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Abstract 
The aim of this study was to evaluate the survival of single- and two-surface ART restorations 

in the primary and permanent dentitions of children from a high-caries population, in a field 

setting. 

Materials and methods: 

The study was conducted in the rainforest of Suriname, South America. ART-restorations, made 

by four Dutch dentists, were evaluated after six months, one, two and three years. 

Results: 

475 ART restorations were placed in the primary dentition and 54 in first permanent molars of 

194 children (mean age 6.09 ± 0.48 years). Three-year cumulative survivals of single- and two-

surface ART restorations in the primary dentition were 43.4% and 12.2%, respectively. Main 

failure characteristics were gross marginal defects and total or partial loss. Three-year cumulative 

survival for single-surface ART restorations in the permanent dentition was 29.6%. Main failure 

characteristics were secondary caries and gross marginal defects. An operator effect was found 

only for two-surface restorations. 

Conclusion: 

The results show extremely low survival rates for single- and two-surface ART restorations in the 

primary and permanent dentitions. The variable success for ART may initiate further discussion 

about alternative treatment strategies, especially in those situations where choices have to be 

made with respect to a well-balanced, cost-effective package of basic oral health care.
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Introduction
The concept of minimal invasive dentistry has evolved as a consequence of an increased 

understanding of caries and the development of adhesive restorative materials [27]. Within 

this concept, prevention and hard tissue preservation are the primary goals, and dentists are 

encouraged to prefer a more conservative and biological approach rather than a surgical 

approach, although the latter is sometimes unavoidable. The Atraumatic Restorative Treatment 

technique (ART) is part of a minimal invasive approach and, as such, a technique that meets 

the specific goals mentioned above. In brief, with ART, soft demineralised carious tooth tissue 

is removed using hand instruments only, followed by restoration of the tooth with an adhesive 

restorative material, often glass-ionomer cement [4, 7]. Because neither electricity nor running 

water is required for this treatment approach, ART can be applied in almost any setting. 

Although initially developed to provide restorative dental treatment in outreach or rural areas, 

ART or modified ART techniques are increasingly introduced into dental clinics in industrialized 

countries [1, 11, 14]. 

Since its introduction in the mid-1980s, ART has been evaluated in several community field 

trials. These studies served mainly to obtain information on technical aspects of the process, 

handling characteristics of the restorative material, and on the survival of the restorations. They 

led to improvement of the technique [20] and to the development of new, more appropriate 

glass-ionomer restoration materials, especially for ART purposes.  

Studies focussing on the survival of ART restorations have shown that the ART approach is 

very successful in restoring single-surface dentine lesions in the permanent dentition: 3-year 

survival rates of 71-92% have been reported [5, 6, 9, 10, 12, 20]. Regarding the survival rates 

of ART restorations in the primary dentition, only a few field studies were performed. They 

showed acceptable survival rates (65-96.7%) for single-surface ART restorations, but generally 

low success rates (31–76.1%) for multi-surface ART restorations, even with the newer glass-

ionomer materials [2, 3, 11-13, 19, 23, 24, 28]. Although its performance under multi-surface 

conditions is disappointing, ART is considered a valuable approach towards the treatment of 

dental caries. The use of ART has resulted in the retention of many teeth that would otherwise 

have been extracted in a later stage. Nevertheless, there still remain some controversies towards 

the technique, presumably based on the inconsistency in survival results. Moreover, a recent 

study, investigating the influence of dental treatment on the oral health of a Surinamese child 

population, concluded that performing ART restorations only, did not contribute significantly 

to an improvement of the oral health, suggesting that ART alone is not a sufficient solution in 

the battle against dental decay [30]. 

Frencken et al. (2002) described comprehensively that ART should be part of a basic package 

of oral care in which prevention and urgent care are also represented. However, within this 
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package, these three components should be geared to one another as much as possible 

and the individual effects of all three components must be sufficient and beneficial under 

different circumstances. When the success of either component, particularly ART, cannot be 

guaranteed, its contribution in the package should be reduced. Thus, the evaluation of ART in 

different countries or communities, amongst different kinds of caries-risk populations and under 

diverging conditions remains useful. Therefore, the aim of this study is to evaluate the survival 

of both single- and two- surface ART restorations in the primary and permanent dentitions of 

children from a high-caries population in a field setting on a longitudinal base.   

Materials and methods
This cohort study was conducted in the rainforest of Suriname, South America. It was part of a 

large-scale project investigating the influence of dental treatment on the oral health of children 

[30]. Within the scope of that particular project, 380 6-year old children were divided randomly 

among four different treatment groups. Material presented in the current article, concerns 

only those children who received restorative treatment, according to the ART method, either in 

their primary or permanent dentitions. 

The restorative treatments were performed in accordance with the ART guidelines [4, 7] and 

took place in empty classrooms where four children were treated at the same time. Ketac- 

Molar (3M ESPE®) was used as the restorative material of choice. The treatments were carried 

out by four Dutch dentists who were trained in ART during a one-week ART course and by 

using ART in children from their own practices, for a period of 3 months, before the start of 

the treatment phase of the study. They were assisted by six Surinamese health care assistants 

from the Medical Mission who completed an ART course supplemented with some basic dental 

knowledge. The dentists were asked to note any contamination with blood and/or saliva during 

the restoration of the cavity. Furthermore, the presence or absence of adjacent teeth was 

noted. During the treatment, one of the authors (MGS), who was not involved in the treatment 

phase, observed and classified the overall behaviour of the child, based on a modified Venham 

scale [23, 29]. Prior to the study, this observer was trained in using the Venham behaviour scale 

by scoring 42 videotapes of children in a dental situation. These observations were compared 

to the consensus score of two calibrated observers. This comparison resulted in a Cohen’s 

Kappa of 0.87, implying an excellent agreement. 

Restorations were not assessed at the time of placement (T0). The children were revisited for 

evaluation of the ART restorations six months (T1), one year (T2), two years (T3) and three 

years (T4) after the initial treatment. The same author and dentist mentioned above (MGS), 
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evaluated the restorations according to the ART criteria (Table 1) using a CPITN probe, a mouth 

mirror and a head lamp. Prior to the study, this person was calibrated against a ‘gold standard’ 

(Kappa 0.94). This gold standard was achieved by the consensus of two experienced dentists 

during the assessment of 24 extracted molars with ART restorations. Restorations scored code 

00 or 10 were considered successful, codes 11–40 were classified as failures, and codes 50-90 

were assigned in case the tooth was unavailable for evaluation. If a tooth or restoration showed 

multiple defects, a marginal defect dominated an over- or under-filled restoration (10, 11 > 12, 

13), secondary caries dominated a marginal defect (20, 21 > 10, 11), absence of a restoration 

dominated secondary caries (30 > 20, 21) and an over-filled cavity dominated an under-filled 

cavity (13 > 12).

Table 1 Evaluation criteria for the ART restorations

Code Evaluation characteristics

00 Restoration present, correct

10 Restoration present, slight marginal defect/ wear of surface  (< 0.5mm). No repair needed

11 Restoration present, gross marginal defect/ wear of surface (> 0.5mm). Repair needed

12 Restoration present, under filled (> 0.5mm). Repair needed

13 Restoration present, over filled (> 0.5mm). Repair needed 

20 Secondary caries, discoloration in depth, surface hard and intact, caries within dentin. Repair needed

21 Secondary caries, surface defect, caries within dentin. Repair needed

30 Restoration not present, bulk fracture, moving or partial lost. Repair needed 

40 Inflammation of the pulp; signs of dentogenic infection (abscesses, fistulae, pain complaints). Restoration 
might still be in situ. Extraction needed

50 Tooth not present because of extraction

60 Tooth not present because of shedding

70 Tooth not present because of extraction or shedding

90 Patient not present

Statistical analysis
Statistical analyses were performed using SPSS for Windows, version 12.0.1 (SPSS Inc., Chicago, 

USA). All significant differences were detected at a 95% confidence level.

Kaplan-Meier survival analyses were performed on the censored data of both single- and two-

surface restorations. The significance of differences between survival curves was determined 

with log-rank tests. Possible confounding variables were taken into account using a Cox 

regression analysis. 
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Results
As stated in the materials & methods section, the children in this study were derived from a 

larger study population of children participating in another project. The overall caries prevalence, 

expressed in terms of decayed, missing and filled surfaces (dmfs) among that group of children, 

was 11.51 (±10.5; range 0-53) in the primary dentition and 0.20 (±0.62; range 0-5) in the 

permanent dentition. According to the standards of the World Health Organisation [17], this 

denotes a high-caries child population based on the caries prevalence in the primary dentition. 

Within the larger group, 194 children (mean age 6.09 ± 0.48 years) received ART restorations 

in either their primary or permanent teeth, or both. Only these children were included in the 

current study. Their baseline caries prevalence was 12.75 (±9.88; range 0-53) in the primary 

dentition and 0.23 (±0.67; range 0-5) in the permanent dentition. 

Table 2 Baseline data for the ART restorations 

Primary Dentition Permanent Dentition

Number of filled surfaces 1 2 1

Number of restorations 133 342 54

Number of Children (N) 61 147 34

Mean number of restorations per child 3.50 3.64 2.07 

(SD; range) (1.61; 1-7) (1.73; 1-8) (0.97; 1-4)

Dentist

1 43 (32.3%) 74 (21.6%) 12 (22.2%)

2 41 (30.8%) 84 (24.6%) 16 (29.6%)

3 34 (25.6%) 89 (26.0%) 7 (13.0%)

4 15 (11.3%)* 95 (27.8%) 19 (35.2%)

Adjacent tooth present

Yes 117 (88.0%) 303 (88.6%) 45 (83.3%)

No 16 (12.0%) 39 (11.4%) 9 (16.7%)

Contamination blood/saliva

Yes 13 (9.8%) 110 (32.2%)* 5 (9.3%)

No 120 (90.2%) 232 (67.8%) 49 (90.7%)

Venham behaviour score

0 50 (37.6%) 78 (22.8%) 8 (14.8%)

1 44 (33.1%) 137 (40.1%) 27 (50.0%)

2 26 (19.5%) 82 (24.0%) 13 (24.1%)

3 13 (9.8%) 33 (9.6%) 6 (11.1%)

4 -- 12 (3.5%)* --

5 -- - - - -

* Statistically significant difference at p=0.05, SD=Standard Deviation
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At baseline (T0), 475 ART restorations were placed in the primary dentition (mainly 1st and 2nd 

molars) and 54 in the first permanent molars (predominantly mandibular). Table 2 presents 

data for the ART restorations, performed at baseline. A Mann Whitney U-test showed that 

children who received two-surface restorations scored higher on the Venham behaviour scale 

(p=0.005) than children that received single-surface restorations, in the primary dentition. 

Furthermore, dentists reported more contamination (Chi-square =25.02, df=1, p<0.001) when 

placing two-surface restorations than single-surface restorations. 

The lost-to-follow-up-percentage of the restorations originally placed was 4.63%. After three 

years, the cumulative survival of the single-surface ART restorations in the primary dentition 

was 43.4% (Standard Error (SE) 10.9%). For the two-surface restorations a cumulative survival 

of 12.2% (SE 2.99%) was observed. The survival curves, with censored data, are presented in 

figures 1a and b. The cumulative survival of the single-surface ART restorations in the permanent 

dentition was 29.6% (SE 8.2%) after three years (Figure 2). 

Table 3 represents the failure characteristics for the restorations in both primary and permanent 

dentitions at three years. The main failure characteristics of both single- and two-surface ART 

restorations in the primary dentition were gross marginal defects (score 11) and total or partial 

losses (score 30). For restorations in the permanent dentition, the main failure characteristics 

were secondary caries (score 21) and gross marginal defects (score 11). 

A log-rank test indicated that there were no statistically significant differences in survival times 

between the four dentists regarding single-surface restorations in both primary and permanent 

teeth. However, regarding the two-surface restorations in the primary dentition, statistically 

Figure 1a Survival curve single-surface ART restorations, 
primary dentition

Figure 1b Survival curve two-surface ART restorations, 
primary dentition
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significant differences between the four dentists appeared (log-rank statistic 11.7, df 3, 

p=0.009). The separate survival curves are presented in figure 3. 

Table 3 Failure characteristics for the ART restorations at three years 

Primary Dentition Permanent Dentition

1-surface 2-surface 1-surface

N_ Restorations baseline 133 342 54

N _ Failures 42 251 32

Failure score 

11: gross marginal defect 21 (15.8%) 86 (25.1%) 13 (24.1%)

12: restoration present, under filled 1 (0.8%) 9 (2.6%) --

13: restoration present, over filled 2 (1.5%) 11 (3.2%) 2 (3.7%)

20: sec. caries, surface intact -- - - - -

21: sec. caries, surface defect 5 (3.8%) 1 (0.3%) 14 (25.9%)

30: total or partial loss 13 (9.8%) 120 (35.1%) 3 (5.6%)

40: pulpal inflammation -- 24 (7.0%) --

50: restoration missing, extracted -- -- - -

Scores 60-90 were not included (censored data)

Figure 3 Survival curves per dentist, two-surface ART 
restorations primary dentition

Figure 2 Survival curve single-surface ART restorations, 
permanent dentition

To detect any confounding variables on the survival of the ART restorations, a Cox regression 

analysis was performed. No significant relation could be found, indicating that neither the 

presence or absence of an adjacent tooth, nor contamination with blood and/or saliva, nor the 

behaviour of the child during the restorative phase of the treatment had an influence on the 
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three-year survival of the restorations in the primary dentition. No effect also could be found 

regarding the number of restorations per child. 

Neither of these variables had an effect on the survival rates in the permanent dentition, except 

for the presence of adjacent teeth. Restorations in teeth where no adjacent tooth was present 

were found to be more likely to fail (Hazard Ratio =6.53, 95% CI 2.66-16.02, p<0.001).

Discussion 
In contrast with other studies, the results of this study show extremely low survival rates for 

both single- and two-surface ART restorations in the primary and permanent dentitions. An 

operator effect was observed for two-surface restorations only. Neither the behaviour of the 

child during restoration, and the number of restorations per child, nor the contamination of 

preparations with blood or saliva had a significant influence on the survival of the restorations 

in this study. 

This field study was performed correctly and the statistical power was sufficiently high to 

detect at least medium effects. However, because it was part of a large-scale randomized 

controlled clinical trial, no comprehensive criteria were formulated beforehand regarding, for 

example, the number of restorations per patient, and the location and the size of the cavities. 

This aspect is inherent to many cohort studies and it does not imply an inferior study quality, 

but it limits a meaningful comparison with other survival studies. 

Although all possible efforts were exercised to trace the participating children over the 

evaluation period, 22 restorations (4.63%, eight children), all in primary molars, could not be 

evaluated at any of the recall visits. Either the children did not show up, or the teeth concerned 

had exfoliated before the first evaluation. These restorations were regarded as missing data 

and, therefore, excluded from further analysis. Twenty-six restorations (5.47%, 21 children) 

were “lost” for evaluation because the teeth either exfoliated or the child moved to another 

district during the course of the study, but after the first evaluation. These restorations (scores 

60–90) were treated as censored data and not as true failures because they survived up to a 

certain moment. 

Many causative factors could be suggested that might explain the failure of the ART 

restorations, such as secondary caries, cervical margin gaps, material properties, and field 

conditions (outside temperature, atmospheric humidity). However, many other ART studies 

face these or comparable problems and, therefore, these factors cannot sufficiently explain 

the extremely low survival rates found in this particular study. The operator difference for the 
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survival rates of the two-surface restorations was not unique, and not a sufficient explanation 

for the disappointing survival results. Operator effects are often found in ART studies [4, 9, 

15, 21, 26] and, as in every profession, there will always be individual differences in technical 

skills. The finding that the absence of an adjacent tooth was related to a lower 3-year survival 

of single-surface ART restorations in permanent molars could not be explained. One can only 

speculate about possible reasons for this relationship, such as that these free-standing molars 

experience larger occlusal forces. 

A possible influence of the relatively high caries prevalence on the survival of the restorations 

could be hypothesized, but is very doubtful. A study in Indonesia, where the child population 

exhibited a much higher caries prevalence, also found disappointing survival rates for two-

surface ART restorations [28], but these rates were not as extreme as those found in the 

current study. The survival rates for single-surface ART restorations, derived from other earlier 

cited studies, were all very promising regardless of the caries profile of the study populations. 

Furthermore, no effect on the survival rates of the restorations was found when the number of 

restorations per child  was included in the analysis.    

The ART protocol prescribes not to eat or drink within at least one hour after the completion of 

the restorative treatment [7]. The children in the current study were not supervised after they 

received restorative treatment and consequently, their food intake could not be controlled. 

Future studies should take this aspect into account.

Other patient-related factors that may influence the survival of the restorations are the 

behaviour and saliva flow of the child. The survival of the ART restorations in this study was 

analysed at the restoration level. This method requires independency of the restoration data 

and, with respect to the mentioned patient-related possible bias, this assumption could not be 

guaranteed. To control for this lack of independency, the survival analyses also were performed 

at the patient level, including only one randomly-selected restoration per child. These analyses 

did not render higher survival rates. 

The predominant failure characteristics for both single- and two-surface ART restorations in 

the primary dentition were gross marginal defects and total or partial losses. This agrees with 

previous studies concerning the survival of ART restorations in the primary dentition [6, 13, 25, 

26]. Gross marginal defects could be induced by occlusal forces or insufficient wear resistance 

of the restorative material. Ketac-Molar was specifically developed for ART purposes [13], and 

it has shown excellent results for posterior restorations in the primary dentition [16, 22]. Glass-

ionomer restorations can be dislodged for a number of reasons, such as insufficient cleaning 

and conditioning of the cavity, and improper mixing of the material. None of these conditions 

was recorded at the time the tooth was restored. However, all dentists and chair-side assistants 

followed the ART guidelines and the manufacturer’s instructions as much as possible under the 

given circumstances. 
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The main reasons for failure of the single-surface restorations in the permanent dentition were 

gross marginal defects and secondary caries. This latter finding is somewhat surprising and 

contrasts with earlier ART studies [5, 6, 10, 26]. Glass-ionomer cement has been the restorative 

material of choice for the ART technique, based mainly on its fluoride-releasing and, thus, 

caries-preventive properties [7]. Many studies underline these characteristics of glass-ionomer 

[18, 26, 31, 32]. 

The extremely low survival of the ART restorations observed in this study remains unexplained. 

Circumstances that were not recognized as possible interfering factors at the start of the study 

might have played an important role, including cultural and seasonal dietary influences. People 

living in the rainforest of Suriname eat seasonal fruits such as mangos and fruits of the fibre 

palm (Awarra). In particular, the latter may influence the survival of the restorations, given 

the frequency and method in which they are consumed. The authors have seen unusual wear 

patterns, also in adult dentitions, which might have been caused by excessive consumption 

of Awarras. A possible causality between these dietary habits and the survival of the ART 

restorations can only be disclosed by future controlled studies.

Although previous studies have suggested that ART should not be considered as a routine 

procedure to restore multi-surface cavities [13, 24], based on the results of this study, even 

the ART restoration of single-surface cavities might be reconsidered. This study underlines 

the inconsistency and variation in the success of the treatment. Apparently, certain conditions 

must be fulfilled to make ART successful. These conditions can be approached, but not always 

achieved, under all circumstances. 

Conclusion 
The uncertain predictability for the success of ART may introduce further discussion about 

alternative treatment strategies, especially in those situations where choices have to be made 

with respect to a well-balanced, cost-effective package of basic oral health care. To gain insight 

into factors determining the cumulative success rate of ART restorations, future studies should 

focus in more detail on variables that could possibly contribute to the failure of restorations. 
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