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Survival of primary molar restorations in four birth cohorts—A
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TAINA KÄKILEHTO1, SINI VÄLIMÄKI2, LEO TJÄDERHANE2,3, HANNU VÄHÄNIKKILÄ2,
SINIKKA SALO4 & VUOKKO ANTTONEN2,3

1Municipal Health Centre, Dental Teaching Unit, City of Oulu, Finland, 2University of Oulu, Institute of Dentistry,
Finland, 3Oulu University Hospital, Oulu, Finland, and 4Municipality of Oulu, Finland

Abstract
Objective. Paediatric restorative dentistry continues being a challenge in everyday clinical practice. Practise-based survival
analysis covering entire age cohorts offer an epidemiological approach to this issue in studying survival of restorations in
primary teeth. The aim of this study was to compare survival of restorations in primary molars in 1985, 1990, 1995 and
2000 age cohorts associated with some population-related factors. Material and methods. Data from dental records of
the entire cohorts were obtained from the Health Centre of Kemi, Finland covering the period 1989–2009. The longevity of the
restorations was illustrated using the Kaplan-Meier survival curves and tested with log-rank test and Cox proportional hazards
regression analysis. The retrospective caries risk definition for individuals was based on the early restorations in the first
permanent molars. Results. Total number of the placed restorations was 2755. Survival of the restorations was the shortest in
the 1995 cohort and the longest in the 1985 cohort (p < 0.001). The greatest deterioration was between the cohorts in 1990 and
1995. Survival was also shorter for the children at high risk for caries compared with the low risk children (p < 0.001).
Conclusions. Survival of the restorations shortened distinctly towards the younger cohorts and was also shorter for the high
risk compared with the low risk children. Due to the variety of materials in paediatric dentistry, handling them carefully
according to manufacturers’ instructions must be emphasized to avoid failures of restorations due to technical reasons. Also,
non-invasive treatment must always be given together with invasive treatment.
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Introduction

In clinical practice paediatric restorative dentistry
continues to be a challenge. In primary teeth, dental
caries progresses approximately twice as fast as in
permanent teeth [1]. Although the life-span of pri-
mary teeth in the oral cavity is short compared to that
of permanent teeth, long survival of restorations in
primary teeth is both economic and patient-friendly.
Ideally a restoration lasts until the tooth exfoliates.
Until the 1990s, amalgam was commonly used

in restorative treatment of primary teeth in Finland.
Popularity of amalgam, however, collapsed quickly
when its possible health and environmental effects
became a topic of general interest. Therefore, within
a few years significant changes took place in use of
restorative materials in paediatric dentistry and the

selection of tooth-coloured restorative materials and
their use expanded in Finland [2]. Conventional glass
ionomer (GIC) has been a widely used alternative
for amalgam in restorations because of its cariostatic
potential [2]. However, its failure rate was considerable
[3].Resin-modifiedglass ionomers(RMGIC)andcom-
pomers, both cariostatic and durable, have become
popular in paediatric restorative dentistry and have
been found to be nearly as durable as amalgam [4].
Studies have suggested that children with several

caries lesions at the time of restoration placement are
at higher risk for replacement of restorations than
those who have only a few decayed teeth [5]. Also
damaged, restored tooth surfaces tend to become
decayed more easily than sound surfaces [3]. Also
those with early childhood caries (ECC) often have
high caries experience also later in life [6]. Due to an
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intensive prevention programme, children’s caries
experience decreased substantially in Finland during
the 1970s and 1980s [7]. However, in the 2000s there
have been indications of the deterioration of dental
health among the young [8]. Polarization of dental
caries among children also still exists [9].
Several methods have been used to assess the risk

for getting decay. One commonly used indicator for
assessing high and low caries risk is the number of
decayed, missing and filled teeth. Caries lesions in
three or more primary teeth [9] or in more than two
surfaces of second primary molars may predict high
caries risk [10]. Also a restoration due to caries in any
first permanent molar during the year of eruption
indicates a high risk of need for restorations in the
rest of the molars [11].
The majority of the recent studies on longevity of

restorations focus on clinical longevity of specific dental
materials during the follow-up period, e.g. glass iono-
mer cement (GIC) and resin-modified glass ionomer
cement (RMGI). Such studies usually have limited size
study groups [12,13].When the entire historyof teeth in
an entire age cohort is available from dental records,
longevity of restorations can be examined by using the
Kaplan-Meier survival analysis [14]. Longitudinal or
retrospective, practice-based studies can give true infor-
mation about the longevity of restorations. There are
longitudinal studies on the longevity of restorations in
adult cohorts, but none on longevity of primary teeth
restorations in different age cohorts.
The aim of this practice-based study was to investi-

gate the longevity of restorations in the first and second
primary molars in 1985, 1990, 1995 and 2000 age
cohorts using Kaplan-Meier survival analysis. The
second aim was to analyse the association of caries
risk and longevity of restorations in primary teeth.
The hypothesis was that survival of primary molar

restorations may be poorer in more recent than earlier
cohorts. Also it was hypothesized that caries risk
affects survival of primary molar restorations.

Material and methods

In this epidemiological retrospective practice-based
study the data were collected by data-mining [14]
from the electronic dental records of four age cohorts
in the Municipal Health Center of Kemi, Finland,
covering the period 1989–2009. The cohorts studied
were those born in 1985–1987 (cohort 1985), 1990–
1992 (cohort 1990), 1995–1997 (cohort 1995) and
2000–2002 (cohort 2000). The follow-up period was
in other age cohorts until the tooth shedding, but for
those in the youngest cohort only up to 5�7 years.
The study sample included digitally recorded tooth-

wise information on children’s caries status in each
examination, i.e. all incidences of caries lesions and
restorations placed or replaced as well as materials
used (amalgam or tooth-coloured). The sub-types of

the tooth-colouredmaterialswerenot specified.Neither
was the size (number of surfaces) of the restorations
included in analyses. The treatment decisions as well as
treatment were carried out by clinical practitioners
without calibration (practise-based study). The propor-
tion of children with no treatment history at 7 years in
each cohort was calculated as well as number of extrac-
tions due to caries during the follow-up period.
In this study, a retrospective risk determination was

used. Apatientwas assessed to be at high risk for dental
caries if any restorationwas placed in any of his/herfirst
permanent molars during their year of eruption [11].
The mean value of 6.4 years was used as the age of
eruption for the permanent first molars if the actual
eruption age was not recorded in data files [15].

Statistical analysis

Non-parametric Kaplan-Meier survival curves (CDF
curves) were drawn separately for each cohort illustra-
ting replaced restorations in primary molars combining
the first and the second molars. The Cox proportional
hazards model was used to obtain hazard ratios (HR)
and 95% CI for the association of the survival of the
restorations and some predictor variables (age cohort,
caries risk and gender).
In survival analysis of the restorations the follow-

up starts from the date of its placement and ends in
its replacement or repair or the tooth extraction. The
replacement of a restoration leads to the end of
survival. In real life, the exact survival time for each
restoration is not always definable and consequently
the restoration placement or replacement is recorded
censored. If the initial placement date of restoration is
missing, data are called left censored. Data are called
right censored when restoration survives longer than
followed or the restored tooth has naturally exfoliated.
By using Kaplan-Meier method all observations,
including the censored ones, are taken into account
and losing any information is prevented [16].
Statistical analyses were carried out by using the SAS

Windows (v. 9.2 SAS Institute Inc., Cary, NC) statis-
tical software program. The statistical significance in
differences of restoration survival times between
groups was compared by using the log-rank test.
The difference was considered to be statistically
significant when the p-value was less than 0.05.

Results

The total number of the children was 4488 (2226 boys
and 2262 girls). The proportion of children in each age
cohort ranged from 20–30% of the total number in the
study group (Figure 1).The proportion of childrenwith
intact teeth at 7 years varied from ~ 70% in the
1985 cohort to 80% in the 1995 and2000 cohort (Table
I). The number of extractions was small (42 in the
1985 cohort, 101 in the 1990 cohort, 37 in the
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1995 cohort and 16 in the 2000 cohort). The number of
placed restorations in primarymolarswas 2755.Almost
all fillings were tooth-coloured and the number of
amalgam fillings was almost non-existent. Restorations
in the 1995 cohort had the shortest and in the
1985 cohort the longest survival times. The greatest
deterioration in the longevity happened between the
cohorts in 1990 and 1995 (Figure 2). The differences
in survival between the cohorts were statistically
significant (p < 0.001). Pairwise comparisons showed
statistical significance indifferencesbetweenall cohorts.
Survival times of the primary molars combined
(Figure 3) as well as their restorations were significantly
shorter in the high caries risk group compared with the
low risk group (p < 0.001) (Figure 4A). The difference
was most distinct in the 1995 cohort (Figure 4B).
Compared with the 1985 age cohort where the

survival of the restorations was the best, risk for
replacement increased significantly towards the more
recent cohorts (1990 HR = 6.5 (3.9–10.9), 1995
HR = 19.1 (11.7–30.9) and 2000 HR = 10.5 (6.3–
17.5)). The Cox regression analysis also revealed that
gender caused no significant risk for survival of restora-
tions. However, risk for failure of restorations was
almost 3-fold for those with high caries risk compared
to those with low risk (HR = 2.86 (2.02–4.07)).

Discussion

This practise-based epidemiological study showed
that survival times of restorations placed in primary

teeth are shorter in the more recent than in the earlier
cohorts. The survival of the restorations in the
1985 age cohort was almost 100%. Survival of restora-
tions dropped significantly between the cohorts
1990 and 1995. The restorations survived for a sig-
nificantly shorter time in primary teeth of children at
high risk for dental caries compared with those at low
risk. Similar findings have also been reported by
Trachtenberg et al. [5]. Longevity of only primary
first and second molars were analysed because other
primary teeth had very few restorations.
The strengths of this study are the study sample

including the entire age cohort with frequent exami-
nations at individual level and a follow-up period
covering the whole history of all placed restorations
for all other except the 2000 age cohort. Due to the
retrospective nature of the study, there were no
missing values. Data were collected from one public
dental health centre with 100 dentists working in it
during the study period, all following similar princi-
ples of treatment protocol for all cohorts. To the best
of our knowledge, there are no previous epidemio-
logical follow-up studies on longevity of primary tooth
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Figure 1. Number of the children by age cohort showing their distribution by gender and by the caries risk group (high/low).

Table I. Proportion of caries-free children at age 7 years in different
age cohorts.

Intact teeth at 7, Cohort

1985 1990 1995 2000

n (%) 955 (69.3) 883 (73.2) 813 (79.9) 709 (80.0)
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Figure 2. Kaplan-Meier survival curves for the restorations in the
primary molars in the cohorts 1985, 1990, 1995 and 2000.
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restorations in different age cohorts with a similar
protocol. Conventional glass ionomer cements and
resin-modified glass ionomer cements have been the
major restorative materials in Kemi during the follow-
up period. The weakness of this study was the lack of
specification of the tooth-coloured materials.
In the 1985 age cohort hardly any fillings were

replaced by a new one—that could have been the
practice at that time, also children born at that time
experienced the golden era of oral health promotion.
At that time amalgam was still somewhat in use for
primary molar restorations. In the 1995 cohort the
number of the restorations needing replacement in
primary molars was distinctly greater compared to
the other cohorts. Since this was not a clinical study
the actual reasons for placing the restorations are not
known. However, it is known that in the 1990s the
dietary habits started to become more unfavourable
and snacking and soft drink consumption started to
increase [17]. The change in dietary habits may have
affected the high incidence of caries lesions needing
primary and secondary restorations in the 1995
cohort. At that time also regular check-ups were
replaced by an individual recall system; prolonged
examination intervals have been shown to be

associated with higher caries experience, maybe also
with a higher replacement rate of fillings [18]. The risk
children with several caries lesions usually remain at
high risk for caries and, hence, for replacement of
primary restorations [5]. Because changing oral
health behaviour is difficult, it is typical that the
factors favouring development of caries lesions persist
also after restoring the tooth and secondary caries
are likely to develop. Caries control and regular recalls
must be emphasized for risk individuals, i.e. for
children with restorations.
The practises in restorative work have undergone

changes during the last decades [19]. Due to vast use of
GIC and RMGIC materials preparations can be kept
small; whereas the earlier ‘extension for prevention’
philosophy resulted in large restorations. On the other
hand, larger restorations may be more vulnerable for
secondary caries and replacements. The information
about the size of the restorations could not be included
in the analyses of the present study but, because of the
large size of the study sample there are most likely a
variety of sizes of the restorations in all cohorts and the
effect of cavity size variations on the survival rates can
be speculated to be minimum.
The use of amalgam in paediatric dentistry has been

very low in Finland since the 1990s and in this study
the use of amalgam was practically non-existent,
making this study descriptive of the post-amalgam
era. This was also found in the recent study by Forss
and Vidström [20]. After amalgam the conventional
glass-ionomer was a common choice to use in pae-
diatric dentistry. A huge selection of restorative
products introduced during the past two decades in
paediatric dentistry can also partly explain the differ-
ence in the poorer survival of restorations between
cohorts 1990 and 1995 [2]. It has been shown that the
clinician’s ability to handle any restorative material
contributes significantly to their longevity [21].
In this study the high caries risk patients were

determined retrospectively on the basis of the caries
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Figure 4. Kaplan-Meier survival curves for the restorations in the primary molars by risk groups in the combined cohorts (A) and in the
1995 cohort (B).
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Figure 3. Survival of primary molars caries-free in high and low
caries risk groups.
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increment in the first permanent molars during their
year of eruption, as originally reported by Virtanen
et al. [11]. Because dental records of all patients were
available up to the year 2009, this was a simple way to
determine the caries risk. The determination was also
showed to be valid since the children at high caries risk
had significantly shorter survival of primary molars
caries free than children at low risk, as demonstrated
also in earlier studies [5]. The risk assessment based on
DMF could also have been used, but it would have
been more dependent on the decision of the cut-off
values for high and low risk. Several studies have
based the risk definition on DMF, each using different
tooth- or surface-specific DMF values [5,9,10].
Indications for restoring teeth have changed during

the past decades; earlier even initial lesions were
restored [19]. This may be behind the reduction on
the percentage of the determination of the high risk
patients from 1985–2000 in this study. However, the
impact of differences in caries diagnostics and treat-
ment decisions between the cohorts on the findings of
this study can be considered minimal, as the survival
of the restorations in the later cohorts, those with
the lowest percentages of high-risk patients, were the
shortest. Also the significant increase in the number
of restorations from 1985 to 1990 and again from
1990 to 1995 indicates that less stringent criteria in
caries diagnostics would exist. Such differences would
also have affected other methods of risk assessment,
e.g. those based on DMF.
This epidemiological study investigated survival of

primary molar restorations in four birth cohorts
(1985, 1990, 1995 and 2000) using Kaplan Meier
analysis. The entire cohort could be followed because
almost all children use dental care free of charge
provided by the municipality in Finland. In conclu-
sion, survival of the primary molar restorations shor-
tened distinctly towards the younger age cohorts,
being the shortest in the 1995 cohort; the reason
for this could not be specified, but is the topic in
future studies. However, survival of the restorations
was shorter for the high risk compared with the
low risk children. This emphasizes the need for
non-invasive treatment in addition to invasive treat-
ment to those with dental caries in primary teeth. In
the post-amalgam era a variety of materials are used in
paediatric restorative dentistry; therefore, following
manufacturers’ instructions is emphasized to avoid
technical reasons for failures of restorations.
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