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ABSTRACT

Objectives: We investigated the first re-interventions of two- and three-surface direct restorations on
posterior teeth, specifically noting the type and time of the first re-intervention.

Materials and methods: In 2002, altogether 5542 posterior two- and three-surface composite and
amalgam restorations were done for 3051 patients aged 25-30years at Helsinki City Public Dental
Service (PDS). Based on electronic patient records, we analysed all restorations (n=2445) having re-
intervention during a 13-year follow-up. We recorded the type of tooth, restoration size, and type of
first re-intervention. The time to re-intervention was the interval between the date of the placement
of restoration at the year 2002 and its first re-intervention.

Results: Restorative treatment was the most common (77.9%) first re-intervention, followed by endo-
dontics (11.5%), extractions (5.2%), and other (5.4%). Males, more frequently than females, had extrac-
tion or endodontics as first re-intervention. The average time to re-intervention was 5.7 years (SD 3.8;
median 5.2). Both median and mean times were shortest for cases involving endodontics or
extractions.

Conclusions: For the majority of two- and three-surface posterior restorations, the first re-intervention
is restorative (replacement or repair of restoration). The shortest time to re-intervention is for restora-
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tions that have endodontics or extraction as the first re-intervention.

Introduction

During the last 20years, the rate of replacement of restora-
tions compared with primary restorations has been increas-
ing worldwide, as reviewed recently by Eltahlah et al. [1]. In
Norway, repair and replacement of restorations together
accounted for 45% of all restorative treatments provided
according to a questionnaire study at Public Dental Service
(PDS) [2]. Replacement or repair of restoration, however, is
only one type of re-intervention after placement of direct
restoration; other types involve endodontic treatment, or
extraction, the latter being a terminal solution.

Types of re-intervention

The re-interventions of restorations can be classified as early
and late failures as shown in the meta-analysis based on pro-
spective and retrospective clinical studies [3]. Among the
early failures, the endodontic type is the most common
during the first year of a restoration’s service, whereas later
failures are related to secondary caries or fractures [3].
Accordingly, the cross-sectional surveys conducted by Mjor
et al. [4-10] conclude that secondary caries and fractures are
the most common reasons for the replacement of both

composite resin and amalgam restorations. These surveys,
however, do not report outcome measures such as endodon-
tics or extractions.

Evidence from a prospective Dental Practice-Based
Research (DPBR) cohort study in the United States shows
that out of over 6000 restorations followed for 2 years, 6%
were recorded as failed [11]. Most of the reasons for failure
were caries or restoration-related (61%), the remainder com-
prising endodontic origin (7%), extraction (6%), pain or sensi-
tivity (6%), and miscellaneous (19%) [11]. In England, 1744
tooth were restored at baseline, and every fourth restoration
had re-intervention and 7% of teeth were extracted during
a 4-year follow-up at National Health Service (NHS) with
selected general dental practitioners [12]. A retrospective
cohort study among young adults (mean age 22 years) in the
Navy and US Marine Corps consisting of over 1050 posterior
composite and amalgam restorations reported that during a
mean observation period of 2.8years, the overall replace-
ment rate was 5.7% [13], but the reasons for replacement
were not disclosed and measured outcome did not include
endodontics or extractions.

After direct restorative treatment, 17% of premolar and
molars were extracted according to the data mining study at
General Dental Services in England and Wales with a 15-year
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follow-up of 13 million restorations [14], but all sizes of resto-
rations were analysed. In addition, 11% of premolar or molar
restorations underwent re-intervention within 1 year and
49% within 15years of the initial placement [14,15]. A recent
data mining of the German Health Insurance database
involving 15 million posterior restorations revealed that every
fifth two-surface restoration underwent re-intervention and
5% were extracted during a 4-year follow-up [16].

In Finland, replacement of restoration accounted for 37%
of the reasons for restoration among 20- to 35-year-olds in a
cross-sectional study of 3057 restorations; the majority of
restorations (82%) being composite at Helsinki City PDS [17].
No data about the volume or numbers of endodontics or
extractions after direct restorative treatment are available
from PDS in Finland.

Time to re-intervention

In the past 20years, the age of restoration i.e. the time to
failure was typically reported with cross-sectional surveys
where participants from both PDS and private sector filled
out questionnaires [1,4-10,18-20]. Time to re-intervention
refers here to the interval from restoration’s initial placement
to its first re-intervention or failure, being based on actual
incidents retrieved from surveys. According to results from
cross-sectional studies, the median or mean age of failed
Class Il composite restorations in adults is 4-6 years, and for
failed Class Il amalgam restoration, it is 10 to 16years in the
Nordic countries [4,6,18]. Among 20- to 39-year-olds in
Finland at early twenty-first century, the median age of failed
composite restorations was 4years and 10.5years for amal-
gam restorations [19], but the types of tooth or sizes of
restorations were not specified.

Background

In Finland, oral health services for adults are available in
both the public and private sectors. The population:dentist
ratio was 1146:1 in 2004 when 23.5% of the adult population
visited public sector dentists and 24.6% used private sector
services [21]. In the public sector, adult patients pay fixed
fees that are highly subsidized and notably smaller than
those in the private sector. Restorative treatments with direct
methods form a considerable part of all dental treatments
for adults, in 2009 accounting for approximately 1.5 million
procedures in the public sector [22] and 1.9 million proce-
dures in the private sector [23].

Helsinki City PDS (population of about 0.6 million)
employed around 170 dentists in 2001 and offered all types
of dental services as needed. PDS dentists receive a fixed
monthly salary and additional payments based on types and
numbers of treatments provided. The dentists are allowed to
participate in continuing education sessions during working
hours. Electronic data contain individual patient documents
providing detailed information recorded by visit and by
tooth for all treatment procedures, using official codes, uni-
form to all service providers. In addition, recordings by
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restoration give information on the surfaces restored and the
materials used.

The aim of this study was to evaluate the type and time
of first re-intervention of two- and three-surface direct resto-
rations on posterior teeth. In addition, we aimed to examine
the exact time to re-intervention based on actual incidents
performed at ‘real-life’ dental appointments. The working
hypotheses were 1) the majority of re-interventions involve
restorative treatment (replacement or repair of restoration)
and 2) time to re-intervention is longer for amalgam com-
pared to composite.

Materials and methods

Data are based on electronic patient records retrospectively;
original recordings were made at each appointment accord-
ing to the strictly regulated coding of the National Institute
for Health and Welfare (THL) in Finland. The City of Helsinki
Department of Social Services and Health Care approved the
study protocol.

In 2002, altogether 5542 posterior two- and three-surface
composite and amalgam restorations in 3051 patients aged
25-30years were performed by the Helsinki City PDS [24].
Our previous paper estimated longevity of restoration in 13-
year follow-up: altogether 2445 restorations had re-interven-
tion, the first re-interventions being analysed in this study.
The mean age of these patients was 27.6 (SD 1.7) years and
61% were women, mean DMFT was 14.2 (SD 5.7).

All information about direct composite and amalgam
restorations is based on electronic patient records where
teeth are numbered according to the ISO 3950 system; we
later categorized teeth as premolar or molar and as upper or
lower jaw. Restorations were classified as either two-surface:
Mesio Occlusal (MO) and Disto Occlusal (DO), or three-
surface: Mesio Occlusal Distal (MOD). From the patient
records using the codes set by the THL, types of re-interven-
tion were categorized as restorative treatment (replacement
or repair of restoration), endodontics, extraction, or other
(e.g. occlusion adjustment, unspecified emergency treat-
ment). Re-intervention included those procedures involving
the same surfaces as the initial restoration in 2002 [24]. The
first re-intervention indicated failure. The date of the first res-
toration and the date of the re-intervention were recorded.
We calculated the interval from the restoration at the year
2002 to the following first re-intervention to an accuracy of
one day; this interval was the time to first re-intervention fur-
ther categorized into quintiles Q1-Q5.

Statistical methods

Descriptive statistics included medians, means, standard devi-
ations (SDs), 95% confidence intervals (95% Cls) and quin-
tiles. Box-plot graphics illustrated distributions of the time to
first re-intervention. To evaluate differences between the
groups, we used Chi-squared tests for frequencies and one-
way ANOVA for mean values. Analyses were performed with
Survo MM  software version 3.4.1 (Survo Systems,
Helsinki, Finland).
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Results

During a 13-year follow-up, 2445 restorations had re-inter-
vention, i.e. 44.1% of all posterior two- and three surface
restorations placed in 2002 for 25- to 30-year-olds at Helsinki
PDS. Table 1 describes the characteristics of the failed resto-
rations (n = 2445). Failure of restoration occurred significantly
more frequently in molar teeth, the lower jaw, and three-sur-
face restorations than in premolars, the upper jaw, and two-
surface restorations (p <.001).

Table 1. Proportions of failed restorations during a 13-year observation
according to characteristics of teeth and restorations. The baseline restorations
were performed on premolars and molars of 25- to 30-year-old patients
in 2002.

Characteristics of teeth

Restorations placed  Restorations failed

and restorations in 2002, N in 13 years, n (%)  p Value

All restorations 5542 2445 (44.1)

Type and site of tooth <.001
Upper premolar 1630 591 (36.3)

Lower premolar 586 173 (29.5)
Upper molar 1511 720 (47.7)
Lower molar 1815 961 (52.9)

Type of tooth <.001
Premolar 2216 764 (34.5)

Molar 3326 1681 (50.5)

Type of jaw <.001
Upper jaw 3141 1311 (41.7)

Lower jaw 2401 1134 (47.2)

Type of restoration <.001
Mesio-occlusal 2163 949 (43.9)
Disto-occlusal 2550 1060 (41.6)

Larger (MOD) 829 436 (52.6)

Material of restoration .06
Amalgam 373 182 (48.8)

Composite 5169 2263 (43.8)

Patient’s gender 21
Male 2154 973 (45.2)

Female 3388 1472 (43.4)

Statistical evaluation: chi-squared tests.

Restorative treatment was the most common (77.9%) of
the first re-interventions, followed by endodontics (11.5%),
extractions (5.2%) and other (5.4%). Table 2 presents detailed
information on the characteristics of teeth and failed restora-
tions by type of the first re-intervention. The type of restor-
ation in the year 2002 was significant with regard to the
type of re-intervention (p <.020); MO restorations dominated
with restorative treatment, DO and MOD restorations domi-
nated with endodontics, and MOD restorations dominated
with extractions. The type of re-intervention was significantly
associated with the patient’s gender (p <.001). Females more
frequently had restorative treatment than males; the oppos-
ite was true with extraction, endodontics or other (Table 2).

Figure 1 shows distributions of the time to re-intervention
according to the type of first re-intervention. Regarding
restorative treatment, the median time to re-intervention
was 5.7years. Both median and mean times were shortest
for cases involving endodontics and extractions. The average
time to re-intervention was 5.7 years (SD 3.8; median 5.2).
Table 3 shows the time to re-intervention according to
the characteristics of teeth and restorations. Differences
according to the tooth type and the type and material of
restoration were significant (p <.001), but no gender differ-
ences emerged.

The upper limits of the quintiles of time to first re-inter-
vention were 1.98years for Q1, 3.91years for Q2, 6.49years
for Q3, 9.76years for Q4, and 13.73years for Q5. Table 4
shows the distribution of first re-interventions within each
quintile according to the characteristics of teeth, restorations,
and patient gender. Differences by quintiles were statistically
significant. Restorative treatment (replacement or repair of
restoration) was the most common re-intervention in all
quintiles. In Q1, extraction was the first re-intervention for
every 10th restoration in males and for 8.2% of three-surface

Table 2. Distributions (%) of the first re-interventions (n = 2445) according to characteristics of teeth and restorations placed in premolars and molars of 25- to

30-year-old patients in 2002.

Type of first re-intervention

Characteristics of teeth and restorations at baseline n Restorative, % Endodontics, % Extraction, % Other, % p Value
Total 2445 779 1.5 5.2 54
Type and site of tooth 763
Upper premolar 591 76.8 12.5 4.4 6.3
Lower premolar 173 79.2 9.2 5.8 5.8
Upper molar 720 78.1 1.5 4.7 57
Lower molar 961 78.1 1.3 5.9 4.6
Type of tooth 623
Premolar 764 774 11.8 4.7 6.2
Molar 1681 78.1 1.4 54 5.1
Type of jaw 241
Upper jaw 131 775 12.0 4.6 59
Lower jaw 1134 783 11.0 59 4.8
Type of baseline restoration .020
Mesio-occlusal
Disto-occlusal 949 80.2 9.8 43 5.7
Larger (MOD) 1060 77.5 12.8 4.8 49
436 739 12.2 8.0 6.0
Material of restoration 219
Amalgam 182 74.2 11.0 8.2 6.6
Composite 2263 78.2 11.6 49 53
Patient’s gender
Male 973 734 131 7.2 6.4 <.001
Female 1472 80.8 10.5 3.9 4.8

Statistical evaluation: Chi-squared tests.
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Figure 1. Box-plot of time to re-intervention of two- and three-surface restora-
tions according to type of first re-intervention (n = 2445) in posterior teeth of
25- to 30-year-old patients in 2002. X: mean; bolded line: median; boxes and
whiskers: quartiles; circles: outliers.

Table 3. Time to re-intervention of the two- and three-surface restorations
according to characteristics of teeth and restorations placed in premolars and
molars of 25- to 30-year-old patients in 2002.

Time to re-intervention (years)

Characteristics of teeth

and restorations n Median  Mean (SD)  95% CI p Value

Total 2445 52 5.7 (3.8) 5.6-5.9

Type and site of tooth <.001
Upper premolar 591 6.0 6.3 (4.0) 5.9-6.6
Lower premolar 173 6.1 6.3 (3.8) 5.8-6.9
Upper molar 720 4.8 5.5 (3.8) 5.2-5.8
Lower molar 961 5.0 5.5 (3.7) 5.2-5.7

Type of tooth <.001
Premolar 764 6.0 6.3 (3.9) 6.0-6.5
Molar 1681 49 5.5 (3.8) 5.3-5.7

Type of jaw 130
Upper jaw 1311 53 5.8 (3.9) 5.6-6.1
Lower jaw 1134 5.1 5.6 (3.7) 5.4-5.8

Type of baseline restoration <.001
Mesio-occlusal 949 53 5.8 (3.9) 5.6-6.1
Disto-occlusal 1060 5.5 6.0 (3.8) 5.7-6.2
Larger (MOD) 436 43 49 (3.6) 4.6-5.3

Material of restoration <.001
Amalgam 182 38 4.8 (3.5) 43-53
Composite 2263 53 5.8 (3.9 5.6-6.0

Statistical evaluation: one-way ANOVA.

restorations. The longer the time to the first re-intervention,
the greater the proportion of restorative treatment.

Discussion

The first re-intervention for the majority of failed two- and
three-surface posterior restorations in adults was restorative
treatment (replacement or repair of restoration) as we had
hypothesized. Restorations in molars and covering three sur-
faces had shorter time to re-intervention than premolar or
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two-surface restorations. The shortest time to re-intervention
was for restorations that had endodontics or extraction as
the first re-intervention. Replacement or repair of restoration
remained a major re-intervention throughout the quintiles.

In detail, men more frequently than women had extrac-
tion or endodontic treatment as the first re-intervention, and
these re-interventions also occurred sooner in men.
Generally, men tend to seek dental treatment later, when
the situation with their teeth is more advanced [25], compli-
cating the treatment. Gender differences exist in habitual
utilization of health services; more women than men report
having visited a dentist in the past 12 months, 58% vs. 51%
[26]. In view of the symptomless nature of dental diseases in
the early and even later stages, especially men should be
encouraged to attend regular dental check-ups.

Our results show that the longer the time to the first re-
intervention, the more frequently it is a restorative treatment
(replacement or repair of restoration), while a shorter time is
more often associated with endodontics or extraction, these
findings being in line with a meta-analysis [3]. This meta-
analysis, however, is based on prospective or retrospective
studies involving only a few operators, and restorations were
performed under special circumstances (e.g. university or
private practice settings), with no resemblance to our prac-
tice-based study at PDS. Surprisingly, these similar findings
suggest that there is practically no difference between
selected clinics and general dental practice regarding treat-
ment patterns. This conclusion contradicts an earlier ques-
tionnaire study, where restorative treatment decisions were
clearly different depending on the working sector of Finnish
dentists [27]. Others have found that patient- and dentist-
related factors contribute to the frequency and type of re-
intervention [13,28-32]. In our study, the patient selection
was homogenous regarding the patient age (25- to 30-year-
olds) and gender, but unfortunately operating dentists’ back-
ground information was not available due to strict privacy
regulations at the Helsinki PDS.

In line with our results, restorations extending to multiple
surfaces and posterior tooth type have both been associated
with higher frequency of re-intervention [13,28,29]. In add-
ition, changing the dentist increases the risk of re-interven-
tion [30,31]. At Helsinki City PDS, it is common that the
treating dentist is not the same from one appointment to
another, especially before and after the emergency den-
tal treatment.

The dentist’s decision-making in observing or approaching
an existing restoration is critical for future restoration [33].
Proactive and reactive profile types have been proposed as
decision-making styles for dentists [28], but thus far no
research results have emerged. In our study, replacement or
repair of restoration was the most common re-intervention
which is in line with the study by Clarkson et al. [12].
Recently, Linden et al. [34] have reported that the number of
restorative treatment measures among children and adoles-
cents at PDS has dramatically decreased (>50%) from 2001
to 2013, but data concerning adults are not available.
Regarding the re-intervention option of tooth extraction,
studies with much shorter follow-ups than ours have
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Table 4. Distributions (%) of the failed two- and three-surface restorations (n = 2445) placed in posterior teeth of 25- to 30-year-old patients in 2002 according
to the type of first re-intervention separately by quintiles (Q1-Q5) of the time to re-intervention.

Quintiles with upper limits of the time to first re-intervention

Characteristics and numbers of teeth and

restorations; type of first re-intervention Q1 (1.98 years), % Q2 (3.91 years), % Q3 (6.49 years), % Q4 (9.76 years), % Q5 (13.73 years), %  p Value
All teeth (n = 2445) <.001
Restorative 774 74.0 741 80.8 83.1
Endodontics 16.3 14.5 124 7.1 7.2
Extraction 59 6.1 5.1 53 35
Other 0.4 53 8.4 6.7 6.2
Premolars (n = 764) .001
Restorative 76.6 72.5 72.8 80.3 82.6
Endodontics 18.8 16.0 14.6 5.1 74
Extraction 4.7 53 44 7.0 2.6
Other 0.0 6.1 8.2 7.6 74
Molars (n=1681) <.001
Restorative 77.7 74.6 74.7 81.1 834
Endodontics 15.4 14.0 1.4 8.1 7.1
Extraction 6.3 6.4 54 4.5 4.1
Other 0.6 5.0 8.4 6.3 5.4
Mesio-occlusal (n = 949) .002
Restorative 81.6 75.2 77.4 82.1 84.2
Endodontics 12.8 12.7 13.1 4.6 6.4
Extraction 5.1 58 24 5.1 3.0
Other 0.5 6.3 7.1 8.2 6.4
Disto-occlusal (n = 1060) <.001
Restorative 731 753 73.2 81.6 83.2
Endodontics 21.0 14.7 12.3 9.2 8.4
Extraction 54 43 59 5.1 35
Other 0.5 5.7 8.6 4.1 4.9
Three-surface (MOD) (n =436) .015
Restorative 77.3 68.5 70.6 75.6 789
Endodontics 14.5 18.0 11.8 7.7 53
Extraction 8.2 11.2 7.8 6.4 53
Other 0.0 2.2 9.8 10.3 10.5
Male patients (n=973) <.001
Restorative 703 65.1 714 77.8 82.7
Endodontics 19.0 19.1 14.1 6.7 6.6
Extraction 10.1 7.9 7.0 7.2 4.1
Other 0.6 7.9 7.5 8.2 6.6
Female patients (n =1472) <.001
Restorative 81.1 81.1 76.0 8238 83.4
Endodontics 149 10.9 11.3 74 7.6
Extraction 37 4.7 38 4.1 3.1
Other 0.3 33 8.9 5.7 5.9

Statistical evaluation: one-way ANOVA.

reported extraction rates of 5-7% after restorative treatment
[11,12,29], in accord with our findings.

In our practice-based study, the time to re-intervention
describes the interval to actual incidents i.e. the time to fail-
ure, which in the earlier cross-sectional surveys was called
‘age of restoration’. Longevity of restorations, on the other
hand, is estimated by eg. Kaplan-Meier method
[3,14-16,24,35] which predicts theoretical longevity by taking
into account all restorations: failed and not failed between
the date of placement and the end of the observation
period. Indeed, this method is based on the hazard function,
therefore producing calculations which are at their best only
estimates. There seems to be a disagreement of best method
how to present the age of restoration or its longevity; ‘age
of restoration’ is based on surveys, and has been acknowl-
edged by Jokstad and Mjor [36], but later others have dis-
agreed [35,37,38], mainly because failed incidents could have
been recorded unreliably. Longevity and time to re-interven-
tion, from our perspective, both describe different dimen-
sions of restoration’s lifespan: estimates of longevity against
actual numbers about the time to first re-intervention. The

strength of our study lies in these ‘real-life’ incidents and
authentic practice-based recordings which were tracked
for 13 years.

In our study, the mean time to re-intervention was
5.7 years (SD 3.8), which is in line with earlier cross-sectional
surveys regarding failed composite restorations among adults
in the Nordic countries at general dental practice [6,18,19].
Amalgam restorations, by contrast, have had longer mean or
median ages than ours when investigated with cross-sec-
tional methods [6,18,19]. Thus our second working hypoth-
esis was not supported. However, these earlier studies were
conducted over the decades when mainly amalgam was
used, resulting in longer ages [35]. At PDS in Finland, the
transition from amalgam to composite restorations was
rather rapid, occurring in the late 1990s [39]. In our study,
amalgam restorations were the clear minority. Furthermore,
two- to three-surface amalgams were probably used only for
clinically challenging cases.

In conclusion, restorative treatment (replacement or repair
of restoration) is the major reason for the first re-intervention
among adults at Helsinki City PDS, and patient's gender



differences exist by type of re-intervention. The shortest time
to re-intervention is for restorations in teeth that have endo-
dontics or extraction as the first re-intervention. Further
research is needed to identify the more accurate reasons for
the short time to re-intervention and to assess the specific
reasons behind early failures due to endodontics and extrac-
tions. In addition, exploration of dentist-related factors
(including changing the treating dentist) and patient-related
factors behind different types of re-interventions at PDS is
recommended in future. Proposed practical implications are
continuing education and sharing our results to general den-
tal practitioners at Helsinki City PDS.
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