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LUIZ ALEXANDRE CHISINI1, KAUÊ COLLARES1, MARIANA GONZALEZ CADEMARTORI2,
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Background. Several restorative materials with

specific indications are used for filling cavities in

primary teeth.

Aim. To systematically review the literature in

order to investigate the longevity of primary teeth

restorations and the reasons for failure.

Design. Electronic databases were screened, and

eligible studies were hand-searched to find longi-

tudinal clinical studies evaluating the survival of

restorations (class I, class II, and crown) placed

with different materials in primary teeth with at

least one year of follow-up.

Results. Thirty-one studies were included, and a

high bias risk was observed. Overall, 12,047

restorations were evaluated with 12.5% of failure

rate. A high variation on annual failure rate (AFR)

was detected (0–29.9%). Composite resin showed

the lowest AFRs (1.7–12.9%). Stainless steel

crowns (SSC) had the highest success rate (96.1%).

Class I restorations and restorations placed using

rubber dam presented better AFR. The main reason

for failure observed was secondary caries (36.5%).

Conclusions. An elevated number of failures were

observed due to recurrent caries, highlighting the

need for professionals to work with a health-pro-

moting approach. The high variation on failure

rate among the materials can be due to children’s

behavior during the procedure, which demands

short dental appointments and a controlled envi-

ronment.

Introduction

Dental caries is a highly prevalent disease that

remains a worldwide public health problem

affecting 2.4 billion people with permanent

dentition and 621 million children with pri-

mary teeth1. Dental restorations, or their

replacement, are the most common procedure

performed by dentists2–6. In pediatric den-

tistry, there are several different options of

materials to restore decayed primary teeth,

including composites, glass ionomer cements,

or steel crowns. Even though these materials

have shown satisfactory properties, a large

number of failures are still reported, mainly

related to secondary caries2,7,8.

Longevity of restorations relies on a num-

ber of factors related to clinical variables, den-

tal materials properties, operator ability, and

patients’ characteristics9,10. Studies on perma-

nent dentition have shown that the main

clinical risk factors for failures of restorations

are related to extensive cavities, endodonti-

cally treated teeth, and type of teeth. On the

other hand, caries and bruxism are the princi-

pal patient-related risk factors9–11. A ten-year

retrospective practice-based study investigated

the survival of direct class II restorations, and

a shorter survival for restorations placed in

children was observed, especially in those

with higher caries risk12. Therefore, individ-

ual’s age can be a risk factor for lower

restoration survival13,14.
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When dealing with pediatric patients, age

and behavior are factors to be observed. A

collaborative behavior is needed to carry out

a restoration in a short period of time. Com-

posite resin restorations are more technique-

sensitive and time-consuming procedures and

are seldom substituted by glass ionomer

cements that are less technique-sensitive and

can be placed in only one increment, favoring

clinical management15. Survival time varia-

tion may also be closely related to the differ-

ences in treatment decisions by dentists12,16,

who can adopt a proactive or reactive posi-

tion in relation to dental intervention12, and

this could be especially critical when attend-

ing children.

Although many clinical studies2–5,7,11,17–24

have addressed the performance of different

materials and techniques for restoration of

primary teeth, there is no systematic review

that summarizes the longevity of these

restorations and factors associated with fail-

ures. Therefore, we aimed to systematically

review the literature and investigate the long-

evity of posterior restorations of primary teeth

using different materials. In addition, we

investigated the main reasons for failure.

Materials and methods

Eligibility criteria

This systematic review is reported in accor-

dance with PRISMA Statement guidelines25.

Longitudinal clinical studies (prospective, ret-

rospective, and randomized clinical trials)

evaluating restorations (class I, class II, and

crown) placed in primary teeth with compos-

ite, amalgam, compomer, glass ionomer

cements, stainless steel crown (SSC), resin-

modified glass ionomer cements (RMGIC),

and metal-reinforced glass ionomer cement

(MRGIC) were included. To be eligible, stud-

ies should present a follow-up of at least one

year and a minimum of 40 restorations

included per group. Only studies published in

the period from 1996 to 2017 and written in

English were considered. Reviews, letters, and

studies with different outcomes from restora-

tion survival were not included.

Outcomes

The outcome of this review was the longevity

of restorations, which was defined using

annual failure rate (AFR), survival rate, or

success rate of restorations.

Search strategy

The search strategy followed the structure of

each electronic database (SciVerse Scopus,

ISIS Web of Science, Cochrane library,

National Library of Medicine—MEDLINE/

PubMed) and was carried out in February

2017 to answer the questions ‘what is the

best material for restoring decayed primary

teeth?’ and ‘what are the main related factors

associated with restorations failures?’. The

PICO framework for this review was as

follows:

P: Primary teeth

I: Class I or II, or crown restorations

C: Materials, techniques, and related factors

associated with restoration failure

O: Longevity of restorations

The syntax of the search is detailed in the

Appendix S1. The references of all eligible

studies were screened and cross-referenced.

In addition, the gray literature was investi-

gated.

Study selection

Studies were uploaded into Endnote� Basic

(www.myendnoteweb.com) to delete dupli-

cates and to build a virtual library. Thus,

the title and abstract of identified studies

were assessed by two independent reviewers

(L.A.C. and K.C.) and evaluated for eligibil-

ity criteria. Studies that met the inclusion

criteria were selected for full-text reading.

Articles were compared between the two

reviewers and, in case of disagreement, the

articles were discussed to obtain consensus.

If no consensus was reached, an experi-

enced researcher (F.F.D.) made the final

decision. Papers that met the eligibility crite-

ria were included in the study and pro-

cessed for double and independent data

extraction. The reasons for exclusion were
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justified and reported in the flowchart

(Fig. 1).

Data extraction

Data extraction was performed independently

by two reviewers. Disagreements were solved

through discussion. The following items were

collected: authors names, year of publication,

aim of study, study design, clinical setting,

number of operators, manufacturers research

grant, country of studies, time of follow-up,

number of participants and age, number of

restoration at baseline and last follow-up,

dental materials used, type of restorations,

use of rubber dam, evaluation criteria, factors

associated with failure, reasons for failures,

and participant risk factors. Longevity out-

comes (survival rate, success rate, and AFR)

were also collected.

Bias risk

The bias risk of included studies was assessed

using the Cochrane risk of bias tool based on

random sequence generation, allocation con-

cealment, blinding of participants and person-

nel, blinding of outcome assessment, incomplete

outcome data, selective reporting, and other

sources of bias26.

Data analysis

Included studies had a high heterogeneity

regarding study design, evaluation criteria,

and longevity outcomes, contraindicating

meta-analysis. Hence, a qualitative analysis

was conducted on collected data.

For qualitative analysis, the survival or the

success rate was used to compare the included

studies. Besides, we also analyzed the results

using the AFR. When AFR was not reported, it

was calculated according to the formula: (1�y)

z = (1�x), in which ‘y’ is the mean AFR and ‘x’

the total failure rate at ‘z’ years14.

Results

The flow diagram of the systematic review is

shown in Fig. 1. From the initial 776 studies

identified after removal of duplicates, 80 full-

text articles were assessed for eligibility criteria

and 31 studies were included in the qualitative

analysis. Excluded studies and reasons for

exclusion are displayed in the Appendix S2.

The included studies evaluated the clinical per-

formance of class I, class II, and/or crown

restorations due to caries with seven different

materials: amalgam (six studies), compomer

(nine studies), composite (six studies), conven-

tional GIC (five studies), MRGIC (four studies),

Fig. 1. Flow diagram of the systematic

review.
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RMGIC (10 studies), and SSC (three studies).

The data of the eleven studies that evaluated

more than one group of restorative materials

were included separately. The follow-up of

studies ranged from one to four years, and

12,047 restorations were evaluated.

Overall

Table 1 shows all studies included in the sys-

tematic review and the collected variables.

Included studies were published between 1996

and 2016, and the follow-up times varied from

1 to 4 years. Most studies were carried out

prospectively (83.9%), in European countries

(61.3%), with multiple operators doing the

restorations (54.8%), and in dental school set-

tings (45.2%). Most of the included studies

were randomized clinical trials comparing dif-

ferent restorative materials or techniques, using

split-mouth or parallel groups as a design. The

number of restorations in the last follow-up

varied from 40 to 1834 among studies, with

most studies including <100 restorations.

Almost 50% of the studies were restricted to

the evaluation of class II restorations, and 36%

reported that restorations were carried out

exclusively using rubber dam. A modified ver-

sion of the United States Public Health Service

(USPHS) criteria27 was the most often used

method to evaluate restorations; eight studies

used their own criteria, and two recently pub-

lished studies used the FDI criteria28.

Risk factors

Risk factors for failures were assessed in 10

studies, and from those, six found some asso-

ciation between the aspects investigated and

failed restorations. The risk factors reported

on these studies were as follows: opera-

tor29,30, cavity preparation2,29, use of rubber

dam29, age29, adhesive system29, mate-

rial3,5,22, incomplete caries excavation2, and

endodontically treated teeth5. Few studies

included high caries risk patients18,31–33.

Survival data of restorative materials

Table 2 shows the results of restoration sur-

vival (success rate and AFR) according to

restorative material, use of rubber dam, and

type of cavity. Considering all included stud-

ies, a high variation on AFR was observed,

varying from zero to 29.9%. In general, com-

posite resin showed the lowest AFRs (1.7–
12.9%) and MRGIC exhibited the highest

AFRs (10.0–29.9%). Class I restorations and

restorations placed with rubber dam tend to

present better results on AFR.

The observed global failure rate was 12.5%

(1507 restorations), without taking into con-

sideration the follow-up times (Table 2). SSC

was the material with the highest success rate

(96.1%) followed by RMGIC (93.6%) and

compomer (91.2%), whereas the MRGIC

showed the lowest success rate (57.4%). In

addition, independently of the material,

restorations placed under use of rubber dam

showed a greater success rate (93.6%) than

those placed without it (77.5%), and class I

restorations failed less (7.6%) than class II

(14.7%).

Reasons for failure

Table 3 presents the reasons for failure of

restorations on primary teeth reported in the

included studies. Nine studies did not report

specific reasons for failure5,17,18,21,31,34–37;

thus, they were not included in Table 3. One

study did not report the reasons for failure for

MRGIC, and this material was excluded from

the table4. The main reason for failure

observed was secondary caries; 86% of studies

detected at least one failure caused by caries,

varying for 4–100%. Besides, considering all

reported reasons for failure, 36.5% occurred

due to caries followed by restoration loss

(19.6%) and marginal adaptation (15.6%).

Risk of bias assessment

Appendix S3 presents the proportion of stud-

ies with low, unclear, or high risk of bias for

each item. In general, the included studies

presented high bias risk, mainly selection,

performance, and detection biases. The item

‘Incomplete outcome data’ was judged as a

low risk of bias in 50% of studies and was

the aspect with the lowest bias. The authors’

classification for bias risk of each included

study is shown in a Appendix S3.
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Discussion

Restorations placed in primary teeth due to

dental caries are the most common proce-

dures in pediatric dentistry presenting a wide

range of materials and techniques2–5. Several

reviews have evaluated the survival of

restorations in permanent teeth9,14,38–41. This

is, however, the first study to systematically

review the literature evaluating the longevity

of several restorative materials and techniques

in children and addressing the main reasons

for failure. From the 31 papers included in

the review, evaluating 12,047 posterior

restorations in primary teeth, a 12.5% rate of

failed restorations was observed, mainly due

to secondary caries (36.5%). Moreover, it was

possible to identify a decrease in the AFRs of

restorations performed without rubber dam

and in restorations with more than one tooth

surface involved.

Concerning the survival of dental materials,

we found a wide variation in AFR among the

included studies. SSC was the material that

presented the highest success rate without

presenting secondary caries as reason for fail-

ure; however, only three studies with high

bias risk evaluated the performance of this

material19,31,42. The reasons for failure when

using SSC were tooth fracture, restoration

loss, and endodontic complication. Roberts

and Attari et al.19 assessed SSC failure as

‘true’ and ‘false’ failures. Crown loss follow-

ing cement failure or perforation of the occlu-

sal surface as a result of wear was considered

true failures, and failures related to endodon-

tic treatment were considered false failures. It

is important to highlight that cases in which

interventions on the tooth did not lead to

replacement or removal of the crown (en-

dodontic treatment or dislodgement of the

crown), the status at the end of the observa-

tion time was considered as ‘survived’43.

Therefore, an overestimation of failures in the

other materials compared to SSC might have

occurred, as endodontic complication or frac-

tured tooth was classified as a failure. In addi-

tion, the occurrence of failures due to caries

in teeth with SSC was not reported, which

contributed to the lower AFRs observed for

SSC, despite the fact that one study showed a

19% AFR mainly due to small fractures of

occlusal and buccal surfaces31. Although our

results corroborate previous studies that SSCs

are the most reliable and durable restorative

material for primary molars,19,31,44–46 this

technique should be indicated carefully.

Tooth preparation for SSCs in several class II

cases requires the removal of high amount of

sound tissue, and, therefore, alternative mate-

rials and techniques should be considered19.

Resin-modified glass ionomer cements and

compomer also presented good performance

with more than 90% of success rate. A wide

variation, however, in performances was

observed between the studies. In most studies

that compared RMGIC with other materials,

favorable results for RMGIC were

observed3,4,11,17,20,22,34, although some studies

showed different results5,7,21. Hubel and

Mejare3 showed a cumulative survival rate of

94% for RMGIC (Vitremer) compared to 81%

of GIC (Fuji II). In the other hand, MRGIC

showed lower performance, with AFR rang-

ing from 10% to 29.9%21,22,32.

Although composite resin has been the

main choice of material for direct restorations

of permanent teeth, presenting AFR ranging

from 1% to 3%9,14,47, this study found a dif-

ferent clinical behavior in primary teeth. The

overall success rate for composite resin was

79.3%, and the AFR ranged from 1.7% to

12.9%. In pediatric dentistry, patient-related

factors can play an important role when con-

sidering behavior management. Thus, restora-

tion performance can vary among patients,

due to different conditions affecting the exe-

cution of the technique48,49. Composite resin

success is highly sensitive to the technique.

The performance of composite resins is com-

pletely affected by presence of water or saliva.

Therefore, in noncooperative children, and in

cases where moisture control is critical, the

correct restoration can be jeopardized and a

low performance can be expected. This can

explain the significant ‘loss of restorations’

observed in the included studies considering

all materials. Therefore, in some studies, a

better performance was observed for RMGIC,

compomer, and GIC (in contrast to composite

resin) due to the easier and faster application

technique of these materials. Importantly,
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such materials can remain biologically suit-

able until the natural exfoliation of the tooth,

which is usually a short period of time in

relation to the permanent teeth restorations.

The use of rubber dam for placing compos-

ite and amalgam restorations (class I and class

II) has increased the longevity of restorations

after 10 years of follow-up39. A recent

Cochrane review has found that the use of

rubber dam can lead to a decrease in restora-

tion failure in relation to use of cotton rolls50.

In agreement with such results observed in

permanent teeth, our findings show a sub-

stantial decrease in failures when the restora-

tions were performed with rubber dam

isolation. The rubber dam provides a dry

operatory field, preventing saliva contamina-

tion that can impair adhesive properties,

while allowing a better view of the field. Due

to the young age of pediatric patients associ-

ated with difficulties with behavior manage-

ment, it is sometimes impossible to properly

isolate teeth to perform composite restora-

tions, however33. In such situations, GIC,

RMGIC, and compomer are alternatives33,51

because they are less sensitive to humidity.

Some authors have suggested that the fluo-

ride released from GIC materials can prevent

caries52,53, as GIC can reduce the demineral-

ization of adjacent surfaces54–56. Despite

in vitro and in situ studies demonstrating the

capacity of these materials to release fluoride

and prevent demineralization, there is no

strong clinical evidence showing that fluo-

ride-releasing materials prevent the occur-

rence of secondary caries54. Only the use of

dentifrices combined with toothbrushing pre-

sented strong evidence in the caries reduc-

tion57. In our review, secondary caries was

the main reason for failures for composite or

for glass ionomer materials, suggesting that

the release of fluoride by GIC did not affect

the longevity of restorations.

The individual caries risk has been demon-

strated to affect the longevity of restorations

in permanent teeth. This could be even more

challenging in pediatric patients, when oral

health habits and behaviors are being estab-

lished. Poor oral hygiene and increased sugar

intake are frequent in high caries risk pedi-

atric patients and can contribute to cariesT
a
b
le

3
(C

o
n
td

.)

A
u
th
o
r,

y
e
a
r

P
a
ti
e
n
t
R
is
k

M
a
te
ri
a
l

Fa
il
u
re
s

(n
)

R
e
a
so

n
s
fo
r
fa
il
u
re

Fr
a
ct
u
re

te
e
th

Fr
a
ct
u
re

re
st
o
ra
ti
o
n

C
a
ri
e
s

E
n
d
o
d
o
n
ti
c

co
m
p
li
ca
ti
o
n

R
e
st
o
ra
ti
o
n

lo
st

M
a
rg
in
a
l

a
d
a
p
ta
ti
o
n

A
e
st
h
e
ti
c

U
n
k
n
o
w
n

re
a
so

n

Sc
h
u
el
er
,
et

al
.4
2
,
2
0
1
4

C
ar
ie
s
ri
sk

ev
al
u
at
e

b
y
d
m
ft

SS
C

6
–

–
–

3
(5
0
%

)
3
(5
0
%
)

–
–

–

So
n
ci
n
i,
et

al
.1
1
,
2
0
0
7

N
S

A
m
al
g
am

3
8

4
(1
1
%

)
–

2
3
(6
0
%

)
–

1
0
(2
6
%
)

–
–

1
(3
%

)
C
o
m
p
o
m
er

6
3

7
(1
1
%

)
–

4
6
(7
3
%

)
–

8
(1
3
%
)

–
–

2
(3
%

)
Ta

if
o
u
r,
et

al
.3
0
,
2
0
0
2

N
S

A
m
al
g
am

(S
in
g
le

su
rf
ac
e)

6
4

4
(6
.3
%

)
7
(1
0
.9
%

)
9
(1
4
.1
%

)
–

2
4
(3
7
.5
%
)

1
2
(1
8
.8
%

)
–

8
(1
2
.5
%

)

A
m
al
g
am

(M
u
lt
ip
le

su
rf
ac
e)

2
0
1

5
(2
.5
%

)
2
7
(1
3
.4
%

)
1
1
(5
.5
%

)
–

9
2
(4
5
.8
%
)

5
8
(2
8
.9
%

)
8
(4
%

)

To
ta
l

1
2
3
4

6
7
(5
.4
%

)
3
6
(2
.9
%

)
4
5
0
(3
6
.5
%

)
8
(0
.6
%

)
2
4
2
(1
9
.6
%
)

1
9
3
(1
5
.6
%

)
1
8
(1
.5
%

)
2
1
8
(1
7
.7
%

)

N
o
t
sp
ec
ifi
ed

:
N
S;

st
u
d
ie
s
d
id

n
o
t
sp
ec
if
y
fa
ilu
re
s
re
as
o
n
s:

D
u
g
g
al
,
et

al
.3
4
;
D
u
tt
a,

et
al
.1
7
;
W
eb

m
an

,
et

al
.3
5
;
Se

n
g
u
l
an

d
G
u
rb
u
z1

8
;
R
u
ta
r,

et
al
.3
6
;
Pi
n
to
,
et

al
.5
;
Le
it
h
an

d
O
’C
o
n
n
el
l3
1
;
3
7
;

K
ilp
at
ri
ck
,
et

al
.2
1
.

Restoration in primary teeth 135

© 2018 BSPD, IAPD and John Wiley & Sons A/S. Published by John Wiley & Sons Ltd



development. As secondary caries or caries

adjacent to restorations are subjected to the

same factors as primary caries, the difficulty

of the dentist or of the patients and their fam-

ilies to change behaviors could contribute to

the early failure of restorations in pediatric

dentistry. This highlights the need for profes-

sionals to work with a health-promoting

approach, which should improve treatment

longevity58. Considering that in the majority

of studies patients presented a minimum of

two decayed posterior teeth (split-mouth

design to compare the materials), we can

hypothesize that most patients had a signifi-

cant caries risk, once they presented active

caries disease. This can explain the elevated

number of failures observed due to recurrent

carries, with 86% of studies reporting at least

one failure due to this reason.

The different evaluation criteria adopted in

the studies was one of the factors contributing

for the heterogeneity of AFR. Although some

studies adopted their own criteria31,59,60, con-

sidering failure as the need of a new interven-

tion (loss of restoration, pulp necrosis, or

extraction)5, other studies used more rigorous

criteria, such as the FDI18 or modified

USPHS21,34,61–63, influencing the results. The

cutoff point for determining whether the

restorations should be maintained, repaired, or

replaced varies in different evaluation meth-

ods, and this could impact the longevity

observed across studies58.

The current literature discusses the possibil-

ity of treatments that require smaller inter-

ventions such as the maintenance of opened

cavities without restorations64, the atraumatic

restorative treatment (ART)65, or the Hall

technique66. Such options, however, were

not included in our systematic review because

our aim was to investigate the survival of

restorative materials in conventionally pre-

pared cavities. It is important to highlight that

the calculation of total success rate was used

to summarize data, without considering the

follow-up time, which is a strong limitation

of these results. This is reinforced by the wide

range of AFR among studies, which consid-

ered time in their calculation. Thus, the

results of total success rate should be carefully

interpreted.

Randomized clinical trials (RCTs) are the

best study design for comparing different treat-

ment alternatives. Nevertheless, due to the

high cost to conduct these studies and the dif-

ficulty to recruit and follow the patients with

similar characteristics, few studies with appro-

priate methodological approach and adequate

sample size are available in the literature.

Thus, a systematic review including only ran-

domized and controlled trials would include

few studies (limiting the number of evaluated

restorations). In addition, when including only

RCTs another bias can occur, based on patient

selection. Usually, only patients with low car-

ies risk are included in RCTs. Therefore, we

have included also prospective and retrospec-

tive clinical trials carried out in settings closer

to clinical reality. With such strategy, an

expressive number of restorations (12,047)

were available for analysis, even though the

risk of bias for the included studies was high.

Another important limitation of our study was

the data analysis, which in general was a sin-

gle-level analysis (restoration). A better ana-

lytical approach would be a multilevel

analysis, taking into account the fact that all

the restorations in a patient share the same

risks, leading to misinterpretations of data.

Considering the results of this systematic

review, we conclude that there is a large vari-

ation in longevity of posterior restorations in

primary teeth. Composite resin exhibited the

lowest AFRs, whereas MRGIC exhibited the

highest. SSC had the highest success rare.

Higher success rates were observed in restora-

tions of a single tooth surface and those per-

formed with rubber dam isolation. Secondary

caries was the main reason for failure.

Why this paper is important to paediatric dentists

• Composite resin showed the lowest AFRs (1.7–12.9%)

and stainless steel crown were the material with the

highest success rate (96.1%).

• Class I restorations and restorations placed using a

rubber dam presented better results on AFR; the main

reason for failure was secondary caries (36.5%).

• A large number of failures were due to recurrent car-

ries, highlighting the need for professionals to take a

health-promoting approach in their daily work. The

high variation among the materials can be due to chil-

dren’s behavior, which affects the quality of the pro-

cedure as it demands a short appointment and a

controlled environment.
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