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Abstract
Objectives This retrospective study analyzed restoration sur-
vival of composite fillings in children with at high caries risk
in relation to age, sex, operator, tooth type, filling extension,
and material used.
Materials and methods Among 667 children treated in 2004–
2012 in a university setting without sedation or general anes-
thesia, 2388 composite fillings were included. Relevant data
from regular recall intervals were retrieved from patients’
records. Either total-etch or a self-etch adhesive combined
with flowable and/or (nano)hybrid composite was used. The
Kaplan-Meier estimator and Cox proportional hazard analysis
with backward elimination model were applied for survival
analysis.
Results For the observation period of 8 years (mean 1.7 years),
the cumulative failure rate was 17.2 % with annual failure
rates of 10.0 %. In 8.8 % of the cases, fillings failed due to
secondary caries. In 8.3 % technical failure due to total filling
loss, loosening, marginal gaps, or tooth fracture occurred.
Tooth type, filling extension, age, operator, dental dam, and
type of adhesive were significant for survival (p<0.05).
Conclusions Filling survival was comparably lower to com-
posite restorations observed in prospective clinical studies on
permanent teeth and other tooth-colored restoratives used in
primary teeth. Due to the very high caries risk and young age
of the population, frequent loss due to secondary caries was
observed. With respect to the high caries risk, composite
restorations can be used to treat carious primary teeth, though
a strict caries prevention regimen should be followed to min-
imize restoration failure.

Clinical relevance Filling loss of composites in the primary
dentition is associated with secondary caries on the long term.
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Introduction

Children suffering from caries are at continuing risk of devel-
oping caries in the future [1–3]. In addition to the implemen-
tation of sufficient preventive dental care, it is necessary to
provide the patient with high-quality, long-lasting treatment
options that will reduce the need for repeated treatment, pain,
or swelling [1, 4]. Different filling materials, such as amalgam,
glass ionomer cement, compomer, and composite for smaller
lesions or stainless steel crowns for full coverage of teeth with
extended or multi-surface lesions, are the treatment options of
choice for carious lesions in the primary dentition [5–7].
Concerns about the use of amalgam in the pediatric population
have been raised over the last few decades. This concern has
led to the prohibition of amalgam in some European countries,
and in others, the use of non-amalgam options to treat children
and other vulnerable patient groups has been strongly recom-
mended [8–10]. In general, tooth-colored fillings like glass-
ionomer, compomere, or composite have been gaining in-
creasing popularity over the last few decades as an alternative
to amalgam in restorative dentistry, and they have become part
of the dental teaching curricula in many countries [11–17].
Currently, high-quality composites are available on the market
that provides good handling and functional performance in
addition to meeting patients’ demands regarding esthetics,
especially for the anterior teeth. Additionally, composites are
frequently used in pediatric dentistry to restore carious lesions
in primary teeth [18]. Numerous in vivo and in vitro studies
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have shown that composite fillings are a durable, long-lasting
restoration option for cavities in the permanent dentition [19].
A large, retrospective study under clinical conditions showed
that composite restorations were suitable for use as an effec-
tive long-term treatment option for large and multi-surface
cavities [20]. Kopperud et al. showed in a prospective
practice-based study that the longevity of composite fillings
in permanent teeth was less than that of amalgam, but they had
a survival probability of nearly 90 % after 3 years and approx-
imately 70 % after 6 years [21]. For permanent teeth situated
in mixed and young permanent dentition, a cumulative sur-
vival rate of 84 % for composite fillings that had been follow-
ed prospectively for 8 years was recently reported [22]. How-
ever, long-term data on the performance and longevity of
composites as restoration materials in the primary dentition
remain sparse [5, 7, 23].

Therefore, this study aimed to acquire information in a
pediatric population regarding the longevity of composite
fillings with regard to (1) patients’ sex and age; (2) operator;
and (3) tooth type, filling extension, and restoration technique.

Materials and methods

The approval of the ethics committee of the medical faculty of
the university was obtained (project no. 030-13) for this
retrospective study, and the study was conducted in accor-
dance with the Declaration of Helsinki.

Study population The records of all patients treated for dental
caries in primary teeth between January 1, 2004, and Decem-
ber 31, 2012, in the Pediatric Division of the Department of
Conservative Dentistry were screened for composite restora-
tions. Patients undergoing treatment for caries in the primary
or mixed dentition were exclusively recruited as the study
population. A total of 2388 fillings placed by eight different
operators in 667 patients met the following inclusion and
exclusion criteria.

Inclusion criteria All composite restorations exclusively
placed due to primary caries were selected. Fillings had to
be placed by dentists of the pediatric division of the depart-
ment, with either a total etch or self-etching system and a
flowable and/or universal micro- or nano-hybrid composite.
In addition, all patients had to be part of a postoperative
follow-up system for at least six months.

Exclusion criteria Fillings that were placed due to other rea-
sons, such as f i l l ing loss , secondary car ies , or
hypomineralization or hypoplasia of the tooth, were excluded
from the study. Any restorations that were performed under
general anesthesia or sedation were not considered. Onmolars
that showed extensive destruction, either stainless steel

crowns were placed or extraction was performed. These teeth
were not part of this study. No other exclusion criteria were
applied.

Treatment protocol The treatment procedures were chosen
according to the recommendations of the current guidelines
and policies of the American Association of Pediatric Dentist-
ry [24]. All of the patients underwent a desensitization process
prior to operative care and were considered to be sufficiently
cooperative to be eligible for a chair-side composite restora-
tion performed without sedation. Bitewing or apical X-rays
were obtained preoperatively for treatment-related caries di-
agnosis and/or exclusion of interradicular or periapical infec-
tions, if necessary. All of the radiographs were obtained in
accordance with the ethics committee and national radiologi-
cal regulations and the Guidelines of the European Academy
of Pediatric Dentistry [25–27]. Depending on the location and
depth of the filling, local anesthesia was applied to provide
appropriate analgesia of the operating field if considered nec-
essary. Composite fillings were chosen for single- or multi-
surface primary incisors or canine lesions. If multi-surface
lesions were small on molars, they were also filled with
composite.

Prior to restorative treatment, all of the teeth were cleaned
using a polishing brush and prophylaxis paste (Zircate®
Prophy Paste, Dentsply DeTrey, York, PA, USA). The stan-
dardized treatment protocol consisted of adequate isolation of
the affected and adjacent teeth with either a dental dam or
cotton rolls and the preparation of a defect-oriented, small, and
unbeveled access cavity using a high-speed diamond-coated
bur with water cooling.

Caries excavation was performed using a low-speed tung-
sten carbide bur (Gebr. Brassler, Lemgo, Germany) or hand
excavation (Hu-Friedy, Rotterdam, Netherlands). Cavity mar-
gins were accepted for filling only if they were caries free.
Caries removal near the pulp was considered to be sufficient if
the remaining dentin was discolored but hard. In addition, in
cases with deep caries near the pulp, a calcium hydroxide
paste (UltraCal® XS, Ultradent, South Jordan, UT, USA)
and a calcium hydroxide liner (Life®, Kerr, Orange, CA,
USA) were placed prior to etching and filling. In cases of pulp
exposure, a pulpotomy was performed using a medical
Portland cement (ProRoot® MTA, Dentsply De Trey, York,
PA, USA) or reinforced zinc oxide-eugenol material (IRM®
Dentsply De Trey, York, PA, USA) after hemostasis had been
achieved by the application of 15.5 % ferric sulfate solution
(Astringident®, Ultradent, South Jordan, UT, USA) for 20 s.
For lesions comprising the approximal surfaces, a matrix
(AutoMatrix®, Dentsply De Trey, York, PA, USA) was placed
and adapted using a wooden wedge. Enamel and dentin bond-
ing was achieved either via a total-etch technique with 37.5 %
phosphoric acid (Total Etch®, Ivoclar Vivadent, Shaan, Liech-
tenstein) combined with a dentin adhesive (Syntac Classic®,
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Ivoclar Vivadent, Shaan, Liechtenstein) or with a self-etching
adhesive (Clearfil™ SE Bond, Kuraray Noritake Dental Inc.,
Tokyo, Japan). The majority of cavities were filled with a
flowable (Tetric Flow® or Tetric EvoFlow®, A1, Ivoclar
Vivadent, Shaan, Liechtenstein) or universal micro- or nano-
hybrid (Tetric Ceram®, Tetric EvoCeram®, A1, Ivoclar
Vivadent, Shaan, Liechtenstein) composite or a combination
of both materials. Increments of a maximum height of 2 mm
were cured separately for 40 s. A rubber polisher and paste
(Enhance®, Dentsply Caulk, Milford, DE, USA) were used to
finish and polish the filling surfaces. Occlusion and articula-
tion were assessed.

Follow-up Follow-up visits for caries-preventive purposes
consisted of visual inspection according to WHO standards,
oral hygiene instruction for the child and parents, professional
cleaning, nutritional advice, radiographs if indicated, and
fluoride varnish application. Depending on the individual
caries risk, follow-ups were scheduled three to four times
a year.

Failure assessment The overall observation time was 8 years
with a mean observation time of 1.71 years. The overall
annual failure rate was calculated by dividing the total number
of failures by the total number of restorations divided by the
average observation time in years.

Other dentists than the operators in this study per-
formed the filling assessment. Two graduated dentists
collected the data independently and discussed question-
able results with an experienced pediatric dentist. All
operators were solely active in the pediatric division of
the department. Operators 1 and 5 were holding a certif-
icate for a 3-year university-based training in pediatric
dentistry within the observation period, whereas the other
operators were gaining experience and training in this
field. FDI criteria 2–6, 9, and 11–14 were applied for
the determination of clinical failure of the fillings. Data
on fillings were classified according to the FDI criteria
and were judged as “success” when rated as clinically
very good, good, or sufficient/satisfactory and as “failure”
when rated as clinically unsatisfactory or poor [28]. The
restorations were recorded as having lost if they had to be
repaired or replaced with 395 failures remaining (395/
2388; 16.5 %) for analysis. If the tooth was extracted
with an intact filling for endodontic or orthodontic rea-
sons or if the filling was present when the tooth exfoliated
physiologically, the filling was recorded as censored. For
censored patients, the observation period was defined as
the time point when the restored tooth was last examined
with an intact filling.

Statistics Data were collected and sorted using Microsoft
Excel software (Microsoft Office®, Excel 2010®,

Unterschleißheim, Germany) and were subsequently exported
into R statistical software (version 3.0.2, R Development Core
Team, Vienna, Austria) for descriptive statistics and further
testing in addition to the “survival” package for R (version
2.37-4, Therneau T, 2013).

Kaplan-Meier survival analysis was performed to de-
scribe the survival of the composite fillings with regard to
sex, age, operator, type of tooth, number of filled sur-
faces, Black classification, dental dam, type of adhesive,
and type of composite. (Figs. 2a–d and 3a–f). The curves
were terminated if the number of surviving fillings fell
below n=20. Therefore, observation years 7 and 8 were
not included in the graphs of the survival analysis.

Cox proportional hazard model with backward elimination
was used to performmultivariate analysis on the variables sex,
patients’ age, operator, tooth type, number of filled surfaces,
Black classification, dental dam, and type of etching/bonding
material and filling material on survival probability. The fac-
tors with statistical significance were presented in the Tables 1
and 2 leaving out the insignificant variables.

Results

In total, 2388 fillings in 1031 teeth belonging to 667 patients
(314 girls and 353 boys), with a mean dmft of 5.66 (±3.9),
were included in this retrospective study. The patients were 1–
13 years of age with a mean age of 6.6 years (±2.2 years). The
distribution between the sexes was almost equal regarding
both patient (m/f=1.1:1) and filling distribution (1296[m]/
1092[f]=1.2:1). While 798 of all the fillings were placed in
patients <6 years of age (n=227), a total of 1590 fillings were
placed in the age group ≥6 years (n=533).

A total of 331 (331/2388; 13.9 %) fillings were placed
under dental dams. For the majority (1968/2388; 82.4 %) of
fillings, a total etch system was used. Mostly, this system was
combined with a flowable composite (1337/2388; 56.0 %),
followed by the combination of universal micro- or nano-
hybrid and flowable composite (510/2388; 21.4 %), and uni-
versal micro- or nano- hybrid composite alone (121/2388;
5.1 %). In 17.6 % of restorations (420/2388), a self-etching
adhesive was used. It was followed by a flowable composite
(344/2388; 14.4 %), a universal micro or nano-hybrid com-
posite (65/2388; 2.7 %), or a combination of both (21/2388;
0.9%). The distribution of fillings with regard to type of tooth,
number of filled surfaces, and Black classification is presented
in Table 1.

The maximum observation period included 8 years with an
annual failure rate of 10.0 % (Fig. 1). Due to the overall low
number of fillings (<20), years 7 and 8 were excluded in the
graphs. In 8.9 % of the cases, the fillings failed due to sec-
ondary caries (212/2388), and in 8.2 % (196/2388), failure
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occurred due to other reasons, such as technical failure com-
prising total filling loss, loosening, marginal gaps, tooth frac-
ture, and other reasons, which mostly occurred within the first
year (Fig. 1).

Kaplan-Meier estimator The overall survival was about
75 % after 2 years dropping to 50 % after about five
and a half years (Fig. 2a). After 2 years, canines showed
the highest survival probability (>85 %), followed by
molars (>75 %) and incisors (<70 %) (Fig. 2b). Single-
and two-surface composite fillings showed an almost
equally high survival probability of >85 % for the first
year, and the survival probability of two-surface fillings
decreased to <70 % in the third year, while single-
surface fillings showed >70 % survival. Three-surface
fillings showed a lower longevity of ≈60 % after 3 years.
The lowest survival probability of <50 % after 3 years
was observed when more than four surfaces were filled.
Regarding the Black classification, class IV fillings had
the lowest survival probability of ≈60 % after 2 years,
decreasing to ≈50 % after 3 years, compared to ≥80 %
for classes I and V and ≥70 % for classes II and III,
which decreased to ≥75 and ≥60 %, respectively
(Fig. 2c). For the parameter sex, survival curves were
very similar to that of the overall survival curve
(Fig. 2a). Regarding age, patients younger than 6 years
showed a 75 % survival of less than 2 years, while
patients above six years had a 75 % survival of over
2 years (Fig. 3a). Operators performed very differently,
while operators 1 and 2 performed almost equal with a

75 % survival of about 2 years, the experienced operator
5 performed best, while the less experienced operator 6
performed less favorable (Fig. 3b). The use of dental
dam resulted in a more than 1-year higher survival of
75 % of fillings (Fig. 3c). Also, the use of self etching
adhesive showed a more than 1-year higher survival for
75 % of the fillings (Fig. 3d). Flowable composite or the
use of a combination of flowable and hybrid composite
performed almost equally over the years with a 75 %
survival of about 2 years.

Cox proportional hazard model The model revealed overall
significance for the parameters tooth type, Black classifica-
tion, age, operator, dental dam, and type of adhesive used. Not
significant were the parameters number of surfaces filled, sex,
and type of composite. Longevity of fillings differed signifi-
cantly from different tooth types (p=0.02). While fillings in
molars and canines showed a lower risk for failure than
restorations in incisors, only canines showed significance
(p<0.01). Though numbers of filled surfaces did not influence
survival significantly, Black classification did (p=0.005) with
filled class II cavities performing significantly lower than class
I cavity restorations (p=0.01). Patients aged ≥6 years showed
a statistically significant lower risk for filling failure over the
whole observation period compared to children aged <6 years
(p<0.001). The operator was a significant factor influencing
survival with hazard ratios ranging from 0.62 to 2.74. While
the less experienced operators 6 (p=0.004) and 7 (p=0.04)
performed significantly weaker than operator 1, operator 5
performed better and was also holding a certificate for a

Table 1 Filling distributions regarding tooth type, number of surfaces, and Black classification show that the largest number of fillings were placed in
maxillary molars and comprised two surfaces or were classified as Black class II

Maxilla Mandible ∑

Incisors Canines Molars Incisors Canines Molars

Teeth n (%) 92 (8.1) 111 (9.7) 468 (41.1) 13 (1.1) 47 (4.1) 409 (35.9) 1140 (100)

Surfaces n (%)

1 surface 90 (3.8) 83 (3.5) 245 (10.3) 16 (0.7) 34 (1.4) 294 (12.3) 762 (31.9)

2 surfaces 57 (2.4) 38 (1.6) 730 (30.6) 4 (0.2) 26 (1.1) 513 (21.5) 1368 (57.3)

3 surfaces 41 (1.7) 25 (1.0) 61 (2.6) 5 (0.2) 6(0.3) 47 (2.0) 185 (7.7)

4 surfaces 26 (1.1) 5 (0.2) 14 (0.6) – 4 (0.2) 6 (0.3) 55 (2.3)

5 surfaces 10 (0.4) 2 (0.1) 5 (0.2) – 1 (<0.1) – 18 (0.8)

∑ 224 (9.4) 153 (6.4) 1055 (44.2) 25 (1.0) 71 (3.0) 860 (36.0) 2388 (100)

Black classification n (%)

Black I – – 186 (7.8) – – 230 (9.6) 416 (17.4)

Black II – – 828 (34.5) – – 590 (24.7) 1427 (59.8)

Black III 116 (4.8) 89 (3.4) – 14 (0.5) 42 (1.7) – 252 (10.6)

Black IV 52 (2.2) 20 (0.8) – 1 (<0.1) 11 (0.5) – 84 (3.5)

Black V 56 (2.3) 44 (1.8) 41 (1.7) 10 (0.4) 18 (0.8) 40 (1.7) 209 (8.8)

∑ 224 (9.4) 153 (6.4) 1055 (44.2) 25 (1.0) 71 (3.0) 860 (36.0) 2388 (100)
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university-based training in pediatric dentistry (p=0.03). Also,
the use of dental dam (p=0.02) and use of self-etching adhe-
sives (SE) (p=0.02) resulted in a lower risk, while the type of
composite used did not (p=0.33).

Discussion

In this study, retrospective clinical data were provided about
the survival probability of composite fillings placed in

primary dentition that had been part of frequent recall moni-
toring. TheKaplan-Meier estimator has been frequently applied
in retrospective, long-term studies to evaluate the longevity
characteristics of direct restorations placed in permanent teeth
under clinical conditions. In the primary dentition, it has been
applied for glasionomer cement and compomere fillings, but
has been used only rarely for composites [8, 14–17, 20, 23,
29–33]. For the primary dentition, Kählilehto et al. recently
used the Kaplan-Meier estimator in a larger population, evalu-
ating the longevity of a comparably high number of 2755 glass
ionomer cement and compomer restorations in primary molars,
but no composite was used as a filling material [8]. To our
knowledge, this was the first study to provide such information
for composite fillings including all primary tooth types, filling
classifications and materials used in a comparably large popu-
lation with such a high caries risk. The dmft of the study
population was about 2.5 times as high as that for the average
child population of the area [34]. Treatment of patients always
included recommendations towards adherence to a frequent
preventive recall regimen, which was accessible to all patients
exempt of additional costs. Naturally, though we do not have
any reliable information about the background of the children,
high caries risk populations are often related with a low socio-
economic background will have an ongoing high caries risk in
the future [35]. Compliance with regard to a tooth-friendly
behavior pattern including proper oral hygiene, non-
cariogenic nutrition, and beverages as well as adherence to
recall appointments are often observed.

Two studies using the Kaplan-Meier estimator in smaller
populations treated with composite fillings found survival rates
of 85.5 % for chair-side-treated primary molars after 3 years
and 81.5% for children treated under general anesthesia with an
observation period of 6 years [23, 33]. A systematic review,
including all types of studies on filling materials in primary
molars, described a 3-year survival rate of 85.1 %, which is also
within the same approximate survival range [5]. The survival
rate in this study of a high caries risk population treated without
general anesthesia and sedation was lower. It can be speculated
that this is related to the very high caries risk of the described
population as well as to the retrospective design of the study.

Annual failure rates for composite restorations in the per-
manent dentition in long-term, practice-based clinical and
retrospective studies have ranged from 1.7 to 3.4 % and had
been lower compared to the annual failure rates of 10% in this
study and 4.2 % in a previous study conducted on fillings
placed in primary teeth under general anesthesia [20, 30, 32,
36]. Chair side treatment without sedation or general anesthe-
sia in children does not offer the same optimal conditions as in
treatments on the fully anesthetized patient. It has generally
been assumed that fillings in primary teeth will be lost more
frequently due to technical failure. Mostly, it has been argued
that this failure rate is due to specific psychological or ana-
tomical issues associated with the child and the less favorable

Table 2 Hazard ratios for the patient and operator factors and the
failure of composite restorations using Cox proportional hazard model

Variables Fillings
lost

Healthy
fillings

Hazard
ratio

p
value

Overall p
value

Teeth, incisor 51 197 1 – 0.02*
Teeth, canine 24 201 0.49 0.006

Teeth, molar 320 1595 0.80 0.57

Surfaces filled, 1 113 649 1 – 0.284
Surfaces filled, 2 227 1141 1.20 0.30

Surfaces filled, 3 39 146 1.39 0.16

Surfaces filled, ≥4 16 57 1.92 0.08

Black class Ia 69 347 1 – 0.005*
Black class IIa 242 1185 1.46 0.01

Black class IIIa 43 209 1.57 0.28

Black class IVa 13 71 1.45 0.45

Black class Va 28 181 0.77 0.43

Sex, females 173 919 1 – 0.71
Sex, males 222 1074 1.04 0.71

Age <6 yearsa 186 612 1 – <0.001*
Age ≥6 yearsa 209 1381 0.66 <0.001

Operator 1 163 773 1 – 0.002*
Operator 2 134 633 1.12 0.40

Operator 3 20 88 1.55 0.07

Operator 4 8 56 0.75 0.43

Operator 5 28 197 0.62 0.03

Operator 6 9 38 2.74 0.004

Operator 7 29 138 1.51 0.04

Operator 8 4 70 0.67 0.43

Dental dam, no 348 1709 1 – 0.02*
Dental dam, yes 47 284 0.58 0.02

DBA, total etching
(TE)

330 1638 1 – 0.02*

DBA, self-etching
(SE)

65 355 0.64 0.02

(Nano)hybrid
composite (HC)

23 163 1 – 0.33

Flowable composite
(FC)

287 1384 1.20 0.45

Composite, HC +
FC

85 446 0.94 0.81

*Significant variables
a Age and Black class were not significant as lone factors, but they were
found to be significant within the overall model
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Fig. 1 The distribution of failures
during the first 6 of the 8 years
observation period is shown. The
years 7 and 8 were not included
into the graph due to the small
number of fillings (<20). The
cumulative failure rate was
17.2 %with a mean annual failure
rate of 10.0 %

Overall <1 year 1year 2 years 3 years 4 years 5 years 6 years
195/1317 105/513 62/283 19/158 10/67 4/41 0/9

Tooth type <1 year 1year 2 years 3 years 4 years 5 years 6 years

Incisor 39/153 11/58 1/19 0/15 0/2 0/1 -

Canine 12/128 5/41 3/27 2/18 1/4 1/7 -

Molar 144/1036 89/414 58/237 17/125 9/61 3/33 0/9

Black 
classification

<1 year 1year 2 years 3 years 4 years 5 years 6 years

Class I 27/211 18/76 10/48 9/37 2/26 3/13 0/5

Class II 114/782 69/331 44/179 8/84 7/31 0/17 0/3

Class III 28/157 10/57 2/18 2/16 1/3 0/1 -

Class IV 9/59 3/18 1/3 0/3 - 0/1 -

Class V 17/108 5/31 5/35 0/18 0/7 1/9 0/1

a

c

*p<0.01

*p<0.01

b

Fig. 2 The Kaplan-Meier
estimator shows the cumulative
survival distributions of all 2388
composite fillings (a), tooth type
(b) and Black classification (c).
The points at which the curves
cross the horizontal, quartile lines
are indicated with arrows on the
abscissas
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microstructural properties of the primary teeth for adhesive
techniques [37–39]. Although technical failures in this study
occurred mainly within the first year, which has been de-
scribed as quite typical, they were outnumbered by losses
due to secondary caries over the whole observation period
[8, 40, 41]. In high caries risk populations, the development of
secondary caries has frequently been described as the main
reason for replacing fillings in the primary, as well as the
permanent, dentition, especially with longer observation pe-
riods because secondary caries will develop over time [20, 30,
40–46]. This might also explain the enhanced failure rate in
relation to results of Qvist et al. found for amalgam as well as

resin reinforced and conventional glasionomer cement
[15–17]. In addition, the censoring process and definition of
the observation period was different in this study leading to
shorter survival times.

Although it was found by Qvist et al. that the operator plays
an important role in the longevity of a dental restoration with
amalgam, glass ionomer cement, and compomere in the pri-
mary dentition, evidence from clinical studies has not always
supported this presumption and has shown that in clinical
filling procedures on posterior permanent teeth, the number
of operators does not have any significant influence on filling
survival if the operators are experienced [15–17, 30, 47]. As

Age/Year 1
st

2
nd

3
rd

4
th

5
th

6
th

<6 years 88/401 51/151 30/110 10/59 4/38 3/31

≥6 years 107/916 54/362 32/173 9/99 6/29 1/10

Operator/Y 1st 2nd 3rd 4th 5th 6th

1 76/515 45/189 30/131 9/64 2/17 1/17
2 64/391 38/178 22/92 6/60 3/34 1/10
3 14/61 2/27 2/8 1/7 1/5 -
4 4/34 4/17 0/9 0/2 0/2 -
5 12/108 4/42 4/27 2/22 4/9 2/13
6 8/40 1/6 - 0/1 - -
7 14/110 10/42 4/13 1/1 - 0/1
8 3/58 1/12 0/3 0/1 - -

Dental dam <1 year 1year 2 years 3 years 4 years 5 years 6 years
Not used 173/1165 92/424 56/247 15/124 9/52 3/37 0/8

Used 22/152 13/89 6/36 4/34 1/15 1/4 0/1

Adhesive <1 year 1year 2 years 3 years 4 years 5 years 6 years
TE 164/1126 94/433 49/214 14/118 8/52 1/23 0/2
SE 31/191 11/80 13/69 5/40 2/15 3/18 0/7

.

c

.

.

d

.

.

*p=0.01 *p<0.01

*p=0.02 *p=0.02

a b

Fig. 3 The Kaplan-Meier estimator shows the cumulative survival distributions of all 2388 composite fillings with regard to age (a), operator (b), dental
dam (c), and adhesive (d). The points at which the curves cross the horizontal, quartile lines are indicated with arrows on the abscissas
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was observed in this study, more experienced and efficiently
working dentists produced fillings with significance to a
higher survival probability than less-skilled dentists [48]. No
significantly lower survival probability of composite fillings
in the primary dentition was found for male patients, as has
been reported by others [33].

Other observed parameters significantly influencing the
longevity of restorations were the age of the patient, the type
of tooth, the use of dental dam, and the extent of filling with
regard to the Black classification. In addition, the use of the
bonding technique showed a significant influence on the
survival probability.

A high caries risk as well as a reduced ability to cooperate
properly during treatment procedures might have contributed
to a significantly higher risk of filling loss in patients <6 years
of age [23, 37]. In this study, incisors showed a significantly
lower survival probability compared tomolars. Data regarding
this difference have been sparse because studies have mainly
focused on the molar region when describing the longevity of
composite fillings in the primary and permanent dentition. In
the molar region, Black class II restorations have been report-
ed to have an almost threefold greater risk of failure than class
I restorations as was confirmed by this study [19, 29]. In
primary and permanent teeth, a significantly lower survival
rate has been reported by several authors for an increasing
extent of the filling, expressed as a high number of filled
surfaces compared to single-surface lesions in the primary
and permanent dentition [29, 30, 32, 41, 43, 45, 46, 49].

As described by other investigators, the type and system of
etching and bonding can have a large impact on the survival
probability of fillings [29, 49]. Self-etching bonding systems
have been reported to be the most successful in the primary
dentition, most likely due to their less aggressive etching
properties than classical conditioning with phosphoric acid
for the less-mineralized dentin as well as the reduced time of
recontamination of the cavity [50, 51]. Additionally, different
components of the bonding agent itself have recently been
reported to enhance bonding to primary dentin and could also
provide a certain resistance against hydrolytic degradation at
the resin-dentin interface [52, 53].

During the observation period, the composite materials that
were used changed from a highly filled, microhybrid resin
composite to a nano-hybrid resin composite with altered com-
position, especially regarding filler size and loading. It was
shown in vitro that nano-hybrid composites have good me-
chanical properties, such as reduced wear and improved sur-
face characteristics; however, they also showed lower flexural
strength and elastic-modulus. Van Dijken and Pallesen dem-
onstrated in a prospective clinical trial on permanent teeth that
the survival rates of the two materials did not differ signifi-
cantly over an observation period of 6 years for class II
restorations [54]. Another group, comparing the same micro-
hybrid versus a different nano-hybrid composite, confirmed

these findings over an 8-year period [55, 56]. Because esthetic
aspects and wear were not focuses of this study, micro-hybrid
and nano-hybrid filling materials were divided into three
groups: universal viscosity, flowable, and the combined use
of both materials. While in general, a combined technique
does not seem to enhance the longevity of fillings, it is not
recommended to use a flowable composite for larger cavities
in the posterior region because of reduced wear resistance but
rather to utilize universal micro- or nano-hybrid composites
[41, 55, 57, 58]. In the literature, it is generally concluded that
the use of a flowable material might have a negative impact on
the survival probability in larger cavities, but the influence of
other factors, such as the onset of caries and caries risk, as well
as the size of the cavity, may play a more important role.

There is only little information on retrospective evaluation
of other tooth colored filling materials for the primary denti-
tion. In addition, study populations in prospective studies will
be included in a setup that will make cooperation with regard
to recall appointments and prevention a prerequisite. Most
probably, survival rates found in prospective studies would
experience a drop-down when they would be approached by a
retrospective design investigating a real-life situation of a
high-risk population. In addition, it was stressed by Käkilehto
et al. that for the younger patients and patients high at risk for
caries, survival rates are lower. In that large retrospective
cohort study, high-risk patients were at a threefold higher risk
for failure of glasionomer fillings than low-risk patients [8].

Therefore, no conclusive interpretation regarding the pref-
erence of other materials over the use of composite could be
drawn within the results of this study. From the clinical
perspective, with regard to practicability, the operator would
prefer not to use two different materials in one treatment
session when restoring primary and permanent teeth at the
same time. Second, the use of time saving self-etching adhe-
sive has been supported to be the more favorable treatment
option over total etch systems. In addition, retrospective data
that focus on the filling survial in such high-risk children are
sparse and mainly not so well comparable due to differences
in setting and design of studies.

The strength of this study lies in the reported short recall
periods and the large number of observed fillings that were
performed over a long period of time following the same
protocol and with a consistent use of the same materials,
reflecting filling application under real clinical conditions for
a high-caries pediatric population. Long-term data for pediat-
ric cohorts, especially for restorations on primary teeth, have
been rare and were added to this study [8]. Although a prac-
tice-based, retrospective study design will not be able to
answer specific detailed questions reliably, e.g., the influence
of bruxism, behavioral problems, or the social background of
individual patients, it could provide true information about the
longevity of restorations in daily practice. The use of a ran-
domized, prospective study design (RCT) would have been
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more precise to answer detailed questions regarding the influ-
ence of certain factors on failure, but it might also have
resulted in selection bias with regard to patient acquisition if
mostly patients who appeared to be reliable and motivated
regarding regular attendance and oral hygiene were chosen.
Nevertheless, due to the retrospective design of this study, the
results should be interpreted cautiously, and conclusions
should be drawn within its limitations.

Conclusions

This study on a pediatric high caries risk population revealed
secondary caries as the main reason for an elevated filling loss
in the long term. It supports the use of self-etching systems
when using composite fillings for the restoration of primary
teeth and underlines the accompanying intensified preventive
care.
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