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Dental caries is a chronic disease with low 
mortality. It is, though, a very common dis-
ease, responsible for much suffering, and is 
one of the most expensive diseases to treat. 
Within the EU, the cost of dental treatment, 
most related to dental caries, in 2011 was 
estimated to be 79 billion euro (1). Dental 
caries affects all ages; both primary and per-
manent dentitions. In many European coun-
tries, tooth extraction due to dental caries is 
the commonest reason for general anaes-
thetics in young children. Yet, it is a pre-
ventable disease; its cause is very well known 
but it is not prevented. Why? Because it is 
a diet-related lifestyle disease, where pre-
vention requires change to entrenched, and 

often enjoyable, eating habits. Dental caries 
was rare before the rise in importation and 
consumption of sugar. Sugar causes much 
pleasure but also much disease – and not 
only dental caries. Strong commercial pres-
sures encourage sugar consumption. How-
ever, there are signs that the tide is changing. 
Medical, dietetic and dental professions now 
agree on dietary policy. There is much better 
food labelling now in Europe, with sugars 
content displayed. In many countries, televi-
sion advertising of high sugar products can-
not be targeted at children, and provision of 
high sugar foods and drinks is not allowed 
in schools. Many parents are now well aware 
of what a healthy diet is and do their best 
to ensure their children benefit from this 
knowledge. However, there are many fami-
lies where life’s pressures – financial, avail-
ability of time and food choice, and habit 
– are such that this is not possible. These 
differences have led to increased social in-
equality in oral health: the major challenge 
to those in population oral health. Ironically, 
it used to be the affluent who had most den-
tal decay; now it is the opposite. This sce-
nario is common to several chronic diseases, 
often with the same risk factors operating in 
these several diseases. This requires, what is 
now well-recognised as the ‘common risk 

*The authors are Professors emeritus, Semmelweis and Newcastle Universities, respectively. No support was 
provided for the preparation of this paper.
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factor’ approach to controlling these costly 
chronic diseases (2).

Nearly a century ago, classical epide-
miology demonstrated the extraordinary 
ability of fluoride to prevent caries devel-
opment. By the 1940s, it was clear that the 
concentration of fluoride naturally present 
in water was inversely related to the occur-
rence of dental caries. During the second 
half of nineteenth century, this property was 
exploited and many methods developed to 
ensure that the benefit of fluorides was avail-
able as widely as possible. This has radically 
altered the picture of dental caries both be-
tween countries and within countries. In the 
1950s and 1960s, dental caries severity was 
extremely high in northern Europe: now, 
in younger people, it is low to very low. The 
present state of dental caries in southern Eu-
rope is described in the first article on the 
prevalence of dental caries in Bosnia and 
Herzegovina in children and adolescents.

The remarkable decline in caries sever-
ity has been due, largely, to widespread use 
of fluoride. This is well recognised by health 
authorities and especially by WHO. As an 
example, at the Sixtieth World Health As-
sembly in Geneva in May 2007, a Resolution 
urged Member States to “for those countries 
without access to optimum levels of fluo-
ride, and which have not yet established sys-
tematic fluoridation programmes, to con-
sider the development and implementation 
of fluoridation programmes, giving priority 
to equitable strategies such as the automatic 
administration of fluoride, for example, in 
drinking water, salt or milk, and to the pro-
vision of affordable fluoride toothpaste” (3). 

The second article in this Issue discusses 
possible approaches to prevention. It devotes 
space to a discussion of nutrition, diet and 
dental caries, partly because this is the cause 
of dental caries and partly because this topic 
is not discussed elsewhere in this Issue. The 
next four articles are devoted to fluoride and 
were commissioned by the editors of this 

Special Issue. The first three cover the main 
community, or public health, methods of 
delivering fluoride – through water, salt and 
milk. These three methods are often consid-
ered the ‘automatic’ methods of fluoride de-
livery, in that personal effort is not required 
by the individual and, in this respect, dif-
fers from fluoride toothpaste which is pur-
chased by the individual. Because they are 
community preventive measures, reaching 
everyone, they are equitable (thus, reduc-
ing inequalities in disease) and economic. 
The next article discusses the ‘home-based’ 
use of fluoride, namely in toothpastes and 
mouthrinses. All of these articles emphasise 
that the methods described – automatic, 
home-care, and professional-care delivery 
are not alternatives, in competition with 
each other. On the contrary, fluoride tooth-
pastes should be used in areas where drink-
ing water contains the optimum concentra-
tion of fluoride – it safe to do so and it will 
bring added benefit. The many systematic 
reviews mentioned in these articles indicate 
the considerable knowledge base now avail-
able to ensure appropriate advice to opti-
mise the benefits of fluoride. 

The next article by Croatian pharma-
cological experts describes the cariostatic 
mechanisms of fluoride action, explaining 
the systemic and topical effects of fluoride 
on oral micro-organisms and on the teeth. A 
Hungarian paper discusses amine fluorides, 
describing several studies, and reports on 
excellent results with topical application of 
amine-fluoride-containing toothpastes and 
rinses on caries-risk groups in that country.

The assessment of caries risk is an im-
portant topic if prevention is to be targeted 
at those in greatest need, and authors from 
Bosnia and Herzegovina investigated the ef-
ficiency of a multifactorial model in assist-
ing caries prediction. This is followed by a 
report on the caries-preventive behaviour 
and oral health attitudes of Czech parents 
with regard to their pre-school children.



107

Secondary prevention is important too, 
and the subject of incipient caries is report-
ed in a Croatian paper concerning current 
possibilities in occlusal caries management 
and, from Turkey, a study of the effects of 
pre-treatment of the enamel surface on suc-
cess in sealing fissures in tooth surfaces. A 
Bulgarian paper deals with the development 
of dental practices in Bulgaria during the 
last twenty years. 

Summarizing, this Special Issue on caries 
epidemiology and prevention, gives an over-
view on the different methods of caries pre-
vention and control, from about 10 different 
countries. The use of fluoride is discussed 
in greater detail because of its major role in 
caries prevention. We hope that the infor-

mation given will stimulate greater effort by 
all in health care to reduce, if not eliminate, 
the scourge of oral disease. 

Conflict of interest: The authors are Trustees of the 
Borrow Foundation. 
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Objective. The aim of this study was to present epidemiological pa-
rameters of caries prevalence in children and adolescents in index age 
groups on a national and regional level in Bosnia and Herzegovina 
(BH). Materials and methods. The study was conducted during 2004 
year for children aged 6 and 12, and during 2007 for adolescents aged 
15. An oral health survey was performed on a total number of 1,240 
children and adolescents in line with World Health Organization 
methodology and criteria. Results for caries prevalence and treatment 
needs were presented and discussed in this paper. Results. Mean dmft 
(decay, missing, filled teeth for primary dentition) for children aged 
six was 6.7 (SD±3.9) in that the decayed teeth constituted the major 
part of the index (88.8%), followed by extracted teeth (8.9%) and a 
small percentage of filled teeth (2.3%). In 12-year-olds DMFT (Decay, 
Missing, Filled Teeth for permanent dentition) was 4.2 (SD±2.9), Sig-
nificant Caries index (SiC) was 7.7 (SD±2.9), the decayed teeth con-
stituted the major part of the index (45.4%), followed by 42.1% of FT 
and 12.5% of extracted teeth. Among 15-year-olds the DMFT was 7.6 
(SD±4.1), SiC was 9.2 (SD±1.2), and filled teeth constituted the major 
part of the index. Conclusion. The present study provides some evi-
dence of relatively high caries prevalence and severity in comparison 
with Western European countries. It is necessary to devote more atten-
tion to the oral health of children and adolescents. Community based 
oral health promotion, preventive programs and preventive oriented 
public dental health care services should be made available and acces-
sible to all children in Bosnia and Herzegovina. 

Key words: Oral health, Caries, Children, Epidemiology. 

Introduction 

Basic epidemiological data are used to col-
lect information about disease prevalence 
and/or incidence, treatment needs of a 
population, and to evaluate or monitor ef-
ficiency and changes in healthcare systems. 

The World Health Organization (WHO) 
provides a specific methodology to collect 
epidemiological data on oral health param-
eters through basic oral health surveys, with 
clear aims to provide a systematic approach 
to the collection and reporting of data on 
oral diseases and conditions, and to ensure 
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that data are comparable with other national 
surveys (1). WHO recommends conducting 
periodic national oral health surveys that in-
clude monitoring of ten oral health param-
eters by precisely defined index age groups 
(1). Most European countries periodically 
conduct oral health surveys for specific age 
defined population groups. Recommended 
age groups in pediatric population to evalu-
ate oral health status are 5 to 6 years, 12 years 
and 15 years of age (1). Caries, as the most 
frequent dento-oral disease in children and 
adolescents, is in the focus of investigations 
of oral health status for these specific age 
groups. There is strong agreement that oral 
health in adults is a reflection of oral health 
status in childhood (2).

During the past 20 years, many epide-
miological studies have revealed a declin-
ing trend in the prevalence and severity of 
oral diseases in Western European countries 
(3). The first epidemiological study on oral 
health for the population of Bosnia and Her-
zegovina (BH) was conducted 27 years ago 
(4). It was a national oral health survey us-
ing WHO methodology, conducted for the 
population of the former Yugoslav Repub-
lics, where BH was included as one of six 
Yugoslav Republics (4). Due to war and the 
post-war transitional period in BH, period-
ic nationwide oral health surveys have not 
been conducted. Ivankovic (5) conducted an 
epidemiological study in order to assess the 
dental health of children aged six and twelve 
in a part of the region of Herzegovina. There 
is a lack of data for all three index age groups 
in BH. Basic epidemiological studies on oral 
health of the population are necessary to as-
sess morbidity, and to make short-term and 
long-term plans for the efficient organiza-
tion and monitoring of the oral-health care 
system. Previous studies suggested children 
in BH to be at medium risk for dental caries 
development, due to bad oral hygiene main-
tenance, lack of preventive programs, inade-
quate diet control and frequency, occasional 

usage of topical fluoridation and changes 
in living condition (6, 7). Focusing on the 
oral health of children and adolescents, this 
study has been conducted to provide base-
line epidemiological information of the oral 
health status of children and adolescents in 
BH. Partial results of survey have been pub-
lished previously (6, 8), but results of caries 
prevalence for all three monitoring groups 
have not been published before. 

The main purpose of this study was to 
present epidemiological parameters for car-
ies prevalence in children and adolescents 
on a national and regional level in BH. 

Material and methods

Timetable and study groups

The study was conducted during 2004 on 
children aged 6 and 12 (March, April and 
May), and during 2007 for adolescents aged 
15 (April and May). In BH children are usu-
ally enrolled at school by the age of 6 years 
and have to attend primary school for 9 
school years. Therefore, the majority of 12- 
year -old children were attending the sixth 
grade. Children aged 15 are in the first or 
second grade of secondary school, which 
they have to attend for 4 school years. 

Study area 

Bosnia and Herzegovina is made up of two 
entities: the Federation of Bosnia and Her-
zegovina (FBH) further divided into 10 
cantons, and the Republika Srpska (RS). It 
covers an area of some 51,128 km2, and has 
a population of 3,717,130 million people. In 
2000, the country had 787 active dentists (6). 
BH is an area with low natural fluoride con-
tent in drinking water (less than 0.1 ppm) 
and water fluoridation is not yet conducted 
(6). Fluoride-toothpastes have been available 
on the market for many years, but studies on 
the frequency of their usage are lacking. 

Nina Markovic et al.: Caries prevalence of children in BH 
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In 2004, a survey was performed for 
schoolchildren aged 6 and 12 in 8 locations/
cantons of FBH (Sarajevo, Mostar, Gorazde, 
Siroki Brijeg, Tuzla, Visoko, Sanski Most and 
Vitez). In the Republika Srpska a survey was 
performed in Banja Luka in two locations 
The age 15 study group were children from 
the capital, Sarajevo, who were examined at 
three locations in three different secondary 
schools. Due to a lack of financial funds, this 
part of the survey was performed only in Sa-
rajevo, considering the capital as representa-
tive of the whole country. The survey was car-
ried out with the agreement of local authori-
ties to perform examinations in schools. 

Study sample 

The oral health survey was performed on to-
tal of 1,240 children and adolescents. There 
were three study groups, following the index 
age recommended by WHO (1). 

Group 1 consisted of 6-year-old children 
(mean 6.2, SD±0.9) attending the first grade 
of primary school. A total number of 560 
children were examined in the following sur-
vey locations: Sarajevo,as the capital (n=160; 
40 examinees on four locations), Tuzla as a 
large town (n=80; 40 examinees at two lo-
cations, Banja Luka as a large town (n=80; 
40 examinees at two locations); followed by 
Mostar, Gorazde, Siroki Brijeg, Visoko, San-
ski Most as small towns, but also representa-
tives of cantons, with 40 examinees in each 
location. Group 2 consisted of 12-year-old 
children (mean 12.2, SD±0.8) attending the 
sixth grade of primary school. A total num-
ber of 560 children were examined, follow-
ing the same distribution as the first group. 
Group 3 consisted of 15-year-olds (mean 
15.2, SD±0.5), a total number of 120 exam-
inees (40 examinees in three schools). 

Schools were randomly selected, the first 
class was chosen for investigation (designat-
ed A or 1), and children from the next class 
(designated B or 2) were included if neces-

sary. In each school 40 subjects were exam-
ined since the 1997 percentage of 12-year-
olds without decayed teeth was 6% (5). 

Assessment of oral health

One dental team visited primary schools 
and clinically examined all subjects in line 
with WHO methodology and criteria, us-
ing dental mirrors and standard CPITN-
E periodontal probes, under natural light 
(1). Parameters used to measure oral health 
status were: DMFT index, presence of seal-
ants, Community periodontal index (CPI) 
and developmental defects of enamel index. 
CPI was performed for ages 12 and 15 (1). 
For age 15, oral hygiene was estimated by 
the Plaque Index (PI) by Sillness and Loe 
(1964) (9), using the same index teeth that 
were used for CPI, and recording values 
with the highest score, as recommended for 
CPI recording. Results for caries prevalence 
and treatment needs were presented and 
discussed in this paper, as well as the results 
of CPI, in relationship to oral hygiene status 
and caries prevalence. 

In the Group 1 (6-year-old children), a 
survey questionnaire was completed by par-
ents/foster parents one day prior to the ex-
amination. The questionnaire included: the 
number of meals per day, sweet intake, and 
the number of episodes of tooth brushing 
per day, the time of first dental visits and fre-
quency of dental visits. Answers were coded 
for further statistical analyses.

Examinations were performed by two 
investigators, trained and calibrated for re-
cording the parameters of oral health. Train-
ing and calibration was performed on twen-
ty-five 12-year-old subjects, who were not 
included in the final sample. Kappa statistics 
were used to test the intra-investigator reli-
ability. The Kappa values estimated from re-
peat examination for the intra-consistency of 
the fieldwork investigator were k=0.91, and 
for inter-examiner reliability 0.89. One ex-
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aminer clinically examined 6 and 15-year-old 
children, and a second examiner did exami-
nations of 12-year-olds. Periodontal status 
was recorded by using the CPI, according to 
WHO recommendations for subjects under 
20 years of age (1). Prior to the examinations 
written approval, from the local authorities, 
schools heads and parents was obtained. 

Statistical analysis

Data were coded, noted on a data sheet and 
later saved electronically. The Statistical 
Package for Social Science – SPSS for Win-
dows, version 13.0 (SPSS Inc. Chicago, Ill., 
USA) was used to analyze the data. Results 
were analyzed with descriptive and analyti-
cal statistics. Mean values, standard devia-
tions, percentages and correlations (Spear-

man’s correlation) were computed. The level 
of significance was defined as p<0.05.

Results 

The results of caries prevalence of three 
study groups are given in Table 1 

In a total sample of Group 1 the decay 
teeth component of dmft constituted the 
major part of the index (88.8%). 34.1% of 
examinees needed one surface filling on at 
least one tooth (T1>1.76.8% of examinees 
needed two or multi surface filling (T2>0), 
17.8% needed endodontic treatment (T5>0), 
and 64.1% needed extraction due to caries 
(T6>0). 92.5% of examinees needed some 
kind of dental treatment (T0>0). Results of 
the mean dmft values in different survey lo-
cations are given in Table 2. 

Table 1 Caries prevalence in 6, 12 and 15-year-old children

Study groups
(n)

Year of 
study

Parameters of caries prevalence

dmft/DMFT 
(X±SD)

dt/DT 
(%)

mt/MT
(%)

ft/FT 
(%)

SiC (X±SD) Caries free 
(%)

Group 1 (560) 2004 6.7±3.8 88.8 8.9 2.3 - 6.8

Group 2 (560) 2004 4.2±2.9 45.4 12.5 42.1 7.7±2.9 9

Group 3 (120) 2007 7.6±4.0 26.4 14.2 59.3 9.2±1.2 2

dmft=decay, missing, filled teeth for primary dentition; DMFT= Decay, Missing, Filled teeth for permanent dentition; dt/DT= decay teeth; mt/
MT= missing teeth; ft/FT= filled teeth; SiC= Caries Significance Index (DMFT for 1/3 examinees with the highest DMFT mean values); Caries free= 
percentages of examinees without caries. 

Table 2 Caries prevalence in 6-year-old children in different survey locations 

Survey location 
Parameters of caries prevalence

dmft index dt % (X±SD) mt % (X±SD) ft % (X±SD)

Sarajevo 6.9 ± 4.2 89.3 (6.2±4.2) 7.2 (0.5±1.4) 3.5 (0.7± 0.5)

Banja Luka 7.1 ± 4 91.8 (6.5±3) 6.7 (0.5±0.9) 1.4 (0.4±0.4)

Sanski Most 6.9 ± 4.1 91.9 (6.3±4.2) 7.3 (0.5±1.2) 0.7 (0.3±0.5)

Tuzla 5.9 ± 3.9 90.2 (5.3±3.9) 9.1 (0.5.±1.4) 0.6 (1±02)

Visoko 6.9 ± 3.3 88 (6.1±3) 11.6 (0.8±0.9) 0.4 (0.1±0.2)

Gorazde 8.6 ± 3.2 92.2 (7.9±3.4) 7.8 (0.7±1.5) 0 (0)

Vitez 7 ± 3.8 82.5 (5.6±3.6) 13.6 (1±1.5) 3.9 (1.7±0.3)

Široki Brijeg 6.1 ± 3.3 84.3 (5.4±3.1) 15.6 (0.9±1.6) 0 (0)

Mostar 5.1 ± 2.9 79.2 (3.9±2.7) 9.4 (0.5±1.3) 11.39 (2.2±0.3)

dmft=decay, missing, filled teeth for primary dentition; dt= decay teeth; mt= missing teeth; ft= filled teeth.

Nina Markovic et al.: Caries prevalence of children in BH 
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In the group of 6-year-olds (Group 1) 
first permanent molars (FPM) were ana-
lyzed as well. In this group 81.7 % of exam-
inees (n=455, mean 3.6±0.9) had all four 
FPM erupted at the time of recording the 
dental status. Mean value of DMFT for FPM 
was 0.6 ±1.1 with the highest value recorded 
in Gorazde 1.3±1.3, and the lowest value in 
Banja Luka 0.3±0.7. Mean values for other 
locations were within this range. Mean val-
ues of DMFT components for FPM in all 
examined locations were less then 1. The av-
erage number of FPM with fissure sealants 
in BH was 0.2±0.8, with the highest values 
in Siroki Brijeg (0.8±1.5), Sarajevo (0.4±0.9) 
and Mostar (0.4±1) at the age of six. 20% of 
examinees needed one surface filling on at 
least one FPM, and 2% of examinees needed 
extraction of at least one FPM at the age of 
six. Further more, some factors possibly as-
sociated with caries were analyzed in this 
study group. 

From the total of 560 completed ques-
tionnaires that were returned, 344 were 
filled out correctly for statistical analysis 
(response rate of 61%). The most partici-
pants had 5-6 meals per day (61%), one 
sweet meal per day (45%), brushing teeth 
twice a day (60%), and most of them had 

the first dental visit between the age of 5 and 
7 (48%). Spearman’s correlation was used 
to assess the correlation between dmft and 
the number of meals per day, sweet intake, 
number of tooth brushings per day and fre-
quency of dental visits. A weak correlation 
was found between sweet intake and dmft 
(r=0.13, p=0.31) and between dental visits 
and dmft (0.13, p=0.31). 

Among 12-year-olds (Group 2) the DT-
component (decay teeth) constituted the 
major part of the DMFT (45.4%) (Table 1). 
In different locations, DMFT was recorded 
in a range of 2.7 (SD± 2.2) in Sanski Most to 
5.4 (SD±2.8) in Široki Brijeg, but the average 
value for the DT- component of the index 
was the lowest for Široki Brijeg (0.9±0.8) as 
well as the FT- component (filled teeth) be-
ing the highest (4.3±2.3) for the same loca-
tion. Results of DMFT at different survey 
locations are given in Table 3. 

Among the examined children, 5.7% 
had at least one tooth with a fissure seal-
ant. In the total number of 560 examin-
ees and 15,651 recorded permanent teeth, 
some kind of dental treatment (T0>0) was 
needed by 99.8% of examinees, fissure seal-
ing (Tf>0) on at least one tooth was needed 
by 70.8 % of examinees, one surface filling 

Table 3 Caries prevalence in 12-year-olds in different survey locations. 

Survey location
Parameters of caries prevalence

DMFT index DT % (X±SD) MT % (X±SD) FT % (X±SD)

Sarajevo 3.9 ±2.9 43.9 (1.7±2.2) 12.7 (0.5±0.8) 43.4 (1.7±2.1)

Banja Luka 4.8 ± 2.9 50.9 (2.4±2.7) 10.4 (0.5±0.9) 38.7 (1.8±2)

Sanski Most 2.7 ± 2.2 56.5 (1.5±1.6) 18.5 (0.5±0.9) 25 (0.7±1.4)

Tuzla 3.5 ± 2.6 46.2 (1.6±1.7) 16.4 (0.6.±0.9) 37.4 (1.3±1.9)

Visoko 4.5 ± 2.6 65.7 (2.9±2.5) 20.2 (0.9±1.1) 14 (0.6±1.2)

Goražde 4 ± 3.1 46 (1.8±2.1) 16.8 (0.7±1.0) 37.3 (1.5±2.3)

Vitez 4.8 ± 3 45.4 (2.2±2.5) 11.3 (0.5±0.7) 43.3 (2.1±1.8)

Široki Brijeg 5.4 ± 2.8 16.3 (0.9±1.5) 3.2 (0.2±0.4) 80.5 (4.3±2.3)

Mostar 4.3 ± 3.0 42.4 (1.8±2.8) 9 (0.4±0.8) 48.6 (2.1±1.9)

DMFT=Decay, Missing, Filled teeth for permanent dentition; DT= decay teeth; MT= missing teeth; FT= filled teeth.
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(T1>0) by 48.5%, two or multi surface fill-
ing (T2>0) by 27.3%, endodontic treatment 
(T5>0) 13.9% and extraction due to caries 
(T6>0) by 18.7%. 

Among 15-year-olds, the FT component 
constituted the major part of DMFT (59.3%) 
(Table 1). Some kind of dental treatment 
(T0>0) was needed by 78.8% of examinees, 
fissure sealing (Tf>0) on at least one tooth 
was needed by 63.3 % of examinees, one 
surface filling (T1>0) by 37.5%, two or multi 
surface filling (T2>0) 29.2%, endodontic 
treatment (T5>0) by 19.4% and extraction 
due to caries (T6>0) by 14.8%. Periodontal 
condition was evaluated for children aged 
12 and 15 and the results of CPI are given 
in Table 4, presented as percentages of ex-
aminees. 

The mean value of PI for 15-year-olds was 
1.2 (SD±4), indicating poor oral hygiene (8). 
The most frequent CPI score in both groups 
was score 1 (bleeding on probing), indicat-
ing gingivitis due to poor oral hygiene. In 
order to observe score 1 as an indicator of 
poor oral hygiene status in 12-year-olds, the 
correlation between mean values of CPI and 
mean values of PI were analyzed by Spear-
man’s nonparametric correlation. There was 
a positive correlation between observed 
parameters of CPI score 2 and PI (r=0.389, 
p=0.000), indicating that 43% examinees 
aged twelve, with recorded CPI score 1, pos-
sibly had poor oral hygiene as well. 

Discussion

This study is the first to present systemati-
cally many parameters associated with car-

ies prevalence for all specific index child 
population groups of Bosnia and Herzegovi-
na. In the research conducted for some parts 
of Bosnia and Herzegovina in 1997, mean 
dmft values in children aged six were 4.8, 
and DMFT for children aged twelve were 6.2 
(5). Comparing these figures with the results 
of the present survey, there was an increase 
in dmft from 4.8 to 6.7 in the present study 
and a decrease of DMFT from 6.2 to 4.2. The 
increase in dmft within seven years could be 
explained by reduced sugar consumption 
during the war and the post-war period, but 
there is no reasonable explanation for the 
decrease in 12-year-olds. 

According to the results of the investi-
gation of caries risk assessment in Bosnian 
children aged twelve, the majority of Bos-
nian children were at medium risk for car-
ies development (72%) with just 20% having 
low caries risk (9). There were significant 
differences in caries risk in relation to socio-
economic status, where those with a low so-
cioeconomic background had a higher risk 
of caries development (9). 

In the present study, decay contributed 
the most to the dmft and DMFT for chil-
dren aged six and twelve, indicating that 
untreated caries was a problem for the chil-
dren investigated. According to treatment 
needs, there is a lack of preventive and cura-
tive treatment in primary dentition. FT were 
the major part of DMFT in adolescents. This 
reveals a curative approach to caries treat-
ment that obviously begins after the age of 
six. Treatment needs for children aged 12 
and 15, as well as mean DMFT values, indi-
cated a lack of efficient disease prevention. 

Table 4 Assessed periodontal condition of 12 and 15-year-olds using CPI

Study groups
(n)

Percentage distribution of subjects according to the highest CPI score 

Healthy Bleeding Calculus Pockets 4-5 mm Pockets >6 mm Excluded 
sextants

Group 2 (560) 43 43 12 - - 2

Group 3 (120) 18 38 28 14 1 0

Nina Markovic et al.: Caries prevalence of children in BH 
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According to the results of the question-
naire, most participants had their first visit 
to a dentist between the ages of 5-7 years, 
and their dental status indicated the lack of 
any kind of dental treatment. The answers 
about dietary and oral hygiene habits were 
in line with preventive guidelines, but epi-
demiologic figures show a different picture. 
Fissure sealants, that have contributed in 
many countries to a decrease in caries inci-
dence (10), had rarely been applied in our 
population. The results of treatment needs 
in the age of twelve and fifteen indicate that 
most young people would have serious den-
tal problems with very possible tooth loss in 
early adulthood. Thompson et al. (2) con-
cluded that oral health in adulthood was de-
termined by oral health in children. Bleed-
ing and calculus (CPI 1 and CPI 2) were very 
frequent, not only in adolescents, but also in 
12-year-olds, and the mean value of PI >1 in 
adolescents indicates that poor oral hygiene 
maintenance is a common problem in our 
children. The relationship between CPI, PI 
and DMFT was tested in order to observe 
CPI score 1 as a possible indicator of oral 
hygiene level for children aged twelve. Kuk-
letova et al. (11), in an oral health survey of 
13-15-year-old adolescents in the Czech Re-
public, found a significant relationship be-
tween gingival index (GI) and DMFT, par-
ticularly in the DT component and between 
PI and gingivitis.

There were some slight differences in epi-
demiological figures in different survey lo-
cations and they were published previously 
(6). In all survey locations caries prevalence 
was high and it was far from acceptable. The 
first nationwide survey according to WHO 
standards on the prevalence of dental caries 
from this region (the region of former Yugo-
slavia) was carried out in 1986 (4). Results 
showed the prevalence of dental caries in the 
Yugoslav child population to be very high, 
with a mean DMFT for 12-year-olds of 6.1 
and 9.6 for 15-year-olds. (4) The WHO Oral 

health database for DMFT of 12-year-olds 
showed similar results in the past decade 
for neighboring countries such as Croa-
tia at 4.9, Serbia 7.8, the Former Yugoslav 
Republic Macedonia 3.0 and Slovenia 1.8 
(12). Slovenia was the only former Yugo-
slav country where a remarkable decrease 
in caries prevalence was recorded (12, 13). 
The notable improvement of dental health 
in Slovenian children was explained by the 
estabilishment of preventive programmes, 
with the stress on supervised teeth brushing 
with concentrated fluoride gel in primary 
schools, improved oral hygiene, and a com-
prehensive programme of applying fissure 
sealants, particularly on first molars (13).

Declining trends in caries prevalence of 
children and adolescents have been report-
ed in many European countries (3, 10, 14-
16). Following WHO methodology made 
it possible to compare our findings with 
other national surveys. In 1979, the World 
Health Assembly accepted an important 
goal for oral health in children: the average 
DMFT in 12-year-old children should be no 
greater than 3.0, and 50% of children aged 
six had to be caries free (17). By 1995, the 
average DMFT for children aged twelve in 
six Western European Countries (Denmark, 
Finland; Ireland, the Netherlands, Sweden 
and the United Kingdom) had fallen below 
2.0 (14). Twelve-year-olds represent a stan-
dard age category used by WHO to assess 
and compare dental caries levels in perma-
nent dentition of children worldwide (3, 
18). The mean dmft varies between 1.5 in 
England and Greece and 0.8 in Denmark 
(3). For the 15-year-olds, mean values of 
DMFT were in a range from 3.19 in England 
to 1.48 in Wales, and the lowest percentage 
of caries free was in Denmark at 42% (3). 
Findings of the present study were higher 
than 3.0, and for 12-year-olds at least twice 
as high as in Western European countries, 
and the percentage of caries free children 
aged six was 6.8. Furthermore, the SiC for 
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12 and 15-year-olds was twice as high as the 
mean DMFT. By definition, the SiC is part 
of DMFT, calculated on one third of popula-
tion with the highest caries scores (17) and it 
is always higher than DMFT, but in this case 
it is a cause of great concern. It is obvious 
that BH is a country with relatively high car-
ies prevalence. Further investigations should 
concentrate on revealing the specific factors 
that influence such oral health neglect.

Conclusions

The present study provides evidence of rela-
tively high caries prevalence and severity in 
comparison with Western European coun-
tries. It is urgent to devote more attention to 
the oral health of children and adolescents. 
Poor oral health is not only a health problem, 
it is also a social problem. Realistic goals have 
to be set and oral health programs should be 
created and implemented for children and 
adolescents for the entire population, but 
also for high risk groups. Community based 
oral health promotion, preventive programs 
and preventive oriented public dental health 
care services should be made available and 
accessible to all BH children. 
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Objective. To provide a brief commentary review of strategies to con-
trol dental caries. Dental decay is one of man’s most prevalent diseases. 
In many counties, severity increased in parallel with importation of 
sugar, reaching its zenith about 1950s and 1960s. Since then, severity 
has declined in many countries, due to the wide use of fluoride espe-
cially in toothpaste, but dental caries remains a disease of medical, social 
and economic importance. Within the EU in 2011, the cost of dental 
treatment was estimated to be €79 billion. The pathogenesis is well un-
derstood: bacteria in dental plaque (biofilm) metabolise dietary sugars 
to acids which then dissolve dental enamel and dentine. Possible ap-
proaches to control caries development, therefore, involve: removal of 
plaque, reducing the acidogenic potential of plaque, reduction in sugar 
consumption, increasing the tooth’s resistance to acid attack, and coat-
ing the tooth surface to form a barrier between plaque and enamel. At 
the present time, only three approaches are of practical importance: sug-
ar control, fluoride, and fissure sealing. The evidence that dietary sug-
ars are the main cause of dental caries is extensive, and comes from six 
types of study. Without sugar, caries would be negligible. Fluoride acts 
in several ways to aid caries prevention. Ways of delivering fluoride can 
be classed as: ‘automatic’, ‘home care’ and ‘professional care’: the most 
important of these are discussed in detail in four articles in this issue of 
the Acta Medica Academica. Conclusion. Dental caries is preventable – 
individuals, communities and countries need strategies to achieve this. 

Key words: Dental caries, Diet, Nutrition, Fluoride, Public health 
strategies.

Introduction
Dental decay is commonly called dental 
‘caries’, from the Latin word meaning rot-
tenness. It is one of the most common of 
chronic diseases and is of medical, social 
and economic importance. Yet its cause is 
well known and methods of preventing its 
occurrence and progression have been de-
veloped and many are practiced. The pre-

ventable is not yet prevented. The aim of this 
article is to provide a commentary review of 
strategies to control dental caries.

Size of the problem

While ancient civilisations experienced 
dental decay, it is largely a ‘modern’ disease. 
Dentists are lucky that teeth survive the lon-

*The author is Professor emeritus, Newcastle University. No support was provided for the preparation of this paper.
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gest of any tissue after death: we do not have 
to rely on contemporary accounts of disease 
prevalence, we dig up our ancestors. The re-
sults of these archaeological surveys reveal 
that experience of dental caries was low until 
the nineteenth century, when it rose sharply 
in several European countries. This steady 
increase during the century 1850 to 1960 co-
incided with increasing importation of cane 
sugar from the Americas. In Britain, a de-
fining moment occurred around 1900 when 
‘poor teeth’ was the most important cause of 
rejection of volunteers for military service. 
This became a ‘wake-up call’ for those con-
cerned with public health. For much of Eu-
rope and other ‘developed’ countries, 1960 
to 1970 became the turning-point; after 
1970 the epidemic of dental caries reduced 
considerably (1). As will be discussed be-
low, this decline has been due largely to the 
widespread use of fluoride. Although there 
has been a very welcome decline in the bur-

den of dental caries, it remains one of man’s 
most prevalent diseases (2). Elsewhere in 
the world, dental caries experience has in-
creased (Figure 1) so that, for children for 
example, the global average has remained 
almost unchanged for 30 years. 

The effect of dental caries is cumulative 
with age, and Petersen and colleagues (3) 
point out that the worldwide average for peo-
ple aged 65 years or more, is 22 teeth either 
decayed, missing or filled (out of 32 teeth). 
Dental caries is the most important oral dis-
ease and is of medical, social and economic 
importance. It is now recognised that dental 
caries cannot be considered in isolation – its 
occurrence and control depends on social 
environment and behaviour, at the levels of 
the individual and the broader community. 
It is recognised increasingly that oral diseas-
es have negative impacts on general health. 
Table 1 shows that, in an area of north-east 
England without water fluoridation, over a 

Figure 1 Dental caries severity (decayed, missing and filled teeth) in 12-year-olds between 1980 and 1998, in 
developed countries (top line), all countries (middle line) and developing countries (bottom line) (2).
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third of 5 year-olds had experienced tooth-
ache and a quarter to a third had had one 
or more general anaesthetics for dental ex-
tractions due to dental decay (4). In many 
countries, tooth extraction because of dental 
caries is the most common reason for gen-
eral anaesthetics in childhood. 

At the Sixtieth World Health Assembly 
in May 2007, a Resolution, confirmed by the 
Member States, emphasised that oral disease 
is a serious public health problem and that 
its impact on individuals and communities 
in terms of pain and suffering, impairment 
of function and reduced quality of life, is 
considerable (5). Oral disease is the fourth 
most expensive disease to treat. Globally, 
the greatest burden of oral diseases lies on 
disadvantaged and poor populations. The 
first action point in the Resolution – “urges 
Member States to adopt measures to ensure 
that oral health is incorporated as appropri-
ate into policies for the integrated preven-
tion and treatment of chronic noncommu-
nicable and communicable diseases, and 
into maternal and child health policies.” 
This acknowledges that most oral disease 
and chronic diseases have common risk fac-
tors, for example, unhealthy environments 
and behaviours, particularly widespread use 
of tobacco and excessive consumption of al-
cohol and sugar. 

More locally, a recent report on ‘The state 
of oral health in Europe’ (6) summarised the 
impact of oral diseases within the EU. Dis-
cussing the economic impact of oral diseas-

es in Europe, the first summary point was: 
“Oral diseases remain a major public health 
issue for high-income countries, where ex-
penditure on treatment often exceeds that 
for other diseases, including cancer, heart 
disease, stroke, and dementia. This is dis-
turbing, given that much of the oral disease 
burden in high-income countries is due to 
dental caries and its complications, and this 
is preventable through the use of fluoride 
and other cost effective measures”. The re-
port estimates that the annual cost in 2011 
of dental treatment within the 27 member 
states of the current EU was about €79 bil-
lion. Dental disease is one of the frequent 
reasons for absence from school. The aeti-
ology of these diseases is very well known, 
yet they are not yet prevented because of the 
seemingly insurmountable hurdles of com-
mercial pressure, politics, local environ-
ments and personal behaviour.

Pathogenesis

Ancient civilizations in China, Mesopota-
mia and Greece believed that dental decay 
was caused by worms and therefore had to 
be treated by fumigation. This view per-
sisted up to the time when Antony van Leu-
wenhoek observed, through his newly de-
veloped microscope, little worms (bacteria) 
in material taken from a carious tooth. Pas-
teur showed that sugars could be fermented 
to acids by micro-organisms, and Magitot 
demonstrated that the acids produced by 

Table 1 Percentage of 5-year-old children living in Urban and Rural areas in north-east England in who had 
(a) one or more dental abscess at the time of examination (point prevalence), (b) lifetime experience of one 
or more episode of toothache, or general anaesthetic for dental extraction. Data collected in Non-fluoridated 
(<0.1 mg F/litre) and Fluoridated (1 mg F/litre) communities in 1975 (4)

Experiences
Urban Rural

Non-fluoridated Fluoridated Non-fluoridated Fluoridated

Dental abscess (%) 3 1 5 0

Toothache (%) 40 22 38 17

General anaesthetic (%) 34 18 22 7

Andrew Rugg-Gunn: Dental caries prevention 
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fermentation of sugars were capable of de-
stroying tooth enamel in vitro. In 1890, WD 
Miller published his chemo-parasitic theory 
of caries aetiology. This remains the simple 
explanation of the caries process: bacteria in 
dental plaque metabolise dietary sugars to 
acids which then dissolve dental enamel and 
dentine. A modern refinement is that the 
process is not continuous but cyclical. Peri-
ods of acid attack and mineral loss are in-
terspersed with periods of remineralisation, 
and major tooth destruction (a cavity) only 
occurs if mineral loss is greater than healing. 
The major force to remineralise tooth tissue 
is saliva, which is supersaturated with cal-
cium. This becomes clinically evident in pa-
tients with very low salivary flow (hyposali-
vation) – perhaps due to radiation to the 
head and neck or drugs – who suffer rapid, 
severe dental caries. The most important ac-
tion of fluoride is to encourage reminerali-
sation of demineralised enamel and dentine. 
Although the phrase ‘dental plaque’ is still 
used extensively, it is more correct to use the 
term ‘dental biofilm’ – the important thing is 
that it is 70% bacteria, forms within days if 
teeth are not cleaned, and adheres very well 
to tooth surfaces, thus keeping acid metabo-
lites close to the tooth surface.

Possible approaches to caries 
prevention

Since the pathogenesis of dental caries is 
well understood, strategies to prevent car-
ies development would seem to be relatively 
simple. Either the attacking forces can be 
reduced or the host resistance can be en-
hanced. Ways to decrease to attacking forces 
include: removal of dental plaque (dental 
biofilm), alteration of dental plaque so that 
it is less able to metabolise dietary sugars 
to acids, neutralise the acids within plaque, 
and remove or reduce dietary sugars. Ways 
to enhance host resistance include: reduce 
enamel’s solubility in acid, increase the po-

tential for remineralisation of demineralised 
enamel, cover enamel surfaces so as to put a 
barrier between dental plaque and enamel. 
All of these, and more, have been tried.

Toothbrushing is an accepted social hab-
it, making teeth more attractive, removing 
mouth odours and helping to prevent peri-
odontal disease. If done very well, tooth-
brushing is able to remove plaque sufficient-
ly to reduce caries development. But the 
majority of people do not achieve this stan-
dard and studies have shown that brushing 
teeth, per se, does not reduce caries devel-
opment; it is the fluoride in the toothpaste 
used which has the caries-preventive effect 
(7) (vide infra). 

Unlike classical infectious diseases, 
which are caused by microbial pathogens, 
dental caries is caused by the resident oral 
microflora. There are contrasting opinions as 
to the use of chemical agents in the preven-
tion and treatment of dental caries. Those in 
favour believe that chemical agents can be an 
adjunct to toothbrushing and dental flossing, 
while those opposed argue that such agents 
may disturb the ecological balance within 
the oral cavity and that resistant strains may 
emerge (8). Nevertheless, many chemical 
agents have been studied, the most successful 
being chlorhexidine. This cationic antiseptic 
is bacteriocidal and, being strongly surface-
active, is particularly good at preventing mi-
crobial colonisation of clean enamel. Com-
mercial mouthrinses commonly contain 
0.2% chlorhexidine. Although such mouth-
rinses are effective in aiding plaque control, 
they are not used extensively because they 
discolour teeth and some tooth-coloured 
restorations, and alter taste sensations.

Other approaches have been the use of 
probiotics and immunisation. Probiotics are 
“live microorganisms which, when adminis-
tered in adequate amounts, confer a health 
benefit on the host” and many species and 
strains have been studied in relation to oral 
health (9). Their action is to interfere with 



121

attachment and colonisation of cariogenic 
bacteria and to inhibit sugar fermentation, 
and there is some evidence that they confer 
some benefit. The vehicle used is commonly 
milk and it is fortunate that the action of pro-
biotics and fluoride are additive (10). There 
was much work on immunisation against 
dental caries about 30 years ago but virtually 
none during the past 15 years. Partial protec-
tion only was achieved in monkeys following 
quite extensive courses of inoculation, but the 
possibility of cross-reaction with heart tissues 
made further research uninviting. A central 
problem is that no one plaque organism is 
uniquely cariogenic. The approach of reduc-
ing dietary sugars will be discussed below.

Research into increasing enamel’s resis-
tance to dental caries is nearly a century old. 
Eighty years ago, during the golden era of 
vitamin research, it was believed that dental 
caries was a deficiency disease, and dietary 
vitamins and minerals have been studied ex-
tensively (11). There is some evidence that 
vitamin D is protective and some evidence 
that caries development is inversely related 
to hardness of water, but any of these effects 
is dwarfed by the positive effect of fluoride. 
The unique ability of fluoride to protect 
against caries seems to be, in part, because 
it acts in several ways, all beneficial (12). 
First, the appropriate dose of fluoride dur-
ing tooth development in childhood renders 
the enamel more acid-resistant – fluorapa-
tite is less soluble than hydroxyapatite. Sec-
ond, there is some evidence that fluoride al-
ters the shape of the fissures in tooth crowns 
during tooth formation: this is somewhat 
controversial and likely to be unimportant. 
Third, an adequate concentration of fluo-
ride within plaque helps to reduce demin-
eralisation and enhance remineralisation of 
enamel during the dynamic caries process: 
this ability to encourage remineralisation is 
now thought to be fluoride’s most important 
action. Fourth, adequate concentrations of 
fluoride within plaque reduce the ability of 

plaque to metabolise sugars to acids. The 
various ways in which fluoride can be used 
in caries prevention are discussed below.

If you can make saucepans ‘non-stick’, 
why not teeth? Of the various ‘coatings’ 
studied, ‘fissure-sealants’ have stood the test 
of time and are used extensively. The key to 
their success was the development of the ‘ac-
id-etch’ technique in the 1950s (13) whereby 
the enamel surface is etched, washed and 
dried before resin is flowed onto the etched 
enamel and set hard. It is only practical to 
seal the fissures and pits in teeth since these 
are the most at risk sites. It is an exacting 
technique carried out by professional staff 
and is thus relatively expensive (compared 
with home care or community preventive 
methods) but the large number of trials in-
dicate high retention rates for sealants and, 
thus, substantial caries prevention. 

In conclusion, a great number of ap-
proaches to caries prevention have been 
tried. At the present time, only three are of 
practical importance – control of dietary sug-
ars, fluoride and fissure-sealing. Currently, 
research into genetic factors associated with 
dental caries is active: certain genes have 
been shown to be associated with protection 
against caries (14) but the practical signifi-
cance of these findings is, as yet, uncertain.

Dietary control of dental caries

Diet advice to prevent and control dental 
caries has a long history. For example, the 
ancient Greeks warned against eating over-
ripe figs. However, the last century has seen 
much research in this area.

Dental caries a deficiency disease?

Advice about healthy eating, about fifty 
years ago, urged mothers to give their young 
children diets rich in calcium and vitamin 
D, so that they would form strong healthy 
bones and teeth: the inference was that these 
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‘strong teeth’ would be less likely to decay. 
Although this is sound advice as far as the 
skeleton is concerned, there has always been 
little evidence to substantiate the view that 
good nutrition in early life helps to prevent 
dental decay by a systemic effect. This cer-
tainly does not mean that good nutrition 
should be discouraged, it merely reflects 
the current view that, in developed coun-
tries, diet has a much greater effect locally 
in the mouth on erupted teeth than it does 
pre-eruptively (11). The evidence support-
ing the pre-eruptive role of diet now centres 
around just two aspects – vitamin D and flu-
oride (11) (vide infra). Under-development 
of salivary glands in malnourished children 
results in hyposalivation which, in turn, in-
creases risk of dental caries – but this is a 
post-eruptive effect.

Two key experiments were published in 
the 1950s. In the first experiment (15), rats 
were fed a cariogenic (caries-inducing) diet 
either conventionally or by stomach tube. 
Those fed by stomach tube did not develop 
dental caries, even in a sub-group whose sal-
ivary glands had been removed, in contrast 
to extensive caries development in the rats 

fed conventionally. In the second experiment 
(16), rats were fed a cariogenic diet but half 
of them were kept germ-free while the other 
half lived conventionally with a mixed micro-
bial flora. No caries developed in the germ-
free rats in contrast to extensive decay in the 
conventionally reared animals. Thus, it be-
came quite clear that caries development de-
pended on microflora and food in the mouth. 
A third important series of experiments was 
published by Stephan, initially in 1940 (17). 
Figure 2 shows what has become known as 
the ‘Stephan curve’. Laboratory experiments 
had shown that enamel dissolves when the 
pH falls below about 5.5. Stephan showed 
that the pH within dental plaque falls rapidly 
after exposure to sugar, from a resting value 
of about 7, to values below 5.5, taking about 
40 minutes to return to its resting value. The 
slow rise back to the resting value is due to 
saliva, both removing the sugars and neu-
tralising the acids, as became apparent when 
salivary glands were cupped. Variations of 
Stephan’s curve experiments are still being 
used, albeit using more advanced methods 
of recording pH within plaque, to test the 
cariogenic potential of foods (vide infra).

Sugars and dental caries – types of study 
providing the evidence

One of the key publications which turned 
opinion away from ‘caries is a deficiency 
disease’ to the modern view that dietary 
sugar is of paramount importance in car-
ies development appeared in 1940 (18). 
Since then, much research has confirmed 
this view. Because this has been disputed 
by the sugar and sugar-related industries, 
the evidence base will be reviewed briefly. 
There are six types of study providing evi-
dence on the relationship between diet and 
the development of dental caries (Table 2). 
The best source of evidence is studies of the 
occurrence of caries in human populations 
in relation to their diet. These studies are ei-

Figure 2 The Stephan curve. Plot of the pH within 
dental plaque at time-points after exposure to sug-
ar. The interrupted horizontal line at pH 5.5 marks 
the critical pH below which enamel is at risk of dis-
solution.
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ther observational (epidemiological) studies 
or interventional studies. The later provide 
stronger evidence but are fewer in number 
because of the practical and ethical difficul-
ties of inviting large groups of subjects to 
adhere to strict diets for a long enough time 
for an effect on caries increment to be ob-
served: this time period would normally be 
two to four years. There have been a large 
number of observational studies and, since 
the widespread use of computers, control-
ling for known confounding factors has be-
come routine. The findings of these studies 
in human subjects (11) will be summarised.

Table 2 Types of investigation which provide 
evidence on the relationship between diet and the 
development of dental caries (11)

Observational human studies

Interventional human studies

Animal experiments

Enamel slab experiments

Plaque pH experiments

Incubation (laboratory) experiments

There are many examples of populations 
who have traditionally had diets low in sug-
ar but were then exposed to sugar through 
importation – for example, the Inuit, Bantu, 
east and west Africa, the island of Tristan da 
Cunha, and England. Dental caries experi-
ence was very low before exposure to sugar 
but high after exposure. There are groups of 
people who have had to consume diets low 
in sugar. An example is those with heredi-
tary fructose intolerance who have to avoid 
consumption of fructose and sucrose: their 
caries experience is very low. During the 
Second World War, consumption of sugar 
was much reduced in several countries: re-
cords show that caries experience fell and 
then rose in parallel with sugar availability. 
In contrast, there are groups of people who 
have habitually consumed diets high in sug-
ar – for example, workers in the confection-
ery industry, and children taking sugared 

oral medicines long-term – these have been 
observed to have high caries experience. 
There have been a large number of observa-
tional studies relating caries experience with 
diet in free-living children and adults. Most 
of these have been cross-sectional stud-
ies where caries experience and diet have 
been recorded concurrently once only. This 
is a relatively weak design since dental car-
ies usually develops slowly over many years 
and diet may change from the time-period 
when it was influencing caries initiation to 
the time, several years later, when the diet 
was recorded. A better design is a longitu-
dinal observational study (lasting a mini-
mum of two years) where development of 
caries during that time-period is recorded 
and compared with diet recorded frequently 
during the same period of time. Possible 
confounding factors, such as use of fluorides 
and socio-economic status, can be recorded 
and included in data analysis. The vast ma-
jority of these studies have recorded positive 
associations between caries experience or 
development, and sugar intake – the latter 
may be specified as weight of sugar ingested, 
frequency of sugar ingestion, or consump-
tion of specific sugar-rich food groups such 
as confectionery and sugared drinks.

The Vipeholm study (11) is one of the 
most famous in dental literature: it was car-
ried out in a mental institute in Sweden be-
tween 1945 and 1953. There were eight test 
groups and one control group – the most 
aggressive regime was 24 toffees each day. 
The study would now be considered un-
ethical. Caries development was very rapid 
in the groups consuming high amounts of 
sugar confectionery. In contrast, the Turku 
(Finland) study tested the effect of substitut-
ing normal dietary sugar (mainly sucrose) 
with fructose in one group and with xylitol 
in another group (11). The study lasted two 
years, 1972-74, and showed that caries de-
velopment was virtually absent in the group 
consuming xylitol compared with the fairly 
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high caries increment in the reference group 
who consumed their usual diet and the fruc-
tose group who developed slightly less decay 
than the reference group. Both the Vipe-
holm and the Turku studies are examples of 
intervention studies (11).

Most of the many animal experiments 
into the relation between diet and caries de-
velopment were conducted before 1980. As 
mentioned above, they provided crucial evi-
dence that sugar in the mouth is essential for 
caries development. In addition, they indi-
cated that frequency of ingestion of sugars, 
independent of the amount of sugar per day, 
is strongly positively related to caries sever-
ity. Conversely, they also provided evidence 
that the amount of sugar ingested per day, 
independent of frequency, is positively re-
lated to caries severity.

‘Enamel slab experiments’ involve volun-
teer subjects wearing intra-oral appliances 
into which are inserted small pieces (slabs) 
of enamel: caries development in these slabs 
is measured when the subjects are asked to 
consume a variety of diets. The advantage is 
that very early carious changes can be ob-
served (by a variety of instruments) so that 
experiments last only a few weeks. These 
experiments have added to the literature on 
the importance of frequency of exposure, 
different sugars and sugar-substitutes, and 
concentration of sugars.

Plaque pH studies are relatively simple to 
conduct and have been valuable in empha-
sising the risk of frequent sugar ingestion. 
They have also shown, for example, how 
the harmful effect of sugar ingestion might 
be negated by ingestion of cheese, since in-
gestion of cheese raises plaque pH rapidly. 
Fast-flowing saliva is alkaline (~ pH 7.5) 
and plaque pH experiments have shown 
that chewing sugarless gum induces salivary 
flow and raises plaque pH, thus encouraging 
remineralisation of demineralised enamel.

Incubation experiments are the simplest 
type of study. They are laboratory-based ex-

periments and valuable in the past for screen-
ing foods for their ability to produce acids in 
the presence of plaque bacteria and the ability 
of minerals (e.g. calcium) to prevent dissolu-
tion of enamel during exposure to acid. 

In summary, the evidence that consump-
tion of sugars causes dental caries is over-
whelming: several types of study contribute 
to this body of evidence. Three aspects of 
sugar-eating will be discussed briefly.

Type of Sugar

The most common dietary sugars are su-
crose, glucose, fructose, maltose and lac-
tose. The sugar most commonly associated 
with dental caries is sucrose and, indeed, 
it has been labelled “the arch criminal of 
dental caries” (11). Some, but not all, of the 
many studies have suggested that sucrose is 
the most cariogenic sugar; certainly, none is 
more cariogenic than sucrose. There is ex-
tensive evidence that lactose is the least car-
iogenic sugar, and the cariogenicity of galac-
tose is likely to be similar to lactose. From 
the practical viewpoint, there is probably 
little to be gained by substituting glucose, 
fructose or maltose, for sucrose.

Frequency of consumption and the total 
amount consumed

There is good evidence that frequency of 
ingestion of dietary sugars influences the 
severity of caries development. From the 
curve shown in Figure 2, it can be under-
stood that demineralisation of enamel can 
occur each time sugar is ingested – if there 
are 10 sugar intakes a day, enamel stands to 
be attacked 10 times a day. The main conclu-
sion from the Vipeholm study (vide supra) 
was that caries severity was strongly related 
to frequent ingestion of sugar. However, 
there is also much evidence that the amount 
of sugar ingested per day is positively related 
to caries severity. Most of the large number 
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of observational studies mentioned above, 
recorded amount of sugar, or sugar-rich 
foods, rather than frequency of ingestion. 
Carefully controlled animal experiments 
indicate that both variables – frequency and 
amount – are important. However, from the 
practical point of view, it probably does not 
matter if advice is to cut down frequency or 
amount since, in free-living people, there 
is a close relation between frequency and 
amount. Figure 3 is a plot of frequency of 
daily intake of confectionery against amount 
of confectionery consumed – the correlation 
was +0.77.

Sources of dietary sugars

When giving advice about how to reduce 
sugar consumption, it is useful to know 
which part of the diet to target. First, it 
should be appreciated that some foods con-
tain sugars naturally – these include milk 
(lactose), fruit and vegetables. Much sugar, 
though, is added to foods. These distinctions 
are important and have led to the definition 
of three types of sugar (19): (i) ‘intrinsic sug-
ars’ – those within the structure of the food 
– e.g. fresh fruit and vegetables, (ii) ‘milk 
sugars’ – lactose, and (iii) ‘non-milk extrinsic 
sugars’ – sometimes called ‘added sugars’ and 
by WHO ‘free sugars’ (20). In a study of UK 
adolescents, over two-thirds of total sugars 

intake (90 g out of 118 g) were non-milk in-
trinsic sugars as can be seen in Figure 4 (21). 

Table 3 shows where these 90 g of non-
milk extrinsic sugars came from: 60% came 
from just two sources – confectionery and 
soft drinks. It should be noted that both of 
these are marketed for frequent consump-
tion (snacking) and it is therefore not sur-
prising that these two are targeted heavily in 
health promotion.

Table 3 Mean daily intake of non-milk extrinsic 
sugars (19) (‘free sugars’ (20); ‘added sugars’) from 
various dietary sources (as grams and as percentage) 
in a survey of 379 12-year-old English children in 
1990 (21)

Various dietary sources Added sugars (g; %)

Confectionery 30 (33)

Soft drinks 24 (27)

Table sugar 11 (12)

Biscuits and cakes 10 (11)

Sweet puddings 5 (6)

Breakfast cereals 5 (5)

Syrups and preserves 2 (2)

Other sources 3 (4)

All sources 90 (100)

Dietary starch and dental caries

It is not uncommon to see advice that dental 
caries is caused by ‘dietary carbohydrates’. 

Figure 3 Plot of frequency of intake per day against the 
weight consumed per day, of confectionery, by 405 
12-14-year-old children in north-east England (11).

 
Figure 4 Dietary sugars intake in 12-14 year-old chil-
dren living in north-east England (21). Mean daily 
intake of all sugars was 118 g.
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This is convenient for those promoting 
sugar products, as it takes the spotlight off 
dietary sugars. Dietary carbohydrates are, in 
broad terms, sugars and starches (excluding 
‘fibre’). A review of the evidence shows that 
dietary starches are not cariogenic, certainly 
compared with dietary sugars (11). If finely 
ground and heat-treated, starch can cause 
dental caries, but the amount is less than 
that caused by sugars. Cooked staple starchy 
foods, such as rice, potatoes and bread are 
of low cariogenicity. This view is supported 
by the WHO (20) who, when considering 
the strength of the evidence linking diet to 
dental caries, stated: (a) the evidence was 
‘convincing’ for ‘increased risk’ of caries 
from ‘amount of free sugars’, and ‘frequency 
of free sugars’, and (b) there was ‘no relation-
ship’ between dental caries and ‘starch in-
take (cooked and raw starch foods, such as 
rice, potatoes and bread)’. The advice for oral 
health and general health are in agreement 
– increase consumption of staple starchy 
foods and decrease consumption of ‘free’ 
(‘added’ or non-milk extrinsic) sugars. 

Fruit and milk

Fruit and milk contain sugars and, thus, 
could be considered cariogenic. To sum-
marise the evidence (11): as eaten by hu-
mans, fresh fruit appears to be of low car-
iogenicity; sugared, fruit-flavoured drinks 
when used as a comforter are a significant 
cause of dental caries in young children; and 
there is insufficient evidence regarding pure 
fruit juice and caries, most of the studies 
looked at sugar-containing fruit-flavoured 
drinks. The WHO (20) classified the evi-
dence as ‘no relation’ between ‘whole fresh 
fruit’ and dental caries.

Cow’s (bovine) milk contains about 4.8 g 
lactose per 100 g, thus having the potential 
to cause dental caries. However, milk also 
contains factors which protect teeth; these 
are mainly the high calcium content (about 

125 mg/100 ml) and proteins, particularly 
casein. The result is that milk is classed as 
non-cariogenic. In some experiments, milk 
has been shown to prevent dental caries and, 
indeed, WHO (20) classifies the strength of 
evidence relating milk to ‘decreased risk’ of 
caries as ‘possible’. Thus, neither fruit nor 
milk are seen as a threat to oral health, and 
this is the reason for classifying them sepa-
rately (as ‘intrinsic’ and ‘milk’ sugars) from 
non-milk extrinsic sugars.

Non-sugar sweeteners

A number of confectionery companies have 
tried to overcome the problem of sugar-
containing (and therefore cariogenic) prod-
ucts by substituting non-sugar sweeteners for 
sugars. Foremost amongst these have been 
manufacturers of chewing gum. The sweet-
eners used include sorbitol, xylitol, manni-
tol and maltitol (11). Evidence indicates that 
these sweeteners are non-cariogenic. It would 
appear that xylitol has better dental proper-
ties compared with the other sweeteners (22). 
The dental benefits of chewing sugarless gum 
(commonly containing xylitol) have been in-
vestigated extensively in Scandinavia, partic-
ularly Finland (23). This is promoted because 
the chewing stimulates saliva flow, thus en-
couraging remineralisation of dental enamel. 
WHO (20) classifies the strength of evidence 
for ‘decreased risk’ of caries for ‘sugars-free 
chewing gum’ as ‘probable’. Manufacturers 
of carbonated soft drinks have marketed 
‘sugar-free’ or ‘no calorie’ drinks for many 
years. These contain intense sweeteners, 
which are non-cariogenic (11). However, 
these drinks are acid and are strongly linked 
to erosion of dental enamel.

Summary and implications for health 
policies

It is clear from the above brief review that 
what we eat dictates whether or not we de-
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velop dental caries. Consumption of foods 
and drinks rich in sugar increases risk con-
siderably. Staple starchy foods, fresh fruit, 
vegetables and milk are not a threat to teeth. 
Dietary fat and protein are not metabolised 
to acids within the mouth. Thus, dietary ad-
vice for oral health is completely compatible 
with dietary advice for general health (20). 
There is growing evidence that non-milk ex-
trinsic sugars increase risk of diseases other 
than dental caries, either independently or 
via increased risk of obesity (20). Strategies 
to reduce sugar consumption need to be ro-
bust because there are strong forces encour-
aging consumption of foods and drinks high 
in sugar: the advertising budgets for the con-
fectionery and soft drinks manufacturers 
are very large. There are signs that diets of 
children are improving (24) and it is worth 
mentioning the following initiatives. First, 
food and drink in school should conform to 
standards: confectionery is not sold and the 
only drinks allowed are water, milk and pure 
fruit juice. Second, advertisements on televi-
sion displayed at times when children may 
be watching, should not encourage purchase 
and consumption of high sugar foods and 
drinks. Third, foods and drinks for sale must 
be labelled for nutrient content including 
sugars content. In addition, manufacturers 
should agree to their food products carry-
ing ‘traffic-light’ labels, indicating whether a 
product is high (red) or low (green) in fat, 
salt, sugar, and energy. A tax on products 
high in sugars has been discussed but not 
yet implemented. Further information may 
be obtained from published reviews of diet 
and dental disease (25, 26).

Fluoride

It was stated in the first section of this ar-
ticle that, in many countries, caries sever-
ity reached its zenith around the 1950s and 
1960s, and then declined, markedly so in 
several countries. This decline was almost 

certainly due to the increased use of fluo-
ride, particularly the introduction of fluo-
ride toothpastes. The story of the recogni-
tion and exploitation of fluoride’s ability to 
prevent, partially, caries development is long 
and interesting (12). The 1930s and early 
1940s was a time when the inverse rela-
tionship between fluoride concentration in 
drinking water and dental caries experience 
became apparent, and the first water fluori-
dation scheme began in the USA in 1945. 
The subsequent story of water fluoridation 
is the subject of an article in this issue (27). 

It wasn’t long before fluoride was added 
to vehicles other than water, leading to much 
research and the production of many effec-
tive fluoride agents. The course of research 
was not always easy, as the first fluoride-con-
taining toothpastes were ineffective due to 
the incompatibility between the added fluo-
ride (as sodium fluoride) and the calcium-
based abrasives (12). Alternative abrasives 
and fluoride compounds (e.g. sodium mono-
fluorophosphate) overcame these difficulties. 
Another line of research was the application 
of concentrated solutions to tooth surfaces 
to make them more resistant to caries attack. 
At the same time, the success of water fluo-
ridation led to experiments adding fluoride 
to domestic salt, milk, flour and even sugar 
– only salt and milk have stood the test of 
time, and these are discussed in detail in later 
articles in this issue (28, 29). 

Table 4 lists the fluoride vehicles current-
ly in use: these are grouped as those which 
provide fluoride ‘automatically’, those suit-
able for home care by the individual, and 
those which require application by a health 
professional. Water, salt and milk fluorida-
tion are suitable for community prevention. 
Their advantages include low cost and little 
if any personal effort by the individual ben-
efitting from the programme. To some ex-
tent, they can be targeted at communities 
most in need. These advantages have been a 
tremendous help in trying to combat health 
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inequalities. The concentration of fluo-
ride in water, salt or milk is decided taking 
background fluoride exposure and climate 
(since water consumption increases in hot 
climates) into account. 

Table 4 Methods of delivering fluoride

Automatic Home care Professional care

Water Toothpaste Solutions

Salt Mouthrinse Gels

Milk Tablets Varnishes

- - Slow-release devices

These three vehicles differ from the other 
vehicles (Table 4), in that the fluoride in wa-
ter, salt and milk is ingested. This may bring 
added benefit but it means that only one of 
these so-called ‘systemic’ methods should be 
used in any community. An example of this, 
and the way they can be used appropriately 
on a population basis, can be seen in Chile. 
Here, the national policy is for water fluori-
dation and 70% of the Chilean population 
receives fluoridated water. In many rural ar-
eas, water fluoridation is not technically pos-
sible, and the national policy is for children 
in these communities to receive fluoridated 
milk in school. In this way, the whole popu-
lation is covered. In addition, of course, the 
whole population is encouraged to use fluo-
ride-containing toothpastes, since the sepa-
rate preventive effects of fluoride in water 
and fluoride in toothpaste are additive.

The groupings in Table 4 are somewhat 
flexible. For example, fluoride mouthrins-
ing has been used, and still is, in several 
countries as a community preventive mea-
sure – children rinsing daily or weekly in 
school. Likewise, there are school-based 
toothbrushing programmes. School-based 
fluoride tablet programmes were common, 
especially in Eastern Europe, but there are 
few such programmes now.

Professional application of fluoride has 
a long history (12). Advantages are that ap-

plications are infrequent (two to four ap-
plications per year), and you know that the 
application has been done. Disadvantages 
include: the cost is high as professional time 
is used, and effort to attend the appointment 
is needed. Professional fluoride applications, 
therefore, tend to be targeted at those in 
greatest need. Home-based and professional 
fluoride use will be discussed in a later ar-
ticle in this issue (30).

Concluding comments 

From the above discussions, it can be seen 
that dental caries can be prevented. The fact 
that it remains a prevalent, expensive disease, 
of medical and social importance, is deeply 
frustrating. This preventable disease is not 
yet prevented. In theory, dietary control of 
sugar could assign caries to the ‘rare disease’ 
category, as it was in millennia past. But sug-
ar consumption has become integral to our 
daily life, encouraged by massive marketing. 
But progress is being made: health promo-
tion in many countries has made people 
aware of the desirability of reducing sugar in-
take and it is now less socially-acceptable to 
‘take sugar’. An important step was that rel-
evant health professionals – medical, dental 
and dietetic – agreed what dietary messages 
should be. Governments have made well-
documented and authoritative statements 
about nutrition and diet, which have been 
applied at national, community and individ-
ual levels. For once, the sugar industries are 
‘on the back foot’. Progressive, coordinated 
effort will be needed to continue progress to 
better diets in many countries.

The picture of dental caries in the 1950-
60s was bleak, particularly in northern Eu-
rope and Australia; the wave continued in 
other European countries and South Ameri-
ca. The widespread use of fluoride has much 
reduced this epidemic. This issue will discuss 
its use and its future. There is no doubt that 
fluoride is underused. Toothpaste use is less 
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than half what would be required if all den-
tate people brushed their teeth twice a day. 
Water fluoridation is a low-cost, very effec-
tive, socially-equitable preventive measure 
yet, for a variety of reasons, it is very much 
underused in Europe. It is important that 
each country has a strategy to decrease the 
burden of dental caries through nutritional 
policy and appropriate use of fluorides. 

Nutritional policy and appropriate use of 
fluorides is best decided at the national level. 
Nutritional policy for oral health is wholly 
compatible with nutritional policy for gener-
al health, as indicated above, and it is impor-
tant that national authorities deciding such 
policy include expert(s) on nutrition and oral 
health. Part of that policy should be to en-
sure that dental personnel in that country are 
fully aware of policy, their role in promoting 
good nutrition in the population and know 
how to give nutritional advice to patients of 
all ages. The success of these policies needs to 
be monitored by regular surveillance of ac-
tivities of dental personnel and by assessing 
the dietary habits of the population.

Decisions regarding national fluoride 
policy will depend on disease levels, exist-
ing fluoride exposure and resources avail-
able: these need to be assessed. Countries 
with large urban populations usually have 
centralised piped water supplies, and these 
would be more economic to fluoridate than 
water supplies for small, rural communities. 
The implementation of fluoridation of water, 
salt and milk, and the resources needed for 
each, will be discussed in subsequent articles 
in this issue. When community preventive 
schemes are introduced, it is important that 
adequate resources are identified to mea-
sure the effectiveness of these programmes: 
WHO recommends that 10% of the budget 
is devoted to evaluation. It is important to 
recognise that efforts to improve nutrition 
and maximise the appropriate use of fluo-
ride are not alternatives; both are important 
to the improvement of oral health. 
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Water fluoridation, is the controlled addition of fluoride to the wa-
ter supply, with the aim of reducing the prevalence of dental caries. 
Current estimates suggest that approximately 370 million people in 
27 countries consume fluoridated water, with an additional 50 million 
consuming water in which fluoride is naturally occurring. A pre-erup-
tive effect of fluoride exists in reducing caries levels in pit and fissure 
surfaces of permanent teeth and fluoride concentrated in plaque and 
saliva inhibits the demineralisation of sound enamel and enhances the 
remineralisation of demineralised enamel. A large number of studies 
conducted worldwide demonstrate the effectiveness of water fluorida-
tion. Objections to water fluoridation have been raised since its incep-
tion and centre mainly on safety and autonomy. Systematic reviews 
of the safety and efficacy of water fluoridation attest to its safety and 
efficacy; dental fluorosis identified as the only adverse outcome. Con-
clusion: Water fluoridation is an effective safe means of preventing 
dental caries, reaching all populations, irrespective of the presence of 
other dental services. Regular monitoring of dental caries and fluo-
rosis is essential particularly with the lifelong challenge which dental 
caries presents. 

Key words: Water fluoridation, Effectiveness, Dental caries, Fluorosis.

Introduction
Dental Caries (tooth decay); a transmissible 
infectious disease with a multifactorial aeti-
ology has affected individuals for centuries 
at least since the seventh century and the 
Iron Age (1). Change in the distribution of 
dental caries intra-orally has occurred, as 
has the dominant paradigm in managing 
dental caries. A much greater emphasis is 
now being encouraged towards prevention 
rather than curative care. Community fac-
tors are currently the focus of considerable 
research internationally. Social gradients 
in caries are demonstrated and neighbour-

hood factors such as where we live and the 
foods and the fluorides we have access to, all 
exert an impact on the development of the 
disease (2). Dental caries is still a major oral 
health problem in many established econo-
mies, affecting 60-90% of schoolchildren 
and the vast majority of adults. It is also a 
prevalent oral disease in several Asian and 
Latin-American countries, while it appears 
to be less common and less severe in many 
African countries (3). In the US it has been 
described as the most common chronic 
disease of childhood (4). Untreated dental 
caries can lead to pain, infection, impaired 
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function, poor aesthetics, and diminished 
quality of life, which equate to a significant 
human, financial, psychological and emo-
tional cost. 

Water fluoridation is described as the 
controlled addition of fluoride to the water 
supply with the aim of reducing the preva-
lence of dental caries. Fluoride can also oc-
cur naturally in some water supplies. Cur-
rent estimates are that 370 million people 
in 27 countries are currently supplied with 
artificially fluoridated water and 50 million 
around the world are drinking naturally flu-
oridated water (5).

This paper will discuss water fluoridation 
under the following headings: Background, 
the mode of action, the effectiveness, the 
risks and benefits, the monitoring of water 
fluoridation and the legislative nature of pro-
viding communities with water fluoridation. 

In the review baseline and subsequent 
national oral health surveys conducted in 
Ireland are included to demonstrate the ef-
fectiveness of water fluoridation and the 
challenges to water fluoridation; in the Re-
public of Ireland (RoI) 73% of the popula-
tion presently benefit from water fluorida-
tion. Thus providing an appropriate example 
for Europe (6, 7, 8).

The terms part per million, ppm and 
mg/l are used rather than the SI unit for flu-
oride in water μg/ml, to conform to previous 
research.

Background

Water fluoridation is an ideal public health 
measure in reducing dental caries; since its 
effectiveness does not require conscious 
daily cooperation from individuals (9) The 
beneficial effects of natural water fluorida-
tion in caries prevention was identified in 
the first part of the 20th century and is un-
doubtedly a significant landmark in den-
tistry (10, 11, 12), culminating in the intro-
duction of artificial water fluoridation to the 

pioneering public health city of Grand Rap-
ids, Michigan (13). In the second part of the 
20th century, to address the high prevalence 
of dental caries water fluoridation was intro-
duced to many countries, including Ireland, 
Australia, Hong Kong, Israel, New Zealand, 
Singapore, and the UK.

Mode of Action

The mode of action of fluoride in the preven-
tion of dental caries is predominantly post-
eruptive; however, the pre-eruptive effect of 
ingested fluoride is also important. Findings 
from Australia, the Netherlands and Mary-
land support the pre-eruptive effect of fluo-
ride in reducing caries levels in pit and fis-
sure surfaces of permanent teeth. Research 
has also indicated that exposure to fluori-
dated water from birth produces the maxi-
mum benefit (14, 15). What is clear is that 
a constant low level of fluoride ion in saliva 
and plaque fluid reduces the rates of enamel 
demineralisation during the caries process 
and promotes the remineralisation of early 
caries lesions (16, 17). Fluoride concentrated 
in plaque and saliva inhibits the deminer-
alisation of sound enamel and enhances the 
remineralisation of demineralised enamel.

The effectiveness of water fluoridation

The Centers for Disease Control and Pre-
vention (CDC) have recognised water fluo-
ridation as one of the ten great public health 
measures of the twentieth century (12). The 
extensive international research demon-
strating the effectiveness of water fluorida-
tion is summarised in a number of impor-
tant texts (18, 19), recently Rugg-Gunn and 
Do (20) presented the international studies 
attesting to the effectiveness water fluorida-
tion published between 1990 and 2010, the 
reader is referred to these sources for a re-
view of the many international studies. The 
number of studies which were conducted 
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since 1990 has declined; newer studies have 
tended to be pragmatic with the statistical 
analyses taking account of confounding fac-
tors (20, 21). Despite an overall reduction 
in the number of countries and studies rep-
resented the number of studies from Brazil 
and Australia had increased, both countries 
having extensive water fluoridation (5, 20). 
All studies demonstrate a similar positive 
reduction in per cent caries reduction.

Sources suggest that water fluoridation is 
not only effective in childhood but also into 
adulthood (22, 23). Water fluoridation com-
bined with toothpaste use could be more ef-
fective than either alone (24). 

Water fluoridation in Ireland 

The fluoridation of water supplies in Ireland 
is indicative of the effectiveness, the ben-
efits of, the required monitoring and chal-
lenges that may occur after implementation 
(25). In the mid twentieth century the RoI 
required a solution to the effects of wide-
spread dental caries and introduced water 
fluoridation to Dublin on July 15th 1964, and 
to Cork in May 1965 the planned introduc-
tion being delayed by some four years due 
to legal challenges in both the High and 
Supreme Courts (26). By 1970 the majority 
of cities and larger towns were fluoridated. 
Under the legislation directing water fluori-
dation (27) provision was made that, before 

implementation of the Act a baseline survey 
of caries levels among children and adoles-
cents would be undertaken (6). The Act also 
importantly stipulated that regular caries 
surveys be undertaken “whenever and as of-
ten as the Minister requires” to monitor the 
effectiveness of fluoridation of water sup-
plies in controlling dental caries. 

The baseline surveys conducted prior to 
water fluoridation indicate a high caries ex-
perience; this was recorded as the number of 
teeth which were decayed, missing or filled 
because of tooth decay. They were recorded 
using the dmf/DMF index for both the pri-
mary (baby teeth) (dmf), and permanent 
(adult) (DMF) dentitions in 5-year-old to 
15-year-old children (6, 28) (Table 1). Once 
the fluoridation of water supplies com-
menced the concentration of fluoride in wa-
ter was set in the range 0.8 to 1.0 ppm, with 
a target of 0.9 ppm. 

National survey of children’s oral health 
(Republic of Ireland) – 1983-84

In 1982 the Department of Health in the 
RoI commissioned a National Survey of 
Children’s Dental Health, the primary aim 
of which was to measure the effectiveness of 
water fluoridation on a countrywide basis, it 
was also decided that levels of enamel fluo-
rosis would be recorded, using internation-
ally accepted indices (28, 29). Random sam-

Table 1 Mean dmft* in five-year-olds, and DMFT* in 15-year-olds, in fluoridated communities (full Fl) in the 
Republic of Ireland in 1984 and 2002, and in non-fluridated communities (non Fl) in the Republic of Ireland 
and Northern Ireland in the 1960s, 1983-84 and 2002 (6, 7, 8)

Year

5-Year-Olds 15-Year-Olds

Full Fl Non Fl Full Fl Non Fl

RoI RoI NI RoI RoI NI

1960 - 5.6 4.8 - 8.2 10.6

1983 – 1984 1.8 3.0 4.5 4.1 5.4 9.2

2002 1.3 1.7 1.8 2.1 3.2 3.6

Fl = fluoridated; RoI = Republic of Ireland; NI = Northern Ireland; dmf = decayed missing filled primary (teeth). DMF refers to permanent teeth.

Máiréad Antoinette Harding et al.: Water fluoridation and oral health
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ples of children who were lifetime residents 
of either fluoridated or non-fluoridated areas 
and aged five, eight, 12 or 15 years-old were 
examined by 10 examiner/recorder teams (7). 
The criteria adopted for dental caries exami-
nation were similar to those used in the base-
line studies of 1961-1963 (6) thus permitting 
comparison. The results indicated a decline in 
caries levels for children in both fluoridated 
and non-fluoridated areas; the decline be-
ing considerably greater in fluoridated areas, 
fluorosis was measured using Dean’s index of 
fluorosis, the teeth scored for fluorosis were 
the upper permanent incisors (29). The chil-
dren who were resident in non-fluoridated ar-
eas had a significantly higher dmf/ DMF than 
those in fluoridated areas (Table 1). 

The observed downward trend in den-
tal caries has been noted in many inter-
national studies; the advent of fluoridated 
toothpastes in the 1970’s providing a valued 
contribution (30). In the national survey in 
1983-’84 (7) the prevalence of fluorosis was 
low, with 94% of children in fully fluoridat-
ed communities having normal enamel ac-
cording to Dean’s Index (29), compared with 
98% among eight-year-old children in non-
fluoridated communities (Table 2). Only 
fluorosis grades of ‘questionable’ and ‘very 
mild’ were recorded in the survey (7, 8, 31).

The North south survey of children’s oral 
health – 2002

In 2000 under a contract for the evaluation 
of oral health services the Department of 
Health commissioned a further national sur-
vey of children’s dental health, with the aim 
of monitoring the effectiveness of water fluo-
ridation (8).The study included a contem-
poraneous survey of children’s dental health 
in Northern Ireland (NI), where water fluo-
ridation has not been introduced (31). The 
diagnostic criteria for both caries and dental 
fluorosis were the same as used in the 1984 
study (7). It was seen that in the period from 
1983-1984 to 2002 there was a substantial re-
duction in dental caries in both fluoridated 
and non-fluoridated communities in the 
RoI, and in the non-fluoridated population 
of NI; the reduction in the period from 1983-
‘84 to 2002, is greater in fluoridated com-
munities. In the five-year-old age group, the 
mean dmft among the lifetime residents of 
fluoridated communities in the RoI declined 
from 1.8 in 1983-’84 to 1.3 in 2002, the cor-
responding figures for five-year-old children 
in non-fluoridated areas in the RoI were 3.0 
and 1.7, and in NI were 4.5 and 1.8 respec-
tively. Similar trends are apparent in the fig-
ures recorded for caries among 15-year-olds 
in both jurisdictions (Table 1).

Table 2 Dean’s Index of Fluorosis*- % of eight-year-olds affected according to fluoridation status in the 
Republic of Ireland and Northern Ireland in 2002 and 1984 (7, 8)

Eight-Year-Olds

Full Fl Non Fl Full Fl Non Fl Non Fl

RoI RoI RoI RoI NI

1984 (a) 1984 (b) 2002 (c) 2002 (d) 2002 (e)

Normal 94 98 76 90 90

Questionable 5 2 11 7 6

Very Mild 1 0 8 2 3

Mild 0 0 4 0 0

Moderate 0 0 0 0 0

Severe 0 0 0 0 0

*Scores relate to permanent maxillary incisor teeth; RoI= Republic of Ireland; NI= Northern Ireland; The difference between a and c, c and d and 
c and e were significant (p<0.0001).
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The inverse occurred with the prevalence 
of dental fluorosis and fluorosis increased in 
the RoI between 1983-1984 and 2002, par-
ticularly in residents of communities with 
water fluoridation. In 1983-’84, ninety-four 
percent of children residing in fluoridated 
communities in the RoI had normal enam-
el; this figure had reduced to 76% in 2002 
(Table 2). The figures for ‘questionable’, ‘very 
mild’ and ‘mild’ fluorosis in 1983-1984 were 
5%, 1% and zero, respectively; these figures 
had increased in 2002 to 11%, 8% and 4%, 
respectively. The increasing prevalence of 
fluorosis was also identified internationally 
(32, 33).

The benefit of water fluoridation

Water fluoridation has been the subject of 
rigorous reviews of late and has been rec-
ognised as safe and as the most effective 
method of reaching the whole population 
irrespective of access to dental services in 
this way each individual can benefit without 
the need for active participation (24, 34, 35). 
In addition the review of McDonagh et al. 
(24) suggested water fluoridation conferred 
a benefit over and above the use of fluoride 
containing toothpastes alone. The process of 
water fluoridation has been endorsed by the 
world’s leading science and health organisa-
tions including the WHO (36), IADR (In-
ternational Association of Dental Research) 
and FDI (World Dental Federation), with 
the benefits available to both child and adult 
(22, 23). Griffin et al. (37) showed that for 
the US water fluoridation delivered signifi-
cant cost savings.

The risk of water fluoridation

Dental fluorosis is recognised as a conse-
quence of consuming fluoridated water sup-
plies.

It arises as a result of a long-term intake 
of fluoride during the preeruptive develop-

ment of teeth. It is a hypomineralisation of 
enamel characterised by an increased sur-
face and subsurface porosity causing opac-
ity, pitting or staining of the enamel (38). 

However water fluoridation since its ini-
tiation has attracted hostile publicity, those 
who do not put a value on water fluoridation 
caution that it is; costly and not effective, 
that it impacts negatively on general health; 
causes objectionable dental fluorosis and 
that it is a violation of medical ethics and the 
rights of the individual (39). Thus the very 
core of its capacity to promote prevention to 
the whole population is challenged. 

All of the reviews conducted on water 
fluoridation have acknowledged that fluoro-
sis occurs to some degree with water fluo-
ridation, and fluorosis was identified as the 
only adverse effect of fluoridation (33). The 
likelihood of fluorosis occurring was iden-
tified at the very outset, for it was McKay’s 
observation of the Colorado ‘brown stain’ 
that led to the identification of the benefi-
cial effect of fluoride in the prevention of 
dental caries and was acknowledged in the 
work of Dean and the ‘21 cities study’ (10). 
The environmental concerns which have 
been raised with regard to fluoride were re-
cently addressed in the report of the Euro-
pean Commission’s Scientific Committee on 
Health and Environmental Risks (SCHER) 
(40). The committee did not identify any 
evidence of negative environmental impacts 
from community water fluoridation. Ethi-
cal concerns were addressed by the Nuffield 
Council on Bioethics (41, 42, 43). Reviews 
conducted in the US, Australia, and Canada 
arrived at similar conclusions (35, 44, 45). 
Nevertheless it is crucial that on-going sur-
veillance of general health be maintained in 
fluoridated and non-fluoridated communi-
ties. The structured use of health registers, 
for example cancer and hip fracture regis-
ters, are an important source of information 
for this purpose. 

Máiréad Antoinette Harding et al.: Water fluoridation and oral health
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Monitoring

The studies conducted in Ireland (7, 8) es-
tablished there was a decline in dental caries 
after the fluoridation of water supplies and 
also an increase in dental fluorosis. Good 
practice recommends the recording of the 
fluoride concentration in water supplies on 
a regular basis, daily, weekly, monthly and 
strategies must be in place to notify the rel-
evant authorities of the measurements that 
are recorded. Audit is possible when the 
agency fluoridating supplies is not the same 
agency. In Ireland the sanitary authori-
ties have responsibility for the addition of 
fluoride to water supplies while the health 
authorities and environmental protection 
agency have responsibility for monitoring 
the concentration of fluoride in supplies (26, 
46). This also ensures agencies are compliant 
with legislation and regulation. 

Regular monitoring has led to changes 
in fluoride concentration internationally. 
When the prevalence and severity of fluoro-
sis between the two national surveys (7, 8) 
was compared in Ireland (7, 8), (Table 2), the 
prevalence had increased. Consequent on 
these findings in 2007 the level of fluoride in 
drinking water was reduced from a range of 
0.8 to 1.0 ppm, with a target of 0.9 ppm, to a 
range of 0.6 to 0.8 ppm, with a target of 0.7 
ppm (47). In addition, recommendations for 
the use of fluoride toothpaste by infants and 
young children were also introduced (34). 
Recommendations with regard to tooth-
paste were made as the inappropriate use of 
fluoride toothpaste in young children who 
may not be able to expectorate it adequately 
is a major risk factor in fluorosis (38, 48, 49).

A downward revision of the concentra-
tion of fluoride in water supplies has oc-
curred in other jurisdictions to balance the 
availability of fluorides from other sources, 
such as fluoridated toothpastes. The Depart-
ment of Health and Human Services in the 
US has recommended water fluoridation at 

0.7 mg/l (ppm), rather than the previous range 
0.7mg/l – 1.2 mg/l, (ppm) to take account of 
other sources from which communities may 
receive fluorides (50). In Canada the concen-
tration of 0.7 mg/l (ppm) of fluoride has been 
set moving from the previous range of 0.8 to 
1.0 mg/l (ppm) (51) while in Australia, levels 
have remained unchanged, since the current 
research in Australia into caries prevention 
and fluorosis suggests maintaining the status 
quo. Some Asian, tropical and sub-tropical 
regions have reviewed the concentrations at 
which water is fluoridated and have agreed an 
upper and lower limit of 1mg/l and 0.5 mg/l 
(ppm) respectively.

Naturally occurring high fluoride water 
supplies occur around the world and defluo-
ridation if required is possible (18), some of 
the methods which can be used for defluori-
dation are to blend waters with high fluoride 
concentration with waters of low concentra-
tion in addition technologies such as reverse 
osmosis, electrodialysis and distillation are 
available in the market. The fluoridation 
plants must have an effective fail-safe system 
with well-defined limits for the precision 
of measurements (52). A concentration of 
1.5mg/l (1.5 ppm) is accepted as the Maxi-
mum Acceptable Concentration (MAC) of 
artificially fluoridated supplies.

Legislation

Legislation providing for water fluoridation 
can be of two types. It may be mandatory, 
requiring a ministry of health or communi-
ties of a certain size to fluoridate their pub-
lic water supplies if it is below the accepted 
fluoride level; this is the type of legislation in 
Ireland. Alternatively, it may be of the per-
missive or enabling type, empowering the 
ministry of health or a local government to 
institute fluoridation. Some countries and 
jurisdictions require consultations with the 
community and to consider such consulta-
tions prior to proceeding, such as in the UK. 
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Discussion 

In this article the authors have brought to-
gether the experience of and the challenges 
to water fluoridation using the experiences 
in the RoI for examples. They have also con-
sidered why it remains an effective compo-
nent of prevention and oral health policy. 
Emerging evidence suggests that the declin-
ing caries levels which excited oral health 
professionals through the nineties and early 
2000’s may have plateaued. Internationally 
established economies are tending towards 
a more energy dense, refined carbohydrate 
diet, which may become more challenging 
in the delicate balance in preventing dental 
caries and dental fluorosis, and promot-
ing oral health. The National Health and 
Medical Research Council in Australia (35) 
concluded: the existing body of evidence 
strongly suggests that water fluoridation 
is beneficial at reducing dental caries’. For 
most studies the consistent measure of effect 
to indicate the effectiveness of water fluori-
dation is the dmf/DMFT index (20), scien-
tifically this makes sense and permits com-
parison with relative ease. Perhaps going 
forward ways of demonstrating effectiveness 
in terms of the distress and misery avoided, 
capturing children’s ability to develop a pos-
itive association with oral health should be 
considered. The emotional impact of dental 
caries is significant and apparent on a daily 
basis to a significant number of families and 
dental personnel. 

Conclusion 

Water fluoridation is an effective safe means 
of preventing dental caries, reaching all pop-
ulations, irrespective of the presence of oth-
er dental services. The monitoring of dental 
caries and dental fluorosis is the cornerstone 
of good public health practice and is essen-
tial particularly when the lifelong challenge 
which dental caries presents is considered. 

Future research must consider the challeng-
es in reporting appropriate outcomes for 
both dental caries and dental fluorosis and 
the means of overcoming the challenges in 
the design, conduct and reporting of future 
work.
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The aim of this paper is to make known the potential of fluoridated 
salt in community oral health programs, particularly in South East-
ern Europe. Since 1922, the addition of iodine to salt has been suc-
cessful in Switzerland. Goiter is virtually extinct. By 1945, the caries-
protective effect of fluorides was well established. Based on the suc-
cess of water fluoridation, a gynecologist started adding of fluoride 
to salt. The sale of fluoridated salt began in 1956 in the Swiss Canton 
of Zurich, and several other cantons followed suit. Studies initiated in 
the early seventies showed that fluoride, when added to salt, inhibits 
dental caries. The addition of fluoride to salt for human consumption 
was officially authorized in 1980-82. In Switzerland 85% of domestic 
salt consumed is fluoridated and 67% in Germany. Salt fluoridation 
schemes are reaching more than one hundred million in Mexico, Co-
lombia, Peru and Cuba. The cost of salt fluoridation is very low, within 
0.02 and 0.05 € per year and capita. Children and adults of the low 
socio-economic strata tend to have substantially more untreated caries 
than higher strata. Salt fluoridation is by far the cheapest method for 
improving oral health. Conclusions. Salt fluoridation has cariostatic 
potential like water fluoridation (caries reductions up to 50%). In Eu-
rope, meaningful percentages of users have been attained only in Ger-
many (67%) and Switzerland (85%). In Latin America, there are more 
than 100 million users, and several countries have arrived at coverage 
of 90 to 99%. Salt fluoridation is by far the cheapest method of caries 
prevention, and billions of people throughout the world could benefit 
from this method.   

Key words: Fluoride, Prevention, Dental caries, Salt.

Introduction
Fluorides are the main factor leading to the 
decline in the prevalence of dental caries, a 
decline which has surpassed all expectations. 
When “artificial” water fluoridation was in-
troduced in 1945 in the USA and Canada, 
it was expected that caries prevalence would 
be reduced by as much as 50 percent. In the 
next two decades this prediction was found 
to be correct in many countries. The topical 

effects of fluorides, particularly when con-
tained in dentifrices, have brought about a 
further caries decline in the industrialized 
countries. However, the fact that the lower 
social strata consistently show the highest 
levels of caries in the population has so far 
remained an unsolved problem. In analogy 
to fluoridated water, which confers partial 
protection independent of social conditions, 
salt with added fluoride was assumed to be 
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as useful a carrier for human consumption 
as iodine has proved to be in the case of goi-
ter since the early 1920s.    It is the aim of this 
paper to update the scientific basis and the 
beneficial effect of fluoridated salt for hu-
man consumption.

Iodized salt as a precursor of 
fluoridated salt

In several valleys throughout the Alps, en-
demic goiter has been prevalent since pre-
historic times. Between 1910 and 1920, in-
sufficient intake of iodide was finally identi-
fied as the cause of endemic goiter. The key 
paper on the preventive effect of iodized salt 
was published by Marine and Kimball in 
1917 (1). At that time, two local Swiss physi-
cians started to add a few milligrams of io-
dide per kg of salt for human consumption 
in communities where goiter was prevalent. 
The success of this intervention was visible 
already after one year. The newborn chil-
dren exposed to iodized salt had no symp-
toms of goiter, demonstrating the preventive 
effect of iodide added to salt and providing 
further evidence of the role of insufficient 
intake of iodide in goiter. 

In 1922, the main Swiss salt factory de-
veloped the apparatus to add potassium 
iodide to salt. In the following years five of 
the 26 Cantons (which at that time still had 
a Cantonal Monopoly on the salt) decided 
to use exclusively iodized salt. By 1942, the 
number of cantons in which less than 50% of 
the salt was iodized had dwindled to seven 
(2). Goiter is now virtually extinct in Swit-
zerland. 

Dr. Hans J. Wespi, the son-in-law of 
the physician who had added iodide to the 
sacks of salt in 1918, was then Director of 
the Clinic for Gynecology and Obstetrics 
in the Cantonal Hospital at Aarau in 1946. 
He started to add sodium fluoride to already 
iodized salt which he gave to his patients 
who had or were expecting children. He did 

this on the hypothesis that soluble fluoride 
in salt would be as effective against caries 
as fluoride added to the drinking water. Salt 
fluoridation in Switzerland was therefore 
based on 25 years of successful iodization, 
since at that time scientific evidence was not 
available that fluoride has a cariostatic effect 
when contained in salt. The medical pro-
fession, however, was aware of the fact that 
salt had been shown to be a valuable vehicle 
for the micronutrient iodide. In the former 
“goiter areas”, the public, as well as the medi-
cal profession, had noted that goiter became 
less severe, less frequent or disappeared al-
together. It was logical that Wespi published 
his early papers (3, 4) on fluoridated salt not 
in a dental journal, but in the leading Swiss 
medical journal.  

Fluorides and teeth, early findings in 
North America

From 1900 to 1938 research regarding the 
effects of fluoride on teeth – predominantly 
carried out in the USA – focused on gross mal-
formations of tooth crowns. Affected crowns 
had brown or black stains and multiple frac-
tures of the enamel. The malformations oc-
curred endemically. Therefore, many dentists 
believed that the cause was to be found in the 
local drinking water. In fact, there were three 
publications, which, in 1931, identified high 
concentrations of fluoride in the drinking 
water as the cause of defective tooth crowns, 
then often called “mottled” teeth (now called 
enamel fluorosis). 

On the other hand, Dean (5) found that 
children aged 9 years living in various coun-
ties in the State of North Dakota with 1.7 
to 2.5 ppm F in the drinking water (where 
enamel fluorosis was frequent but not se-
vere) had only 2.0 decayed teeth, while those 
in counties with 0.6 to 1.5 ppm F in water 
had 4.2 decayed teeth. In 1939, Dean et al. 
(6) examined hundreds of children in 4 Il-
linois cities where drinking water contained 
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either 0.2 ppm F or else 1.7-1.8 ppm F. Again, 
the children who had been consuming high 
fluoride water had less decayed teeth, name-
ly 2.0 as opposed to 4.0 to 4.6. Between 1941 
and 1948, at least 10 reports confirmed the 
caries-protective effect of 1.0 ppm F in the 
drinking water. In these papers, the severity 
of caries was expressed as the number of De-
cayed, Missing, or Filled Teeth per individu-
al, abbreviated to DMF-teeth, and this is still 
the best measure expressing the prevalence 
of caries.

In 1947, Arnold (7) compiled data on 
fluoride concentrations in drinking water 
and the averages of DMF-teeth in 12 to 14 
year-old children in 27 Mid-Western US cit-
ies. These data documented that under con-
ditions of 0.9 to 1.3 ppm F in the drinking 
water, the number of DMF-teeth was halved 
when compared to the teeth of children on 
water with 0.1 to 0.6 ppm F. On the other 
hand, (mild) enamel fluorosis was present 
in 12 to 33% of the children on 0.9 and 1.3 
ppm F in the drinking water. With fluoride 
concentrations below 0.7 ppm F enamel flu-
orosis was far less frequent (0 to 11%). The 
protective effect was shown to last at least 
until the age of 15 years.

In 1945, artificial fluoridation was started, 
with water treated to contain 1.0 milligrams of 
fluoride per liter, or 1.0 ppm F, in three cities 
of the USA and Canada. For each fluoridated 
city a reference city was selected. After five 
years, the number of DMF-teeth in children 
aged six to nine was reduced by 26 to 60% 
in the three fluoridated cities, whereas in the 
three reference cities the number of DMF-
teeth remained more or less constant. Such 
experiments were repeated in several other 
cities with similar results: children who ben-
efited from drinking water containing 1 ppm 
fluoride had lower DMF-averages by approxi-
mately 50%, and the protective effect was 
maintained at least up to the age of 15 years.

The reports on reduced caries prevalence 
in children after only five years of fluorida-

tion induced many scientists to believe that 
early or even prenatal fluoridation would be 
indispensable to obtain the full protective 
potential of fluoride. In view of the almost 
complete absence of fluoride research in 
Continental Europe until the late 1950s, it is 
understandable that the American opinion 
prevailed for some years. 

On the other hand, fluoride tablets, avail-
able since 1954 in Switzerland, were widely 
used for caries prevention. Many dentists 
working with the school dental services 
noted that caries incidence was also reduced 
in children who were already five to nine 
years old when they started to take the fluo-
ride tablets. Swiss and German data became 
available providing evidence that fluoride 
tablets, given to six year-old children each 
school day, reduced dental caries experience 
in school aged children by 25 to 50%. 

Changing concepts regarding the 
protective effect of fluoride

In the period from around 1955 to 1970, 
several developments improved the pros-
pect for salt fluoridation.
– Use of fluoride in Switzerland began with 

program of daily intake of fluoride via 
tablets. After 2 to 3 years many dentists 
already noted a rapid decrease in caries 
incidence, not only in pre-school but also 
in schoolchildren. The idea that fluoride 
intake during the first two or three years 
of life is important for caries prevention 
was gradually abandoned.

– With the increasing duration of clini-
cal studies on water fluoridation, it was 
observed that there must a consider-
able topical protective effect of fluoride 
on erupted teeth, even at relatively low 
fluoride concentrations around 1 ppm F. 
With increasing duration of water fluo-
ridation it emerged that, for instance, 
14-year-old children who had not con-
sumed fluoridated water during their 
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first five or six years of life had only 
slightly higher caries levels than children 
exposed to fluoridated water since birth.

– A considerable number of well-con-
trolled clinical trials comparing caries 
increments in children using fluoridated 
toothpaste with those from children us-
ing the same toothpaste, but without 
fluoride, supported the opinion that the 
topical effect might even be the main 
anti-caries factor. 

– Biochemical research based on analyti-
cal chemistry and enamel microhardness 
studies showed that within the 24-hour 
cycle there are hours during which sub-
microscopic demineralization dominates. 
This occurs during and after eating sug-
ared food, which is fermented to lactic 
and other acids by the biofilm on the teeth, 
or dental plaque. Alternatively, there are 
hours during which remineralisation oc-
curs, and this “healing” process of the 
slightly demineralized enamel is greatly 
enhanced by fluoride. In this dynamic 
situation, the presence of fluoride in the 
oral fluid is very important, as it catalyzes 
remineralisation of the enamel as well as 
dentine. Today, this mechanism is re-
garded as the main reason for the tooth-
protecting effectiveness of fluoride.

– As time went by, it had to be accepted 
that with the existing network of drink-

ing water in Switzerland, water fluorida-
tion is difficult or impossible to realize 
for technical and legal reasons related 
mainly to a multitude of small water sup-
ply systems. A political move for the in-
troduction of water fluoridation was suc-
cessful only in Basel, serving 0.3% of the 
Swiss population from 1962 to 2003 (8).

Clinical caries studies with fluoridated 
salt in Western Switzerland

In Western Switzerland, the Canton of Vaud, 
which has its own salt factory, decided to 
add fluoride to the salt. This Canton (half 
a million inhabitants in 1970) had had a 
scheme of daily distribution to schools of 
one 1.0 mg fluoride tablet since the early 
1960s. On the advice of Prof. Mühlemann 
of the Zurich University Dental School, the 
Cantonal Salt Commission of Vaud decided 
in 1970 to add 250 mgF to salt for human 
consumption and recommended that fluo-
ride tablets should not be used any longer in 
the Canton. Since 1970 salt with 250 ppm F 
has been used in households, bakeries and 
all institutions running their own kitchens. 
Accordingly, fluoridated salt has been virtu-
ally the only salt sold in the Canton of Vaud. 
In the course of time with mobility and rural 
shopping centres on the increase, the rather 
strict situation regarding the use of the 250 

Table 1 The number of DMF-teeth per 12-year-old child in the three reference communities with no or limited 
exposure to F-salt and in the three communities of the Canton of Vaud where the use of fluoridated salt began 
in 1970

Year Reference limited F-exposure Using 250 ppm F, F-salt, VD % lower under F-salt

1970 6.97 5.61 20

1974 5.24 4.30 18

1978 4.47 3.93 12

1982 4.87 2.92 40

1986 3.17 2.12 30

1990 2.29 1.88 18

VD= Canton of Vaud; Smallest numbers of children: 34, 41, 58, all other sample sizes between 63 and 189. Source of data: (9).
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ppm F salt in Vaud was “diluted” to some 
extent. Nevertheless, surveys studying uri-
nary excretion in the main city of Lausanne 
confirmed that fluoride concentrations were 
still similar to those found in regions with 
fluoridated water in similar climates. Table 1 
shows the results obtained in children at the 
age of 12 years (9). 

The children from the three Vaud com-
munities close to the cantonal border had 
consistently lower averages of DMF-teeth 
than those in the three reference communi-
ties outside the Canton of Vaud. Regarding 
the initial examinations in 1970, lower car-
ies experience was to be expected in view of 
the fact that the Vaud children had been giv-
en 1 mg fluoride via tablets distributed daily 
at school for many years. In all six surveys 
from 1970 to 1990, carried out at four-year 
intervals, the Vaud children had consistently 
lower DMFT-averages when compared to 
the non-Vaud children, as indicated by the 
statistical significance in the sign test. The 
DMFT counts of the 8 and 10-year-old chil-
dren resulted in the same pattern: the eight 
averages from Vaud were consistently lower 
than those of the reference children. In ad-
dition, 14-year-old children were examined 
in Yverdon, another town in the Canton of 
Vaud with a population of about 20,000. 
The average number of DMF-teeth was 8.47 
(number of children examined: 68) in 1970 
but decreased to 2.99 (N=101) in 1988. 

With respect to the caries decline in the 
reference communities, several factors are 
to be considered. Within the school dental 
service, comprising one free dental exami-
nation per year and subsidized restoration 
of cavities, school committees implemented 
educational program of various intensity: 
– Regular toothbrushing exercises with 

topical fluoride were organized. 
– Information on prevention was made 

available through leaflets.
– In some of the communities, fluoride 

tablets were distributed until 1983.

Accordingly, the reduction in the caries 
levels in the reference communities is easily ex-
plained by the educational program in school.

In 1974, a second epidemiological long-
term study was begun in the Canton of Glarus. 
It lasted until 1996 and confirmed the cari-
ostatic effectiveness of fluoride when added to 
salt (10). The long term results were summa-
rized (11). The Swiss Dental Association and 
subsequently the Swiss Academy of Medical 
Sciences then agreed that for mass prevention 
of caries in Switzerland, the fluoride concen-
tration in the domestic salt should be raised 
to 250 ppm F (250 mg fluoride per kg of salt). 
This is equivalent to 1.0 mg of fluoride con-
tained in 4 grams of salt. The respective reso-
lutions in the involved committees and by the 
Health Ministry were passed in 1980 to 1982. 
Interestingly, there was little opposition to the 
higher concentration. In fact the market share 
of fluoridated salt in Switzerland has since in-
creased consistently (12).

In 1992, the marketing department of 
the main salt factory started to reduce the 
package size of domestic salt from the usual 
1 kg to 500g packages. Within three months 
after this change of policy, the market share 
dropped from 75% (September 1992) to 
46% (November 1992). After this serious 
setback, it was decided that the 250 ppm F 
salt should be available in all package sizes 
up to 1 kg whereas the unfluoridated variet-
ies were restricted to the 500 gram packages. 
In January 1994, immediately after re-intro-
duction of the 1 kgF salt package, the market 
share started to rise again and by 1998 lev-
eled out at 86% (12).  

Evidence for the caries-preventive 
effect of fluoridated salt in adults

It is generally accepted that the cariostatic 
action of fluorides continues during adult 
life. In this case it is exclusively the local 
mode of action of fluoride (the accelerated 
remineralisation of demineralized enamel 
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and dentine) which leads to the protective 
effect. Epidemiological data are available 
from Switzerland and Hungary.

In 1985, 753 recruits of the Swiss army 
(most of them 20 years old) were examined. 
A total of 57 recruits had grown up in the 
Canton of Vaud, where the salt has con-
tained 250 ppm fluoride since 1970. Table 

2 shows they had an average of 7.1 DMFT. 
The recruits from water-fluoridated Basel 
had an average of 9.0 DMFT, while all others 
had between 9.3 and 11.3 DMFT, depending 
on whether or not preventive program had 
been implemented during school age (13). 

Table 3 shows that the DMFT of the 
Vaud recruits was significantly lower than 

Table 2 Swiss Army Recruits subdivided according to the level of previous prevention

Lines 1-3: 3 different levels of OPS within the existing school dental service

Line 1: no or only a few communities with OPS in the Cantons

Line 2: about half of the communities with OPS in the Canton

Line 3: most communities with OPS in the Canton

Line 4: closely supervised OPS in the Canton of Zurich

Line 5: universal fluoridation via salt, Canton of Vaud, VD; 250 ppm since 1970 when the later recruits were 5 years old

Line 6: fluoridated  water, Canton of Basel City (1.0 ppm F since 1962, which was 13 years before the later recruits were 
born)

Prevention level n of recruits
Caries experience, average per recruit

DMFT DFS

1   No prevention in school 157 11.3 21.3

2   Little prevention in school 302 10.9 20.3

3   Good prevention at school 123 9.1 17.0

4   Canton of Zurich, ZH 92 9.3 17.3

5   Canton Vaud, VD, F-salt 56 7.1 11.6

6   Ct. Basel, F-water 23 9.0 15.4

All recruits 753 10.1 18.8

Stand. dev. N=753 4.9 12.5

Results of the analyses of variance F-tests between/within groups

F: between/within, p <0.001 <0.001 <0.001

OPS=Organized Preventive Service; *DFSrad: DF-counts in approximal surfaces of premolars and molars (24 surfaces examined). Source of data: (13).

Table 3 Confidence limits (LowL and UppL) of DMF-findings and t-tests between Vaud and the other groups 
exposed to different levels of prevention or to fluoridated water (see Table 2)

Line Table 2. level of prevention n Mean DMFT LowL UppL Comp. Difference % diff. p

1. No or few OPS 157 11.3 10.5 12.1 vs VD -4.20 -4.20 >0.001

2. OPS for about 50% 302 10.9 10.3 11.5 vs VD -3.80 -3.80 >0.001

3. OPS for majority 123 9.1 8.2 10.0 vs VD -2.00 -2.00 >0.001

4. Canton of Zurich. good OPS 92 9.3 8.3 10.3 vs VD -2.20 -2.20 >0.001

5. Canton of Vaud. VD. F-salt 56 7.1 5.8 8.4 - - - -

6. Ct. Basel. BS. F-water 23 9.0 7.0 11.0 vs VD -1.90 -1.90 ≈0.001

Source of data: (13). Menghini et al. 1991; see also Table 2.
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that of any of the other groups, including 
the 23 recruits from water-fluoridated Basle. 
This study shows clearly that the supply 
of fluoride, used by the entire population, 
has resulted in an improved level of dental 
health which was maintained into young 
adulthood. 

Salt fluoridation and enamel fluorosis 
in Switzerland

In Switzerland, the sale of fluoride tablets 
started in 1953. A large number of dentists 
used the tablets in their own families with 
great success. Several small cantons de-
cided to distribute fluoride tablets on each 
school-day. High exposures to fluoride oc-
curred in connection with the early recom-
mended dosage of fluoride (first year of life: 
0.25 mgF, then increasing each year by 0.25 
mgF to 1.0 mgF from the fourth year of life 
onwards) and resulted in slight and some-
times easily visible enamel fluorosis. New 
recommendations for a lower dosage were 
made in 1960: from the eruption of the first 
primary tooth until 23 months of age: 0.25 
mg F; 24 months to 48 months: 0.5 mg F; 48 
months to 71 months: 0.75 mg F; from age 6 
to adulthood: 1.0 mgF.  After introduction of 
the lower dosage, children with easily visible 
enamel fluorosis became increasingly rare 
but studies recording the actual prevalence 
were not carried out in those years. 

In the context of the epidemiological car-
ies studies in Vaud, De Crousaz (14) assessed 
enamel fluorosis frequencies of the up-
per incisors among children aged 6-8y and 
9-13y in water-fluoridated Basel (fluoride 
added from 1962 until 2003), in the Canton 
of Vaud and in two reference towns outside 
Vaud. The sensitive index of Thylstrup and 
Fejerskov (15) was used. Mouth frequen-
cies of enamel fluorosis were at 36% at age 
6-8 and at 38% at age 9-13. In the Canton 
of Vaud (universal salt fluoridation) mouth 
frequencies were at 37% and 38% and in 

the reference children at 25% and 26%, re-
spectively. Non-fluoride opacities occurred 
in 18% of the Basle children, in 7% of the 
Vaud children and in 25% of the reference 
children. In the entire survey, only one child 
(among a total of 1242) showed a TF-score 3 
on the left central incisor. 

Studies between 1982 and 1996 in five 
different locations resulted in frequencies 
between 13% and 28% (16). In their own 
extensive study, Steiner and Menghini (16) 
assessed enamel fluorosis in 1087 school-
children (age 9-10y) and 964 military re-
cruits (age 19-21y) in the years 1995-69 and 
in 2004-2005. The subjects took part in epi-
demiological surveys for dental caries orga-
nized by the Clinic for Preventive Dentistry, 
Periodontology and Cariology, Dental Cen-
tre, University of Zurich. In their summary 
the authors stated: “Fluoride-associated 
opacities of TF score 2 were only observed 
in approximately 1% of the participants. 
One examiner noted a TF score 3 in a single 
individual. Fluoride-associated opacities 
therefore are not a cosmetic problem and 
certainly not a public health concern”.

To complete the picture it is important to 
know that in Switzerland fluoride tablets are 
still on sale in pharmacies without prescrip-
tion, but only very few families still use them. 
Fluoride toothpastes (up to 1500 ppm F) are 
regularly used. For small children up to six 
years, toothpastes with less than 500 ppm F 
are recommended. Daily fluoride rinses are 
used by 20% of Swiss children; another 20% 
brush their teeth with concentrated fluoride 
gels (1.25%F) once a week. Respective in-
formation is given in the schools at regular 
intervals. Urinary excretion  studies in the 
Canton of Vaud showed that fluoride levels 
in urine obtained from adolescents were in 
the optimal range in terms of both fluoride 
concentrations and fluoride excretion due 
to the universal use of fluoridated salt (17). 
Children at age 10-14y in Lausanne (the 
Capital of the Canton of Vaud) had urinary 
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concentrations of 1.3 ppm F after lunch, 1.1 
ppm F at night and 0.8 ppm F in the morn-
ing. Enamel fluorosis is certainly not a prob-
lem in Switzerland. 

Fluoridated salt in other European 
countries

In 1968, K. Toth of Szeged (a city in South-
ern Hungary), Professor of Conservative 
Dentistry, started clinical studies in several 
towns, using salt containing 200 or 250 mgF/
kg (18). Since 1972, two further communi-
ties were added and were provided with salt 
containing 350 ppm F. After 1981, all salt in 
the fluoridated towns contained 350 ppm 
F. The last DMFT-averages are presented in 
Table 4. They provide further evidence for 
the cariostatic effect of fluoride added to salt. 

Radnai and Fazekas (19) examined the 
teeth of Hungarian adults in 1991. The ref-
erence subjects (group A) consisted of sub-
jects who had had no significant fluoride 
exposure. The second group of adults, B, 
had been living in the towns and villages 
which were provided with fluoridated salt 
from 1966 to 1985 (initially with 250 or 200 
ppm; after 1972 increasingly, and from 1979 
to 1985 consistently, with 350 ppm F) (18, 
19). Group C had been lifetime residents in 
a town with the naturally optimal content 
of 1.1 ppm F  in the drinking water (Kun-
szentmarton). The total number of subjects 
examined in the age group 28-37 years in 
the three groups was 205. Reference group 
A had 16.5 DMF-teeth, group B 13.4.The 

subjects using 1.1 ppm F water since birth 
had only 9.7 DMFT-teeth (group C). They 
had received the supplemental fluoride in 
the water during their whole life, whereas in 
group B the fluoride intake from salt started 
only at age 3 to 12 years and lasted only 19 
years. In spite of the shorter exposition to 
fluoride, group B had 3.1 less DMFT when 
compared to the 16.5 DMFT in the reference 
group A.

In the youngest age group (18-27 years), 
the DMFT averages for groups A, B and C 
were 13.8, 7.9 and 5.4, respectively. The mean 
DMFT of group B was much closer to the 
mean of group A. This would be expected 
since these young adults had exposure be-
ginning at birth or at the age of three years at 
the latest. These young adults did not receive 
fluoridated salt during the six years prior to 
the dental examination in 1991 because the 
production of fluoridated salt was stopped 
in 1985.

The Swiss and Hungarian surveys both 
support the hypothesis that the beneficial 
effect of fluoride in salt extends into adult-
hood, and that immigrants into salt fluori-
dated communities also benefit from fluo-
ride. In spite of comprehensive research 
in and around Szeged and several political 
moves to introduce salt fluoridation for the 
whole country, this measure has not been 
implemented in Hungary.

France was the second European country 
adopting salt fluoridation in 1986. The reso-
lution for this measure was in part based on 
a series of publications in French on fluori-

Table 4  Average counts of diseased teeth per child in Southern Hungary and changes from 1966-1982

Group (Age) Initial 
Average caries

Use of F-salt
1966-1982

Final 
Average caries

Lower 
16 years later (%)

5-6, dmft (primary teeth)
5.19* No 6.70 -

6.78 Yes 3.16 53

13-14, DMFT
7.33* No 10.27

8.21 Yes 3.29 60

*Children from 3 reference villages: Age 2-6 and 12-14 from Table 82, all other data from Table 111 (18).

Thomas M. Marthaler: Salt fluoridation and oral health
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dation in Switzerland (Frey and Maeglin ed. 
1982: Fluoruracion du sel pour la prevention 
de la carie, Revue mens. suisse Odonto-sto-
matol. Vol. 92, No. 4, April 1982, 130 pages), 
and on other evidence of the cariostatic ef-
fect of fluoride when added to salt. Due to a 
nationwide campaign for its use, the market 
share in France attained 50% in 1991 and 
even 60 % in 1993 (20). However, due to 
the lack of continued promotion, the mar-
ket share dropped to 27% in 2003 and was 
below 10% in 2010. In terms of the French 
population of now roughly 60 million this 
means that after 1993, when there were 36 
millions users of fluoridated salt, their num-
ber has dwindled to less than six million by 
2012. Lack of continued promotion of fluo-
ridated salt was the main reason for the de-
creasing market share.

Germany started to import fluoridated 
salt from France in 1991. After a few years, 
the government authorized production of 
F-salt by German refineries. The salt indus-
try promoted the switch from iodized salt to 
domestic salt with both added iodide and 
fluoride. The information campaign includ-
ed dietary advice for the prevention of caries 
and recommendations regarding oral hy-
giene. A committee of university professors 
and practicing dentists met once a year with 
a public relations agency, who produced and 
updated leaflets and other material promot-
ing dental health.

The cost of the promotion in Germa-
ny has been in the order of magnitude of 
100,000 €  per year. On the other hand, the 
cost of adding fluoride may be assumed to 
be 200,000 € per year (as explained at the 
end of this paper). In markets and shops, the 
price of fluoridated salt in Germany is 5 or 
10 cents higher per package of 500 g of salt. 
Due to the continued well-planned informa-
tion campaigns, including general rules for 
oral hygiene and dietary measures, the mar-
ket share of F-salt rose from approximately 
20% in 1997 to 50% in 2000 and, since 2007, 

it has leveled out just below 70% (21). In 
comparison with France’s breakdown of flu-
oridated salt usage, the German campaign 
has been a real success.

In the Czech Republic, it was reported 
that 35% of the domestic salt is now fluo-
ridated (22). This is somewhat surprising 
since the price of fluoridated salt there is 
almost twice as high as that of the unfluori-
dated salt. Part of the fluoridated salt sold in 
the Czech Republic is imported from neigh-
bouring countries, mainly Germany.

In other countries (for example Austria, 
Spain, Slovakia) fluoridated salt is used on 
a very limited scale. The sale of fluoridated 
salt would be legal in Greece and in the 
Netherlands (22) but there seems to be no 
interest in this preventive method. On the 
other hand, the vast majority of dentifrices 
are fluoridated all these countries. While the 
health authorities seem to have some knowl-
edge regarding the benefits of fluorides, they 
appear to be unaware of their full cariostatic 
potential. Unfortunately, many dental ex-
perts are of the opinion that fluoridated 
toothpastes are sufficient to provide protec-
tion from caries. From a public health point 
of view, however, additional measures are 
necessary, above all in order to reach social-
ly disadvantaged or remote groups in many 
countries. Of the world’s current population 
of seven billion, three to five billion people 
have no or very limited access to prevention 
or, more specifically, to caries-preventive 
fluorides. Caries is still destroying teeth in 
children, adults and old people world-wide 
- only in minors and young people of a mi-
nority of countries has caries prevalence 
been reduced on a public health scale.

Salt fluoridation in the Americas  

The “First International Symposium on Salt 
Fluoridation” took place in 1977 in the city 
of Medellin, Colombia. Participants came 
from South and North America and a few 
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from Europe, mainly Switzerland. The Sci-
entific Publication No. 501 “Salt Fluorida-
tion” (23) documents the early interest in 
salt fluoridation in this part of the world. 
The Symposium site was well-chosen: in this 
country, a clinical trial had compared the ef-
fect on caries of three fluoride regimens: 
– Fluoride in water (NaF)) at 1.0 ppm F (in 

San Pedro);
– Sodium fluoride (NaF) added to salt at 

200 ppm F (in Armenia);
– Calcium fluoride (CaF2) added to salt at 

200 ppm F (in Montebello);
– No fluoride added, reference (Don Matias).

The initial dental examinations in 1964 
showed that in all four towns chosen for the 
study, caries experience was similar (24, see 
Table 5). Addition of fluoride to salt was un-
dertaken in a laboratory at the University of 
Antioquia, which also supervised the exam-
inations for caries (age group 6 to 14 y) and 
assessed urinary fluoride concentrations. 
The study was carried out under the guid-
ance of the local dental staff of the Univer-
sity of Antioquia NIDR-USPHS, and Dr. G. 
Gillespie of the Pan-American Health Orga-
nization (the American Regional Office of 
the World Health Organization in Geneva). 
Table 5 shows the initial (1964) and final 
(1972) DMFT averages in the 10 and 12 year 

old children. The reductions obtained were 
close to 50%, ranging from 47 to 58% (24). 

The fluoride concentrations in urine 
ranged between 0.50 and 0.80 ppm F in the 
CaF2-group (Armenia), and between 0.64 
and 0.87 in the NaF group (Montebello). 
This was somewhat below the concentra-
tions in water-fluoridated San Pedro (0.9 
to 1.2 ppm F). In the reference town Don 
Matias, the concentrations were at 0.18 and 
0.27 ppm F. There were no differences be-
tween the cariostatic effectiveness between 
the chemicals used for fluoridation. Nota-
bly, caries was equally inhibited whether the 
rapidly soluble fluoride (NaF) or the almost 
insoluble compound (CaF2) was added to 
food. In the reference community, there was 
virtually no change in caries prevalence. 

In the Colombian towns, domestic salt 
was under government control at that time 
and very little industry-processed food ex-
isted, whereas today salt is often added to 
food before it is offered to the customer. 
Such pretreated food was then simply not 
available or on sale only in cities. Thus, vir-
tually all of the salt ingested was fluoridated 
in the two respective groups. The Colom-
bian results became rapidly known in Latin 
American states, and several countries be-
gan to add fluoride to salt for human con-

Table 5 DMFT-averages per child in the 4 Colombian towns and percent reductions of DMF-averages in 1964 
(when addition of fluoride to water and salt started) until 1972

Age 1964 1972 Reduction (%) 

10 years

F-water, NaF 6.21 2.91 53

NaF in salt 5.33 2.23 58

CaF2 in salt 5.70 2.47 57

No added fluoride 6.96 6.91 -

12 years

F-water, NaF 9.48 4.10 57

NaF in salt 8.59 4.50 48

CaF2 in salt 9.44 4.96 47

No added fluoride 10.72 11.03 -

Source of data: (24).
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sumption. Costa Rica and Jamaica were the 
first to start in 1996/1997. 

In Jamaica, which as an island has a 
partially isolated population, there is only 
one factory which refines the raw sea salt 
purchased from several nearby Caribbean 
islands. Addition of iodide had been in-
troduced already in the 1970s, and goiter 
disappeared from the island. The refinery 
built a fluoridation apparatus which spread 
a concentrated fluoride solution (containing 
also iodide) on the salt on a conveyor belt 
passing underneath. At the Health Min-
istry, there was a debate as to whether salt 
without fluoride should be on sale besides 
the salt with both iodide and fluoride. Af-
ter some discussion, the manager of the salt 
refinery suggested fluoridating all salt for 
human consumption when a consensus was 
reached that fluoridated salt was the better 
product from a standpoint of public health 
and marketing. Accordingly, the decision 
was that the regular salt should contain both 
micronutrients. The factory manager then 
conceded that for anyone insisting on us-
ing unfluoridated salt for cooking, the en-
terprise would keep unfluoridated salt on 
stock, but that the customary distribution 
channels would be uniformly provided with 
the fluoridated (and iodized) salt.

Caries levels in Jamaica were assessed 
in 1986 and 1995 (25). In 12 year-old chil-
dren, the number of DMF-teeth was re-

duced from 6.7 to 1.1. A reduction of 69% 
was even found in 15 year old children who 
had started to benefit from fluoride after the 
age of seven or eight years. Investigations re-
garding factors that may have influenced the 
caries experience of Jamaican children led to 
the conclusion that the fluoride in the salt 
must have been the main reason for the dra-
matic decrease in caries prevalence on the 
island (26). In 2008, follow-up assessments 
of urinary fluoride in children at age three to 
five were made. Urinary fluoride concentra-
tions in nocturnal collections were 1.33 ppm 
F (urban children) and 1.26 ppm F (rural 
children) and at daytime 1.28 and 1.26 ppm 
F, respectively (27). From a large number of 
studies it is known that under conditions of 
optimal levels of fluoride in drinking water, 
urinary fluoride concentrations are in the 
range 0.9 to 1.2 ppm F. Fluoride excretions 
per hour and per 24 hours were also within 
the optimal range.

The following favourable external cir-
cumstances facilitated the introduction of 
universal salt fluoridation in Jamaica:
– Universal iodization had been intro-

duced before 1980;
– There is only one salt refinery on the is-

land (=country in this case);
– Fluoride concentrations were below 0.3 

ppm F in 95% of the drinking water;
– All drinking water had concentrations 

below 0.7 ppm F;

Table 6  Average number of DMF-teeth per child in four American countries before and 8 to 12 years after the 
start of salt fluoridation 

Country, age of children
First survey Last survey

Reduction of DMFT  in %
Year DMFT Year DMFT

Jamaica, 12 years 1986 6.7 1995 1.1 84

Jamaica, 15 years 1986 9.5 1995 3.0 69

Costa Rica, 12 years 1987 8.4 1999 2.5 72

Mexico, 12 years 1988 4.4 1997 2.5 44

Uruguay, 11-14 years 1991 4.1 1999 2.4 42

Source of data: (22).
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– There was literally no opposition to the 
addition of fluoride to salt.
Countries with similarly high coverage of 

almost the entire population are Colombia, 
Costa Rica, Mexico and Uruguay; the popu-
lation of these four countries is approach-
ing 160 million. These countries have now 
up to 20 years of documented use of fluo-
ridated salt. Results regarding dental caries 
are shown in Table 6. 

Fluoridated salt is also available in coun-
tries such as Belize, Bolivia, Cuba, Domini-
can Republic, Ecuador, Peru, Venezuela; 
a few other countries are in the process of 
implementing salt fluoridation. In Latin 
America, bakers mostly use the same small 
salt packages of 0.5 kg as the households. 
Restaurants also frequently use small salt 
packages. That means that even when only 
the salt in small packages is fluoridated, it 
provides fluoride beyond the households, 
which enhances the effectiveness against 
caries. Details of the situation in the Ameri-
cas up to 2008 were presented in detail by 
Estupinian (28).

Approximate costs of salt fluoridation

General problems to be considered for mak-
ing plans prior to the introduction of a salt 
fluoridation scheme have been discussed 
extensively in a previous publication. Initial 
information available in each country on 
salt production and distribution is relatively 
easy to obtain:
– Is there already a program of salt iodization?
– How many major producers of salt are 

there in the country?
– How much of the salt is imported? From 

where?
– How many drinking water systems with 

fluoride concentrations above 0.8 ppm F 
exist in the country?
In addition to these basic questions, 

many details must be clarified. These are 
listed in the respective paper (11). On the 

basis of this information, cost estimates can 
be made. The cost of stainless batch mixers 
for one ton of salt amounts to tens of thou-
sands of € (Euro). Local solutions for mixers, 
particularly smaller ones, may be construct-
ed at lower prices. For sufficient capacity, for 
instance for one million users, two or three 
mixers may be necessary, which may cost 
100,000 €. For quality control, a laboratory 
equipped for simple analytical chemistry is 
also necessary. It may be integrated in the 
laboratory for control of iodization. These 
costs are necessary only in the first year.

The cost of the fluoride (using sodium 
fluoride, NaF) necessary for one ton of salt 
lies between 1.38 and 2.76 €. Further costs 
are for technical and laboratory personnel, 
needed for operating the mixer and working 
in the analytical laboratory for quality con-
trol and technical maintenance. For a popu-
lation of one million, which “uses” or “con-
sumes” approximately six kg salt per year 
and capita, the calculations indicate a total 
cost between 0.023 and 0.038 € per year and 
person. Details of the respective calculations 
were presented in an earlier paper (29).

Promotion costs for implementing F-salt 
instead of unfluoridated salt are variable. As 
indicated above, about 100,000€ per year 
is spent to convince roughly two-thirds of 
the German population to use fluoridated 
salt. 100,000 € divided by a population of 80 
million is equivalent to 0.00125 €, or 0.125 
€-cents per capita and year. This is roughly 4 
times the cost of F-salt production and qual-
ity control. The example of the dormant salt 
fluoridation in France shows that promo-
tion costs are indispensable, although they 
exceed the cost of production costs during 
the initial years. The total cost for a success-
ful salt fluoridation scheme, while maintain-
ing free choice, would thus range between 
0.024 (=0.023+0.00125), and 0.04 €-cents 
(or 0.039 €-cents; =0.038+0.00125).  In these 
estimates, the cost of building the fluoride 
addition apparatus is not considered. It is 
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evident that salt fluoridation is by far the 
cheapest method of caries prevention.

Universal salt fluoridation has only been 
implemented in Jamaica (close to 100%) 
and in Uruguay (95%). In the majority of 
iodization program, such a high coverage is 
the rule. This is justified because the conse-
quences of insufficient iodide intake are very 
serious: disfiguring goiter, oligophreny, idi-
ocy. One may point out, on the other hand, 
that progressive destruction of the teeth and 
their roots can lead to situations which are 
potentially dangerous for health in general: 
infections, abscesses, tooth loss and bacte-
raemia with unforeseeable consequences 
affecting work and income. In view of the 
public health aims, use of universal salt fluo-
ridation is clearly indicated: it is a safe, effec-
tive and extremely cheap health measure. On 
the other hand, restoration of decayed teeth 
and tooth replacements is very expensive, 
amounting to about 10% of all medical costs. 

In Switzerland there is free choice be-
tween “pure” salt and salt with iodine, fluo-
ride or both micronutrients. However, it has 
been the aim of both the Swiss health au-
thorities and the Swiss Dental Association to 
motivate the greatest possible proportion of 
the population to use the iodized and fluo-
ridated salt regularly. Since 1998, 85% of the 
domestic salt has been fluoridated. The fol-
lowing factors may have played a role in this 
success: 
– Salt iodization was a great success in 

Switzerland for both the medical com-
munity and the public at large.

– The idea of salt fluoridation was closely 
connected with the idea of using salt as a 
carrier of a micronutrient, as in the case 
of iodide.

– A few middle-sized food chains offer 
only F-I-salt since the other varieties are 
purchased by less than 10% of the cus-
tomers.

– The price of salt is the same, regardless of 
whether it contains additives or not. 

Contrary to the situation in “water fluo-
ridation countries”, opposition against fluo-
ridated salt has been minor and has been 
almost totally absent for 30 years. When the 
fluoride concentration was increased from 
90 to 250 ppm F, the Swiss Dental Associa-
tion created a simple leaflet stating that peo-
ple should continue to use the “new” fluori-
dated salt, in view of its stronger anticaries 
effect. The population followed this advice 
and used fluoridated salt increasingly. 

High caries prevalence in the low 
social strata

Caries prevalence has consistently been 
highest in the lowest social strata. Could salt 
fluoridation be the right vehicle to improve 
this deplorable situation? It is a fact that in 
the low social strata, preventive recommen-
dations and practices are not adopted to a 
sufficient degree. For example, if only 40% of 
domestic salt is fluoridated, the greatest part 
of this salt will be consumed by the popula-
tion in the upper social strata. In order to 
attain benefit for all social levels, the great 
majority of the population must become 
regular users of fluoridated salt. In order to 
reach the lower strata, a percentage of fluo-
ridated salt of at least 67% is necessary. In 
Europe only two countries, Switzerland and 
Germany, have attained a coverage exceed-
ing two-thirds of the population. In these 
two countries, part of the lower strata popu-
lation actually uses fluoridated salt, particu-
larly in Switzerland where approximately 
85% of the domestic salt is fluoridated. In 
the other European countries, where the use 
of fluoridated salt is below 50%, the benefi-
cial effect on a public health scale must be 
considered to be minimal. It should be not-
ed that EU-regulations permit addition of 
fluoride to salt (and to water) (22).

Obviously the overall situation is unsat-
isfactory in most European countries. The 
great challenge for each country would be to 
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find means and ways to increase the percent-
age of people using – exclusively or at least 
predominantly – the fluoridated variety of 
salt. In addition to the promotion of public 
health campaigns on all levels, further pos-
sibilities should be considered:
– Use of fluoridated salt for bread. This 

single step would increase the number 
of daily contacts of fluoride with the 
teeth; whenever a piece of bread is eat-
en, the fluoride concentration in the sa-
liva is raised to approximately one ppm 
F, whereas in resting saliva it is only at 
about 0.02 ppm F.

– Use of fluoridated salt in restaurants, can-
teens and institutions for the aged. This 
would specifically increase the number 
of “fluoride contacts” in the adults.

– Put fluoridated salt on sale in all current 
package sizes, so that the housewife is not 
tempted to buy unfluoridated salt because 
she does not like a certain package size; 
this measure increased the market share 
of F-salt from 58% in October-Novem-
ber-December 1993 to 84% in April-May-
June 1994 (see Fig. 2 in Marthaler (17)).

– Limited access to unfluoridated salt: 
the “official” or “regular” salt would be 
fluoridated: this situation actually ex-
ists in several Latin American countries, 
for example in Jamaica, Costa Rica and 
Colombia. Legislation may be passed al-
lowing unfluoridated (and/or uniodized) 
salt to be available exclusively in pharma-
cies or else in organic food shops.

– Higher concentrations of fluoride in the 
salt. This would also increase the effec-
tiveness of an already functioning salt 
fluoridation scheme, but it would not 
increase the percentage of those who use 
the fluoridated salt. The possibility of 
covering the highest possible percentage, 
however, is a primary aim of any project. 
Toth (18) for example was aware that 250 
ppm F is too low when fluoride is added 
exclusively to domestic salt. In the final 

years of his studies, he used exclusively 
salt with 350 ppm F.
These changes could be attained at mini-

mal cost. Increasing the percentage of us-
ers by using public relations firms, as in 
Germany, would be much more costly. It is 
indispensable for the medical community 
to receive excellent documentation on the 
benefits and safety of the fluoride added to 
salt. In view of the trend for lowering salt in-
take, the public should be informed clearly 
that fluoridated salt is the only type of salt 
recommended for use in all normal house-
holds. In highly industrialized countries, an 
increasing percentage of food is industri-
ally processed whereby salt is often added; 
in addition, bouillon cubes and many other 
spices replace simple cooking salt. In fact, 
the consumption of plain salt is decreasing 
slowly but steadily. 

Conclusion

Fluoridated salt has enormous potential in 
controlling dental caries. It is cheaper than 
any other method of caries prevention ap-
plicable to millions. Nevertheless, the cur-
rent trend in academic dentistry is to rely al-
most exclusively on the topical effectiveness 
of fluoride-containing dentifrices to attain 
better dental health. However, only one or 
at most two billion of the world’s population 
have access to high quality dentifrices, can 
afford them and have sufficient instruction 
and discipline in toothbrushing. The fluo-
ride in dentifrice will reach the tooth surfac-
es to be protected only when a certain level 
of oral hygiene is obtained. For the majority 
of people in the world, this situation is un-
likely to change in the next decades. 

The cost of a fluoride-containing denti-
frice is at least 5 € per year and person (the 
cost of the toothbrush may be categorized 
as being paid for by maintaining gingival 
and periodontal health). For fluoride reach-
ing the tooth from salt in food, the cost is 

Thomas M. Marthaler: Salt fluoridation and oral health
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less than 0.05 €, a ratio of 1/10,000. Assum-
ing that fluoride in dentifrices is four times 
more effective than salt fluoridation, the cost 
ratio is still favorable: 1/2,500. Of course, 
fluoridation of salt and dentifrices are not 
alternatives – they should be used in com-
bination. It is well documented that 55-60 
million Germans and Swiss and more than 
160 million people in Latin America benefit 
from the combined use of both fluoridated 
salt and fluoride toothpastes.

Salt fluoridation is legal in the EU, and 
is suggested by WHO (Resolution WHO 
60-17) when water fluoridation cannot be 
implemented for whatever reason. In con-
tinental Europe, there are 25 EU countries 
with a total population of around 330 mil-
lion (Great Britain and the Irish Republic 
both have water fluoridation policies). Eight 
of these countries, with a total population 
of 200 millions, already have at this time 
the technical means to produce fluoridated 
salt. Accordingly, the total number of 200 
million inhabitants of these countries could 
all at once benefit from the already existing 
machinery. While the oral health situation 
is slowly improving in some of the mod-
ernized countries, the introduction of salt 
fluoridation in combination with fluoride-
containing dentifrices would accelerate this 
favorable development.    

Dental treatments are still expensive. The 
cost of dentistry has hardly been reduced, 
even in countries where the decline in caries 
began 30 years ago. Extension of preventive 
dentistry is still indispensable for improving 
oral health, also from a financial viewpoint. 
Last but not least, salt fluoridation offers a 
realistic potential to ameliorate dental health 
in the poorer regions of the world.
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The aim of this review is to give an overview of 55 years experience of 
milk fluoridation and draw conclusions about the applicability of the 
method.  Fluoridated milk was first investigated in the early 1950s, 
almost simultaneously in Switzerland, the USA and Japan.  Stimu-
lated by the favourable results obtained from these early studies, the 
establishment of The Borrow Dental Milk Foundation (subsequently 
The Borrow Foundation) in England gave an excellent opportunity for 
further research, both clinical and non-clinical, and a productive col-
laboration with the World Health Organization which began in the 
early 1980s.  Numerous peer-reviewed publications in international 
journals showed clearly the bioavailability of fluoride in various types 
of milk. Clinical trials were initiated in the 1980s – some of these can 
be classed as randomised controlled trials, while most of the clinical 
studies were community preventive programmes. Conclusion. These 
evaluations showed clearly that the optimal daily intake of fluoride in 
milk is effective in preventing dental caries. The amount of fluoride 
added to milk depends on background fluoride exposure and age 
of the children: commonly in the range 0.5 to 1.0 mg per day.  An 
advantage of the method is that a precise amount of fluoride can be 
delivered under controlled conditions.  The cost of milk fluoridation 
programmes is low, about € 2 to 3 per child per year.  Fluoridation of 
milk can be recommended as a caries preventive measure where the 
fluoride concentration in drinking water is suboptimal, caries expe-
rience in children is significant, and there is an existing school milk 
programme. 

Key words: Caries prevention, Fluoride prevention, Milk fluoridation, 
Caries reduction, Community programmes.

Introduction
The aim of this article is to describe the histo-
ry of milk fluoridation and its place in caries 
prevention. Individual studies have not been 
referenced in this review as they are listed in 
the WHO publication ‘Milk fluoridation for 
the prevention of dental caries’ (1).

Early investigations into fluoridated milk
The idea of milk fluoridation emerged, at 
about the same time, in Japan (1952), in 
Switzerland (1953) and the USA (1955). Early 
investigations showed that fluoride added to 
milk does not change its taste or other char-
acteristics, is absorbed well, although slower 

* The first two authors are trustees of The Borrow Foundation (Waterlooville, UK) and the third is employed by the organisation 
as the programme coordinator.
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than from fluoridated water. It was consid-
ered advantageous that fluoride is added to 
an important food for infants and small chil-
dren, and that consumption of fluoridated 
milk is not mandatory for everybody, only for 
those who need it most and agree to receive 
it. The caries preventive effect of fluoride can 
even be enhanced by the milk vehicle, due to 
the cariostatic properties of the mineral, pro-
tein and fat content of milk.

The first clinical results were reported 
by Imamura in 1959, after a five-year study 
of Yokohama schoolchildren. Milk or soup, 
containing 2.0 to 2.5 mg sodium fluoride, 
was consumed at lunch-time, 150 to 180 
days per year, by 167 children. Compared 
with the control group, 29 to 34% caries re-
ductions were observed in the permanent 
dentition. In Baton Rouge, Louisiana, USA, 
Rusoff and co-workers reported in 1962 on 
3.5 years’ results in 129 (65 test and 64 con-
trol) children. In children consuming fluori-
dated milk at school meals, 35% less caries 
was recorded than in the control children; 
in those who were 6 years old at the begin-
ning, the reduction was even larger at 70%. 
In Winterthur, Switzerland, Ziegler and 
Wirz reported a study where 0.22% sodium 
fluoride solution, prepared by pharmacies 
in plastic bottles, was added by the parents 
within the home to milk consumed by chil-
dren. Participants were 749 test and 553 
control children who were 9 to 44 months 
old at the start of the programme. In 1964, 
after six years, caries reductions were 17% 
for the deft index (number of decayed, ex-
tracted or filled primary teeth) and 30% 
for the defs index (number of decayed, ex-
tracted or filled primary tooth surfaces) in 
the primary dentition, and 64% for DMFT 
(number of decayed, missing or filled per-
manent teeth) and 65 for DMFS (number of 
decayed, missing or filled permanent tooth 
surfaces) in permanent molars. The propor-
tion of caries-free children increased signifi-
cantly in the fluoridated milk group.

The Borrow Foundation

The establishment of a charity in England 
by Edgar Wilfred Borrow (1902-1990) for 
the promotion of milk fluoridation in order 
to prevent dental caries in children, brought 
important progress in the field of research 
and clinical studies. E.W. Borrow (Figure 1), 
a wealthy farmer and mechanical engineer in 
south England, constantly interested in the 
technical aspects of fluoridation of milk, set 
up a charity in 1971, named the “Borrow Den-
tal Milk Foundation”, for the above purposes. 

The aims, summarized in 12 points, were 
mainly “to promote and support research of 
fluoridated milk for human consumption by 
the help of grants, equipment, lectures, scien-
tific publications, and to disseminate knowl-
edge about this method”. The aims of the orig-
inal ‘Trustees’ deed’ were extended in 1993 to 
include “the support of activities on health 
promotion and education,… and on healthy 
nutrition, including milk and milk products”. 

Figure 1 Edgar Wilfred Borrow – the founder of “The 
Borrow Foundation”.

Jolán Bánóczy et al.: Milk fluoridation
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The name of the foundation was changed in 
2002 to ‘The Borrow Foundation’ (www.bor-
rowfoundation.org). In recognition of his hu-
manitarian services, E.W. Borrow received an 
Honorary Doctorate from Lousiana Univer-
sity, USA, in 1983. Two of the authors of this 
present review are two of the five “Trustees” 
of The Borrow Foundation.

The results of clinical and basic research 
studies, supported by The Borrow Founda-
tion, have made the creation and extension 
of milk fluoridation programmes possible in 
numerous countries of the world. Based on 
discussions initiated in the 1980s between 
The Borrow Foundation and the World 
Health Organization (WHO), the Bulgarian 
milk fluoridation programme was initiated, 
and a ‘Memorandum of Understanding’ 
was signed by The Foundation and WHO 
in 1991; this has been renewed every three 
years. As a result of this collaboration, a 
book was published in 1996 (2), summariz-
ing the studies of basic and clinical research 
into milk fluoridation, and a revised edition 
was published in 2009 (1).

Theoretical considerations

Concerning the pathomechanism of fluo-
rides, it is accepted that elevated fluoride ion 
concentrations at the dental plaque/enamel 
border decrease the rate of demineralisation, 
increase remineralisation, and reduce acid 
production of dental plaque. However, the use 
of milk as a vehicle, generated questions con-
cerning possible chemical reactions between 
milk and fluoride ions, bioavailability of sys-
tematically administered fluoride in milk, and 
interactions involving fluoride in the oral cav-
ity (enamel, saliva, plaque and caries). 

The results of basic studies on milk fluo-
ridation have been published in more than 
100 peer-reviewed papers, with increasing 
frequency in the last 20 years. Based on these 
studies, according to recent knowledge, the 
greater part of fluoride added to milk, forms 

a soluble complex with the protein frac-
tion of milk, from which the fluoride can 
be liberated in ionic form, so that it is bio-
available. The absorption of fluorides with 
simultaneous food consumption is slower 
than for fluoride without food, and the pro-
portion absorbed depends on the calcium 
content of the diet. Different types of milk 
are drunk in communities around the world 
– whole milk or low-fat milk, fresh, pasteur-
ised or sterilised milk, liquid or dried milk. 
The bioavailability of added fluoride has 
been investigated in all of these, on the day 
of milk processing and after several days’ 
storage, and shown to be satisfactory. 

Because urine is the main vehicle for excre-
tion of fluoride, analysis of 24 hour urine ex-
cretion is presently the best marker of fluoride 
intake (3). Recording of fluoride excretion in 
urine over 24 hours has been recommended 
before and after introduction of fluoride-
based community preventive programmes. 
A WHO document, published in 1999, offers 
detailed guidelines for the method and calcu-
lations: based on these, the optimal fluoride 
concentration in milk and the appropriate in-
take of fluoride can be determined.

The systemic effect of fluorides in milk is 
supported by numerous experimental data. 
However, by the 1980s, the opinion as to how 
fluoride acts to prevent dental caries was go-
ing through a change: even with the use of 
systemic fluoride agents, topical effects were 
considered more important. The consump-
tion of fluoridated milk incorporated into 
dental enamel inhibited demineralisation 
and promoted remineralisation. In addition, 
30-60 minutes after ingestion of fluoridated 
milk, both the levels of fluoride in whole sa-
liva and dental plaque increase as a conse-
quence of the presence of fluoridated milk in 
the mouth and increased concentrations of 
fluoride in salivary secretions following the 
absorption of ingested fluoride. Thus, fluo-
ride in milk acts both systemically and topi-
cally, in the same way as fluoride in water.
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Clinical evaluations
Long-term human studies with fluoridated 
milk on children, undertaken in about twelve 
countries have been reported in numerous 
peer-reviewed papers. Only some of these 
studies can be classified as RCTs (randomised 
controlled trials) according to the criteria used 
in evidence-based medicine; the others can be 
classed as community-based programmes. In 
the following paragraphs, the main features of 
the evaluations of these milk fluoridation pro-
grammes in different countries of the world 
will be summarized, but without the detailed 
numerical results which can be found in the 
relevant literature (1, 4, 5) (Table 1).

Scotland: Glasgow 

Due to the strong criticism of the early clini-
cal studies (for example, small numbers of 

participants, lack of baseline examinations, 
etc.), Stephen and colleagues initiated in 
Glasgow in 1976, a double blind clinical 
trial on 4 ½ and 5 ½ year old schoolchil-
dren. The group of test children consumed 
200 ml milk each school day (about 200 days 
per year), containing 1.5 mg fluoride, while 
the control group received plain milk. The 
results published in 1984, after five years, re-
ported a 36% reduction in DMFT and a 48% 
reduction in DMFS values for the first per-
manent molars which were not yet erupted at 
baseline in the test group compared with the 
control group. Fluoride excretion in urine 
was monitored constantly during the study.
(1) This evaluation (together with the Volgo-
grad programme by Maslak: see later) is one 
of the programmes accepted as an RCT by 
the Cochrane Centre for Systematic Reviews.

Table 1 List of published reports of studies into the effectiveness of milk fluoridation

Study Year of study Authors

Caries prevention in:

Primary 
teeth

Permanent 
teeth 

Yokohama, Japan 1952 – 1956 Imamura, 1959 - +

Baton Rouge, USA 1955 –1959 Rusoff et al., 1962 - +

Winterthur, Switzerland 1958 – 1964 Wirz, 1964; Ziegler, 1964 + +

Agudos, Brazil 1976 – 1979 Lopes et al., 1984 - -

Glasgow, UK 1976 –1981 Stephen et al, 1981; Stephen et al., 1984 - +

Fót, Hungary 1979 –1990 Bánóczy et al., 1983; Bánóczy et al., 1985; 
Gyurkovics et al.,1992 + +

Louisiana, USA 1982 – 1985 Legett et al., 1987 - +

Bethlehem, Israel 1983 –1986 Zahlaka et al., 1987 + +

Asenovgrad, Bulgaria 1988 – 1993 Pakhomov et al., 1995; Atanassov et al., 1999 + +

Codegua, Chile 1994 –1999 Mariño et al., 2001 + -

Voronezh, Russia 1994 – 2004 Pakhomov et al., 2005 + -

Wirral, UK 1995 – 2003 Riley et al., 2005 - +

Beijing, China 1997 –1999 Bian et al., 2003 + -

Knowsley, UK 1997 – 2001 Ketley et al., 2003 - -

Volgograd, Russia 1998 –2002 Maslak et al., 2004 + +

Araucania, Chile 1999 – 2002 Weitz and Villa, 2004 - +

Umeå, Sweden 2006 – 2007 Steckén-Blicks et al., 2009 + -

Ljungby, Sweden 2006 – 2008 Petersson et al., 2011 - +

Jolán Bánóczy et al.: Milk fluoridation
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Hungary: Fót

In the ‘Children’s City’ of Fót, a milk fluori-
dation programme was initiated by Bánóc-
zy, Zimmermann and colleagues in 1979, 
involving about 1000 children aged 2 to18 
years (1). The results were published after 
2, 3 and 10 years (1982-1992). The children 
drank for breakfast milk or cocoa, contain-
ing 0.4 mg fluoride for kindergarten children 
and 0.75 mg fluoride for the schoolchildren. 
The sodium fluoride solutions were pre-
pared by the Pharmacy of Semmelweis Uni-
versity in closed glass bottles, then added to 
the milk in the kitchen of the home, stirred 
thoroughly for 15 minutes, and consumed 
within 30 minutes by the children. After five 
years, in the test group (165) children com-
pared with a control group, a considerable 
caries reduction was observed in both the 
primary and permanent dentitions. In 7 to 
10 year old children, these percentage reduc-
tions were 54% in DMFT and 53% in DMFS 
values. The reduction in the total permanent 
dentition was 60% for DMFT and 67% for 
DMFS; the highest reductions were found in 
the children who had consumed fluoridated 
milk from 2 to 3 years of age. The difference 
between the caries prevalence of the test and 
control groups was, in spite of loss of chil-
dren from the study, still statistically signifi-
cant after 10 years.

USA: Lousiana, Baton Rouge

In the second Lousiana community pro-
gramme, begun in 1982, schoolchildren 
consumed fluoridated milk, containing co-
coa and sugar, for lunch for two or three 
years. After two years, a significant caries 
reduction was observed in the permanent 
dentition: however, due to the loss of chil-
dren, three year results could not be evalu-
ated (1).The organiser of the experiment, 
Legett, planned also to establish a research 
institute for milk fluoridation which, how-
ever, could not be realised.

Israel: Bethlehem

Zahlaka and colleagues reported in 1987 the 
results of a study on 273 children who were 
aged 4 to 7 years at baseline and who had 
consumed fluoridated milk for three years. 
The fluoridated milk was produced from milk 
powder, and the dissolved milk contained 1 
mg fluoride per litre. A 63% caries reduction 
was observed in both the primary and per-
manent dentitions after three years (1).

Bulgaria: Asenovgrad

One of the most extensive milk fluoridation 
programmes was initiated by Pakhomov and 
colleagues in Bulgaria in 1988 with the sup-
port of WHO (1). The objective was to see if 
such a programme was feasible under every-
day life conditions. Bulgaria seemed to be an 
excellent choice for this community-based 
programme due to the regular consumption 
of milk and milk products (for example, yo-
ghurt) by children. The city Asenovgrad in 
south Bulgaria was selected as the test com-
munity and the nearby city of Panaguriche 
as the control community; later, Karlovo be-
came the control community. The fluoridated 
milk was produced and transferred from the 
Plovdiv dairy, in plastic bags for each child 
containing 1 mg fluoride per day. About 
3,000 children aged 3 to 10 years entered the 
programme in Asenovgrad (Figure 2). 

The caries examinations at baseline and 
after 3 and 5 years were performed by den-
tists calibrated by a WHO epidemiologist. 
Urine monitoring was carried out regularly. 
After five years, mean dmft values were 52% 
lower in the test group children aged 6 ½ 
years and 40% lower in the 8 ½ year olds. 
The reductions in mean DMFT in these 
two age groups were 89% and 79% – statis-
tically highly significant. After 10 years of 
the programme, Atanassov and colleagues 
recorded further significant differences in 
the proportion of caries-free children and in 
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mean DMFT (1) values of the test and con-
trol groups. In some communities there is a 
preference for fluoridated yoghurt. 

Brazil and Peru 

From Agudos in Brazil, Lopes and col-
leagues reported in 1984 a small milk fluo-
ridation study lasting 16 months. However, 
due to the short period, the results were not 
significant. In Peru, a milk fluoridation pro-
gramme started in the early 2000s, based on 
the government programme ‘vaso de leche’, 
which provides one glass of milk for children 
each day. The programme was controlled by 
the University of Trujillo. The children re-
ceived their milk in ‘Mother’s clubs’, where 
a fluoride solution prepared by the pharma-
cies was added to fresh milk brought in by 
farmers, stirred thoroughly for 15 minutes, 
and consumed shortly after (1) (Figure 3). 

However, the programme was stopped 
after a few years because of the expanding 

use of fluoridated salt in that community, 
before any evaluation was made. The en-
croachment of fluoridated salt was detect-

Figure 2 Bulgaria program: kindergarten children drinking fluoridated milk.

Figure 3 Peru program: fluoridated milk –after stir-
ring- distributed at the “mothers club”.

Jolán Bánóczy et al.: Milk fluoridation
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ed before the community was aware of the 
presence of fluoridated salt, by monitoring 
of urinary fluoride excretion.

Chile: Codegua and Araucania

The Chilean milk fluoridation programmes 
possess two features which differ from other 
programmes. First, instead of using sodium 
fluoride they use sodium monofluorophos-
phate which, according to Villa and col-
leagues, has good bioavailability and other 
technical advantages and, second, the fluo-
ride is added to powdered milk.

The first investigation took place in Co-
degua involving infants and young children, 
and took advantage of the ‘national nutri-
tion complementing programme’ (PNAC) 
which has been in existence for more than 
50 years. Under this scheme, every Chilean 
child, from birth to two years of age, receives 
two kilogrammes of milk powder every 
month, while children aged 2-6 years receive 
monthly one kilogramme of milk powder 
with cereals. The PNAC programme covers 
90% of the child population. The fluoridated 
milk pilot programme was organised and 
evaluated by Villa, Mariño and colleagues in 
1994 in the rural areas of Codegua (test) and 
La Punta (control). Children between 0 and 
6 years of age consumed daily, for four years, 
0.25, 0.5 or 0.75 mg fluoride mixed into the 
milk powder, according to their age-group. 
Fluoride-containing toothpaste was avail-
able and urine monitoring for fluoride ex-
cretion was performed regularly. After five 
years, the proportion of caries-free children 
was higher in Codegua than in the control 
La Punta, and mean dmfs values showed 
significant reductions in children in Code-
gua compared with children in La Punta. 
However, examinations performed three 
years after cessation of the program showed 
very small differences, pointing to the ne-
cessity of continuous maintenance of caries 
preventive programmes.(1).

In the IXth region of Chile, a new fluori-
dated milk programme started in 1999 with 
about 35000 children aged 6 to 14 years who 
were participating in the national powdered 
milk programme (see above). In the com-
munity of Araucania, 6, 9 and 12 years old 
children received milk powder containing 
sodium monofluorophosphate, while the 
control children received milk powder with-
out added fluoride. The control children 
were already participating in a community 
preventive programme in which they re-
ceived applications of a high-fluoride gel. 
Examinations showed, historically, reduc-
tions in caries of 24 to 27% in children aged 
9 and 12 years, which was similar to the re-
sults of the fluoride gel programme. Because 
the fluoride gel programme was difficult 
to administer (it involved gel application 
by health professionals), the milk-powder 
fluoridation programme has now been in-
troduced into the majority of the Chilean 
regions as part of the caries preventive pro-
gramme for 6-14 year old children living in 
rural communities. While the main cities in 
Chile receive optimally fluoridated water as 
a public health measure, milk fluoridation is 
provided in the rural areas where water fluo-
ridation is technically not possible, in order 
to ensure equity. 

China: Beijing

Due to the increasing caries prevalence in 
some parts of China, a milk fluoridation 
programme was introduced between 1994-
1997 for Chinese kindergarten children in a 
district of Beijing. An evaluation showed no 
effect, probably due to the high amount of 
sugar (7-10%) added to milk. In the second 
phase of the programme, therefore, no sugar 
or only small amount of sugar was added 
to the pasteurized milk which contained 
2.5 ppm fluoride and which was consumed 
everyday in kindergartens. In addition, 
children brought home fluoridated milk 
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for weekends. Dentists calibrated to WHO 
standards examined the children after 21 
months, recording also arrested caries. The 
mean dmft value in the test group showed 
a 69% reduction compared with the control 
(1). These results showed that fluoridated 
milk, when consumed daily, was able to 
prevent caries in the primary dentition and 
stop active dentinal caries from progressing, 
probably due to the topical effect of fluori-
dated milk. The study may also indicate the 
importance of not adding sucrose to milk 
(or other drinks).

United Kingdom: Knowsley and Wirral

A milk fluoridation programme was 
launched in 1997 in Knowsley by Ketley and 
colleagues, where 4060 three to five year old 
children (mean age 4.7 years), consumed, 
each day, milk containing 0.5 mg fluoride; 
the control children in Skelmersdale drank 
plain milk. The number of days the chil-
dren received milk was about 180 days per 
year. Caries evaluation was made, based on 
BASCD (British Association for the Study of 
Community Dentistry) criteria. After four 
years, no statistically significant differences 
in dmft and dmfs values of the two groups 
were found. The DMFT and DFS values 
were slightly, but not statistically significant-
ly, smaller in the 7 to 9 year old children of 
the test group, than in the control. The as-
sumption for these results was that the dose 
of fluoride in the milk was too low and that 
the period of consumption was not long 
enough to show an effect.

In a second evaluation in the Wirral re-
gion of north-west England, examinations, 
using the same BASCD criteria, were made 
by Riley and colleagues in 2003 on 5700 chil-
dren who were at least 5 years old when they 
entered the fluoridated milk programme. 
Data for the four permanent molars were 
compared between 773 children who had 
been drinking fluoridated milk for six years 

at least, and 2052 children from Sefton, who 
had received milk without added fluoride. 
Caries prevalence in the test group was 13% 
less in the primary dentition and 16% less in 
the permanent dentition. The mean DMFT 
value showed a reduction of 31%, and the 
mean DFS a 37% reduction, compared with 
the control (1).

Russia: Volgograd and Voronezh

Milk fluoridation programmes in Russia 
started in 1993 as a collaboration between 
the WHO and The Borrow Foundation, with 
participants initially in three communities – 
Voronezh, Maykop and Smolensk – and later 
on in Volgograd and several communities 
in Tatarstan (Figure 4). Kouzmina and col-
leagues evaluated three year results in 1999 
for 15000 participating children, and report-
ed caries reductions between 55 and 68%.

Figure 4 Measurement of the fluoride solution in the 
Russian program.

Jolán Bánóczy et al.: Milk fluoridation
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The second milk fluoridation pro-
gramme in Russia was in Volgograd, and 
this was evaluated by Maslak and colleagues 
in a three year study involving children who 
were caries-free when entering the pro-
gramme at 3 years of age. In this double-
blind evaluation, undertaken by examiners 
calibrated according to WHO criteria, on 
75 test and 91 control children, statistically 
significant reductions were recorded, both 
in dmft and DMFT values, and in longitu-
dinal as well as cross-sectional comparative 
analyses. According to the evaluation by the 
Cochrane Centre for Systematic Reviews, 
this study, as well as that of Stephen and col-
leagues in Scotland, is accepted as an RCT 
and as evidence for the effectiveness of milk 
fluoridation.

In the town of Voronezh, the effect of a 
10 year milk fluoridation programme was 
evaluated on 15000 kindergarten children in 
two horizontal comparative analyses. Pak-
homov and colleagues compared data from 
335 test and 175 control children after three 
years, and revealed a statistically significant 
reduction in dmft values and an increase 
in caries-free children in the test group. In 
a second analysis, data from 3, 6, 9 and 12 
year old children were compared cross-sec-
tionally with baseline data, and a statistically 
significant caries reduction was observed. 
Urinary fluoride monitoring showed that the 
daily consumption of 200 ml milk containing 
2.5 ppm fluoride is an effective caries preven-
tive method and that the fluoride intake cor-
responded to physiological norms (1).

Thailand: Bangkok and other communities

A well-organized milk fluoridation pro-
gramme for children started in Thailand 
in the year 2000 with the help of The Royal 
Chitralada Projects a unique centre for ag-
ricultural and research development, initi-
ated by His Royal Highness King Bhumibol 
Adulyadej. An evaluation is in progress. The 

project now includes all schoolchildren in 
Bangkok, and seven other provinces in Thai-
land, reaching nearly a million children in 
total (Figures 5 and 6).

Former Yugoslav Republic of Macedonia

In October 2009 the Ministry of Health in-
troduced a milk fluoridation programme in 
the Former Yugoslav Republic of Macedonia 
which was promoted as one of the measures 
to be applied under a national strategy for 
prevention of oral diseases in children aged 
0 to 14 years.

The scheme was established through 
the kindergarten system, and involved ap-
proximately 7,700 children aged 3 to 5 years, 
who received 200 ml fluoridated UHT milk 
on school days.   Although the programme 
ceased in 2011 when Government funding 
for school milk was decentralised to local 

Figure 5 Thailand program: schoolchildren consum-
ing fluoridated milk during a break.
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cent caries reduction of 75% was recorded. 
Although there is some evidence elsewhere 
that probiotics confer some caries-preven-
tive effect, the majority of this large effect is 
likely to be due to the addition of fluoride.

The second Swedish trial investigated 
prevention of dental caries in root surfaces 
of teeth in older people. The main outcome 
of this trial by Petersson and colleagues (5) 
and published in 2011, was the healing (rem-
ineralisation or hardening) of early lesions. 
Again, addition of fluoride and probiotic 
bacteria to milk was investigated but, un-
like the Umeå study, there were four paral-
lel groups, so that the independent effects of 
fluoride and probiotics could be investigat-
ed. 160 healthy subjects aged 58 to 84 years 
took part: the study period was 15 months. 
The quantity of milk drunk was 200ml per 
day and the level of fluoride supplementa-
tion was 5.0 mg F/litre. Although some 
benefit was recorded from consumption of 
probiotics, this effect was not statistically 

Figure 6 Thailand program: schoolchildren consuming fluoridated milk during a break.

municipalities, there is a will for the pro-
gramme to be reinstated as part of a wider 
health promoting project, “Healthy Food for 
Healthy Childhood”. 

Sweden: Umeå and Ljungby

Stecksén-Blicks and colleagues (4) carried 
out an evaluation of the effect of supplement-
ing milk with fluoride and probiotic bacteria 
which was provided to pre-school children 
in day care centres: the results were pub-
lished in 2009. It was conducted near Umeå, 
northern Sweden, where there is a culture of 
using probiotics for general health benefits. 
248 children aged 1 to 5 years attending 
14 day care centres entered the study. The 
centres were randomly assigned to test and 
control. Children in the test group received 
150ml of milk containing 2.5 mgF/litre and 
probiotic bacteria while the control group 
received standard milk. The double-blind 
intervention lasted 21 months when a per 

Jolán Bánóczy et al.: Milk fluoridation
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significant and the effect was much less than 
the statstically significant effect of fluoride.

Safety considerations

Numerous studies in several countries have 
demonstrated that ingestion of fluoride add-
ed to milk is well within WHO guidelines for 
young and older children: this conclusion is 
based on WHO guidelines for urinary fluo-
ride excretion (6). One of the advantages of 
milk fluoridation is that a precise amount 
of fluoride is added to milk and provided 
to children each day. Follow up studies, by 
Mariño and colleagues (7), of children who 
took part in the Codegua study in Chile (see 
above) showed no adverse effect on the ap-
pearance of permanent front teeth which 
had been forming at the time the children 
were receiving their fluoridated milk. 

Cost of milk fluoridation programmes

There have been several economic evalua-
tions of the milk fluoridation programme 
in Chile (8, 9). These conclude that the pro-
gramme costs about €1.20 to €2.40 per child 
per year. This figure is very similar to the 
figure of £1.25 (€1.50) per child per year in 
the UK milk fluoridation programme and 

34.06 Thai baht (€ 0.86) per child per year 
in Thailand.

Conclusions

There are now over a million children re-
ceiving fluoridated milk (Table 2). 

The effectiveness of milk fluoridation 
in preventing dental caries is supported by 
about 18 clinical studies reported in numer-
ous papers. Of these, nine demonstrated 
caries prevention in primary teeth and 12 
in the permanent dentition (Table 1). Two 
studies showed no effect in either dentition. 
An evaluation after cessation of a pilot milk 
fluoridation programme in Chile, caries in-
cidence increased (10). Four RCTs showed 
caries reductions, and evaluations of the 
several community programmes pointed to 
the feasibility of the method under real life 
conditions. This evidence from clinical stud-
ies is underpinned by much research which 
demonstrates the bioavailibility of fluoride 
added to milk and the biological plausibil-
ity of milk fluoridation. Milk fluoridation is 
safe and the cost is low. 

Based on these published studies, it 
seems that to obtain good results with milk 
fluoridation, even in the primary dentition, 
the programmes should start early, possibly 

Table 2 The international programme

Country
Year F milk 
programme 
began

Number of 
participating 
children

Age-range 
of children
(y)

Amount of milk
(ml)

Amount 
of fluoride 
(ml)

Bulgaria* 1988 31000 3 to 7

100 0.5 

150 0.75

200 0.5 

United Kingdom 1993 32000 3 to 11 189 0.5

Russian Federation 1994 39000 3 to 11 200 0.5

Chile 2000 220000 6 to 14 200 0.85 

Thailand 2000 982188 3 to 12 200 0.5

Former Yugoslav Republic 
of Macedonia† 2009 7700 3 to 6 200 0.5

*As at 2008; programme under review; †As at 2011; programme under review.
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before the age of four years. In order to pro-
tect the permanent molar teeth, consump-
tion of fluoridated milk is necessary during 
and after their eruption too. The amount of 
fluoride added to milk is decided depending 
on age and background exposure to fluoride: 
the amount is commonly about 0.5 mg per 
day for young children and around 1.0 mg 
per day for older children. The introduction 
of milk fluoridation programmes should be 
considered where the fluoride content of 
drinking water is low, where a regular school 
milk system is working and where the chil-
dren are able to consume the fluoridated 
milk for at least 200 days in a year.
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Objective. To provide a brief commentary review of fluoride-contain-
ing toothpastes and mouthrinses with emphasis on their use at home. 
Toothpastes and mouthrinses are just two of many ways of provid-
ing fluoride for the prevention of dental caries. The first investigations 
into incorporating fluoride into toothpastes and mouthrinses were 
reported in the middle 1940s.  Unlike water fluoridation (which is ‘au-
tomatic fluoridation’), fluoride-containing toothpastes and fluoride-
containing mouthrinses are, primarily, for home use and need to be 
purchased by the individual.  By the 1960s, research indicated that 
fluoride could be successfully incorporated into toothpastes and clini-
cal trials demonstrated their effectiveness.  By the end of the 1970s, 
almost all toothpastes contained fluoride.  The widespread use of fluo-
ride-containing toothpastes is thought to be the main reason for much 
improved oral health in many countries.  Of the many fluoride com-
pounds investigated, sodium fluoride, with a compatible abrasive, is 
the most popular, although amine fluorides are used widely in Europe.  
The situation is similar for mouthrinses.  Concentrations of fluoride 
(F), commonly found, are 1500 ppm (1500 µg F/g) for toothpastes and 
225 ppm (225 µg F/ml) for mouthrinse.  Several systematic reviews 
have concluded that fluoride-containing toothpastes and mouthrinses 
are effective, and that there is added benefit from their use with other 
fluoride delivery methods such as water fluoridation.  Guidelines for 
the appropriate use of fluoride toothpastes and mouthrinses are avail-
able in many countries.Conclusion. Fluoride toothpastes and mouth-
rinses have been developed and extensive testing has demonstrated 
that they are effective and their use should be encouraged.

Key words: Toothpaste, Mouthrinse, Fluoride, Dental caries preven-
tion, Oral health.

Introduction
An oft-quoted observation is that increasing 
consumption of sugar has been responsible 
for the rise in dental caries experienced by 
much of the world, while the fall in dental 

caries observed in many countries has been 
due to the use of fluoride. This epidemic of 
dental decay and its partial cure was dis-
cussed more fully in an earlier article in this 
issue of the Journal (1). In the UK, the first 

*The authors are Professors emeritus, Semmelweis and Newcastle Universities, respectively. No support was
provided for the preparation of this paper.
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signs of improving dental health became evi-
dent in the late 1970s (2, 3). Surveys in other 
countries recorded similar improvements, 
and a conference was convened in Boston, 
USA in 1982, to explore possible reasons for 
this unexpected occurrence (4). The sum-
mary of the report included the following: 
“All 16 speakers agreed that the prevalence 
of dental caries has declined substantially in 
several countries represented in areas both 
with and without organised preventive pro-
grammes or fluoridation. Most agreed that 
fluoride in toothpastes, rinses and commu-
nity water supplies provides the best single 
association and that there were many fac-
tors, including unknowns, which might be 
involved.” Further data were collected and 
a second conference and report (5), under 
the auspices of the WHO and World Dental 
Federation, concluded that “the most prob-
able reasons for the decrease in dental caries 
in children in the developed countries were 
considered to be associated with: (i) the 
widespread exposure to fluoridated water 
and/or fluoride supplements, especially the 
regular use of fluoride toothpaste.... The fac-
tors common to all countries with a substan-
tial reduction in caries was fluoride, either 
as fluoridated water or toothpaste.” Evidence 
accumulating over the past twenty years 
confirms the above views. 

Although there are several ways of de-
livering fluoride (1), the number of people 
using each type of fluoride therapy differs 
considerably (Table 1).

It can be seen that fluoride toothpastes 
are by far the most important way of provid-
ing fluoride worldwide. This has been recog-
nised by WHO for many years (6), not least 
by the World Health Assembly 2007 which 
urged Member States to “... consider ... the 
provision of affordable fluoride toothpaste”. 
Previous articles in this issue of the Journal 
have considered fluoride in water, salt, and 
milk; this article will provide a brief com-
mentary review (7) of the development, ef-
fectiveness and use of fluoride-containing 
toothpastes and mouthrinses. These prod-
ucts are used almost exclusively in the home, 
in comparison with fluoride in water, salt 
or milk, which are suitable for community 
preventive programmes. Details of the very 
many clinical trials will not be given in this 
review and the reader is referred to a text-
book (8) and the numerous reviews of the 
Cochrane Collaboration, mentioned below, 
for further information. By tradition, the 
common way of expressing fluoride concen-
tration in toothpastes and mouthrinses (and 
other vehicles such as water) is ‘parts per 
million’ or ‘ppm’: this is equivalent to µg/g 
(µgF/g toothpaste) or mg/kg for toothpaste, 
and approximately mg/l for mouthrinse. 

The aim of this article is to give a narra-
tive account of the history and development 
of these products, and recommendations for 
their use.

History of the development of 
fluoride-containing toothpastes and 
mouthrinses

Toothpastes

The remarkable caries-inhibiting effect of 
fluoride had become clear by the early 1940s 
and this knowledge led to the introduction 

Table 1 Estimate of the number of people throughout 
the world using various types of fluoride therapy in 
1990 and 2000. Numbers in millions (27).

Type of fluoride therapy
Period (years)

1990 2000

Water fluoridation (n) 210 300

School fluoridation (n) 0.2 0

Fluoridated salt (n) 4 97

Fluoridated milk (n) 0.1 0.2

Drops/tablets (n) 20 15

Mouthrinses (n) 20 100

Clinical topicals (n) 20 30

Toothpastes (n) 450 1500

Andrew Rugg-Gunn et al.: Fluoride toothpastes and mouthrinses 
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of water fluoridation in 1945 and publica-
tion of the first trial of a fluoride-containing 
toothpaste, also in 1945 (9). Formulating 
an effective fluoride toothpaste is not easy 
and it took 25 to 30 years before they were 
widely available. In 1970, less than 5% of 
toothpastes sold in the UK contained fluo-
ride; by 1976, over 90% contained fluoride. 
Issues dominating early research were: the 
incompatibility of abrasives included in 
toothpastes, different fluoride compounds, 
effective concentrations, and stability of 
fluoride compounds in toothpastes dur-
ing storage. Fluoride compounds that have 
been tested for caries-inhibitory properties 
when incorporated into toothpastes include: 
sodium fluoride, acidulated phosphate fluo-
ride, stannous fluoride, sodium monofluo-
rophosphate, and amine fluoride.

Sodium fluoride (NaF) is the simplest 
fluoride compound and is very soluble in 
water. It was added to water in the first water 
fluoridation scheme and was the first fluo-
ride compound to be added to toothpaste. 
The first trial, lasting two years, found no 
preventive effect (9). The abrasive in the 
toothpaste was calcium carbonate, which 
was the abrasive usually used at that time. 
Three more trials of sodium fluoride, using 
the same or different abrasives, were pub-
lished up to 1961, all reporting a lack of car-
ies prevention. In 1961, Ericsson, in Sweden, 
concluded from laboratory research (10) 
that sodium bicarbonate would be a suitable 
compatible abrasive, and a subsequent trial 
in Sweden demonstrated the effectiveness of 
this formulation (11). A few years later, an-
other Swedish trial showed a toothpaste con-
taining sodium fluoride with an inorganic 
(acrylic bead) abrasive to be very effective – 
a 40 to 48% reduction in caries development 
during the three year trial (12). The formu-
lation was expensive, though. Subsequently, 
almost all toothpastes containing sodium 
fluoride included a silica abrasive, and these 
toothpastes were shown to be effective.

Early laboratory experiments showed 
that more fluoride was incorporated into 
enamel when the fluoride-containing solu-
tion was acidified. The most promising com-
pound was ‘acidulated phosphate fluoride’ 
(APF). Four trials of toothpastes contain-
ing APF were published between 1966 and 
1972, but the results were mixed and this 
line of research was not pursued. It should 
be noted, however, that APF has been the 
compound of choice in fluoride-containing 
gels used for topical application in clinics.

Following the initial negative results with 
sodium fluoride, attention turned to other 
readily soluble fluoride compounds. Labo-
ratory experiments showed that stannous 
fluoride could be suitable, and the results 
of a one year trial of a toothpaste contain-
ing stannous fluoride with a calcium pyro-
phosphate abrasive were published in 1955, 
showing a substantial caries-preventive ef-
fect (13). This was marketed with the name 
‘Crest’ in the USA in the same year. Sub-
sequently, some 40 clinical trials of tooth-
pastes containing stannous fluoride have 
been published, almost all using the same 
pyrophosphate abrasive system, although 
effectiveness was less than that reported in 
the first 1 year results. There were, however, 
two problems. First, was the poor stability 
of stannous fluoride, which tended to hy-
drolyse to ineffective stannic fluoride; and, 
second, that use of stannous fluoride tooth-
pastes resulted in teeth accumulating some 
dark stain. After nearly 30 years, the manu-
facturers of ‘Crest’ changed to a sodium flu-
oride, silica abrasive formulation.

Another compound showing promise in 
laboratory and animal experiments was so-
dium monofluorophosphate (MFP). The first 
clinical trial of a toothpaste containing MFP 
(with an insoluble metaphosphate abrasive) 
was published in 1963 (14). This two-year 
trial demonstrated the clinical effectiveness 
of this formulation, as has been the case in 
over 30 subsequent trials testing MFP with a 
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variety of abrasives including chalk, alumina 
and silica. The way MFP exerts its effect has 
been debated for nearly 50 years; some re-
search supports the view that the main effect 
is by direct incorporation of MFP into the 
apatite lattice, while other research empha-
sises the importance of enzymatic hydrolysis 
of MFP within dental plaque.

The protection of enamel from acid disso-
lution by aliphatic monoamines in laboratory 
experiments led Swiss researchers, certainly 
by 1960 (15, 16), to test the hypothesis that the 
detergent action of these organic compounds 
could be combined with the action of fluoride 
to give increased protection from acid attack. 
These organic compounds were superior to 
more widely used inorganic compounds in 
laboratory experiments. It was also suggested 
that amine fluoride compounds had a strong 
affinity for enamel and had a direct anti-en-
zymatic effect on microbial activity within 
plaque. An impressively long trial in Swit-
zerland (17) demonstrated the effectiveness 
of an amine fluoride toothpaste. Subsequent 
trials in Germany, USA and Hungary (18) 
confirmed the caries-preventive effect. At the 
end of the 1980s, amine fluoride was com-
bined with stannous fluoride; several studies 
providing evidence of an increased effect of 
this compound on dental plaque and enamel 
fluoride accumulation (18, 19).

Mouthrinses

As with most of the early investigations into 
fluoride and caries, the first trials of fluoride 
mouthrinses were carried out in the USA. 
Since then, results of clinical trials have 
been reported in at least 14 countries. The 
first publication of a clinical trial appeared 
in 1946 (20) – a year after publication of the 
results of the first trial of a fluoride-contain-
ing toothpaste (vide supra) – and the second 
trial in 1948. Both trials were of short du-
ration (12 mo) and did not demonstrate ef-
fectiveness; perhaps, also, because the rinse 

was acidified to pH 4.5. At that time dental 
caries experience was very high in Sweden 
and a number of Swedish researchers took 
investigations into fluoride mouthrinses 
a stage further: they saw the potential for 
fluoride mouthrinsing by children in school 
to be an alternative to water fluoridation 
since this was unlikely to happen in Sweden. 
These Swedish trials, lasting two or three 
years resulted in substantial reductions in 
dental caries (11). Supervised school-based 
mouthrinsing programmes became popu-
lar in Sweden and some other countries and 
were credited with a substantial improve-
ment in the oral health of Swedish children.

As with water fluoridation, toothpastes 
and topically applied solutions, sodium 
fluoride was the compound of choice in the 
early mouthrinse trials. In 1972, the first of 
many trials was published, testing a mouth-
rinse containing acidulated phosphate fluo-
ride (APF). This followed the pattern of 
research on fluoride compounds in tooth-
paste: mouthrinses containing stannous flu-
oride were tested (first publication in 1973), 
a trial of a mouthrinse containing amine flu-
oride was published in 1979, and a trial of a 
mouthrinse containing ammonium fluoride 
was published in 1977 – all demonstrated 
effectiveness in caries prevention. The possi-
bility of enhancing the effectiveness of NaF-
containing mouthrinses by the addition of 
ions such as Al, Mn, Fe, Mg, Zr and K was 
studied by Swedish researchers for over 20 
years. Although some of the results suggest-
ed that effectiveness may be increased by 
the presence of various combinations of the 
above ions, their superiority to simple NaF 
mouthrinses was not established.

Effectiveness and recommendations 
for use of fluoride-containing 
toothpastes

A very large number of clinical trials of 
toothpastes containing compounds men-
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tioned above have been published during 
the past 65 years. These have usually lasted 
for three years and have involved several 
hundred subjects. They have been, there-
fore, expensive, and it is testament to the 
manufacturers of these toothpastes that they 
have been prepared to invest heavily to im-
prove their products. This has been highly 
successful, with the four major global man-
ufacturers working ethically together, with 
the result that oral health has improved very 
significantly in most of the world. There 
have been scientific disagreements between 
manufacturers, for example over the degree 
of clinical effectiveness of stannous fluo-
ride toothpastes, but these have been rare. 
Four aspects of the effectiveness and use of 
fluoride-containing toothpastes will now be 
considered.

Type of fluoride compound

The incompatibility of sodium fluoride with 
commonly used, and cheap, abrasives, led to 
the development of toothpastes containing 
other fluoride compounds. Stannous fluo-
ride had drawbacks of stability and staining 
(vide supra) and was abandoned: despite 
manufacturer’s claims, stannous fluoride 
was never shown to be superior to sodium 
fluoride or sodium monofluorophosphate 
(MFP). Presently, results of trials indicate 
that the clinical effectiveness of toothpastes 
containing sodium fluoride, MFP, and 
amine fluoride are similar. In some trials, 
toothpastes contained both NaF and MFP, 
but any clinical advantage was small. Ad-
ditions aimed at increasing effectiveness of 
toothpastes, such as calcium glycerophos-
phate, have been tested but, again, any ad-
ditional benefit was small. During the past 
twenty years, toothpastes which reduce ‘tar-
tar’ (dental calculus), reduce gum inflam-
mation (gingivitis), reduce dentine sensitiv-
ity, and whiten teeth have been developed. 
It has been important to show that these ad-

ditions did not reduce the caries-preventing 
role of fluoride – it would appear that caries 
prevention has not been compromised. It 
should be noted that toothpastes containing 
stannous fluoride are available, marketed 
mainly for their protection against plaque, 
gingivitis and tooth sensitivity. 

A Cochrane Collaboration review of the 
effectiveness of fluoride toothpastes in pre-
venting dental caries (21) gave the prevented 
fraction, pooled from over 42,000 children 
in the 70 studies included, as 24% (95% 
confidence interval of 21 to 28%). The co-
nundrum that this reduction is substantially 
lower than the decline in caries recorded 
in many countries will be discussed below. 
Almost all of the above trials involved per-
manent teeth: a recent systematic review 
(22) identified eight trials involving primary 
teeth and reported caries reductions similar 
to those recorded for permanent teeth. The 
ability of fluoride-containing toothpastes to 
prevent caries in the roots (dentine and ce-
mentum) of teeth has been tested in a num-
ber of trials and with several compounds, 
with encouraging results (23).

Concentration of fluoride in toothpastes

There is a dose response for fluoride in many 
vehicles, including toothpaste. The prevent-
ed fractions for various fluoride concentra-
tions in toothpastes, taken from a recent Co-
chrane review (24) are given in Table 2. 

The higher the concentration of fluoride, 
the greater the effect. There has been consid-
erable discussion about the effectiveness of 
toothpastes containing less than 1000 ppm. 
For toothpastes containing about 500 ppm, 
it can be seen that the 95% confidence in-
terval includes zero, indicating that the pre-
vented fraction (15.4%) is not statistically 
significantly different from zero at the 5% 
level of significance. One argument is that 
such toothpastes cannot be recommended 
as effective. The counter argument is that 
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there is such a clear dose-response for six 
concentrations from zero to 2800 ppm, that 
it is disingenuous to conclude that concen-
trations around 500 ppm are ineffective. 
Added to that, while there were 54 trials 
comparing 1000 ppm with 0 ppm (placebo), 
there were only two comparisons of 500 ppm 
toothpastes with a 0 ppm placebo: it is very 
unlikely that any more trials will be under-
taken with a 0 ppm placebo, since it would 
now be ethically unacceptable to withhold 
benefits of fluoride-containing toothpastes 
from subjects for at least two years. Thus, 
the issue is difficult to resolve and opinion 
on the role of 500 ppm toothpastes is fairly 
evenly split across the world.

Frequency of brushing, amount of 
toothpaste, and method of rinsing after 
brushing

This information is frequently obtained from 
subjects during clinical trials by question-
naire. Frequency of brushing information 
has been available for most trials and meta-
analyses have indicated that brushing twice 
a day is more effective than brushing once a 
day – the prevented fraction is increased by 
14% (95% CI 6 to 22%) moving from once 
to twice a day (21). However, it should be 
noted that the trials were not set up to inves-

tigate this aspect of toothbrushing. There is 
little clinical data on the variable ‘amount of 
toothpaste’, although opinion is that amount 
is much less important than fluoride con-
centration and brushing frequency. There 
is some evidence that the degree of rinsing 
the mouth after brushing affects the effec-
tiveness of the fluoride toothpaste (25, 26). 
Rinsing thoroughly (with water from a cup) 
reduces effectiveness compared with less 
thorough rinsing with water from the hand.

Recommendations regarding the use of 
fluoride-containing toothpastes

The first recommendation is that everyone 
should use a fluoride-containing toothpaste. 
A comment was made in 2001 (27) that if 
all dentate people in the UK brushed their 
teeth twice a day, the amount of toothpaste 
used would be twice the current amount. 
Hypersensitivity to fluoride is exceedingly 
rare: cases reported were generally due to 
hypersensitivity to other components. Sen-
sitivity to flavouring or preserving agents in 
toothpastes is reasonably common. The de-
bate about what concentration is appropri-
ate was mentioned above. 

Toxicity issues must be considered when 
making recommendations and these revolve 
around two issues. First, what concentration 
is appropriate for use by the general public? 
And, second, what concentration is appro-
priate for young children whose teeth are 
still forming and who could be at risk of de-
veloping dental fluorosis? The first question 
has been answered, certainly in Europe, as 
there is a ceiling of 1500 ppm for fluoride-
containing toothpastes sold ‘over the coun-
ter’. Toothpastes containing more than this 
concentration have to be prescribed. This 
is so in many other countries too. The sec-
ond question is more difficult. There is no 
EU recommendation. The UK Department 
of Health said in 2009, for children up to 3 
years: “Use only a smear of toothpaste con-

Table 2 Clinical effectiveness of fluoride-containing 
toothpastes. Prevented fraction (PF), compared with 
a fluoride-free placebo toothpaste, for toothpastes 
containing various concentrations of fluoride, 
obtained by network meta-analysis. Data for caries 
increment, measured by the D(M)FS index (24)

Fluoride concentration 
(ppm)

Prevented fraction 
(%; 5% confidence interval)

250  9.1 ( -3.6, 22.0 )

440-550 15.4 ( -1.9, 32.5 )

1000-1250 23.0 (19.3, 26.6 )

1450-1500 29.3 ( 21.2, 37.5)

1700-2200 33.7 ( 16.5, 50.8)

2400-2800 35.5 ( 27.2, 43.6)
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taining no less than 1000 ppm fluoride” (28). 
The European Academy of Paediatric Den-
tistry is more flexible, saying in 2009: “A chil-
dren’s toothpaste with a lower concentration 
of fluoride may be indicated although the evi-
dence for a caries-preventive effect of formu-
las with less than 500 ppmF is insufficient” 
(29). A recent report of a trial in Brazil made 
the interesting comment that “The anticaries 
effect of the low-F dentrifice [500 ppm] was 
similar to the conventional F dentrifice [1100 
ppm] when used by caries-inactive children. 
However, in children with active caries lesions 
the low-F dentrifice was less effective than the 
1100-µgF/g dentrifice in controlling the pro-
gression of lesions” (30). This rather reinforc-
es evidence from Australia that there is little 
penalty of a rise in caries experience, or re-
duced caries prevention, in recommending 
use of 500 ppm toothpastes rather than 1000 
ppm toothpastes for use by young children 
(31). Thus, some flexibility in advice may be 
needed. Toothpastes containing around 500 
ppm are on sale and recommended in many 
areas of the world.

Toothbrushing for children under 7 years 
should be supervised by an adult, to ensure 
adequate brushing and prevent unnecessary 
swallowing of toothpaste. Children up to 
3 years of age should have only a smear of 
toothpaste placed on their toothbrush; chil-
dren aged 3 to 6 years should use no more 
than a small pea-sized amount of paste. 
Thorough rinsing after brushing should be 
avoided; spitting out excess toothpaste is 
usually sufficient. Brushing is recommended 
last thing at night and at least one other oc-
casion during the day. 

Effectiveness and recommendations 
for use of fluoride-containing 
mouthrinses

There has been less research into fluoride 
mouthrinses than with fluoride tooth-
pastes. The reasons are likely to be, first, that 

mouthrinses are easier to formulate and, 
second, the habit of mouthrinsing at home 
is much less established than toothbrushing. 
The market is smaller, although its populari-
ty has increased over the past 20 years. Some 
issues will now be considered.

Type of fluoride compound, concentration 
of fluoride and frequency of rinsing

Results of trials indicate that rinses contain-
ing acidulated phosphate fluoride, stannous 
fluoride or ammonium fluoride were not as 
effective as sodium fluoride rinses at neutral 
pH. It is also easier to formulate a pleasant-
tasting rinse with sodium fluoride. The one 
trial comparing an amine fluoride rinse with 
a sodium fluoride rinse showed them to be 
of equal effectiveness; however, the com-
bination of amine fluoride and stannous 
fluoride seems to be superior (18). The vast 
majority of rinses sold now contain sodium 
fluoride at neutral pH, although the amine 
fluoride / stannous fluoride formulation has 
a big market share in Europe.

Concentrations of fluoride in mouth-
rinses tested have varied between 45 ppm 
and 3000 ppm. However, unlike toothpastes 
which are used daily, mouthrinsing may 
be done daily, once, twice or three times a 
week, every two weeks, or 3 or 4 times a year. 
Mouthrinses with higher concentrations of 
fluoride are usually for infrequent use. Fre-
quency as low as 3 or 4 times a year would 
not now be recommended. In the textbook 
mentioned above (8), cross-tabulations were 
made to examine prevented fractions in re-
lation to fluoride concentration and rinsing 
frequency. The authors concluded: “... there 
was only a moderate trend towards increas-
ing effectiveness with increasing fluoride 
concentration especially within the most 
popular range 200 to 1000 ppm F.” In ad-
dition: “In conclusion, rinsing frequency 
would appear to be important and the con-
centration of fluoride slightly less impor-
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tant than frequency. Rinsing once a week or 
more is likely to be more effective than less 
frequent rinsing.” The most common quan-
tity of rinse dispensed is 10ml; with a rinsing 
duration of one to two minutes. The rinse is 
then expectorated.

Recommendations regarding the use of 
fluoride-containing mouthrinses

Almost all the fluoride mouthrinses now on 
sale contain around 225 ppm F – this is usual-
ly on the label as ‘0.05% sodium fluoride’ -- al-
though there are other compounds in mouth-
rinses (vide supra). These are recommended 
for rinsing once a day, for 1 to 2 minutes, 
before spitting out. Advice is to avoid eating 
or drinking for 15 minutes after rinsing, and 
to rinse at a different time to toothbrushing. 
This is to increase the frequency of exposure 
of dental plaque to fluoride: a trial testing the 
use of a fluoride mouthrinse straight after 
brushing with a fluoride toothpaste recorded 
no added benefit over brushing alone (32). 

The toxicity of fluoride mouthrinses 
should be considered, since 10ml of a 225 
ppm mouthrinse contains 2.25 mg F Young 
children swallowing this quantity daily 
would create an unacceptable risk to form-
ing teeth. Because of this potential risk, the 
use of fluoride mouthrinses is not recom-
mended (in the UK, at least) by children 
younger than 8 years. Alcohol has tradition-
ally been included as a solvent for flavour-
ing and other ingredients: during the last 15 
years, health professionals have urged that 
alcohol be removed, with widespread suc-
cess. While everyone (with teeth) is advised 
to brush their teeth with a fluoride-contain-
ing toothpaste (toothbrushing has benefits 
other than caries prevention), such a blanket 
recommendation is not made for fluoride 
mouthrinses. They can be prescribed or rec-
ommended by dental professionals, or they 
may be purchased because the user likes the 
idea of using a rinse. 

The role of fluoride toothpastes and 
mouthrinses in the prevention of 
dental caries

There is no magic bullet for preventing or 
curing dental caries. An earlier article in 
this issue of the Journal (1) discussed ap-
proaches to preventing caries development 
and noted that those of greatest practical 
importance are diet, fluoride and fissure 
sealing. This article (1) also divided ways of 
delivering fluoride into Automatic, Home 
care, and Professional care, with toothpastes 
and mouthrinses grouped under Home 
care (Table 4 in reference 1). The above 
approaches are not alternatives but they 
should be selected to provide the most ap-
propriate -- including considerations of cost 
and availability -- combinations at a national 
level, community level and the level of the 
individual. It is beyond the scope of this ar-
ticle to consider these preventive strategies 
in detail, but some comments will be made 
which relate to the current use of fluoride-
containing toothpastes and mouthrinses.

First, diet: use of an effective fluoride 
toothpaste and mouthrinse is not an excuse 
for ignoring control of sugar intake – both 
diet control and fluoride are important. 
Second, there is substantial evidence that 
fluoride toothpastes and mouthrinses are 
effective in areas where the water supply 
contains an optimum concentration of fluo-
ride (about 0.8 to 1.0 ppm in Europe) (21, 
33) – there is added benefit. This applies to 
other ways of delivering fluoride, too. For 
example, there is added benefit from using 
a fluoride-containing toothpaste and a flu-
oride-containing mouthrinse (34), although 
the timing of their use should be considered 
(vide supra). Professional application of top-
ical fluorides in the form of varnish, solution 
or gel will bring benefit in addition to the 
benefit from regular use of a fluoride tooth-
paste (34). It has already been stated that ev-
eryone should brush their teeth with a fluo-
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ride-containing toothpaste, but the decision 
whether to also use a fluoride mouthrinse or 
attend a dental professional to receive a topi-
cal application of fluoride will depend, pri-
marily, on perception of risk of dental caries 
development and cost of the mouthrinse or 
topical application of fluoride. That is a per-
sonal decision made, it is likely, with the aid 
of professional advice.

One of the conundrums, yet unravelled, 
is why the decline in caries severity recorded 
in many countries is so much greater than 
the relatively modest 24% given as the pre-
vented fraction for fluoride toothpastes in 
general by a Cochrane review (21). Do the 
results of 3 year trials underestimate the ef-
fect of lifelong use of fluoride toothpastes? 
Has the use of other fluoride therapies in-
creased the benefit? Are we now better at 
controlling our sugar intake? These are 
questions which we leave to be answered by 
others. It should be recognised that caries 
prevalence has not declined in every coun-
try; in some, it has increased (6, 35). We 
need a better understanding of the factors 
operating in these countries. To give just one 
example, it is known that in some countries, 
so called ‘fluoride toothpastes’ made locally 
do not contain fluoride or contain fluoride 
in an inactive form.

While water fluoridation or the addition 
of fluoride to salt or milk (see previous arti-
cles in this issue of the Journal) are equitable 
community measures – in that they reduce 
social inequalities – it has to be accepted 
that home care products, i.e. toothpastes 
and mouthrinses, increase social inequali-
ties, since the more affluent can afford to buy 
them while the less affluent may struggle to 
do so. It is likely that the widespread use of 
fluoride toothpastes has increased inequali-
ties in oral health both within countries 
and between countries. That is definitely 
not to infer that they are ‘bad’ but, rather, 
that specific programmes are needed to en-
sure that well-formulated, effective tooth-

pastes are available for all. This approach 
has been strongly supported by WHO (35, 
36) in their drive for ‘affordable fluoride 
toothpastes’. There are several examples of 
successful demonstration programmes of 
supervised toothbrushing (with fluoride 
toothpaste) and distribution of toothpaste 
and brushes to those in greatest need (36-
38). On a national scale, to give just one ex-
ample, all Thai schoolchildren brush their 
teeth with a fluoride-containing toothpaste 
every day in school. Although there are 
inherent advantages for total oral care of 
toothbrushing over mouthrinsing, mouth-
rinse programmes are cheaper than brush-
ing programmes and thus favoured in some 
community programmes (39, 40). There is 
no doubt that the development, marketing 
and use of fluoride-containing toothpastes 
have been a great success story in improv-
ing the oral health of thousands of millions 
of people throughout the world. This would 
not have occurred without the close collabo-
ration between industry, dental researchers 
and the dental profession in general – each 
should be proud of their contribution. The 
task now is to ensure universal benefit.
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This article discusses the possible cariostatic mechanisms of the action 
of fluoride. In the past, fluoride inhibition of caries was ascribed to 
re duced solubility of enamel due to incorporation of fluoride (F–) into 
the enamel minerals. The present evidence from clinical and labora-
tory studies suggests that the caries-preventive mode of action of fluo-
ride is mainly topical. There is convincing evidence that fluoride has a 
major effect on demineralisation and remineralisation of dental hard 
tis sue. The source of this fluoride could ei ther be fluorapatite (formed 
due to the incorporation of fluoride into enamel) or calcium fluoride 
(CaF2)-like precipitates, which are formed on the enamel and in the 
plaque after application of topical fluoride. Calcium fluoride deposits 
are protected from rapid dissolution by a phosphate –protein coating 
of salivary origin. At lower pH, the coating is lost and an increased dis-
solution rate of calcium fluoride occurs. The CaF2, therefore, act as an 
efficient source of free fluoride ions during the cariogenic challenge. 
The current evidence indicates that fluoride has a direct and indirect 
effect on bacterial cells, although the in vivo implications of this are 
still not clear. Conclusion. A better understanding of the mechanisms 
of the action of fluoride is very important for caries prevention and 
control. The effectiveness of fluoride as a cariostatic agent depends on 
the availability of free fluoride in plaque during cariogenic challenge, 
i.e. during acid production. Thus, a constant supply of low levels of 
fluoride in biofilm/saliva/dental interference is considered the most 
beneficial in preventing dental caries.

Key words: Dental caries, Fluorides, Tooth remineralization.

Introduction
The use of fluoride in dentistry is one of the 
most successful preventive health measures 
in the history of dental care. However, the 
mechanism of fluoride action is still not 
clearly understood. The cariostatic effect of 
fluoride was first discovered in relation to 
the natural fluoride content of drinking wa-
ter. Later, supplementation of public water 
supplies with controlled levels of fluoride 
was the first approach, involving the use of 

fluoride for caries control. In the middle of 
the previous century, it was generally be-
lieved that fluoride had to be incorporated 
into dental enamel during development. 
This would lead to the formation of enamel 
with reduced solubility. This is usually re-
ferred to as the systemic cariostatic effect 
of fluoride (1). Many clinical trials were de-
signed to prove the systemic mode of action 
(2-4). Additionally, laboratory analyses re-
vealed that fluoride concentration in surface 
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enamel was higher in teeth that developed 
under the influence of water fluoridation (5). 
A hypothesis evolved which suggested that 
fluoride helped to make the enamel crystal 
“more perfect“, and therefore less acid sol-
uble. Le Geros et al. (6) performed a physi-
cochemical investigation of enamel from 
deciduous teeth. They found that enamel 
from children who had been subjected to 
prenatal fluoridation exhibited more homo-
geneous and less extensive patterns of acid-
etching, denser crystal populations in intra-
prismatic regions, larger prism dimensions, 
greater total mineral density, a higher degree 
of crystallinity, smaller a-axis dimensions, 
more fluoride and less carbonate contents. 
However, in vitro studies revealed that the 
reduction in enamel solubility by pre-erup-
tive incorporation of fluoride is minor and 
therefore it is unlikely that the fluoride in-
corporated into enamel plays an important 
role in the observed caries reduction (7, 8). 
Also, in some studies no significant corre-
lation could be established between dental 
caries experience and enamel fluoride con-
centration (9, 10).

The topical effect of fluoride was demon-
strated by Bibby et al. (11), who compared 
the caries-preventing efficacy of fluoride 
lozenges, intended to be sucked, with coated 
fluoride pills intended to be swallowed in a 
group of 5 to 14-year-old children. In the 
group using lozenges fewer carious lesions 
developed compared to the group using 
pills. They concluded that the caries reduc-
tion was the result of fluoride acting on the 
external surface of the teeth, because the loz-
enges were in contact with teeth much more 
than pills which were swallowed. This study 
provided clear evidence that the mechanism 
of the action of fluoride is mostly post-erup-
tive. Later, topical fluoride agents were in-
troduced to provide fluoride to individuals 
in non-fluoridated areas. In a large number 
of studies, topical fluorides have been shown 
to be effective in caries prevention (12). In 

the 1980s, the concept was established that 
fluoride controls caries lesion development, 
primarily through its topical effect on de- 
and remineralisation processes taking place 
at the interface between the tooth surface 
and the oral fluids (13, 14). This concept was 
established after very elegant in situ studies 
described by Øgaard et al. (15). They placed 
human and shark enamel (composed almost 
of pure fluorapatite) in a removable appli-
ance and covered them with orthodontic 
bands to allow plaque accumulation. Mi-
croradiographic analyses revealed that cari-
ous lesions were formed in both substrates. 
However, fluoride supplementation, in the 
form of mouth rinses, inhibited lesion devel-
opment. This observation has indicated that 
structurally bound fluoride is not very ef-
fective in inhibiting demineralisation, while 
fluoride in solution (NaF solution) leads to 
a high degree of protection. Furthermore, 
a randomized, double blind, longitudinal 
study, testing the caries - preventing efficacy 
of prenatal fluoride supplementation in chil-
dren up to age 5, failed to support the hy-
pothesis that prenatal fluoride has a strong 
caries preventive effect (16). When fluoride 
was first introduced in caries prevention, 
water fluoridation was followed by a decline 
in caries, while interruptions in fluoridation 
were followed by increasing caries levels. 
However, the latest decades have shown a 
significant caries decrease despite the fact 
that there was poor water fluoridation (17, 
18). The authors proposed that one of the 
reasons might be the availability of other 
fluoride-containing products, e.g. fluoride 
dentifrices.

The results of more recent epidemiologi-
cal and laboratory studies can be summa-
rized by stating that post-eruptive (topical) 
application of fluoride plays the dominant 
role in caries prevention (1). However, this 
concept does not invalidate the “systemic” 
methods of fluoridation. The recent studies 
have shown a beneficial pre-eruptive effect 
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of water fluoride on caries control. The use 
of fluoridated water until eruption only has 
a greater effect than the use only between 
eruption and age 15 in all categories of sur-
faces on the first molar, especially in pit and 
fissure surfaces (19, 20). 

The present article discusses the current 
concept of the mechanisms of the fluoride 
cariostatic effect, an understanding of which 
is necessary for promotion of caries control.

The composition of enamel and dentine

The dental hard tissue consists of inorganic 
and organic materials in different quantities. 
Highly calcified enamel has approxi mately 
85% mineral by volume, or ganic material 
3% and 12% water by volume (1). Histologi-
cally, enamel is composed of so called prisms 
or rods, each being composed of clusters of 
small crystallites. The spaces between the 
prisms and the crystallites are filled with wa-
ter and organic material (protein and lipids), 
and form the diffusion pathways for acids, 
mineral components, and fluoride ions (21). 
The solid phase of enamel consists mainly of 
crys tallized calcium phosphate, which per-
sists in different forms (mainly as hydroxy-
apatite and some less stable forms such as 
dicalcium phosphate dihydrate (DCPD), 
brushite or octacalcium phosphate (OCP). 
The mineral component of human dental 
enamel is basi cally a calcium-deficit car-
bonate hydroxyapatite. Carbonated calcium 
hydroxyapatite is more soluble than cal-
cium hydroxy apatite, particularly in acidic 
media (14, 22, 23). The pure hydroxyapatite 
[Ca10(PO4)6(OH)2] allows the incorporation 
of many ions that fit into the crystallite struc-
ture and aff ect its solubility. The substitution 
in the hydroxyapatite crystal occurs during 
de velopment with carbonate, magnesium, 
fluoride, etc. Fluoride improves the qual ity 
of mineralized tooth tissues in general, by 
reducing the relative amounts of car bonated 
apatite. The reaction between hydroxyapa-

tite and low concentrations of fluoride has 
been postulated to be an ionic exchange, 
in which fluoride replaces and assumes the 
positions of the hydroxyl ions in the crys-
tal lattice structure. The replacement of hy-
droxyl groups with the smaller fluoride ions 
should result in a more stable apatitic struc-
ture. If the OH- ion in the pure hydroxy-
apatite is completely replaced by a fluoride 
ion (F-) the result ing mineral is fluorapatite 
[Ca10(PO4)6F2]. However, pure fluor apatite 
can practically never be found. Only 10% of 
the hydroxyl groups can be substituted by 
fluoride in the surface enamel (24). 

The main mineral phase of permanent 
dentin is also hydroxyapatite. Dentine con-
tains (by volume) 47% apatite, 33% organic 
components and 20% water. The crystal-
lites have much smaller dimensions than 
those found in enamel, which makes den-
tine more susceptible to caries attack than 
enamel. Smaller crystallites dissolve faster 
when placed in an under-saturated solution. 
The organic matrix is mainly composed of 
collagen. It forms the backbone of dentine 
and serves as a template for the deposition 
of apatite crystallites within the collagen he-
lix. Dental caries is a biochemical process 
characterized initially by the dissolution of 
the mineral, which in turn exposes the or-
ganic matrix to breakdown by bacterial-de-
rived enzymes, as well as by the host derived 
enzymes (e.g. metalloproteinase) present in 
dentine and saliva (1, 25).

Caries development

Over 100 years ago, dental caries was de-
scribed as localized, progressive destruction 
of the tooth initiated by acid dissolution of 
the outer tooth surface. In the presence of 
fermentable carbohy drates, organic acids 
are produced by pla que microorganisms, 
which colonize the tooth surface. The ac-
ids (i.e. lactic, pyruvic, acetic, propionic, 
butyric) can dissolve the calcium phos phate 
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mineral of the enamel or dentine (demin-
eralisation) (26). This concept evolved as 
the foundation for our current knowledge 
of caries aetiology. Dental caries is the net 
result of consecutive cycles of de- and rem-
ineralisation of dental tissues at the interface 
between the biofilm (plaque) and the tooth 
surface, with demineralisation being caused 
by production of acids through oral bacte-
ria after sugar consumption. The acids dif-
fuse through the plaque into the pores of 
the sound enamel surface, releasing hydro-
gen ions, which can dissolve the underly ing 
enamel. The dissolved mineral ions, calcium 
and phosphate will then back-diffuse into 
the surface layer and induce the precipita-
tion of the mineral phases in this region. At 
the same time, some of the dissolved miner-
al ions will diffuse out of the enamel surface 
into the oral environ ment. It is known that 
incipient or small carious lesions (“white 
spot lesions”) in human enamel consist of a 
subsurface area of demineralisation with an 
overly ing, apparently intact, surface zone. It 
is considered that the enamel surface layer is 
a result of reprecipitation of minerals (rem-
ineralisation) dissolved from the subsurface. 
The leaching of calcium and phosphate from 
enamel can cause col lapse of the tooth struc-
ture and the formation of a cavity. Demin-
eralisation and remineralisation can be con-
sidered a dynamic process, characterized by 
the flow of cal cium and phosphate out of 
and back into the enamel (27).

The saliva plays an important role, in-
cluding buffering (neutralizing) the acid 
and providing minerals that replace tho se 
dissolved from the tooth during deminer-
alisation challenge. The enamel surface is in 
constant contact with saliva, which is con-
sidered to be saturated with certain calcium 
phosphate salts, thereby main taining the in-
tegrity of the enamel sur face. It was found 
that, within physiologi cal pH limits, the 
salivary content of calcium and inorganic 
phosphate was sufficient to supersaturate 

the saliva with respect to hydroxyapatite. 
The protective factors, which include sali-
vary calcium, phosphate and proteins, sali-
vary flow, and fluoride in saliva, can balance, 
pre vent or reverse dental caries (26).

When a biofilm covers the enamel sur-
face, it reduces the access of saliva to the 
tooth. The relevant fluid phase in this case is 
the biofilm fluid, which, under resting con-
ditions, is also supersaturated with respect 
to the enamel. This would favour remineral-
isation of previously demineralized enamel 
or promote the formation of supragingival 
calculus (1). However, when the oral fluids 
become unsaturated with respect to the apa-
tites e.g., caused by a pH drop, a change in 
apatite composition may oc cur. In the pH 
range below about 5.5, the oral fluids are 
unsaturated with respect to hydroxyapatite, 
which therefore may dissolve. The low fluo-
ride concentrations prevailing in oral fluids 
under physiologi cal conditions will ensure a 
concurrent supersaturation with respect to 
fluorapatite, theoretically in the pH range 
of about 5.5 - 4.5, so that dissolution of hy-
droxyapatite competes with simultane ous 
fluorapatite or mixed fluorohydroxyapatite 
formation. Consequently, hydroxyapatite 
dissolves from the subsurface and fluorohy-
droxyapatite forms in the surface layers (28).

Inhibition of demineralisation 

The highest fluoride concentrations in 
enamel are found in the surface. They are 
usually around 1,000-2,000 ppm in non-
fluoridated areas and 3,000 in fluoridated 
areas. Sub surface enamel generally contains 
fluo ride at levels of about 20-100 ppm, de-
pending on fluoride ingestion during tooth 
development. These levels are far below 
those able to confer expressive reduction 
on the solubility of hydroxyapatite (26). 
Based on solubility data, the thermody-
namic solubility product constant (Ksp) of 
fluorapatite is only slightly less than that of 
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hydroxyapatite (28). Concentrations of fluo-
ride found in shark enamel are many times 
higher than those typically found in human 
enamel, but even so they were unable to in-
hibit demineralisation completely (15). On 
the other hand, it has been observed that 
low concentrations (up to 1 ppm) of fluo-
ride in a solution can reduce and even in-
hibit enamel demineralisation (24). It was 
shown that inhibition of demineralisation is 
a logarithmic function of the fluoride con-
centration in a solution (14).. These results 
indicated that if fluoride is present in the 
solution surrounding the crystals (enamel 
fluid) it is adsorbed strongly to the surface of 
carbonated apatite crystals acting as a potent 
protection mechanism against acid dissolu-
tion of the crystal surface. When the entire 
crystal surface is covered by adsorbed fluo-
ride (FA), it will not dissolve upon a pH fall 
caused by bacterial-derived acids. Crom-
melin et al. (29) observed that fluorapatite-
coated hydroxyapatite dissolved largely the 
same as fluorapatite, although the hydroxy-
apatite in a hydroxyapatite and fluorapatite 
mixture dissolved the same as hydroxyapa-
tite. Therefore, significant protection could 
be obtained if all crystals along the acid ions 
diffusion pathway are coated with fluorapa-
tite. On the other hand, when the coating of 
FA is partial, the uncoated parts of the crys-
tal will undergo dissolution (30). Ten Cate 
and Duijsters (31) showed that the amount 
of mineral loss during demineralisation is a 
function of both pH and fluo ride concen-
tration. When the fluoride concentration 
in the solution is elevated the fluorapatite 
is correspondingly increased and it appears 
sufficient to prevent a car ies lesion from 
developing. While fluoride adsorbed to the 
crystal surface effectively protects the crys-
tal from dissolution, fluoride present in the 
solution (enamel fluid) is equally impor-
tant, since the higher the concentration of 
fluoride in enamel fluid (FL), the higher the 
probability that it adsorbs and protects crys-

tal (1). Thus, to interfere in the dynamics of 
dental caries formation, fluoride must be 
constantly present in the oral environment. 
Demineralisation of enamel is inhibited by 
concentrations of fluoride in the sub-ppm 
range (21). Frequent low-level applications 
of fluoride are more effective than high-dose 
applications a few times a year, because FL 
and thus FA are maintained high with fre-
quent applications (30). 

Enhancement of remineralisation

The acids produced by the plaque bacteria 
diffuse through the plaque into the enamel 
and dissolve minerals (calcium, phosphate 
and fluoride) wherever there is a susceptible 
site. If minerals diffuse out of the tooth and 
into the oral environment, then deminerali-
sation occurs. If this process is reversed, the 
mineral is reabsorbed into the tooth and the 
damaged crystals are rebuilt, we then have 
remineralisation. The role of fluoride in the 
remineralisation process was found to be 
rather complex. Fluoride acts by inhibiting 
mineral loss at the crystal surface and by en-
hancing this rebuilding or remineralisation 
of calcium and phosphate in a form more re-
sistant to subsequent acid attack (32). Over 
30 years ago Brown et al. (33) predicted that 
low concentrations of fluoride would en-
hance remineralisation. Traces of fluoride in 
a solution during dissolution of hydroxyapa-
tite will make the solution highly supersatu-
rated with respect to fluorohydroxyapatite. 
This will speed up the process of reminerali-
sation. Fluoride will adsorb to the surface of 
partially demineralized crystals and attract 
calcium ions. Koulourides (34) demonstrat-
ed that acid-softened enamel, rehardened 
by fluoridation, ac quired significant sec-
ondary resistance to acid attack, developing 
so-called “acqui red resistance”. The acquired 
fluoride en hances both remineralisation and 
demineralisation resistance. 

Kata Rošin-Grget et al.: Fluoride mechanisms
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Role of fluorapatite and calcium fluoride

There are three principle forms of flu oride 
ion reactivity with apatite:
1) Iso-ionic exchange of F- for OH- in apa-

tite:
 Ca10(PO4)6(OH)2 + 2F- → Ca10(PO4)6F2 + 

2OH-

2) Crystal growth of fluorapatite from su-
persaturated solutions:

 10 Ca2+ + 6PO4
3- + 2F- → Ca10(PO4)6F2

3) Apatite dissolution with CaF2 formation:
 Ca10(PO4)6(OH)2 + 20F- → 10 CaF2 + 

6PO4
3- + 2OH-

The first two reactions may occur dur ing 
long-term exposure to low fluoride levels 
in the solution (such as between 0.01 and 
10 ppm F) from either systemic or latent 
topical sources. These reactions result in 
fluoride incorporation that, in a tradi tional 
sense, would be defined as “firmly” bound 
fluoride, since it is part of the apatitic struc-
ture. This fluoride present in the solid phase 
is also known as fluorohydroxyapatite or 
“systemic“ fluoride. With the increasing flu-
oride concentration, an additional che mical 
reaction with the formation of signifi cant 
amounts of calcium fluoride (CaF2 or “CaF2-
like“ material) begins to dominate. Fluoride 
concentrations rang ing from 100-10,000 
ppm F are required to produce CaF2 as a re-
action product (often called Fon). These con-
centrations are present in topicals, such as 
professional gels and varnishes, or over the 
counter toothpastes and mouth rinses (35). 

As early as in 1945, Gerould (36) repor-
ted that calcium fluoride was a major prod-
uct on enamel when teeth were ex posed to 
high concentrations of fluoride. It is visible 
by scanning with an electron micro scope 
(SEM) as small globules on the sur face of 
fluoridated teeth. The globular precipitates 
on the enamel are more homogeneous when 
the fluoride concentration of the applied 
solution is higher (37). The globular struc-
ture of the calcium fluoride is thought to be 

due to the incorporation of phosphate dur-
ing its for mation on the tooth surface (38), 
since pure calcium fluoride is cubical rather 
than spherical. For a long period the gen-
eral view was that the formation of calcium 
fluoride on enamel is unfavour able, because 
calcium fluoride is soluble in saliva to the 
same extent as in water (39). The oral flu-
ids are unsaturated with re spect to calcium 
fluoride, thus this salt dissolves whenever it 
is exposed to sali va (40). However, several 
studies have shown that calcium fluoride is 
quite insoluble in saliva at neutral pH, and 
that it can persist on the tooth surface for 
weeks and months after topical application 
of fluo ride (41-43).The resistance of calcium 
fluo ride is presumably caused by adsorption 
of secondary phosphate (HPO4

2-) to cal-
cium sites in the surface of calcium fluo ride 
crystals and by pellicle proteins at neutral 
pH. At lower pH, as during a car ies attack, 
primary phosphate will be the dominant 
phosphate ion species (H2PO4

-), which is 
unable to inhibit the dissolution of calcium 
fluoride. Thus, fluoride ions re leased during 
cariogenic challenges are due to the reduced 
concentration of second ary phosphate ions 
at acid pH. The re leased fluoride is subse-
quently built into hydroxyapatite through 
dissolution/reprecipitation reactions. After 
a caries attack, the calcium fluoride globules 
are again stabilized by adsorption of proteins 
and secondary phosphate (44). Calcium 
fluo ride thus constitutes a pH-controlled 
res ervoir of fluoride on the enamel. Calcium 
flu oride is contaminated with phosphate, 
not only on the surface, but also inside the 
crystal. This phosphate-contaminated cal-
cium fluoride is more soluble than pure cal-
cium fluoride, and may thus re lease fluoride 
at a higher rate than pure calcium fluoride 
(38). CaF2 formed at low pH contains less 
internal phosphate, and has been shown 
to be less soluble. This may be of clinical 
significance for fluoride applied topically a 
few times per year (41). The calcium fluo-
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ride formation, its resistance in the oral 
envi ronment and release of fluoride ions at 
low pH, explain the long-term effect of topi-
cally applied fluoride. It is suggested that the 
potential for formation of cal cium fluoride 
should probably be increa sed in topical fluo-
ride agents (45). Increased time of exposure, 
increased concentrati on, lowered pH, saliva 
and calcium pre-treat ment have proved to 
be effective means of increasing calcium flu-
oride deposition on enamel in vitro (46-49).

The antimicrobial action of fluoride

In spite of extensive literature on the antimi-
crobial effects of fluoride on oral microflora, 
today there is very little con sensus that the 
anticaries effect of fluoride is related to inhi-
bition of oral bacteria.

The current evidence indicates that fluo-
ride has a multitude of direct and indirect 
effects on bacterial cells, some of which may 
have a significant influence on the acid –pro-
ducing microorganisms in dental plaque (50). 
Fluoride exerts its effect on oral bacteria by 
direct inhibition of cellular enzymes (directly 
or in combination with metals) or enhancing 
the proton permeability of cell membranes in 
the form of hydrogen fluoride (HF) (51, 52). 

In order to provoke any antimicrobial ef-
fect, fluoride has to enter the bacterial cell. 
Fluoride diffuses into cariogenic bac teria in 
the form of HF (a weak acid, pKa 3.15). At 
lower external pH, more HF is formed and 
more of it diffuses into the cell. Once inside 
the cell, the HF dissoci ates into H+ and F-, 
because of the higher internal pH of cells, 
such as oral strepto cocci, than external. This 
continued diffu sion and dissociation leads 
to the accu mulation of fluoride in the cell 
and the acidification (accumulation of H+) 
of the cytoplasm. The result is a reduction 
in both the proton gradient and the enzyme 
activity. Current information indicates that 
fluoride ions within the cell interfere with 
the glycolitic enzyme (enolase) activ ity and 

proton-extruding adenosine tri phosphatase 
(H +/ATP-ase), which is in volved in the gen-
eration of proton gradients through the ef-
flux of protons from the cell, at the expense 
of ATP (53).Thus, fluoride effectively inhib-
its the car bohydrate metabolism of acido-
genic oral bacteria, including the uptake of 
su gars. In spite of these known effects, there 
is no general agreement that the antimicro-
bial effects of F contribute to the anticaries 
effect of fluoride (53, 54). 

Many investigators tend to dismiss the 
role of fluoride in the metabolic activ ity of 
bacteria, on the grounds that only large con-
centrations are effective, and that there are 
no differences in the Strep tococcus mutans 
populations in persons residing in fluori-
dated and in non-fluoridated areas (55). 
In addition, the wide spread use of tooth-
pastes, which have been responsible for the 
decrease in car ies prevalence over the last 
three deca des, has not resulted in a reduc-
tion in the number of the mutans strepto-
cocci (56). Lynch et al. (57) concluded that 
low levels of plaque and salivary fluoride, 
resulting from the use of 1,500 ppm fluoride 
toothpastes, are insufficient to have a signifi-
cant antimicrobial effect on plaque bacte-
ria. It seems that this effect is dependent on 
factors such as fluoride concentration and 
associated antibacterial components, such 
as fluoride counter ions (amine, stannous), 
preservatives, surfactants or antimicrobi-
als added specifically for that purpose (zinc 
salts, triclosan, essential oil extracts, etc.) 
(58). A single application of professionally 
applied topical fluoride at a high concentra-
tion, although transient, reduces the plaque’s 
ability to produce acid, but has little clinical 
signifi cance in controlling dental caries.

A recent review, however, concluded that 
fluoride concentrations, as found in dental 
plaque, have a biological action on critical 
virulence factors of S. mutans in vitro, such 
as acid production and glucan synthesis, but 
the in vivo implications are still not clear (51). 
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Conclusion 

Understanding the mode of action of fluo-
ride has an essential role in the further de-
velopment of products and programmes for 
caries prevention. In the past, the cariostatic 
effect of fluoride was attributed to the incor-
poration of fluoride in the hydroxyapatite 
crystal lattice and the reduced solubility of 
the so-formed fluoridated hydroxyapatite. 
Recent findings have altered this view. The 
current evidence from clinical and laborato-
ry studies suggests that the caries-preventive 
mode of action of fluoride is mainly topical. 
Specifically, fluoride continually present in 
the oral fluids affects the demineralisation 
and remineralisation processes. Fluoride 
present in the solution surrounding the 
crystals (enamel fluid) in a sub-ppm range is 
able to adsorb to the surface of the carbon-
ated apatite crystals, inhibiting deminerali-
sation. However, in the clinical situation, the 
optimum fluoride level to prevent caries de-
velopment is not known. When fluoride ions 
are present during remineralisation, they 
become incorporated in the apatite struc-
ture, forming fluor-hydroxyapatite mixed 
crystals, which are more resistant to future 
acid challenges. The formation of intraoral 
reservoirs capable of supplying ions for a 
prolonged period is crucial for the success 
of topical treatments. Fluo ride, which is re-
tained on the teeth after brief exposure to to-
pical fluoride agents or toothpastes, is retai-
ned as calcium fluo ride. Calcium fluoride is 
most likely the provider of free ions during 
cariogenic challenges. Calcium fluoride glo-
bules are protected from rapid dissolution 
by a phosphate -protein coating of salivary 
origin, which will open at low pH, when, 
incidentally, the fluoride is most needed. 
The fluoride present inside the solid ena-
mel is most likely of lesser importance than 
fluoride in solution. In fact, this fluoride is 
not effective until exposed, due to crystalli-
te dissolution. Upon post-eruption acidic 

challenge, “firmly“ bound fluoride would be 
released to the fluid phase, thus inhibiting 
demineralisation and enhancing reminera-
lisation. Evidence from cohort studies also 
supports fluoride’s systemic mechanism of 
caries inhibition, especially in the pit and 
fissure surfaces of permanent first molars. 
Some of the efficacy of fluoride is attributed 
to the effect on the plaque volume and me-
tabolic aspects of the plaque bacteria, altho-
ugh the in vivo implications of this are still 
not clear.
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Fluorides play a significant role in the promotion of oral health, fos-
tering remineralization, inhibiting demineralization processes in the 
enamel, and having antibacterial activity. The effects of fluorides are 
mostly exerted by their topical effect. The beneficial effect of amine 
fluorides (AmF) on caries and dental plaque reduction has been 
known for a long time. The caries reducing and plaque-inhibiting ef-
fect of stannous fluoride (SnF2) was also reported. However, the combi-
nation of amine fluoride/stannous fluoride has shown a much better in-
hibition of plaque accumulation then these products alone. There have 
been several clinical studies with AmF or AmF/ SnF2 products, using 
toothpaste, gel, combination of toothpaste and gel/fluid, toothpaste and 
mouth rinse. The aim of this article is to review the clinical experiences 
with these products based on Hungarian studies. The first Hungarian 
studies with AmF containing gel were published by Szőke and Kozma 
(1989) and Dénes and Gábris (1991). Madléna et al. (2002) performed 
a study with an AmF-containing toothpaste and gel in high risk groups 
of adolescents. The first Hungarian study with AmF/SnF2 products was 
published by Bánóczy et al. (1989). Based on the favourable results of 
these products used in combination for 12 weeks, other studies (Madlé-
na et al. 2004, 2012) assessed the effects of toothpastes and mouth rinse 
containing AmF/SnF2 on plaque accumulation, within a shorter pe-
riod of time, in young adults and orthodontic patients. Conclusion. 
Regular use of different oral hygienic products containing an AmF 
and AmF/SnF2 combination contributes to the prevention of plaque 
accumulation and consequently to the prevention of dental diseases.

Key words: Amine fluoride, Amine fluoride/Stannous fluoride, Plaque 
accumulation, Prevention, Oral health.

Introduction
In spite of the caries decline experienced in 
the industrialised countries in twelve year 
olds, in Hungary caries has remained a ma-
jor problem in older age groups, concerning 
the dental hard tissues (1). This situation is 
strongly associated with bad oral hygiene, 

that is improper oral hygiene habits of indi-
viduals (2). 

Orthodontic treatment mainly with fixed 
appliances represents a special situation be-
cause of the increased retention of plaque, 
which can cause an increased risk of caries 
and periodontal diseases (3). For the pre-
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vention of carious lesions it is anyhow nec-
essary to perform proper mechanical plaque 
removal. However, most people have no ad-
equate mechanical cleaning method for vari-
ous reasons, so it is necessary to improve the 
removal of plaque with chemical agents (4). 
The combination of mechanical and chemi-
cal methods ensures greater effect as after 
the mechanical reduction of the amount of 
plaque only a disorganized thin layer will re-
main on the tooth surface, which may be fur-
ther reduced easily with chemical agents (5). 

Fluorides play a significant role in the 
promotion of oral health, fostering remin-
eralization, inhibiting the demineralization 
processes in the enamel, and having antibac-
terial activity. These beneficial effects may be 
improved when fluoride is associated with 
amin -or stannous ions (6).

Amine fluorides in dentistry

Amine fluoride (AmF) is an organic type of 
fluoride associated with a reduction in den-
tal plaque adhesiveness, due to the greater 
affinity of hydrophilic counter-ions to the 
enamel surface. It spreads over all surfaces 
in the oral cavity especially quickly (due its 
tenside character), shows longer clearance 
in the oral cavity and dental plaque, and 
has a pronounced activity on plaque. AmF 
is strongly glycolytic (for 3-6 hours) and 
develops a highly bacteriostatic and bacte-
ricide effect (5).

The use of amine fluorides in dentistry 
was first recommended by Mühlemann and 

co-workers in 1960 (7). Based on their fa-
vourable characteristics in in vitro and in 
vivo studies, amine fluoride products were 
suggested as alternatives or adjuncts for sys-
temic fluoridation by Mühlemann in 1967, 
and Schmid in 1983 (8, 9). However accord-
ing to the opinion of Ahrens from 1983, the 
results of these studies were influenced by 
different factors, where age, methods and 
frequency of application, fluoride-concen-
tration and duration played a role and made 
comparability difficult (10).

As a result the favourable effects AmFs 
could be successfully applied in reducing 
the prevalence of dental diseases. For the 
general public, AmF is available in the form 
of dentifrices, gels, mouth rinses, and for 
healthcare professionals in the form of pro-
phylaxis pastes.

Clinical studies with amine fluoride 
containing (Elmex®) products 

Clinical studies with amine fluorides have 
been performed using toothpaste, gel, with 
combined use of toothpaste and gel/fluid, or 
with combined use of toothpaste and mouth 
rinse.

In the early period there were more clini-
cal studies published on AmF toothpaste, 
where the first was published in 1968 by 
Marthaler (11). Most of them showed con-
siderable reduction in caries prevalence [in 
DMFT (Decayed, Missing, Filled Teeth)/
DMFS (Decayed, Missing, Filled Surfaces) 
values between 7.1 and 35%] similar to those 

Table 1  Clinical studies with amine fluoride toothpastes

Authors Year Duration (year) Probands (n) Age (year) Caries reduction % DMFT-S p

Marthaler 1968 7 142/118 6-8 23-35 <0.001

Patz and Naujoks 1970 3 ? 15-18 7.1 ns

Marthaler 1974 6 50/59 7.5 33 <0.02

Cahen et al. 1982 3 668/708 6-8 21.6; 20.9 <0.001

Leous 1995 3 330/140 18-20 25.6 ns
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studies performed showing amine fluoride 
gel caries reductions of 31-53%, or with 
combined use of AmF containing products 
(Tables 1, 2). Most of these studies evaluated 
caries prevalence, but some of them assessed 
oral hygiene, and also reported a significant 
improvement in the test groups.

Longitudinal studies

The first Hungarian study with AmF gel was 
performed by Szőke and Kozma in 1989 
(12). In this study, the AmF gel was applied 
for 3 years in children who were 6 years old. 
Besides the significant improvement in oral 
hygiene in the test group compared to the 
controls, there was a significant difference 
in the caries increment between the two 
groups, in both DMFT and DMFS values.

Studies in high risk groups

A study performed in orthodontic patients 
was published by Dénes and Gábris in 1991 
(13). This double blind, randomised study 
was performed in adolescents treated with 
fixed orthodontic appliances. During the 
examination period, the authors compared 
the effect of Elmex gel and fluid application 
on caries increment compared to the control 
group, without intensive fluoridation. Re-
garding their main results, the Elmex® prod-
ucts reduced the caries increment in orth-
odontic patients after an average 18 months 
(average treatment time), the reduction was 
much higher in both Elmex® groups than in 

the controls. The reduction in caries incre-
ment was the best and highest in the group 
using gel, with a reduction of 79 %.

Another longitudinal study was per-
formed showing the beneficial effect of 
toothpaste and gel containing AmF in high 
risk groups of adolescents (14). The study 
consisted of two parts. During the base-
line examinations the risk of oral diseases 
(assessing caries prevalence, oral hygiene, 
salivary characteristics, and socio-economic 
factors) was determined in groups of ado-
lescents living in different localities of Hun-
gary: in Budapest (the capital of Hungary, 
and in Debrecen, which is the second larg-
est city in the country in the eastern part of 
Hungary). Then, on the basis of the baseline 
findings where high risk was shown in the 
examined population, during the follow up 
study, a school based preventive program 
was established scheduled for two years, 
with the different use of products contain-
ing amine fluoride (toothpaste and gel) in 
these high risk groups. The participants 
were stratified according to their school-
classes, and divided into two test and one 
control groups in both cities. Test group 
„A” used tootpaste and gel containing AmF, 
Test group „B” used toothpaste and placebo 
gel containing AmF, and the control („C”) 
group continued their usual oral care habits 
without AmF containing products. 

The DMFT, DMFS and Visible Plaque In-
dex (VPI) values (according to Ainamo and 
Bay, 1983) (15) were evaluated at baseline and 
after two years. The DMFT increment was 

Tabela 2 Clinical studies with amine fluoride gels

Authors Year Duration (ys) Probands (n) Age (vs) Caries reduction% (DMFS) p

Marthaler 1970 3 ? 6-7 45 p<0.05

Shern et al. 1970 2 ? ? 31 p<0.05

Franke 1977 7 ? 7 45 p<0.05

Obersztyn, Kolwinski 1983 1.5 787/449 19-20 41 Not calc.

Szőke and  Kozma 1989 3 134/122 6-7 53 p<0.001

Melinda Madléna: Experiences with amine fluoride products 
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significantly lower in both test groups com-
pared to the control group. Concerning the 
DMFS values, the caries increment was sig-
nificantly lower in the group with combined 
use of toothpaste and gel containing AmF 
than in the control group (Figures 1 and 2). 

The combined use of amine fluoride 
containing toothpaste and gel provided a 
significant reduction in DMFS mean values 
(38% including white spot lesions) and vis-
ible plaque index values (18%) (p<0.05). The 
VPI values decreased in all three groups due 
to regular oral health instruction and motiva-
tion, but there was only a significant reduc-
tion in the groups where the participants used 
toothpaste and gel containing AmF together.

In the above-mentioned population the 
therapeutic value of products containing 
AmF was assessed statistically, by logistic 
regression analysis (16). The results showed 
that the chance of remineralization of buc-
cal incipient lesions was higher in the group 
using gel and toothpaste together than in the 
other test group (using only toothpaste) and 
much higher than in the control group.

Summarizing the results: combined use of 
products containing amine fluoride (tooth-
paste and gel) provided more pronounced 
caries reduction, improvement of oral hygiene 
and remineralisation effect than use of the 
toothpaste alone, in adolescents with high risk 
and without a systemic fluoride background.  

Figure 1  Two-year incremental DMF-T  findings for subjects who completed the  
study (14) (p<0.05).

Figure 2 Two-year incremental DMF-S summary for subjects who completed the  
study (14) (p<0.05).
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Amine fluorides/stannous fluorides in 
dentistry

The beneficial effect of amine fluorides on 
caries and dental plaque reduction has been 
known for a long time. The caries reducing 
and plaque inhibiting effect of stannous fluo-
ride (SnF2) was also reported many years ago. 
Stannous fluoride releases both F- and Sn2+ 
ions in the oral cavity, which ensure effec-
tiveness against caries and an antimicrobial 
characteristic (17). However, the combina-
tion of amine fluoride /stannous fluoride 
(AmF/SnF2) showed much better inhibition 
of plaque accumulation then these products 
alone (18, 19). AmF possesses antibacte-
rial activity, which could be enhanced when 
amine fluoride is associated with stannous 
fluoride (6). Oral hygienic products contain-
ing amine fluoride/stannous fluoride reduce 
acid production within the dental plaque (20) 
and retard supragingival plaque regrowth 
(21-23), therefore these products could be 
more effective in the oral cavity. The antibac-
terial effect of AmF/SnF2 seems to be more 
prolonged in patients who are not at high 
risk, with a smaller amount of plaque (24). 

The first summarized results of clinical tri-
als investigated the plaque and gingivitis in-
hibiting effects of the AmF/SnF2 combination 
and were published in 1991 (25). After the 
mouth rinse a toothpaste containing AmF/
SnF2 also became available and these products 
could be found on the market as Meridol® 

mouth rinse and Meridol® toothpaste.  

Clinical studies with products 
containing amine fluoride/stannous 
fluoride (Meridol®) 

Clinical studies with amine fluoride/stan-
nous fluoride were performed using tooth-
paste, mouth rinse or with combined use of 
toothpaste and mouth rinse. Relatively few 
studies have reported the clinical results of 
the use of AmF/SnF2 toothpaste and com-

bined use of toothpaste and mouth rinse. 
Although these studies did not evaluate the 
caries reducing effect directly, the plaque re-
duction could be associated with all plaque 
induced dental diseases (caries and peri-
odontal diseases). The examinations proved 
the effectiveness of this combination over 
various periods of time. 

Medium term studies

The first study, lasting for 12 weeks, was pub-
lished by Bánóczy and co-workers in 1989 
(26), performed on 92 schoolchildren with 
a mean age of 12.4 years, showing that use 
of AmF/SnF2 toothpaste resulted in signifi-
cant reduction of plaque accumulation and 
gingival inflammation, but the combined 
use of toothpaste and mouth rinse proved 
to be more effective than the use of tooth-
paste alone. In this study participants were 
involved who were randomly distributed in 
four groups: 
– Group 1.: used placebo toothpaste
– Group 2.: used amine fluoride/stannous 

fluoride toothpaste (Meridol®)
– Group 3.: used placebo toothpaste and 

amine fluoride/stannous fluoride rinse 
(Meridol®)

– Group 4.: used Meridol® toothpaste and 
Meridol® rinse
The examined parameters were: Plaque 

Index (PI, according to Silness and Löe, 
1964) (27) and Sulcus Bleeding Index (SBI, 
according to Mühleman and Son, 1971) (28). 
Concerning the results of the Plaque Index 
values, the greatest decrease was seen in the 
fourth group (using AmF/SnF2 containing 
toothpaste and mouth rinse together) which 
was statistically significantly higher than in 
the other groups. Similar results were found 
with the Sulcus Bleeding Index values (Fig-
ure 3). A significant increase in enamel fluo-
ride content was observed after use of the 
test toothpaste alone or after a combined use 
of these products. The plaque fluoride con-

Melinda Madléna: Experiences with amine fluoride products 
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tent also showed a statistically significant in-
crease in the fourth group.

Later, a five month, double blind study 
was performed to evaluate the effectiveness 
of toothpaste and mouth rinse containing 
AmF/SnF2 on the accumulation of dental 
plaque and gingivitis, and the remineral-
izing effects of these products, in cases of 
exposed root surfaces and root surface car-
ies, compared with the sodium fluoride 
(NaF) system (29). Forty-four adults were 
randomly divided into two groups: group 1 
used toothpaste and mouth rinse contain-
ing AmF/SnF2, group 2 used NaF toothpaste 
and mouth rinse twice a day. The partici-
pants brushed their teeth with standardized 
„Multi-effect” toothbrushes, mouth rinses 
were used after each tooth brushing, keeping 
10 ml of the solution in the mouth for one 
minute. By the end of the examinations a sig-
nificantly higher reduction of Plaque Index 
(according to Silness and Löe, 1964) (27) and 
Sulcus Bleeding Index (according to Mühle-
mann and Son, 1971) (28) was found in both 
groups. The Root Caries Index (RCI) de-
creased in both groups, and the reduction in 
mean RCI values was more pronounced and 
significantly higher using AmF/SnF2 prod-
ucts (47.4%) than in the NaF group (10.0%).  

On the basis of these two studies, it may 
be concluded that in both studies clinically 

and statistically significant improvements 
were found in relation to plaque and gingiva 
indices. The improvement by 63.7% in the 
Plaque Index in the longer study was much 
better than in the shorter one (33.3%), which 
showed the contribution of time of applica-
tion. The results of the first study showed the 
beneficial effects of AmF/SnF2 products on 
F content of plaque and enamel, which can 
help to prevent carious processes. Further, 
the results of the second study show the ef-
ficacy of products containing AmF/SnF2 in 
adults with periodontal disease (exposed 
root surfaces) and regarding the changes of 
RCI mean values the superiority was shown 
of AmF/SnF2 combination over combina-
tions containing NaF. 

Short term studies 

Based on the previously experienced favour-
able results of combined use of products 
containing AmF/SnF2 after 12 weeks use 
(26), another Hungarian study aimed to as-
sess the effects of different use of toothpaste 
and mouth rinse containing AmF/SnF2 
within a shorter period of time (4 weeks) in 
young adults (30, 31, 32).

The study population consisted of 42 
healthy probands, with a mean age of around 
28 years. The criteria of the involvement in 

Figure 3 Decrease in the Sulcus Bleeding Index values after 12 weeks’ use (p<0.05).
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this study were: having no antibiotic or sys-
temic therapy, taking no drugs that influence 
oral flora and gingival health, being without 
clinical signs of periodontitis [PPD (Peri-
odontal Pocket Depth) <4 mm] and having 
at least 20 natural teeth. The participants 
were randomly divided into two groups:

Group 1: used toothpaste containing 
AmF/SnF2 twice a day (morning and eve-
ning) for tooth brushing with a Meridol® 
toothbrush for 3 minutes and Group 2: used 
toothpaste containing AmF/SnF2 for tooth 
brushing for 3 minutes with a Meridol® 
toothbrush and after tooth brushing rinsed 
with a mouth rinse containing AmF/SnF2.  

The probands exercised no oral hygiene 
for two days prior to baseline examination. 
On the days of baseline and final examina-
tions they had no breakfast and exercised 
no oral hygiene. Plaque accumulation was 
assessed by their full mouth score on the 
Plaque Index according to Silness Löe (1964) 
(27). Gingival status was scored for the 
whole mouth, following the criteria of the 
Gingival Index according to Löe and Silness 
(1963) (33). After four weeks the patients 
were re-examined without previous oral hy-
giene and breakfast by the same examiner, 
and the results were recorded blindly.

Concerning the results in this short term 
(four weeks) clinical study on young adults, 

both the regular use of an AmF/SnF2 tooth-
paste alone, as well as the combined use of 
the toothpaste and mouth rinse resulted 
in a significant reduction in dental plaque 
(and consequently the development of car-
ies lesions as well) and Gingival Index (PI 
and GI) values. The reduction of PI and GI 
values was significantly greater in the com-
bined AmF/SnF2 group than in the group 
using toothpaste only (Figure 4).

It was mentioned earlier that orthodontic 
patients belong to high risk groups because 
of increased plaque retention and difficulties 
in performing proper oral hygiene. Few in-
vestigations appear to have been undertak-
en into the effects of AmF or SnF2 (13, 34, 
35). Øgaard et al. (36) examined the effect 
of combined use of AmF/SnF2 toothpaste/
mouth rinse compared with NaF, in rela-
tion to the maxillary anterior teeth, during 
orthodontic treatment with fixed appliance. 
They found better oral health in the tested 
groups using AmF/SnF2 products daily (36).

Based on the beneficial effects of AmF/
SnF2 products in young adults, a similar study 
was repeated in high risk groups, namely 
orthodontic patients treated with a fixed 
appliance, where the aim was to investigate 
the influence of toothpaste and mouth rinse 
containing AmF/SnF2 on plaque accumula-
tion and gingival health, in a similar short 

    Figure 4 Reduction in Plaque Index and Gingival Index after four weeks’ use (30) (p<0.01).
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term study (37). The examined persons were 
40 (by the end of the study 39) young orth-
odontic patients with a mean age of around 
20 years. The probands were divided into 
similar two groups, as in the previous study: 
Group 1: used toothpaste containing AmF/
SnF2 twice a day (morning and evening) for 
tooth brushing with a Meridol® toothbrush 
for 3 minutes; Group 2: used toothpaste con-
taining AmF/SnF2 for tooth brushing for 3 
minutes with a Meridol® toothbrush and af-
ter tooth brushing rinsed with mouth rinse 
containing AmF/SnF2. Besides the PI and 
GI, the parameters examined were extended 
to include Bleeding on Probing (BoP) and 
Periodontal Probing Depth (PPD). 

Regarding the results, the use of products 
containing AmF/SnF2 resulted in beneficial 
clinical effects on plaque accumulation (so 
consequently on the choice of the develop-
ment of carious lesions) and gingival health, 
after placement of fixed orthodontic appli-
ances. PI (as well as GI) decreased signifi-
cantly in both examination groups. The re-
duction of PI (and GI) values was greater 
in the combined AMF/SnF2 group than in 
the group using toothpaste only, but there 
were no statistically significant differences 
between the two groups in this high risk 
population during the short period of time. 
The experiences were similar in the values of 
BoP and PPD (significant differences could 
be found in the control and test groups, but 
were not noticed between the two groups). 
These beneficial effects may be pronounced 
after long term and combined use of AmF/
SnF2 products in this high risk population 
treated with fixed appliances.

Conclusion 

Most of the Hungarian studies performed 
related to children and adolescents, and 
mainly high risk groups. The results, statisti-
cally evaluated, seem to be best in the groups 
with combined use of oral hygiene products 

containing different amine fluoride or amine 
fluoride/stannous fluoride (toothpaste and 
gel or toothpaste and mouth rinse). 

Conflict of interest: The author declares that she has 
no conflict of interest. 

References

1. Madléna M, Hermann P, Jáhn M, Fejérdy P. Caries 
prevalence and tooth loss in Hungarian adult pop-
ulation: results of a national survey. BMC Public 
Health. 2008;8:364. 

2. Madléna M, Hermann P, Tollas O, Gerle J, Fejérdy 
P. Oral hygienic, nutritional habits and dental sur-
geon attendance of Hungarian adult population 
[In Hungarian]. Fogorv Sz. 2007;100(3):91-7.

3. Madléna M. The importance and possibilities of 
proper oral hygiene in orthodontic patients. In: 
Bourzgui F, editor. Orthodontic: basical aspects 
and clinical consideration. Rijeka: INTECH; 2012. 
p. 69-110.

4. Binney A, Addy M, Newcombe RG. The plaque 
removal effects of single rinsings and brushings. J 
Periodontol. 1993;64(3):181-5.

5. Brecx M. Strategies and agents in supragingi-
val chemical plaque control. Periodontol 2000. 
1997;15(1):100-8.

6. Van Loveren C. Antimicrobial activity of fluoride 
and its in vivo importance: identification of research 
questions. Caries Res. 2001;35(suppl 1):65-70.

7. Mühlemann HR, König KG, Marthaler TM, Schait 
A, Schmid H. Organic Fluoride [In German].Sch-
weiz Mschr Zahnheilk. 1960;70(12):1037-47.

8. Mühlemann HR. The caries-preventing effect of 
the amine fluorides. 4. 10 years of experiences [In 
German]. Quintessenz. 1967;18(8):109-17.

9. Schmid H. Chemistry and surface effects of amine 
fluoride[In German]. Dtsch Zahnarztl Z. 1983;38 
Suppl 1:S9-13.

10. Ahrens G. Efficiency of fluoride dosage forms: so-
lutions and gels[In German]. Dtsch Zahnarztl Z. 
1983;38 Suppl 1:S65-9. 

11. Marthaler TM. Caries inhibition after seven years 
of supervised use of an amine fluoride dentifrice. 
Br Dent J. 1968;124(4):510-5.

12. Szöke J, Kozma M. Results of 3-year study of 
toothbrushing with a fluoride amine gel [In Ger-
man]. Oralprophylaxe. 1989;11(4):137-43.

13. Dénes J, Gábris K. Results of a 3-year oral hygiene 
programme including amine fluoride products 
treated with fixed orthodontic appliances. Eur J 
Orthodont. 1991;13(2):129-33.



197

14. Madléna M, Nagy G, Gábris K, Márton S, Keszthe-
lyi G, Bánóczy J. Effect of Amine Fluoride Tooth-
paste and Gel in High Risk Groups of Hungarian 
Adolescents: Results of a Longitudinal Study. Car-
ies Res. 2002;36(2):142-6.

15. Ainamo J, Bay I. Problems and proposals for re-
cording gingivitis. Int Dent J. 1975; 25(4) 229-35.

16. Márton S, Nagy G, Gábris K, Bánóczy J, Madlé-
na M. Logistic regression analysis of oral health 
data in assessing the therapeutic value of amine 
fluoride containing products. Oral Health Dent 
Manag. 2008;7(4):26-9.

17. Lilienthal B. The effect of a stannous fluoride 
mouthwash on acid formation in the mouth and 
some observations on the mechanism of inhibi-
tion. Aus Dent J. 1956;1(4):221-7. 

18. Mühlemann. HR, Saxer UP, Moermann W. Re-
duction of plaque and gingivitis by stannous flu-
oride stabilized with amine fluoride. Caries Res. 
1981;15(2):186.

19. Renggli HH. Plaquehemmender Effekt kom-
binierter Fluoridspülungen. Schweiz Monatsschr 
Zahnheilk. 1983;93(8):581-4.

20. Damen JJ, Buijs MJ, ten Cate JM. Acidogenecity 
of buccal plaque after a single rinse with amine 
fluoride-stannous fluoride mouthrinse solutions. 
Caries Res. 2002;36(1):53-7.

21. Zimmermann A, Flores-de-Jacoby L, Pan P, Pan P. 
Gingivitis, plaque accumulation and plaque com-
position under long-term use of Meridol. J Clin 
Periodontol. 1993;20(5):346-51.

22. Bánóczy J, Gombik A, Szőke J, Nász I. Effect of 
an antibacterial varnish and amine-fluoride/stan-
nous fluoride (AmF/SnF2) toothpaste on Strepto-
coccus mutans count in saliva and dental plaque 
of children. J Clin Dent. 1995;6(2):131-4.

23. Arweiler NB, Netuschil L, Reich E. Alcohol-free 
mouthrinse solutions to reduce supragingival 
plaque regrowth and vitality. A controlled clinical 
study. J Clin Periodontol. 2001;28(2):168-74.

24. Weiland B, Netuschil L, Hoffmann T, Lorenz K. 
Substantivity of amine fluoride/stannous fluoride 
folloing different modes of application: A ran-
domized, investigator-blind, placebo-controlled 
trial. Acta Odontol Scand. 2008;66(5):307-13.

25. Flores-Jacoby L. Möglichkeiten der Plaque-und 
Gingivitis prevention. Berlin: Quintessence-Ver-
lag Gmbh; 1991.

26. Bánóczy J, Szőke J, Kertész P, Tóth Z, Zimmer-
mann P, Gintner Z. Effect of amine fluoride/

stannous fluoride-containing toothpaste and 
mouthrinsings on dental plaque, gingivitis, 
plaque and enamel F -accumulation. Caries Res. 
1989;23(4):284-8.

27. Silness J, Löe H. Periodontal diseases in preg-
nancy II.Correlation between oral hygiene and 
periodontal condition. Acta Odontol Scand. 
1964;(2):121-35.

28. Mühlemann HR, Son S. Gingival sulcus bleeding 
– leading symptomof inital gingivitis. Helv Odont 
Acta. 1971;15(2):107-13.

29. Bánóczy J, Nemes J. Effect of amine fluoride 
(AmF) /stannous fluoride (SnF2) toothpaste and 
mouthwashes on dental plaque accumulation, 
gingivitis and root-surface caries. Proc Finn Dent 
Soc. 1991;87(4):555-9.

30. Madléna M, Dombi C, Gintner Z, Bánóczy J. Ef-
fect of amine fluoride/stannous fluoride toothpaste 
and mouthrinse on dental plaque accumulation 
and gingival health. Oral Dis. 2004;10(5):294-7.

31. Bánóczy J, Dombi C, Gintner Z, Madléna M. 
Plaque and gingivitis prevention with amine fluo-
ride/stannous fluoride toothpaste and mouthrinse 
[In German]. Oralprophylaxe. 2005;27(3):95-8.

32. Madléna M, Gintner Z, Bánóczy J, Dombi C. Eval-
uation of clinical effects ofamine fluoride/stannous 
fluoride containing toothpaste and mouthrinse [In 
Hungarian]. Fogorv Sz. 2005;98(6):229-32.

33. Löe H Silness J. Periodontal disease in pregnancy.I. 
Prevalence and severity. Acta Odontol Scand. 
1963;(12):533-51.

34. Boyd RL, Chun YC. Eighteen-month evaluation of 
the effects of 0.4% stannous fluorideg el on gingi-
vitis in orthodontic patients. Am J Orthod Dento-
fac Ortop. 1994;105(1):35-41.

35. Boyd RL, Leggott PJ, Robertson PB. Effects on 
gingivitis of two different 0.4% SnF2 gels. J Dent 
Res. 1988;67(2):503-7.

36. Øgaard B, Afzelius AA, Larsson E, Adolfsson U. 
A prospective randomized clinical study on the 
effects of amine fluoride/stannous fluoride tooth-
paste/mouthrinse on plaque, gingivitis and initial 
caries lesion development in orthodontic patients. 
Eur J Orthod. 2006;28(1):8-12.

37. Madléna M, Bánóczy J, Götz G, Márton S, Kaán 
M, Nagy G. Effects of Amine and Stannous Flu-
orides on Plaque Accumulation and Gingival 
Health in Orthodontic Patients treated with Fixed 
Appliances: A Pilot Study. Oral Health Dent Man-
ag. 2012;11(2):57-61.

Melinda Madléna: Experiences with amine fluoride products 



198

Department of Preventive and  
Pediatric Dentistry, Faculty of  
Dentistry University of Sarajevo 
Sarajevo, Bosnia and Herzegovina

Corresponding author: 
Amila Zukanović 
Department of Preventive and  
Pediatric Dentistry, Faculty of  
Dentistry, University of Sarajevo 
Bolnička 4a 
71000 Sarajevo  
Bosnia and Herzegovina

amila.zukanovic@hotmail.com
Tel.: + 387 61 772 161 
Fax.: + 387 33 211 941

Received: 13 March 2013  
Accepted: 26 April 2013

Copyright © 2013 by  
Academy of Sciences and Arts  
of Bosnia and Herzegovina.  
E-mail for permission to publish:  
amabih@anubih.ba

Caries risk assessment models in caries prediction

Amila Zukanović

Caries risk
Original article

Acta Medica Academica 2013;42(2):198-208
DOI: 10.5644/ama2006-124.87

Objective. The aim of this research was to assess the efficiency of dif-
ferent multifactor models in caries prediction. Material and methods. 
Data from the questionnaire and objective examination of 109 exam-
inees was entered into the Cariogram, Previser and Caries-Risk As-
sessment Tool (CAT) multifactor risk assessment models. Caries risk 
was assessed with the help of all three models for each patient, classi-
fying them as low, medium or high-risk patients. The development of 
new caries lesions over a period of three years [Decay Missing Filled 
Tooth (DMFT) increment = difference between Decay Missing Filled 
Tooth Surface (DMFTS) index at baseline and follow up], provided for 
examination of the predictive capacity concerning different multifac-
tor models. Results. The data gathered showed that different multifac-
tor risk assessment models give significantly different results (Fried-
man test: Chi square = 100.073, p=0.000). Cariogram is the model 
which identified the majority of examinees as medium risk patients 
(70%). The other two models were more radical in risk assessment, 
giving more unfavorable risk –profiles for patients. In only 12% of the 
patients did the three multifactor models assess the risk in the same 
way. Previser and CAT gave the same results in 63% of cases – the 
Wilcoxon test showed that there is no statistically significant differ-
ence in caries risk assessment between these two models (Z = -1.805, 
p=0.071). Conclusions. Evaluation of three different multifactor car-
ies risk assessment models (Cariogram, PreViser and CAT) showed 
that only the Cariogram can successfully predict new caries develop-
ment in 12-year-old Bosnian children. 

Key words: Caries risk assessment, Multifactorial model, Prediction.

Introduction
Caries risk is defined as the probability of 
an individual developing at least a certain 
number of caries lesions during specific pe-
riod of time (1). Risk assessment is impor-
tant step in decision-making and treatment 
planning. Routine preventive measures and 
recommendations are very effective within 
the general population but they do not tar-
get patients that are at greater than average 
risk (2). Caries risk assessment is a very 

complex issue, due to its multicausal etiol-
ogy, the numerous and complex relations 
and interactions between caries risk fac-
tors, and the dependency of each factor on 
dose, frequency and duration. Many models 
for caries risk assessment (CRA) had been 
suggested, including different numbers and 
combinations of caries risk factors as caries 
predictors, different modes of evaluation 
and interpretation of risk assessment re-
sults. Models that contain only one or two 
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risk factors, cannot predict future caries de-
velopment successfully (3, 4, 5). In assessing 
the risk, more complex models, that oper-
ate with several risk factors, should be used. 
Nowadays, there are few risk models based 
on a multifactor concept (6, 7, 8). Caries risk 
models should also evaluate risk factors to-
gether and simultaneously, so some of the 
recent CRA models are based on informa-
tion technology (9). 

Most research has analyzed the role and 
power of single or mulitple risk factors as 
predictors of future caries development, but 
very little research has evaluated the success 
of multifactor models suggested for caries 
risk assessment, as shown in Siyama and al.’s 
review of literature (10). Accuracy of predic-
tion models must be determined in longitu-
dinal studies, but most research has a cross-
sectional study design (11). 

The aim of this study was to assess the ef-
ficiency of three different, multifactor caries 
risk assessment models [Cariogram, Previs-
er and Caries-Risk Assessment Tool (CAT)], 
by comparing caries risk assessment with 
the actual caries increment in 12-year-old 
children, over a 3-year period. 

Subjects and methods
Subjects

The study population consisted of 109 
schoolchildren who were 12-years old at 
the start of the study. All the children live 
in Sarajevo, the capital of Bosnia and Her-
zegovina (the total population of Sarajevo is 
nearly 450,000 inhabitants). Three elemen-
tary schools were selected – a private school 
where parents pay full school fees, a private 
school where underprivileged children have 
free education, and one state-run school 
from the Novo Sarajevo municipality. 40 
pupils were selected randomly from each 
school. Eleven children did not participate 
in the study (5 children chose not to partici-
pate in the study, 6 children did not come to 

examinations). This resulted in a study pop-
ulation of 109 children at baseline, 60 boys 
and 49 girls. The follow-up study was con-
ducted 3 years later. The children were re-
examined by the same examiner, using the 
same procedure as that practiced at baseline. 
The follow-up sample included 70 children 
(64.2% of the initial study population), 38 
boys and 32 girls. School principals, teach-
ers and children were given written infor-
mation about the study. The parents signed 
informed consent forms for participation 
in the study. The Ethical Committee of the 
University of Sarajevo, Bosnia and Herze-
govina approved the study. 

In Bosnia and Herzegovina, all children 
up to age of 18 have free access to regular 
dental care at public dental clinics. During 
the period of three years, the participants in 
the study received regular dental care. 

Study design

At baseline, the study consisted of the fol-
lowing steps:  the questionnaire and an in-
terview, clinical examination, saliva sam-
pling, and caries risk assessment using CRA 
models. Children completed questionnaires 
in the school classrooms, prior to examina-
tions. The questionnaire contained ques-
tions about: general data, questions about 
socioeconomic background, diet, fluoride 
program, tooth brushing habits, medical 
history and dental care. Clinical examina-
tions consisted of: scoring of oral hygiene 
using the Silness - Löe plaque index, de-
termination of dental status [Decay Missing 
Filling Tooth (DMFT) and Decay Missing 
Filled Tooth Surface  (DMFS) indexes], gin-
gival check-up (changes in colour, shape, 
structure and consistency of gingiva). Clini-
cal examination was carried out by the same 
examiner following WHO criteria (12). Af-
ter the questionnaire, interview and clinical 
examination, saliva sampling was performed 
for each child. Saliva sampling consisted of: 

Amila Zukanović: Caries risk assessment models in caries prediction
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measurements of mutans streptococci in 
the saliva using a Dentocult® SM Strip mu-
tans test, measurements of lactobacilli in the 
saliva using a Dentocult® LB test, measure-
ments of saliva buffer capacity using a Den-
tobuff® Strip test, measurement of the saliva 
secretion rate (paraffin stimulated saliva for 
5 minutes). All tests were from Orion Diag-
nostica, Espoo, Finland.

Caries risk assessment, using different 
multifactor caries risk assessment models, 
consisted of the following steps. All data 

gained from the questionnaire and interview, 
clinical examination and saliva sampling are 
actually caries related factors/parameters 
needed for creation of risk profiles, based on 
three different caries risk assessment mod-
els. The various parameters are given a score 
according to predetermined scales for each 
CRA model (Table 1). Different combinations 
of scored factors/parameters are entered into 
each of the CRA models – Cariogram, Pre-
Viser and CAT model and caries risk assess-
ment is performed for each examinee. 

Table 1 Caries-related factors and scores used for Cariogram, PreViser and CAT models

Diet, contents (based on  the lactobacillus test counts)

Score 0 Very low fermentable carbohydrate intake (<1.000 CFU/ml)

Score 1 Low fermentable carbohydrate intake (10.000 CFU/ml)

Score 2 Moderate fermentable carbohydrate intake(100.000 CFU/ml)

Score 3 High fermentable carbohydrate intake (>1.000.000 CFU/ml)

Diet, frequency (estimation of the number of meals and snacs per day)

Score 0 Maximum 3 meals per day

Score 1 4-5 meals per day

Score 2 6-7 meals per day

Score 3 >7 meals per day

Oral hygiene (based on the plaque amount)

Score 0 Very good oral hygiene (Plaque index <0.4)

Score 1 Good oral hygiene (Plaque index =0.4 -1.0)

Score 2 Poor oral hygiene (Plaque index =1.1- 2.0)

Score 3 Very poor oral hygiene (Plaque index >2.0)

Mutans streptococcus (estimation of the level of mutans streptococcus in saliva)

Score 0 Very low or zero amounts  (<20.000 CFU/ml)

Score 1 Low level (20.000 – 100.000 CFU/ml)

Score 2 High amounts (100.000 – 1.000.000 CFU/ml)

Score 3 Very high amounts (>1.000.000 CFU/ml)

Fluoride program (estimation of the extent of fluoride available in the oral cavity)

Score 0 Maximum fluoride program

Score 1 Fluoride supplements, irregularly

Score 2 Fluoride toothpaste only

Score 3 No fluoride

Saliva secretion (estimation of the flow rate of stimulated saliva)

Score 0 Normal saliva secretion (≥0.7 ml/min)

Score 1 Low saliva secretion (0.3-0.7 ml/min)

Score 2 Very low saliva secretion (≤ 0.3 ml/min)

Saliva buffering capacity (estimation of saliva to buffer acids)

Score 0 Adequate buffer capacity (pH≥ 6.0)

Score 1 Reduced buffer capacity (pH 4.5-5.5)

Score 2 Low buffer capacity (pH≤4.0)
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Socioeconomic status (estimation of socioeconomic status of child/child’s parent)

Score 0 High

Score 1 Mid-level

Score 2 Low

Visit to dentist

Score 0 Regular use of dental care

Score 1 Irregular use of dental care

Score 2 No usual source of dental care

Child has decay?

Score 0 No

Score 1 Yes

Times per day that child teeth are brushed 

Score 0 2-3 times per day 

Score 1 1 per day

Score 2 <1 times per day

Gingivitis (red, puffy gums)

Score 0 Absent

Score 1 Present

Dental floss

Score 0 Regular use of dental floss

Score 1 Irregular use of dental floss

Time lapsed since child’s last cavity

Score 0 24-35 months

Score 1 12-23 months

Score 2 <12 months

Sealants

Score 0 Yes

Score 1 No

Medical history (general diseases or conditions associated to dental caries)

Score 0 No disease, healthy

Score 1 A general disease that can influence the caries process to a mild degree

Score 2 A general disease that can influence the caries process to a high degree

Caries experience (DMFT index at baseline)

Score 0 DMFT = 0

Score 1 DMFT = 1

Score 2 DMFT = 2

Child wears braces or orthodontic/oral appliances?

Score 0 No

Score 1 Yes

Child has decay?

Score 0 Yes

Score 1 No

CAT=Caries-Risk Assessment Tool; CFU=Colony Forming Units; DMFT=Decay Missing Filling Tooth. 

Amila Zukanović: Caries risk assessment models in caries prediction

Cariogram 

Cariogram is an interactive computer pro-
gram which assesses risk of new caries le-

sion development. It presents the caries risk 
profile of an individual graphically, simul-
taneously taking into account the interac-

Continuation of Table 1 Caries-related factors and scores used for Cariogram, PreViser and CAT models 
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tion of different causative factors of caries. It 
creates an individual future „risk scenario“, 
based on the given scores and interactions 
of 9 factors/parameters of direct relevance to 
caries, entered in the Cardiogram. The fac-
tors are: caries experience, related diseases, 
diet content and frequency, plaque amount, 
mutans streptococci level, fluoride program, 
saliva secretion and buffering capacity (Ta-
ble 1). The Cariogram contains many „if “ 
conditions – it can operate with 5 million 
combinations of caries related factors (13). 
According to the weighted formula, after 
all data of relevance for caries are collected 
from the individuals, scored and entered in 
the Cariogram, the program presents a pie 
diagram with the following sectors: bacteria, 
diet, susceptibility and circumstances. The 
caries risk is express in the sector „chance of 
avoiding caries“. When the chance of avoid-
ing caries is high, the caries risk is small and 
vice versa. The chance varies on a scale from 
0 to 100% - chance from 0 to 20% means 
that the individual has high caries risk, from 
21 to 80% medium risk and from 81-100% 
low risk for future caries development.

PreViser – oral health risk assessment 
software

PreViser, Inc. is an evidence-based online risk 
prediction system that uses software technol-
ogy to predict common oral diseases, spe-
cifically periodontitis, caries and oral cancer. 
PreViser is the part of OHISTM (Oral Health 
Information System) and contains three dif-
ferent parts: a Periodontal Assessment Tool 
(PAT), a Caries Risk Tool and an Oral Cancer 
Risk Tool. The “Caries (tooth decay), Root, 
and Fracture Risk Assessment” input form 
for patient age 9-18, consists of questions 
about patient history and clinical data (gen-
eral information about the patient, data about 
the tooth most recently exposed to saliva for 
the last 12 months and months that patient 
has been caries free, data about oral hygiene, 

diet content and frequency, fluoride program 
and orthodontic appliances). PreViser calcu-
lates risk online, in a central software unit, 
and expresses it as low/moderate/high risk. 
High risk means that the patient is very likely 
to have a cavity within the next 3 years.

Caries-Risk Assessment Tool

The Caries-Risk Assessment Tool (CAT) 
is the tool for risk assessment of infants, 
children and adolescents, supported by the 
American Academy of Pediatric Dentistry. 
This tool is based on a set of physical, envi-
ronmental and general health factors. Fac-
tors evaluated in the CAT, determined by 
interviewing the parent/primary caregiver 
are: exposure to fluoride, dietary and oral hy-
giene habits, socio-economical status, dental 
care, medical conditions that impact motor 
coordination/cooperation or impair saliva, 
orthodontic/oral appliances, the time lapsed 
since child’s last cavity. Clinical evaluation 
connotes visible plaque, gingivitis, presence 
of enamel demineralization, enamel defects, 
deep pits and fissures, and previous caries ex-
perience. Radiography and saliva tests (levels 
of mutans streptococci and lactobacilli) are 
not essential for using CAT (supplemental 
professional assessment). Depending on the 
score/value given to the parameters, individ-
ual overall caries risk assessment is based on 
the highest level of any aforesaid risk indica-
tor (low/medium/high risk). 

The caries increment was estimated after 
3 years. At follow up, all the children were 
examined by the same examiner. Following 
the same diagnostic criteria and procedure 
as done at baseline, the DMFT and DMFS 
index was computed for each examinee.  

Statistical methods

Results are shown using descriptive statistics 
(frequency distributions, mean±SD) and 
presented in tables and figures. The Kappa 
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coefficient was used to evaluate the extent of 
agreement between risk profiles assessed by 
two different CRA models. To test the dif-
ferences in caries risks, assessed with three 
different CRA models (Cariogram, PreViser 
and CAT), a non-parametric Friedman test 
was used. The Wicoxon signed rank test was 
used to test the differences between two risk 
profiles. The level of significance was set at 
p<0.05. Logistic regression analyses were 
carried out to test CRA models to predict 
the development of new caries lesions. The 
response variable was DMFS increment 
(difference between DMFS at baseline and 
follow-up), presented as no new caries/new 
caries over a period of 3 years. For statistical 
analyses, SPSS 15.0 (SPSS, Inc, Chicago, Il) 
version 9 software was used.

Results
The figure presents caries risk assessment 
results at baseline for 109 examinees with 
three different multifactor models. Accord-
ing to the Cariogram, 70.9% of children 
were in the medium risk group and only 
7.3% in the high risk group. According to  

PreViser and CAT the majority of children 
were in the high risk group. 

Risk assessed with Cariogram and Pre-
viser was identical in only 30.02% of indi-
viduals. In the group of 30.02% identical 
risk profiles, 10.1% of the examinees showed 
assessed risk as low, 12.8% as medium and 
7.3% as high. Cariogram and CAT created 
identical risk profiles in only 19.2% cases 
(6.4% low, 5.5% medium and 7.3% high car-
ies risk). Agreement of risk profiles between 
Previser and CAT was found in 62.4% ex-
aminees (3.7% low risk, 1.8% medium risk 
and 56.9% high risk). 

To evaluate the extent of agreement be-
tween risk assessed by different models, the 
Kappa coefficient was used. There was poor 
agreement between Cariogram and Pre-
Viser (kappa coefficient=0.139, p=0.000), 
Cariogram and the CAT model (Kappa co-
efficient=0.053, p=0.049) and between Pre-
Viser and CAT (Kappa coefficient=0.103, 
p=0.143). 

To test the differences between caries risk 
profiles assessed with Cariogram, PreViser 
and CAT, the non-parametric Friedeman test 
was used. Mean ranks were: Cariogram 1.36, 

Figure1 Caries risk assessment at baseline using Cariogram, Previser and CAT models.

Amila Zukanović: Caries risk assessment models in caries prediction
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Previser 2.23, CAT 2.41. The test showed 
that there are significant differences between 
risks assessed with three different CRA mod-
els (Chi square = 100.073, p = 0.000). 

The Wilcoxon signed rank test was per-
formed to test the differences in risk profiles 
between the two related groups. The results 
showed that there are significant differences 
between caries risk assessed with the Cario-
gram and the PreViser (Z=-6.944, p=0.000) 
models and between risk assessed with 
Cariogram and CAT (Z=-8.010, p=0.000). 
There was no significant difference between 
individual risk assessed with PreViser and 
CAT (Z=-1.805, p=0.071).

Table 3 presents the Cariogram, PreViser 
and CAT risk profiles (assessed as low/me-
dium/high) related to DMFT and DMFS in-
dexes means at baseline and follow-up and 
actual caries increment of DMFT and DMFS 
indexes over the period of three years. 

Omnibus tests of model coefficients 
showed Chi – square equal to 6.172 on 2 
degrees of freedom (p=0.046), indicating 
that at least one of the covariates is signifi-

cantly associated with caries increment over 
3 years. Based on pseudo R square values 
(Cox&Snell R square = 0.084, Nagelkerke 
R Square = 0.141), it can be concluded that 
between 8.4 and 14.1 per cent of variabil-
ity is explained by this set of variables. The 
Hosmer-Lemesh test (Chi square = 0.000, 
p=1.000) supports our prediction model 
(binary logistic model with forward LR 
method), as being worthwhile. 

Table 4 presents the results of binary lo-
gistic regression for all three CRA models. 
The dependent variable was the DMFS in-
crement (difference between DMFS at base-
line and follow-up), presented as dichoto-
mous variables (no new caries/new caries, 
coded 0/1) over a period of 3 years. As in-
dependent variables, the value (low/me-
dium/high risk) of risk profiles for each of 
the model (Cariogram, PreViser, CAT) was 
entered in the binary logistic model sepa-
rately. Table shows that only the Cariogram 
can predict the development of new caries 
lesions in the future (p<0.05). The lowest 
risk group (Cariogram 0) was chosen as the 

Table 2 Cross-tabulation between individual risk profiles assessed with Cariogram, PreViser and CAT

Cross-tabulation

PreViser 

Low risk Medium risk High risk Total

n (%) n (%) n (%) n (%)

Cariogram 

Low risk 11 (10.1) 2 (1.8) 10 (9.2) 23 (21.1

Medium risk 7 (6.4) 14 (12.8) 57 (52.3) 78 (71.6)

High risk 0 (0) 0 (0) 8 (7.3) 8 (7.3)

Total 18 (16.5) 16 (14.7) 75 (68.8) 109 (100)

CAT

Cariogram 

Low risk 7 (6.4) 4 (3.7) 12 (11.0) 23 (21.1)

Medium risk 5 (4.6) 6 (5.5) 67 (61.5) 78 (71.6)

High risk 0 (0.0) 0 (0.0) 8 (7.3) 8 (7.3)

Total 12 (11.0) 10 (9.2) 87 (79.8) 109 (100.0)

CAT 

PreViser 

Low risk 4 (3.7) 1 (0.9) 13 (11.9) 18 (16.5)

Medium risk 2 (1.8) 2 (1.8) 12 (11.0) 16 (14.7)

High risk 6 (5.5) 7 (6.4) 62 (56.9) 75 (68.8)

Total 12 (11.0) 10 (9.2) 87 (79.8) 109 (100.0)

CAT= Caries-Risk Assessment Tool.
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Table 3 Caries risk assessment made by Cariogram, Previser and CAT and DMFT and DMF(S) increment over a 
period of 3 years

Caries risk assessment
Risk

Low risk Medium risk High risk

Individuals at baseline n (%)

Cariogram 23 (21.10) 78 (71.56) 8 (7.34)

Previser 18 (16.51) 16 (14.68) 75 (68.81)

CAT 12 (11.01) 10 (9.17) 87 (79.82)

Individuals at follow-up n (%)

Cariogram 13 (18.57) 52 (74.29) 5 (7.14)

Previser 11 (15.71) 13 (18.57) 46 (65.71)

CAT 8 (11.43) 5 (7.14) 57 (81.43)

DMFT at baseline (mean±SD)

Cariogram 2.13±2.67 5.50±3.12 5.75±1.58

Previser 0.67±0.97 3.69±2.12 6.04±2.86

CAT 2.42±2.50 4.10±2.42 5.22±3.27

DMFT at follow-up (mean±SD)

Cariogram 4.15±3.31 8.02±4.03 8.00±3.08

Previser 2.91±2.43 5.54±3.62 8.85±3.58

CAT 4.75±3.58 8.40±2.70 7.56±4.17

DMFT increment (mean±SD)

Cariogram  1.77±1.88 2.40±2.36 1.80±1.79

Previser 2.18±2.32 1.92±2.18 2.35±2.27

CAT 2.38±1.92 2.60±1.82 2.19±2.33

DMF(S) increment (mean±SD)

Cariogram 2.54±2.44 4.71±4.34 5.00±7.07

Previser 2.82±3.19 3.08±2.87 5.04±4.75

CAT 3.13±2.53 3.80±5.81 4.54±4.41

CAT=Caries-Risk Assessment Tool; DMFT=Decay Missing Filling Tooth. 

Table 4 Logistic regression model for Cariogram, Previser and CAT

Covariates B S.E. Wald df p Exp (B) 95.0% CI for Exp (B)

Cariogram  0 - - 6.08 2 0.048 - Lower Upper

Cariogram  1 1.609 1.12 2.04 1 0.153 5.00 0.551 45.39

Cariogram  2 2.442 1.01 5.83 1 0.016 11.50 1.58 83.38

Constant -0.405 0.913 0.197 1 0.657 0.667  -  -

CAT=Caries-Risk Assessment Tool.

reference value. Individuals with high caries 
risk (assessed with the Cariogram) have 11.5 
times more chance of developing new caries 

lesions in the future, compared to low caries 
risk individuals (Odds ratio = 11.5, p=0.016, 
CI=1.58-83.3). 

Amila Zukanović: Caries risk assessment models in caries prediction
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Discussion 

Caries risk assessment (CRA) is an impor-
tant step in dental treatment based on the 
concept of minimally invasive therapy, 
where therapeutic and prophylactic mea-
sures are planned, based on the results of 
caries risk assessment. The use of numerous 
and non-standardized CRA protocols can 
lead to bias in caries risk assessment. The 
Moss study showed that equable criteria are 
essential for determination and assessment 
of high-risk patients (14), and these are pro-
vided by applying standardized multifactor 
CRA models. There is no recommenda-
tion for dental practitioners in Bosnia and 
Herzegovina as to which protocol or CRA 
model to use in caries prediction. Bader’s 
research showed that even if a certain proto-
col for CRA was recommended, it remained 
unclear how it was used in dental practice 
(15) and even more, what was the reason for 
using a certain type of CRA protocol (16).   

CRA models vary, from simple ones that 
operate with only one caries risk factor to 
complex, multifactor models that include 
more sophisticated methods, like micro-
bial tests, saliva analyses and so on. Models 
that include only one caries – related factor 
or a combination of two risk factors, can-
not predict the risk of future caries devel-
opment successfully (3, 4, 5). In our study, 
we used three different, standardized, mul-
tifactor CRA models (Cariogram, PreViser 
and CAT) to assess the risk in 12 year old 
children. The caries risk was categorized as 
low, medium or high, using all three models 
for each individual. The results showed that 
very often, CRA models assessed the risk dif-
ferently – with one model, the child was as-
sessed as a low risk but with another model 
as a medium, or high-risk patient. PreViser 
and CAT were more radical in CRA, giving 
more unfavorable risk profiles, compared 
to the Cariogram. According to the CAT 
model, almost 80% of children were in the 

high-risk group. The reason for this is prob-
ably the way of categorization of risk groups, 
where individual overall caries risk assess-
ment is based on the highest level of any 
aforesaid risk indicator (low/medium/high 
risk). That way, the same importance was 
given to each of the caries risk factors in-
cluded in the CAT model. What this means 
is that a patient with beneficial (categorized 
as low risk) values/scores of all factors and 
only one unfavorable factor (categorized as 
high risk) will be categorized as a “high risk 
patient”. The PreViser model gave more fa-
vorable overall risk profiles for examinees 
than the CAT model, where about 70% chil-
dren were in the high-risk group. The Car-
iogram model assessed less than 10 % chil-
dren as high risk. Its categorization into risk 
groups is more moderate compared with the 
other two models. All three models assess 
the risk identically for only 12 % of exam-
inees. The greatest agreement in results was 
shown by  PreViser and CAT (63% of cases), 
where the majority of children were in the 
high-risk group (57%). 

There is not much scientific evidence 
of the efficiency of multifactor risk mod-
els. Evaluation of the Cariogram model 
through longitudinal research (examinees 
being school children aged 10-11 and older 
examinees aged 55, 65, 75) has showed that 
it can predict caries efficiently, better than 
any other model that includes single risk 
factors (13, 17, 18).  Based on the results of 
Hänsel-Petersson et al. from 2002 and 2003, 
Brathall D. concluded that the Cariogram is 
capable of sorting out individuals into risk-
groups that have an actual chance of devel-
oping new caries lesions in the future (19). 
On the other hand, Holgerson et al. showed 
that a modified Cariogram applied to pre-
school children was not particularly useful 
in identifying high caries risk patients in a 
low-caries community (20). In the study of 
Utreja et al., conducted to evaluate the accu-
racy of the Cariogram in predicting the oc-
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currence of caries in first permanent molars 
in 30 children aged 8, the results revealed 
that the Cariogram had a diagnostic accu-
racy of 63.33%, thus emphasizing the need 
for better prediction models (21). In our 
study, the Cariogram was used on the basis 
of the original manual, without any modifi-
cation of the program or risk factors entered 
into the Cariogram (22). The study results 
showed that the Cariogram can predict risk 
well in our examinees. Up until now, there 
has only been research proving PreViser ef-
ficacy in risk prediction, and that was only 
for the PAT module (23, 24, 25, 26). There 
has been no research to evaluate PreViser 
efficiency in caries risk assessment. The 
Caries risk Assessment Tool (CAT) helps in 
identification of caries risk factors, identifi-
cation of the high-risk children and better 
caries prediction (27). Based on our results, 
PreViser and CAT cannot predict caries suc-
cessfully in our examinees.

The analyses of the advisability and ad-
equacy of risk factors entered into a certain 
multifactor risk model, the mode of regis-
tration and scoring of risk factors, are be-
yond the scope of this research. However, 
it should be noticed that there is still no 
international consensus about which fac-
tors in risk assessment should be considered 
and how to evaluate them (28). Zero et al. 
evaluated predictive power of multifactor 
CRA models in patients of various age. They 
showed that the predictive powers of differ-
ent CRA models depend on the characteris-
tics of the population for which the models 
are designed, and that any combination used 
for CRA is not constantly good when ap-
plied to different groups of examinees (e.g. 
different age groups) (29). Powel concludes 
that the CRA model must be adjusted to the 
patient’s age as well as to caries prevalence 
inside the population (30). Each specific tar-
get population group (preschool children, 
teenagers, adults, and older patients) should 
have their own set of caries-risk variables to 

be considered during CRA. Taking all of the 
above into consideration, it should be noted 
that the Cariogram, the PreViser and the 
CAT were created and developed for popu-
lations of relatively low caries prevalence 
(USA, Sweden). It is somewhat expected 
that these models would not show equal ef-
ficiency when applied to 12-year-old Bos-
nian children (within a population of high 
caries prevalence and a completely different 
model of dental care compared to Sweden 
and the USA) (31). For these reasons, before 
we reject the models that did not show good 
efficiency in caries prediction (PreViser and 
CAT), the same models should be tested on 
a larger number of examinees from various 
populations and different age groups. 

Conclusion

Within all the limitations of this study, it can 
be concluded that our results suggest that of 
the three different multifactor CRA models 
(Cariogram, PreViser and CAT) only the 
Cariogram can successfully predict new 
caries development in Bosnian 12-year-old 
children (a high risk community).
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Objective. To characterize the oral health-related attitudes and behav-
iour of Czech parents of preschool children. Materials and methods. 
A representative sample of 796 parents was recruited for the cross-
sectional questionnaire survey. Study data were collected using a 
validated questionnaire with 44 attitudinal items related to different 
aspects of caries prevention. The data were analyzed by explorative 
factor analysis, extracted factors were subjected to reliability analysis 
and Kruskal–Wallis ANOVA was used to test differences in the fac-
tor scores in respondents with different levels of education and self-
perceived SES. Results. The factor analysis extracted 3 factors, labelled 
”Toothbrushing – perceived significance and parental efficacy”; ”Ex-
ternal caries control” and ”Internal caries control”. They explained 
28.9% of the data variability. The comparison of the factor scores in 
groups with different SES and education of mothers showed highly 
significant differences. For all three factors, median values of the ag-
gregated Likert scale increased with increasing SES and education of 
the mother. Conclusion. The parents report that they are aware of 
their responsibility for the prevention of tooth decay in their children. 
In caries prevention they concentrate on toothbrushing. Dietary mea-
sures do not seem to be of similar importance to them. The increasing 
self-perceived SES of the family and the education level of the mother 
have a significantly positive effect on the caries-preventive attitudes 
of the parents. Based on the study results, the message to the public-
health sector in the Czech Republic should include the need to high-
light the importance of a non-cariogenic diet and the role of fluorides 
in caries prevention.

Key words: Childhood caries, Oral health-related attitudes, Question-
naire survey, Socio-economic status.

Introduction
The main aetiological factors of dental caries 
include cariogenic bacteria, frequent intake 
of fermentable carbohydrates, disorders of 
salivary production and the composition 

and poor mineralization of hard dental tis-
sues (1). The above-mentioned major risk 
factors are modified by socioeconomic, 
psychological and behavioural risk factors, 
which act as indirect causal agents (2) and 

*The article is dedicated to professor Zdenek Broukal on the occasion of his 70th birthday, with gratitude and 
appreciation, professionally and personally.
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help explain the distribution of dental caries 
within the population. The Czech Republic 
is a country with relatively high caries prev-
alence in preschool children. In 2010, the 
proportion of 5yr-old children with intact 
teeth was 45 percent (3).

Thus, the aim of this cross-sectional ques-
tionnaire survey was to characterize oral 
health-related attitudes and the caries-pre-
ventive behaviour of Czech parents of pre-
school children in a representative national 
cohort of parents of preschool children. A 
similar study performed in the Czech Rep. 
in 2008 by Lencova et al. investigated the 
relationship between the parental locus of 
control and caries experience in preschool 
children, and concluded that higher internal 
parental locus of control is associated with 
better control of caries experience in their 
preschool children (4). The present study 
focused on a broader description of paren-
tal attitudes to dental caries prevention in 
association with their self-perceived socio-
economic status and the education level of 
the parents.

Materials and methods

The study was performed in 31 sites from 
different regions of the country. The study 
sites were selected, for the purposes of rep-
resentative nationwide oral health surveys, 
by the Czech Institute of Health Information 
and Statistics, in compliance with the World 
Heath Organization recommendations (5). 
At each site, 1-2 nurseries were randomly 
selected from the national registry of pre-
school establishments. Subsequently, the 
principals of the selected nurseries were in-
vited to join the survey. Two of the nurseries 
refused cooperation; therefore, alternative 
nurseries were selected. After obtaining the 
consent of the head teachers, in each nurs-
ery, the parents of 30 children aged 3-5 years 
were invited to participate in the question-

naire survey. At the nurseries with a lower 
number of eligible children, parents of all 
the children were invited. The study was ap-
proved by the competent Ethics Commit-
tee of the General University Hospital in 
Prague.

The standardized and validated ques-
tionnaire used in this study was employed in 
an international study on childhood caries 
and was based on psychological theoretical 
models (Theory of planned behaviour, Ai-
zen 2002, Health belief model, Rosenstock 
1952 and Locus of control, Walston 1976) 
presenting personal attitudes and beliefs 
as behavioural predictors (2). The parental 
questionnaire contained 44 attitudinal items 
associated with parental oral health beliefs 
related to dental decay, and information on 
the parents’ education and self-perceived 
socio-economical status. Each item was 
measured on a five-point Likert scale, rang-
ing from strongly disagree [1] to strongly 
agree [5]. The coding for the negatively for-
mulated items was reversed so that for all 
items higher scores reflected more positive/ 
correct attitudes. Missing data was imputed, 
allowing for up to 3 missing values. Parental 
education was recorded in three categories: 
“primary school or no formal education”, 
“secondary school” and “college/ univer-
sity”. Self-perceived socio-economical status 
(SES) was recorded on a scale/ ladder rang-
ing from 1-10 as “low SES“ (1-3), “middle 
SES” (4-7) or “high SES” (8-10).

The anonymous questionnaire forms 
were delivered to the nurseries and, after be-
ing distributed to the parents by the school 
principals and filled-out, they were returned 
to the investigators by regular post. The data 
were then transfered from paper to elec-
tronic form. Out of 1248 families with pre-
school children invited to participate in the 
study, i.e. to complete the parental question-
naires, 796 questionnaires were completed 
(response rate: 63.8%).
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Statistical analysis 

The data were analyzed by factor analysis, 
which made it possible to find latent asso-
ciations among a large number of variables 
with a similar variability, and group them 
into a smaller set of newly formed factors. 
The method of factor extraction was Prin-
cipal Components Analysis (PCA) with ro-
tation (Varimax). Factor loadings (FL), i.e. 
correlation coefficients between individual 
questionnaire variables and the factors, were 
calculated. Only variables with FL higher 
than 0.4 were included in the factors. Attitu-
dinal items in each factor were subjected to 
reliability analysis to test the internal consis-
tency of the data. From the attitudinal items 
of individual factors, aggregated Likert-scale 
scores were calculated for each individual 
respondent, and median values were deter-
mined in groups of respondents differing 
according to the level of education and self-
perceived SES. Factor scores of all extracted 
factors were tested using Kruskal–Wallis 
one-way analysis of variance in groups of re-
spondents differing according to the level of 
education and self-perceived SES. A prob-
ability level of 95 percent was used. The sta-

tistical analyses were performed using STA-
TISTICA 10 (StatSoft Inc.).

Results
The factor analysis extracted 3 factors, which 
explained 28.9% of the questionnaire data 
variability. The extracted factors including 
factor loadings of the variables, modus val-
ues and interquartile ranges are presented in 
Tables 1-3. Reliability analysis of each factor 
revealed the high internal consistency of the 
data - Cronbach´s alpha values above 0.70.

The factor 1 was labelled Toothbrushing 
– perceived significance and parental effi-
cacy (Table 1). As is obvious from Table 1, 
it was related to the parents´ willingness or 
determination to encourage and supervise 
their children during toothbrushing, or the 
positive attitudes of the “people around” to-
wards toothbrushing. This factor explained 
18% of the data variance with Cronbach´s 
alpha value 0.82.

Factor 2 was labelled External caries con-
trol (Table 2). This factor explained 6.3% of 
data variance with Cronbach´s alpha value 
0.75. It included mostly health-external 
attitudes to caries control, related to the 

Table 1 Factor 1: Toothbrushing – perceived significance and parental efficacy

Items of questionnaire Factor loading Modus Interquartile range 
(Q75-Q25)

We feel it is important that we check our child’s teeth for decay. 0.42 4 1

As a family we intend brushing our child’s teeth for him/her daily. 0.64 4 1

The people in my family would feel it was important to help brush our 
child’s teeth daily.

0.64 4 1

The people we know well would feel it was important to brush our 
child’s teeth daily.

0.53 4 0

We feel able to brush our child’s teeth for him/her. 0.65 4 0

I don’t know how to brush my child’s teeth properly.* 0.50 4 0

We feel it is important to check if our child has brushed his/her teeth 0.62 4 1

We don’t have time to help brush our child’s teeth daily.* 0.58 4 1

We cannot make our child brush his/her teeth daily.* 0.56 4 1

My child’s teeth are brushed as part of my child’s daily washing routine 
(washing hands and face).

0.59 4 1

* Items were reversed before the analysis.

Erika Lenčová et al.: Parental attitudes to caries prevention
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parent´s belief that the occurence of dental 
caries in their children depends on chance, 
luck, or the dentist. 

Factor 3 was labelled “Internal caries 
control” (Table 3). This factor explained 
4.6% of data variance with Cronbach´s al-
pha value 0.78. It included items related to 

parental awareness that it is their responsi-
bility to control caries risk in their child, the 
perceived seriousness of caries occurrence 
in their child, and the perceived significance 
of cariogenic nutrition control, use of fluo-
ride toothpastes and toothbrushing routine 
in the prevention of dental caries.

Table 2 Factor 2: External caries control

Items of questionnaire* Factor loading Modus Interquartile range 
(Q75-Q25)

It is the responsibility of the dentist to prevent our child getting tooth 
decay.

0.49 4 1

No matter what we do, our child is likely to get tooth decay. 0.56 4 1

It just looks bad if our child has tooth decay. 0.50 4 1

If our child gets tooth decay, it is by chance. 0.40 4 0

It would not make any difference to our child getting tooth decay, if we 
helped him/her brush every day.

0.52 4 1

It is worthwhile to give our child sweets/biscuits to behave well. 0.43 4 0

In our family, it would be unfair not to give sweets to our child every day. 0.60 4 0

It is not worth it to battle with our child to brush his/her teeth twice a 
day. 

0.42 4 1

It is just bad luck if our child gets tooth decay. 0.52 4 1

The dentist is the best person to prevent tooth decay in our child. 0.54 4 1

*Items were reversed before the analysis.

Table 3 Factor 3: Internal caries control

Items of questionnaire Factor loading Modus Interquartile 
range (Q75-Q25)

As a family, we are confident that we can reduce the chances of our child 
getting tooth decay

0.47 4 0

Tooth decay would have major consequences on our child’s general 
health

0.48 4 1

Tooth decay is a serious problem in baby teeth 0.51 4 0
As parents, it is our responsibility to prevent our child getting tooth 
decay

0.49 4 1

We can prevent tooth decay in our child by reducing sugary foods and 
drinks between meals

0.41 4 1

If we brush our child’s teeth daily, we can prevent our child getting tooth 
decay in the future

0.52 4 0

If our child uses a fluoride toothpaste, it will prevent tooth decay 0.46 4 1
We can prevent tooth decay in our child by helping him/her with 
brushing daily

0.54 4 0

It would not make any difference to our child getting tooth decay, if we 
helped him/her brush every day* 

0.42 4 1

Our child eating sugary foods and drinks in between meals would cause 
tooth decay

0.48 4 1

*Item was reversed before the analysis.
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From the 10 attitudinal items (each 
scored from 1 to 5 on a Likert scale by the 
respondents) in each of the 3 factors, aggre-
gated Likert-scale scores were calculated for 
each individual respondent, ranging from 
10 to 50. These scores reflected the strength 
of parental attitudes within each factor from 
negative / incorrect (lower scores) to posi-
tive / correct (higher scores). Additionally, 
median values of aggregated Likert-scale 
scores were determined in groups of re-
spondents with different self-perceived SES 
and education levels. In the above groups 
of respondents, the factor scores of all three 

factors were tested using Kruskal–Wallis 
one-way analysis of variance. The results are 
presented in Tables 4-6. 

The comparison of the factor scores in 
groups with different self-perceived SES and the 
education level of the mothers showed highly 
significant differences (p≤0.005). For all three 
factors, median values of the aggregated Likert 
scale increased with increasing SES and educa-
tion of the mother. The fathers´ education had 
no significant effect on toothbrushing behav-
iour (p=0.11), but significantly influenced ex-
ternal caries control (factor 2, p=0.00) and 
internal caries control (factor 3, p=0.01).

Table 4 Factor scores in parents with different self-perceived socio-economical status

Variables

SES1 Statistics

Low
(n=61)

Middle
(n=596)

High
(n=31)

K-Wc2 

value D. f. p

Factor 1 (Factor scores)2 Toothbrushing – perceived significance and parental efficacy
8.15 2 0.00

Aggregated Likert scale (median) 40 41 43

Factor 2 (Factor scores)2 External caries control
14.30 2 0.00

Aggregated Likert scale (Median) 35 38 39

Factor 3 (Factor scores)2 Internal caries control
10.06 2 0.00

Aggregated Likert scale (Median) 30 31 32

1Grouping variable; 2Dependent variable.

Table 5 Factor scores in groups with different maternal education level

Variables

Maternal education level1 Statistics

Prim. school/ no formal 
education (n=36)

Secondary school
(n=473) 

College/ 
university 
(n=254)

K-Wc2 

value D. f. p

Factor 1 (Factor scores)2 Toothbrushing – perceived significance and parental efficacy
22.41 2 0.00

Aggregated Likert scale (median) 40 40 42

Factor 2 (Factor scores)2 External caries control
32.20 2 0.00

Aggregated Likert scale (median) 36 38 40

Factor 3 (Factor scores)2 Internal caries control
31.16 2 0.00

Aggregated Likert scale (median) 31 31 32

1Grouping variable; 2Dependent variable.

Erika Lenčová et al.: Parental attitudes to caries prevention
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Discussion

Despite the fact that the three extracted fac-
tors explained only one third of the data 
variability, they had high internal consis-
tency, showing high reliability of the scales. 
The factors reflected the perceived rel-
evance of caries-preventive measures used 
in preschool children by Czech parents. 
High priority was given to toothbrushing. 
Its perceived significance and parental ef-
ficacy accounted for the first factor, which 
itself explained 18% of the data variance. 
The second factor reflected a perceived ex-
ternal locus of caries control and explained 
6 percent of the data variance. The last fac-
tor was labelled “Internal caries control” and 
explained nearly 5% of the data variance. It 
included miscellaneous items related to car-
ies prevention, including the perceived se-
riousness of the disease, nutritional factors 
and the preventive action of fluoride.

The extracted factors involved 30 out of 
44 attitudinal items of the original ques-
tionnaire. This outcome is related to the ex-
ploratory factor analysis, which is a method 
facilitating interpretation of multiple data. 
Despite the fact that the original question-
naire contained attitudinal items related to 
nutrition or the use of fluoride toothpastes, 
only two nutritional items were included in 
Factor 2, and two nutritional items and one 
item related to fluoride toothpastes were in-

cluded in Factor 3. This could reflect paren-
tal beliefs that prevention of the tooth decay 
is mainly about toothbrushing and to a less-
er extent about cariogenic nutrition control 
or the use of fluoride.

As is obvious from Tables 1-3, parental 
attitudes to caries prevention were generally 
correct, i.e. positively oriented. Neverthe-
less, comparison of their attitudes accord-
ing to self-perceived SES and the education 
level of the parents showed some significant 
differences. For all three factors, the me-
dian values of the aggregated Likert scale 
increased with increasing SES and the dif-
ferences in the factor scores among the 
groups were statistically highly significant. 
The situation was similar, i.e. the differences 
in attitudes to caries prevention were highly 
significant among the groups with different 
levels of maternal education. The father’s 
education had no significant effect on tooth-
brushing behaviour, but significantly influ-
enced external caries control (factor 2) and 
internal caries control (factor 3). This could 
have been influenced by the fact that most 
of the questionnaires (92%) were completed 
by the mothers.

Assumed shortcomings of the study
Based on the official data of the Czech sta-
tistical office, in 2011 there were 350,029 
children aged 3-5 years in the Czech Repub-

Table 6 Factor scores in groups with different father’s education level

Variables

Father’s education level1 Statistics

Prim. school/ no formal 
education
(n=49)

Secondary 
school
(n=440) 

College/ 
university
(n=249)

K-Wc2 
value D. f. p

Factor 1 (Factor scores)2 Toothbrushing – perceived significance and parental efficacy
3.65 2 0.11

Aggregated Likert scale (median) 41 40 41

Factor 2 (Factor scores)2 External caries control
12.18 2 0.00

Aggregated Likert scale (median) 36 38 39

Factor 3 (Factor scores)2 Internal caries control
9.03 2 0.01

Aggregated Likert scale (median) 31 31 32

1Grouping variable; 2Dependent variable.
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lic (6). Given the 5 percent margin of error 
and 95 percent desired confidence level, a 
minimum of 384 subjects was needed. Even 
though the number of subjects and stratifi-
cation of the study sites in this survey was 
determined in accordance with the Czech 
Institute of Health Information and Statis-
tics, it was not possible to recruit a com-
pletely random sample, as the participation 
of the subjects in the study was voluntary, 
based on informed consent. Based on ex-
perience from previous studies, the parents 
with the most negative attitudes towards the 
prevention of dental caries, whose children 
have the highest levels of caries, tend to re-
fuse to participate.

In general, questionnaire data are self-
reported, which means that respondents 
could have the tendency to report what they 
assume is expected rather than what they 
really believe. In addition, questionnaire 
items could reflect the knowledge of the re-
spondents rather than their real behaviour. 
However, the acceptable response rate and 
stratified national sample size used in this 
survey increase the validity of the findings. 
Moreover, the results of the survey confirm 
the literature findings that caries-preventive 
behaviour in families with children is posi-
tively related to the higher SES of the family 
and the education level of the parents, espe-
cially the education of the mother.

Conclusion

The positive finding of this study is that 
Czech parents in general report that they 
are aware of their own responsibility for the 
prevention of tooth decay in their children. 
However, this internal control becomes 
more pronounced with the rising self-per-
ceived SES of the family. A less favourable 
finding is that in the prevention of dental 
caries parents concentrate on toothbrush-
ing, and dietary measures and fluoride do 
not seem to be so important to them. In-

creasing self-perceived SES of the family 
and the education level of the mother have 
a significantly positive effect on caries-pre-
ventive attitudes. Based on the findings of 
this study, the message to the public-health 
sector in the Czech Republic should include 
the need to highlight the importance of non-
cariogenic diet and the role of fluorides in 
caries-preventive education. School-based 
preventive programs would probably be the 
most appropriate way adequately to target 
risk groups with low SES and low education 
of the parents.
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Dental caries is a multifactorial disease that affects most populations 
throughout the world and it is still the primary cause of oral pain and 
tooth loss. The occlusal surfaces of posterior teeth are the most vulner-
able sites for dental caries due to their anatomy. Therefore, the aim of 
the following article is to summarize current knowledge on occlusal 
caries development and the possibilities of its prevention. Although 
the overall caries rate today has fallen for populations in industrial-
ized countries, the rate of occlusal surface caries has not decreased. 
This may be explained with fact that topically applied fluorides and 
their mode of action prevent caries better on smooth than on occlusal 
surfaces. As we know, tooth decay of first permanent molars causes  
a great deal of different short and long term difficulties for patients. 
Therefore, there is a continuous need for implementation of programs 
for caries prevention in permanent teeth. Nowadays, we like to treat 
our patients by minimally invasive methods. A very important step in 
our effective preventive treatment is sealing pits and fissures as a cor-
nerstone of occlusal caries management. Reliable assessment of caries 
activity is also very important for defining treatment needs and plans. 
A very important decision, which should be made during occlusal car-
ies management, is the selection of restorative material according to 
the treatment plan. Conclusion. Current possibilities in occlusal car-
ies prevention and management are very effective. Therefore, dentists 
today do not have any excuse for avoiding the philosophy of Mini-
mally Invasive Dentistry, especially when we talk about caries man-
agement of occlusal surfaces in permanent molars.

Key words: Occlusal caries, Prevention, Pit and fissure sealing.

Introduction
Dental caries is a multifactorial disease that 
affects most populations throughout the 
world and it is still the primary cause of oral 
pain and tooth loss (1). From different epi-
demiological studies we know that 60-90% 
of the total population suffers from dental 
caries and problems with caries start in very 
young patients with primary teeth (2, 3).

On the other hand, over past decades 
the common consensus from many reports 

worldwide was that dental caries had de-
clined significantly and was continuing to 
decline in the population. The dental com-
munity has prided itself on its efforts that 
have reduced dental caries, including use of 
systemic and topical fluorides, toothpastes, 
sealants, improvements in diet, oral health 
education and dental care (4, 5). There are, 
however, some recent studies that report 
alarming increases in caries incidence. 
These increases are in children and adults, 

Operative control of dental caries
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primary and permanent teeth, and include 
coronal and root surfaces (6-8). The emerg-
ing public health issues are related to dis-
parities in the prevalence and treatment of 
dental caries. An important facet is the so-
cial impact of differences in dental caries for 
specific groups of individuals throughout 
the world. The increases in caries appear to 
occur in lower socioeconomic groups, new 
immigrants and children. While the causes 
of these increases in caries are unclear, it is 
possible that the benefits of prevention are 
not reaching these groups.

The dental hard tissues – enamel, dentin 
and cementum – form relevant solid surfac-
es which are coated by a pellicle, to which 
microbial cells attach (9). Saliva modifies 
the complex interplay between the teeth and 
the surrounding biofilm: the secretion, flow 
rate and composition of saliva are dynamic 
parameters that are controlled by the physi-
ological and pathological conditions of the 
host (10). The bacteria in the biofilm are 
metabolically active and they cause fluctua-
tions in the pH of saliva. These fluctuations 
induce the loss of mineral from the tooth, 
when the pH decreases, or gain of minerals 
when the pH increases. The localized de-
struction of the hard tissues, the caries le-
sion, is the sign or symptom of the disease 
(1). Occlusal surfaces of posterior teeth are 
the most vulnerable sites for dental caries 
due to their anatomy, favoring plaque re-
tention and maturation (11). Although the 
overall caries rate has fallen for populations 
in industrialized countries, the rate of caries 
lesions in pits and fissures has not decreased 
at the same time (12). As we see, young per-
manent teeth are especially vulnerable, and 
early progression of occlusal caries lesions in 
first permanent molars causes a great deal of 
different short and long term difficulties for 
patients (13, 14). One of the main reasons 
for the less effective occlusal caries preven-
tion today, in the so-called “post-fluoride” 
generation, is the fact that topically applied 

fluorides prevent caries better on smooth 
surfaces than in pits and fissures. That 
makes changes in current epidemiologic 
situation and it is recognized like increase 
of new primary lesions on occlusal surface 
(15).  Therefore, there is a continuous need 
for implementation of effective programs to 
prevent caries in the pits and fissures of the 
permanent molars of schoolchildren. 

Occlusal caries lesions  

The term fissure caries was earlier used to 
describe the caries lesions found in pits and 
fissures. This definition was based on the 
assumption that the high incidence of car-
ies lesions in molar pits and fissures was 
directly related to poor cleaning accessibil-
ity to these surfaces. Occlusal pits and fis-
sures vary in shape but are generally narrow 
(about 0.1 mm wide), with invaginations 
or irregularities where bacteria and food 
are mechanically retained. Saliva cannot 
reach the base of the fissures and those areas 
cannot be properly cleaned mechanically. 
Toothbrush bristle is too large (diameter 0.2 
mm) to penetrate most fissures. The thick-
ness of enamel at the base of deep fissures is 
minimal and in many cases the fissures ex-
tend practically to the dentinal surface (16).  

Present knowledge indicates that the 
narrow fissures in young permanent molars 
are not the focus for the caries initiation per 
se. Two factors have been considered of im-
portance for plaque accumulation and car-
ies initiation on occlusal surfaces: the stage 
of eruption or functional usage of teeth and 
surface specific anatomy (17, 18). A carious 
lesion initiates as a local process at the en-
trance, along to deep fissures as plaque ac-
cumulates within the slopes of the cusps on 
occlusal surfaces. These sites offer protection 
against physical wear, and favor the forma-
tion of micro-cavities that further improve 
local conditions for oral bacteria, whereas 
the deepest part of the fissure usually har-

Hrvoje Jurić: Occlusal caries management 



218

Acta Medica Academica 2013;42:216-222

bors non-vital bacteria or calculus (19). The 
growth and proliferation of bacteria acceler-
ate demineralization and destruction of oc-
clusal surfaces (1). These areas often become 
stagnated due to the demineralization/rem-
ineralization process and can be clinically 
identified. Therefore, for conventional pit 
and fissure caries, the use of the more accu-
rate term “occlusal caries” is suggested (20).  

Development of occlusal caries management

We can provide for prevention of occlusal 
caries on different levels and using different 
approaches. At the very beginning of oc-
clusal caries prevention Hyatt suggested the 
prophylactic odontotomy (21). During this 
procedure small superficial occlusal cavities 
were made in pits and fissures and restored 
with amalgam. After that, Boedecker’s first 
suggestion was that for preventive reasons 
we can undertake prophylactic restoration 
with oxyphosphate cements on occlusal 
surface. Finally, for the same preventive rea-
sons, he suggested “eradication” of occlusal 
enamel fissures. Using this technique, the 
slopes of the cusps were reduced in order 
to ensure adequate accessibility of the pit 
and fissure system during teeth brushing 
and successful plaque removal from the oc-
clusal surface (22). When we look back, we 
realize that those technique had two main 
disadvantages. Both techniques in the end 
sacrifice sound enamel and their preven-
tive effectiveness has never been proven by 
any clinical study. Nowadays, we like to treat 
our patients using minimally invasive meth-
ods or if possible, non-invasively. Therefore, 
those old techniques for prevention of oc-
clusal caries have only historical value. 

What is the scientific and professional 
background of the modern “Minimally In-
vasive Dentistry” (MID) philosophy? The 
goal of MID is to preserve healthy tooth 
structure as much as possible. It focuses on 
prevention, remineralization, and minimal 

restorative intervention. Using scientific 
advances, MID allows dentists to perform 
the least amount of dentistry needed while 
never removing more of the tooth structure 
than is required to restore teeth to their nor-
mal condition. The development of adhesive 
dentistry and scientific progress in under-
standing the nature of caries has enabled 
dentists to do more than simply remove and 
replace diseased tissue. The new paradigm 
of MID can be emphasized of following the 
concept presented by Tyas and coworkers 
(23): early caries diagnosis; the classification 

of caries depth and progression; the assess-
ment of individual caries risk; the reduction 
of cariogenic bacteria; the arresting of active 
lesions; the remineralization and monitor-
ing of non-cavitated arrested lesions; the 

placement of restorations in teeth with cavi-
tated lesions (minimal cavity design); the re-
pair rather than the replacement of defective 

restorations; assessing disease management 
outcomes at pre-established intervals.

Current approach in occlusal caries 
prevention

Sealing of sound occlusal enamel

A non-invasive approach is always impera-
tive when we talk about prevention in den-
tistry. Therefore, professional teeth cleaning 
with fluoridated paste and application of 
fluoride varnish on the occlusal surface or 
sealing of the pits and fissures system are 
techniques which should be recommended 
for everyday practice. When we talk about 
sealing of sound pits and fissures, we can ac-
tually distinguish two different levels of in-
tervention and we can recognize preventive 
and therapeutic sealant application. 

When we do preventive sealant appli-
cation we treat completely sound occlusal 
enamel without any clinical signs of demin-
eralization. The therapeutically oriented ap-
proach of sealant application means that we 
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have the clinically visible first signs of enam-
el demineralization (“white spots”) and that 
without any invasive intervention we seal 
that enamel (24). One of the main problems 
is that pit and fissure sealing must be applied 
very early, immediately after tooth erup-
tion, when the cooperative ability of children 
could be very low. In this case, some anatom-
ical factors and lack of proper isolation may 
reduce the retention of sealants and that de-
creases efficacy of occlusal caries prevention.

Enamel/dentin lesions sealing

In recent years we have increased therapeu-
tic sealant application over incipient caries 
to prevent progression of the lesion (25, 26). 
In this case, the most important fact is how 
many viable bacteria are left behind that can 
induce further progression of caries lesion. 
The second important fact is the adequate 
adherence of sealing material. Theoretically, 
good adhesion of sealing material cuts off 
any possible influence from the oral cavity, 
the metabolic activity of cariogenic micro-
organisms is reduced and caries progress 
stops. Research shows that the application of 
sealants on fissures with questionably cavi-
tated lesion (“sticky fissures on probing”) 
resulted in the reduction of viable bacteria, 
compared with unsealed fissures (27). Use 
of acid etching as a pretreatment also killed 
between 75-95% of all bacteria in the pits 
and fissures (28, 29). Analyzing those data, 
and according to the modern philosophy 
of MID, it is very obvious that cutting away 
enamel caries lesions is not necessary.  

Sealing of cavitated pits and fissure le-
sions in dentin is still a procedure which 
should be better investigated. A few reports 
show that arresting of dentin lesion is possi-
ble, but we believe that the clinical outcome 
of the treatment is still unpredictable (30). 
On the other hand, another study shows that 
sealed caries fissures showed significantly 
more microleakage and insufficient sealant 

penetration depth than sound fissures. Nei-
ther the use of an adhesive nor its intermedi-
ate curing influenced the microleakage score 
and the penetration ability of sealants (31). 
Therefore, we still wait for more in vitro and 
in vivo studies which would confirm the ef-
ficacy and reliability of dentin lesion sealing. 
In the meantime, when we want to deal with 
pit and fissure dentin lesions we should stick 
to procedures such as “preventive resin resto-
rations” (PRR). This restorative approach for 
occlusal caries was introduced by Simonsen 
and Stallard and was indicated for small cavi-
tated lesions of occlusal surfaces extending 
up to the dentin level (32, 33). In this method 
cavity preparation is minimal and limited 
to the removal of the local caries lesion. The 
cavity is then restored with composite resin 
or glass ionomer cement, before the sealant 
is applied over the edges of the filled cavity, 
also covering the remaining pits and fissures.

Simonsen classified preventive resin 
restorations into 3 categories: type 1 does 
not penetrate the enamel. Type 2 involves 
a restorative procedure in the enamel and 
replacement of lost tooth structure with 
sealing of the adjacent unprepared pits and 
fissures accomplished using a flowable resin 
composite. Type 3 is suggested if the lesion 
has emerged up to the dentin level. Two 
materials are used – one to restore and one 
to prevent future caries attack (34). For the 
underlying filling material we can use com-
posite resin (flowable or standard) or glass 
ionomer cement (35). The second material 
seals the complete fissure and it should be 
made with composite resin. 

Diagnostics of occlusal caries and decision 
making

Caries diagnosis is a process which can be 
considered as a three-step procedure: detec-
tion of the lesion, assessment of the severity 
of the lesion and assessment of the lesion ac-
tivity (36). Accurate and reliable assessment 
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of caries activity is important for determin-
ing appropriate treatment needs and estab-
lishing an adequate treatment plan (37). 
From a clinical point of view, caries lesions 
can be classified as progressive (active) or 
non-progressive (inactive). If the progres-
sion of the lesion is somehow limited, the 
terms “arrested” or “chronic” can be used. 
Assessment of the activity of lesions was in-
troduced in a set of clinical caries diagnostic 
criteria (38). “Nyvad criteria” are based on 
the physical properties of the surface reflec-
tion and texture of early lesions, with chalky 
and rough lesions being active, and smooth, 
shiny surfaces being inactive or arrested. 
The color of the lesion can also be used to 
make the distinction between arrested and 
active, as the surface enamel of arrested le-
sions takes minerals from surrounding flu-
ids, while active lesions retain their white 
appearance. Active non-cavitated lesions 
have a higher risk of progressing to a cavity 
than the same inactive lesions. According to 
this diagnostic criteria, decision making and 
establishing of treatment plan is easier and 
the clinical outcome more predictable. The 
second diagnostic criteria used very often  
are the International Caries Detection and 
Assessment System (ICDAS). This system 
was developed to create an integrated defi-
nition of dental caries and a uniform system 
to measure the caries process (39). Today we 
also have ICDAS II, the updated modifica-
tion of the original criteria (40). The criteria 
for the ICDAS classification were and have 
features associated with the “Nyvad criteria” 
and we can say that the assessment of car-
ies activity is today the cornerstone for deci-
sion-making in occlusal caries management. 

Materials for pit and fissure sealing

A very important decision during occlusal 
caries management is the selection of re-
storative material for pit and fissure sealing. 
Many different in vitro and in vivo studies 
have been undertaking and analyzing those 

results, it may be concluded that resin-based 
sealants are still the gold standard and best 
choice for everyday clinical practice (41, 
42). Other materials used for pit and fissure 
sealing are less effective than resin-based 
sealants (43). However, some other studies 
confirm that “alternative” materials, such 
as glass ionomer cements, can also be very 
effective for pit and fissure sealing in situa-
tions when we need to seal partially erupted 
molars and have difficulties in proper tooth 
isolation (44). 

Conclusion

Current possibilities in occlusal caries man-
agement, as we mentioned in the text above, 
are great and very effective in preventive 
and therapeutic approaches, as many dif-
ferent studies confirm (45), especially when 
we stress the fact that the incidence of car-
ies on occlusal surfaces has increased last 
two decades in comparison of caries on 
smooth surfaces. Therefore, dentists today 
do not have any good excuse for avoiding 
the philosophy of MID, especially when we 
talk about prevention and restorative inter-
vention on occlusal surfaces of permanent 
premolars and molars. From fluorides to 
resin-based sealants and glass ionomer ce-
ments, we have a large number of different 
possibilities, techniques and materials, to 
prevent the loss of hard dental tissue. This 
way of thinking is easy to understand when 
we consider the fact that any cavitation is the 
irreversible loss of hard dental tissue which 
must be replaced with biological inferior 
material, as all dental restorative materials 
available today.   
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Objective. The aim of this study was to evaluate the effects of different 
techniques of surface treatment on the microleakage of fissure seal-
ants in permanent molar teeth in vitro. Materials and methods. 96 
extracted impacted human third molars were randomly divided into 
8 surface treatment groups (n=12/group) as 1. Er: YAG laser; (Fidelis 
II, Fotona, Ljubljana, Slovenia) (125 mj, 20Hz). 2. Er: YAG laser + 37% 
H3PO4 (15s); 3. ER: AG laser + 37% H3PO4+Prime&Bond NT; 4.  Er: 
YAG laser + G Bond; 5. Er: YAG laser + Prime&Bond NT; 6. 37% 
H3PO4; 7. 37% H3PO4 + Prime &Bond NT; 8. G Bond. Sealant material 
(Clinpro, 3M ESPE, Seefeld, Germany), was applied into the fissures 
and light-cured for 20s with LED (Bluephase C5, Ivoclar-Vivadent, 
Schaan, Liechtenstein). Specimens were subjected to thermocycling 
(1000×, 5-55°C, dwell time: 15s) and immersed in 0.5% basic fuchsin 
solution for 24h at 37°C. The samples were sectioned and scored on a 
3 point rating scale using a light microscope with a magnification of 
×20. One-way analysis of variance was used to analyze data. Multiple 
comparisons were analyzed using Bonferroni test (p=0.05). Results. 
Er:YAG laser showed the highest microleakage scores whereas Er YAG 
laser + 37% H3PO4 showed the lowest. Although 37% H3PO4 group 
showed higher scores than Er:YAG laser + 37% H3PO4, the difference 
was not statistically  significant. Conclusion. Etching fissures with 
phosphoric acid is sufficient prior to fissure sealant application

Key words: Fissure sealant, Laser, Preventive dentistry.

Introduction

Pit and fissure sealants constitute one of 
the preventive interventions in paediat-
ric dentistry. Their effectiveness for caries 
management on occlusal surfaces has been 
documented in numerous clinical studies 
(1-3). However, their preventive benefits 
rely directly upon the ability of the sealing 
material to thoroughly fill pits and fissures 
so that it remains completely intact. Subse-
quently, caries development underneath the 

sealant restoration is avoided (4). However, 
undetectable caries in fissures and saliva 
contamination prior to sealant application 
are two main problems that can lead to poor 
bonding to enamel. An invasive approach of 
widening the fissures before sealing applica-
tion helps the sealant retention (5). Yet, pur-
poseful removal of enamel in a sound tooth 
may disturb the equilibrium of the fissure 
system and expose the patient to drilling (6, 
7). The latter problem, saliva contamination, 
is frequently faced after the pretreatment of 
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enamel with phosphoric acid to create mi-
croporosites for retention. This could occur 
at the very critical step, when the cotton rolls 
are changed after rinsing off the etchant. 
When the microporosites are coated with 
saliva, the retention and effectiveness of the 
fissure sealants are jeopardized (8). Several 
studies have shown the benefits of adding 
a bonding agent layer between the etched 
enamel and the sealant to increase the bond 
strength in the face of moisture and salivary 
contamination (9, 10). 

Currently, various enamel treatment 
procedures are still under discussion for 
the optimization of fissure sealant penetra-
tion. In recent years there has been signifi-
cant progress in the use of lasers in dentistry. 
Lasers can be a useful device for dental care 
in children, particularly for those with den-
tal fear by eliminating stressors such as the 
sight and sensation of a drill (11). Laser etch-
ing does not require tooth isolation. The la-
sered enamel surface becomes fractured and 
uneven, which helps the adhesion of resin 
based materials. Furthermore, laser produces 
an acid resistant surface, which could avoid 
secondary caries formation (11-13). With 
all these beneficial features, this technique 
seems to be promising in overcoming the 
problems faced during fissure sealant appli-
cation. To date, laser etching of fissures prior 
to fissure sealant application has been inves-
tigated in various studies (14-19). However, 
it is still questionable whether laser etching 
alone eliminates the need for acid etching 
of the enamel surface prior to placement 
of fissure sealants. There is scarce informa-
tion about the use of laser pretreatment in 
combination with acid etching and bonding 
agents in dental literature. Microleakage un-
der fissure sealants is only one of the several 
ways of assessing the success or failure. 

Therefore, the aim of the present study was 
to assess the effectiveness of different enamel 
surface treatments on microleakage of fis-
sure sealants applied to sound permanent 

molars in vitro. The hypothesis of the study 
was that lasered and/or bonded fissure seal-
ants showed less microleakage than sealants 
prepared with the acid etching technique. 

Materials and methods

Recently extracted sound impacted third 
molars were kept in 0.2% sodium azide 
solution at a temperature of 4°C prior to 
the study. The fissures were cleaned with a 
pumice, using a soft brush and air-water jet. 
Subsequently, fissures were examined at 20× 
under a dissecting microscope to exclude 
ones with cracks, structural defects or in-
cipient caries lesion. A total of 96 teeth were 
assigned randomly to eight groups (n=12/
each) (Table 1), in which different pretreat-
ments were carried out according to the 
manufacture’s instructions (Table 2).  

In the laser groups, occlusal fissures were 
irradiated with an Er: YAG laser (Fidelis II, 
Fotona, Ljubljana, Slovenia). Before operation 
the power output was set at 2.5 W. The pulse 
energy was  set at 125 mj and the repetition 
rate was 20 Hz. The laser beam was delivered 
in non-contact mode with the hand piece po-
sitioned perpendicularly to the fissures.

After each of the pretreatments, the 
sealant (Clinpro, 3M ESPE, Seefeld, Ger-

Table1 Different pretreatment of fissures prior to 
sealant application 

Group Surface Pretreatment 

1 Er: YAG laser irridation 

2 Er: YAG laser irridation + 37% orthophoshoric 
acid etching

3 Er: YAG laser irridation + 37% orthophoshoric 
acid etching + Prime &Bond NT

4 Er: YAG laser irridation + G Bond 

5 Er: YAG laser irridation + Prime &Bond NT

6 37% orthophoshoric acid etching

7 37% orthophoshoric acid etching + Prime 
&Bond NT

8 Self etching adhesive (G Bond)
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many) was applied into the fissures with a 
tip syringe and spread with a dental probe 
to prevent air entrapment. The sealant was 
light-cured for 20 s using LED (Bluephase 
C5, Ivoclar Vivadent) with an output of 500 
mw/cm2.  All teeth were treated by the same 
operator. After light curing, the specimens 
were subjected to thermocycling. The teeth 
were subjected to a thermocycling regimen 
of 1000 cycles between 5°C and 55°C wa-
ter baths. Dwell time was 15 seconds with 
a 10 second transfer time between baths. 
Thereafter, microleakage was assessed by 
the conventional dye-penetration method. 
The apices of the teeth were covered with 
composite to avoid dye penetration, and af-
ter that, the whole tooth surface, apart from 
the area within 2 mm of the sealant varnish 
interface. Specimens were then immersed 
in 0.5% basic fuchsine solution (Wako Pure 
Chemical Industry; Osaka, Japan) for 24 
h at 37°C. Afterwards the specimens were 
rinsed thoroughly with water and had their 
roots cut out using a diamond bur. The 
sealed crowns were embedded in self-curing 
acrylic resin and sectioned along the bucco-
lingual direction through the mesial, central 
and distal fissures, resulting in four tooth 
fragments with six section sides available 
for inspection. Microleakage was scored by 
two blinded independent observers, using a 
light microscope with magnification of × 20 
(Leicamicrosystems stereo microscope, Ltd.
Stereo and microscope systems; Heerburg, 
Switzerland). Microleakage per section side 

was scored on a 3 point rating scale. Score 
0 indicated no microleakage visible, score 
1 revealed microleakage in up to half of the 
fissure, while score 2 meant microleakage 
reaching more than half of the fissure. In 
case of disagreement between the observers, 
a third independent observer was consulted 
to make the final decision. To determine the 
intra-examination reliability, 10 randomly 
selected molar fragments were re-evaluated 
for microleakage. The intra kappa value was 
found to be 1 by both of the examiners.

Statistical analysis 

Statistical analysis was carried out by us-
ing Statistical Packages for Social Sciences 
(SPSS) 15.0 for Windows. One-way analy-
sis of variance was used to compare the 
microleakage measures of different groups.  
Multiple comparisons between groups were 
analyzed using the Bonferroni test. Statisti-
cal analysis was conducted at a significance 
level of p<0.05.

Results
The mean microleakage scores and standard 
deviations of all groups are given in Table 3. 

No tooth section was lost during the 
preparation of the specimens.

All the groups demonstrated microleak-
age regardless of the surface pretreatments. 
The lowest microleakage values were ob-
tained in group 2 (laser etching in combi-

Table 2 Composition and application procedures of etchants and adhesive materials prior to sealing

Product Composition Application

Scotchbond etching gel 
(3MESPE; St Paul, MN, USA)

37% phosphoric acid gel Apply and leave for 30 s, rinse 15 s, 
air dry for 10 s.

Prime & Bond NT 
(Dentsply De Trey; Konstanz, 
Germany)

Di-and trimethacrylate resins, PENTA, nanofillers, 
amorphous silicone dioxide, photoinitiators, 
stabilizers, cetylamine hydrofluoride, acetone

Apply and leave for 20 s, gently air 
dry, light cure for 20 s.

G Bond Acetone, distilled water, 
4-methacryloxyethyltrimellitate anhydride, 
urethane dimethacrylate, triethyleneglycol 
dimethacrylate

Apply and leave for 10 s, dry 
thoroughly under air pressure for 5 s 
and light cure for 10 s. 

Asli Topaloglu- Ak et al.: Microleakage of fissure sealants 
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nation with acid etching). The highest mi-
croleakage scoring was observed in group 
1 (laser etching). Based on the levels of sta-
tistical significance, the following ranking 
was achieved in terms of lowest to highest 
microleakage values: Laser + acid etching 
= laser + GBond = laser + acid etching + 
Prime&Bond NT = acid etching <acid etch-
ing + Prime&Bond NT = GBond = laser + 
Prime&Bond NT = laser (“<” denotes sig-
nificantly lower value at p<0.001; and “=” 
denotes no significant difference at p>0.05). 

Discussion

Microleakage in fissure sealants is often 
faced, unless the material is handled prop-
erly and saliva contamination is controlled 
(20). The latter problem derives from the 
sensitivity of the technique of placement of 
fissure sealants (21). The multi-step require-
ments such as drying, acid etching, rinsing 
and drying again increase the saliva con-
tamination risk. Many pretreatment proto-
cols have been developed to overcome this 
problem. One of them was the bonded seal-
ant technique which supported the idea of 
using an adhesive system prior to sealant ap-
plications (22, 23). Both in vitro and in vivo 

Table 3 Mean microleakage scores and standard 
deviations (SD) of different enamel pretreatment 
groups 

Enamel pretreatment 
Groups (n=12 for each group)

Mean microleakage 
scores  ± SD (12 
teeth × 6 sides)

Laser (n=72) 1.30±1.24b

Laser + Acid etching (n=72) 0.23±0.59a

Laser + Acid Etching + Prime & 
Bond NT (n=72)

0.43±0.81a

Laser + G Bond (n=72) 0.27±0.61a

Laser + Prime & Bond NT (n=72) 1.12±1.25b

Acid etching (n=72) 0.45±0.78a

Acid + Prime&Bond NT (n=72) 0.80±1.09b 

G Bond (n=72)  0.83±1.03b

a,bp <0,001

studies substantiated the benefits of use of 
adhesive materials as an intermediate layer 
under the sealant materials (9, 10). With the 
introduction of self-etching adhesives, this 
technique has become even more attractive 
due to the elimination of the separate etch-
ing, rinsing and drying steps. Moreover, a 
reduction in chair time is another advantage 
for dentists, especially in treating uncoop-
erative children (24). 

Laser etching is another alternative to be 
used with fissure sealant application. It leads 
to the formation of more stable and less acid 
soluble compounds, thus reducing suscepti-
bility  to secondary caries (25, 26). In addi-
tion, enamel treatment with laser irradiation 
is claimed to facilitate the receptiveness to 
adhesive procedures (27, 28). However, in 
the dental literature there is scarce informa-
tion about the combined use of laser etching 
and adhesive systems prior to the placement 
of resin based sealant material. Microleak-
age tests are useful methods to evaluate the 
sealing performance of adhesive systems 
(29). Dye penetration measurements are the 
most commonly used techniques. However, 
in the dental literature, microleakage studies 
are often quite incomparable due to the dif-
ferent study designs and dye materials used. 
Various particle sizes of dye materials can af-
fect the dye penetration between the enamel 
and the resin material, leading to different 
microleakage results (17). Moshonov et al. 
(30) reported no microleakage in both laser 
etched and acid etched samples. They con-
cluded that 1% methylene blue dye solution 
might have produced these results because 
the particle sizes were bigger than other so-
lutions, such as 0.2% rhodamine, 50% silver 
nitrate or 0.5% basic fuchsine solutions. In 
the present study, 0.5% basic fuchsine solu-
tion was used to overcome the dye penetra-
tion problem. Three parallel cuts were made 
in the bucco-lingual direction through the 
mesial, central and distal fissures, resulting 
in four molar fragments with six section 
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sides available for inspection, to increase 
the reliability of measurements. To date, 
comparative studies regarding laser etching 
versus acid etching have yielded conflicting 
results (30-33). Our results are in line with 
studies reporting that laser etching does 
not eliminate the necessity for additional 
acid etching (33, 34), in contrast to those 
reporting similar etching performance (30). 
Within the limitations of these in vitro con-
ditions, the current study showed that laser 
etching alone performed the worst, whereas 
laser etching in combination with acid etch-
ing performed the best among all groups. 

However, conventional phosphoric acid 
was found sufficient to etch the enamel sur-
face to create the required retention of the 
resin based fissure sealant material.  

Based on our results, lasered v. non-laser-
ed fissures prior to application of a total etch 
adhesive system did not make a significant 
difference in terms of microleakage. Our 
finding was supported by Cehreli et al. (35). 
They reported that the use of Er, Cr: YSGG 
laser prior to bonded fissure sealant appli-
cation did not improve microleakage resis-
tance (35). However, laser etching in combi-
nation with self-etching adhesive provided 
less microleakage compared to self etching 
alone. This may be explained by previous 
studies, stating the lower bond strengths, 
greater microleakage and shallow etching 
patterns of self-etching adhesives (20, 22, 36, 
37). It may be suggested that laser etching 
might promote stronger resistance to micro-
leakage of self etching adhesives.

Conclusion

Within the limitations of the present study, 
etching fissures with phosphoric acid was 
sufficient prior to fissure sealant application. 
Further studies are required to test the effec-
tiveness of laser pretreatments in preventing 
microleakage and secondary caries forma-
tion under resin based sealant material.
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Objective. The purpose of this study was to present the impact of de-
mography and market dynamics on the organizational and techno-
logical development of dental practices in Bulgaria during the period of 
socio-economic transition from 1990 to 2010. Material and methods. 
Relevant data were gathered from the official registers of the Bulgarian 
Dental Association, National Health Insurance Fund, National Health 
Information Institute and research studies, published during the period 
1990-2010. They were analysed and are discussed in this paper. Results. 
During the period there was a decrease in population of Bulgaria, from 
8,149,468 in 2000 to 7,563,000 in 2010 and a movement from rural 
areas to cities. There was an aging population with an increase in oral 
health care needs at a time of decrease in the size of the national labour 
force and economic growth. Paradoxically, over the last 20 years, the 
number of dentists in Bulgaria increased by more than 50% from 1997 
to 2008. The average age of dentists changed from 39.7 years in 1997 
to 41.7 years in 2008. The number of group dental practices increased 
and the number of individual practices and group practices for spe-
cialized dental care and dental centres decreased. The utilization of 
dental services is currently “about half ” that of the mean for all Euro-
pean Union Member States, which is over 80% per year. Conclusions. 
The growing number of elderly people who have retained their teeth 
suggests an increase in treatment needs. However, the decline in their 
purchasing power limits the demand for oral health care services. In 
order to meet this and other challenges Bulgarian dentists have started 
changing their traditional solo-practice to group-practice.

Key words: Dental demography, Dental service, Utilization of dental 
services.

Introduction
During the last two decades, dentistry in 
Bulgaria has faced radical transformation 
(1). Oral health care evolved from 100% 
public funding to almost 100% private fund-
ing. In the early 1990’s dentists lost state 

control and gained the status of liberal prac-
titioners. As a result, access to oral health 
care for the population as a whole was af-
fected and the utilization of health services 
declined. New opportunities in organizing 
practices but challenges from the new social 
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and economic environment and the demo-
graphic dynamics in the country arose (2).

Demographic data for Bulgaria for this 
period showed a steady trend of a decrease 
in the population, an aging population, and 
an uneven population distribution, with 
movement from rural areas to cities all over 
the country. In contrast to the decrease in 
the number of inhabitants, the number of 
dentists increased rapidly (3). On one hand, 
the oral health care market was stimulated, 
on the other hand, the demographic and 
economic changes depressed dentists’ in-
comes and their potential to invest in new 
technology and innovative management (4). 

This paper tries to open a discussion on a 
range of market and professional issues and 
to define long-term trends in oral health 
care in Bulgaria which have resulted from 
the radical social transformations, experi-
enced by the population and the dentists.

The aim of this paper was to present the 
impact of the demographic changes and the 
commercialization of dental services on the 
organizational and technological develop-
ment of dental practices during the period of 
socio-economic transition in Bulgaria. In par-
ticular, the following areas were investigated: 
1. Population demography, 2. Dental demog-
raphy, 3. Dental practices’ development, and 
4. Utilization of the oral health care services.

Material and methods

The study was based on an analysis of second-
ary data, which were accessed from the official 
registers of the NCHI1 the NSI2, Bg. D A3 and re-
search studies, published during the last 20 years. 

The analysis of the literature comprised 
two periods: (1990-2000)4 and (2000-2010)5 

1 National Center for Health Information
2 National Statistical Institute
3 Bulgarian Dental Association
4 The period between 1990 and 2000 is marked by the 
change of legislation relative to private practice protection 
(liberalization and privatization).
5 The second period is characterized by the introduction 
of the third party payment (regulation).

and covered issues relevant to: health reforms 
(5-7), the professional status of dentists (8, 
9), trends in dental demography (10, 11), the 
number of dentists and their mobility (12), 
other dental personnel (13), oral health care 
service (14), oral treatments’ needs (15), uti-
lization of oral health care services (16).

Results

Population demography

Based on the official sources, the population 
of Bulgaria decreased by 8.2% during the 
period 2000-2010 (from 8,149,468 in 2000 
to 7,563,000 in 2010) (17).

The age and sex distribution of the popu-
lation showed a slow but stable trend towards 
a decrease in the number of younger people 
and a considerable increase in the propor-
tion of over 65 years olds, usually in rural 
areas. The number of women remained con-
stant. In the younger age groups there was a 
slight increase in the male population from 
49.5% to 50.1%. The larger proportion of el-
derly women is generally due to the higher 
life expectation of the female population in 
Bulgaria (Figure 1).

The population is unevenly distributed 
over the country, in a small number of ma-
jor cities (18) such as the capital city of Sofia 
and some large cities of the Black Sea area 
(Varna and Bourgas). The population there 
was either relatively constant or growing. 
Over the years, the size of the urban popu-
lation increased at the expense of the rural 
areas (Figure 2).

The aging of the population occurred at 
a time of decreasing numbers in the labour 
force. The percentage of the working popula-
tion was significantly higher in cities, while 
the villages are more or less depopulated of 
people of working age. The number of the 
working population gradually decreased 
from 2000 to 2005, then slowly increased and 
has remained stable in recent years (about 
65.8% by the end of the year 2010). This par-
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Figure 1 Population of Bulgaria by age and sex distribution (13).

Figure 2 Dynamics of the urban population rate in Bulgaria (11, 17).

Figure 3 Unemployment rates of population aged between 15 and 64 (19).

Lydia Katrova et al.: Dental practices in Bulgaria during the transition
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adox is due to an increase in the retirement 
age from 55.0 years for women and 60.0 for 
men before 1990, to 62.5 for women and 65.0 
for men in 2010. Underemployment and un-
employment particularly affect young and 
poorly educated people (19). The number of 
long-term unemployed (two or more years) 
is increasing gradually (Figure 3) (19).

Dental Demography

The number of dentists in Bulgaria increased 
considerably during the studied period. Af-
ter a sharp increase from 1980 to 2000 (from 
4,839 to 6,778) the speed of increase slowed 
down in the period 2001-2010. The number 
of dentists started decreasing in 2011, due to 
the movement of dentists abroad. 

By 2010 there were 8,400 registered den-
tists in Bulgaria (Figure 4), of whom about 
66% were women, while in 1990 female den-
tists represented 75% of the total number of 
active dentists. A process of defeminization 
of the dental profession has been observed 
(20, 21).

Two opposing trends could be seen when 
observing the average age and male: female 
ratio for the country as a whole and for the 
capital city of Sofia (22). 

Before the changes, the only opportunity 
for career development resulted from ob-

taining a position in the boards of district 
dental departments or regional dental clin-
ics. Usually these positions were occupied 
by male dentists (20). Now the only regula-
tor of the number of dentists is the market 
and no significant difference was found be-
tween male and female dentists in their pref-
erences to practice in the capital city or in 
the countryside (Figure 5a).

The average age of dentists in the coun-
try increased from 39.7 years in 1997 to 
41.7 years in 2008, while the average age of 
dentists in Sofia declined from 40.7 years in 
1997 to 39.0 years in 2008. Sofia is the pre-
ferred place of work for newly graduate den-
tists (Figure 5b).

The distribution of dentists over the 
country was uneven. The areas of consider-
able concentration of population were and 
still are attractive to dentists. The number 
of dentists in urban centres grew as fol-
lows: in Sofia-city (from 1,017 in 2000 to 
1,479 in 2009) in Varna (from 381 dentists 
in 2000 to 426 dentists in 2009), in Plovdiv 
(from 785 dentists in 2000 to 936 dentists in 
2009), in Pernik (from 112 dentists in 2000 
to 136 dentists in 2009). The concentration 
of dentists in particular parts of the country 
caused a considerable decrease in the den-
tists/patients ratio, (Figure 6) (23).

Figure 4 Number of dentists according Bulgarian Dental Association Registers (10).
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Figure 5a Trends of distribution of women dentists in Sofia and the country.

Figure 5b Trends of average age of dentists’ dynamics in Sofia and the country.

Figure 6 Number of patients per dentist in different regions of the country (13).

Lydia Katrova et al.: Dental practices in Bulgaria during the transition
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Dental practices’ development

The change in the structure of dental prac-
tices was assessed by studying the following: 
status of ownership and type of practice, 
professional development, auxiliary staff de-
velopment, improvement of equipment.

According to data for the period 1991-
2001 the status of dentists was irreversibly 
transformed from employees in the health 
care system to freelance practitioners. In the 
next decade (2000-2010) private practitio-
ners started contracting with the national 
Health Insurance Fund (24).

The Dental Health Service consists of in-
dividual and group practices for general and 
specialized dentistry and dental and medico-
dental centres. A review of official data on 
dental practices showed that initially (2000-
2007) the number of individual general den-
tal practices increased, followed by a reduc-
tion in the number between 2007 and 2009. 
There was growth in the number of general 
dentistry group practices (2000-2009). The 
number of individual and group practices for 
specialized dental care was reduced during 
the same period. The number of dental cen-
tres declined, while the number of medico-

dental centres remained relatively constant. 
The reduction in the number of dental cen-
tres (from 82 in 2000 to 49 in 2009) was in 
parallel with no reduction in the number of 
beds in medico-dental centres (11).

The percentage of general practitioners 
increased at the expense of the number of 
specialists. The number of specialists and 
dentists specializing declined. For the 20 year 
period only 371 dentists achieved the status 
of specialist. At the same time, three times as 
many specialists retired (13). Also, the sys-
tem for continuous postgraduate education 
was under the guidance of the BgDA and 
private developed educational centres (22).

Only a small percentage of dentists 
worked with support (auxiliary) staff. The 
data showed that after an increase in the pro-
portion of dental practices working with aux-
iliary staff during the period 1996-2000, a pe-
riod of stagnation followed (2000- 2005) with 
auxiliary staff present in 40% of practices, fol-
lowed by a sharp reduction in auxiliary staff 
utilization for the period 2005-2009 (Figure 
7) (13, 22). The training of nurses is develop-
ing accordingly to the assistance utilization.

There was a gradual renewal of den-
tal equipment at the expense of imported 

Figure 7 Dental auxiliary staff utilization in dental practices (13).
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equipment (from 16.6% for 1996, to 17.7% 
for 1999 and 24.0% for 2001). At the same 
time the tendency of using dental equip-
ment over 10 years old grew (1996 - 61.2%, 
1999 - 58.2%, 2001 - 70.6%). Slowly but 
steadily the percentage of practices provid-
ing dental implants grew (1996 - 4.1%, 1999 
- 4.2%, 2001 - 6.4%). The greatest increase 
was in the number of practices using per-
sonal computers (Figure 8) (11) 

Utilization of oral health care services

The percentage of the population aged less 
than 65 years decreased while the number 
of dentists markedly increased. The regions 
of Sofia-city, Plovdiv, Varna, have a constant 
number of dentists and an unfavourable 
dentist/patient ratio. The population: dentist 
ratio permanently decreased (Figure 9).

Utilization of dental services is about 50% 
of the mean for the North Western European 
Union (EU). According to BgDA only 45% of 

Figure 8 Technological development of dental practices (11).

Figure 9 Impact of the demographic changes of the population on patient to dentist ratio for the period (1980-
2009), (11, 27).

Lydia Katrova et al.: Dental practices in Bulgaria during the transition
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patients had visited a dentist during the pre-
vious year, while in some EU Member States 
the percentage varied from 83% to 71% (25).

Discussion

During the 1991-2001 period the Health 
Care System in Bulgaria changed from a 
monopolistic state-organized and state-
regulated model to a pluralistic decentral-
ized model, based on the coexistence of 
market and community-oriented programs, 
financed by comprehensive national insur-
ance plans. The health reforms aimed at 
sustainable changes in regulations, financ-
ing and resource allocation, similar to the 
processes in the national economy, which 
passed through the stages of liberalization, 
privatization, and stabilization. The percep-
tion of the health system as a public resourc-
es consumer had to give way to the percep-
tion of an ongoing sector of the national and 
global economies (23). This general frame of 
reforms was just one factor in the real pro-
fessional and technological development in 
dentistry. The lack of public resources and 
interest in dental health issues of the Gov-
ernment resulted in limitation of access to 
dental care and a potential decrease in the 
level of utilization of dental services. The 
unemployment rate for Bulgaria is relevant 
to the population’s purchasing power, and 
in particular, its ability to pay for oral health 
care services and the impact on the rate of 
utilization of dental services (19, 25). 

The reduction in the size of the popula-
tion and its uneven distribution over the 
country was due to social factors rather than 
demographic conditions. The most attractive 
areas for the population are those with lower 
unemployment rates and better conditions 
for living, such as: Sofia city, Varna, Bour-
gas, Plovdiv, as well as destinations abroad. 
Internal and external migration contributed 
to significant depopulation of other regions, 
such as Vidin and Targovishte.

In more densely populated regions, char-
acterized by a relatively highly developed 
economy, the number of oral health care 
practices is higher and more dentists are 
registered, while in less developed regions 
the number of practices and practitioners is 
lower (27). Overall, the number of dentists 
is increasing, but the demand for oral health 
care is not increasing automatically due to fi-
nancial restraints on consumers. As a result, 
the migration of the population is followed 
by migration of dentists in the same direction 
- from small villages to large agglomerations 
and / or outside the country. De-feminization 
of the profession is a lasting trend (22).

Dental practices are characterized by a 
clear trend towards technological innova-
tion, while retaining the gap between the 
technology and team development. A sur-
plus of technological innovation, training 
and equipment, without taking account of 
the available specialists and their implemen-
tation, and ignoring the problems of dental 
teams, will create new challenges for dentists 
to develop their practices (13).

Conclusions

The increase in the proportion of Bulgarians 
over the age of 65 years implies an increase 
in treatment needs. The decline of purchas-
ing power of the aging population limits 
the demand for oral health care services. In 
order to meet the market expectations for 
technological development, dentists have 
changed their traditional solo-practice ori-
entation towards group-practice organiza-
tion. Further research should be focused on 
oral health care service utilization and the 
dental practices’ preparedness to respond to 
the real demand for oral health care.
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Alečković-Halilović M, Mešić E, Sinanović O, Zukić 
S, Mustedanagić J. Carnitine palmitoyl transferase 
deficiency--unrecognized cause of recurrent acute 
kidney injury. Ren Fail. 2013;35(5):732-4. doi: 
10.3109/0886022X.2013.780979. Epub 2013 Apr 8.

Nephrology, Dialysis and Kidney Transplantation 
Department, University Clinical Centre Tuzla, Tuzla, 
Bosnia and Herzegovina.

Metabolic myopathies represent a small percentage of 
rhabdomyolysis causes that could lead to acute kidney 
injury (AKI). This could be prevented if this condi-
tion is suspected and timely treated. Carnitine palmi-
tyl transferase (CPT) deficiency is the most frequent 
metabolic myopathy and should be considered when-
ever recurrent myoglobinuria is suspected, and distin-
guished from the second frequent one, McArdle dis-
ease. We present a case of a patient with two medically 
misinterpreted episodes of AKI in whom the subse-
quent diagnosis of CPT deficiency was established 
based on high index of clinical suspicion and corre-
lation of clinical manifestations to specific metabolic 
defects. Application of simple measures and lifestyle 
changes improved our patient’s life quality and pre-
vented potential new life-threatening complications.

Alić A, Prašović S, Hodžić A, Beširović H, 
Rešidbegović E, Omeragić J. Fatal verminous 
pharyngitis and esophagitis caused by Streptocara 
incognita in mute swans (Cygnus olor). Avian Dis. 
2013 Mar;57(1):147-51.

Department of Pathology, Faculty of Veterinary 
Medicine, University of Sarajevo, Zmaja od Bosne 90, 
71000 Sarajevo, Bosnia and Herzegovina. 

Streptocara spp. infections are reported to cause gas-
tritis, proventriculitis, esophagitis, and pharyngitis 
in various waterfowls, especially diving ducks. In the 
present paper, we describe severe fatal diphtheritic 
pharyngitis and esophagitis caused by Streptocara 
incognita in three female mute swans (Cygnus olor) 
in Bosnia and Herzegovina. Prior to death, the swans 
were showing signs of lethargy, anorexia, and reluc-
tance to move. At necropsy, in all swans severe diph-
theritic pharyngitis and esophagitis with deep, dark 
red hemorrhagic ulcerations were observed. Numer-
ous thin, white, up to 1-cm-long nematodes, identi-
fied as S. incognita, were observed embedded in the 
pharyngeal and esophageal mucosa under the diph-
theritic membranes. Histopathology revealed severe 
fibrinonecrotic inflammation with numerous cross-
sections of the parasites. To the authors’ knowledge, 
this is the first report of severe, fatal streptocariasis in 
mute swans.

Begić H, Tahirović H. The impact of delayed 
cardiac surgery on the postnatal growth of children 
with congenital heart disease in Bosnia and 
Herzegovina. Coll Antropol. 2013 Jun;37(2):507-
13.

University of Tuzla, University Clinical Centre, 
Department of Paediatrics, Tuzla, Bosnia and 
Herzegovina. 
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The aim of this study was to evaluate preoperative 
and postoperative growth in children with congenital 
heart disease (CHD) when cardio-surgical treatment 
is delayed. Growth data were analysed on 116 children 
with various types of CHD (cyanotic lesions (Group 
1), left to right shunt (Group 2) and obstructive le-
sions (Group 3)), who underwent cardiac surgery af-
ter a certain period of waiting. Preoperatively, during 
the time (median 1.13 (0.55-2.39)) years of waiting 
for surgery, their mean weight z-score decreased from 
-1.38 (+/- 1.19) to -1.41 (+/- 1.28), and their mean 
height z-score from -0.65 (+/- 1.41) to -0.81 (+/- 1.36). 
Children in Group 1 developed a significant linear 
growth deficit, in Group 2 weight was more affected 
than height, while in Group 3 both growth parameters 
were gradually slowly, but not significantly reduced. 
Postoperatively weight and height z scores, although 
they showed a linear trend of improvement for all 
three groups, remained significantly reduced for two 
years after surgery. At the time of the last examination 
at the age 9.11 (5.66-13.10) years, the mean height z 
score -0.16 (+/- 1.28), was significantly reduced p < 
0.0001, than predicted height 0.23 (+/- 0.82). Growth 
catch-up was related to age at surgery and preopera-
tive growth deficit. Delayed cardiac surgery in chil-
dren with CHD aggravated growth deficit and caused 
slow and incomplete postoperative growth catch-up.

Ćosić A, Ferhatović L, Banožić A, Kraljević S, 
Marić A, Sapunar D, Puljak L. Pain catastrophizing 
changes during the menstrual cycle. Psychol Health 
Med. 2013 Feb 26. [Epub ahead of print]

School of Health Sciences , University of Mostar , Bijeli 
brijeg b.b. , Mostar , 88000 , Bosnia and Herzegovina.

Pain catastrophizing is an important predictor of pain 
intensity and pain-related outcomes. Many studies 
have shown that the level of this phenomenon is high-
er in women compared to men. The aim of this study 
was to investigate whether there is a difference in pain 
catastrophizing in women during the different phases 
of their menstrual cycle and whether there is a differ-
ence in pain catastrophizing depending on the history 
of childbirth and dysmenorrhea. A prospective study 
was conducted among 149 healthy women aged 18-35, 
with a regular menstrual cycle, 80 of which were nul-
liparous. The participants filled a sociodemographic 
questionnaire at the enrollment and the Pain Cata-
strophizing Scale on the 1st, 12th, and 20th day of the 
menstrual cycle. Pain catastrophizing scores, includ-
ing all the subscales, significantly varied throughout 
the menstrual cycle, being highest on the first day 
of menstrual cycle and declining subsequently. Pain 
catastrophizing scores were higher in nulliparous than 
in parous women. Higher pain catastrophizing scores 
on the first day of the menstrual cycle were found in 

dysmehorrhoic women and women who regularly 
use analgesics for dysmenorrhea. Knowing that pain 
catastrophizing varies throughout the menstrual cycle 
may help in creating interventions for pain prevention 
and treatment in cycling women.

Duranović M, Šehić S. The speed of articulatory 
movements involved in speech production in 
children with dyslexia. J Learn Disabil. 2013 May-
Jun;46(3):278-86. doi: 10.1177/0022219411419014. 
Epub 2011 Nov 4.

Faculty of Education and Rehabilitation, Tuzla 
University, Tuzla, Bosnia and Herzegovina. 

A group of children with dyslexia (mean ages 9 and 
14 years) was studied, together with group of children 
without dyslexia matched for age. Participants were 
monolingual native speakers of the Bosnian language 
with transparent orthography. In total, the diagnostic 
tests were performed with 41 children with dyslexia 
and 41 nondyslexic children. The participants were 
asked to produce monosyllables, /pa/, /ta/, and /ka/, 
and the trisyllable /pataka/, as fast as possible. Anal-
ysis was undertaken in four ways: (1) time of occlu-
sion duration for plosives (duration of stop), (2) voice 
onset time for plosives, (3) diadochokinetic rate--ar-
ticulators rate measured by pronunciation of mono-
syllables and the trisyllable, and (4) time of moving 
articulators from one gesture to another-time of in-
terval length (from the explosion of one plosive to the 
start of the explosion of another plosive). The results 
suggest that children with dyslexia have significant 
problems with the speed of articulatory movements 
involved in speech production.

Gegić M, Numanović F, Delibegović Z, Tihić N, 
Nurkić M, Hukić M. The importance of serological 
tests implementation in disseminated candidiasis 
diagnose. Coll Antropol. 2013 Mar;37(1):157-63.

Tuzla University Clinic Centre, Clinic for Laboratory 
Diagnosis, Department of Microbiology, Tuzla, Bosnia 
and Herzegovina. 

Candidiasis is defined as an infection or disease 
caused by a fungus of the genus Candida. Rate of dis-
seminated candidiasis increases with the growth of the 
number of immunocompromised patients. In the the 
last few decades the incidence of disseminated candi-
diasis is in growth as well as the mortality rate. The 
aim of this survey is to show the importance of sero-
logical tests implementation in disseminated candidi-
asis diagnose. This is a prospective study involving 60 
patients with malign diseases with and without clini-
cal signs of disseminated candidiasis and 30 healthy 
people who represent the control group. Apart from 
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hemoculture, detection of circulating mannan antigen 
and adequate antibodies of Candida species applying 
comercial ELISA test was determined in each patient. 
This survey deals with relevant factors causing dissem-
inated candidiasis. This survey showed that the group 
of patients with clinical signs of disseminated candi-
diasis had more patients with positive hemoculture to 
Candida species, then the group of patients without 
clinical signs of disseminated candidiasis. The number 
of patients being examined and positive to antigens 
and antibodies was higher (p < 0.01) in the group of 
patients with clinical signs of disseminated candidiasis 
(7/30; 23.3%), then in the group of patients without 
clinical signs of disseminated candidiasis (0/30; 0%): 
Average value of titra antigen was statistically higher 
(p < 0.001) in patients with Candida spp. positive he-
mocultures rather then in patients with Candida spp. 
negative hemocultures. In the group of patients with 
clinical signs of disseminated candidiasis 6/30 (20%) 
of patients had Candida spp.positive hemocultures 
while in the group of patients without clinical signs 
of disseminated candidiasis 1/30 (3.3%) of patients 
had Candida spp. positive hemocultures, which was 
considerably higher (p < 0.05). Correlation of results 
of hemoculture and mannan antigens and antibodies 
in patients with disseminated candidiasis were statis-
tically significant, while correlation of results of he-
moculture and antibodies was insignificant. Because 
of low sensitivity of hemoculture and time needed for 
isolation of Candida spp., introducing serological tests 
in regular procedures would speed disseminated can-
didiasis diagnose.

Jegdić V, Rončević Ž, Škrabić V. Physical fitness 
in children with type 1 diabetes measured 
with six-minute walk test. Int J Endocrinol. 
2013;2013:190454. doi: 10.1155/2013/190454. Epub 
2013 Jun 27.

Department of Pediatrics, University Hospital, 88000 
Mostar, Bosnia and Herzegovina.

Aim/Hypothesis. To examine whether children with 
DMT1 are less physically fit than healthy children and 
to assess whether an elevated level of HbA1c was asso-
ciated with decreased physical fitness among children 
with diabetes. Methods. The study was conducted 
using case-control methodology. The cases were 100 
children with T1DM, 7-17,9 years. Study subjects un-
derwent a 6MWT, where distance measured, heart 
rate, and oxygen saturation was recorded. Results. 
Results of the 6MWT for children with T1DM and 
controls were 601.3 ± 86.1 meters versus 672.1 ± 60.6 
meters, respectively (P < 0.001). The cases were di-
vided into two subgroups, one with HbA1c levels >8% 
and one with HbA1c <8%. Results for both groups 
were inferior to the controls (P < 0.001). The posttest 

pulse rate in all subjects was higher than the pretest 
pulse rate (P < 0.001). Pulse oxygen levels were lower 
than controls at the pretest measurement (P < 0.001), 
and for both cases and controls, pulse oxygen levels 
decreased after test (P = 0.004). However, the change 
in oxygen saturation did not differ between the groups 
(P = 0.332). Conclusions. Children with T1D are less 
fit than matched controls. The level of HbA1c did not 
affect the physical fitness of children with T1D.

Kovačević L, Fatur-Cerić V, Hadžić N, Čakar J, 
Primorac D, Marjanović D. Haplotype data for 
23 Y-chromosome markers in a reference sample 
from Bosnia and Herzegovina. Croat Med J. 2013 
Jun;54(3):286-90.

University in Sarajevo, Zmaja od Bosne 8, 71000 
Sarajevo, Bosnia and Herzegovina. 

AIM: To detect polymorphisms of 23 Y-chromosomal 
short tandem repeat (STR) loci, including 6 new loci, 
in a reference database of male population of Bosnia 
and Herzegovina, as well as to assess the importance 
of increasing the number of Y-STR loci utilized in fo-
rensic DNA analysis. METHODS: The reference sam-
ple consisted of 100 healthy, unrelated men originating 
from Bosnia and Herzegovina. Sample collection using 
buccal swabs was performed in all geographical regions 
of Bosnia and Herzegovina in the period from 2010 to 
2011. DNA samples were typed for 23 Y STR loci, in-
cluding 6 new loci: DYS576, DYS481, DYS549, DYS533, 
DYS570, and DYS643, which are included in the new 
PowerPlex® Y 23 amplification kit. RESULTS: The abso-
lute frequency of generated haplotypes was calculated 
and results showed that 98 samples had unique Y 23 
haplotypes, and that only two samples shared the same 
haplotype. The most polymorphic locus was DYS418, 
with 14 detected alleles and the least polymorphic loci 
were DYS389I, DYS391, DYS437, and DYS393. CON-
CLUSION: This study showed that by increasing the 
number of highly polymorphic Y STR markers, to in-
clude those tested in our analysis, leads to a reduction 
of repeating haplotypes, which is very important in the 
application of forensic DNA analysis.

Kravić N, Pajević I, Hasanović M. Surviving 
genocide in Srebrenica during the early childhood 
and adolescent personality. Croat Med J. 2013 
Feb;54(1):55-64.

Department of Psychiatry, Tuzla University Clinical 
Center, Trnovac bb, 75 000 Tuzla, Bosnia and 
Herzegovina. 

AIM: To examine how the experience of genocide in 
Srebrenica in the early childhood (ages 1-5) influences 
the psychological health in adolescence. METHODS: 
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This study included 100 school-attending adolescents, 
age 15-16 (born in 1990-91) who were divided in two 
groups according to the place of residence from 1992-
1995: the Srebrenica group - adolescents who lived in 
Srebrenica during the siege and the non-Srebrenica 
group who lived in the “free territory,” were not wound-
ed, and experienced no losses. We used the socio-demo-
graphic questionnaire created for the purposes of our 
study and the War Trauma Questionnaire, Posttraumat-
ic Stress Reactions Questionnaire, Self-report Depres-
sive Scale (Zung), Freiburg Personality Inventory, and 
the Lifestyle Questionnaire. RESULTS: Srebrenica ado-
lescents experienced significantly more traumatic expe-
riences (14.26 ± 3.11 vs 4.86 ± 3.16, P<0.001). Although 
there was no signifcant difference in the total score of 
posttraumatic stress reactions and intensity of depres-
sion between the two groups, significantly higher scores 
of posttraumatic stress reaction were noticed for several 
specific questions. The most prominent defense mecha-
nisms in both groups were projection, intellectualiza-
tion, and reactive formation. Srebrenica adolescents had 
higher sociability levels (34.7% vs 16.0%, χ(2)=7.231, 
P=0.020). CONCLUSION: Srebrenica adolescents re-
ported significantly more severe PTSD symptoms and 
significantly greater sociability. Our findings could be 
used for planning treatment and improving communi-
cation and overcoming traumas in war-affected areas.

Markota D, Markota I, Starčević B, Tomić M, 
Prskalo Z, Brizić I. Prevention of contrast-induced 
nephropathy with Na/K citrate. Eur Heart J. 2013 
Aug;34(30):2362-7. doi: 10.1093/eurheartj/eht009. 
Epub 2013 Jan 24.

Department of Cardiology, University Clinical Hospital 
Mostar, Mostar, Bosnia and Herzegovina.

AIMS: Contrast-induced nephropathy (CIN) is a fre-
quent complication of many radiological procedures 
involving the application of contrast media. It repre-
sents a significant health problem that causes the in-
crease in mortality, morbidity, and medical costs. For 
the prevention of CIN, a number of methods have 
been proposed to be effective. Among them, alka-
linization of urine takes an important place. Although 
the Na/K citrate is a well-known agent for urine alka-
linization, it has not been studied in the prevention 
of CIN. METHODS AND RESULTS: Two hundred 
and two patients who underwent coronary angiogra-
phy were included in the study. They were randomized 
into groups receiving the drug Na/K citrate per os and 
to the control group. Serum creatinine and glomeru-
lar filtration rate were determined in all patients im-
mediately before coronary angiography, and 48 h after 
the procedure. CIN criteria were a creatinine increase 
of >25%, reduction in the glomerular filtration rate 
by >25%, or an increase in serum creatinine of >44 

μmol/L. The incidence of CIN in the group receiving 
Na/K citrate was significantly lower when compared 
with the control group (4% compared with 20%, P = 
0.0001). Patients who had a urine pH <6 had a more 
than ten-fold higher incidence of contrast nephropa-
thy compared with patients whose urine pH was >6. 
CONCLUSION: Alkalinization of urine using the 
Na/K citrate may reduce the incidence of CIN. 

Markotić F, Černi Obrdalj E, Zalihić A, Pehar R, 
Hadžiosmanović Z, Pivić G, Durasović S, Grgić 
V, Banožić A, Sapunar D, Puljak L. Adherence 
to pharmacological treatment of chronic 
nonmalignant pain in individuals aged 65 and 
older. Pain Med. 2013 Feb;14(2):247-56. doi: 
10.1111/pme.12035. Epub 2013 Jan 31.

Office for monitoring and quality improvement, 
Clinical Hospital Mostar, Mostar, Bosnia and 
Herzegovina.

BACKGROUND: Medication nonadherence is a fre-
quent problem in the treatment of chronic conditions. 
OBJECTIVE: To study the adherence to pharmacolog-
ical treatment of chronic nonmalignant pain, as well as 
factors and patient attitudes related to nonadherence 
in patients aged ≥65 years. METHODS: The cross-sec-
tional study was conducted with a self-administered 
questionnaire among 100 patients aged ≥65 years by 
five family physicians at the Health Care Centre Mo-
star, Bosnia and Herzegovina. RESULTS: According to 
their own statements, 57% of the patients were non-
adherent, while 84% exhibited some form of nonad-
herence on the Morisky scale. The patients reported a 
mean pain intensity of 6.6 ± 2.2 on a visual analog scale. 
The most common deviation from the prescribed 
therapy was self-adjustment of the dose and medical 
regimen based on the severity of pain. Polymedication 
correlated positively with nonadherence. Nonsteroidal 
anti-inflammatory drugs were the most frequently pre-
scribed medications. The majority of the participants 
(59%) believed that higher pain intensity indicates 
progression of the disease, and half of the participants 
believed that one can easily become addicted to pain 
medications. Nonadherence was associated with pa-
tient attitudes about addiction to analgesics and ability 
of analgesics to control pain. CONCLUSION.: High 
pain intensity and nonadherence found in this study 
suggest that physicians should monitor older patients 
with chronic nonmalignant pain more closely and pay 
more attention to patients’ beliefs regarding analgesics 
to ensure better adherence to pharmacological therapy.

Martinović-Bevanda A, Radić N. 
Spectrophotometric sequential injection 
determination of D-penicillamine based on a 
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complexation reaction with nickel ion. Anal Sci. 
2013;29(6):669-71.

Department of Chemistry, Faculty of Science 
and Education, University of Mostar, Bosnia and 
Herzegovina. 

A simple and sensitive spectrophotometric method, 
based on reaction between Ni(II) ion and D-penicilla-
mine (PEN), was developed. The proposed SIA system 
enhanced the analytical applicability of the reaction of 
complexation, and allowed the determination of PEN 
in the concentration range of 3.0 × 10(-6) - 2.0 × 10(-
4) mol L(-1) with a sampling rate of 200 h(-1). With 
the proposed SIA system, PEN could be accurately de-
terminated up to 0.9 nmol quantity. The method was 
successfully applied to the determination of PEN in 
laboratory samples and pharmaceuticals.

Mirjanić-Azarić B, Rizzo M, Šormaz Lj, Stojanović 
D, Uletilović S, Sodin-Semrl S, Lakota K, 
Artenjak A, Marc J, Černe D. Atorvastatin in 
stable angina patients lowers CCL2 and ICAM1 
expression: Pleiotropic evidence from plasma 
mRNA analyses. Clin Biochem. 2013 Jun 20. 
pii: S0009-9120(13)00283-X. doi: 10.1016/j.
clinbiochem.2013.06.006. [Epub ahead of print]

Clinical Centre Banja Luka, Department of laboratory 
diagnostics Banja Luka, Republic of Srpska, Bosnia 
and Herzegovina.

OBJECTIVE: Statin pleiotropy is still an evolving con-
cept, and the lack of clarity on this subject is due at 
least in part to the lack of a definitive biomarker for 
statin pleiotropy. Using plasma mRNA analysis as a 
novel research tool for the non-invasive in vivo assess-
ment of gene expression in vascular beds, we hypoth-
esised that atorvastatin lowers the plasma mRNA level 
from statin pleiotropy-target genes, and the reduction 
is independent of the reduction of low-density lipo-
protein cholesterol (LDL-C). DESIGN AND METH-
ODS: Forty-four patients with stable angina received 
atorvastatin therapy (20mg/day, 10weeks). Plasma 
chemokine (C-C motif) ligand 2 (CCL2) and inter-
cellular adhesion molecule-1 (ICAM1) mRNA levels 
and their protein concentrations (MCP-1, sICAM-1) 
were analysed before and after the treatment. Plasma 
vascular adhesion molecule-1 (sVCAM-1) concentra-
tions were also analysed. RESULTS: Atorvastatin low-
ered plasma mRNA levels (CCL2: -31.76%, p=0.037; 
ICAM1: -34.09%, p<0.001) and MCP-1 protein con-
centration (-18.88%, p=0.008) but did not lower sI-
CAM-1 and sVCAM-1 protein concentrations, and 
the decreases appeared to be independent from the 
lowering of LDL-C. The plasma mRNA levels correlat-
ed with their protein concentrations following statin 
treatment only. CONCLUSION: Our results signifi-

cantly strengthen the clinical evidence in support of 
statin pleiotropy. Furthermore, this unique simultane-
ous measurement of plasma mRNAs and their protein 
concentrations offers an advanced non-invasive in 
vivo assessment of the circulation pathology.

Nefić H, Handžic I. The effect of age, sex, and 
lifestyle factors on micronucleus frequency in 
peripheral blood lymphocytes of the Bosnian 
population. Mutat Res. 2013 Apr 30;753(1):1-11. 
doi: 10.1016/j.mrgentox.2013.03.001. Epub 2013 
Mar 7.

Department of Biology, Faculty of Science, University 
of Sarajevo, Zmaja od Bosne 33-35, Sarajevo 71000, 
Bosnia and Herzegovina. 

This study confirmed that the frequency of human 
lymphocyte biomarkers measured with the cytoki-
nesis-block micronucleus cytome (CBMNcyt) assay, 
is associated with age, sex, and lifestyle factors. Cyto-
genetic analysis was carried out on samples from 100 
healthy individuals living in Bosnia and Herzegovina. 
Cells were cytologically scored for viability status, 
defined by the proportion of necrotic and apoptotic 
cells; mitotic status, corresponding to the proportion 
and ratios of mono-, bi- and multinucleated cells; the 
nuclear division index and chromosomal damage, 
determined by the presence of micronuclei, nucleo-
plasmic bridges or nuclear buds of bi-nucleated cells. 
Ageing is positively associated with the frequency of 
cytogenetic biomarkers. The micronucleus frequency 
in females was significantly higher than the micronu-
cleus frequency in males. The micronucleus frequency 
is positively associated with family history of cancer. 
Furthermore, it is positively correlated with smoking: 
the frequency is higher in male subjects with a smok-
ing habit than in female smokers. However, alcohol is 
observed to decrease the frequency of apoptotic cells 
in human lymphocytes. The frequency of micronuclei 
was positively correlated with exposure to medication. 
Lastly, the frequency of nuclear buds and apoptotic 
and necrotic cells negatively correlated with exposure 
to radiation.

Obrdalj EČ, Sesar K, Šantić Ž, Klarić M, Sesar 
I, Rumboldt M. Trauma symptoms in pupils 
involved in school bullying--a cross sectional study 
conducted in Mostar, Bosnia and Herzegovina. 
Coll Antropol. 2013 Mar;37(1):11-6.

University of Mostar, School of Medicine, Department 
of Family Medicine, Mostar, Bosnia and Herzegovina. 

To determine the association between involvement 
in school bullying and trauma symptoms and to find 
whether children with presence of trauma symptoms 
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participate in school bullying more as victims, as bul-
lies or as bully/victims. The study included 1055, 6th to 
8th grade (12-14 years of age) elementary school pu-
pils from the western part of Mostar, The pupils were 
self-interviewed using a Questionnaire on School Vio-
lence developed in 2003 and validated in Croatia, and 
Trauma Symptoms Check List for Children (TSCC). 
The pupils involved in the school violence, either as 
victims, bullies, bully/victims had significantly more 
trauma symptoms than the not involved. Involvement 
in school bullying as a bully/ victim was a strong in-
dicator of trauma symptoms, particularly anxiety, an-
ger, posttraumatic stress, dissociation, obvious disso-
ciation, and dissociation fantasy symptoms, while the 
victims of school violence had the highest odds ratio 
for the development of depressive symptoms. There 
is strong association between bullying and trauma 
symptoms in young adolescents. From our results, 
emphasis should be placed at the regularly screening 
on bullying in praxis of family physicians and regu-
larly conduction of preventive measures and early in-
tervention in every primary school.

Pašić F, Salkić NN. Predictive score for anastomotic 
leakage after elective colorectal cancer surgery: 
a decision making tool for choice of protective 
measures. Surg Endosc. 2013 May 25. [Epub ahead 
of print]

Department of Surgery, University Clinical Center 
Tuzla, Tuzla, Bosnia and Herzegovina.

BACKGROUND: Anastomotic leakage is the most se-
vere complication after colorectal surgery and a major 
cause of postoperative morbidity and mortality. We 
aimed to identify a predictive score for postoperative 
leakage after colorectal cancer surgery and to evaluate 
its usefulness in assessing various protective measures. 
METHODS: A total of 159 patients were divided into 
test (79 patients) and validation (40 patients) groups 
in order to identify the risk factors and construct the 
predictive score. The remaining 40 patients (interven-
tion group) were prospectively evaluated with the ap-
plication of protective measures guided by risk strati-
fication according to the predictive score. RESULTS: 
A total of 23 of 159 (14.5 %) patients had anastomotic 
leakage, with 7 of 23 (30.4 %) of them needing reop-
eration. 11 of 159 (6.9 %) patients died, with 10 (6.3 %) 
deaths directly associated with anastomotic leakage. 
The rate of leakage in the test and validation groups 
(nonintervention group) was 22 of 119 (18.5 %), while 
the rate of leakage in the intervention group was 3 of 
40 (7.5 %). The odds ratio for anastomotic leakage 
in the intervention group was 0.23 compared to the 
nonintervention group, with a relative risk reduction 
of 73 % for unfavorable event. The number needed to 
treat was 8 patients. There were also 10 of 119 (8.4 %) 

deaths in the nonintervention group compared to 1 
of 40 (2.5 %) in the intervention group (Fisher’s test; 
p = 0.18). CONCLUSIONS: Our simple predictive 
score may be a valuable decision making tool that can 
help surgeons reliably identify patients at high risk for 
postoperative anastomotic leakage and apply guided 
intraoperative protective measures.

Pojskić N, Silajdžić E, Kalamujić B, Kapur-Pojskić 
L, Lasić L, Tulić U, Hadžiselimović R. Polymorphic 
Alu insertions in human populations of Bosnia and 
Herzegovina. Ann Hum Biol. 2013 Mar;40(2):181-
5. doi: 10.3109/03014460.2012.756063. Epub 2013 
Jan 30.

Institute for Genetic Engineering and Biotechnology, 
Zmaja od Bosne 8 Kampus, 71000 Sarajevo, Bosnia 
and Herzegovina. 

BACKGROUND: From a demographic and genetic 
perspective, Bosnia and Herzegovina is interwoven 
with a number of differentially isolated local popula-
tions of indigenous people with different population 
and religious backgrounds. AIM: In order to estimate 
their genetic structure, this study investigated the fre-
quencies of 10 Alu polymorphic loci in 10 regional 
populations distributed across Bosnia and Herzegovina. 
Genetic differentiation among the three major popula-
tion groups in Bosnia and Herzegovina was estimated. 
SUBJECTS AND METHODS: DNA from 506 unrelated 
individuals was extracted from buccal swabs using the 
salting-out extraction method. Each DNA sample was 
PCR-amplified using locus-specific primers. RESULTS: 
Gene diversity values showed similarity in all analysed 
populations and ranged from 0.305-0.328. FST values 
for all loci showed that most variability is found within 
populations. Overall FST for all loci and AMOVA indi-
cated that most variability was detected within popula-
tions. CONCLUSION: Results of this study are in agree-
ment with the previous studies, indicating that the three 
populations inBosnia and Herzegovina have the same 
genetic background. There is no significant differentia-
tion among regional populations, pointing to absence of 
geographic influence. The Bosnian population is clearly 
located within the European gene pool.

Salkić NN, Alibegović E, Jovanović P. Endoscopic 
appearance of duodenal mucosa in Whipple’s 
disease. Gastrointest Endosc. 2013 May;77(5):822-
3; discussion 823. doi: 10.1016/j.gie.2013.01.016. 
Epub 2013 Mar 8.

Department of Gastroenterology and Hepatology, 
University Clinical Centre Tuzla, Tuzla, Bosnia and 
Herzegovina.

No abstract available.
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Skenderi F, Krakonja F, Vranić S. Infarcted 
fibroadenoma of the breast: report of two new 
cases with review of the literature. Diagn Pathol. 
2013 Feb 27;8:38. doi: 10.1186/1746-1596-8-38.

Department of Pathology, Clinical Center of the 
University of Sarajevo, Bolnička 25, Sarajevo, Bosnia 
and Herzegovina.

INTRODUCTION: Fibroadenomas are the most com-
mon benign breast tumors in young women. Infarc-
tion is rarely observed in fibroadenomas and when 
present, it is usually associated with pregnancy or 
lactation. Infarction can exceptionally occur as a com-
plication of previous fine-needle aspiration biopsy or 
during lactation and pregnancy. MATERIALS AND 
METHODS: Retrospective review of 650 cases of fi-
broadenomas diagnosed at our institution during the 
8-years period identified two cases of fibroadenomas 
with infarction (rate ~0.3%). RESULTS: Two partially 
infarcted fibroadenomas were diagnosed on core bi-
opsy and frozen section in an adolescent girl (13 years 
old) and in a young woman (25 years old), respectively. 
No preceding fine-needle aspiration biopsy was per-
formed in these cases, nor were the patients pregnant 
or lactating at the time of the diagnosis. CONCLU-
SION: Spontaneous infarction within fibroadenoma is 
a rare phenomenon in younger patients. The presence 
of necrosis on core biopsy or frozen section should be 
cautiously interpreted and is not a sign of malignancy.

Smajlović D, Salihović D, Ibrahimagić OC, 
Sinanović O. Characteristics of stroke in young 
adults in Tuzla Canton, Bosnia and Herzegovina. 
Coll Antropol. 2013 Jun;37(2):515-9.

University of Tuzla, Tuzla University Clinical Centre, 
Medical Faculty, Department of Neurology, Tuzla, 
Bosnia and Herzegovina. 

The aim of the study was to analyze stroke in young 
adults in Tuzla Canton, Bosnia and Herzegovina. 
From January 2001 to December 2005, 3864 patients 
with first-ever stroke were admitted at the Depart-
ment of Neurology Tuzla. A retrospective analysis 
of risk factors, stroke types, severity and one month 
outcome in all young adults (18-45 years of age) with 
first-ever stroke was carried out. Out of total, there 
were 154 (4%) young adults with stroke. Mean age was 
38.8 +/- 5.7 years and 47% were women. The leading 
risk factors were smoking (56%) and hypertension 
(45%). Subarachnoid hemorrhage (SAH) was more 
frequent in young adults compared with older patients 
(> 45 years of age) (22% vs. 3.5%, p < 0.0001), intrace-
rebral hemorrhage (ICH) was similar in both groups 
(16.9% vs. 15.8%, p = 0.7), but ischemic stroke (IS) 
was predominant stroke type in the older group (61% 
vs. 74%, p = 0.0004). Young adults had more frequent 

lacunar stroke (26.6% vs. 16.1%, p = 0.01) and stroke 
due to other etiology (8.5% vs. 1.8%, p = 0.0004) than 
stroke patients over 45 years of age. Stroke severity at 
admission was lower in young adults than in older pa-
tients (p < 0.0001), as well as mortality at one month 
(11% vs. 30%, p < 0.0001). Favorable outcome (modi-
fied Rankin Scale < or = 2) had 71% of young adults 
compared with only 53% of patients in the older group 
(p = 0.0003). Stroke in young adults in Tuzla Canton 
is rare. Risk factors profile, stroke types, severity and 
outcome at one month in young adults are different 
from those in older patients.

Subasi A. Classification of EMG signals using PSO 
optimized SVM for diagnosis of neuromuscular 
disorders. Comput Biol Med. 2013 Jun 1;43(5):576-
86. doi: 10.1016/j.compbiomed.2013.01.020. Epub 
2013 Feb 27.

International Burch University, Faculty of Engineering 
and Information Technologies, Francuske Revolucije 
bb. Ilidza, Sarajevo, 71000, Bosnia and Herzegovina. 

Support vector machine (SVM) is an extensively used 
machine learning method with many biomedical sig-
nal classification applications. In this study, a novel 
PSO-SVM model has been proposed that hybridized 
the particle swarm optimization (PSO) and SVM to 
improve the EMG signal classification accuracy. This 
optimization mechanism involves kernel parameter 
setting in the SVM training procedure, which sig-
nificantly influences the classification accuracy. The 
experiments were conducted on the basis of EMG 
signal to classify into normal, neurogenic or myo-
pathic. In the proposed method the EMG signals were 
decomposed into the frequency sub-bands using dis-
crete wavelet transform (DWT) and a set of statisti-
cal features were extracted from these sub-bands to 
represent the distribution of wavelet coefficients. The 
obtained results obviously validate the superiority of 
the SVM method compared to conventional machine 
learning methods, and suggest that further significant 
enhancements in terms of classification accuracy can 
be achieved by the proposed PSO-SVM classification 
system. The PSO-SVM yielded an overall accuracy of 
97.41% on 1200 EMG signals selected from 27 subject 
records against 96.75%, 95.17% and 94.08% for the 
SVM, the k-NN and the RBF classifiers, respectively. 
PSO-SVM is developed as an efficient tool so that 
various SVMs can be used conveniently as the core of 
PSO-SVM for diagnosis of neuromuscular disorders.

Šerifović-Trbalić A, Demirović D, Cattin PC. 
Intensity-based hierarchical elastic registration 
using approximating splines. Int J Comput Assist 
Radiol Surg. 2013 Jun 23. [Epub ahead of print]
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Faculty of Electrical Engineering, University of Tuzla, 
Tuzla, Bosnia and Herzegovina.

PURPOSE: We introduce a new hierarchical approach 
for elastic medical image registration using approxi-
mating splines. In order to obtain the dense deforma-
tion field, we employ Gaussian elastic body splines 
(GEBS) that incorporate anisotropic landmark errors 
and rotation information. Since the GEBS approach is 
based on a physical model in form of analytical so-
lutions of the Navier equation, it can very well cope 
with the local as well as global deformations present 
in the images by varying the standard deviation of the 
Gaussian forces. METHODS: The proposed GEBS ap-
proximating model is integrated into the elastic hier-
archical image registration framework, which decom-
poses a nonrigid registration problem into numer-
ous local rigid transformations. The approximating 
GEBS registration scheme incorporates anisotropic 
landmark errors as well as rotation information. The 
anisotropic landmark localization uncertainties can 
be estimated directly from the image data, and in this 
case, they represent the minimal stochastic localiza-
tion error, i.e., the Cramér-Rao bound. The rotation 
information of each landmark obtained from the hier-
archical procedure is transposed in an additional an-
gular landmark, doubling the number of landmarks in 
the GEBS model. RESULTS: The modified hierarchi-
cal registration using the approximating GEBS model 
is applied to register 161 image pairs from a digital 
mammogram database. The obtained results are very 
encouraging, and the proposed approach significantly 
improved all registrations comparing the mean-
square error in relation to approximating TPS with the 
rotation information. On artificially deformed breast 
images, the newly proposed method performed bet-
ter than the state-of-the-art registration algorithm in-
troduced by Rueckert et al. (IEEE Trans Med Imaging 
18:712-721, 1999). The average error per breast tissue 
pixel was less than 2.23 pixels compared to 2.46 pixels 
for Rueckert’s method. CONCLUSION: The proposed 
hierarchical elastic image registration approach incor-
porates the GEBS approximation scheme extended 
with anisotropic landmark localization uncertainties 
as well as rotation information. Our experimental 
results show that the proposed scheme improved the 
registration result significantly.

Štrbac B, Jokić VS. Evaluation of set-up errors 
in head and neck radiotherapy using electronic 
portal imaging. Phys Med. 2013 Jan 2. pii: S1120-
1797(12)00208-6. doi: 10.1016/j.ejmp.2012.12.001. 
[Epub ahead of print]

International Medical Centres, Centre for 
Radiotherapy, Dvanaest beba bb, 78000 Banja Luka, 
Bosnia and Herzegovina. 

INTRODUCTION: The aim of this study was to 
evaluate three-dimensional (3D) set-up errors and 
propose optimum margins for planning target vol-
ume (PTV) coverage in head and neck radiotherapy. 
METHODS: Thirty-five patients were included in the 
study. The total number of portal images studied was 
632. Population systematic (Σ) and random (σ) errors 
for the patients with head and neck cancer were evalu-
ated based on the portal images in the caudocranial 
longitudinal (CC) and left-right lateral (LR) direction 
measured in the anterior-posterior (AP) field, as well 
as from the images in the caudocranial longitudinal 
(CC) and dorsoventral lateral (DV) direction mea-
sured in the lateral (LAT) field. The values for the clin-
ical-to-planning target volume (CTV-PTV) margins 
were calculated using ICRU Report 62 recommenda-
tions, along with Stroom’s and van Herk’s formulae. 
RESULTS: The standard deviations of systematic set-
up errors (Σ) ranged from 1.51 to 1.93 mm while the 
standard deviations of random set-up (σ) errors fell 
in between 1.77 and 1.86 mm. The mean 3D vector 
length of displacement was 2.66 mm. PTV margins 
calculated according to ICRU, Stroom’s and van Herk’s 
models were comprised between 1.95 and 6.16 mm in 
the three acquisition directions. DISCUSSION AND 
CONCLUSIONS: Based on our results we can con-
clude that a 6-mm extension of CTV to PTV margin, 
as the lower limit, is enough to ensure that 90% of the 
patients treated for head and neck cancer will receive a 
minimum cumulative CTV dose greater than or equal 
to 95% of the prescribed dose.

Tomić V, Petrović O, Crnčević Orlić Ž, Mandić 
V. Gestational diabetes and pregnancy outcome 
- do we have right diagnostic criteria? J Matern 
Fetal Neonatal Med. 2013 Jun;26(9):854-9. doi: 
10.3109/14767058.2013.776530. Epub 2013 Apr 12.

Department of Gynecology and Obstetrics, Mostar 
Clinical Hospital, Kralja Tvrtka b.b., Mostar, Bosnia 
and Herzegovina.

OBJECTIVE: To determine thresholds of maternal gly-
cemia at which specific adverse pregnancy outcomes 
occur in high-risk population. METHODS: A total of 
1002 pregnant women with risk factors for gestational 
diabetes mellitus (GDM) underwent an originally 
modified glucose tolerance test (OGTT) with 75 g of 
glucose. Information on OGTT results and pregnancy 
outcomes were collected from database and medical 
records. RESULTS: Large for gestational age (LGA) 
newborn, infant’s stay in the neonatal intensive care 
unit (NICU) >24 h, neonatal hyperbilirubinemia and 
cesarean section due to cephalopelvic disproportion 
were identified as specific GDM adverse outcomes. In 
the study group of participants with one or more spe-
cific GDM adverse outcomes, mean glycemic values 
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during the modified OGTT (4.2 ± 1.0 mmol/L at 0 min, 
6.8 ± 1.7 mmol/L at 30 min, 7.9 ± 2.1 mmol/L at 60 min, 
7.7 ± 2.3 mmol/L at 90 min and 7.5 ± 2.3 mmol/L at 
120 min) according to Student’s t-test for independent 
samples were significantly higher than mean glycemic 
values in the control group of participants without spe-
cific adverse outcomes (p < 0.001, p = 0.02, p < 0.001, 
p < 0.001, p < 0.001). CONCLUSION: This study pro-
vides additional data that support the acceptance of the 
newly recommended outcome-based GDM diagnostic 
criteria.

Vidic A, Ilić Z, Benedik L. Recent measurements of 
234U/238U isotope ratio in spring waters from the 
Hadzici area. J Environ Radioact. 2013 Jun;120:6-
13. doi: 10.1016/j.jenvrad.2013.01.005. Epub 2013 
Feb 11.

Institute for Public Health FBIH, M. Tita 9, 71000 
Sarajevo, Bosnia and Herzegovina. 

The Hadzici area has become interesting for investi-
gation since depleted uranium ammunition had been 
employed in 1995 during the NATO air strike cam-
paign in Bosnia and Herzegovina. The purpose of 
this study is to determine uranium concentration and 
(234)U/(238)U activity ratio in the spring waters of 
this area and to investigate their relationship, as well as 
spatial variations. The spring water samples were taken 
at 18 sites in total. For the determination of uranium 
radioisotopes, radiochemical separation procedure 
followed by alpha-particle spectrometry was applied. 
Uranium concentration in analyzed waters range 
from 0.15 to 1.12 μg/L. Spring waters from carbonate 
based sediments have a lower uranium concentration 
of between 0.15 and 0.43 μg/L, in comparison to wa-
ters sampled within sandstone-based sediments rang-
ing from 0.53 to 1.12 μg/L. Dissolved uranium shows 
significant spatial variability and correlation with bed-
rock type confirmed by Principal Component Analy-
sis and Hierarchical Cluster Analysis. The majority 
of the analyzed waters have a (234)U/(238)U activity 
ratio ranging from 1.02 to 1.90, of which half of the 
results range between 1.02 and 1.16. No apparent de-
pleted uranium (DU) contamination was observed, 
as (234)U/(238)U activity ratio is dependent on geo-
chemical conditions in the environment. Even though 
the tested spring waters demonstrate significant vari-
ability in uranium concentration, (234)U/(238)U 
activity ratio and (234)U excess, waters with similar 
uranium isotopic signatures are observable within the 
region. The guidelines on the spatial redistribution of 
dissolved uranium (corresponding to (238)U mass 
concentration), along with (234)U/(238)U activity ra-
tios were provided by the Inverse Distance Weighting 
(IDW) method. Waters having similar isotopic signa-
ture have been delineated.

Vranić S, Hes O, Grossmann P, Gatalica Z. Low 
frequency of HIF-1α overexpression in germ cell 
tumors of the testis. Appl Immunohistochem Mol 
Morphol. 2013 Mar;21(2):165-9. doi: 10.1097/
PAI.0b013e31825e00b7.

Department of Pathology, Clinical Center of the 
University of Sarajevo, Sarajevo, Bosnia and 
Herzegovina. 

Cellular hypoxia is a hallmark of cancer. Hypoxia-
inducible factor-1α (HIF-1α) and von Hippel-Lindau 
protein (pVHL) are the key mediators of cellular re-
sponse to hypoxia. Little is known about their role 
in germ cell tumors of the testis. We therefore ex-
amined their status in a cohort of germ cell tumors 
of the testis. Thirty-six primary germ cell tumors of 
the testis (11 seminomas, 24 mixed germ cell tumors, 
and 1 case of pure intratubular germ cell neoplasia) 
were included in the study. HIF-1α and pVHL expres-
sion were studied using immunohistochemical (IHC) 
methods in the tumor and adjacent benign tissue. Se-
lected cases with a low pVHL expression were further 
tested for genetic alterations using polymerase chain 
reaction. HIF-1α protein expression was not detect-
able in adjacent atrophic seminiferous tubules. In 
contrast, HIF-1α was expressed in one third of the 
malignancies, but in a low percentage of cells (mean, 
3%; range, 0% to 20%). No difference in HIF-1α ex-
pression was observed between seminomas and non-
seminomas (P=0.71). pVHL was expressed in atrophic 
tubular epithelium and in the Leydig cells, whereas a 
substantial loss of pVHL expression was observed 
in germ cell tumors regardless of the histologic type 
(mean, 45.6%; range, 0% to 100%). No genetic altera-
tions of the VHL gene were observed in the cases with 
low pVHL expression. No significant correlation be-
tween HIF-1α and pVHL expression was observed 
(P=0.16). Germ cell tumors of the testis, regardless of 
the histologic type, are characterized by consistently 
low HIF-1α protein overexpression and a partial loss 
of pVHL without underlying VHL gene alterations. 
Further studies are necessary to clarify the functional 
importance of such alterations in testicular germ cell 
tumors.

Vranić S, Schmitt F, Sapino A, Costa JL, Reddy 
S, Castro M, Gatalica Z. Apocrine carcinoma 
of the breast: A comprehensive review. Histol 
Histopathol. 2013 Jun 17. [Epub ahead of print]

Department of Pathology, Clinical Center of the 
University of Sarajevo, Sarajevo, Bosnia and 
Herzegovina; and Department of Medical Sciences, 
University of Turin, Turin, Italy.

Apocrine carcinoma of the breast is a rare, special 
type of breast carcinoma showing distinct morpho-
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logic, immunohistochemical and molecular genetic 
features. Apocrine epithelium has a characteristic 
steroid receptor profile that is estrogen receptor and 
progesterone receptor negative and androgen receptor 
positive. This combination of morphologic and im-
munohistochemical characteristics is essential for the 
proper recognition of the apocrine carcinomas. Strict-
ly defined, apocrine carcinomas express either Her-2/
neu or EGFR, which along with androgen receptor 
positivity make patients with the apocrine carcinoma 
eligible for targeted therapies.

Zerem E, Omerović S. Comments on the article 
about the treatment of infected pancreatic necrosis. 
Surg Endosc. 2013 Jun 19. [Epub ahead of print]

Department of Gastroenterology, University Clinical 
Center Tuzla, Trnovac bb, 75000, Tuzla, Bosnia and 
Herzegovina.

No abstract available.

Zerem E, Omerović S, Imširović B. Is surgical 
cholecystectomy better than percutaneous in 
treatment of acute cholecystitis in patients unfit for 
surgery? J Gastrointest Surg. 2013 Aug;17(8):1542-3. 
doi: 10.1007/s11605-013-2205-6. Epub 2013 Apr 20.

Department of Gastroenterology, University Clinical 
Center Tuzla, Tuzla, Bosnia and Herzegovina.

No abstract available.
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of the paper which needs to include the text in 
accordance with one of the following sentences: 
(a) A substantial contributions to the conception 
and design, acquisition of data, or analysis and 
interpretation of data; (b) Drafting the article 
or revising it critically for important intellectual 
content; (c) Final approval of the version to be 
published. (eg. Authors’ contributions: Con-
ception and design: MK and OG; Acquisition, 
analysis and interpretation of data: MK and GL; 
Drafting the article MK; Revising it critically for 
important intellectual content: GL and OG)

Copyright assignment

All authors must complete and sign the Copy-
right Assignment form upon acceptance of the 
manuscript and return it to the editorial office. 
The Copyright Assignment form can be found 
at www.ama.ba. Accepted papers will not be sent 
for publication until this form has been complet-
ed and submitted.

Manuscript preparation

Manuscripts have to be written according to the 
rules stated in “Uniform Requirements for Man-
uscripts Submitted to Biomedical Journals”. The 
full document is available from www.icmje.org

Language. Manuscripts must be written in 
clear, concise, grammatical English. Authors 
from non-English speaking countries are re-
quested to have their text translated by a profes-
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sional, or thoroughly checked by a native speaker 
with experience in writing scientific and medical 
manuscripts in English. Revision of the language 
is the responsibility of the author. All manuscripts 
should be spellchecked using a Microsoft Word or 
Dorland’s spellchecker before they are submitted. 
Spelling should be US English or British English, 
but not a mixture. On the grounds of poor Eng-
lish manuscripts may be sent back to an author 
for rewriting or language correction.

Font and spacing. The manuscript should be 
prepared in Microsoft Word format (for PC, 6.0 or 
a later version). Paper version should be typewrit-
ten on white bond paper of A4 size, with margins 
3 cm each. Write on one side of each sheet, using a 
font not smaller than 12 points, preferably Times 
New Roman or Arial. All pages must be num-
bered. Prepare texts with double spacing (except 
those of tables, which are made with table tools 
in Word or in Excel). Double spacing of all por-
tions of the manuscript (including the title page, 
abstract, text, acknowledgments, references, and 
legends), makes it possible for editors and review-
ers to edit the text line by line, and add comments 
and queries, directly on the paper copy.

Length. The length of a manuscript depends 
on its type. On the title page, author should 
specify total word count and/or character count. 
Microsoft Word can count them for you. With 
double spacing (2000 characters with spaces per 
page), the limits are as follows:

• Editorial – up to 3 pages (maximum 
count 6000 characters with spaces) and maximum 
15 references.

• Review article – from 12 to 20 pages 
(maximum count 30000 characters with spaces) 
and maximum 40 references.

• Original research study – from 12 to 
15 pages (maximum count 30000 characters with 
spaces).

• Original (scientific and professional) ar-
ticle – from 12 to 15 pages (maximum count 30000 
characters with spaces).

• Short communication – up to 5 pages 
(maximum count 10000 characters with spac-
es), only two graphical display (figure or table) 
and up to 5 references and up to 3 authors.

• Statistical and methodological compila-
tions – up to 16 pages (maximum count 32000 
characters with spaces).

• Case reports and letters – up to 3 pages 
(maximum count 10000 characters with spaces), a 
maximum of 2 figures or tables and no more than 
15 references.

• Images in clinical medicine – is an article 
providing one or two fascinating pictures in black 
and white or in color. It can be clinical or technical 
on a patient or part of a patient, for instance an x-
ray or MRI image or a histological document. The 
picture is accompanied by a short text (a maximum 
of 300 words), up to 3 authors, and if necessary 1 to 
3 references can be included.

• Letter to the editor – up to 3 pages (max-
imum count 2000 characters with spaces), and 
up to 5 references.

Organization of the text. The text of origi-
nal articles is usually divided into sections with 
the following headings: Introduction, Materi-
als (Patients) and methods, Results, Discussion 
and Conclusion. This structure is not simply an 
arbitrary publication format, but rather a direct 
reflection of the process of scientific discovery. 
Long articles may need subheadings within some 
sections (especially the Results and Discussion 
sections) to clarify their content. Other types 
of articles, such as case reports, reviews, and 
editorials, are likely to need other more flexible 
structure of the text. If possible, use standard ab-
breviations. Non-standard abbreviations should 
be defined when first used in the text.

Title page (the first page)

The title page should carry the following infor-
mation:

1. Type of the article.
2. Title of the article, which should be as 

short and concise as possible. Authors should 
include all information in the title that will make 
electronic retrieval of the article both sensitive 
and specific.

3. A short title (up to 50 characters with spac-
es), which will appear in the heading of an article 
in the journal.

4. Authors’ names and institutional affili-
ations (full first name followed by family name, 
separated by a comma from the next name; us-
ing Arabic numerals in superscript format relate 
names and institutions).
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5. The name of the department(s) and 
institution(s) to which the work should be at-
tributed.

6. Corresponding authors. The name, mail-
ing address, telephone and fax numbers, and 
e-mail address of the author responsible for cor-
respondence about the manuscript. The name 
and address of the author to whom requests for 
reprints should be addressed (if different from 
the corresponding author), or a statement that 
reprints will not be available from the authors.

7. Specify sources of support in the form of 
grants, equipment, drugs, or others, if any and a 
statement about existence or non-existence of the 
conflict of interests.

8. Total number of pages, words and char-
acters with spaces (Microsoft Word enables the 
simple acquisition of these data), number of figures 
and tables. A word count for the text only (exclud-
ing abstract, acknowledgments, figure legends, and 
references) allows editors and reviewers to assess 
whether the information contained in the paper 
warrants the amount of space devoted to it, and 
whether the submitted manuscript fits within the 
journal’s word limits. A separate word count for the 
Abstract is also useful for the same reason.

Second page

Abstract and Key words are written on the second 
page. Because abstracts are the only substantive 
portion of the article indexed in many electronic 
databases, and the only portion many readers 
read, authors need to be careful that abstracts 
reflect the content of the article accurately. An 
abstract (250 words) is written without authors’ 
names and institutional affiliations. Its struc-
ture should be similar to that of the text. For 
original articles, the abstract needs to have the 
structure with the following subtitles: Objective, 
Materials and methods, Results and Conclusion. 
Abstracts for Case reports also need to have the 
following subtitles: Objective, Case report, and 
Conclusion and for Review articles: Objective, 
Background, Methods, Discussion and Conclu-
sion. Abstracts for Short communication (150 
words) should not be structured but should end 
with Conclusion. Following the abstract, authors 
provide, and identify as such, 3 to 5 key words 
or short phrases that capture the main topics of 

the article. The key words should not repeat the 
title of the manuscript. Terms from the Medical 
Subject Headings (MeSH) list of Index Medicus 
should be used; MeSH terms are available from: 
www.nlm.nih.gov/mesh/.

Third page

Should carry the manuscript of article. Text 
should be under the following headings:

Introduction. Needs to be short and to spec-
ify to the reader, clearly and with arguments, 
reasons for the research presentation, and the 
novelties that the article brings. In Introduction 
maximum 3 to 4 pertinent and directly related 
works need to be cited. At the end of Introduc-
tion, an author needs to clearly specify the set 
aim of the research.

Methods. This part needs to provide the 
following information: selection and descrip-
tion of participants, precise technical informa-
tion about all methods (describe the methods, 
apparatus, and procedures in sufficient detail to 
allow other workers to reproduce the results; 
give references to established methods, including 
statistical methods; identify precisely all drugs 
and chemicals used, including generic names, 
doses, and routes of administration and other 
specificities related to the presented research). 
Upon reporting about humane experiments, 
an author needs to indicate if the used proce-
dures were in accordance with the Declaration 
of Helsinki from 1975 and its amendments from 
1983. In addition, there needs to be stated if 
and which ethical committee gave consent for 
carrying out the research. A separate subtitle is 
Statistical Analysis. Authors need to indicate all 
statistical tests that were used. In addition, there 
needs to be stated the level of significance selected 
beforehand (p), that is which value p the authors 
considered to be statistically important (ex. 0.05 
or 0.01, or some other). The results should be 
stated with pertaining confidence intervals (CI).

The editorship recommends to the authors 
to follow STARD instructions published in 2003 
in the researches of diagnostic accuracy. At the 
end of the paragraph authors need to state which 
computer statistical program they have been us-
ing, as well as indicate the manufacturer and ver-
sion of the program.
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Results. Present your results in logical se-
quence in the text, tables, and illustrations, giv-
ing the main or most important findings first. 
Restrict tables and figures to those needed to 
explain the argument of the paper and to assess 
its support. Use graphs as an alternative to ta-
bles with many entries; do not duplicate data in 
graphs and tables. The text must contain a clear 
designation as to where the tables and illustra-
tions are to be placed relative to the text. Do not 
duplicate data by presenting it in both a table 
and a figure.

Discussion. Emphasize the new and impor-
tant aspects of the study and the conclusions that 
follow from them. Do not repeat in detail data or 
other material given in the Introduction or the 
Results section. For experimental studies it is 
useful to begin the discussion by summarizing 
briefly the main findings, then explore possible 
mechanisms or explanations for these findings, 
compare and contrast the results with other rele-
vant studies, state the limitations of the study, and 
explore the implications of the findings for future 
research and for clinical practice.

Conclusion. Link the conclusions with the 
goals of the study but avoid unqualified state-
ments and conclusions not adequately supported 
by the data. In particular, authors should avoid 
making statements on economic benefits and 
costs unless their manuscript includes the ap-
propriate economic data and analyses. Avoid 
claiming priority and alluding to work that has 
not been completed. State new hypotheses when 
warranted, but clearly label them as such.

Acknowledge. Anyone who contributed to-
wards the study by making substantial contribu-
tions to conception, design, acquisition of data, 
or analysis and interpretation of data, or who 
was involved in drafting the manuscript or revis-
ing it critically for important intellectual content, 
but who does not meet the criteria for authorship. 
List the source(s) of funding for the study and for 
the manuscript preparation in the acknowledge-
ments section.

Authors’ contributions (eg.): Conception 
and design: MK and OG; Acquisition, analysis 
and interpretation of data: MK and GL; Drafting 
the article MK; Revising it critically for important 
intellectual content: GL and OG).

Conflict of interest (eg.): The authors de-
clare that they have no conflict of interest.

References. Need to be on a separate page. 
Small numbers of references to key original pa-
pers will often serve as well as more exhaustive 
lists. Avoid using abstracts as references. Referenc-
es to papers accepted but not yet published should 
be designated as “in press” or “forthcoming”; au-
thors should obtain written permission to cite 
such papers as well as verification that they have 
been accepted for publication. If the paper has 
been published in electronic form on PubMed the 
confirmation of acceptance is not needed. Infor-
mation from manuscripts submitted but not ac-
cepted should be cited in the text as “unpublished 
observations” with written permission from the 
source. Avoid citing a “personal communication” 
unless it provides essential information. For sci-
entific articles, authors should obtain written per-
mission and confirmation of accuracy from the 
source of a personal communication.

References should be numbered consecutive-
ly in the order in which they are first mentioned 
in the text. Identify references in text, tables, and 
legends by Arabic numerals in parentheses at 
the end of a sentence. Use the same number in 
the reference list. References cited only in tables 
or figure legends should be numbered in accor-
dance with the sequence established by the first 
identification in the text of the particular table 
or figure.

The titles of journals should be abbreviated ac-
cording to the style used in Index Medicus. Con-
sult the list of Journals Indexed for MEDLINE, 
published annually as a separate publication by 
the National Library of Medicine (available from: 
www.nlm.nih.gov/tsd/serials/lij.html). Examples 
of references please see on the following pages.

Tables. Need to be submitted separate from 
the main text. The preferred software for tables is 
Microsoft Excel (save each table in a file with single 
worksheet). Only tables made with table tools in 
Microsoft Word are acceptable. For the paper ver-
sion, type or print each table on a separate sheet 
of paper. Number tables consecutively in the or-
der of their first citation in the text. Use Arabic 
numerals. Each table needs to have an explana-
tory title. Place the title above the table. Give each 
column a short or abbreviated heading. Also, 
visibly indicate the position of each table in the 
text, using its assigned numeral at the end of the 
sentence which is relevant to the table(s). Tables 
should be positioned in the text where the au-
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thor feels is appropriate but the Editor reserves 
the right to reorganize the layout to suit the print-
ing process. Authors need to place explanatory 
matter in footnotes, not in the heading. Explain 
in footnotes of the table all nonstandard abbrevi-
ations. For footnotes use the following symbols, 
in sequence: *, †, ‡, §, ||, ¶, **, ††, ‡‡. Identify sta-
tistical measures of variations, such as standard 
deviation and standard error of the arithmetic 
mean. Be sure that each table is cited in the text. If 
you use data from another published or unpub-
lished source, obtain permission and acknowl-
edge them fully.

Figures. (illustrations: diagram, photograph, 
photomicrograph, radiograph, drawing, sketch, 
picture, outline, design, plan, map, chart, etc.). 
Need to be submitted separate from the main 
text. They need to be submitted as photographic 
quality digital prints or, exceptionally, as profes-
sionally drawn and photographed original il-
lustrations. Figures should be in a digital format 
that will produce high quality images. Formats 
recommended include: JPEG, GIF, TIFF, Micro-
soft Word, Excel. Sending original photographs 
and slides is permissible when they cannot be 
digitized without professional help. In this case, 
send an explanation in the cover letter. Using Ara-
bic numerals, number figures consecutively in the 
order of their first citation in the text. Also, vis-
ibly indicate the position of each figure in the 
text, using its assigned numeral in parentheses. 
Figures should be positioned in the text where 
the author feels is appropriate but the Editor re-
serves the right to reorganize the layout to suit 
the printing process.

Supply a legend for each figure. Titles and 
detailed explanations belong in the legends, how-
ever, not on the figures themselves. Figures should 
be made as self-explanatory as possible. Letters, 
numbers, and symbols on figures should there-
fore be clear and even throughout, and of suffi-
cient size that when reduced for publication each 
item will still be legible. Photomicrographs should 
have internal scale markers. Symbols, arrows, or 
letters used in photomicrographs should contrast 
with the background. If photographs of people are 
used, either the subjects must not be identifiable 
or their pictures must be accompanied by written 
permission to use the photograph.

Legends for Figures need to be included in the 
main manuscript text file, on a separate page im-

mediately following the references. Type or print 
out legends using double spacing. For each fig-
ure, the following information should be pro-
vided: figure number (in sequence, using Ara-
bic numerals – i.e. Figure); title of the figure; all 
necessary explanations. When symbols, arrows, 
numbers, or letters are used to identify parts of 
the illustrations, identify and explain each one 
clearly in the legend.

Units of measurement

Measurements of length, height, weight, and vol-
ume should be reported in metric units (meter, 
kilogram, or liter) or their decimal multiples. Tem-
peratures should be in degrees Celsius. Blood pres-
sures should be in millimeters of mercury, unless 
other units are specifically required by the journal.

Abbreviation, Acronyms and Symbols

If possible for metric units use standard abbre-
viations. Non-standard abbreviations should be 
defined when first used in the text.

Sample references

Articles in journals

Standard journal article (List the first six authors 
followed by et al.):

Halpern SD, Ubel PA, Caplan AL. Solid-organ 
transplantation in HIV-infected patients. N 
Engl J Med. 2002;347(4):284-7.

More than six authors:
Rose ME, Huerbin MB, Melick J, Marion DW, 
Palmer AM, Schiding JK, et al. Regulation of 
interstitial excitatory amino acid concentra-
tions after cortical contusion injury. Brain Res. 
2002;935(1-2):40-6.

Organization as author:
Diabetes Prevention Program Research 
Group. Hypertension, insulin, and proinsulin 
in participants with impaired glucose toler-
ance. Hypertension. 2002;40(5):679-86.

No author given:
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21st century heart solution may have a sting 
in the tail. BMJ. 2002;325(7357):184.

Volume with supplement:
Geraud G, Spierings EL, Keywood C. Tolerabil-
ity and safety of frovatriptan with short- and 
long-term use for treatment of migraine and 
in comparison with sumatriptan. Headache. 
2002;42(Suppl 2):S93-9.

Issue with supplement:
Glauser TA. Integrating clinical trial data 
into clinical practice. Neurology. 2002;58(12 
Suppl 7):S6-12.

Issue with no volume:
Banit DM, Kaufer H, Hartford JM. Intra-
operative frozen section analysis in revi-
sion total joint arthroplasty. Clin Orthop. 
2002;(401):230-8.

Letters or abstracts:
Tor M, Turker H. International approaches to 
the prescription of long-term oxygen therapy 
[letter]. Eur Respir J. 2002;20(1):242.; 
Lofwall MR, Strain EC, Brooner RK, Kind-
bom KA, Bigelow GE. Characteristics of old-
er methadone maintenance (MM) patients 
[abstract]. Drug Alcohol Depend. 2002;66 
Suppl 1:S105.

Article republished with corrections:
Mansharamani M, Chilton BS. The reproduc-
tive importance of P-type ATPases. Mol Cell 
Endocrinol. 2002;188(1-2):22-5. Corrected 
and republished from: Mol Cell Endocrinol. 
2001;183(1-2):123-6.

Article with published erratum:
Malinowski JM, Bolesta S. Rosiglitazone in 
the treatment of type 2 diabetes mellitus: a 
critical review. Clin Ther. 2000;22(10):1151-
68; discussion 1149-50. Erratum in: Clin 
Ther. 2001;23(2):309.

Article published electronically ahead of the 
print version:

Yu WM, Hawley TS, Hawley RG, Qu CK. Im-
mortalization of yolk sacderived precursor 
cells. Blood. 2002 Nov 15;100(10):3828-31. 
Epub 2002 Jul 5.

Books and other monographs
Personal author(s):

Murray PR, Rosenthal KS, Kobayashi GS, 
Pfaller MA. Medical microbiology. 4th ed. St. 
Louis: Mosby; 2002.

Editor(s), compiler(s) as author:
Gilstrap LC 3rd, Cunningham FG, VanDor-
sten JP, editors. Operative obstetrics. 2nd ed. 
New York: McGraw-Hill; 2002.

Organization(s) as author:
Royal Adelaide Hospital; University of Ade-
laide, Department of Clinical Nursing. Com-
pendium of nursing research and practice 
development, 1999-2000. Adelaide (Austra-
lia): Adelaide University; 2001.

Chapter in a book:
Meltzer PS, Kallioniemi A, Trent JM. Chro-
mosome alterations in human solid tumors. 
In: Vogelstein B, Kinzler KW, editors. The ge-
netic basis of human cancer. New York: Mc-
Graw-Hill; 2002. p. 93-113.

Conference paper:
Christensen S, Oppacher F. An analysis of 
Koza’s computational effort statistic for ge-
netic programming. In: Foster JA, Lutton E, 
Miller J, Ryan C, Tettamanzi AG, editors. Ge-
netic programming. EuroGP 2002: Proceed-
ings of the 5th European Conference on Ge-
netic Programming; 2002 Apr 3-5; Kinsdale, 
Ireland. Berlin: Springer; 2002. p. 182-91.

Dissertation:
Borkowski MM. Infant sleep and feeding: 
a telephone survey of Hispanic Americans 
[dissertation]. Mount Pleasant (MI): Central 
Michigan University; 2002.

Other published material

Newspaper article:
Tynan T. Medical improvements lower homi-
cide rate: study sees drop in assault rate. The 
Washington Post. 2002 Aug 12;Sect. A:2 (col. 4).

Dictionary and similar references:
Dorland’s illustrated medical dictionary. 29th 
ed. Philadelphia: W.B. Saunders; 2000. Fila-
min; p. 675.
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Electronic material

CD-ROM:
Anderson SC, Poulsen KB. Anderson’s elec-
tronic atlas of hematology [CD-ROM]. Phil-
adelphia: Lippincott Williams & Wilkins; 
2002.

Audiovisual material:
Chason KW, Sallustio S. Hospital prepared-
ness for bioterrorism [videocassette]. Secau-
cus (NJ): Network for Continuing Medical 
Education; 2002.

Journal article on the Internet:
Abood S. Quality improvement initiative in 
nursing homes: the ANA acts in an advisory 
role. Am J Nurs [serial on the Internet]. 2002 
Jun [cited 2002 Aug 12];102(6):[about 3 p.]. 
Available from: http://www.nursingworld.
org/AJN/2002/june/Wawatch.htm.

Monograph on the Internet:
Foley KM, Gelband H, editors. Improving 
palliative care for cancer [monograph on the 
Internet]. Washington: National Academy 

Press; 2001 [cited 2002 Jul 9]. Available from: 
http://www.nap. edu/books/0309074029/html/.

Homepage/Web site:
Cancer-Pain.org [homepage on the Internet]. 
New York: Association of Cancer Online Re-
sources, Inc.; c2000-01 [updated 2002 May 16; 
cited 2002 Jul 9]. Available from: http://www.
cancer-pain.org/.

Part of a homepage/Web site:
American Medical Association [homepage 
on the Internet]. Chicago: The Association; 
c1995-2002 [updated 2001 Aug 23; cited 
2002 Aug 12]. AMA Office of Group Practice 
Liaison; [about 2 screens]. Available from: 
http://www.ama-assn.org/ama/pub/catego-
ry/1736.html.

Database on the Internet:
Who’s Certified [database on the Internet]. 
Evanston (IL): The American Board of Medi-
cal Specialists. c2000 – [cited 2001 Mar 8]. 
Available from: http://www.abms.org/news-
earch.as.








