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CHAPTER 1 

Oral health in Syria 

Beiruti N, van Palenstein Helderman WH. Oral health in Syria. Int Denl J 2004; 54: 383-388. 



Abstract 

The aim of this paper is to describe and analyse the oral health situation in Syria 

in the last two decades and to propose recommendations for improvement of the 

current situation. The epidemiological data on caries of the last two decades did 

not indicate a decrease in the DMFT value of various age groups, nor was a 

decrease in the percentage of untreated caries apparent. The unequal distribution 

of oral health care continued to exist throughout the country, despite an 

enormous increase in the number of dentists from about 2,000 in 1985 to about 

14,500 in 2002. The affluent part of the population is served with technically 

oriented expensive dental services. The public sector suffers from limited 

finance, the absence of appropriate technology in restorative dentistry and the 

lack of a community and preventive oriented approach. It is recommended to 

utilise dental hygiemsts in the public sector, since these auxiliaries if 

appropriately trained can offer the preventive and curative oral care wanted and 

demanded by the poor and that the government and the people can afford. 
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Introduction 

The Syrian Arab Republic lies on the Eastern coast of the Mediterranean Sea. 

The land area is 185,500 km" and the total population was about 17 million in 

2002, of which 18% lived in the capital Damascus. The estimated annual 

population growth rate was 2.6%. Infant mortality was 23/1,000 and life 

expectancy for women was 75 years and for men 72 years, with 41% of the 

population comprising 4-18-year olds. The GNP per capita was USS 1,130 in 

2002. About 45% of the population was dependent on agriculture as a livelihood. 

The allocation for health, including oral health was 3% of the general budget . 

The aim of this paper is to describe and analyse the oral health situation in Syria 

over the last two decades and to make recommendations for improvement. 

Dental caries 

The results of studies using WHO criteria showed a high prevalence of dental 

caries among 5-year-old children. The prevalence of caries of 5-year olds in 

Damascus was 77% in 1985" and 14% in 1991 and the mean dmft score was 5.2 

and 4.6, respectively. 

The mean DMFT score for different age groups and cohorts are presented in 

Figure 1. In the last two decades, the mean DMFT score of 12-year-old children 

showed a fluctuating pattern ranging from 1.4 to 2.5. A secular change of caries 

experience was not apparent for 12-year olds nor was a change over time 

apparent for the 15-year olds. 

The mean DMFT score of 5-year olds and the mean DMFT score of 12 and 15-

year-old children consisted mainly of the D-component; 80-90% in the 5-year 

and 12-year olds, and 70-80%) in the 15-year olds (Figure 2). The percentages of 

untreated caries have not changed substantially over the last two decades. 

Dentine lesions in children up to the age of 12 years are predominantly observed 

in occlusal surfaces of first molars. The high percentage of untreated canes in 

children resulted in an M component of the DMFT count of 40-50% in the 35-

44-year olds·'-"1. 
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Fig I. DMFT- values of various age cohorts in Syria, recorded between 1980-

1998. The y-axis represents the DMFT-score. Each x-axis represents a specific 

age cohort. Each z-axis shows cohorts of increasing age 
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Fig 2. Proportional distribution of the DMFT components in 5-year-old children 

and the DMFT components of 12-, 15-, and 35-44-year-old Syrians in the period 

1981-1998 
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Oral hygiene and periodontal diseases 

According to the national oral health survey of 1998 only 6-15% of 15-year and 

35-44-year olds were free of gingival bleeding, calculus and periodontal 

pockets . Poor oral hygiene was common among 15-year olds of whom 94% 

had a high accumulation of dental plaque1". About 3-11% of the 35-44-year-old 

Syrians suffered from severe periodontal diseases13. 

Other conditions 

There are several areas in Syria where the fluoride content of water is elevated 

ranging from 0.8 tol .9 ppm F14. These fluoride concentrations do not pose a 

general medical risk, but arc responsible for the occurrence of dental fluorosis. 

For example, it was reported that 78% of 13-15-year-old children in Palmyra 

exhibited fluorosis of which 31% had it in a moderate to severe form15. In 

Alhasaka, 15 % of 12-year-old children were reported to have moderate to severe 

fluorosis'4. 
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The prevalence of dental injuries to the permanent incisors of children in 

Damascus was 5% among 9-year olds and 12% among 12-year olds'6. 

Perceived oral health problems and knowledge on oral health 

With regard to perceived oral health, only 27% of 13-15-year-old children in 

Palmyra reported being free of oral health problems. Overall, 29% mentioned 

pain due to untreated caries, 24% to gingival bleeding and 24% to orthodontic 

cosmetic problems . Poor oral health knowledge was found among 15-year-old 

children and among school teachers, school nurses and physicians17'18 

Dental education and dental workforce 

Dental education 

There are four public dental colleges in Syria, in Damascus (1919), Aleppo 

(1984), Hama (1984) and Lattakia (1995). The number of graduating dentists 

increased dramatically in the period 1985 to 2002 (Table / ) ' 9 . The dental 

curriculum lasts for five years and is mainly based on a western, technically 

oriented training rather than on a community and preventive oriented approach 

that meets the needs and requirements of the population. About 10% of the newly 

graduated dentists become enrolled in post-graduate education organized by the 

Dental College in Damascus, the Ministry of Health and Military Medical 

Services Department. Dentists who do not enrol in post-graduate education, have 

to serve in rural areas in either their own private clinic or in a public dental clinic 

for two years. The large and increasing number of graduated dentists poses a 

considerable socio-economic and professional problem as they prefer to stay in 

the more affluent cities rather than working in rural areas. About 10% of them 

have found employment in Arabic Golf countries20. 

Auxiliary education 

Three intermediate dental institutes for dental technicians and dental hygienists 

have been established in Damascus ( 1973), Aleppo ( 1988) and in Hama ( 1997). 

The duration of training is two years. The curriculum for dental hygiënist is not 

tailored to the priority needs of the majority of the population. About 300 dental 

technicians and 50 dental hygienists per year have graduated in recent years"1. 
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Table 1. Number of dentists and dental auxiliaries in Syria between 1985-2002 

Year 

1985 

1990 

1995 

1998 

2002 

Dentists 

1,975 

3,272 

8,500 

11,506 

14,610 

Dentist/pop ratio 

5,200 

3,800 

2,150 

1,500 

1,172 

Hygienists 

150 

250 

450 

575 

750 

Technicians 

500 

750 

2,200 

2,900 

4,000 

The number of dental technicians and dental hygienists graduating from 1985 to 

2002 is shown in Table J The number of dental technicians is high and many 

have started working in another profession, whereas dental hygienists face 

difficulties in finding jobs in public and private sectors 

Oral health care system 

Public oral health care is delivered to the population under the authority ol the 

Ministry ol Health in Maternity and Child Health Centres (MCH) and in 15 

hospitals where specialists render oral surgical procedures Under the Ministry ol 

Education, school oral health programmes and services are delivered to children 

aged 6-18 years The private sector, including denial services in companies and 

industries comprise the majority of curative dental services 

In 1990, the National Oral Health Plan (NOHP) was compiled aimed at 

achieving the WHO global goals for the year 2000"" The NOHP was based on 

the adoption of 

1 A preventive strategy through providing comprehensive oral health education 

and promotion programmes for target groups 

2 A supportive curative strategy through providing oral care services for mothers 

and their children aged 0-18 years 



Maternity and Child Health Care Centres (MCH) 

Curative oral care in MCH centres is delivered on demand There are 1,114 

MCH centres in the country compared with 235 in 1990, 476 ol them are now 

equipped with a dental unit The total number of dentists working in MCH 

centres is about 1,800 compared to 234 in 1990 This change has resulted in 

employment of, on an average, three dentists per MCH centre having only one 

denial unit Health workers or nurses assist the dentists Only about 40 dental 

hygiemsts are employed in MCH centres Oral health care services in MCH 

centres include the provision of oral health education by nurses and health 

workers to pregnant mothers and mothers with infants, and limited preventive 

measures such as the provision of fluoride tablets for infants Curative services 

on demand include restorative treatment (fillings), scaling, extractions and 

emergency care 

Currently, about 8% of the population benefit from these oral health care 

services This percentage has remained unchanged since 1990, despite the 

substantial increase in dental units and the enormous increase in number of 

dentists 

School oral health services 

The school oral health programme for primary schoolchildren started in 1991 It 

contained three components oral health education and promotion, a preventive 

programme and a supportive curative service23 

Οι al health education and pi amotion 

This component was directed towards 1st and 6 lh grades Facilitators were 

dentists, school health assistants and in-service trained schoolteachers About 

50% of primary schoolchildren were involved in this programme In 1998, the 

action oriented school health curriculum (AOSHC) was adopted in the school 

oral health programme" This AOSHC is an innovative approach based on the 

principle of "discover, do and use" It is thought that schoolchildren acquire 

motivation and skills to perform actions beneficial to themselves, their 
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community and their environment. AOSHC calls for parents, teachers and 

children to assist in achieving these goals. 

Preventive programme 

The preventive programme included school-based fluoride mouth rinsing for the 

2" - 6l grade children" This is carried out by in-service trained schoolteachers. 

About 12 % of the target group children participate in this programme. 

Compliance of teachers with this programme was poor and extending this 

programme faced administrative and personnel obstacles"1. Besides these 

obstacles, an evaluation study showed low benefit in caries prevention through 

mouth rinsing programmes with only 0.2 DMFT reduction after 5 years of 

application-6. Therefore, fluoride mouth rinsing was replaced in many schools 

with topical fluoride solution application by oral health personnel 

Supportive curative service 

These services were delivered mainly to the 2nd and 5'h grade children and on 

demand to other children. There are at present 105 school dental clinics equipped 

with a dental unit. These school dental clinics are only located in cities and towns 

with about 210 dentists and 115 dental hygienists. This implies that on average 

two dentists and one dental hygiënist work in a school dental clinic with one 

dental unit. The services given to the schoolchildren arc restorative treatment 

through the traditional and the ART approach, treatment of periodontal tissues 

and extractions. Limited applications of fissure sealants were provided in some 

school dental clinics. 

About 5 % of the target children (grade 2 and 5) have benefited from the school 

dental curative services27. This coverage percentage has not substantially 

changed since 1990. Limited financial recourses and problems with maintenance 

care of the technical dental equipment have restricted this type of school curative 

dental services. 

In the last five years, initiatives have been launched to promote the application of 

ART"8 in the school dental services. Most school dentists have been trained in 
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the ART technique and they have been encouraged to apply it. Oral health 

records show an increase in the use of the ART approach in school dental 

services during recent years. Results of clinical research conducted during the 

last eight years in the WHO Centre for Demonstration, Training and Research for 

Oral Health in Damascus showed that ART is an appropriate technology" . The 

costs involved are a fraction of the expenses needed for the traditional restorative 

approach 

Private sector 

The private sector delivers most of the oral health services in different specialties 

to people who can afford it. Private dental clinics are almost exclusively located 

in cities and towns. In addition, the Military Medical Services Department and 

the Ministry of Interior provide dental services for their employees and their 

families. These services are provided on demand. They include emergency care, 

extraction, oral surgery, restorative procedures, periodontal disease treatment and 

limited prosthodontic and orthodontic treatment Some industries and big 

companies have their own dental clinics for delivering basic oral care to their 

workers and employees. Others have an insurance system and refer their 

employees to private dental clinics for restorative and curative treatment and pay 

a minimum fee. 

Summary of the prevailing problems in oral health care in Syria 

- The prevalence of caries in children and adults has not decreased in the last 

two decades. 

- The high percentages of untreated caries in 12-year and 15-year-old children 

(80% and 70%, respectively), have not decreased in the last two decades. Most of 

the caries in children is observed in occlusal surfaces 

- The level of oral hygiene is poor and the prevalence of bleeding gums and 

calculus is high in all age groups. 

- The awareness of behaviour conducive to oral health is poor. 

- The authorities do not address the problem of dental fluorosis. 

- The percentage of people and schoolchildren treated in MCH centres and 

school dental clinics has not substantially increased in the last two decades. 
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- There is a limited community and preventive oriented approach towards oral 

health in public dental clinics 

- The extension of two components of the school oral health programme, the 

preventive fluoride programme and the supportive curative service, is limited due 

to application of expensive and inappropriate technology 

The undergraduate curriculum for dental students and dental hygiemsts is 

inadequate and is not tailored towards the priority needs and disease situation ol 

the population 

- There is a high surplus of dentists 

- There is a high surplus of dental technicians 

- The number of dental hygiemsts is low and those employed are underutilised in 

the public sector 

Rationale for a change 

Common risk factor approach 

The common risk factor approach is much in discussion at the moment Over-

consumption of sugar and the use of tobacco as well as traffic and sport accidents 

are causes of both oral and general disorders and diseases However, restriction 

of the consumption of sugar and the use of tobacco and safety in traffic and 

sports in legislation is not feasible by political pressure of the dental profession 

The dental profession must liaise with the politically more powerful medical 

profession when initiatives are launched by the medical profession to promote 

legislation for improved health 

Tooth brushing with fluoride toothpaste 

As long as legislation lor improved health is not implemented, decreasing the 

prevalence of caries can only be accomplished by raising people's awareness and 

by stimulating people's self care through information on oral health and by 

creating a healthy environment A way to achieve this goal is through oral health 

promotion with emphasis on tooth brushing with fluoride toothpaste The MCH 

centre is an excellent place to start oral health promotion through nurses and 

midwifes to mothers and their infants Early tooth brushing with a pea size 

amount of fluoride toothpaste after the infant's first tooth has erupted is an 
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important message. Nurses and midwifes should be taught about the practical 

implications of this message during their professional education. 

Availability of affordable fluoride toothpaste 

The availability of effective, anti-canes fluoride toothpaste should be promoted, 

preferably a locally produced toothpaste, which will contribute to the country's 

economy and which is regularly monitored for quality control. This locally 

produced fluoride toothpaste should be exempted from cosmetic taxes by the 

government to make it affordable for all people 

Low fluoride bottled water 

With regard to areas where dental fluorosis is endemic, it is not advisable to de-

fluondatc drinking water in the range of 0.7- 1.9 ppm F. Such fluoride contents 

are effective in preventing the development of caries for all ages and do not pose 

any health risk besides dental fluorosis. The latter situation can be prevented if 

children under the age of 5 years drink fluoride free bottled water. 

Dental hygienists in the public sector 

Extension of oral health care services with the intention to improve the existing 

inequity in provision of services can be achieved by involving appropriately 

trained dental hygienists who offer preventive and curative oral care services that 

meet people's first needs. These oral health auxiliaries should have a similar 

position and function as health auxiliaries working in the primary health care 

system. Dental hygiënist if properly trained can carry out all tasks mentioned in 

the WHO report "Basic Package of Oral Care (BPOC)"30. BPOC contains three 

main components: providing emergency care, introduce prevention of dental 

canes and gum disease through the use of affordable fluoride toothpaste and 

introduce prevention through ART sealants and restorative care through ART 

restorations. The involvement of dental hygienists in oral care allows the system 

to expand, since they can implement BPOC without the use of expensive 

equipment that the dentist is trained to use. 
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Reshaping the content and workforce in school oral health 

Dental hygienists are particularly useful in school oral health services where they 

can stimulate and guide the teachers in oral health education for the 

schoolchildren. School-based tooth brushing under the supervision of teachers 

can be promoted and stimulated by dental hygienists working in the school oral 

health service. In addition, they can provide ART restorations and sealants for 

children in need of this preventive and tooth saving treatment approach. The 

current constraints with regard to extending the school oral health service can be 

solved by keeping the costs affordable. Dental hygienists can provide all care 

mentioned in BPOC with the use of hand instruments. This implies that the 

curriculum and the job description of dental hygienists have to be modified. 

Dentists should more than momentarily be a manager in the public sector, where 

dental hygienists are the main workforce in the primary health care system and 

the school oral health service. However, only a limited number of manager-

dentists are needed, who are responsible for the supervision, recording and 

monitoring of the activities of the dental hygienists. They should be well paid in 

accordance with their responsibilities. It implies that in the curriculum of the 

dental schools more time must be allocated for all aspects of public and 

community oral health. In addition, postgraduate courses on public health are 

needed to train the future manager-dentists. At the same time, a start should be 

made reducing the intake of dental students and similarly a reduction in the 

number of dental technician students is also recommended. 
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CHAPTER 2 

Introduction and aim of the study 



Introduction 

The I s ' National Oral Health Plan and the content of the evaluation report have been discussed 

in Chapter 1. The part that was successfully implemented concerned school-based oral health 

education and promotion. The_implemcntation of a supportive preventive and curative 

programme through providing oral care services for mothers and 0-18-year-old children had 

not achieved the planned goals. The outcome was an unchanged prevalence of caries and a 

permanent high percentage of untreated caries in children. Therefore, in Chapter 1, a more 

appropriate preventive and restorative treatment approach was recommended to deal with the 

high level of unmet treatment need amongst children. 

Appropriate caries preventive strategy 

Epidemiological studies amongst youngsters in Syria showed that caries in the permanent 

dentition predominantly occurred in fissures and pits of occlusal and smooth surfaces of 

mostly Γ'molars. The most caries susceptible period of a first molar is probably the 1.0 to 1.5 

yearlong eruption phase ( 1 ), during which the enamel is undergoing secondary maturation. 

During this period extra efforts for effective tooth brushing is necessary but the child and 

parents often don't know that a new tooth is emerging. The caries inhibiting effect of saliva in 

most children with a modem diet is suboptimal and therefore extra Huoride through tooth 

brushing with fluoride toothpaste is needed. 

Besides tooth brushing with a fluoridated toothpaste (2,3), a number of preventive measures 

have been developed: application of a fluoride varnish (4), application of a Chlorhexidine 

vamish (5), sealing pits and fissures with a composite resin or a glass-ionomer cement (6-8) 

and combinations of these measures (9). An important factor in the effectiveness of these 

preventive measures is the substantivity of the agent. The application of a fluoride or 

Chlorhexidine vamish and gel is only effective on a regular recall scheme. It is obvious that 

only a few oral health systems in the world have the resources to afford such a frequent recall 

pattern. A preventive measure with a sufficiently long substantivity for use in pits and fissures 

is the sealant. 

Pits and fissure sealants 

Two sealant materials are commonly used. These are categorised into resin-based and poly-

acid based materials. Resin-based materials are the choice for many (10-12) although the 
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material appears to be technique sensitive and moisture intolerant The advantage ol the use of 

auto cured glass-ionomer as a sealant for pit and fissures in newly erupted first molars is its 

chemical adhesion to both enamel and dentine without a need to etch these tooth surfaces, its 

fluoride release, its moisture tolerant nature and the relatively short application time An 

added advantage is its independency of electricity Whilst it is generally accepted that 

composite resin sealants are retained longer than glass-ionomer sealants, they are therefore 

not necessarily more effective in inhibiting caries over a long period (7,13-16) 

A low-viscosity glass-ionomer was used in most glass-ionomer sealant studies until the end ol 

the nineties In the mid nineties, researchers had started to investigate the effectiveness of 

high-viscosity glass-ionomers as sealant material The 3-year retention rates of partially and 

fully retained sealants using high-viscosity glass-ionomers were reported to be 71-72% 

(17,18) These results are better than reported for sealants using low-viscosity glass-ionomers 

(7,13,14,16) The high-viscosity sealants were placed, as part of the ART approach, in first 

and second molars of 12 tol4-year olds This raises the question would the application of a 

high-viscosity glass-ionomer fissure sealant be effective in preventing caries in newly erupted 

lsl molars in children in Syria' 

Dental hygiënist for preventive programmes 

The key role dental hygiemsts should play in preventing oral diseases in children, is discussed 

in Chapter 1 About 750 dental hygiemsts have graduated from the three dental training 

institutions in Syria by the year 2002 The current intake is 50 per year Unfortunately, these 

dental hygiemsts have difficulties in finding employment, as there exists a gap in 

communication between the education authorities, which offer this training course, and the 

health authorities that are responsible for employing them Currently, 155 denial hygiemsts 

are employed in the public sector (115 in Ministry ol Education and 40 in Ministry of Health) 

and a small number in the private sector But, even many of them are not utilized to promote 

oral health education and preventive activities They lend to carry out non-professional duties 

Whilst dental hygiemsts are considered an important health worker in many countries, this is 

not the case in Syria Considering the current levels ol dental decay in the country and the fact 

that pits and fissure sealants can be provided effectively by dental hygiemsts ( 19-21 ), it is 

time for a reorientation of the place and role ot denial hygiemsts in Syria The Ministry of 

Health, the Ministry of Education, the Ministry of Higher Education and the dental profession 
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should develop a strategy aiming to clear a more prominent space for dental hygiemsts in the 

provision of preventive oral care for the population of Syria. 

Preventive initiatives 

On basis of the outcome in the evaluation report of the Is' National Oral Health Plan, that 

school-based fluoride mouth rinsing had insufficient anti-caries efficacy (Chapter 1), the 

WHO Regional Centre initiated a research programme on the use of sealants applied by dental 

hygienisls. Because of the inconclusiveness in the literature with respect to the sealant 

material that provides the best caries prevention, a study was initiated in which resin 

composite was compared with a low-viscosity glass-ionomer. This study commenced in 1996 

and was carried out in collaboration with the Dental School in Arhus, Denmark. At the time 

of starting this sealant comparison study, the first reports appeared about the effectiveness of 

medium-viscosity ART sealants (22). The short-term retention results were much belter than 

that of low-viscosity glass-ionomer sealants. This prompted the WHO Regional Centre to start 

a second sealant comparison study as part of a study on the effectiveness of the ART 

approach in Syrian children. 

The Atraumatic Restorative Treatment (ART) approach 

The ART approach consists of two elements; a preventive, through application of sealants and 

a restorative, through application of sealant-restorations. ART is one of the existing minimal 

intervention approaches (23). The preventive element uses high-viscosity glass-ionomer as a 

sealant material. The glass-ionomer is pressed into pits and fissures with a petroleum jelly 

coated index finger (press-finger technique). The material is self-curing and excess material 

can be trimmed down using hand instruments. The restorative element uses in principle 

adhesive dental materials but in practice, glass-ionomers have mainly been used. ART 

restorations are produced through removing demineralised tooth tissues using hand 

instruments and restoring the cleaned cavity and the adjacent pits and fissures with the 

adhesive filling material in use. No electricity is required and local anaesthesia is rarely 

needed with the ART approach (24). Because only hand instruments in combination with an 

auto-cured glass-ionomer are used, ART restorations and glass-ionomer sealants can be 

placed almost anywhere, for example at the school premises. For Syria this could imply that 

many of the current 2010 dentists employed in the public sector and school health department 

would be able to provide preventive and restorative care at schools. That would solve the 
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difficulty of transporting children to dental clinics outside the schools and it would also solve 

the identified problem ol non-functioning dental units due to lack of maintenance are But, 

most of the oral health gain could be achieved by employing auxiliary dental personnel 

(dental hygiemsts) Properly trained, they could not only carry on with the successful 

implementation of oral health education and promotion, but would be able to add the 

preventive sealant to the oral health package 

Objectives of the study 

The only investigation that critically reviewed the caries preventive elfect of resin composite 

and glass-ionomer concluded that the difference in canes preventive effect between the two 

sealant materials was unequivocal (15) This investigation was published almost 10 years ago 

It was considered necessary to carry out another systematic review including the period 1996 

to 2004, to meet the continual demand from the dental field for evidence-based outcome 

effects The need for such a review was further prompted by the lact that two recently 

published reviews on the caries preventive ettecl of fissure sealants were unable to pronounce 

upon differences in anti-canes efficacy between resin composite and glass-ionomer sealants 

A description of the systematic review ot the caries preventive effect of resin composite and 

glass-ionomer appears in Chapter 4 

In the previous paragraph, the role of denial hygiemsts in the oral health services in Syria has 

been discussed It was suggested that ihe children in Syria would benefit from the services of 

this type of oral health personnel if they would be trained in providing sealants In order to 

substantiate this suggestion further, there was a need to carry out two clinical trials One trial 

was set up to compare the effectiveness of resin composite with low-viscosity glass-ionomer 

sealants applied by dental hygiemsts In the other trial, the effectiveness of high-viscosity 

glass-ionomer ART sealants were compared with resin composite sealants applied by an 

dental hygiënist A description of the Is' clinical trial appears in Chapter 3 and that of the 2nd 

clinical trial in Chapter 5 

Unpublished investigations at the College of Dental Sciences of the Radboud University of 

Nijmegen, showed penetration ot petroleum jelly in the superficial layer of glass-ionomer 

ART sealants after application by the 'press-finger' technique As there is not always a need 

to remove the superficial layer, petroleum jelly impregnated glass-ionomer may wear off 

rather quickly It was therefore decided to investigate an alternative method of glass-ionomer 
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application than the 'press-finger' technique. The results of this m-vitro investigation appear 

in Chapter 6. 

Co-operation Damascus - Nijmegen 

In 1997, negotiations began between the WHO Regional Centre for Demonstration Training 

and Research for Oral Health in Damascus and the WHO Collaborating Centre for Oral 

Health Care Planning and Future Scenarios in Nijmegen, the Netherlands. This lead to the 

signing of an agreement of co-operation between the two institutions that same year. The 

agreement included amongst others; 'analyses of dental treatment procedures including 

arresting and remineralisation of carious lesions, minimal intervention, adhesive restorative 

materials and local disinfection; 'development and training of oral health personnel by joint 

research and preparation of a doctorate at the University of Nijmegen'. The Prime Minister of 

Syria endorsed this agreement. The present PhD thesis is the second one of this agreement. 
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CHAPTER 3 

A comparison of retention and the effect 

on caries of fissure sealing with a glass-

ionomer and a resin-based sealant 
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Fissure sealant materials were originally only resin-
based (chemically or light cured), but recently the 
retention and caries preventive effect of glass-iono-
mer materials have also been tested The advantage 
of using glass-ionomer for fissure scaling is that the 
retention of the material is less dependent on com
plete moisture control The number of reports on 
trials in which the two materials have been tested 
within the same trial is, however, limited (1-7) A 
common finding is a lower retention rate of glass-
ionomer sealants compared to resin-based sealants, 
while the findings on the effect on caries are less 
conclusive Sealants are usually considered a meth
od to prevent the initiation of new canes lesions 

However, since recent data have shown that the ef
fectiveness of sealants in controlling caries can be 
increased by selecting teeth with incipienl caries 
lesions (8) it was decided to include teeth with in
cipient caries lesions in the present study 

The purpose of the present study was to compare 
the retention and the effect on caries of a glass-ion
omer and a resm-based fissure sealant 

Material and methods 
The study was conducted in the WHO Regional 
Demonstration, Training and Research Center for 
Oral Health in Damascus, Syrian Arab Republic 
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Fissure sealing - retention and effect on caries 

Table 1 Crilcria Ubcd for diagnosis of occlusal canes 

Diagnosis Criteria 

Sound the fissure is absolutely clean, without dis
coloration, cavitation, filling or other cari
ous defects 

Initial caries white, yellow or brown discoloration of the 
fissure but no sticking of the probe on care 
fui, but gentle probing 

Manifest canes probe sticks on careful but gentle probing 

This Center is under the Ministry of hducation and 
has the responsibility for developing and imple-
menling oral health preventive services for school
children in the country The program was ap
proved by the Ministry 

Study population 
The children were 7 years old at the start of the 
study (2nd grade) and recruited from schools 
close to the Center Only children with at least 
one pair of permanent first molars eligible for 
sealing according to the criteria described below 
were included in the study At the time the study 
was being planned (early 1994) there was only 
limited information available in the literature on 
the relative caries preventive effect of sealing with 
the two materials It was estimated that 15% of 
the surfaces sealed with a resin material would 
decay over the 3-year period that the study was 
to run It was furthermore decided that the study 
should be able to detect a relative risk of new 
cavitated caries lesions in the glass-ionomer 
sealed teeth compared to the resin-scaled teeth of 

2 for a = 0 05 and ß = 0 2ü This would require a 
sample size of approximately 100 subjects In or
der to allow for an expected large loss of partici
pants due to the weak infrastructure, 170 children 
were originally enrolled in the study Follow-up 
examinations for were done after 6 months, 1 
year, 2 years and 3 years A preliminary report 
has been presented on the results after 2 years (9) 
The number of children available for re-examina-
tion was as follows 129 (after 6 months), 121 (af
ter 1 year), 115 (after 2 years) and 116 (after 3 
years) 

Study design 
The study was conducted according to a split 
mouth design using contralateral teeth In each 
child random numbers were used to decide which 
tooth should be sealed with the resin material and 
which tooth should be sealed with glass lonomer 

Diagnostic methods and criteria 
The children were examined during the first 
months of 1995 for caries by one of the authors 
(N S ) using criteria which allowed a separate diag
nosis of clinically non-cavitated lesions to be made, 
as shown in Table 1 Probing was performed with 
a sharp dental probe using very slight pressure 
Fquipment for radiographic examination was not 
available Sealant status was recorded as complete 
retention, partial retention and complete loss All 
examinations were done in the clinical facilities of 
the Center with the child seated in a dental chair, 
with good operating light and using probe and 
drying with compressed air 

Table 2 Retention of sealant material according to type of sealant material and tooth type 

After 6 months 

After 1 vear 

After 2 \ears 

After 3 years 

complete retention 
partial retention 
complete loss 

complete retention 
partial retention 
complete loss 

complete retention 
partial retention 
complete loss 

complete retention 
partial retention 
complete loss 

16 and 26 

1197 
35 90 
52 14 

9 09 
17 27 
73 64 

5 88 
9 80 

84 31 

364 
5 45 

90 91 

Fu|i I I I " 

36 and 46 

14 29 

38 10 
47 62 

11 11 
25 25 
63 64 

12 22 
7 78 

80 00 

313 
9 38 

87 50 

16, 26, 36 and 46 

13 06 
36 94 
50 00 

10 05 

2105 
68 90 

8 85 
8 85 

82 29 

3 40 
7 28 

89 32 

16 and 26 

87 18 
10 26 
2 56 

8182 
9 09 
9 09 

78 43 
1176 
9 80 

72 48 
19 27 
8 26 

Del ton*· 

36 and 46 

93 33 
2 86 
381 

88 89 
0 00 

11 11 

82 22 
1 11 

16 67 

76 04 
12 50 
1146 

16, 26, 36 and 46 

90 09 
6 76 
315 

85 17 

4 78 
10 05 

80 21 
6 77 

13 02 

74 15 
16 10 
9 76 
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Poulsen et al. 

Reexamination for sealant status of approximate 

ly 10% of the study group showed that the exam 

iner was able to reproduce retention status com

pletely The following Kappa values were obtained 

for caries at baseline 0 83, at final follow-up ex

amination in 1998 0 92 

Intervention 
Four dental hygienists were trained in the sealant 

procedure They worked in teams of two (one as 

sisting the other) and did approximately one fourth 

of the sealants each The sealants were placed with

in 2 months after the caries examination The resin-

based sealant material used was chemically poly 

merized Delton® (Ash Dentsply, York, ΡΛ, USA) 

and the glass-ionomer material was Fuji III01 (GC 

Corporation, Tokyo, Japan) Teeth with sound fis

sures as well as teeth with initial lesions of the fis 

sures were sealed No re-sealing was done at the 

follow-up examinations 

Statistical analysis 
Findings on retention of the two materials were 

tabulated according to type of tooth and length of 

follow up period The effect of the two materials 

on caries increment was compared by calculating 

relative risk (RR) (10) and its 95% confidence limits 

(CL) (11) 

Results 

Retention of Fuji III sealants was consistently lower 

at all follow up examinations than retention of Del-

ton sealants, irrespective of tooth type (Table 2) Af

ter 3 years the glass lonomer sealant was complete 

ly lost in almost 90% of the teeth compared to less 

than 10% of the resin-sealed teeth 

After 3 years, a Fuji Ill-sealed permanent first 

molar was more that three times as likely to be

come carious as a Delton sealed tooth (for all teeth 

Table 3 Distribution of pairs of teeth according to tvpe of 
sealant material and caries development 

Fuji III* 

Delton" 

16 and 26 
36 and 46 
all teeth 

Sound 

sound caries 

93 3 
63 3 

156 6 

Canes 

sound caries 

11 2 
26 5 
37 7 

RR (95% CI ) 

2 60 (1 05 6 46) 
3 88 (1 98 7 57) 
3 38 (1 98 5 79) 

RR 3 38, 95% CL 1 98, 5 79) The relative risk was 

lower for maxillary than mandibular permanent 

first molars, but not significantly so 

Discussion 

The low retention rates found in the present study 

are in general agreement with all previous studies 

on glass lonomer fissure sealants On the other 

hand, retention rates of resin sealants after 2 years 

in the present study are comparable to those ob

tained after the same period of observation by 

Forss et al (2), indicating comparable efficiency in 

the clinical technique The clinical technique of ap 

plying glass lonomer sealants is, however, slightly 

different from the technique used when applying 

resin-based sealants The operators in the present 

study had many years' experience in applying 

resin based sealants, while the application of glass-

lonomer sealants was new to them This may ex

plain why the retention of the glass lonomer seal 

ant was considerably lower in the present study 

(9%) than in the Finnish trial (26"/,) (2) 

The results of the present study on caries are not 

in agreement with previous studies that found ei

ther no difference (2, 5, 7) or a higher caries preven 

live effect (3) of the glass lonomer sealant Several 

explanations could be offered for this One could 

be that the present study was conducted in a popu

lation with a relatively high level of occlusal caries 

and in an age group where the permanent first mo

lars have erupted recently and are at high risk of 

developing caries This may have made the present 

study more effective in detecting differences in car

ies preventive effect between the two materials and 

explain why our results are different from our Fin

nish colleagues' However, data from the WHO 

global data bank (12) show that average DMFT 

levels for 12-year olds in Syria are in the range of 

1 9 and 2 5, corresponding to the "low"-caries cat 

egory as defined bv WHO (13) Furthermore, data 

collected by the WHO Regional Demonstration, 

Training and Research Center for Oral Health 

using WHO criteria (14) have found average DMFT 

values of 0 6- 0 7 in groups of 6-7-year-old school

children from Damascus (15) A direct comparison 

between caries levels in the present study and in 

previous studies is, however, not possible 

Finally, differences in the selection criteria for 

sealing teeth and the fact that Arrow et al (3) used 

a different glass-ionomer material than the one 

used in this study may assist in interpreting differ

ences in the results obtained Obviously, more trials 
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a p p e a r to be n e e d e d to establ ish any differences in 

the effect o n caries of the t w o mater ia l s 
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Abstract 

Introduction The difference in preventing dentine lesion development between resin-based 

and gldss-ionomer sealant materials is unclear Two recently published reviews were unable 

to conclude on the difference because the comparison was an exclusion criterion in the one 

and there were statistical shortcomings in the relevant papers in the other (Cochrane) review 

Objective The aim of the present investigation was to carry out a systematic review on the 

caries preventive effect of these two types of sealant materials under more liberal exclusion 

criteria concerning the statistical presentations in the publications Methods Based on five 

exclusion criteria the literature search in the electronic libraries PUBMED and MEDLINE, 

revealed 12 eligible publications for analyses A variety of types of glass-ionomers and resin 

based sealant materials had been applied in the included studies The Attributable Risk (AR) 

was chosen rather than the relative Risk (RR), as used in the Cochrane review, because the 

RR is very instable in low caries populations Results There was no consistent pattern 

observed with respect to the caries preventive ellect of either resin based or glass-ionomer 

sealants Therefore, it was impossible to calculate an overall Attributable Risk Conclusions 

There is no evidence that neither resin based nor glass-ionomer sealant material is superior in 

preventing dentine lesion development in pits and fissures over time This conclusion is a 

better conclusion than that of the Cochrane review as all possible evidence was used 
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Introduction 

Sealing pits and fissures is considered a cost-effective way of preventing caries development 

over a great number of years (1-3). It is generally believed that, if the adhesion property of the 

sealant material is high, the retention of the sealant is secured (4,5). Length of retention of 

sealants and hence resealing after loss of part of the material is, therefore, seen as an 

important factor in preventing caries development in pit and fissures (6,7). Iflength of 

retention is considered as the outcome variable for the success of sealants, there is no doubt 

that resin based materials score highest of the materials that have been used to seal pits and 

fissures (4,5,8). However, the use of resin-based sealants is cautioned in situations in which 

the pits and fissures to be sealed cannot be kept moisture free (5,9). Such a situation occurs 

very frequently in the wet oral cavity of a young child. This implies that resin-based should 

not be used if such an unfavourable situation occurs. The use of glass-ionomer is 

recommended instead but this material is considered a temporary measure only (9,10). This 

advice is based on a physical outcome (retention) and not on a biological outcome (canes 

prevention), which, after all, is the prime reason for applying the sealant. 

Auto cured glass-ionomers have the added advantage that they do not require electricity and 

can, therefore, be applied everywhere. If the golden standard in caries prevention through 

sealants is purely based on a physical outcome, it would deprive many people in areas where 

there is no electricity and who are in need of having teeth sealed, from receiving protection 

through sealants. There is, therefore, a need to investigate the caries preventive effect of resin-

based and glass-ionomer sealants over time. 

At the 1995-1 ADR symposium on Minimal Intervention Techniques for Denial Caries, 

Simonsen (11). reported the results of a critical review on glass-ionomer cements used as 

fissure sealants. Based on the available six studies that compared resin based and glass-

ionomer sealants. Simonsen (II) concluded that 'retention for resin based sealants is better 

than for glass-ionomer sealants, but differences in caries prevention remain equivocal'. 

Recently, two structured reviews on the caries preventive effect of sealants in pits and fissures 

have been published (12,13). The review by Mejàre et al (12) excluded the analysis of 

differences between glass-ionomer and resin based sealants. The Cochrane review by 

Ahovuo-Saloranta et al, (13) could not conclude on the caries preventive effect of glass-

ionomer sealants versus resin based sealants. 
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It was surprising to see how many publications were devoted to the comparison of resin based 

versus glass-ionomer sealants and how few publications were selected lor the Cochrane 

review (13) Most of the publications were excluded due to statistical shortcomings (no pair 

wise presentation) The aim ol the present study was to reconsider the present literature and 

find a more efficient way to deal with the caries preventive effect ol glass-ionomer versus 

resin based sealants in a systematic review 

Materials and methods 

Search strategy 

The search of the literature was carried out using the electronic libraries PubMed and 

MEDLINE The inclusion criterion was studies in which the caries preventive effect of resin 

based sealants was compared to those ol glass-ionomer sealants The following keywords and 

search patterns were used pit and fissure sealants OR fissure sealants OR fissure sealing OR 

sealants (AND) glass-ionomer cements OR glass-ionomer cements OR GIC OR GI cements 

OR polyalkenoate cements OR resin modified glass-ionomer cements (AND) composite resin 

OR resin based OR resin composite The unlimited time search for publications in the English 

language in both libraries until December 2004 revealed 94 publications On the basis of 

abstracts ol these publications, 16 publications that had reported about the comparison of 

resin-based and glass-ionomer sealants were selected This exercise was carried out 

independently by two observers (NB and JF) Searching the references of these 16 

publications revealed three additional publications (14-16) increasing the total number of 

initial eligible publications for review to 19 

To be able to analyse the results ol the reported studies in these publications, a set of 

exclusion criteria were set up These were formulated as follows 1 ) not a randomised 

controlled clinical trial, 2) no comparison of caries preventive effect reported, 3) follow-up 

period shorter than one year, 4) results not presented at surface level, 5) no sufficient statistics 

reported to calculate the Relative Risk (RR) or Attributable Risk (AR) 

Different types of glass-ionomer and resin based material used for sealing pits and fissures 

have been reported in the publications relerred to Because of the diversity in types of glass-

ionomer used, three categories were distinguished These were medium-viscosity (silver 
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containing plus medium-viscosity), low-viscosity, and low-viscosity resin modified (cavity 

liner) The resin based materials were categorised into auto and light cured 

Statistical analyses 

There are basically three effect measures on dichotomous outcomes (yes/no caries) used in 

epidemiological studies ι e Relative Risk (RR), Odds Ratio (OR) and Attributable Risk (AR) 

In order to calculate the 95% confidence interval (95% CI) for these effect measures in a split-

mouth study (Figure 1), a contingency table is required The numbers in the contingency table 

from all included publications were independently retrieved by JF and WPH Agreement 

existed in all publications except for one Consensus was reached after consultation with the 

biostatistician (MvH) 

Fig I. Contingency table describing canet, incidence in a \plit-mouth studx foi Ν pairs of 

lesw composite andglast-ionomer (GIC) sealants Estimatoli for Relative Risk (RR) and 

Atti ibutable Risk (AR) and their Standard Ει rors (SE) ai e given The numbei oft υικ οι danl 

pam is a+d and there are b+t discoi dant pairs 95% CI may be calculated as estimate ± 

2SE 

GIC sound 

caries 

Marginal 

distribution 

Resin composite 

sound caries 

a 

c 

a+c 

b 

d 

b+d 

Marginal 

distribution 

a+b 

c+d 

Ν 

RR = (c+d)/(b+d) SE(ln(RR)) = sqrt|(c+b)/{(c+d)(b+d)} | 

AR = (c+d)/N-(b+d)/N = (c-b)/N SE(AR)=sqrt|(c+b)/N2| 

Only three publications had presented the caries preventive effect in a paired way ι e a lull-

cell contingency table (17-19) In the other publications only the marginal totals of the 

contingency table had been reported This made it impossible to estimate the Odds Ratio 

(OR=b/c in Figure 1) The Relative Risk (RR) may be estimated from the marginals as 

RR=(c+d)/(b+d) and the Attributable Risk (AR) as AR = (c+d)/N-(b+d)/N (Figure 1 ) It is 

not possible to calculate exactly the Standard Error of the Relative Risk or that of the 

Attributable Risk if only marginals are presented, since the required total number of 
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discordant pairs (b+c in Figure I ) is not known. This number of discordant pairs (b+c), 

required to calculate the SE, was guessed in this situation by the maximum of the caries 

marginals (max(B,D), (Figure 2). The validity of this estimator was checked using the data of 

the three publications that reported a full contingency table. The three true numbers of 

discordant pairs 43, 23 and 31 were estimated by 44, 23 and 31, respectively indicating that 

the estimator could be used to calculate the 95% CI. 

Fig 2. Estimation of the number of discordant pain, from the marginals (A, B, C, D) of the 

contingency table (as in Figure 1) for two situations (ι e. D is largest and Β is largest) in a 

split-mouth study with Ν pairs. The estimation procedure results m: Number of discordant 

pairs is max(B,D), to be used for the calculation of the Standard Error in the Attributable 

Risk 

Minimum 

Minimum possible 

number ot 

discordant pairs 

Maximum 

Maximum possible 

number of 

discordant pairs 

Average of both 

extreme numbers of 

discordant pairs 

sound 

caries 

marginal 

sound 

canes 

marginal 

B<D (max=D) 

sound caries marginal 

C 

0 

c 

A-C-D-B 

Β 

D 

A 

Β 

Ν 

sound canes marginal 

A-I)=C-B 

Β 

C 

D 

0 

D 

Λ 

Β 

Ν 

D<B (max=B) 

sound canes marginal 

A 

C-A=B-D 

C 

0 

D 

D 

A 

Β 

Ν 

sound canes marginal 

A-D=C-B 

Β 

C 

D 

0 

D 

A 

Β 

Ν 

[(D-B)+(B+D)]/2=D or [(B-D)+(B+0)]/2=B 

=max(B,D) 

Both, AR and RR are well-recognized effect measures, but Ahovuo-Saloranta et al, ( 13) do 

not discuss their choice for RR. In the present publication the Attributable Risk (AR) is 

chosen rather than the Relative Risk (RR), which is very instable in low caries populations, 

leading to extremely large 95% confidence intervals. The AR was suggested to be used to 

quantify the difference in caries preventive effect for resin based versus glass-ionomer 

sealants in seven of the cited publications, whereas the RR was used in three cited 

publications. 
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Results 

Application of the exclusion criteria to the initial 19 eligible publications resulted in exclusion 

of seven publications (table 1) through which 12 publications remained for analyses All the 

included publications had used a split-mouth study design 

Table 1 Listing and reason for exclusion of publication according to inclusion criteria 

Boksman et al (31 ) 

De Luca-Fraga et al (32) 

Mejare and Mjor (30) 

Songpaisan et al (33) 

Winkler et al (34) 

Smaleselal(l6) 

Smalesetal(35) 

No 

RCT 

* 

No comparison 

ol canes 

preventive effect 

* 

* 

* 

Less than 1 

year 

duration 

* 

# 

Results not at 

surface level 

* 

Not possible 

to calculate 

RR or AR 

* 

* 

* 

* 

The following publications have reported about one and the same study but at dillerent years 

of evaluation Forss el al, (20) (year 2) and Forss and Halme ( 17) (year 7), Williams el al, 

(14) (year 2) and Williams and Winter (21 ) (year 3 8) Within publications, results of caries 

preventive effect by different years of evaluation have been presented This resulted in five 

outcomes at evaluation year 1, seven outcomes at evaluation year 2, six outcomes at 

evaluation year 3 to 3 8 and one outcome at both evaluation year 4 and 7 

The caries incidence in sealed surfaces, the Attributable risk (AR) and 95% Confidence 

Interval (CI) for the caries preventive effect of the combinations of resin based and glass-

lonomer sealants by years of follow up is presented in Table 2 The first column in Table 2 

presents reasons for (in-) exclusion of publications by Ahovuo-Saloranta et al, (13) The 

difference in exclusion of publication between the Cochrane and the present study is to a very 

large part due to the absence of paired data in the publications The Table further shows that 

the AR-values of the individual studies arc not homogeneously distributed which makes it 

impossible to calculate an overall AR 

37 



Table 2. Caries incidence in sealed surfaces. Attributable Risk (AR) and 95% Confidence 

Interval (CI) for the caries preventive effect of resin based and glass-ionomer sealants by 

years of follow-up for various combinations of types of sealant material. RC = resin 

composite; GIC = glass-ionomer cement; RMGIC = resin modified glass-ionomer cement 
Combinations ol sealant materials used in the 

included publications 

Light cured RC vs Low-viscusity GIC 

Knrlzcn-Reulervmgand van Dijken (1995) 

SipahierandUlusu(l995) 

Kjrben-Rculcmng and van Dijken ( 1995) 

Williams et a l . (1996) 

Karlzen-Reulerv ing and van Dijken ( 1995) 

Poulscnelal ,(2001) 

Williams CI a l . (1996) 

Auto cured RC vs low-viscosilv GIC 

Wilhamselal (1978) 

Forssetal (1994) 

Williams and Winter (1981) 

Torssand Halme (1998) 

Auto cured RC vs medium-viscositv GIC 

Mills and Ball (1993) 

Mills and Ball (1991) 

Arrow and Riordan (1995) 

Light cured RC vs low-viscosity RMGIC 

Raadaletal (1996) 

Rock et a l . (1996) 

Raadaletal, (1996) 

Rock ci a l . (1996) 

Raadalclal,(1996) 

Rock el a l . (1996) 

(In) -excluded in 

C ochranc review 

LxLluded(a) 

bxcluded(a) 

hxcluded(a) 

Excludcd(a) 

Fxcludcd(a) 

Included 

rxcluded(a) 

Not retrieved 

hxcludcd(a) 

Not retrieved 

rxcludcd(b) 

Lxcluded(c) 

bxcluded(c) 

Included 

rxcluded(d) 

Cxdudedla) 

bxiludedld) 

bxdudedla) 

bxcludedld) 

Excluded(a) 

Years 

of 

folio« 

up 

1 

1 

2 

2 

1 

3 

4 

2 

2 

18 

7 

1 

-> 
16 

1 

1 

2 

2 

3 

1 

Incidence 

mRC 

sealants 

(%) 

28 

58 

28 

20 

42 

63 

72 

166 

46 

19 1 

165 

00 

00 

75 

00 

06 

00 

1 5 

00 

3 1 

Incidence 

in GIC 

sealants 

(%) 

00 

70 

1 4 

7 1 

14 

214 

99 

128 

46 

132 

217 

00 

00 

1 5 

22 

44 

37 

12 1 

74 

185 

AR 

(%) 

28 

-1 2 

1 4 

5 1 

28 

-150 

-2 7 

18 

00 

60 

-7 2 

00 

00 

61 

-2 2 

-3 8 

-3 7 

-106 

-7 4 

154 

95% Cl of 

AR 

-12, 6 7 

-6 9. 4 5 

-2 5, 5 3 

-8 2. -2 0 

-2 0. 7 6 

-214,-8 7 

6 9, I 5 

0 6, 7 0 

-3 5. 3 5 

2 0, 9 9 

-17 1, 27 

-4 4, 4 4 

4 4, 4 4 

3 4. 8 8 

-4 8. 0 3 

7 1,-0 4 

-7 0, -0 4 

-16 7,-4 5 

-12 0, 2 7 

-22 9. -7 8 

p-value 

NS 

NS 

NS 

<0 0l 

NS 

<00l 

NS 

0 04 

NS 

<0 0l 

NS 

NS 

NS 

<0 0l 

NS 

0 03 

0 02 

<0 0l 

O O I 

<0 0l 

Negative/positive AR indicates that the resin composite sealants had caused less/more dentine 

lesions than the glass-ionomer sealant 

(a) = no paired data reported; (b) = reason not stated; (c) = drop-out too high; (d) = data 

reported in unusual way 
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Homogeneity in results was only observed in the combination of light cured resin composite 

versus low-viscosity resin modified glass-ionomers as cavity liners The 2 studies reporting 

on this combination (22,23) showed a stdtistically significant difference in preventing dentine 

lesion development between the 2 types ol sealant materials with light-cured resin composites 

performing better 

The combinations light and auto cured composite resin versus low viscosity glass-ionomers 

sealants constituted the largest number of studies, 6 in total Five of these 6 studies had 

reported results of 3 years and longer There were 2 studies that showed a statistically 

significant difference in canes prevention between the 2 types of sealant materials In the one 

study (21) the low-viscosity glass-ionomer sealant performed better alter 3 8 years wheieas in 

the other ( 19) the light cured resin composite sealant had performed better after 3 years 

There were 4 studies that had reported results longer than ol 3 years 3 6 years (18) 3 8 years 

(21), 4 years (24), 7 years (17) Of these 4 studies, 2 showed a statistically significant 

difference in preventing dentine lesion development between the 2 types of sealant materials 

(Table 2) In both these studies, the attributable risk to develop dentine lesions was higher in 

occlusal surfaces sealed with resin composite than in those sealed with glass lonomer 

material, AR is 6 I with 95% CI of 3 4 to 8 8 (18) and AR is 6 0 with 95% CI of 2 0 to 9 9 

(21) 

Discussion 

Most probably the per-protocol methodology of the Cochrane Review had made it impossible 

to analyse most of the studies in which resin-based and glass-ionomer sealants were 

compared Exclusion of publications in the Review was to a large part due to the presentation 

of the data in an unpaired way, which made the calculation of the SE in the Relative Risk, the 

eventual effect estimate, impossible However, for many studies an unbiased point estimate 

for Attributable Risk could be calculated from the data in these publications but not the 

interval estimate As many unbiased point estimates constitute valid evidence, they may not 

be neglected in a systematic review or meta-analysis 

An evidence-based outcome on the difference in canes preventive effects between the two 

types of sealant materials is wanted Many colleagues use glass-ionomer as sealant material 
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because resin based material is either not available or cannot be used because of absence of 

electricity The outcome of a structured review like the present study will assist these 

colleagues in providing evidence-based preventive care and would complete the two reviews 

relerred to earlier 

To overcome the methodological problems encountered in the Cochrane Review we decided 

to use the Attributable Risk Unlortunately, the absence of homogeneity of the AR in the 

included studies made it impossible to calculate an overall Attributable Risk 

The fact that there was no obvious pattern with respect to the caries preventive etlect ol the 2 

types of sealant materials in the included studies indicate that there is no evidence that either 

of the sealant materials prevent caries development better than the other The conclusion of 

the critical review by Simonsen (11) that 'differences in caries prevention between resin based 

and glass-ionomer sealants remain equivocal' still holds true till this date despite the increase 

in number of sealant comparison studies since 1995 

There were different types of glass-ionomers used in the studies analysed ranging from cavity 

liners of low-viscosity resin modified to medium-viscosity glass-ionomer It maybe no 

surprise that, because of the very low rate ol retention, low-viscosity cavity liners RMG1C 

showed a low caries preventive eflect in comparison to light cured resin composite sealants 

(22,23) From the remaining 3 studies that showed a statistically significant difference in 

canes preventive effect between the 2 types ol sealant materials, 2 had used a low-viscosity 

and one a medium-viscosity glass-ionomer in comparison to one light and 2 auto cured resin 

composites It is remarkable that in the 2 studies (18,21) in which a medium-viscosity and a 

low-viscosity glass-ionomer sealant prevented dentine lesion development significantly better 

than resin composites, the difference in sealant retention between the two types of materials 

was minimal In contrast, the difference in sealants retention between the 2 types of materials 

used in the 3r study (19), in which a light cured resin composite sealant prevented dentine 

lesion development better than a low-viscosity glass-ionomer sealant, was high If length of 

retention of sealant material were considered a proxy to increased caries prevention in pits 

and fissures, one would expect that a more viscous glass-ionomer, than the frequently used 

low-viscosity type (Fuji III), would provide superior sealant retention results 
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In recent years, high-viscosity glass-ionomers have been used as fissure sealants (25-27) 

These materials were placed in pits and fissures as part of the ART approach under finger 

pressure to secure a good penetration and adhesion (28) The complete loss of these high-

viscosity glass-ionomer sealants was reported to be much lower, 26% after 2 years (26), 28% 

(27) and 29% (25) after 3 years than observed for the complete loss of low-viscosity glass-

lonomer sealants (Fuji III) after 3 years, 39% (29), 54% ( 17), 84% (30), 89% ( 19) and 93% 

(24) It is, therelore, worth to investigate the retention and the caries preventive ellect of these 

high-viscosity glass-ionomers, applied according to the ART procedure using finger pressure, 

in comparison to resin composite sealants in a well designed clinical trial The outcome of 

such an investigation would assist the dental profession in improving the preventive care to its 

clientele, whether they are employed in areas that are deprived ot basic dental equipments and 

personnel or in areas that are well utilised and staffed but lace difficulties in applying resin 

composite sealants under less than ideal circumstances 

We conclude that there is no evidence that neither resin based nor glass-ionomer sealant 

material is superior in preventing caries development in pits and fissures over time 
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Abstract 

The aim of the present trial was to investigate 1 ) the caries preventive effect of glass-ionomer 

sealants, placed according to the ART procedure, in comparison to composite resin sealants 

over time and, 2) the caries preventive effect after complete disappearance of sealant material 

Forty-six boys and 57 girls with a mean age of 7 8 years were randomly divided over the two 

treatment groups in a parallel group study design A light-polymerized composite resin sealant 

material (Visio-Seal*) and a high-viscosity glass-ionomer (Fuji IXB) were each placed in 180 

fully erupted first molars in their respective treatment groups Evaluation took place annually 

for five years by calibrated examiners After 5 years of evaluation, 86% composite resin and 

88% glass-ionomer sealants did not survive Three categories of re-exposure period tor caries 

development in pits and fissures after complete loss of sealants were distinguished 0-1, 1-2 

and 2-3 years In the 2-3 year re-exposure group, 13% and 3% of pits and fissures previously 

sealed with composite resin and glass-ionomer, respectively, were diagnosed as having 

developed a dentine lesion The Relative Risk and 95% Confidence Interval (95% CI) of 

dentine lesion development in surfaces sealed with glass-ionomer compared to those sealed 

with composite resin after 3, 4 and 5 years were 0 22 (0 06-0 82), 0 32 (0 14-0 73) and 0 28 

(0 13-0 61), respectively Dentine lesion development between previously sealed pits and 

fissures with glass-ionomer and those with composite resin material over a 1 to 2, and a 2 to 3 

years re-exposure period resulted in a Relative Risk and 95% CI of 0 26 (0 14 to 0 48) and 

0 25 (0 09 to 0 68), respectively We conclude that the caries preventive effect of high-

viscosity glass-ionomer sealants, placed using the ART procedure, was between 3 1 and 4 5 

times higher than that of composite resin sealants after 3- to 5-years Furthermore, high-

viscosity (ART) glass-ionomer sealants, appear to have a four times higher chance of 

preventing caries development in re-exposed pits and fissures of occlusal surfaces in first 

molars than is achieved using light-cured composite resin sealant material over a 1 - to 3-year 

period A well-designed clinical trial using different types of oral health personnel should be 

implemented to confirm these initial results 
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Introduction 

Dental caries is a site-specific disease that manifests itself initially predominantly in pits and 

fissures This site is particularly vulnerable to caries development during and just after tooth 

eruption [Carvalho et a l , 1989, Powell, 1998] The morphology of pits and fissures has been 

reported to be one of the main caries risk factors [Disney et al 1992], with molars more 

frequently affected than premolars [Feigal, 2002] Modifying the morphology of patent pits 

and fissures into a smooth, easy to clean, surface is therefore a logical measure to prevent 

caries development 

There are basically two dental materials in use to seal pits and fissures These arc composite 

resins and glass-ionomers, although resin-modified glass-ionomers and poly-acid modified 

composite resins have also been used [de Luca-Fraga and Pimenta, 2001] The sealing 

procedure lor resin-based materials is considered to be more technique sensitive than that lor 

poly-acid based materials, mainly because the hydrophobic nature ol resin-based materials 

requires strict precautionary measures [Locker el a l , 2003] Nevertheless, it is generally 

accepted that composite resin sealants are retained longer than glass-ionomer sealants 

[Simonsen 2002, Locker at a l , 2003] However, which of the two types ol sealant is more 

able to prevent caries development is less clear [Simonsen, 1996] 

The glass-ionomer sealant material most commonly studied (Fuji III", GC) has a low 

viscosity [Mejare and Mjor, 1990, Karlzen-Reuterving and van Dijken, 1995, Williams el a l , 

1996] In recent years, high-viscosity restorative glass-ionomers have been used as sealant 

material [Frencken et a l , 1998, Ho et a l , 1999, Holmgren et a l , 2000] Dental therapists and 

dentists had placed these glass-ionomer sealants, as part of the Atraumatic Restorative 

Treatment (ART) approach, in first and second molars in adolescents [Frencken el a l , 1998, 

Holmgren et al , 2000] After 3 years, the sealant retention rate of these so called ART glass-

ionomer sealants appeared to be higher than reported for the low-viscosity glass-ionomer 

sealants in the literature Caries development in the sealed surfaces in these low canes-risk 

populations was low and no operator effect was observed 

High-viscosity ART glass-ionomer sealant can be applied without the use of electricity and 

plumbed water and is, therefore, very appropriate for use in societies with limited resources 

and rudimentary oral health recall systems However, in such a situation it is mandatory that a 
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caries preventive measure should to able to exercise a long-term beneficial effect and that 

auxiliary personnel are able to safely apply such a measure. 

The aim of the present study was: 1 ) to compare the caries preventive effect of high-viscosity 

glass-ionomer sealants placed according to the ART procedure and light-cured composite 

resin sealants after 5 years and; 2) to determine the caries preventive effect of both types of 

sealant in re-exposed pits and fissures over time. 

Materials and Methods 

Study population and treatment allocation 

The present study was part of a general investigation to improve the oral health of children in 

Syria. The main study compared glass-ionomer (ART) with amalgam restorations in 

deciduous dentitions of first grade children in 18 elementary schools [Tailburet al., 2002]. 

For the present study, 8 of the 18 elementary schools were selected on the basis of their 

proximity to the WHO Regional Centre for Oral Health Care in Damascus. Children from the 

eight schools that had no cavitated dentine lesion in deciduous teeth, and had therefore been 

excluded from the restoration trial, were included in the present sealant trial (RCT) in 

permanent first molars. Three calibrated examiners carried out the dental examinations using 

the criteria described in table I. The inclusion criteria were: 1 ) sound pits and fissures in fully 

erupted first molars; 2) pits and fissures diagnosed with an early enamel lesion (score 1) and 

/or small dentine lesion (score 2). The exclusion criteria were: 1) partly erupted first molar; 2) 

an obvious cavity in the occlusal surface (caries score 3) and; 3) the presence of a restoration 

or a sealant (or part of it) in the pit and fissure system. 

A parallel group study design was chosen in line with the restoration trial [Taifouret al., 

2002] that was carried out in the WHO Regional Centre at the same time. All eligible children 

were randomly allocated to one of the two sealant treatment groups using the class list. The 

first child on the list was allocated to the composite resin and the second child to the glass-

ionomer group and so on. Which treatment group to start with was determined through the 

flip of a coin. 

An experienced oral hygiënist placed the sealants, without chair-side assistance, in the well-

equipped clinical department of the WHO Regional Centre in 1997. The hygiënist was 
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experienced in placing composite resin sealants but had no previous experience in applying 

the high-viscosity glass-ionomer sealants according to the ART procedure. However, she had 

assisted dentists who performed ART restorations in the main study [Taifour et al., 2002] and 

that activity was considered sufficient education to place ART glass-ionomer sealants 

reliably. Only pits and fissures in occlusal surfaces of first molars were sealed independent of 

whether they were deep or shallow. Children received instructions on good oral health 

behaviour and were shown how to clean their teeth on an individual basis prior to the start of 

the treatment by trained oral health educators. Parental consent was obtained in writing 

through the school authorities. The study protocol was accepted by the Ministry of Education. 

Table 1. Caries criteria used in the present study 

Score 

0 

1 

2 

3 

4 

5 

7 

Description 

Sound surface 

Early enamel lesion. White /opaque or brownish/dark 

lesion in enamel only, including loss of tooth surface; 

considered being active or inactive 

Carious lesion involving the dentine slightly; lesion 

cannot be penetrated with smallest excavator 

Dentinal lesion; lesion can be penetrated with smallest 

excavator 

Dentinal lesion; pulp possible or definitely exposed 

Restoration 

Missing due to caries 

Sealant procedures 

Glass-ionomer: The procedure for placing ART sealants was followed [Frencken et al., 1996] 

First molars were isolated using cotton wool rolls. The occlusal surface was cleaned with a 

probe, conditioned with polyacrylic acid for 10-15 seconds and washed and dried with cotton 

wool pellets. The glass-ionomer (Fuji IX ", GC Europe) was hand mixed according to the 

manufacturer's instructions. The mixed glass-ionomer was applied on the occlusal surface 

with an applier instrument and pressed into the pits and fissures with a petroleum jelly coated 

49 



index finger [Frencken et al., 1996]. Excess material was removed with a carving instrument 

after bile registration. The sealant was coated with Vaseline". Children were instructed not to 

eat for at least one hour. 

Composite resin: Occlusal surfaces of first molars were cleaned using a rotating brush and 

pumice, rinsed thoroughly with water and etched with 37% phosphoric acid (ESPE etching 

gel) for 30 seconds. The acid was removed by rinsing for 30 seconds and air-dried thereafter 

until the surface was dull white. The tooth surface was kept dry using a suction machine. The 

composite resin (Visio-Seal", ESPE Germany) was applied in the pits and fissures with a 

disposable brush and light polymerised for 30 seconds. Polymerisation was repeated for large 

occlusal surfaces. The occlusion was checked with articulation paper and corrected using a 

finishing bur. 

Evaluation 

The coverage of the pits and fissures with sealant material was not recorded at baseline. The 

evaluation was based on the 'intention to treat' concept, which means that it was assumed that 

all pits and fissures were covered with sealant material at baseline. The following sealant 

retention criteria were used: 0 = no pits and fissures visible; 1 = part of pits and fissures 

visible; 2 = all pits and fissures visible. Caries was recorded according to the criteria 

described in table 1. Visible debris and plaque were removed with the aid of an explorer. 

Teeth were dried using an air syringe. The examination site was well illuminated. Both caries 

and sealant criteria were applied to each of the three sections (mesial-central-distal) into 

which the occlusal surface was arbitrarily divided. Occlusal surfaces initially diagnosed as 

carious (score 1,2) and scaled over, were considered caries free. 

The evaluation took place annually between 1998 and 2002 by calibrated and experienced 

evaluators [Taifour et al., 2002]. In 1998, two Syrian and one Dutch dentist carried out the 

evaluation, whereas the same Dutch dentist and a Dutch colleague were the evaluators in 

1999. The latter Dutch dentist performed the evaluation in 2000, 2001 and 2002. Trained 

recorders assisted the evaluators. There were no X-rays taken. 

All evaluators participated in the re-examinations that were carried out in pairs on 94 and 85 

teeth to assess the intra- and inter-evalualor consistency, respectively. The intra- and inter 

observer agreement for recording sealant retention and diagnosing caries is shown in table 2. 
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Table 2. The kappa-coefficient and Standard Error (SE) of the intra- and inter-observer 

agreement for recording sealant retention and diagnosing caries Ν = number of surface 

sections evaluated 

Intra-obs 

Inter-obs 

Ν 

282 

246 

Sealant retention 

Kappa SE 

0 92 0 02 

0 87 0 03 

Caries 

Kappa SE 

0 74 0 05 

071 005 

Statistical analysis 

The data were entered into a database, checked for errors and analysed using SPSS software 

(Release 6 1 version) Canes scores 0 and 1 were combined in the analyses as sound unless 

menlioned otherwise Caries (=dentine lesion) was considered present for scores 2, 3, 4, 5 and 

7 (see table 1 ) The sealant was considered completely disappeared if all three sections were 

visibly free of sealant material or it a restoration was observed in a previously scaled surface 

In order to investigate the development of caries in re-exposed pits and fissures over time, 

three follow-up periods were distinguished Surface sections from which the sealant had 

disappeared between evaluation years 2 and 3 and that were followed up until evaluation year 

5 had a 2-3 years exposure time (long-term) The remaining re-exposed pits and fissures were 

categorised into 1-2 years exposure time (mid-term) and 0-1 years exposure time (short-term) 

The sealant section was chosen to be the computational unit for the re-exposure part of the 

study Only sections that were observed as being re-exposed during the follow-up period 

could be analysed Sections having a restoration after a sealed section observed the previous 

year, and those that still contained the sealant but were not followed up were not used in the 

analyses (see table 4) Canes development of both sealant materials over the 5 years and after 

sealant disappearance is expressed as Relative Risk 

Statistical analysis in this parallel group design aims to describe the survival curves of 

composite resin and glass-ionomer sealants The actuarial method was applied with the 

modification that sealants lost to follow-up during a period do not count in the calculations 
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However, the Greenwood method (Greenwood, 1926) to calculate the standard error (SE) in 

the cumulative survival percentages, may not be used Instead, the Jackkmfe method (leave 

one patient out) (Efron, 1982) was applied The difference between the survival percentages 

of both types of sealants was tested using the Jackknife-SE's of the difference 

Results 

Baseline 

A total ol 103 children were included in the study The composite resin and the glass-ionomer 

sealed group consisted of 53 and 50 children, respectively Both groups had an almost 45/55% 

gender distribution and a mean age of 7 8 years Seventy percent of the children had 4 

occlusal surlaces sealed and 2 percent had one occlusal surface sealed The number of pits 

and fissures that were sealed with composite resin or glass-ionomer was both 180 at baseline 

In the composite resin group, 6 7% of the pits and fissures sealed had a caries score =1 and 

10% had a caries score - 2 at baseline The comparable figures for the glass-ionomer group 

were 7 8% for caries score -1 and 7 2% tor caries score = 2 There were no statistically 

significant differences observed between composite resin and glass-ionomer sealant groups by 

age, gender, type ol first molar and caries score in first molars at baseline (t-tcst, chi-square 

test, all p>0 05) 

Caries preventive eitect over the 5-year period 

The lost-to-tollow up ol sealed teeth alter evaluation year 1, 2, 3, 4 and 5 were 0%, 12%, 

17%, 21% and 48%, respectively The cumulative survival percentages and SE of caries free 

pits and fissures sealed with composite resin and glass-ionomer material over a 5-year period 

are presented in table 3 The 27 failures in the composite resin group were observed in 19 

children whereas the 8 lailures in the glass-ionomer group were observed in 8 different 

children There were statistically significantly more pits and fissures caries free in the group 

sealed with glass-ionomer than in the group sealed with composite resin material after 2 and 3 

years (p<0 05) and 4 and 5 years (p<0 01 ) The Relative Risk and 95% CI of dentine lesion 

development in surfaces sealed with glass-ionomer compared to those sealed with composite 

resin after 3, 4 and 5 years were 0 22 (0 06-0 82), 0 32(0 14-0 73) and 0 28 (0 13-0 61 ), 

respectively There was no statistically significant difference in cumulative survival 

percentages of sealed caries free pits and fissures alter 5-years observed between the groups 

ol caries tree pits and fissures (87 2%, SE-2 2%) and those containing a dentine lesion 
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(68.2%; SE=14.30/o) at baseline. In the latter group, 2 dentine lesions were observed in the 

glass-ionomer sealed surfaces and 3 dentine lesions in the composite resin sealed surfaces 

over the 5-year period. 

Table 3. The cumulative survival percentages and Standard Error (SE), calculated using the 

Jackknife procedure, of caries free pits and fissures in occlusal surfaces of lsl molars sealed 

with composite resin and glass-ionomer material over a 5-year period. Entry = number of 

teeth present at start of interval. End = number of teeth present at end of interval. Fail = 

number of teeth with a dentine lesion in pits and fissures. Ν = number ofchiidren evaluated at 

end of interval 

Inter 

val 

(yr) 

0-1 

1-2 

2-3 

3-4 

4-5 

Composite resin sealants 

N( |„IJ 

At 

end 

53 

47 

41 

36 

25 

Entry 

180 

179 

156 

131 

115 

End 

180 

161 

138 

123 

76 

Fail 

1 

5 

7 

8 

6 

Survival i SE* 

(%) (%) 

99.4 0 6 

96.4 1 4 

91.5 2.5 

85.5 3.2 

78.8 4.6 

Glass-ionomer sealants 

At 

end 

50 

43 

43 

41 

25 

Entry 

180 

180 

154 

151 

139 

Knd 

180 

154 

154 

143 

80 

Tail 

0 

0 

3 

4 

1 

Sum\al±SI-* 

(%) (%) 

100 0 0 

100 0 0 

98 1 11 

95 3 16 

94 1 19 

P-value** 

0 30 

001 

0 02 

0 007 

0.003 

* Survival percentage is calculated as the preceding survival rate multiplied by the survival 

rate in the corresponding period (actuarial method); **P-valuc for the difference between 

composite resin and glass-ionomer sealants 

Table 4. Reasons and numbers (N) for exclusion of surface sections in 

the analyses of the re-exposure part of the study 

Reasons 

Sealant present at year 1 ; subject dropped out 

Sealant present at year 2; subject dropped out 

Sealant present at year 3; subject dropped out 

Sealant present at year 4; subject dropped out 

Sealant present at year 5 

Sealant present; restoration observed in next evaluation 

Total 

Ν 

132 

57 

II 

43 

29 

5 

277 
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Sealant retention 

The cumulative survival curves lor completely disappeared sealants by type of material and 

by year of evaluation are presented in figure 1 It shows a maximum re-exposure period of 3 

years It was estimated that 86% (SE = 3 4) of composite resin and 88% (SE = 3 3) of glass-

lonomer sealants did not survive after 5 years of evaluation Both types of sealant material 

deteriorated most between evaluation years 2 and 3 
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Fig I Cumulative survival cui ve foi completely disappeaied 'sealants by type of sealant 

matei tal and bv year of evaluation (Year) ART/GIC = hgh-viscositv glass-ionomei sealants 

applied using the ART procedui e 

Caries preventing effect after re-exposure 

A total of 803 out of the available 1080 surface sections were used for analyses The reasons 

for the exclusion of analyses ol the other 277 sections are presented in table 4 The 
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development of caries lesions after complete loss of sealant in re-exposed sections of pits and 

fissures by length of exposure time and type of sealant material is shown in figure 2. 
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% 
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|Β 
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Dentine lesion 

Enamel lesion 

Sound surface 

Years 

Fig 2. Distribution (%) of caries lesion development after complete disappearance of sealants 

in re-exposed sections of pits and fissures in occlusal surfaces of f' molars by length of 

exposure time (Years) and type of sealant material. GIC = glass-ionomer; CR = composite 

resin. Number of surface sections evaluated is presented in parenthesis 

In the long-term re-exposure time group, 12.8% and 3.3% of the pits and fissures previously 

sealed with composite resin and glass-ionomer, respectively, were diagnosed as having 

developed a dentine lesion. In the short-term re-exposure time group, dentine lesion 

development in previously sealed pits and fissures occurred in 3.9% of the composite resin 

group and in 0.8%) of the glass-ionomer group. Using the Jackknife method, the Relative Risk 

and 95% confidence interval (95%) CI) of dentine lesion development between previously 

sealed pits and fissures with glass-ionomer and those with composite resin material over a I to 

2, and a 2 to 3 year re-exposure period were 0.26 (95% CI: 0.14 - 0.48) and 0.25 (95% CI: 

0.09 - 0.68), respectively (table 5). This shows that pits and fissures sealed with a high-

viscosity glass-ionomer had a four times higher chance of preventing dentine lesion 

development over a period of 1 to 2, and 2 to 3 years after the sealant had disappeared than in 

pits and fissures previously sealed with composite resin over the same length of re-exposure 

period. The RR and 95% CI for caries lesion (enamel and dentine lesion) development in pits 
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and fissures between high-viscosity glass-ionomer and composite resin materials after 1 to 2, 

and 2 to 3 years of re-exposure was 0.66 (95% CI: 0 54 0.81) and 0.68 (95% CI: 0.56 

0.82), respectively (table 5). 

Table 5. Relative Risk (RR) and 95% Confidence interval (CI) of dentine lesion development 

in re-exposed sections of pits and fissures in occlusal surfaces of first molars previously 

sealed with composite resin and glass-ionomer material by length of re-exposure time and by 

baseline caries score combinations 

Sound (caries score = 0) \ s 

non-sound (canes score = 1,2) 

Non-dentine lesion (canes score 

= (),l)\s 

dentine lesion (canes score = 2) 

Rc-c\posurc time (years) 

0-1 1-2 2-3 

RR* 95% CI** 

0 94 0 60 - 1 50 

0 13 0 05^033 

RR* 95% CI** 

0 66 0 54-081 

0.26 0 14-0.48 

RR* 95% CI** 

0.68 0 56 - 0 82 

0.25 0 09 - 0 68 

*RR<I means less caries development diagnosed in previously sealed surfaces with glass-

ionomer than with composite resin; **Calculatcd using the Jackknife method 

Discussion 

The children in this study had no dentine cavity in their primary teeth. Hence, it is reasonable 

to assume that these children belonged to a low or medium caries risk group. 

The lost-to-follow up of sealed teeth after 5 years was 48%. According to the school 

authorities, the main reason why children could not be evaluated was due to children moving 

to other parts of the city or to rural areas. 

A parallel group design was chosen whereas a split-mouth design would at first be considered 

more appropriate. However, this design would have been much more difficult to apply 

because of the different number of re-exposed pits and fissures in one mouth. The re-exposure 

part of the study necessitated the use of the surface section as the unit of calculation which 

resulted in dependency within the data. To overcome this unwanted situation the Jackknife 
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method was applied, resulting in higher standard errors (SE) for survival results than obtained 

using the normal SE calculation (Greenwood's application) [Kalbfleisch and Prentice, 1990] 

The present study shows that the caries preventive effect of high-viscosity glass-ionomer 

sealants, applied using the ART procedure, was 3 6 times higher than that ol composite resin 

sealants after 5 years We had not expected that the complete disappearance ot composite 

resin sealants would be in line with that of glass-ionomer sealants The retention of composite 

resin sealants in the present study was much lower than generally reported [Simonsen, 2002] 

The sealants had been placed by one experienced oral hygiënist who participated in a previous 

sealant comparison study at the WHO Centre in Damascus [Poulsen et al , 2001] The latter 

study, using chemically polymerized composite resin and applied with chair-side assistance, 

showed higher retention results for composite resin sealant It is known that moisture control 

is essential for obtaining a durable composite resin sealant The lifetime of such a sealant is 

increased if chair-side assistance is available However, sealants in the present study were 

placed without chair-side assistance, as frequently occurs in many less-fortunate countries 

We are unsure if the absence of chair-side assistance in part has contributed to the lower than 

expected retention results of composite resin sealants Unfortunately, we are unable to 

compare the survival results ol sealants using Visio-Seal" as no such studies have been 

carried out using this material [31VIESPE, personal communication] The product is not on the 

market anymore 

The complete loss of high-viscosity glass-ionomer sealants in the present study after 3 years 

(40%) is somewhat higher than reported for the complete disappearance ol comparable glass-

ionomer sealants after 3 years 29% [Frencken et al, 1998] and 28% [Holmgren et al, 2000] 

The fact that the high-viscosity glass-ionomer sealants in the two latter studies were placed in 

adolescents, who are in general easier to treat than first grade elementary children, as 

performed in the present study, may in part be the reason for the difference in length of 

retention time observed Whatever the reason for the lower than expected sealant retention 

rates in the present trial may be, the fact that there was hardly any difference observed in the 

pattern of complete sealant disappearance between the two sealant groups, allowed a true 

comparison in the caries preventive effect ol these two materials in re-exposed pits and 

fissures over a period of up to 3 years 
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The present study revealed that the chance of dentine lesion development was four times 

higher in re-exposed pits and fissures, previously sealed with composite resin than those 

previously sealed with a high-viscosity glass-ionomer after 1 to 2, and 2 to 3 year exposure 

time. Torppa-Saarinen and Seppâ [1990] investigated the pits and fissures of low-viscosity 

glass-ionomer sealed occlusal surfaces of second molars and premolars that had been 

clinically scored as having partial or total loss of sealant under stereomicroscope or SEM after 

4 months. In most of the cases, glass-ionomer material was still left in the bottom of the 

fissures. The authors assumed that this finding was in part the reason why glass-ionomer 

sealants have prevented caries even after they appear to be lost. This assumption is in 

agreement with the conclusion of studies conducted by other researchers [Mejàre and Mjör, 

1990; Övrebö and Raadal, 1990; Williams et al., 1996]. In a recently published status report 

on the biocompatibility of glass-ionomer cement materials, it was stated that fluoride diffuses 

from the glass-ionomer into enamel and dentine and that glass-ionomcrs have an antibacterial 

activity [Sidhu and Schmalz, 2001]. Whether these material characteristics have also 

contributed to caries preventive action in pits and fissures in first molars in the present study 

is difficult to say. 

Studies have shown that children with a low caries activity in the deciduous dentition have a 

high chance of having a low caries activity in the permanent dentition [ter Pelkwijk et al., 

1990; Powell, 1998; Li and Wang 2002; Peretz et al., 2003]. We assume, therefore, that the 

level of canes activity over the 5-year period is not an explanation for the differences 

observed in canes preventive effect of the two sealant materials in the present study. 

However, during the next follow-up evaluation, an attempt will be made to assess the canes 

activity in the study children. In general, more research is required to understand the 

mechanisms that underlie the caries preventive action of glass-ionomer and composite resin 

material used for sealing pits and fissures. 

The finding that a one-time application of high-viscosity glass-ionomer, according to the ART 

procedure, has a prolonged caries preventive effect is not only important to those responsible 

for planning and implementing oral health services in countries with limited resources, but 

also for dental practitioners in private practice around the globe. The fact that trained dental 

auxiliary personnel are capable of placing these high-viscosity ART glass-ionomer sealants 

effectively [Frencken et al., 1998; Holmgren et al., 2000] makes them a very suitable type of 

personnel to extend the application of caries preventive measures within a society The oral 
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health services in each society can be improved using caries preventive measures that are long 

lasting and, therefore, potentially cost-effective As the present trial is the first one reporting 

about the comparison between a high-viscosity glass-ionomer sealant, placed according to the 

ART procedure, and a composite resin sealant, there is a need for confirmation of the results 

ol the present trial It is suggested here that a variety of types of oral health personnel be a 

subject of study in a new sealant trial, preferably carried out also under field conditions 

We conclude that the canes preventive effect of high-viscosity glass-ionomer sealants, placed 

using the ART procedure, was between 3 1 and 4 5 times higher than that of composite resin 

sealants after 3- to 5-years Furthermore, high-viscosity (ART) glass-ionomer sealants, appear 

to have a tour times higher chance of preventing caries development in re-exposcd pits and 

fissures of occlusal surfaces in first molars than is achieved using light-cured composite resin 

sealant material over a 1- to 3-year period 
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CHAPTER 6 

In-vitro comparison between two glass-

ionomer sealants placed using finger 

pressure (ART approach) and a ball 

burnisher 

Beiruti N, Frencken JE, Mulder J. In-vitro comparison between glass-ionomer sealants placed 

using finger pressure (ART approach) and a hand instrumenl. Amcr Dent J 2005; in print. 



Abstract 
Puipose: To compare marginal leakage and fissure penetration depth ofsealants placed under 

finger pressure (ART) and a ball burnisher Materials and methods High-viscosity glass-

lonomer hand-mixed Fuji IX GP and encapsulated Fuji IX GP Fast were used to seal 72 

patent occlusal pits and fissures in surgically removed molars according to the ART approach 

and with the aid ot a ball burnisher All teeth were thermocycled for 500 cycles in water 

between 6 and 55ÜC, then varnished until 1 mm from the sealant, submerged in 1% methylene 

blue for 4 hours, had roots dissected, crowns embedded in epoxy resin and sectioned before 

examination with a light reflection microscope Marginal leakage at the enamel-sealant 

interface and fissure penetration depth was measured on a scale of 0 to 4 Results There was 

no statistically significant dilTerence in marginal leakage (P=0 62) and fissure penetration 

depth (P=0 46) between sealants placed using both application procedures One of the 

operators scored statistically significant lower on the marginal leakage and higher on fissure 

penetration depth in sealants produced using finger pressure than with a ball burnisher 

(P=0 01 ) All 9 sealants placed by this operator using finger pressure and encapsulated glass-

lonomer showed no marginal leakage The mean fissure penetration depth of these sealants 

was 3 6 (SD=0 9) Clinical significance: If one has to choose between applying high-viscosity 

glass-ionomers in pits and fissures with a ball burnisher or under pressure with a petroleum 

jelly thinly coated gloved finger (ART approach), results of this study lean towards using the 

latter The petroleum jelly impregnated top layer need to be fully removed in the finishing 

process 
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Introduction 

Both resin- and polyacid-based materials are used to seal pits and fissure systems in canes 

prone tooth surfaces It is generally accepted that resin-based sealant materials are retained 

longer ' However, the difference in canes preventive effect between the two sealant 

materials is considered equivocal4 or could not be determined 5 6 

A low-viscosity glass-ionomer was used in most glass-ionomer sealant studies until the end of 

the nineties In the mid-nineties, researchers had started to investigate the effectiveness of 

high-viscosity glass-ionomers as sealant material The 3-year retention rates of partially and 

fully retained sealants using high-viscosity glass-ionomers that had been placed as part of the 

ART approach, were reported to be 71-72% 7 8 These results were higher than generally 

reported for sealants using low-viscosity glass-ionomers ' '" 

The Atraumatic Restorative Treatment (ART) for dental canes was introduced as a prevenlive 

(sealant) and restorative minimal intervention approach to manage dental caries in deprived 

communities 13 Since then, ART has also been introduced in economically advantaged 

countries '4 16 The dental material commonly used with the ART approach is a glass-ionomer 

that is pushed into pits and fissures using a petroleum jelly coated gloved linger (press-finger 

technique) The fissure penetration depth and marginal leakage of ART glass-ionomer 

sealants were not different from those obtained using resin based sealant material l7 

The application of low-viscosity glass-ionomer into pits and fissures is described in a number 

of ways These range from hand instruments like a ball ended probe", plugger18, ball 

burnisher19 or teasing into fissures with an explorer1220 to digital pressure over a thin lead 

foil21 and pressure using a gloved finger22 

Despite the shown effectiveness of the ART approach for single-surface cavities ' 2 4 , dentists 

have reported that the use of fingers in handling dental materials is not acceptable (personnel 

communication) and that the petroleum jelly would weaken the top layer of the glass-ionomer 

sealant, making it prone to wear and marginal leakage 
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The null-hypothesis reads there is no difference in marginal leakage and fissure penetration 

depth of glass-ionomer sealants applied using the press-finger technique and that of a ball 

bumisher instrument 

Materials and methods 

Selection 

One-hundred and fifty surgically removed third molars were collected from the Oral Surgery 

Department of the Radboud University Medical Centre and stored in a 1% thymol solution 

Based on the inclusion criteria that pits and fissure systems should be clinically caries free and 

patent, a total number of 72 molars, divided over maxillary (44%) and mandibular (56%) 

arches, were selected using a light reflection microscope by the first author (NB) There were 

four study groups (Α-D) formed These were, sealants placed according to the original ART 

approach using (A) a hand-mixed glass-ionomer and (B) an encapsulated glass-ionomer, 

sealants in which a hand-mixed glass-ionomer (C) and an encapsulated glass-ionomer (D) 

were pushed into pits and fissures with a ball bumisher instrument (FPI 49n) 

Sealant procedure 

Two dentists (NB and JF), who were experienced with the ART approach, placed the sealants 

The use of the ball bumisher instrument was practised prior to the start of the investigation 

The occlusal surfaces of all teeth were cleaned with a toothbrush and toothpaste The 

toothpaste was removed under running tap water Plaque in pits and fissures were removed by 

scraping through the grooves with a dental probe no 6b as recommended for the ART 

approach The pits and fissures were conditioned (Cavity conditioner1') for 10-15 seconds 

using a cotton wool pellet and washed twice with a cotton wool pellet dipped into clean water 

and then dried with a dry cotton wool pellet 

Hand-mixing (Fuji IX GPC) was carried out b y the dentists themselves according to the 

manufacturers' instructions The hand-mixture was carried from the mixing pad onto the 

occlusal surface with a plastic instrument The capsules of Fuji IX GP Fast0 were mixed using 

a machine (Silamatd) for 10 seconds The mixed capsules were placed in a capsule applier1· 

and the mixture was squeezed into the pits and fissures The top surface was removed with an 

appher/carver (102-7355, ART AFCIr) and/or an excavator (102-6508 ART AFClr) 
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instrument after initial setting of the mixture1^ Sealants were covered with a layer ol 

petroleum jelly (Vaseline8) and stored in water tor 24 hours 

Laboratory procedures 

The scaled teeth were thermally cycled for 500 cycles in water between 6 and 55UC with a 

dwell time of 90 seconds The root surface and enamel were then coated with nail varnish up 

to about 1 mm from the sealant outline Thereafter, the crowns were submerged into aqueous 

1% methylene blueh dye for four hour at room temperature After washing the molars under 

running water, each crown was dissected from its root with a diamond disc (WOCO 50P1) and 

embedded in an epoxy resnr1 filled glass container and polymerized for 24 hours On 

completion, the glass container was broken and excess polymerized cpoxy resin was trimmed 

away The remaining block of epoxy resin was then positioned in a slow-speed saw (Leica SP 

1600k) The occlusal surface was sectioned through the mesial, central and distal pit The 

sections were stored in a moist cotton gauze in an airtight container before being examined 

using a light reflection microscope (FortyVt 40x magnification 

Table 1 Evaluation criteria used in the present study 

Marginal leakage along sealant-enamel interface 

0 = no dye visible 

1 = dye visible in upper quarter of interface 

2 = dye visible in upper half of interface 

3 = dye visible in upper three/quarter of interface 

4 = dye visible more than three/quarter of interface 

Fissure penetration depth from surface until deepest possible point 

0 = no sealant penetration 

1 = sealant present in upper quarter of surface - deepest point distance 

2 = sealant present in upper half of surface - deepest point distance 

3 = sealant present in upper three/quarter of surface - deepest point distance 

4 = sealant present more than three/quarter quarter of surface - deepest point distance 
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Evaluation 

Four sections, providing 6 surfaces for examination, were retrieved from each tooth and 

evaluated by one examiner (JM), who was blinded to the experiment, according to the criteria 

described in Table 1 In case a blue top layer was observed, the assessment of marginal 

leakage started at the point where the bottom line ol the blue layer met the enamel In case 

two independent fissures were present in a surface, both sealants were evaluated A total of 48 

surfaces (10%) were reevaluated for intra-examiner consistency test The kappa coefficient 

and P0bs values for the outcome variables are presented in Table 2 

Table 2 Intra-examiner consistency of the outcome variables analyzed P,^ is percentage of 

observed agreements 

Weighted kappa coefficient 

Pob, 

Marginal leakage 

0 76 

94% 

Fissure penetration depth 

0 78 

94% 

Statistical analyses 

Application procedure (press finger and use of ball burnisher), type of glass-ionomer (hand-

mixed and encapsulated), operator (NB and JF), type ol tooth (molars in maxillary and 

mandibular arches) and number of surfaces (6) were the independent variables The outcome 

variables were marginal leakage and fissure penetration depth An ANOVA was used to 

analyze the effects and interdctions of the 5 independent variables in one model The outcome 

variables have scores Irom 0 to 4, which can be considered as ranks minus I Application of 

ANOVA in this way is a non-parametric multivariate analysis based on ranks The ANOVA 

was also applied at tooth level lollowing the 'worse case scenario' The statistically 

significant level was set at 5% 

Results 

A total of 502 surfaces were evaluated The prevalence of sealants with a partly petroleum 

jelly impregnated lop layer was 16% The prevalence of sealants with all surfaces scoring 

value 4 for fissure penetration depth was 43% whereas the prevalence of sealants with all 

surfaces scoring 0 for marginal leakage was 54% The prevalence of sealants with at least one 

surface scoring 4 for marginal leakage was 24% 
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Table 3 Mean marginal leakage scores and standard deviation (sd) for sealant application 

using ball burnisher instrument and finger pressure by operator and hand-mixed/encapsulated 

glass-ionomer used Ν = number of section analyzed 

Operator = 1 

Powder/liquid 

Capsules 

Operator = 2 

Powder/liquid 

Capsules 

Burnisher instrument 

Ν mean sd 

62 0 45 1 20 

62 0 44 1 14 

56 0 13 0 43 

61 052 1 18 

Finger pressure 

Ν mean sd 

68 1 53 1 73 

62 0 32 0 88 

62 0 02 0 13 

69 0 00 0 00 

There was no statistically significant difference in marginal leakage ( P - 0 62) and fissure 

penetration depth (P= 0 46) between the two application procedures observed An operator 

effect (P= 0 001) and an interaction effect between type ol glass-ionomer and application 

procedure (P= 0 008) for mean marginal leakage scores was found (Table 3) Operator 2 

scored statistically significant lower mean marginal leakage values for sealants of both types 

ot glass-ionomer in which the linger pressure was applied than for sealants in which operator 

I had used the ball burnisher to press the two types ol glass-ionomer into place (P= 0 01) 

Table 4 Mean marginal leakage scores and standard deviation (sd) for sealant application 

using ball burnisher instrument and finger pressure by operator and hand-mixed/encapsulated 

glass-ionomer used according to the 'worst case scenario' Ν = number of sealants analyzed 

Operator = 1 

Powder/liquid 

Capsules 

Operator = 2 

Powder/liquid 

Capsules 

Burnisher instrument 

Ν mean sd 

9 1 89 2 03 

9 1 56 1 74 

9 0 56 0 88 

9 2 56 1 74 

Finger pressure 

Ν mean sd 

9 2 33 2 00 

9 1 67 1 58 

9 0 11 0 33 

9 0 00 0 00 
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Operator 2 had statistically significant lower mean marginal leakage scores for both types of 

glass-ionomer in the finger pressure group than in the ball burnisher group (P= 0.000). There 

was no statistically significant effect in mean marginal leakage scores observed for the 

interaction between operator, type of glass-ionomer and application procedure (P= 0.31). The 

same direction in outcomes was obtained when the above analyses were carried out using the 

'worst case scenario' (Table 4). 

An operator effect (P= 0.01 ) was also observed for fissure penetration depth and application 

procedure, using the 'worst case scenario'only. The sealants produced by operator 2 had 

statistically significant higher fissure penetration depth scores than the sealants of operator I 

(Table 5). All 9 sealants placed by operator 2 using finger pressure and encapsulated glass-

ionomer were free of marginal leakage. The mean fissure penetration depth of these sealants 

was 3.6 (SD=0.9). Results from the inlra-examiner consistency test showed substantial 

reproducibility for marginal leakage and fissure penetration depth.25 

Table 5. Mean fissure penetration depth scores and standard deviation (sd) for sealant 

application using ball burnisher instrument and finger pressure for hand-mixed/encapsulated 

glass-ionomer material by operator according to the 'worst case scenario'. Ν = number of 

sealants analyzed 

Operator = 1 

P=0.01 

Operator =2 

Burnisher instrument 

Ν mean sd 

18 3.06 0.94 

18 3.39 0.61 

Finger pressure 

Ν mean sd 

18 2.78 0.81 

18 3.44 0.78 

Discussion 

Different to many in-vitro studies on marginal leakage, that have used fewer than 2 ground 

sections for assessing tracer penetration"6, 4 ground sections offering at least 6 surfaces for 

observation were available in the present study in line with the recent recommendation for 
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reliable detection of maximum tracer penetration." However, in a few instances the outside 

section could not be assessed because the cut of the saw blade had missed the sealant material 

or the sealant portion in the section was so thin that it was removed in the process of sawing. 

Eventually, a total number of 502 surfaces were available for examination which in part is due 

to the presence of more than one independent fissure per surface. The intra-examiner 

consistency test showed reliable results for the outcome variables studied. 

Although dye penetration has a number of shortcomings such as size of molecules and 

permeability of the dye itself and hydrophilicity of the material, it is the most frequently used 

method to assess marginal leakage at the tooth-dental material interface. Different dyes such 

as methylene blue28, basic fuchine29, silver nitrate27 and rhodamine B'0 have been used. 

However, there appears to be neither consensus on the best dye to use nor on its concentration 

and contact lime.3M"' In line with Smales el al11 we used 1% methylene blue for 4 hours. 

Because of the thin thickness of the diamond blade used (0.21 mm), 2 adjacent surfaces have 

been considered dependent in analyzing marginal leakage scores."8 This may in part be 

correct, but dependency of data cannot totally be accepted as a ground section offers a two-

dimensional measurement of a three-dimensional phenomenon ""' , showing more severe 

leakage in the latter than the former, requiring therefore more than fewer surfaces for 

assessment.27 Furthermore, marginal leakage is not uniform along the tooth-dental material 

interface, which is indicative of only a partly dependency of marginal leakage scores when 

adjacent surfaces are observed.36 In order to deal with the phenomenon of possible 

dependency of data, analyses were also carried out following the 'worse case scenario'. 

The present in-vitro study showed no difference between the ball burnisher and the press-

finger approach for marginal leakage and fissure penetration depth of glass-ionomer sealants. 

However, one operator performed significantly better than the other. This operator produced 

superior results using the press-finger than the ball burnisher approach. Unfortunately, there is 

no other study in which these two approaches have been compared. An operator effect in 

retention of glass-ionomer sealants applied using the press-finger technique (ART approach) 

has been reported m-vivo™ One of the operators performed significantly worse than 3 

colleagues. However, m-vivo studies on ART sealants did not show an operator effect.7 8 v> 

The press-finger technique using a petroleum jelly coated gloved finger was introduced as 

part of the ART approach to protect glass-ionomer surface from initial contamination with 
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saliva and to shorten the application lime in comparison to the use of a hand instrument.'3 The 

short-term retention of high-viscosity glass-ionomer ART sealants was reported to be 

significantly longer than that oflow-viscosily glass-ionomer sealants.39 The marginal leakage 

and fissure penetration depth of high-viscosity glass-ionomer ART sealants were comparable 

to those of composite resin sealants.17 Furthermore, caries development in pits and fissures 

sealed using the ART approach after 3 years was low.7'8 These findings and those of the 

present study indicate that the press-finger technique is an appropriate manner of applying 

high-viscosity glass-ionomers in pits and fissure systems. It is, however, recommended to 

fully remove the petroleum jelly impregnated top layer after the initial hardening. 

The null-hypothesis is accepted: there is no difference between the ball burnisher and press-

finger technique in placing glass-ionomer sealants. But, considering the operator effect 

observed and the reduced risk of saliva contamination, the use of the press-finger technique is 

advocated. 
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CHAPTER 7 

Summary and recommendations 



Summary 

Chapter 1 describes the oral health situation in Syria The prevalence of dental caries 

among 5-year-old children in Damascus was high (77% in 1985 and 74% in 1991) 

The mean DMFT score of 12-year-old children varied between 1 4 and 2 3 over the 

period 1980 to 1988 The DMFT score of 15-year-old children was 3 5 in 1989 The 

percentage of dentinal caries that were left untreated varied between 80% and 90% 

among both 5- and 12-ycar-old children Among 15-year olds, it was around 70% 

In an attempt to improve the situation, the Is' National Oral Health Plan was launched 

in 1991 The main components of this plan were ( 1 ) oral health education at schools, 

(2) caries prevention through school-based fluoride rinsing and (3) supportive curative 

treatment for schoolchildren An evaluation took place 5 years later The evaluation 

report concluded that oral health education at schools had been carried on a broad 

front, but that the school-based fluoride rinsing programme and the provision ol 

supportive curative treatment felt short of expectations Only about 12% of the 

schoolchildren in 2nd and 6lh grade participated in a fluoride rinsing programme and 

only 5% of the target children received curative treatment This low treatment record 

has not changed despite an enormous increase in number of dentists, from 3272 in 

1990 to 14610 in 2002, which graduated from dental schools in the country A secular 

change of caries experience was not apparent for 12- and 15-year olds, whereas the 

percentage of untreated caries remained unchanged high These rather disappointing 

results were mainly ascribed to limited co-operation by schoolteachers in the school-

based fluoride rinsing programme and by a failing system of curative school dental 

services The latter was mainly due to the use of the traditionally, technically-oriented 

restorative treatment approach by dentists This approach did not yield the expected 

results because of limited resources, insufficient dental equipment and problems 

maintaining it Chapter I ends with recommendations on how best to improve oral 

health of schoolchildren These include the suggestion to involve dental hygiemsts in 

the provision of ART sealants and ART restorations as a feasible and sustainable 

preventive and restorative oral care service 

Since caries in the permanent dentition of schoolchildren is predominantly present in 

pits and fissures, sealants were considered a suitable canes preventive measure From 
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a cost benefit point of view it is attractive to utilise dental hygiemsts for the provision 

of sealants at the school compound In order to substantiate this idea, the WHO 

Regional Centre in Damascus initiated a research programme on the effectiveness of 

sealants placed by dental hygiemsts (Chapter 2) 

Because of the inconclusiveness in the literature with respect to the sealant material 

that provides the best protection against canes, a study was carried out in 1996 in 

which retention and anti-canes efficacy of a glass-ionomer (Fuji III ) were compared 

with a chemically polymerized resin-based fissure sealant (DeltonK) The study was 

carried out in collaboration with the Dental School in Arhus, Denmark and is 

described in Chapter 3 

The study was a split mouth randomized design using contra lateral molars A total of 

179 children participated who were 7-year old at the start of the study Each child had 

at least one pair of permanent I51 molars which were caries Iree or which had incipient 

caries in pits and fissures Four trained dental hygiemsts applied the sealants After 

three years, the glass-ionomer sealant was completely lost in almost 90% of the sealed 

teeth compared to less than 10% of the resin sealed teeth The relative risk of caries 

development in pits and fissures sealed with glass-ionomer compared to those sealed 

with composite resin was 3 38 (95% CL 1 98, 5 79) The clinical technique of 

applying glass-ionomer sealants is slightly different from the one used for resin-based 

sealants The dental hygiemsts had many years experience in applying resin-based 

sealants, but the application of glass-ionomer sealants was new to them This may 

partly explain the poor retention of glass-ionomer sealants in the study Nevertheless, 

it was concluded that the glass-ionomer sealant tested in this study had poorer 

retention and provided a less caries protective effect than the resin-based sealant used 

In the above study, a low-viscosity glass-ionomer was used Soon after finalizing the 

study, reports were published showing a much higher retention rate of high-viscosity 

glass-ionomer sealants placed as part of the ART approach in first and second molars 

of 12- to 14-year-old children Hence, the question was raised whether the application 

of a high-viscosity glass-ionomer fissure sealant would be effective in preventing 

caries in V molars in schoolchildren in Syria This prompted the WHO Regional 

Centre in Damascus to start a second sealant comparison study 
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Two recently published reviews on fissure sealants were unable to pronounce upon 

differences in anti-caries efficacy between resin composite and glass-ionomer 

sealants, because in one review comparison between different types of sealants were 

not performed and in the other review (Cochrane) many publications were not 

included because they suffered from shortcomings in the presentation of results. Since 

the literature was unable to provide evidence which sealant material possesses the best 

caries preventive effect, it was decided to carry out a systematic review on the caries 

preventive effect of composite resin sealant and glass-ionomer sealant material. 

Chapter 4 describes the analysis of results of publications which were included after 

screening with exclusion criteria. The exclusion criteria were: 1) not a randomised 

controlled clinical trial; 2) no comparison of caries preventive effect reported; 3) 

follow-up period shorter than one year; 4) results not presented at surface level; 5) no 

sufficient statistics reported to calculate the Relative Risk (RR) or Attributable Risk 

(AR). Only 12 publications were eligible for analysis. A variety of types of glass-

ionomers and composite resin materials for use as sealants had been applied in the 

included studies. There was no pattern observed with respect to the caries preventive 

effect of either resin composite or glass-ionomer sealants. It was therefore impossible 

to calculate an overall AR. It was concluded that there is no evidence that neither 

composite resin nor low- and medium-viscosity glass-ionomer sealant material is 

superior in preventing dentine lesion development in pits and fissures. 

As high-viscosity glass-ionomer sealants have shown to be retained longer than low-

viscosity glass-ionomer sealants, it was decided to investigate the retention and the 

anti-caries efficacy of high-viscosity glass-ionomer sealants, applied according to the 

ART procedure using finger pressure, in comparison to resin composite sealants in a 

randomized clinical trial. This is described in Chapter 5. Retention and anti-caries 

efficacy of the sealants were investigated over time and after complete disappearance 

of sealant material. A light-polymerized composite resin sealant material (Visio-

Seal ) and a high-viscosity glass-ionomer sealant material (Fuji IX*) were placed in 

fully erupted first molars by one trained dental hygiënist. A total of 103 children, 50 

in the glass-ionomer group and 53 in the composite resin group, with a mean age of 

7.8 years participated in a 5-year long clinical trial. The participants were considered 

low caries risk children. A parallel group study design was chosen and children were 
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randomly allocated to one of the two sealant materials. At evaluation year five, 86% 

(SE = 3.4) of composite resin and 88% (SE = 3.3) glass-ionomer sealants had not 

survived. The relative risk (RR) and 95% CI of developing dentine lesions in surfaces 

sealed with glass-ionomer compared tot those sealed with composite resin after 3, 4 

and 5 years was 0.22 (0.06-0.82), 0.32 (0.14-0.73) and 0.28 (0.13-0.61), respectively. 

The RR of developing dentine lesions between previously sealed pits and fissures 

with glass-ionomer and those with composite resin material after 1 to 2, and after 2 to 

3 years re-exposure was 0.26 (0.14-0.48) and 0.25 (0.09 - 0.68), respectively. It was 

concluded that the caries preventive effect of high-viscosity glass-ionomer sealants, 

placed using the ART procedure, was between 3.1 and 4.5 times higher than that of 

composite resin sealants after 3 to 5 years. Furthermore, high-viscosity (ART) glass-

ionomer sealants gave a four times higher chance of preventing caries over a period of 

3 years in re-exposed pits and fissures in first molars than light-cured composite resin 

sealants. Since this study is the first of its kind and because only one operator was 

involved, it is recommended to repeat this clinical trial using several operators. 

A low-viscosity glass-ionomer was used in most glass-ionomer sealant studies until 

the end of the nineties. Application of low-viscosity glass-ionomer into pits and 

fissures were done in a number of ways. These ranged from hand instruments like a 

ball ended probe, plugger, ball burnisher or teasing into fissures with an explorer to 

digital pressure over a thin lead foil and pressure using a gloved finger. The low-

viscosity glass-ionomer were succeeded by high-viscosity glass-ionomers and used 

for placing ART sealants. The glass-ionomer is applied into pits and fissures under 

pressure of a petroleum jelly coated gloved finger (called 'press-finger technique'). 

Such a manner of application was unacceptable for a number of colleagues. They 

insisted using instruments only. An m-vitro study (Chapter 6) was started in which the 

effectiveness of the press-finger technique was compared to that of the ball burnisher 

as as part of the sealant application. High-viscosity glass-ionomer hand-mixed Fuji IX 

GP and encapsulated Fuji IX GP Fast were used to seal 72 patent occlusal pits and 

fissures in surgically removed molars according to the two ways of application. The 

outcome variables were marginal leakage at the enamel-sealant interface and fissure 

penetration depth. Analyses did not show a statistically significant difference in 

marginal leakage (P=0.62) and fissure penetration depth (p=0.46) between sealants 

placed using both application procedures. One of the operators scored statistically 

81 



significant lower on marginal leakage and higher on fissure penetration depth in 

sealants produced using finger pressure than with a ball burnisher (P=0 01) All 9 

sealants placed by this operator using finger pressure and encapsulated glass-ionomer 

showed no marginal leakage The results of this study lean towards applying high-

viscosity glass-ionomers in pits and fissures under pressure from a petroleum jelly 

thinly coated gloved finger (ART approach) than with a ball burnisher The petroleum 

jelly impregnated top layer need to be fully removed in the finishing process 

The final conclusion!, of this PhD study are 

• There is a need for a reconsideration to direct the oral health care services in 

Syria towards a more primary health care oriented approach, 

• A low-viscosity glass-ionomer sealant is inferior to resin based sealants with 

regard to retention and caries prevention, 

• Currently, there is no evidence from the literature that either resin based or 

low-viscosity glass-ionomer based sealants are superior in preventing dental 

caries in pits and fissures of permanent molars, 

• A high-viscosity glass-ionomer sealant, placed using the ART procedure, 

seems to be superior to light cured resin based sealants with regard to canes 

prevention in pits and fissures of permanent molars, 

• There is no difference in marginal leakage and fissure penetration depth 

between glass-ionomer sealants produced under pressure from a petroleum 

jelly thinly coated gloved finger (ART approach) and from using a ball 

burnisher 

Recommendations 

Since most of the caries in the permanent dentition of schoolchildren occurs in pits 

and fissures, the application of sealants was considered a possible effective caries 

preventive measure Dental hygienists are considered appropriate workforce for the 

provision of preventive measures, because if well-trained they can perform a large 

scale of preventive measures at a cost that is lower than for services provided by 

dentists Hence, from a cost benefit point of view, denial hygienists should be 

involved in preventive services including the provision of sealants 
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It was shown in this study that dental hygienists are able to apply sealants. It was 

furthermore shown that a one-time application of a high-viscosity glass-ionomer 

sealant applied by a dental hygiënist according to the ART procedure has a prolonged 

caries preventive effect. The following recommendations are suggested: 

• To introduce and start an advocacy process on the benefits of a preventive-

oriented approach including the ART approach to those responsible of 

planning and implementing oral health services, to professionals and to the 

public; 

• To introduce the ART approach and technology into the education curriculum 

in dental schools; 

• To adapt the job description of dental hygienists to the needs in the public 

sector, particularly to the school dental services; 

• To introduce the ART sealant approach and technology into the education 

curriculum in dental hygienists schools; 

• To create a health care structure in which the 'new style' dental hygienists can 

provide the preventive care most needed, including the provision of ART 

sealants; 

• To carry out additional studies related to the ART approach amongst 

populations living in different environments; 

• To introduce and discuss the results of this PhD study to health and 

educational authorities and dental colleagues in WHO/EMRO countries. 
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<-4jailo Ajt^l \A ç.\ Ι Λ Ι ^"^jjâl ^j ' j · -•"'»I ĵ-o Aj l i j j l j j J - ^^yi j j jLij l ^ l u l ÖJLJIJI 

j-a Ï J L J I J I J J I J A j i j j l j l l ÓJLJI jl^all JJJU J ja. Systematic review 

ΟΔ^Ι '»• —j J J I J J I J " * ' " j A j J a j j . ^ j i - u l l ĴÄ Aj l i j l l J r-L^j l l j x j j j j l 
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Ââ . j j jUlà.1 ^ j -lil . ( (JAAIÀJI J—aiÎI ) ÂJ^JJI j ] l i j L J l ï jU l l J J Ì L J Λ^Ι Ä j j l ia lL 

j l j i â JÜUJ s j Ü l l j ΑΙΛ^ é j î i l éjLJI Mj.»Il ^J-.J.-."'!! ij.« ÂJLÎj l I Aj lc l i j LLiUillI 

• ̂ J Ù^ L·)4^ J ^ - - ; ujLwiII j l^ol l 

^ j j j ^ l , .1. ~'Λ\ C J I j ÂjaJj l j l l 'ii-^Jl SJUJI ÂJ^IIjoli »i*. J -•>•;•"..-i 

(V is io - seal) ÂJUJI A ^ J J U I j j ^U-j l l >»JÌJJI >'''""" j (Fuj i IX) 

Ax. jUl t ^ j V I <xjl^ll t l ^ . j V I L j ic. I "d*;.'^*"'.' ÂJJ^O ^jLiuii ' _ ';;^- S^CLUIA CLUIÎ 

SJUÌ I ÂJà ̂ i 53 J ^W- j î i j*yjì\ ^ ^ j i i j j i ^ , Ι ^ Ί « 5 0 , ϋ ^ ί LS-^ L U I S J ^ Λ Ι 

. C i l j i i j 7,8 >AjLec.l J ^ * Ä ( j l i j Aj^.'i ' i j li 

jUaü.) A ^ j J (4 jJ JUiaVI ^ jJJjj l jJ-o jJJJâ ^c ·\Λ\"λ\ AJJIIJ^II duuu^a 

.1 Iflj'r· jJjjLkJI j iJ jUJ l jj^l !_]£ JAjLuJ Jll jJoC- J ^ i j A^JLJJJJ iJ A , U.à-Î Ί» 

C j l olul 

= (ijUa-nll LkiJl ) % 8 8 ùW LÂ.'.'k'iN i>» i^jl_jiij L Ì ) ÌA Ì . JXJ Â ^ j l j j l jvuü J^iâl 

i > (3 ,4 = L ? J L ) ^ I L L ^ i ) % 8 6 j jrW>jll j - j ^ i ù - '»Jl-li SJLJI J - (3,3 

ÂiEll Ójià % 95 j c imi l i j U ^ t i j l i j ^J*l£ JSJ ÌJ CJÜS ja Ä J ^ Ü I j l l S J L J I »JLJI 

JXJ ? Γ Ι Λ ^ ] Ι JAyiyi\ Ì j j l (" ^ 3 ^ LS^' A 'i-vl Uli ^ jU.,,U ^ ^ ^-LJLII ^yiyjì LUJIÌI CjjJaJ 

j (0.73 - 0.14) 0.32 j (0.82 - 0.60) 0.22 s ^ W ^ ^ Ι > - 5 j 4 j 3 
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< J j . ï l l JUUJ Cij^Jal j Âja-Uljll SJLUJI SJLJI ^ ÂjjLaJL ( 0 , 6 1 - 0 1 3 ) 0 2 8 

(_3 dj l JJAJ 3 — 2 ^Ä-1J ^ - i " 2 — 1 •^l-1 ^ Î A J I ^yy^ CjLal Cjj^aJ '' ' ' " ^ia^Jl ^jLi 

- 0 14) 0 2 6 ^-UJJJIIJ J ^ U J J I S ,(S-sLJI SJUI I JJSS ) >_SU£J!ÌU r i . ^ j « j ^ 

(0 68 0 09)0 2 5 j ( 0 48 

» J L J I ÓJLAII J U l i l l j J l SJLL^I C J I J Ì U 5 — 3 •1"-1 Aja-üljl l Ï J L J I »jLall (JJALJ 

( -3 <J*^ \3 , ^ · ^ ^1ijl ' I_JLDL] 4iila-ûjl j AJLSJ >AJ1 ̂ ^j^j i j l ^ ita r-L^^jjl ^ A ^ J J J ! ^ Λ 

A J S J J I J ] ! sjLuill «jLall 1^)3 '"•«•t» jJill lillj ^jC· i j l l l j ^ A-ijl -^JJ ^ ^ J j J I ^ o <jLäyl 

^ ji-.-ΐΐ ^ 3 J I A J I I J j j i i j J I ^ c L^jljisa i_y> CJAJI^ C J ^ J A U ^ ^ Ι ^ ' Ι t iK^i l l ^ j l j 

Cxali Ö J Ä I J ^JLLWJI t mia o^C.Lji-ä ^ j l j L^C-JJ ^JA / J J V ^ ^βΑ 4_LJIJ^1I U^A ^jl LÖJJ 

AIU^JIUILJ AjâLî al Cj^âJ ρ Ι ^ ) ^ ϋ ^ .k^j jâ ojLuül j l^ail ^ ^ ^JJ^JJA^I I ^ £ ^ j j ' Î · *" 

(»Wsj Randomized controlled trials <JSI>»1I AJJI^^JI ^jb^Ui , ^« .^ 

ö^Luül jl^ojl ^^nlaj ^-â ^jjLelc· ölc 

SJi^a-nll j l j.*••«.tl i b i j l < j j j £ l l AJL^JI J J J•.•••• IK A J J A J I CJI J J ^ I -l Wi,„l 

4ÌLÌ j « • ̂ j ^&j « 11 ri^f I ^ i- ,„l j i j j j i i i J I J^L · ójLoll '— • -*"• j l ^JJIJ] ! AJJAAII 

^ ^ U« . .̂"i ' " 'j-*· t>lĵ )l ^_]^1^,1_ι - j i U l ujLhü djLoS (Jan'inn /tfJjl J AAJJ JAJI 4_^ j JJl ^ i l j 

( ^ j j ^JJIJUILI I ^ J A J J jLaall S I J J J I ^ « J Î J L I U J I ^ i .n^f l 5Jaxjljj JLA j l l j j j a ^ l 

Press finger technique ζ-^Ί^ l->» • ^H ^ j L . 1 SaLaJI Ĥ A 
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jLLiiVI eULi j ^ ̂ 2*1\ Jjâ Jji V_>jio ejLyJl sjUll (JAilaJ ^ k_i^LjVI IJA j i j j j 

^ i ^ L J I J J ^ i i j ^ . 5̂ 11ά1 _Jaià ÂJJÛJI CJ IJJV I -ΐ^-ί·'·-! ^^L· j j j - - - l_jj\£j J ^ J L Ì A I I 

j ((J-JLMJI Jî aiJl) j jLÜI ^ JJLJI JI^AII j ; ; 1 - ' ^ i ç5j j^l o"'^1 ̂  ÄJî aJI 

L^̂ 1 Fuji IX GP :<ß*ü ̂ j j ü 1 j ^ ^ ^ j ^ 1 j*^^ J* Ji^^j^ h^ j»-iäj-ii 

Jiäb^ JUL, Fuji IX GP Fast j ^ J > J 

t l i j l£ .Lia.1 j a . CJJLÜ AJILJ ^ ^ A J 72 J AJaiUl ^ j U . J I ^^Ic. jl_jx]l aOA . Ί ΐ . Ι . 

(_3_jLÜI J i l j SJUI I j j i j ^3*=· ci^J (0 .62 = Âj lU'^VI <A)ïll ) ^ U a J l 

-ΐι·ί*...ι; jUu ika i i ÓJLJ I ÓJLAII l_JA.jjÄJ j i i ( 0 .46 = ^ ^ i - ' ^ y i ÂΛΛ\\ ) 

{Ί . ( 0 , 0 1 = ^ -'~VI Λ-ojill ) ä K . ^ t i - t ^ · ; . . . ! ΛΛ A j j l i o » ; - ^ l ; JaiLJall 

^Γ^-ω _ΰ11 i^LJI Jil_^JI j j ; ' " " ; ι—mJall IJA i U i ^ j J ^ U ^ V_JJ_IJ ^ 1 j^-làj 

^J^lj j l^oj l ö̂ A j j& j ^^-^^ U^1^ ù J ι* .'' ^V^ .* ^aà-Jail L^^L^LJ ^ j ' ^ j ^ J * ^ 

.(0,9 = AJUI^VI ^ î l i ) 3.6 J j ^ l 

kill jU i l l «.Ij j j l i « j i^u^aVLi Jai-k^ll ^J^Lai - 1 ^ - . . .1; jU_j]l j j j â J i l l J AJLXJI 

J l HT'IIHI j e V^J k l l j l k_l_jLjl ijiii-% >iUJj J j l j U l l ^ Λ ^Jjâj ÂiJaj LjJAJj 

.ÂJJ j£ l l ÂJI^JII kl i l j Âk^aJl 

a^j uSI jjr·-'' AJ ι tfcj ^.3 AÂJI ^ •*· • ^ 4_ilc. ι ."il Λ ^ aj-^ «'Ί o^lx-l -̂11 A^l^JI _ 

.ÂJjVl Âja^^ll AJIX. j l l k_jjLJ 
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JA Λ At-M Jil ^jjaikiall 4^.j jlll ^lib r-Li. j l l ^o^jj j l Ja SjLJI jljx]l j l -

i' j- '''Il JA AJU OJI a Ï4 aJLuul J i b ÎjLujl Â Î Ü /pa Δ J^· '"'l )'l ÖJLMUI j l o^l 

ι I j L J j aaiU^Ïl j 4̂ 11 iiII 4_^j \ijl Cjb ?r l^ \il >û^jj j l JA Ö^L-III jlj-ftjl j^JJ -

ja Ajli_jll ^yi ^jj^jjall ' _ Ί· —"Ί! i j l ib ^ j ^ Ί ' ! j l l S J L J I jl_^»3l JA JiJasI O j l 

^ail^ll «.La.ĵ U JU_J1I_J J J I L Ü I ^ ^ ^ l i l l 

ÓJLJJI j l^ul l j^o j j ^ j ^AJ ] ! JA ,«1 j j ä ü Lrlc. J j j ' " Ί ' ' j ' LJL^ ^ J J V -

i ^ j j j j l l j « AJIJJII («i j i ^ l ^yic (^.'T- '" i j l i j l j x l l j Τ · ΙΑ. j l l ^ ^ j j j l ) 

.i-aJUI pU.j!>Ul J U j l l j j j L i l l 

i j L J I ju j j i J i l l J i b j j i i l l ( j - ^ J Ls^-*^' k-jjxiu]l ^ i j j j ä - ^ - ^ ^i -

j j j l i l L i ι j "'*• >j CJI jUsll « I J J J I JULJ «;• - V I ; ^-- • -I l ^J^LULJ <AALA1I Ó^LJ I 

.A j j jS l l AJI$J1I d i l i ^1°—I l - i · ^ " . . . ! ; A ÌALAI I willij ( O j l t_j^Ljl) 

UJULUSJÜI 

1«.!ja.) ^ J I A A I I AMMJ ^ J I Â A J U I JLL-JVI ^yi J U ^ I I j j ^ L j i l l S J L J I J I J ^ I I ^LJ 

I ƒ> ift t j η. .ι 't l 1 " '1 '1 . ^*1 Λ I \\\ f·. · , '*-* -J ί 1 Ì . ,ι ί i j -• ,< A\ ' ·£ A j u oil ^ Jfl »^ Q 1 \S ^ Λ 

-j.3jj] Â oĵ La j · —I '"" Ai^ JSMI; CJUJÛAII JLIUJVI ' ^ ' j ; — Οΐ^Ί-^^α jjjjLJ j 

eULi JJS J A <Λ^4Λ1Ι CjLaOill JA Jii • * ; Î K ' ; J ζ-wìj J .̂̂ ii ÂjJUjll slilpl ja-V' 

jl j-all (JJiki L̂ Jâ Laj AjjLSjll OLa-liJI jsü̂ ij ̂ jâ i j^s l iü j l t_laj liUJll _ jUxuVI 

/ 'K'll ^ Jjâjj j-« >illj 4jiaj Lal I j L j öjLJl 

djLuül JIJAJI ^ j . "'; jlluiVI ' ̂  'j'U o^cl.u^ 1̂̂ 3 'LijlSxl A_LJIJ^II Ö.IA Ì ' ' Ì J J 

AJIJLII ìa._5jlll d b r-Li.jll J^JJJJI j * Ì J L J I ijLall I.1Ä.IJ ί'°;Ί-" j i j ( j jLi l l 

Ajlijll (»ί 1Λ:ΑΛ 'jJJ^ ij^jH A R T k —'j' H-I_JLJI •»! l^'imlj '"Ί ι«--! ••"Il Jjâ J A 

I ^ Ü J Laj ^ ^ â j j 4'ì;l mil CJLÉ-HIj- i l l ^^ic. * l j j j t l ^ j i . n l l J A 

9 1 



pQaill ^. i j^el^àJLui^ jLi^^M . iU ^ i CJI^C.1 m^il ^ i i i à j > i j n ^ j j A - ^ 3 J -

^ J I A A I I ^ i j^ill ^~ • ·» ̂ IjLoJii. >J^J ^ <^aLkj iLxJI 

l^jà U J \^J AA.LÌ. J J £ V I 4 j j l i j l l SJL·. j l l j - i i i j j l JSAJ ^ 1 j l l l CJIOC-L-IAII 

uLluIl ^ Sj'J<.„ti . * J \M ^ j j IJIJJI t_i_jLjl J ^ AjâLja) CJLUI j j * l j ^ ) -

SjliàjJI 

J ^ ^ J I A I I j j - i JjljL· ^ jU_;SjM ι _ ιί- . 'i l J K 
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Samenvatting en aanbevelingen 
Samenvatting 

Hoofdstuk I beschrijft de mondge7ondheidssituatie in Syrië. De prevalentie van tandcariës 

onder 5-jarigen in Damascus was hoog (77% in 1985 en 14% in 1991). De gemiddelde DMFT 

score van 12-jarigen varieerde tussen 1.4 en 2.3 in de periode van 1980 tot 1988. 

De gemiddelde DMTF score van 15-jarigen was 3.5 in 1989. Het percentage onbehandelde 

dentinccanës varieerde tussen 80% en 90% zowel bij de 5-jarigen als bij de 12-jarigen. Dit 

bedroeg ongeveer 70%) bij de 15-jarigen. 

In een poging verbetering aan te brengen in deze situatie, werd het eerste National Oral 

Health Plan in 1991 gelanceerd. De hoofdpunten van dit plan waren: (1) voorlichting over 

mondgezondheid op scholen, (2) cariës preventie door middel van lluoride spoelprogramma's 

op scholen en (3) ondersteunende curatieve behandeling voor schoolkinderen. Vijfjaar later 

werd dit programma geëvalueerd. Het evaluatierapport vermeldt dal er op grote schaal 

mondgezondheidsvoorlichting op scholen is gegeven, maar ook dal het fluoride 

spoelprogramma en de ondersteunende curatieve behandeling niet aan de verwachtingen 

hadden voldaan. Slechts ongeveer 12% van de schoolkinderen in de 2dc en 6dc klas namen 

deel aan het fluoride spoelprogramma en slechts 5%> van de kinderen uit de doelgroep 

onderging daadwerkelijk curatieve behandeling. Dit lage percentage behandelingen is 

onveranderd gebleven, ondanks de enorme toename van het aantal tandartsen dat in Syrië 

afstudeerde. In 1990 waren er 3272 tandartsen, in 2002 bedroeg hun aantal 14610. Voor 12-

jarigen noch voor 15-jarigen viel een verschuiving ten goede in de cariësstatus te constateren, 

terwijl het percentage onbehandelde dentinecariës onveranderd hoog bleef. Deze nogal 

tegenvallende resultaten werden vooral toegeschreven aan beperkte medewerking van de 

leerkrachten bij het fluoride spoelprogramma en aan een falend systeem van de curatieve 

schoollandverzorging. Dit laatste viel voornamelijk te wijten aan de traditionele, technisch 

georiënteerde restoratieve benadering van de tandartsen. Deze benadering leidde niet tot de 

verwachte resultaten vanwege beperkte hulpmiddelen, ondoelmatig tandheelkundig 

instrumentarium en problemen bij het onderhoud ervan. Hoofdstuk 1 eindigt met 

aanbevelingen hoe de mondgezondheid van schoolkinderen het beste te verbeteren is. 

Aanbevolen wordt mondhygiënisten in te zetten in de openbare tandheelkundige sector, die 

preventieve en curatieve behandeling kunnen geven met ART sealants en ART restoraties, 

waardoor een haalbare en duurzame verzorging gewaarborgd wordt. 
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Aangezien canes in de blijvende gebitten van schoolkinderen vooral aanwezig is in pitten en 

fissuren, worden sealants beschouwd als geschikte preventieve maatregel. Uit het oogpunt van 

koslen-baten is het aantrekkelijk mondhygiënisten in de schooltandverzorging sealants te 

laten leggen. Om dit idee te verwezenlijken, heeft het WHO Regional Centre in Damascus 

een onderzoeksprogramma opgezet naar de effectiviteit van sealants aangebracht door 

mondhygiënisten (Hoofdstuk 2). 

Omdat uit de literatuur niet overtuigend naar voren komt welk sealant materiaal de beste 

bescherming biedt tegen cariës, is er in 1996 een onderzoek uitgevoerd waarin retentie en de 

cariëspreventieve eigenschap van glasionomeer (Fuji III14) werden vergeleken met die van een 

chemisch uithardend composiet materiaal (Delton*). Dat onderzoek werd uitgevoerd in 

samenwerking met de Dental School in Arhus, Denemarken en is beschreven in Hoofdstuk 3. 

Het onderzoek had een split mouth gerandomiseerde opzet, waarbij gebruik gemaakt werd 

van contralaterale molaren. In totaal namen er 179 kinderen aan deel die 7 jaar waren bij 

aanvang van het onderzoek. Ieder kind had ten minste één paar blijvende molaren die 

cariësvrij waren of initiële cariës hadden in pitten en fissuren. Vier hiervoor opgeleide 

mondhygiënisten brachten de sealants aan. Na driejaar bleek bij bijna 90% van de met een 

glasionomeer afgedichte molaren de sealant verdwenen te zijn tegenover minder dan 10% bij 

de met een composiet afgedichte molaren. Het relatieve risico op canësontwikkeling in pitten 

en fissuren afgedicht met glasionomeer vergeleken met die afgedicht met composiet materiaal 

was 3.38 (95% CL: 1.98; 5.79). De klinische techniek van het aanbrengen van glasionomeer 

sealants verschilt enigszins van die bij het aanbrengen van composiet sealants. De 

mondhygiënisten hadden jarenlange ervaring in het aanbrengen van composiet sealants, 

terwijl het aanbrengen van glasionomeer sealants nieuw voor hen was. Dit zou gedeeltelijk de 

lage retentiegraad van glasionomeer sealants in dit onderzoek kunnen verklaren. Hoe het ook 

zij, de geteste glasionomeer sealant in dit onderzoek had een poverder retentie en een geringer 

canëspreventief effect dan de geteste composiet sealant. 

In het zojuist beschreven onderzoek werd een laag viscues glasionomeer gebruikt. Spoedig 

nadat dit onderzoek was afgesloten, werden er artikelen gepubliceerd die een veel hogere 

retentiegraad vermelden van hoog viscues glasionomeer sealants die volgens de ART 

methode waren aangebracht op eerste en tweede molaren van 12- tot 14-jarigen. 
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Dientengevolge rees de vraag of applicatie van een hoog viscues glasionomeer sealant 

effectief zou zijn ter voorkoming van cariës in eerste blijvende molaren van schoolkinderen in 

Syrië. Dit was aanleiding voor het WHO Regional Centre in Damascus om een tweede 

onderzoek uil te voeren waarin het effect van sealants vergeleken werd. 

Twee recent gepubliceerde overzichtsartikelen over fissuur sealants geven geen uitsluitsel 

over verschillen ten aanzien van hel canëspreventieve effect tussen composiet en 

glasionomeer sealants, omdat in hel ene overzicht de verschillende sealants niet met elkaar 

werden vergeleken en in het andere overzicht (Cochrane) een groot aantal publicaties niet 

werd opgenomen in de analyse omdat ze tekortkomingen hadden bij de presentatie van de 

resultaten. Aangezien de literatuur geen duidelijkheid kon geven welk sealant materiaal de 

beste bescherming tegen cariës biedt, is besloten een syslematische analyse uit ie voeren van 

de resultaten uit publicaties over het cariëspreventieve effect van composiet en glasionomeer 

sealants. Hoofdstuk 4 beschrijft de analyse van de resultaten van publicaties die na selectie in 

het overzicht werden opgenomen. De selectiecriteria die tot uitsluiting resulteerden waren: I ) 

geen gerandomiseerd gecontroleerd klinisch onderzoek; 2) geen vergelijking van gemelde 

cariëspreventieve effecten; 3) duur van het longitudinale onderzoek korter dan een jaar; 4) 

resultaten niet gepresenteerd op vlakniveau; 5) onvoldoende statistische gegevens om 

Relatief Risico (RR) of Attributief Risico (AR) te berekenen. Slechts 12 publicaties kwamen 

voor analyse in aanmerking. Een variëleil aan glasionomeren en composiet materialen werden 

als sealants toegepast in de desbetreffende onderzoeken. Er was noch in composiet, noch in 

glasionomeer sealants een patroon te ontdekken in het cariëspreventieve effect. Daarom was 

hel onmogelijk een totaal AR te berekenen. De conclusie was dal er geen bewijs is welke van 

de iwee typen sealants beter was in het voorkomen van dentinecanës in pitten en fissuren: 

composiet of laag tot matig viscues glasionomeer sealants. 

Omdat is aangetoond dat hoog viscues glasionomeer sealants langer blijven zitten dan laag 

viscues glasionomeer sealants, werd besloten de retentie en het cariëspreventie effect van 

hoog viscues glasionomeer sealants, aangebracht met de 'ART vinger druk methode' te 

vergelijken met composiet sealants in een gerandomiseerd klinisch onderzoek. Dit wordt 

beschreven in Hoofdstuk 5. Retentie en het cariëspreventieve effect van sealants werden 

onderzocht over een lange periode en na volledige verdwijning van de sealant. Een getrainde 

mondhygiënist bracht een licht uilhardend composiet materiaal (Visio-Seal'1) en een hoog 

viscues glasionomeer materiaal (Fuji IX") aan op volledig doorgebroken eerste molaren. In 
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totaal namen 103 kinderen met een gemiddelde leeftijd van 7.8 jaar, deel aan een 5 jaar 

durend klinisch onderzoek. De deelnemertjes werden beschouwd als kinderen met een laag 

canësrisico. De kinderen werden gerandomiseerd over beide groepen. De groep behandeld 

met glasionomeer bestond uit 50 kinderen en de groep behandeld met composiet uit 53 

kinderen. In het vijfde jaar van de evaluatie bleek 86% (SE = 3.4) van de composiet sealants 

en 88% (SE = 3.3) van de glasionomeer sealants verdwenen. Het relatieve risico (en de 95% 

betrouwbaarheidsintervallen) op nieuwe dentinecanës in pitten en fissuren die afgedicht 

waren met glasionomeer materiaal vergeleken met composiet materiaal was na 3, 4 en 5 jaar 

respectievelijk 0.22 (0.06 - 0.82), 0.32 (0.14 - 0.73) en 0.28 (0.13 - 0.61 ). Het relatieve risico 

op nieuwe dentinecariës in pitten en fissuren afgedicht met glasionomeer sealant, vergeleken 

met composiet sealant, maar die 1 tot 2 en 2 tot 3 jaar geleden de sealant verloren hadden was 

respectievelijk 0.26 (0.14 - 0.48) en 0.25 (0.09 - 0.68). Dit leidde tol de conclusie dat het 

cariëspreventieve effect na 3 tot 5 jaar, 3.1 tot 4.5 maal groter was voor hoog viscues 

glasionomeer sealants, aangebracht volgens de ART methode dan voor composiet sealants. 

Bovendien was het cariëspreventieve effect van hoog viscues glasionomeer sealants in pitten 

en fissuren van eerste molaren 3 jaar na verlies, vier maal groter dan dat van composiet 

sealants. Dit onderzoek is het eerste in zijn soort. Omdat er slechts één uitvoerende bij 

betrokken was, wordt aanbevolen deze clinical trial te herhalen met meerdere uitvoerenden. 

Tot het eind van de vorige eeuw werd er een laag viscues glasionomeer gebruikt in de meeste 

onderzoeken naar glasionomeer sealants. Het afdichten van pitten en fissuren met laag viscues 

glasionomeer materiaal werd op verschillende manieren gedaan. De wijze waarop dit 

gebeurde varieerde van het gebruik van handinstrumentanum zoals bol eindigende sondes, 

condensators, bolvormige bruneerders tot het inpersen van sealant materiaal onder folie met 

behulp van een sonde of door middel van een vinger (met handschoen). De laag viscues 

glasionomeren werden opgevolgd door hoog viscues glasionomeren die gebruikt werden om 

ART sealants aan te brengen. Het glasionomeer wordt in de pitten en de fissuren aangebracht 

onder druk met een vinger die gehuld is in een met vaseline bedekte handschoen. Deze manier 

van aanbrengen was voor een aantal collega's onacceptabel. Zij stonden erop alleen 

instrumenten te gebruiken. Een in vitro onderzoek werd gestart naar de meest effectieve wijze 

van aanbrengen (Hoofdstuk 6): aandrukken van sealant materiaal met een vinger (ART 

methode) of met een bolvormig bruneer instrument. Deze beide methoden werden getest op 

occlusale pitten en fissuren van 72 chirurgisch verwijderde molaren. Het gebruikte materiaal 

was hand gemengd hoog viscues glasionomeer Fuji IX GP en Fuji IX GP Fast in capsules. 
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Randlekkage en penetratiediepte werden gemeten. De beide methoden van aanbrengen 

resulteerden niet in statistisch significant verschillen in randlekkage (P = 0.62) en 

penetratiediepte (P = 0.46). Een van de uitvoerenden scoorde met de vingertechniek statistisch 

significant (P=0.01) lager bij de randlekkage en hoger bij penetratiediepte dan bij het gebruik 

van een bruneer instrument. Geen van de 9 sealants bestaande uit Fuji IX GP Fast in capsules, 

aangebracht met de vingertechniek door bovengenoemde uitvoerende vertoonde randlekkage. 

Op grond van deze resultaten wordt de voorkeur gegeven aan de vingertechniek (ART 

methode). Bij het afwerken moet het vaseline laagje op de sealant volledig verwijderd 

worden. 

Slotconclusies van dit promotieonderzoek zijn: 

• Herziening van de mondgezondheidszorg in Syrië in de richting van eerstclijnszorg is 

noodzakelijk; 

• De retentie en cariëspreventieve eigenschappen van een laag viscues glasionomeer 

sealant zijn inferieur vergeleken met die van een composiet sealant; 

• Op dit moment geeft de literatuur geen uitsluitsel welke van de twee sealant 

materialen de beste preventie biedt tegen tandcariës in pitten en fissuren van blijvende 

molaren: de composiet of de laag viscues glasionomeer sealants; 

• Een hoog viscues glasionomeer sealant, aangebracht volgens de ART methode schijnt 

een betere preventie tegen cariës in pitten en tissuren van blijvende molaren te bieden 

dan een licht uithardend composiet sealant; 

• Er is geen verschil in randlekkage en penetratiediepte in fissuren tussen glasionomeer 

sealants aangebracht volgens de ART methode of aangebracht met behulp van een 

bruneerinstrument. 

Aanbevelingen 

Aangezien de meeste cariës in het blijvende gebit van schoolkinderen voorkomt in pitten en 

fissuren, wordt het aanbrengen van sealants beschouwd als een mogelijke maatregel 1er 

voorkoming van cariës. Mondhygiënisten worden gezien als geschikte werkkrachten voor het 

verstrekken van deze vorm van preventie omdat zij, indien goed opgeleid, op grote schaal 

preventief werkzaam kunnen zijn waarbij de kosten veel lager zijn dan wanneer tandartsen 

deze diensten zouden verlenen. Daarom zouden, uit kosten-baten overweging, 
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mondhygiënisten betrokken moeten worden bij preventieve zorg, waaronder het aanbrengen 

van sealants. 

In dit onderzoek werd aangetoond dat mondhygiënisten sealants kunnen aanbrengen. Verder 

werd aangetoond dat een eenmalige applicatie met een hoog viscues glasionomeer sealant, 

uitgevoerd door een mondhygiënist volgens de ART methode, een duurzaam cariëspreventief 

effect heeft. De volgende aanbevelingen worden gedaan: 

• Stappen ondernemen tot het aanbevelen van de voordelen van een preventief gerichte 

benadering waaronder ART bij degenen die verantwoordelijk zijn voor het opzetten 

van mondgezondheidszorg, bij beroepsgroepen en bij het publiek; 

• Introduceren van de ART aanpak in de opleiding tot tandarts; 

• Aanpassen van de taakomschrijving van mondhygiënisten aan de behoeften in de 

publieke sector, in hel bijzonder die van de schooltandverzorging; 

• Introduceren van de ART aanpak bij sealants in de opleiding tot mondhygiënist; 

• Het creëren van een structuur in de gezondheidszorg waarin de mondhygiënist 

'nieuwe stijl' de hoogstnodige preventieve zorg kan leveren, waaronder ART sealants; 

• Meer onderzoek uitvoeren naar de ART aanpak bij bevolkingsgroepen die onder 

verschillende omstandigheden leven; 

• Het onder de aandacht brengen van de resultaten van dit promotieonderzoek bij 

landartsen en bij autoriteiten op het gebied van gezondheid en onderwijs in 

WHO/EMRO landen. 
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Stellingen 

behorende bij het proefschrift 

Molecular Genetics of EEC Syndrome and Related Disorders 

1. Er bestaat een duidelijke genotype-fenotype correlatie voor genetische aandoeningen die 
veroorzaakt worden door een p63 mutatie (dit proefschrift). 

2. Naast aard en locatie van een p63 mutatie spelen andere - genetische en niet-genetische -
factoren, zoals modificerende genen, een belangrijke rol bij het bepalen van het uiteindelijke 
fenotype van de patiënt (ditproefschrift). 

3. Een mutatie die zowel op DNA- als op eiwitniveau identiek is, kan in verschillende families 
een ander ziektebeeld veroorzaken (dit proefschrift en Van Bokhoven et al (2001) Am J 
Hum Genet 69 481-492). 

4. De amino-terminus van ΔΝ-ρ63 bevat transactivatie-activiteit (dit proefschrift en nog niet 
gepubliceerde data). 

5. Mannelijke kaalheid wordt voornamelijk van de moeder geërfd en wordt hoofdzakelijk 
veroorzaakt door genetische variatie in het androgeen receptor (AR) gen op het X-
chromosoom (Hillmer et al (2005) Am J Hum. Genet 77 140-148). 

6. Eeneiige tweelingen zijn genetisch identiek, maar naarmate zij ouder worden, gaan zij 
epigenetisch steeds meer van elkaar verschillen (Fraga et al (2005) Proc Natl Acad Sci 
USA 102 10604-10609). 

7. Microgolven van mobiele telefoons zijn schadelijk voor de hersenen (Salford et al (2003) 
Environment Health Ρerspect UI 881-883). 

8. Van de uitdrukking 'verbeter de wereld en begin bij jezelf wil president Bush van de 
Verenigde Staten niets weten 

9. De dijken in het westen van Nederland vormen een onderschat doelwit voor terroristische 
aanslagen. 

10. De Tweede Wet van Newton (F = m g) (JS Newton, Philosophiae Naturalis Principia 
Mathematica, 1687, volume 3) is ook van toepassing aan de andere kant van de aarde (eigen 
•waarneming tussen 4000 en 0 meter boven het aardoppervlak van Nieuw-Zeeland). 

11. Wetenschap wordt wel eens vergeleken met topsport. Enkele stellingen van twee 
sportlegendes zijn dan ook op beide van toepassing: 

o. "Ieder nadeel heeft z'n voordeel." (Johan Cruijjf) 
b. "Je moet schieten anders kun je niet scoren." (Johan Cruijff) 
c "Voetbal (wetenschap) is een hard vak. Het eist je op, met huid en haar." (Johan Cruijff) 
d. "If you don't know where you're going, you will wind up somewhere else." (Yogi Berrà) 
e. "Baseball (science) is 90% mental - the other half is physical." (Yogi Berrà) 

12. Sommige mensen gaan over lijken, als ze met hun naam op een artikel kunnen prijken (eigen 
waarneming). 

Pascal Duijf, Nijmegen, juli 2005 
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