)	 was	 used	 to	 polymerize	 the	 light	 cured	
materials	(GC	Fuji	II	LC	and	Beautifil	II).	The	specimens	
made of chemically polymerized glass ionomer cement 
(KetacFil	Plus)	were	left	for	recommended	period	of	time	
(7	minutes	from	the	start	of	mixing)	to	complete	chemical	
polymerization.	After	that,	the	upper	side	of	all	specimens	
was polished using silicon carbide and aluminium oxide 
polishing	 disks	 (Super-Snap	 Singles	 Standard,	 Shofu	
Inc,	Kyoto,	 Japan),	 starting	with	coarse	discs	and	ending	
with	extra	fine	discs.	After	polishing,	the	specimens	were	
stored in distilled water for 24 hours.

The	 specimens	 of	 each	 material	 were	 divided	
into	 3	 groups	 (5	 specimens	 in	 each	 group).	 Fluoride	
varnish	 Duraphat	 was	 applied	 to	 the	 specimens	 of	 the	
first	 group	 for	 4	minutes,	C-Care	 gel	was	 applied	 to	 the	
specimens	of	 the	second	group	for	60	seconds,	while	 the	
specimens of the third group were used as control and 
remained in distilled water during the whole duration 
of	 the	 experiment.	 After	 the	 recommended	 time,	 the	
specimens treated with fluoride applications were brushed 
and	 rinsed	 to	 completely	 remove	 fluoride	 products	 and	
afterwards	 they	were	 immersed	 in	 distilled	water	 for	 48	
hours. Then the fluoride application was repeated and 
the specimens were immersed in new distilled water for 
additional	 48	 hours.	 All	 procedures	 were	 performed	 by	
a	 single	 operator.	 Colour	 properties	 of	 all	 specimens,	
including	 control	 group,	 were	 evaluated	 24	 hours	 after	
manufacturing	 (baseline)	 and	 48	 hours	 after	 each	 topical	
fluoride application.

Colour analysis was performed using the scientific 
spectrophotometer	Shimadzu	UV-2401	PC	Series	Uv-VIS	
and the method CIE L*a*b*. The specimens were inserted 

deeper	 portions	 of	 the	 restoration	 or	 extrinsic	 factors,	
such	 as	 absorption	 or	 accumulation	 of	 stains,	 can	 cause	
discoloration8.	 The	 development	 of	 colorimetry	 has	
facilitated	study	related	to	colour	stability,	enabling	one	to	
identify particular colour science parameters9.

Colour measurement in dentistry is usually 
represented	 by	 the	 CIE	 (1976)	 L*a*	 and	 b*	 colour	
formula. L* refers to the lightness or whiteness 
coordinate,	 with	 a	 value	 range	 from	 100	 (perfect	 white)	
to	 zero	 (perfect	 black).	 The	 parameters	 a*	 and	 b*	 are	
chromaticity,	 or	 colour	 coordinates	 on	 the	 red-green	
axis	 and	 the	 yellow-blue	 axis,	 respectively.	 Positive	 a*	
values	signify	red	and	negative	a*	values	represent	green;	
similarly,	 positive	 b*	 values	 signify	 the	 yellow	 axis	 and	
negative	b*	values	represent	the	blue	axis10. 

The CIE L*a*b* can be used to calculate the colour 
difference	between	2	objects	by	ΔE*	value,	which	is	given	
by	 the	 formula:	ΔE*ab	 =	 [(ΔL*)2	 +	 (Δa*)2	 +	 (Δb*)2]1/2,	
where	 ΔL*,	 Δa*	 and	 Δb*	 are	 the	 differences	 between	
the parameters of 2 samples. Spectrophotometers can be 
used	 to	 evaluate	 in	 vitro	 colour	 changes	 and	 represent	 a	
subjective	 interpretation	 of	 visual-colour	 comparison9. 
However,	 not	 all	 colour	 differences	 are	 visually	
perceptible.	Studies	 in	 the	dental	 literature	have	 reported	
that	when	ΔΕ*	values	range	between	ΔΕ*>1	and	ΔΕ*<3.3,	
the	colour	difference	is	not	perceived	by	the	human	sense	
of sight under ideal lighting conditions and therefore is 
not	 clinically	 significant,	 whereas	 ΔΕ*>	 3.3	 has	 been	
reported as clinically significant and unacceptable11-14.

The purpose of this study was to determine the 
effect of 2 topical fluoride application products on colour 
stability	 of	 3	 aesthetic	 fluoride-releasing	 restorative	
materials. The null hypothesis tested was that topical 
fluoride application does not affect the colour of the 
materials.

Materials and Method

The	 restorative	 materials	 tested	 were	 the	 following	
(Tab.	 1):	 (1)	 a	 conventional	 glass	 ionomer	 cement	
(encapsulated)	 -	 KetacFil	 Plus	 Aplicap	 (3M	 ESPE,	
St.Paul,	 MN,	 USA);	 (2)	 a	 resin	 modified	 glass	 ionomer	
cement,	 Fuji	 II	 LC	 Capsules	 (GC	 America,	 Alsip,	 IL,	
USA);	 and	 (3)	 a	 giomer	 (resin	 composite	 containing	
surface	Pre-Reacted	Glass	 ionomer	 fillers	 -	PRG,	having	
the ability to constantly bind and release fluoride3), 
Beautifil	II	(Shofu	Inc,	Kyoto,	Japan).	The	topical	fluoride	
application	 products	 were:	 (1)	 Duraphat	 varnish	 -	 5%	
Sodium	 Fluoride	 (Colgate	 Oral	 Pharmaceuticals,	 New	
York,	 NY),	 recommended	 application	 time	 4	 minutes,	
and	 (2)	 C-Care	 gel	 -	 1,23%	APF	 -	 acidulated	 phosphate	
fluoride,	 pH	 3-4	 (Dental	 Line	 Ltd,	 Piraeus,	 Greece),	
recommended application time 60 seconds.
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Discussion

The	null	hypothesis	of	the	present	study	was	rejected	
since the analysis of the results showed that application of 
both	topical	fluoride	products	on	the	restorative	materials	
caused	 colour	 change,	 which	 varied	 according	 to	 the	
fluoride	 application	 product	 and	 the	 restorative	material.	
ΔΕ*	values	ranged	between	the	lowest	0.76	(after	the	first	
application	of	Duraphat	varnish	on	Fuji	II	LC	specimens)	
and	 the	 maximum	 3.00,	 after	 the	 second	 application	 of	
Duraphat	on	KetacFil	Plus	specimens	(Tab.	2).

As	 previously	 mentioned,	 colour	 difference	 values	
of	ΔΕ*<1	are	not	visually	perceptive.	When	values	range	
between	ΔΕ*>1	 and	ΔΕ*<3.3,	 the	 colour	 difference	 can	
not	 be	 perceived	 by	 the	 human	 sight	 even	 under	 ideal	
lighting	 conditions	 and,	 therefore,	 it	 is	 not	 clinically	
significant.	 On	 the	 other	 hand,	 value	 of	 ΔΕ*>3.3	 is	
reported as clinically significant and unacceptable.9-12 
According	to	this,	no	clinically	significant	changes	in	the	
colour	of	the	tested	restorative	materials	were	found	in	the	
present study after topical fluoride applications.

It may be pointed out though that the greatest colour 
difference was found in the specimens of KetacFil Plus 
(conventional	glass	 ionomer)	after	 the	second	application	
of	 Duraphat	 varnish	 (ΔΕ*	 =	 3,0038	 ±	 1,2584),	 as	 well	
as	 after	 the	 second	 application	 of	 the	 C-Care	 gel	 (ΔΕ*	
=	 2,8617	 ±	 0,9176).	 Taking	 into	 consideration	 standard	
deviations	 in	 above	 results,	 it	 could	 be	 assumed	 that	 the	
effect of both topical fluoride products in this specific 
filling material caused a colour change that might be 
visually	 perceptive	 and	 therefore	 may	 have	 clinical	
importance.

Statistically significant differences were found in 
change of colour of the samples after applying topical 
fluoride products as compared to the change of colour in 
the	control	group,	in	4	occasions:	the	first	and	the	second	
application	of	Duraphat	on	Beautifil	II	specimens,	and	the	
second application of Duraphat and C-Care on KetacFil 
Plus specimens. These occasions were in accordance 
with	 the	 greatest	ΔΕ*	 values,	 confirming	 that	 there	 was	
a	 colour	 change	 indeed.	 Nevertheless,	 only	 in	 the	 case	
of KetacFil Plus the colour change might be clinically 
important.

Among	the	examined	materials,	the	one	that	showed	
the maximum colour changes after topical fluoride 
application	 was	 the	 conventional	 glass	 ionomer	 cement	
KetacFil	 Plus,	whereas	 the	 resin	modified	 glass	 ionomer	
Fuji	 II	 LC	 showed	 the	 minimum	 colour	 changes.	 This	
could be attributed to the different chemical composition 
of	 the	 materials	 and,	 consequently,	 the	 different	
physicochemical properties. Staining by absorption is 
one of the extrinsic factors producing discoloration. 
The composition and size of the filler particles affect 
both surface smoothness and susceptibility for extrinsic 
staining15.	 Relative	 susceptibility	 of	 glass	 ionomer	
for staining could be attributed to the porosity of 

into the scientific spectrophotometer and using a black 
background	3	consecutive	readings	were	taken	from	each	
specimen;	L*,	a*	and	b*	parameters	and	a	mean	value	of	
readings were calculated. Before each measurement the 
spectrophotometer	 was	 calibrated	 to	 a	 white	 standard,	
which consisted of a pressed powder tablet of barium 
sulphate according to the manufacturer’s instructions. 

The statistical analysis was performed with the 
minimum,	 maximum,	 median,	 mean	 and	 standard	
deviation.	In	addition,	a	95%	confidence	interval	was	used.	
The	control	for	adjusting	the	normal	distribution	was	done	
with	the	Shapiro-Wilk	test	and	the	review	for	homogeneity	
of	dispersions	was	made	with	Levene’s	test	of	equality	of	
variances.	The	 study	 of	 statistically	 significant	 difference	
between control specimens and specimens with application 
of fluoride preparations was done with the 2-sample 
parallel	 design	 with	 Mann-Whitney	 U	 test.	 The	 analysis	
was performed with the SPSS 16.0 software package 
(SPSS	Inc.,	Chicago,	IL,	USA)	and	the	level	of	statistical	
significance	for	all	tests	was	set	at	p<0.05.

Results

The	mean	ΔΕ*	values	 and	 standard	deviations	 (SD)	
of	all	specimens	of	the	examined	materials,	after	the	first	
and	 second	 fluoride	 application,	 are	 presented	 in	 table	
2.	 Fuji	 II	 LC	 specimens	 showed	 the	 lowest	 ΔΕ*	 value	
(0.76	 ±	 0.31)	 after	 the	 first	 application	 of	 the	 Duraphat	
varnish,	 while	 the	 highest	ΔΕ*	 value	 (3.00	 ±	 1.25)	 was	
recorded for KetacFil Plus specimens after the second 
application	 of	 Duraphat	 varnish.	 Statistically	 significant	
differences	 (p<0.05)	 of	ΔΕ*	 values	 were	 found	 between	
control measurements and measurements after fluoride 
applications	(Tab.	2).

Table 2. ΔΕ* mean values (n=5) and standard deviation (SD) 
after 1st and 2nd application of the topical fluoride products

Beautifil II
1st	application	ΔΕ*	(SD) 2nd	application	ΔΕ*	(SD)

Control
Duraphat
C-Care

0.75	(0.54)
2.75	(0.86)*
0.99	(0.73)

0.75	(0.59)
2.16	(0.59)*
1.74	(0.96)

Fuji	II	LC
1st	application	ΔΕ*	(SD) 2nd	application	ΔΕ*	(SD)

Control
Duraphat
C-Care

0.26	(0.09)
0.76	(0.31)
1.99	(1.06)

0.34	(0.15)
0.86	(0.65)
1.70	(0.97)

KetacFil Plus
1st	application	ΔΕ*	(SD) 2nd	application	ΔΕ*	(SD)

Control
Duraphat
C-Care

1.04	(0.39)
1.73	(0.86)
1.94	(0.70)

1.26	(0.45)
3.00	(1.25)*
2.86	(0.91)*

*	statistically	significant	(p<0.05)
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most	cases	ΔE*	values	were	 less	 than	3.3,	except	 for	 the	
composite	 resin	 TPH	 Spectrum	 when	 Duraphat	 varnish	
was	applied	and	ΔΕ*	value	was	5.4,	which	is	a	clinically	
significant	colour	change.	However,	when	FluorProtector	
varnish	 was	 used,	 no	 effect	 on	 the	 colour	 of	 any	
restorative	material	was	observed.

Autio-Gold et al21 evaluated	 the	 colour	 stability	 of	
composite	 resins	 Z-100,	 Esthet-X	 and	 a	 conventional	
glass	 ionomer	 Fuji	 IX	 GP	 after	 application	 of	 fluoride	
varnishes	 Duraphat,	 Cavity	 Shield,	 Duraflor	 and	 Fluor	
Protector by the CIE L*a*b* formula. They found that 
Duraphat	 varnish	 caused	 significant	 changes	 in	 all	 the	
tested	materials,	with	ΔE*	 ranging	between	values	1	and	
3,	 changes	 that	 the	 authors	 considered	 to	 be	 clinically	
acceptable.

From the results of this study it can be concluded 
that fluoride applications can cause colour changes in 
aesthetic	 fluoride-releasing	 restorative	 materials,	 which	
can be recognized by special measurement techniques 
such	 as	 spectrophotometer,	 but	 not	 visually	 perceptible	
and	 clinically	 acceptable.	 Therefore,	 topical	 fluorides	
tested in this study can be safely used as far as the colour 
stability	 of	 tested	 fluoride-releasing	 restorative	 materials	
is concerned.
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SUMMARY
The aim of this study was to evaluate the effectiveness of a new 

medicinal plant extract (Ankaferd Blood Stopper®, ABS) on the healing 
process of aphthous ulcers. A total of 50 patients with recurrent aphthous 
stomatitis (RAS) who have had currently a single oral ulcer in the mouth 
were included in the study. Patients were randomly divided in 2 groups: ABS 
group and Kenacort group (triamcinolone acetonid). Data were collected 
by questionnaire regarding age, gender, RAS history including the number 
of ulcer episodes in 1 month, the number of ulcers in each episode, mean 
healing time of previous ulcers and the mean disease duration. Ulcer size, 
ulcer related pain, evaluated by VAS and effectiveness index (EI), was noted 
in each clinical examination.

In the present study, no significant differences were seen in 
demographic and RAS related data between the 2 groups. In ABS and 
Kenacort group, the mean ulcer size and VAS scores were statistically 
reduced at day 3 and day 7 compared to baseline values, yet no significant 
difference was observed between the 2 groups in these time points. The 
effects of ABS in RAS treatment were found similar to that of Kenacort-A 
orabase cream in this study. Since our study is a preliminary one, additional 
studies with larger number of subjects, investigating the antibacterial and 
immunologic effect of this unique medicinal product will help to understand 
the treatment mechanism of ABS and evaluate clinical benefits and any 
possible adverse effects of the application of ABS spray.
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Introduction

Recurrent	 aphthous	 stomatitis	 (RAS)	 is	 one	 of	 the	
most common oral mucosal diseases. It is characterized 
by painful recurrent single or multiple ulcerations of 
oral	mucosa	with	a	frequency	of	up	to	5-25%3. Based on 
the	 size	 and	number	of	 ulceration,	 3	 subtypes	have	been	
classified:	minor	 aphthous	 ulcers,	 major	 aphthous	 ulcers	
and herpetiform ulcers4. 

Although	RAS	represents	a	very	common	oral	lesion,	
its	 etiology	 is	 unknown.	 Many	 factors,	 such	 as	 local	
trauma,	 stress,	 immunodeficiency,	 infection,	 systemic	
diseases,	 haematopoietic	 deficiency,	 allergic	 agents	 and	

hormonal changes might play a role in the pathogenesis 
of RAS16. Since	etiology	is	unknown,	no	curative	therapy	
is	 available	 at	 present.	 Some	 medications	 including	
topical	and	systemic	agents	can	be	applied	to	relieve	pain,	
alleviate	 inflammation,	 accelerate	 healing	 and	prevent	 or	
reduce recurrence. Although most systemic medications 
are	 effective,	 they	 are	 limited	 due	 to	 their	 side	 effects.	
Therefore	 topical	 agents,	 including	 glucocorticoids,	
antibiotics,	 analgesics,	 and	 laser	 therapy	 are	 prominent	
options in the treatment of RAS3,15.

Ankaferd	 Blood	 Stopper®	 (ABS)	 is	 a	 unique	
folkloric	 medicinal	 plant	 extract,	 which	 has	 been	 used	
as a haemostatic agent. ABS comprises a standardized 
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All the patients were instructed to rinse their 
mouth with tap water prior to administration of the 
agents and strictly warned not to use any other products 
for	 prevention	 or	 treatment	 of	 aphthous	 ulcers	 while	
participating	in	this	study.	In	the	ABS	group,	patients	were	
instructed to apply ABS pump spray for 2 pumps to the 
appointed	ulcer,	3	times	a	day	for	7	days.	In	the	Kenacort	
group,	 patients	 applied	 Kenacort-A	 orabase	 cream	
over	 the	 ulcer	 surface	 3	 times	 a	 day	 for	 7	 days.	 It	 was	
recommended not to eat or drink anything for 30 minutes 
after application of the agents in both groups.

Subjects	were	informed	that	there	is	no	conventional	
scientific	 study	 supporting	 the	ABS	 as	 a	 treatment,	 but	
clinical experiences suggest that it plays a role in tissue 
healing	and	reduction	 in	pain.	All	patients	were	given	an	
oral explanation and detailed informed consent form was 
signed by patient according to the Helsinki declaration.

Evaluation of Ulcer Size
Ulcer size was measured at maximum and minimum 

diameters of the ulcer by using a calibrated periodontal 
probe. The clinical examinations were carried out at 
the	 initial	 visit	 (day	 0),	 day	 3	 and	 day	 7,	 as	 described	
previously12. The 2 measurements were multiplied to 
calculate surface area of the ulcer (mm2).

Evaluation of Pain
To	 evaluate	 pain,	 a	 visual	 analogue	 scale	 (VAS)	

consisting of a 10-cm horizontal line between the poles 
of “no pain” to “unbearable pain” was used. Patients were 
told	to	mark	the	line	with	a	vertical	mark	at	the	point	that	
best	represented	the	present	pain	level	of	the	ulcer,	at	days	
0,	 3	 and	 7.	At	 the	 end	 of	 therapy,	 all	 patients	were	 also	
asked	 to	 self-report	 any	 adverse	 effects	 of	 ABS	 pump	
spray or Kenacort-A orabase cream.

Evaluation of Effectiveness Index
An	 effectiveness	 index	 (EI)	 of	 the	 ulcer	 was	

calculated with the following formula (with V3 and V7 
referring	to	the	values	measured	at	days	3	and	7,	and	V1	
referring	to	the	baseline	value	measured	at	day	0):	

EI	(%)	=	[(V1-V3	or	V7)	  V1] x 100.
Effectiveness	 indices	 were	 evaluated	 on	 a	 4-rank	

scale:
1)	Healed;	EI	≥95%
2)	Marked	improvement;	EI	≥70%	to	<95%
3)	Moderate	improvement;	EI	≥30%	to	<70%
4)	No	improvement;	EI	<30%.
Marked improvement rate	(MIR)	referred	to	EI	1+2	

(EI	 ≥	 70%)	 and	 improvement rate	 (IR)	 referred	 to	 EI	
1+2+3	(EI	≥	30%)12.

Statistical Analysis
Unpaired-t test as non-parametric test was performed 

to	 compare	 group	 differences	 in	 healing	 time	 of	 ulcer,	
ulcer	 size	 and	 pain	 level	 since	 the	 number	 of	 patients	

mixture of 5 different plants - Thymus vulgaris, 
Glycyrrhiza glabra, Vitis vinifera, Alpinia officinarum 
and Urtica dioica7,8. Each of these plants has some 
effects	 on	 the	 endothelium,	 blood	 cells,	 angiogenesis,	
cellular	 proliferation,	 vascular	 dynamics	 and	 cell	
mediators;	however,	the	basic	mechanism	of	action	for	the	
haemostatic effects of ABS is currently unknown14,20,22. In 
a recent study it was mentioned that ABS might increase 
healing and decrease inflammation in bone healing in an 
animal model10.	 Yet,	 there	 is	 no	 information	 about	 the	
effects of ABS on soft tissue in oral medicine.

Therefore,	 the	 aim	 of	 this	 study	 was	 to	 evaluate	
effectiveness	 of	 ABS	 on	 healing	 process	 of	 aphthous	
ulcers.

Materials and Methods

Study Design
Data were collected by questionnaire regarding 

age,	 gender,	 RAS	 history	 including	 the	 number	 of	
ulcer	 episodes	 in	 1	month,	 the	 number	 of	 ulcers	 in	 each	
episode,	the	mean	healing	time	of	previous	ulcers	and	the	
mean	disease	duration.	Ulcer	 size	 and	ulcer	 related	pain,	
evaluated	by	VAS	and	effectiveness	index	(EI),	was	noted	
in each clinical examination.

Patient Selection
A	 total	 of	 50	 patients	 with	 RAS	 (F/M:	 27/23,	 mean	

age:	 35.51±10.70/35.86±9.29	 years)	 who	 have	 had	
currently a single oral ulcer were included to standardize the 
evaluation	of	RAS	related	factors	in	the	study.	All	subjects	
were	 active	 during	past	 6	months.	Patients	were	 randomly	
divided	 in	2	groups:	ABS	group	 (folkloric	medicinal	 plant	
extract	 study	 group;	 ABS®	 Pump	 Spray,	 Immun	 Gida	
Ilac	 Kozmetik,	 Istanbul,	 Turkey),	 and	 Kenacort	 group	
(triamcinolone	 acetonid;	 Kenacort-A	 Orabase®	 Pomad,	
0,1%	Triamsinolon	 acetonid,	Bristol-Myers	Squibb	 Ilacları	
Inc.	 Istanbul,	 Turkey),	 which	 was	 the	 control	 group.	 In	
each group participated 25 in the study: the ABS group 
(n=25;	 M/F:11/14,	 mean	 age:	 34.36±8.75/32.78±11.04	
years)	and	the	Kenacort	group	(n=25;	M/F:12/13,	mean	age:	
37.25±9.93/	38.46±9.89	years).

The	 inclusion	 criteria	 for	 patients	were	 to	 be	 over	 18	
years	 old	 and	 to	 have	 1	 well-demarcated,	 painful	 ulcer	 in	
easily	 accessible	 area	 of	 the	mouth	 for	 less	 than	 48	 hours.	
The	 exclusion	 criteria	 were	 the	 presence	 of	 local	 trauma,	
infection	 and	 systemic	 disease	 regarding	 haematological,	
gastrointestinal or dermatological diseases in which RAS 
may	 be	 a	 part	 of	 their	 clinical	 presentation.	 In	 addition,	
patients	 who	 received	 any	 medication	 for	 RAS	 treatment	
including	 systemic	 steroids,	 vitamins,	 antibiotics,	 oral	
retinoids	or	immuno	modulatory	agents	within	3	months,	and	
alcohol	and	smoking	users,	were	excluded	from	the	study.
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Table 1. Summary of ulcer size reduction

Time 
point

ABS Group (mm2)
n:25

Kenacort Group (mm2)
n:25

p *

Day 0 10.89±3.12 10.14±2.88 0.381

Day 3 6.97±2.03 6.18±2.22 0.197

Day 7 1.98±2.31 2.28±1.72 0.309
*Student-t test was used in the analysis

In	 the	 ABS	 group,	 the	 mean	 ulcer	 size	 was	
statistically	reduced	at	day	3	(6.97±2.03	mm2)	and	day	7	
(1.98±2.31	 mm2)	 compared	 to	 baseline	 values	 (p=0.000	
p=0.008,	 respectively).	 Similar	 results	 were	 seen	 in	
the	 Kenacort	 group	 (day	 3:	 6.18±2.22	 mm2 and day 7: 
2.28±1.72	mm2)	(p=0.000	p=0.021,	respectively).	Yet,	no	
significant	difference	was	observed	between	the	groups	in	
these	time	points	(p=0.197	and	p=0.309,	respectively).

When	 the	 EI	 in	 ulcer	 size	 reduction	was	 evaluated,	
in	the	ABS	group,	MIR	and	IR	were	0%	and	80%	at	day	
3	and	80%	and	100%	at	day	7,	whereas	MIR	and	IR	were	
0%	and	76%	at	day	3	and	64%	and	100%	at	day	7	in	the	
Kenacort group. No significant difference was found 
between	the	groups	(Tab.	2).

was less than 30. Paired-t test was used to compare the 
differences	 of	 ulcer	 size	 and	 pain	 level	 according	 to	
different time points in each group. Chi-square test was 
used	 to	 evaluate	 the	 effectiveness	 index.	 (SPSS	 12.0	
for	 Windows;	 SPSS,	 Chicago,	 IL).	 P	 value	 of	 <0.05	
was	 considered	 to	 be	 statistically	 significant	 at	 95%	
confidence	interval.

Results

In	 the	present	 study,	 no	 significant	 differences	were	
seen	 in	 age	 and	 gender	 between	 groups.	 Before	 study,	
baseline RAS data including the number of ulcer episodes 
in	 1	 month,	 the	 number	 of	 ulcers	 in	 each	 episode	 and	
the	 mean	 healing	 time	 of	 previous	 ulcers	 were	 similar	
in	 both	 groups	 (ABS:	 1.56±0.50;	 1.32±0.47	 ;	 7.63±1.87	
day	 respectively,	 vs.	 Kenacort:	 1.48±0.50;	 1.36±0.48;	
7.87±2.65	 day)	 (p=0.58,	 p=0.77	 p=0.85,	 respectively).	
The mean disease duration was 6.70+6.72 years in the 
ABS group and 6.30+6.11 years in the Kenacort group 
(p=0.82).	 In	 addition,	 the	 mean	 baseline	 ulcer	 size	 was	
similar	in	the	ABS	(10.89±3.12	mm2)	and	in	the	Kenacort	
group (10.14+2.88	mm2)	 (p=0.381).	At	 day	 3	 and	 7,	 no	
statistically significant difference in ulcer size was found 
between	the	groups	(Tab.	1).

Table 2. Effectiveness index in ulcer size reduction

Day 3 Day 7

ABS Group
n:25

Kenacort Group
n:25

ABS Group
n:25

Kenacort Group
n:25

(1)	Heal 0 0 10 6

(2)	Marked	Improvement 0 0 10 10

(3)	Moderate	Improvement 20 19 5 9

(4)	No	Improvement 5 6 0 0

p * 0.733 0.343

Marked	Improvement	Rate	[(1)+(2)	(EI	≥	70%)] 0% 0% 80% 64%

Improvement	Rate
[(1)+(2)+(3)	(EI	≥	30%)] 80% 76% 100% 100%

*Chi-square test was used in the analysis

Table 3. Summary of ulcer pain reduction

ABS Group
n:30

Kenacort Group
n:30

p*

VAS 0 7.56±1.08 7.96±1.30 0.244

VAS 3 5.56±1.41 5.68±1.10 0.740

VAS 7 1.40±1.38 1.84±1.37 0.265

*Student-t test was used in the analysis

Mean baseline VAS scores of the ABS group 
(7.56±1.08)	 and	 the	 Kenakort	 group	 (7.96±1.30)	 were	
similar	(p=0.244).	At	day	3	and	7,	no	statistically	significant	
difference in VAS scores was found between the groups 
(Tab.	3).

In	 the	 ABS	 group,	 the	 mean	 VAS	 score	 was	
statistically	 reduced	 at	 day	 3	 (5.56±1.41)	 and	 day	 7	
(1.40±1.38)	 compared	 to	 baseline	 values	 (p=0.000	 and	
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In	 the	ABS	 group,	MIR	 and	 IR	were	 0%	 and	 28%	
at	day	3	and	84%	and	100%	at	day	7,	whereas	MIR	and	
IR	were	0%	and	44%	at	day	3	and	64%	and	100%	in	the	
Kenacort group. No significant difference was found 
between	the	groups	(Tab.	4).

p=0.000,	 respectively).	 Similar	 results	 were	 seen	 in	 the	
Kenacort	group	(day	3:	5.68±1.10	and	day	7:	1.84±1.37).	
But	 no	 significant	 difference	 was	 observed	 between	
the	 groups	 in	 these	 time	 points	 (p=0.740	 and	 p=0.265,	
respectively).

Table 4.  Effectiveness index in ulcer pain reduction

Day 3 Day 7
ABS Group

n:25
Kenacort Group

n:25
ABS Group

n:25
Kenacort Group

n:25

(1)	Heal 0 0 8 6
(2)	Marked	Improvement 0 0 13 10

(3)	Moderate	Improvement 7 11 4 9

(4)	No	Improvement 18 14 0 0
p* 0.189 0.273

Marked	Improvement	Rate	[(1)+(2)	(EI	≥	70%)] 0% 0% 84% 64%

Improvement	Rate
[(1)+(2)+(3)	(EI	≥	30%)] 28% 44% 100% 100%

* Chi-square test was used in the analysis

According to the patients’ remarks no side effects 
were	seen	in	both	groups.	Yet,	some	difficulties	were	seen	
in the usage of agents. Patients had an unpleasant bitter 
taste and extrinsic staining of the teeth in ABS group 
while the adherence of Kenacort-A orabase cream to ulcer 
surface was the main problem during the application in 
Kenacort group.

Discussion

The	 present	 study	 was	 designed	 to	 evaluate	 the	
effects of ABS on tissue healing of RAS. Control group 
was composed of Kenacort-A orabase cream (a topical 
steroid	 cream;	 0,1%	 Triamsinolon	 asetonid)	 which	
is	 an	 extensively	 used	 topical	 steroid	 agent	 for	 RAS	
treatment. Placebo group was not used in this study 
design	 as	 it	 should	 be	 unethical.	 Evaluation	 of	 ulcer	
size	 as	 an	 objective	 index	 and	 pain	 level	 as	 a	 subjective	
index in RAS were used in the study. Since no significant 
difference	 was	 observed	 between	 groups	 according	 to	 3	
different	 time	 points,	 similar	 effects	 were	 obtained	 by	 2	
different treatment modalities.

ABS is a standardized extract from the following 
plants: Thymus vulgaris, Glycyrrhiza glabra, Vitis 
vinifera, Alpinia officinarum,	 Urtica dioica and the 
antibacterial	activity	of	these	plants	has	been	investigated	
previously7,23. Thus Thymus vulgaris has shown 
bacteriostatic	 activity	 for	 Gram	 positive	 and	 Gram	
negative	 bacteria13 as well as Glycyrrhiza glabra, Vitis 

vinifera and Alpinia officinarum have	 been	 shown	 to	 be	
antibacterial6,	 with	 Urtica dioica being endowed with 
noticeable	 antibacterial	 activity	 against	 Streptococcus	
pyogenes,	 Staphylococcus	 aureus	 and	 Staphylococcus	
epidermidis11. Each of these plants has some effects 
on	 cellular	 proliferation,	 blood	 cells,	 endothelium	 and	
vascular	dynamics20.

ABS	 as	 a	 medicinal	 product	 has	 been	 approved	 in	
the management of external haemorrhage and dental 
surgery bleedings based on the safety and efficacy 
reports indicating its sterility and non-toxicity9. ABS 
successfully	 control	 bleeding	 related	 to	 dental	 treatment,	
can	give	 the	dental	profession	more	 time	and	confidence	
during surgery. It is useful not only for local hemostasis 
in	periodontal	surgery	and	dental	extractions,	but	also	for	
wound	healing	and	prevention	of	infections5.

Isler et al10	 investigated	 the	effects	of	ABS	on	early	
bone healing in a rat model. The conclusion was reached 
that defects treated with ABS showed more intense new 
bone	 formation	 and	 less	 occurrence	 of	 necrosis,	 which	
may be related to the increased speed of healing and 
decreased	 inflammation,	 associated	 with	 the	 antioxidant	
activity	 of	 the	 components	 of	 the	 ABS.	 Akbal	 et	 al1 
designed	an	experimental	study	to	show	the	effectiveness	
of ABS in enhancing mucosal healing and suppressing 
stricture	formation	caused	by	caustic	oesophageal	injuries.	
The results of that experimental study showed that oral 
ABS	 application	 prevents	 inflammation,	 scar	 formation,	
weight	loss	and	mortality	in	oesophageal	caustic	injuries.

RAS is one of the most common oral mucosal 
disease,	 has	 been	 studied	 for	 many	 years	 by	 numerous	
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found	between	 the	groups	at	days	3	and	7.	However,	 the	
mean	ulcer	size	was	statistically	reduced,	both	in	ABS	and	
Kenacort	 group,	 at	 days	 3	 and	 7	 and	 these	 results	 show	
that	both	agents	were	effective	in	ulcer	healing.	MIR	and	
IR were also similar in both groups at days 3 and 7.

Although ABS significantly reduced ulcer size 
and	 alleviated	 ulcer	 pain,	 the	mechanism	 is	 still	 unclear.	
Given	the	broad	biological	composition	of	 the	substance,	
different theories can be probable. If the infectious agents 
are considered a cause of RAS than the antibacterial 
effects	 and	 bacteriostatic	 activity	 of	 ABS	 might	 be	 the	
therapeutic mechanism. If the immune or inflammatory 
factors	 are	 important	 in	 RAS	 etiology,	 than	 the	 anti-
inflammatory properties of some extracts included in ABS 
might	be	the	effective	mechanism.

Combination of these plants in ABS appears to 
provide	a	unique	composition	 for	 tissue	oxygenation	and	
physiological haemostatic process. The effects of ABS 
on	 the	 endothelium,	 blood	 cells,	 angiogenesis,	 cellular	
proliferation,	 vascular	 dynamics	 and	 cellular	 mediators	
should	 be	 further	 investigated	 in	 order	 to	 determine	 its	
potential role in many pathological states and oral mucosa 
healing.

In	 conclusion,	 the	 effects	 of	 ABS	 spray	 in	 RAS	
treatment was found similar to that of Kenacort-A 
orabase cream. 2 medications decreased the ulcer size and 
pain	 suffering	 in	 same	 manner.	 ABS	 spray	 provides	 an	
alternative	management	of	RAS	as	a	natural	product	when	
compared	with	Kenacort	and	may	be	used	effectively	and	
safely in RAS treatment. Since our study is a preliminary 
one,	 additional	 studies	 with	 larger	 number	 of	 subjects,	
investigating	 its	 antibacterial	 and	 immunologic	 effects,	
will help to understand the treatment mechanism of ABS 
and	 evaluate	 clinical	 benefits	 and	 any	 possible	 adverse	
effects of the ABS spray application.
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SUMMARY
 From all the methods applied in preventing dental caries, the most 
significant is the use of fluorides. Nowadays, 6 decades after its massive use, it 
can certainly be argued that it is the most efficient, cheapest and safest way of 
preventing dental caries, confirmed by more than 150 longitudinal studies. In 
order to determine the presence of fluorides in drinking water, in coordination 
with the Institute for Public Health of the FYR Macedonia in 2009, we conducted 
a research for determining the presence of fluorides in drinking water from the 
public water supply in the country.

The results from the research showed that concentration of fluorine in 
drinking water in our country is under 0.3ppm (0.3 mg per litre of water), 
which indicates a really low amount in accordance to the WHO standards. 
Optimal concentration was registered in only few water supply facilities 
in less settled areas, while hyper-fluorinated water was registered in few 
village wells, which were put out of use after they were located.
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Introduction

The	 massive	 use	 of	 fluorine	 in	 stomatology	
has started after a long period of clinical trials by 
which	 their	 efficiency	 in	 preventing	 dental	 caries	 was	
documented3,5,13,15.

The human organism is exposed to fluorides through 
3 ecological media: water, air and food.

Fluorides are mostly imported into human organism 
through drinking water1. Depending on geological 
conditions,	 concentration	 of	 fluorides	 in	 drinking	 water	
around	 the	 world	 varies	 from	 suboptimal,	 optimal	 to	
hyper-fluorinated. Around 126 million people in the USA 
consume	 fluoride-water	 through	 water	 supply	 facilities,	
and other 9 million drink naturally fluoride-water. The 
coverage	 of	 population	 drinking	 fluoride-water	 in	 the	
USA	is	65%9.

Fluorides in the air exist as the gas hydrogen 
fluoride.	In	polluted	industrial	areas,	this	gas	is	present	in	
greater	amount	 (near	 factories	 for	aluminium	production,	
glass,	fertilizers	etc.).

Food products contain fluorides in different 
amounts.	 Plants	 that	 grow	 on	more	 acid	 soil	 have	more	

fluorides.	 Some	 types	 of	 fish,	 teas	 and	 wine	 have	 more	
fluorides.

Different dental products	 contain	 various	 amounts	
of	fluoride.	Nowadays,	fluorides	can	be	found	in	different	
types of toothpastes12 and dental materials (significant 
amount of fluoride in glass-ionomer cement10. 

The amount of fluorine imported in the organism 
through	 water,	 air,	 food	 or	 some	 dental	 products	 (tooth	
paste,	 dental	 preparation	 and	 medicaments…)	 is	
determined as a total amount of fluorine.

Starting from the fact that the fluorides are mostly 
imported	 in	 the	organism	through	drinking	water,	we	did	
a determination of concentration of fluorides in drinking 
water	in	coordination	with	the	Institute	for	Public	Health,	
as a first step for determining the total display of fluorides 
in the population.

Material and Method

To determine fluorine concentration in public water 
supply,	 water	 samples	 were	 taken	 and	 submitted	 to	 the	
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Institute for Public Health. The determination of content 
of	 fluorine	 was	 conducted	 with	 ion	 selective	 electrode.	
The	 ion	 selective	 electrode	 is	 composed	 of	 2	 electrodes	
put	 in	 2	 separate	 containers,	 1	 of	 which	 is	 a	 container	
where	 the	 electrode	 calibrates	 with	 TISAB	 II,	 and	 the	
other is sunk in the water sample which is examined. The 
electrodes are sunk to the middle (recommendation from 
the	manufacturer).	Than,	a	low	electricity	volume	runs	at	
first,	 and	 later	 the	 volume	 intensifies.	 The	 other	 end	 of	
the electrodes is connected with a computer and a suitable 
programme.	 The	 values	 of	 fluorine	 in	 ion	 condition	 are	
directly read on the screen. The concentration of fluorine 
in	 water	 is	 expressed	 in	 ppm,	 where	 1	 ppm	 is	 equal	 to	
0.0001%	F.

Results and Discussion

The obtained results from the determined content 
of fluorine in drinking water from public water supply 
systems in FYR Macedonia are presented in table 1. This 
table clearly states that in all the utility water supply 
facilities,	 the	 water	 didn’t	 contain	 optimal	 amounts	 of	
fluorine	needed	to	prevent	caries	-	its	concentration	varied	
from	0.05	ppm	in	Ohrid	to	0.04	ppm	in	Gradsko.	In	Shtip,	
Krushevo,	Demir	Hisar	and	Star	Dojran	it	was	even	less.	
In the part of the country where predominant population 
lives,	 concentration	 of	 fluorine	 in	 water	 was	 around	 0.1	
ppm,	which	is	the	amount	10	times	less	than	optimal	(the	
optimal concentration of fluorine in drinking water should 
be		around	1mg/l	F,	which	equals	1ppm	F	=	0.0001%)9.

Concentrations of fluorine in drinking water under 
0.3	 ppm,	 according	 to	 WHO	 recommendations,	 are	
inconsiderably low and aren’t taken into account for 
determining	 individual	 daily	 dosage	 for	 fluorides	 import	
into organism15.

Fluorine	provides	efficient	reduction	in	the	incidence	
of dental caries. Its optimal presence in the water supply 
utility	 facilities,	 in	 many	 countries,	 resulted	 in	 rapid	
reduction	of	the	incidence	of	dental	caries	from	20-40%2. 
The obtained results of fluorine concentration in drinking 
water from water supplying utility facilities in our country 
have	 shown	 that	 drinking	 water	 is	 fluorine-poor	 and	
has	 almost	 no	 influence	 in	 preventing	 dental	 caries	 in	
the population. According the newest epidemiological 
examinations,	 the	 DMFT	 index	 in	 children	 aged	 12	
in	 the	 FYROM	 is	 6.88,	 which	 ranks	 our	 country	 as	 a	
country	 with	 extremely	 high	 prevalence	 of	 dental	 caries	
according	the	WHO	(DMFT	in	children	aged	12	shouldn’t	
be	 higher	 than	 3).	 Yet,	 we	 must	 underline	 that	 these	
high	 DMFT	 values	 in	 population	 of	 our	 country	 aren’t	
just	 a	 consequence	 of	 the	 deficit	 of	 fluorine	 in	 drinking	
water,	 but	 a	 significant	 share	have	 the	poor	oral	 hygiene	
status	 and	 uncontrollable	 import	 of	 sugar,	 especially	 by	
children6,14.

From	 1970,	 parallel	with	 the	 increased	 ingestion	 of	
fluorides	 and	 reduction	 of	 prevalence	 of	 dental	 caries,	
in	 some	 areas	 of	 the	 world,	 the	 increased	 prevalence	
of	 dental	 fluorosis	 is	 registered.	 In	 Hong	 Kong,	 after	
registered	 increased	 prevalence	 of	 fluorosis	 by	 5%	 in	
1978,	the	optimal	concentration	of	fluorides	in	water	was	
reduced	from	1ppm	to	0.7ppm,	and	in	1988	the	additional	
reduction	 of	 the	 fluorine	 level	was	 found	 from	 0.4	 -	 0.5	
ppm. The ingestion of fluorides from tooth pastes and 
dental solution during brushing teeth can also be a cause 
for dental fluorosis7.

Table 1.  Content of fluorine in drinking water from 
                public water supply in RM - 2009

Number Public utilities Concentration of 
fluorine in ppm

1 	Berovo	 0.20
2  Bitola 0.15
3  Bogdanci 0.05
4 	Valandovo 0.20
5  Vinica 0.10
6 	Gevgelija 0.10
7 	Gostivar 0.10
8  Debar 0.10
9 	Delchevo 0.15
10 	Demir	Kapija 0.11
11  Demir Hisar 0.30
12 	Star	Dojran 0.35
13 	Kavadarci 0.10
14 	Kichevo 0.10
15  Kochani 0.05
16 	Kratovo 0.10
17 	Kriva	Palanka 0.10
18 	Krushevo 0.30
19 	Kumanovo	 0.10
20  Makedonski Brod 0.10
21  Negotino 0.10
22  Struga 0.10
23  Ohrid 0.05
24  Prilep 0.10
25  Probishtip 0.20
26 	Radovish 0.10
27  Resen 0.10
28 	Sveti	Nikole 0.15
29  Gradsko 0.40
30  M. Kamenica 0.05
31 	Pehchevo 0.20
32 Strumica 0.20
33 	Tetovo 0.10
34  Veles 0.10
35  Shtip 0.30
36 	Skopje 0.10

Source:	Institute	for	Public	Health	(num.09.2155/2)	12-05-2009
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In	 1990	 Gjorgjev	 registered	 dental	 fluorosis	 in	
several	 settled	 areas	 near	 Kumanovo,	 Prilep	 and	 Veles	
as a consequence of consuming hyper-fluoridated water 
from	 the	 village	 fountains	 and	 wells.	 After	 they	 were	
located,	the	water	from	these	springs	wasn’t	used	anymore	
for	 drinking.	New	 cases	 of	 dental	 fluorosis	 haven’t	 been	
registered FYROM4.

In	order	to	determine	the	possible	risk	of	overdosing	
fluorides	 from	 all	 possible	 sources	 (water,	 air,	 food,	
fluoride	 tablets,	 and	 swallowing	 tooth	 paste	 by	 children	
during	 brushing),	 on	 our	 personal	 initiative	 and	 for	 the	
needs	of	the	WHO,	the	National	Institute	of	Public	Health	
conducted a monitoring for excretion of fluorides through 
urine	 as	 a	 relevant	 indicator	 for	 expose	 of	 the	 organism	
to fluorides from all possible sources. The results of this 
study will be presented soon.
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SUMMARY 
In the recent 20 years, besides dramatic reduction of caries in many 

countries where complex programme of prevention is carried out, prevalence 
of Early Childhood Caries (ECC) has expressed continual growth trend. The 
aim of our research was to determine precisely ultra-structural changes in 
the enamel substance at the initial lesion of the ECC (white spot lesion), 
as initial change of great importance for its preventive aspect. Therefore, 
we directed our experiment to evaluate ultra-structural changes of the 
teeth enamel in primary teeth with circular caries in its opening stages of 
development: initial caries lesion and superficial form. 

To realize the aim of our research, in patients 6 years of age, whose 
teeth were already in the phase of resorption, we extracted 20 maxillary 
incisors (10 with initial lesion and 10 with superficial form) and 20 healthy 
mandibular incisors, as a control group. Investigation was done at the 
Institute for biomedical research of the Faculty of Medicine in Nis (Serbia), 
with the scanning electronic microscope.

The data indicated that in the initial phase and superficial form of 
ECC only demineralization happened, while in the case of superficial form 
changes were much deeper. This speaks in favour of better understanding 
of ultra-structural changes of the enamel surface that happen in the initial 
phase of the ECC, which could help to create strategy for its successful 
prevention.
Keywords: Early Childhood Caries; Initial Lesion; Superficial Carious Lesion; Scanning 
Electronic Microscopy
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Ultra-Structural Changes of the Early Childhood Caries 
Starting	Phases	of	Development
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Introduction

In	 the	 recent	 20	 years,	 besides	 dramatic	 reduction	
of caries in many countries where complex programme 
of	 prevention	 was	 carried	 out8,11,	 prevalence	 of	 Early	
Childhood	 Caries	 (ECC)	 expresses	 continual	 growth	
trend7,16. ECC is often found under the name connected 
with	the	manner	of	feeding	and	nutrition	of	children,	such	
as “Baby bottle Syndrome” or “Baby bottle caries”3-5.

Different	data	exist	speaking	about	the	prevalence	of	
this	 caries	 depending	 on	 epidemiological	 research	 sites,	
and	they	go	from	3%	up	to	45%15,16.	In	FYR	Macedonia,	
in	 the	 case	 of	 pre-school	 children,	 this	 type	 of	 caries	
is also widely spread. In the central area of the City of 
Skopje,	 in	 children	 of	 18	 to	 42	 months	 of	 age,	 there	 is	

17.9%10	 of	 notified	 caries	 presence	 that,	 according	 to	
criteria	 of	 the	 World	 Health	 Organization,	 is	 estimated	
as	 high	 prevalence12.	 Negative	 trend	 of	 growth	 of	 this	
type of caries represents the reason for many explorers 
to	 forward	 their	 research	 toward	 clearing	 of	 its	 etiology,	
pathogenesis,	treatment,	and	above	all,	preventive	aspects.

According to some authors1,2,13,	 the	most	 important	
predisposing factor for appearance of this type of 
caries	 is	 the	 defect	 in	 enamel	 structure	 of	 primary	 teeth,	
where mineralization starts in the fourth month of foetal 
life. Although it has been considered that enamel is 
homogeneous	 in	 teeth	 formed	 before	 birth,	 with	 good	
structure	 and	 hardly	 prone	 to	 caries,	 many	 factors	
regulating human body in pregnancy (systemic diseases of 
pregnant	women,	 infectious	and	chronic	kidney	illnesses,	



diabetes	 mellitus,	 nutritive	 disorders	 in	 feeding,	 etc)14,	
could cause the disturbances in tooth enamel structure.

Clinical	 survey	 of	 ECC	 shows	 that	 this	 type	 of	
caries	 goes	 through	 several	 phases	 in	 its	 development.	
Starting	phases	of	development	are	both:	 the	 initial	 form	
(white	 spot	 lesion)	 and	 the	 superficial	 form. The aim of 
this research was to determine precisely ultra structural 
changes of enamel substance at the initial lesion (white 
spot	 lesion),	as	 initial	change	of	great	 importance	for	 the	
preventive	aspect	of	this	early	childhood	disease.	To	carry	
out	this	aim,	we	directed	our	experiment	to	evaluate	ultra-
structural changes of tooth enamel in primary teeth with 
circular	 caries	 in	 its	 opening	 stages	 of	 development:	 the	
initial caries lesion and its superficial form.

Material and Method

Material for this research consisted of primary 
teeth	 (maxillary	 and	mandibular	 incisives)	 of	 patients	 of	
different	 gender,	 2-6	 years	 of	 age,	 clinically	 diagnosed	
with	 baby	 bottle	 caries	 in	 development	 phases	 	 (initial	
lesion	 and	 superficial	 form	 of	 circular	 caries)	 at	 the	
Clinic	 of	 Paediatric	 and	 Preventive	Dentistry,	 Faculty	 of	
Dentistry	in	Skopje.

As	 for	 the	 needs	 for	 the	 laboratory	 examination,	
we separated samples of teeth in the period of their 
physiological change and we formed the following groups 
of samples:

10 extracted maxillary incisors with initial lesion - 
white spot (macula alba); 

10 extracted maxillary incisors with superficial form 
of circular caries;

20 extracted healthy mandibular incisors (the control 
group).

Extracted	 teeth	 are	 kept	 in	 pure	 alcohol	 (96%).	
Dehydration	 of	 teeth	 and	 covering	 by	 a	 thin	 layer	 of	
gold has been done on the surface by cathode dispersion 
technique	 before	 the	 analysis.	 Investigation	 is	 done	
with	 the	 scanning	 electronic	 microscope	 (JSM	 5300,	
JEOL),	 and	 this	 procedure	 took	 place	 at	 the	 Institute	 for	
biomedical	 research	 of	 the	 Faculty	 of	 Medicine	 in	 Nis,	
Serbia. During	 the	 analysis,	 the	 enamel	 surface	 (at	 the	
initial	 lesion)	 and	 the	 boundary	 of	 the	 caries	 lesion	with	
the	 healthy	 teeth	 substance	 (at	 the	 superficial	 form)	was	
observed.		

Results and Discussion

By realization of our research we came to the data 
concerning changes of basic tooth enamel structure in 
the initial phase and superficial form of the ECC. In 
figure	1	we	give	the	appearance	of	healthy	tooth	enamel,	

in	 figure	 2	 the	 tooth	 enamel	 with	 initial	 lesion	 is	 seen,	
and in figure 3 structure of tooth enamel in the case of 
superficial form is presented. The appearance of healthy 
tooth	 enamel	 (Fig.	 1)	 is	with	 smooth	 surface,	 containing	
adequate and genuine prisms together with inter-prismatic 
space.	 In	 figure	 2,	 we	 can	 see	 the	 tooth	 enamel	 with	
initial	 lesion,	 which	 is	 seen	 as	 demineralised	 surface	
shown	through	the	uneven	and	corrugated	enamel	surface	
(shrinking of prisms due to widening of the prismatic 
spaces).	 Figure	 3	 shows	 the	 structure	 of	 tooth	 enamel	
in the case of superficial caries where changes in the 
enamel	 structure	 are	 deeper	 and	 cavity	 has	 already	 been	
formed. It can be seen that in the example of initial lesion 
only	 demineralization	 happened,	 while	 in	 the	 case	 of	
superficial form changes are much deeper6,9.

Figure 1. Healthy tooth enamel

Figure 2. Initial lesion
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Figure 3. Superficial carious lesion

In	 the	 developed	 countries,	 as	 a	 result	 of	 effective	
and	 well	 timed	 implementation	 of	 primary	 preventive	
measures,	 the	 ECC	 has	 relatively	 low	 prevalence	 of	
3%15.	 In	 the	 undeveloped	 countries,	 because	 of	 lack	 of	
information	 on	 adequate	 way	 of	 feeding,	 and	 due	 to	 no	
solid	 oral	 hygiene,	 the	 prevalence	 of	 the	 ECC	 is	 up	 to	
45%16.	In	the	FYR	Macedonia,	in	pre-school	children,	this	
type of caries is also widely spread. In the central area of 
the	City	of	Skopje,	in	children	of	18	to	42	months	of	age,	
there	is	17.9%10	of	notified	caries	presence	that,	according	
to	criteria	of	 the	World	Health	Organization,	 is	estimated	
as	 a	 high	 prevalence12. Taking into consideration the 
number	 of	 dentists	 and	 dental	 universities,	 this	 is	 overly	
high	prevalence.	

Application	 of	 primary	 preventive	 measures	 could	
successfully	 prevent	 the	 ECC,	 but	 parents	 and	 dentists	
should	have	an	important	role	in	that	process,	too5,8,11.  

In	 most	 cases,	 the	 ECC	 is	 diagnosed	 in	 the	
advanced	 phase,	 when	 dentist	 can	 not	 manage	 with	 the	
consequences that clinically occurred3. The first priority 
is	diagnosing	it	in	the	early	phase	of	its	clinical	evolution	
-	 white	 spot	 lesion,	 when	 implementation	 of	 primary	
preventive	 measures	 could	 contribute	 to	 biological	
reparation	of	the	initial	lesion	and	prevention	from	carious	
lesion extending and occurrence of complications12.

Conclusion

Acquired	 results	 from	 this	 research	 speak	 in	 favour	
of better understanding of ultra-structural changes at 
the enamel surface that happen in the initial phase of 
the ECC. This could help in creation of strategy for its 
successful	prevention.
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SUMMARY
Insufficient width of the alveolar ridge often prevents ideal implant 

placement. Guided bone regeneration, bone grafting, alveolar ridge splitting 
and combinations of these techniques are used for the lateral augmentation 
of the alveolar ridge. Ridge splitting is a minimally invasive technique 
indicated for alveolar ridges with adequate height, which enables immediate 
implant placement and eliminates morbidity and overall treatment time. The 
classical approach of the technique involves splitting the alveolar ridge into 
2 parts with use of ostetomes and chisels. Modifications of this technique 
include the use of rotating instrument, screw spreaders, horizontal spreaders 
and ultrasonic device.

The purpose of this article is to thoroughly describe all the different 
approaches in ridge splitting technique. 2 interesting clinical cases of 
narrow alveolar ridges treated with ridge splitting and immediate implant 
placement are also presented.
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Ridge Splitting Technique for Horizontal
Augmentation and Immediate Implant Placement
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Introduction

Rehabilitation of partial or total edentulism with 
dental implants has been established as a predictable 
treatment modality with high success rates1-7.	 However,	
insufficient	 width	 of	 the	 alveolar	 ridge	 due	 to	 atrophy,	
periodontal disease or trauma may render implant 
placement	 impossible.	 In	 these	 cases,	 guided	 bone	
regeneration,	 bone	 grafting,	 alveolar	 ridge	 splitting	 and	
combinations	of	these	techniques	have	been	suggested	for	
lateral	augmentation	of	the	alveolar	ridge	prior	to	implant	
insertion. 

Guided	 bone	 regeneration	 (GBR)	 is	 a	 well	
documented procedure that has been successfully used 
for	 atrophic	 alveolar	 ridge	 augmentation8-12.	 However,	
relatively	 long	 healing	 time	 and	 the	 risk	 of	 membrane	
exposure that could result in bone loss or implant 
failure	 are	 the	 major	 limitations	 of	 this	 technique13-17. 
Autogenous	 bone	 grafts	 harvested	 from	 intraoral	
or	 extraoral	 sites	 are	 predictable	 alternative18-20. 
Nevertheless,	 bone	 grafting	 procedures	 are	 associated	
with	 inconveniences	related	 to	donor	site	morbidity,	 long	

healing time before implant placement and bone graft 
resorption16,21-23.

Another treatment option for augmentation of the 
bucco-lingual	 dimension	 of	 the	 alveolar	 ridge	 is	 the	
ridge	 splitting	 technique,	 which	 was	 first	 described	
by Tatum24.	 The	 ridge	 splitting	 technique	 involves	 a	
longitudinal osteotomy on the residual ridge with the use 
of hand instrument25,	microsaw26	or	ultrasonic	device27. A 
controlled	 greenstick	 fracture	 is	 created	 and	 the	 alveolar	
ridge	 is	 split	 in	 2	 parts.	 Osteotomes,	 chisels,	 horizontal	
spreaders or screw spreaders can be used for ridge 
expansion and lateral repositioning of the buccal bone 
plate in order to create a wider implant bed. The intrabony 
defect between the 2 bone plates is filled spontaneously 
with newly formed bone similarly to the healing 
procedure of an extraction socket28.	 However,	 filling	
the space with bone grafts alone or in combination with 
barrier membranes has been suggested in some clinical 
reports29-33.

Compared with guided bone regeneration or 
bone	 grafting,	 the	 ridge	 splitting	 technique	 enables	
simultaneous	 implant	 placement,	 eliminates	 the	 need	
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A	 modified	 splitting	 technique	 involves	 the	 use	 of	
rotating bone spreaders38,43,44. After the initial incision is 
made	by	 the	micro-saw,	pilot	 burs	 create	 the	 appropriate	
depth for implant placement. A series of non-cutting bone 
spreaders of increasing diameters are used for the gradual 
densification of the cancellous bone and the expansion 
of the osteotomy. Dental implants can be placed 
simultaneously in the pre-planned positions.

Several	 clinical	 reports	 have	 referred	 the	 ultrasonic	
bone surgery technique17,45,46.	 This	 technique	 involves	
ultrasonic	 devices	 for	 creation	 of	 horizontal	 and	 vertical	
osteotomies	 in	 combination	with	 the	use	of	 conventional	
osteotomes for the gentle lateralization of the buccal 
segment.

Case A
A 40-year old healthy woman presented for oral 

rehabilitation with fixed implant prostheses. Diagnostic 
casts,	 diagnostic	 wax-ups	 and	 a	 radiographic/surgical	
template were fabricated and a dental CT scan was 
performed.	Clinical	 and	 radiographic	 evaluation	 revealed	
a	 narrow	 alveolar	 ridge	 in	 the	 maxilla,	 with	 sufficient	
height and cancellous bone between the two cortical 
bone	plates	 (Fig.	1).	Ridge	splitting	with	osteotomes	and	
chisels was planned in order to create the desired width 
for implant placement.

for	 bone	 harvesting	 and	 reduces	 a	 risk	 of	 graft	 or	
membrane	 exposure.	 Therefore,	 the	 overall	 treatment	
time is shortened and morbidity is reduced32,34-36. On 
the	other	hand,	 this	 technique	can	be	used	 for	horizontal	
deficiencies,	 but	 not	 for	 vertical	 augmentation.	 Thus,	 it	
can	 be	 applied	 for	 augmentation	 of	 alveolar	 ridges	 with	
adequate height25,36.	 Furthermore,	 the	 ridge	 splitting	
technique requires a minimum of 3mm of bucco-lingual 
width with at least 1 mm of cancellous bone between 
the	 2	 cortical	 plates,	 which	 would	 allow	 introduction	 of	
instruments and the maintenance of good blood supply to 
the split parts25,36-38.

The purpose of this paper is to present the ridge 
splitting procedure and the modified technique from 
those described in the literature. 2 interesting clinical 
cases	 with	 narrow	 alveolar	 ridges	 treated	 with	 the	 ridge	
splitting technique are also presented. In the first case 
ridge splitting was accomplished manually with the use of 
osteotomes and chisels. The second case was treated with 
a modified splitting technique using rotating instruments 
and horizontal bone spreaders (Meisinger Crest Control 
System).

Surgical Techniques

Classical approach of ridge splitting technique 
involves	 the	 use	 of	 osteotomes	 and	 chisels25,30,32,39,40. 
Under	 local	 anaesthesia,	 a	 full-thickness	 mucoperiosteal	
flap	 is	 elevated	 after	 mid-crestal	 and	 intra-crevicular	
incisions.	A	 horizontal	 osteotomy	 that	 splits	 the	 alveolar	
ridge	 in	 2	 segments	 is	 achieved	 by	 gently	 tapping	 thin	
osteotomes	 or	 chisels	 with	 a	 mallet.	 In	 the	 mandible,	 2	
additional	 vertical	 osteotomies	 on	 the	 buccal	 bone	 plate	
are connected with the horizontal osteotomy because 
of the reduced flexibility of the mandibular cortical 
plates31,32,35,41.	 Then,	 a	 sequence	 of	 osteotomes	 of	
increasing	 size	 are	 used	 for	 the	 progressive	 expansion	
of	the	alveolar	ridge	until	a	3	to	5	mm	gap	is	established	
between the 2 segments. Twist drills are used for 
preparation of the implant beds and the implants are 
placed in the pre-planned positions. The space between 
the 2 bone plates can be filled with bone grafts or 
allografts alone or in combination with membranes.

Another ridge splitting technique includes the 
utilization of horizontal spreaders/expanders (Meisinger 
Crest	 Control	 Ridge	 Splitting	 System	 kit,	 Salvin	 Dental	
Specialties,	Charlotte,	NC).	Initially,	a	round	diamond	bur	
is used to score the osteotomy site on the residual ridge. 
Then,	a	micro-saw	is	used	for	the	initial	osteotomy,	which	
is deepened by a thin cylindro-conical bur to the desired 
depth. Horizontal spreaders are inserted in the osteotomy. 
Screw	 drivers	 open	 the	 horizontal	 spreaders	 to	 the	 final	
width.	Finally,	dental	implants	are	placed	immediately42.

Fig. 1. Occlusal view of the narrow maxillary alveolar ridge

Fig. 2. Occlusal view after the elevation of a full-thickness 
mucoperiosteal flap
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Under	 local	 anaesthesia,	 a	 mucoperiosteal	 flap	
was	 elevated	 after	 a	 mid-crestal	 incision	 (Fig.	 2).	 The	
horizontal osteotomy was performed by gently tapping a 
thin	osteotome	with	a	mallet	(Fig.	3).	2	additional	vertical	
cuts were created on the buccal plate at the mesial and 
distal	end	of	 the	horizontal	 incision	 (Fig.	4).	Osteotomes	
of	 increasing	 size	 were	 used	 for	 the	 progressive	
lateralization	 of	 the	 buccal	 plate	 (Figs.	 5	 and	 6).	 Dental	
implants	 were	 placed	 immediately	 in	 the	 preoperatively	
planned	positions	(Fig.	7).	In	order	to	promote	healing	and	
osseointegration,	 the	residual	space	between	 the	 implants	
and the 2 plates was filled with allogenic bone graft 

Fig.  4. Vertical osteotomies performed with the osteotome at the mesial 
and distal ends of the horizontal ostetomy

Fig. 3. A thin osteotome in use, creating the initial horizontal osteotomy
Fig.7. Immediate implant placement

Fig. 8. Filling of the residual gaps with allogenic bone graft

Fig. 9. Covering of the surgical site with a resorbable membraneFig. 5. Progressive widening of the gap between bone plates with the 
osteotome

Fig. 6. View of the expanded maxillary alveolar ridge
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(Cells+	Tissuebank	Austria)	and	covered	with	a	resorbable	
membrane	 (Figs.	 8	 and	 9).	 The	 patient	 received	 500mg	
amoxicillin 3 times a day for 5 days and non-steroidal 
analgesics	 and	 she	was	 advised	 to	 follow	a	 soft	 diet	 and	
to	 use	 the	 provisional	 prosthesis	 only	 when	 necessary	
for	 aesthetics.	 A	 12%	 chlorhexidine	 digluconate	 mouth	
rinse was also prescribed for 2 weeks. The implants were 
allowed to heal for 6 months prior to fabrication of the 
final prosthesis.

Case B
A 45-year-old man presented for implant treatment in 

the	posterior	maxilla.	The	evaluation	of	the	dental	CT	scan	
revealed	that	the	width	of	the	alveolar	ridge	was	inadequate	
for implant placement. A ridge splitting technique was 
planned. The Meisinger Crest Control Ridge Splitting 
System	kit	was	used	 (Salvin	Dental	Specialties,	Charlotte,	
NC),	 which	 consists	 of	 micro-saws,	 diamond	 burs	 and	
horizontal	 bone	 spreaders	 (Fig.	 10).	 After	 elevation	 of	
a	 mucoperiosteal	 flap	 (Fig.	 11),	 the	 initial	 horizontal	
osteotomy	 was	 performed	 with	 a	 micro-saw	 (Fig.	 12).	
Then,	 a	 thin	 tapered	 diamond	 bur	 was	 used	 to	 deepen	
the initial osteotomy in the desired depth according to 
the	 implant	 length	 (Fig.	 13).	The	 horizontal	 spreader	was	
inserted in the osteotomy and was opened with a screw 
driver	 in	 order	 to	 expand	 horizontally	 the	 alveolar	 ridge	
(Figs.	14	and	15).	Twist	drills	were	used	for	preparation	of	
the	implant	beds	(Fig.	16)	and	2	implants	were	placed	(Fig.	
17).	 The	 residual	 gaps	 were	 filled	 with	 allograft	 material	
and	covered	by	a	resorbable	membrane	(Fig.	18).

Fig. 10. View of the Meisinger Crest Control Ridge Splitting kit

Fig. 11. Elevation of a mucoperiosteal flap
Fig. 15. View of the expanded ridge and the laterally repositioned  

buccal plate

Fig.  14. Insertion of the horizontal spreaders in the osteotomy

Fig.  13. Deepening of the initial osteotomy with a tapered diamond bur

Fig. 12.  Initial horizontal osteotomy created with a microsaw
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this technique compared to GBR and bone grafting 
procedures32,34-36.

Several	modifications	of	the	ridge	splitting	technique	
have	 been	 described.	 In	 our	 clinics,	 ridge	 splitting	 is	
accomplished either with the use of osteotomes and 
chisels,	 or	 with	 the	 use	 of	 special	 equipment	 such	 as	
burs,	micro-saws	 and	 horizontal	 spreaders.	 Compared	 to	
the	 osteotome	 technique,	 the	 use	 of	 spreaders	 provides	
better	 control	 of	 the	 amount	 of	 the	 expansion	 achieved,	
prevents	excessive	forces	and	patient	discomfort	produced	
by malleting43,44,47.	 On	 the	 other	 hand,	 the	 osteotome	
technique eliminates the need for special equipment.

Strong	 evidence	 for	 the	 effectiveness	 and	 the	
predictability	of	 the	 ridge	 splitting	 technique	 is	 available	
in	the	literature.	Clinical	trials	have	reported	success	rates	
ranging	from	98	to	100%.		The	survival	rates	of	implants	
immediately	 placed	 in	 expanded	 sites	 ranged	 from	 91%	
to	 97.3%,	 while	 the	 success	 rates	 varied	 from	 86.2%	 to	
98.8%	25,28,31,42,48.  

Complications	during	the	surgical	procedure	are	very	
rare - fracture of the buccal bone plate being reported 
as	 a	 major	 complication	 of	 the	 technique49. Controlled 
force	 application	 and	 gradual	 expansion	 could	 prevent	
malfractures41,43.	 In	 addition,	 a	 thorough	 preoperative	
evaluation	is	very	important.	The	thickness	of	the	cortical	
plates	and	the	amount	of	 the	intervening	cancellous	bone	
must	 be	 carefully	 assessed	 preoperatively	 by	 dental	 CT	
scans.	 Last	 but	 not	 least,	 fabrication	 of	 radiographic/
surgical	 guide	 can	 prevent	 improper	 implant	 placement	
and angulation.

In	 conclusion,	 the	 ridge	 splitting	 technique	 seems	
to	 be	 a	 minimally	 invasive	 option	 for	 horizontal	
augmentation	 of	 narrow	 alveolar	 ridges.	 Predictable	
clinical	 results	 can	 be	 achieved	 as	 long	 as	 a	 proper	
preoperative	 evaluation	 is	 performed	 and	 a	 precise	
surgical protocol is followed.
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SUMMARY
Objectives: The aim of this study was to present 2 infrequent cases 

pseudolymphoma in the oral cavity, to discuss their locations and to 
emphasize the importance of differential diagnosis for the prognosis.

Methods: Excisional biopsies were performed in a 34 year-old 
women complaining for erythematous lesion in the oral floor and in a 44 
year-old man who had a bluish lesion and erythema in the oral floor. Both 
specimens were investigated routinely and CD3, CD20, CD45, CD23, CD5 
and FVIII markers. Immunohistochemical staining methods was applied and 
investigation was performed under light microscope. After the investigation, 
the cases were diagnosed as pseudolymphomas.

Results: Pseudolymphoma may show clinical and histologic 
resemblance to lymphoma, so that differantiation with lymphoma can be 
very difficult.

Conclusion: Pseudolymphomas have a tendency to malign 
differantiation; these differences must be evaluated clinically.
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Introduction

Pseudolymphoma is not a specific disease but 
rather an inflammatory response to known or unknown 
stimuli	 that	 results	 in	 a	 lymphatous-appearing,	 but	
benign accumulation of inflammatory cells1,4,5. A 
variety	 of	 specific	 diseases	 are	 sometimes	 referred	
as pseudolymphomas simply because they mimic 
lymphomas2,6. Lymphomas are solid tumors and 
they	 are	 all	 malignant.	 In	 cases	 of	 pseudolymphoma,	
resemblance to lymphoma is usually most apparent 
histologically3,6,9-11.	 No	 frequency	 data	 is	 available;	 but	
the condition is rare.

Pseudolymphoma is not associated with mortality. 
Localized	 variants	 rarely	 result	 in	 morbidity.	 Although	
90%	of	reported	patients	with	pseudolymphoma	are	white,	
racial	 predilection	 has	 not	 been	 established.	 Individuals	
of	 any	 age	 may	 be	 affected,	 but	 localized,	 nodular	
pseudolymphoma is most common in early life6,7,11. 
Aetiology	is	not	clear.	Inciting	agents	include	tattoo	dyes,	
jewelry,	 insect	 bites,	 medications,	 folliculitis,	 trauma,	

vaccinations	and	infections,	which	may	play	a	role	in	the	
development	of	the	lesions8.

The aim of this paper was to present 2 
pseudolymphoma	 cases	 of	 the	 oral	 cavity,	which	 is	 very	
infrequent,	to	discuss	their	locations	and	to	emphasize	the	
importance of differential diagnosis for the prognosis.

Case Reports 

A 34-year-old female was referred to our clinic 
with erythematous lesion on the oral floor that had been 
present	 for	 a	 month	 (Fig.	 1).	 The	 lesion	 was	 persistent	
despite application of topical corticosteroids by her 
dental	practitioner.	 In	 the	anamnesis,	 the	patient	 reported	
no other mucous membrane lesions or cutaneous 
manifestations.	Physical	examination	revealed	no	cervical	
or submandibular lymphadenopathy or facial asymmetry. 
The patient was in good health with no significant medical 
history. She was smoking 10 cigarettes per day for 15 
years.



done	 for	 CD3,	 CD20,	 CD45,	 CD23,	 CD5	 and	 FVIII	
markers.		Microscopic	investigation	was	done	under	light	
microscope.

Pathological Diagnosis
In	 the	 first	 case	 histological	 examination	 revealed	

intense lymphocyte and plasma cell infiltration that 
formed	 follicles	 having	 large	 germinal	 centres	 in	
the fibrous tissue under the stratified-squamous cell 
epithelium	 (Fig.	 3).	 In	 this	 infiltration	 a	 few	 number	 of	
eosinophilic	 polymorph	 leucocytes,	 salivary	 ducts	 and	
acini	 were	 present.	 (Fig.	 4)	 At	 the	 surrounding	 region	
many	 blood	 vessels	 full	 of	 enlarged	 erythrocytes	 were	
detected. In the immunohistochemical staining methods 
LCA	 and	 T	 cell	 were	 positive,	 B	 cell	 strongly	 positive,	
and	 S-100	 slightly	 positive	 or	 negative	 staining	 (Figs.	 5	
and	6).	

Figure 1. Erythematous lesion in the oral floor

During	intraoral	examination,	a	flat	papule	8x12	mm	
in	diameter	was	observed	on	 the	floor	of	 the	mouth.	The	
lesion	was	well	demarcated,	reddish,	rough	in	surface,	and	
apparently not ulcerated. Other sites of the oral mucosa 
were normal. Teeth were healthy and no pathology was 
detected associated with bony structures. 

A 44-year-old man referred with bluish and 
erythematous lesion on the oral floor. His dentist 
noticed the erythematous lesion and the patient had no 
complaint about the lesion. His systemic anamnesis 
was	 unremarkable.	 Physical	 examination	 revealed	 no	
lymphadenopathy or facial asymmetry.

During	 his	 intraoral	 examination,	 a	 bluish	 and	
erythematous lesion was present on the oral floor that 
looked	like	amalgam	tattoo	lesion	(Fig.	2).	The	lesion	was	
well demarcated and not ulcerated. Other sites of the oral 
mucosa	were	normal.	He	reported	that	during	the	previous	
dental	 treatment	 his	 dentist	 had	 removed	 the	 amalgam	
filling	from	the	adjacent	tooth	to	the	lesion.

Figure 2. Bluish lesion and erythema in the oral floor

Subsequent Course
Excisional biopsies were performed under 

local	 anesthesia,	 and	 processed	 for	 histopathological	
examination.	 Both	 specimens	 were	 investigated	 with	
H&E staining. Immunohistochemical staining was 

Figure 3. Lymphocyte infiltration that forms follicular and germinal 
centres under the surface of the epithelium (H&Ex100)

Figure 4. Lymphoid follicles in connective tissue (H&E x250)
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In	 the	 second	 case,	 lamellar	 hyperkeratosis,	
acanthosis and papillomatosis were present in the 
stratified	 squamous	 cell	 epithelium	 (Fig.	 7).	 In	 the	
fibrous	 tissue	 rich	 in	 blood	 vessels,	 intense	 lymphocyte	
infiltration was present. In the subepithelial tissue and 
between	the	layers	many	histiocytes,	which	had	phagocyte	
dark	 coloured	 pigment,	 were	 observed	 (Fig.	 8).	 In	 the	
immunohistochemical staining methods: CD20 and CD3 
yielded	 focal	 strongly	positive,	CD23,	CD5	negative	and	
for	 FVIII,	 blood	 vessels	 walls	 revealed	 positive	 staining	
(Fig.	9).	After	the	investigation,	the	cases	were	diagnosed	
as pseudolymphomas.

Figure 5. CD 45(+) in lymphocytic infiltration (x400)

Figure 6. CD3 (+) cells in lymphocytic infiltration(x400)

Figure 7. Lymphocyte infiltration that forms follicles and germinal 
centres under the surface of the epithelium (H&Ex100)

Figure 8. Lymphoid follicles in connective tissue (H&E x250)

Figure 9. CD3 (+) cells in lymphocytic infiltration (x400)

Discussion

Pseudolymphoma can be defined as a benign 
infiltration of lymphoid cells or histiocytes that 
microscopically resembles a malignant lymphoma. 
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Pseudolymphomas	 have	 a	 tendency	 to	 malign	
differantiation;	 these	 diferences	 must	 be	 evaluated	
clinically. Pseudolypmhomas are classified in 2 groups: 
B-cell and T-cell pattern pseudolymphomas4. Examination 
of patients with B-cell pattern pseudolymphoma usually 
reveals	 a	 single	 nodule,	 from	1	 to	 several	 centimeters	 in	
diameter.	Although	the	lesions	may	be	soft,	they	are	more	
often firm1,6.	 Typically,	 the	 lesions	 are	 red	 to	 purple	 in	
colour,	 but	 they	may	 show	no	coloration.	Approximately	
¾ of the cases are localized. The remaining cases usually 
show grouped papules in a single defined region. More 
disseminated cases are rare. The most common site of 
involvement	is	the	face	(70%),	followed	by	the	chest	and	
the upper extremities. Lesions are infrequent below the 
waist6,8,10.

Patients with T-cell pattern disease usually present 
with	 broad,	 erythematous	 patches,	which	 are	more	 often	
symptomatic4,6,9,10. In reported cases of localized B-cell 
pattern	 pseudolymphoma,	 the	 female-to-male	 ratio	 is	
approximately 2:1. No significant epidemiologic data 
are	 available	 regarding	 entities	 in	 the	 T-cell	 pattern	 in	
pseudolymphoma spectrum4,7. 

Histopathologic findings of pseudolymphoma 
are	 nodular	 and/or	 diffuse	 infiltrates,	 made	 up	 mostly	
by	 small	 lenfocytes	 within	 the	 connective	 tissue	 and	
sometimes in the upper part of subepithelial region. 
Epithelial and non-epithelial structures of adnexa tending 
to	 be	 spared.	 “Tingible	 bodies”	 (polychrome	 bodies,	
lenfocytic	 nuclear),	 especially	 noticable	 in	 germinal	
centers but also in the absence4,7,8-10. 

Such	 lesions	 are	 likely	 reactive	 in	 nature	
and	 characterized	 by	 heavy	 infiltrate	 resembling	
lymphoma6,10. Most authors regard the lesion as a 
reactive	 hyperplasia	 of	 mature	 lymphoid	 reticular	 cells	
and	 not	 a	 lymphoma	 because	 of	 its	 benign,	 self	 limited	
course1-5,8,9,11.	On	the	other	hand,	it	has	been	reported	that	
some lesions diagnosed as pseudolymphomas on the basis 
of	 histologic	 criteria	 have	 turned	 out,	 over	 years,	 to	 be	
indubitable malignant lymphomas6,7,10. Considering this 
fact,	great	care	should	be	taken	when	evaluating	the	lesion	
histologically and clinically. It is known that the aetiology 
is not clear10. In the second case it is assumed that the 
probable aetiologic factor was irritation of the dental bur.

According to clinical features and histopathologic 
investigation	 of	 the	 presented	 2	 cases,	 these	
pseudolymphomas could probably be of B-cell pattern.



SUMMARY

Oligodontia or severe hypodontia is a rare developmental dental 

anomaly which is described as congenital absence of 6 or more teeth 

excluding the third molars. In this case report, the treatment of a 31-year-

old woman with congenital absence of 9 permanent teeth is described. The 

treatment with occlusal appliance and fixed a partial dentures ended up in 

functional and aesthetic results.
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Introduction

Hypodontia is a congenital absence of 1 or more 
permanent teeth excluding third molars1-4 and it’s 
prevalence	 varies	 from	 3.5%	 to	 6.5%	 in	 permanent	
dentition,	 and	 approximately	 1%	 in	 primary	 dentition5. 
Oligodontia	 or	 severe	 hypodontia	 is	 defined	 as	 a	
congenital absence of 6 or more teeth excluding the third 
molars3,5-7,	which	may	occur	either	alone	or	along	with	a	
systemic	disorder,	such	as	ectodermal	dysplasia3. Genetic 
factors,	 environmental	 factors,	 endocrine	 disturbances,	
or	 viral	 diseases,	 such	 as	 rubella	 or	 scarlet	 fever,	 and	
nutritional	deficiencies	(vitamin	B)	during	pregnancy	may	
play an important role for oligodontia1,3,8.

Several	 studies	 examining	 a	 relationship	 between	
missing teeth and skeletal pattern9,10	 revealed	 that,	while	
increasing number of missing teeth results in a decrease 
in	the	mandibular	plane	angle,	a	reduction	in	facial	height	
results	 in	 a	 less	 aesthetic	 facial	 appearance.	 Therefore,	
oligodontia associated with or without syndromes results 
in	 not	 only	 functional	 but	 also	 psychosocial	 problems,	
especially for young people5,11.

Treatment  may  contain  space  closure  by  
orthodontic	 	 therapy,	 	 removable	 	 or	 	 fixed	 partial	
dentures,	and	extraction	of	primary	retained	 teeth,	osseo-
integrated dental implants or combination of these4,12-18. 

For	 successful	 treatment,	 an	 interdisciplinary	 approach	
is	 suggested.	 In	 this	 case	 report,	 a	 prosthodontic	
management of a 31-year-old female patient with 
oligodontia is described.

Case Report

A 31-year-old woman complaining about the 
appearance of her teeth was referred to Yeditepe 
University	 Faculty	 of	 Dentistry.	 The	 intraoral	
examination	 revealed	 the	 absence	 of	 9	 permanent	 teeth,	
which	 were	 maxillary	 left	 lateral	 incisor,	 maxillary	
right	 and	 left	 first	 premolars,	 maxillary	 right	 and	 left	
second	 premolars,	 mandibular	 right	 and	 left	 lateral	
incisors,	 mandibular	 right	 and	 left	 second premolars. 
Also,	 4	 retained	 primary	 teeth,	 maxillary	 right	 and	 left	
primary	 canines,	 maxillary	 left	 primary	 second	 molar,	
mandibular		left		primary	second	molar,	were	detected	that	
were	 proved	 by	 panoramic	 radiograph	 (Figs.	 1-3).	 Loss	
of	vertical	dimension	of	occlusion	was	also	detected19,20. 
Oligodontia was diagnosed considering clinical and 
radiographic features. There was no family history of 
oligodontia.

A lateral cephalometric radiograph was taken and 
digitalized by Dolphin Imaging Software 9.0 (Dolphin 



The	 presence	 of	 minimal	 plaque,	 calculus,	 and	
gingival	 inflammation	 in	 periodontal	 examination	 and	
amalgam	 restorations	 in	 the	mandibular	 right	 first	molar,	
mandibular left first molar and maxillary left primary 
second molar were also detected.

Complete	 rehabilitation	 of	 dentition,	 including	
restoration	of	vertical	dimension	of	occlusion	and	missing	
teeth was planned and the patient was informed. Dental 
implants were considered to replace missing teeth. The 
patient preferred fixed partial dentures to dental implants 
regarding to their cost. Occlusal appliance therapy was 
planned	for	restoration	of	vertical	dimension	of	occlusion	
prior to fixed partial dentures therapy21. 

Due to the fact that primary teeth were not 
favourable	 for	 fixed	 prosthodontic	 abutments,	 they	 were	
extracted4.	Initial	periodontal	treatment,	including	scaling	
and root planning with hand instruments and ultrasonic 
scalers,	 besides	oral	 hygiene	 instructions,	was	 completed	
on	consecutive	2	visits.

After	 the	 initial	 therapy,	 flap	 operation	 was	
performed for crown lengthening. The sutures were 
removed	 1	 week	 after	 surgery.	 To	 begin	 prosthetic	
treatment,	recall	visits	were	scheduled	weekly	consecutive	
1 month of healing period. The mandibular right and 
left first molars and maxillary right first molar were 
endodontically treated during this period.

After	 the	 healing	 period,	 the	 impressions	 of	
maxillary and mandibular arches were taken with an 
irreversible	 hydrocolloid	 material	 (Kromopan,	 Lascod,	
Italy).	 Impressions	 of	 maxillary	 and	 mandibular	 arches	
were	 poured	 with	 stone	 (OCTA-MOL,	 Heraeus	 Kulzer	
Hanau	 Germany	 type3).	 Self	 curing	 acrylic	 (Meliodent	
Bayer	UK	Ltd	Newbury,	Berkshire	UK)	base	palates	and	
occlusal rims (Tenatex Red Kemdent Associated Dental 
Products	 Ltd,	 Purton,	 Swindon	 Wiltshire,	 UK)	 were	
made.	 Clinical	 determination	 of	 vertical	 dimension	 was	
obtained using technique described by Niswonger17. A 
centric relation position of the mandible was obtained by 
bilateral manipulation22,23. Base palates and occlusal rims 
were used to interocclusal records. After the face-bow 
(Rotofix,	Girrbach,	Germany)	transfer,	the	maxillary	stone	
cast	was	mounted	 in	 a	 semi-adjustable	 articulator	 (Artex	
TK,	 Girrbach,	 Germany).	 Interocclusal	 records	 were	
used for articulation mandibular stone cast. The occlusal 
appliance was constructed on the mandibular cast with 
self-curing orthodontic resin24	 (Fortex,	 2000	 RS	 Rapid	
Simplified International Dental Surcigal and Polymer 
Suppliers	England).	The	occlusion	appliance	was	applied	
on	 the	 mandibular	 dental	 arch	 and	 occlusal	 adjustments	
were performed by using articulation paper. The patient 
had	 been	 observed	 for	 4	weeks	while	 using	 the	 occlusal	
appliance.	 Throughout	 this	 period,	 required	 adjustments	
and modifications were performed21,26.

All teeth were prepared with chamfer finish 
line.	 Provisional	 restorations	 were	 fabricated.	 For	
fixed	 partial	 dentures,	 the	 preliminary	 impressions	 of	

Imaging,	 Los	 Angeles,	 California).	 Analysis	 of	 the	
cephalometric film disclosed rotation of the mandible 
upward,	 resulting	 in	 the	appearance	of	decreased	vertical	
dimension of occlusion.

Figure 1. Intraoral anterior view before treatment 

Figure 2. Extra-oral view before treatment

Figure 3. Panoramic radiograph before treatment
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maxillary	 stone	 cast	 was	 mounted	 in	 a	 semi-adjustable	
articulator	 (Artex	TK,	Girrbach,	Germany).	 Interocclusal	
records were used for articulation mandibular stone cast. 
The cast metal-ceramic fixed partial dentures (Nickel-
Chrome	 Wiron	 99	 BEGO,	 Bremen,	 Germany-ceramics	
Matchmaker	 Porcelain,	 Davis	 &	 Schottlander	 Davis	 Ltd	
Letchworth,	 Herts,	 England)	 were	 constructed.	 Group	
function	 was	 achieved	 in	 the	 fixed	 partial	 dentures.	
Anterior guidance was obtained. The cast metal-ceramic 
fixed	 partial	 dentures	 were	 cemented	 (Figs.	 4	 and	 5).	
Function	 and	 aesthetics	 were	 achieved	 at	 the	 end	 of	 the	
treatment. Another lateral cephalogram was taken after 
the treatment and superimposed on the SN plane with the 
initial	 one	 to	 determine	 skeletal,	 dental,	 and	 soft	 tissue	
changes	after	rehabilitation	of	the	patient	(Fig.	6).

maxillary and mandibular arches were taken with a 
condensation	 silicone	 (Zetaplas	 ISO	 Spec.4828	 Type	
0-Putty Consistency ADA Spec19 Type 1- Very High 
Viscosity	 Zhermack,	 Badia	 Polesine,	 Italy).	 Low	
viscosity	 hydrocompatible	 condensation	 silicone	 was	
used	 in	 the	wash	 technique	 (Oranwash	L	 ISO	Spec	4823	
Type 3 -Light- bodied Consistency ADA Spec.19 Type 
1	 Low	 viscosity,	 Zenmarck	 Badia	 Polesine,	 Italy).	 Then	
provisional	 restorations	 were	 cemented.	 Impressions	 of	
maxillary and mandibular arches were poured with type 
4	dental	 stone	 (Prima-Rock;	Whip	Mix	Corp,	Louisville,	
KY	 USA).	 Base	 palates	 and	 occlusal	 rims	 were	 used	
to	 record	 vertical	 dimension	 of	 occlusion.	 A	 centric	
relation position of the mandible was recorded. After 
the	 face-bow	 (RotofiX,	Girrbach,	Germany)	 transfer,	 the	

Figure 4. Intra-oral anterior view after treatment Figure 5. Extraoral anterior view after treatment

Figure 6. Superimposition of initial and final lateral cephalometric films

Discussion

The	 unpleasant	 appearance,	 missing	 teeth,	 and	
extensive	vertical	overlap	in	patients	with	oligodontia	may	
cause	 psychosocial	 and	 functional	 problems.	 Therefore,	
the	 primary	 goal	 in	 treatment	 is	 to	 improve	 appearance,	
mastication and speech1,27.	 There	 are	 various	 treatment	
approaches	 in	 oligodontia	 cases,	 like	 space	 closure	
by	 orthodontic	 therapy,	 extraction	 of	 primary	 teeth,	
application	of	removable	or	fixed	partial	dentures,	osseo-
integrated dental implants or combinations of these12,16,28. 
Treatment	 alternatives	 may	 be	 chosen	 according	 to	
patient’s	 age,	 intraoral	 findings	 such	 as	position,	 number	
and quality of the remaining teeth and patient’s financial 
situation.

As	 an	 option,	 orthodontic	 treatment	 may	 be	 used	
to	 correct	 the	 malocclusion,	 eliminate	 small	 spaces	 and	
support the remaining teeth in a more feasible place for 
removable	 partial	 denture.	Excellent	 results	 are	 provided	
when permanent teeth number and its clinic characteristics 
are adequate to support and retain fixed partial denture. 
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Although usage of dental implants are disputable in 
paediatric dentistry because of ongoing dental and skeletal 
growth	 in	 a	 child,	 successful	 aesthetic	 and	 functional	
reconstruction	 of	 occlusion	 can	 be	 achieved	 in	 adults3. 
In	 this	 case,	 orthodontic	 treatment’s	 sole	 inadequacy	
and patient’s unwillingness to it eliminated orthodontic 
treatment as an option. It also went for osseo-integrated 
implants as the patient could not afford it.

There are important differences between primary and 
permanent	teeth.	A	primary	tooth	has	a	shorter	crown,	the	
occlusal	 table	 is	 narrower,	 enamel	 and	 dentin	 layers	 are	
thinner and the pulp is larger in relation to the crown size. 
That is why extraction of primary teeth was decided to 
avoid	clinical	problems1,3,5.

Decrease	 in	 vertical	 dimension	 of	 the	 face	 was	
observed	 due	 to	 the	 counter-clockwise	 rotation	 of	 the	
mandible,	 resulting	 in	 poor	 facial	 aesthetics.	 Several	
studies	have	observed	that	increasing	numbers	of	missing	
teeth results in a decrease in the mandibular plane angle 
and a reduction in facial height9,10. According to the 
findings	 from	 the	 lateral	 cephalometric	 analysis,	 and	
clinical	 finding,	 vertical	 dimension	 of	 occlusion	 was	
restored with an occlusal appliance therapy for better 
aesthetics and function before the construction of the fixed 
prosthesis. Occlusal appliance is used as an auxiliary tool 
in dentistry25,29. 

This case report describes prosthodontic management 
of a 31-year-old female patient with oligodontia. The 
occlusal	vertical	dimension	was	restored	by	using	occlusal	
appliance.	After	 the	 trial	 period,	 fixed	 partial	 dentures	
were cemented. Satisfactory a esthetic and functional 
requirements were provided.	 Soft	 tissue	 profile changed 
in	a	good	manner	after	the	increase	in	vertical	dimension	
of the face. 
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lower case (with an initial capital letter) at the left hand margin 
and bolded.

All illustrations, labeled as figures (such as photographs, 
line drawings, charts or tracings) should be submitted as high
contrast prints, black and white, suitable for publications. They 
must be marked on the back with the title of the paper, numbered 
with arabic numerals in the same order as they are cited in the 
text, and the top edge indicated with an arrow. Photomicrographs 
should have the magnifications and details of staining techniques 
shown. Short explanatory captions of all illustrations should be 
typed on a separate sheet.

Tables should be typed on a separated sheet. Each table 
should have a short heading (title) above and any footnotes, sui
tably identified, below. Tables should be numbered consecutively 
with arabic numerals. Do not submit tables as photographs. Ensure 
that each table is cited in the text. Abbreviations are not desirable.

References. References in the text should use superscript 
numerals as they appear in the list of references, with or without 
the name(s) of the author(s). The list of references at the end of 
the paper should be typed on a separate sheet, arranged alphabeti
cally and numbered, and should include all references cited in 
the text. For review papers, references can be arranged conse
cutively and numbered (by Arabic numerals) as they are cited. 
The accuracy of references is the responsibility of the author.

Titles of journals should be abbreviated as used by Index 
Medicus. The format for references should be: yearvolumefirst 
and last page. References to monographs should also include 
place and the name of the publisher, and the page(s) referred to.

Examples:
1. Brown JS, Browne RM. Factors influencing the patterns of 
invasion of the mandible by squamous cell carcinoma. Int J Oral 
Maxillofac Surg, 1995; 24:417426.
2. Sternbach RA. Pain patients  traits and treatment. New York, 
London, Toronto, Sydney, San Francisko: Academic Press, 1974; 
pp 2030.
3. Koulourides T, Feagin F, Pigman W. Experimental changes in 
enamel mineral density. In: Harris RS (ed). Art and Science of 
Dental Caries Research. New York: Academic Press, 1968, pp 
355378.
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