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Abstract

Objectives The purpose of this systematic review was to compare the clinical performance of bulk-fill resin composites with
conventional resin composites used for direct restorations of posterior teeth.

Methods This review followed the PRISMA statement. This review was registered at PROSPERO (registration number
CRD42016053436). A search of the scientific literature was performed by two independent reviewers using the PubMed/
MEDLINE, Embase, The Cochrane Library, and Web of Science databases from commencement until January 2018. The
research question was “Do bulk-fill resin composites have a clinical performance comparable to conventional resin composites
in posterior restorations?” Only studies evaluating class I and II direct restorations in permanent teeth with a follow-up period of
at least 1 year were included. The RevMan 5 program was used for meta-analysis, calculating the relative risk (RR) and 95%
confidence interval (CI) of the dichotomous outcome (restoration failure or success).

Results Ten articles were selected, comprising 941 analyzed restorations. The mean follow-up period was 33.6 months (12—72
months). No statistically significant differences in the failure rate were observed between conventional and base/flowable bulk-
fill resin composites (p = 0.31; RR 1.49; 95% CI 0.69-3.25) or full-body/sculptable bulk-fill resin composites (p = 0.12; RR 1.89;
95% C1 0.84-4.24).

Conclusions The present systematic review and meta-analysis indicate similar clinical performances of bulk-fill and conventional
resin composites over a follow-up period of 12 to 72 months.

Clinical significance Based on the results of this study, the bulk-fill resin composites could be an alternative for direct restorations
in posterior teeth. However, clinical trials of longer duration are required.

Keywords Dental restoration - Direct restoration - Resin composite - Bulk-fill resin - Incremental filling technique - Systematic
review

Introduction documented [1-5]. This material is considered to be the first
choice for esthetic restorations in posterior teeth [6].
Clinical evidence for the overall survival of direct light-cured The main reasons for the clinical failure of direct resin

resin composites restorations in posterior teeth has been well ~ composite restorations in posterior teeth over time are
secondary caries and restoration fractures [1, 3]. Resin
composite shrinkage stress may lead to the development
of marginal gaps at the tooth-restoration interface, which
may result in the development of secondary caries.
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cavity wall interface and allows a more efficient light
curing of the material and a lower gap formation at the
interface [10-12].

Bulk-fill resin composites have been designed to sim-
plify the restorative technique because they can be placed
into posterior teeth cavities in a single increment of 4—
5 mm [13-15]. These materials offer greater translucency,
allowing greater light dissipation through the material,
incorporation of more reactive photoinitiators, which en-
able a greater depth of cure; and include monomers that
act as modulators of the polymerization reaction, achiev-
ing low polymerization shrinkage [8, 16]. Two types of
these materials are commercially available: base and full-
body bulk-fill resin composites. Base bulk-fill materials
are low-viscosity resin composites and therefore are also
known as flowable bulk-fill resin composites [17]. These
materials involve lower filler loading than conventional/
standard microhybrid or nanohybrid resin composites,
which require incremental filling. Therefore, they are used
as a liner/ base, followed by capping with the convention-
al resin composites. Full-body bulk-fill resin composites
can be applied in one increment without the need for
coverage or capping. Because of their viscosity, they are
also referred to as sculptable or paste-like bulk-fill resin
composites, allowing the reconstruction of the lost tooth
structures. In addition, these materials have high inorganic
filler loading and are therefore used in areas of high mas-
ticatory load [17-20].

The simplification of the operative procedures is desir-
able in clinical daily practice. In this context, bulk-fill resin
composites are an attractive alternative for posterior resto-
rations. However, a clearer understanding of the clinical
performance of this relatively new class of materials in
comparison to conventional resin composites is required.
Therefore, the aim of the current systematic review and
meta-analysis was to compare the clinical performance of
bulk-fill and conventional resin composites in direct resto-
rations in posterior teeth. The hypothesis of this study was
that the clinical performance of these restorative materials
is similar.

Materials and methods
Protocol and registration

This review was conducted following the recommenda-
tions of the Cochrane Collaboration for systematic re-
views [21] and is reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [22]. The study was reg-
istered at the international prospective register of
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systematic reviews—PROSPERO under the registration
number CDR42016053436.

Eligibility criteria

The research question of this study was “Do bulk-fill resin
composites have a comparable clinical performance to con-
ventional composites in posterior restorations?” The popula-
tion/problem, intervention/exposure, comparison, and out-
come of the study were established according to the PICO
question. In this respect, the population consisted of patients
with direct resin restorations in permanent posterior teeth. The
intervention was posterior teeth restored with a bulk-fill resin
composite, and a comparison was performed with posterior
teeth restored with a conventional resin composite. Evaluated
outcomes were failure such as anatomical shape, marginal
adaptation and discoloration, surface roughness, color, sec-
ondary caries, loss of retention, fracture, and postoperative
sensitivity.

The inclusion criteria used were as follows: (1) only ran-
domized clinical trials (RCTs), (2) studies with a follow-up
period of at least 1 year, and (3) studies evaluating class I and
II direct restorations in permanent teeth restored with bulk-fill
and conventional resin composites.

The exclusion criteria were as follows: (1) prospective
studies without randomization and retrospective studies, (2)
case reports, (3) reviews, (4) in vitro studies, and (5) studies
reported in more than one publication with different follow-up
periods, and studies evaluating only bulk-filled resin restora-
tions without direct comparison with conventional resin
composites.

Information sources and search strategy

The databases searched were PubMed/MEDLINE, Excerpta
Medica Database (Embase), Cochrane Library, and Web of
Science. The search strategies for each database are represent-
ed in Tables 1, 2, 3, and 4. A manual search through journals

Table 1 Search strategy for the PubMed/MEDLINE database

#1 (Dental caries [Mesh terms] OR dental restoration, permanent [mesh
terms] OR dental filling, permanent [Mesh terms] OR “posterior
composite” [All fields] OR Class 1 [All fields] OR Class I [All
fields] OR Class 2 [All fields] OR Class II [All fields])

#2 (Bulk fill [All Fields] OR Bulkfill [All Fields] OR Bulk-fill [All
Fields] OR (bulk [All Fields] AND fill [All Fields]) OR (bulk [All
Fields] AND filled [All Fields]) OR (bulk [All Fields] AND filling
[All Fields]) OR Bulk [All Fields])

#3 (Composite resins [Mesh terms] OR “composite resin” [All fields]
OR “resin composite” [All fields] OR “resin composites” [All
fields] OR “resin restoration” [All fields] OR “composite
restoration” [All fields] OR “composite restorations” [All fields])

#1 AND #2 AND #3
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Table 2 Search strategy for The Cochrane Library

Table 4  Search strategy for the Web of Science database

#1  MeSH descriptor: [Dental Caries] explode all trees

#2  MeSH descriptor: [Dental Restoration, Permanent] explode all trees
#3  Class 1 (Word variations have been searched)

#4  Class I (Word variations have been searched)

#5  Class 2 (Word variations have been searched)

#6  Class I (Word variations have been searched)

#7  #1 or #2 or #3 or #4 or #5 or #6

#8  bulk fill:ti,ab,kw (Word variations have been searched)

#9  bulk and fill:ti,ab,kw (Word variations have been searched)
#10 bulk and filled:ti,ab,kw (Word variations have been searched)
#11 bulkfill:ti,ab,kw (Word variations have been searched)

#12 bulk-fill:ti,ab,kw (Word variations have been searched)

#13 bulk and filling:ti,ab,kw (Word variations have been searched)
#14 #8 or #9 or #10 or #11 or #12 or #13

#15 MeSH descriptor: [Composite Resins] explode all trees

#16 composite resin:ti,ab,kw (Word variations have been searched)
#17 resin composite:ti,ab,kw (Word variations have been searched)
#18 resin composites:ti,ab,kw (Word variations have been searched)
#19 resin restorations:ti,ab,kw (Word variations have been searched)
#20 resin restoration:ti,ab,kw (Word variations have been searched)
#21 posterior composites:ti,ab,kw (Word variations have been searched)
#22 #15 or #16 or #17 or #18 or #19 or #20 or #21

#23 #7 and #14 and #22

Table 3 Search strategy for the Embase database

1 dental caries.mp. [mp = title, abstract, heading word, drug trade
name, original title, device manufacturer, drug manufacturer,
device trade name, keyword, floating subheading]

2 dental surgery.mp. [mp = title, abstract, heading word, drug trade
name, original title, device manufacturer, drug manufacturer,
device trade name, keyword, floating subheading]

class 1.m_titl.
limit 3 to abstracts
class 2.m_titl.
limit 5 to abstracts
lor2or4or6

0 N N »n bW

bulk-fill*.mp. [mp = title, abstract, heading word, drug trade name,
original title, device manufacturer, drug manufacturer, device trade
name, keyword, floating subheading]

9  limit 8 to abstracts

10
bulkfill*.mp. [mp = title, abstract, heading word, drug trade name,
original title, device manufacturer, drug manufacturer, device trade
name, keyword, floating subheading]

11 limit 10 to abstracts

12

9 or 11
13
resin.mp. [mp = title, abstract, heading word, drug trade name,
original title, device manufacturer, drug manufacturer, device trade
name, keyword, floating subheading]
14

7 and 12 and 13

#1 Topico: (“class I1I”) OR Topico: (“class 2”) OR Topico: (“class 1)
OR Topico: (“class 1) OR Topico: (“dental caries”) OR Topico:
(“dental restoration, permanent”)

#2 Topico: (“bulk fill”) OR Topico: (“bulkfill”) OR Topico: (“bulk-fill”)
OR Tépico: (bulk AND fill) OR Tépico: (bulk AND filled) OR
Topico: (bulk AND filling) OR Tépico: (bulk)

#3 Topico: (“composite resins”) OR Topico: (“composite resin”’) OR
Topico: (“resin composite”) OR Topico: (“resin composites”) OR
Topico: (“resin restoration”) OR Topico: (“composite
restoration”) OR Topico: (“composite restorations™)

#1 AND #2 AND #3

in the area of interest, even if they are indexed in the research
databases, is recommended as an additional form of search
[23-25]. Therefore, the electronic search was complemented
by manual searches of the following journals: Journal of
Orofacial Sciences, Operative Dentistry, Dental Materials,
and Journal of Dentistry. Additionally, the reference lists of
the included studies were checked to identify possible relevant
studies. The electronic search was performed up to January
2018 and without any language restrictions.

Study selection and data collection

Two independent researchers (S.R.M.V. and C.A.A.L.) per-
formed the electronic search, selecting studies based on titles
and abstracts that answered the research question. Relevant
information extraction, as well as an assessment of the risk
of bias of the articles, were performed by one of the re-
searchers (S.R.M.V.) and verified by a second researcher
(C.A.A.L.). Disagreements between the evaluators were re-
solved by consensus.

Relevant information was extracted using a form contain-
ing questions regarding the author, study design, number of
patients and restorations, mean age, follow-up, bonding agent
and resin composites of the control and intervention groups,
number of surfaces and restoration locations, and restoration
failures [26].

Risk of bias in individual studies

The risk of bias of the selected articles was assessed using the
Cochrane risk of bias tool for randomized clinical trials, which
uses a domain-based approach [21]. In this tool, the aspects of
bias risk are evaluated individually without assigning scores
and are divided into six domains: random sequence genera-
tion, allocation concealment, blinding of outcome assessors,
blinding of participants and personnel, incomplete outcome
data, and selective outcome reporting, comprising the assess-
ment of selection, performance, attrition, reporting, and detec-
tion bias. Each domain is classified as having a low risk,
unclear risk, or high risk of bias.
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Table5 Summary of the modified USPHS—United States Public Health Service—evaluation criteria (the reported scores were cited as either Alpha,
Bravo, Charlie, and Delta or 0, 1, 2, 3, and 4)

Category

Scores

Acceptable Unacceptable

Criteria

Anatomic form

Marginal adaptation

Marginal discoloration

Color match

Surface roughness

@ Springer

Alpha (0)
Bravo (1)

Charlie (2)

(©))

Alpha (0)
Bravo (1)
(2)
Charlie (3)

Delta (4)
Alpha (0)

Bravo (1)

2) Charlie

3)
Alpha (0)

Bravo (1)

2)
Charlie (3)

4
Alpha (0)

Bravo (1)

) Charlie

Restoration continuous with existent anatomic form [27-35]

Restoration discontinuous with existent anatomic form, but loss of material is
not sufficient to expose the dentin or base [27, 30-34]. A surface concavity
is evident [35]. Slightly under- or over-contoured restoration; marginal
ridges slightly undercontoured; contact slightly open (may be
self-correcting); occlusal height reduced locally [28, 29]

Loss of material sufficient to expose the dentin or base [27, 30-34]. There is a
loss of restorative substance such that a surface concavity is evident.
Replacement or restorative treatment is required [35]. Restoration is
undercontoured, dentin or base exposed; contact is faulty, not
self-correcting; occlusal height reduced; occlusion affected [28, 29]

Restoration is missing partially or totally; fracture of tooth structure; shows
traumatic occlusion; restoration causes pain in tooth or adjacent tissue [28,
29]

Restoration completely adapted to the tooth. No visible gap. No explorer
catch at the margins or in any direction [27-36]

Explorer catch. There is no visible evidence of a gap into which the explorer
could penetrate [27-29, 31-34]. Is there visible evidence of a crevice
along the margin into which the explore will penetrate [30, 35, 36]?

Crevice at margin, enamel exposed [28, 29]

Explorer penetrates into a deep gap that exposes dentin or base [27-36]

The restoration mobile, fractured or missing in part or in toto [28-30, 36]

There is no visual evidence of marginal discoloration different from the color
of the restorative material and from the color of the adjacent tooth structure
[27,30-33, 35, 36]. No discoloration evident [28, 29]. No staining along
cavosurface margin [34]

There is visual evidence of marginal discoloration at the junction of the tooth
structure and the restoration that has not penetrated along the restoration in
a pulpal direction [27, 30-33, 35, 36]. Slight staining, can be polished
away [28, 29].

<50% of cavosurface affected by stain (removable, usually localized) [34]

There is visual evidence of marginal discoloration at the junction of the tooth
structure and the restoration, but the discoloration has penetrated along the
restoration in a pulpal direction [27, 30-33, 35, 36]. > 50% of cavosurface
affected by stain [34]. Obvious staining cannot be polished away [28, 29]

Gross staining [28, 29]

Restoration with color and similar to those of the adjacent dental structure
[27, 30-36]. Very good color match [28, 29]

Change in color and translucency within an acceptable standard [27, 30-36].
Good color match [28, 29]

Slight mismatch in color, shade, or translucency [28, 29]

Change in color outside the acceptable standard [27, 30-36]. Obvious
staining cannot be polished away [28, 29]

Gross mismatch [28, 29]

Restoration surface is smooth [28-32, 34, 36]. Surface texture is similar to
polished enamel as determined by means of a sharp explorer [35]

Restoration surface is slightly rough, or has scratches, but can be refinished
[30-32, 34, 36]. Slightly rough or pitted [28, 29]. Surface texture is gritty
similar to a surface subject to a white stone or similar to a composite
containing supramicron-size particles [35]

Surface deeply rough, with irregular scratches; cannot be refinished [30-32,
34, 36]. Surface pitting is sufficiently coarse to inhibit the continuous
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Table 5 (continued)

Category Scores Criteria
Acceptable Unacceptable
movement of an explorer across the surface [35]. Rough, cannot be
refinished [28, 29]
Delta (3) Surface is fractured or flaking [34] Surface deeply pitted, irregular grooves
[28, 29]
Recurrence of caries Alpha (0) No caries is present [28, 29, 31-34]. The restoration is a continuation of
existing anatomic form adjacent to the restoration [35]
Charlie (1) Caries is present [27-29, 31-34]. The restoration is a continuation of existing
anatomic form adjacent to the restoration [35]
Fracture or retention Alpha The restoration is present [27, 31-33]. Full retention [34]. No bulk
fracture/detachment is present [35]
Bravo Partial retention [34]
Acceptable Integrity of the tooth and integrity of the restoration are clinically acceptable
(30]
Charlie The restoration is absent [27, 31-33]. Restoration is lost [34]. Bulk
fracture/detachment is evident [35]
Unacceptable Integrity of the tooth and integrity of the restoration are clinically
unacceptable [30]
Postoperative sensitivity Alpha Not present [27, 32, 34]
Bravo Sensitive but diminishing in intensity [32]. Mild but bearable [34]
Acceptable Not present through patient report [30, 36], after CO; ice testing [30] and
blowing a stream of compressed air for 3 s at a distance of 2 to 3 cm from
the restoration [36]
Charlie Constant sensitivity, not diminishing in intensity [27, 32]. Uncomfortable,
but no replacement is necessary [34]
Delta Painful. Replacement of restoration is necessary [34]
Unacceptable Present through patient report [30, 36], after CO; ice testing [30] and blowing

a stream of compressed air for 3 s at a distance of 2 to 3 cm from the
restoration [36]

Summary measures

The data extracted were analyzed using the Review
Manager (RevMan) 5.3 software (The Cochrane
Collaboration, Copenhagen, Denmark). The relative risk
(RR) and 95% confidence interval (CI) were calculated
for each study. The data of the eligible studies were
ordinal, referring to the scores for the characteristics of
the restorations evaluated using the modified versions of
the U.S. Public Health Service (USPHS) (Table 5). For
further analysis, these data were dichotomized as either
acceptable or unacceptable. The acceptable restorations
were those that received the Alpha and Bravo scores.
The unacceptable restorations were those that received
the Charlie and Delta score in at least one of the char-
acteristics. Therefore, failed restorations were those that
were classified as unacceptable.

The /* index was used to measure the percentage of
variation across studies that was due to heterogeneity,
where 25% corresponded to low heterogeneity, 50% to

moderate heterogeneity, and 75% to high heterogeneity.
A fixed-effect model was used because no statistically sig-
nificant heterogeneity was found among the studies
(p>0.10) [37].

Additional analysis

The kappa coefficient was calculated to determine inter-reader
agreement in the initial selection of the articles in the PubMed/
MEDLINE, Embase, The Cochrane Library, and Web of
Science.

Results

Selection of studies

The initial search of the databases retrieved 522 articles,

including 300 in PubMed/MEDLINE, 79 in Embase, 16
in Cochrane Library, 127 in Web of Science, and 2 in the
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manual search (Fig. 1). After the removal of duplicates,
356 articles remained and 15 were selected based on the
research question. After reading the full text, five articles
were excluded; one was excluded because of a short
follow-up period (30 days) [38] and the other four were
excluded because they contained the data reported in an-
other study with a longer follow-up period [39-42].
Thus, 10 articles were selected for final analysis of the
results. The kappa test was applied to determine inter-
reader agreement in the initial selection of the studies,
which showed a high level of agreement for PubMed/
MEDLINE (kappa=0.9), Embase (kappa=1.0), The
Cochrane Library (kappa=1.0), and Web of Science
(kappa=0.83) [43].

Characteristics of included studies

Ten studies were selected for qualitative and quantitative anal-
ysis. A total of 1076 restorations were performed in 459 pa-
tients, and 941 restorations were evaluated. Nine studies were
split-mouth studies [27-34, 36] and one was a parallel group
study [35]. The mean follow-up was 33.6 months (12—
72 months). Five studies [27, 30, 32-34] did not report sample
size calculation.

Rubber dam isolation was only reported in four studies
[30, 34-36]; the remaining six studies used only cotton

rolls and saliva ejectors. In one of these four studies [30],
rubber dam isolation was only employed only when cot-
ton rolls/saliva ejector were insufficient. Most studies did
not report the use of a lining material. In two studies [27,
32], used calcium hydroxide cement was used as a liner in
deep cavities, and in one study [33], calcium hydroxide
cement and/or glass ionomer cement was used in deeper
cavities. Regarding the bonding agent used, self-etch sys-
tems were used in both the intervention and control
groups of six studies [27-29, 32-34], three studies [31,
35, 36] used etch-and-rinse systems, and one study [30]
used an etch-and-rinse system in the control group and a
self-etch system in the intervention group. All base/
flowable bulk-fill resin composites were used with a 2-
mm capping of a conventional resin composite [28, 29,
31]. One study [27] evaluated four groups: two full body/
sculptable bulk-fill composites, a base/flowable bulk-fill
composite covered with a conventional resin composite,
and a conventional resin composite by itself. The remain-
ing studies [30, 32-36] compared full-body/sculptable
bulk-fill resin composites with conventional composites
(incremental technique) (Table 6).

Among the 941 restorations evaluated, 43 failures oc-
curred, with a 5.57% (29 of 520) failure rate in bulk-fill resin
composites and a 3.32% (14 of 421) failure rate in conven-
tional resin composites. The causes of restoration failure were

Fig. 1 Flow diagram of the article
selection process

Studies identified by electronic
database search: PubMed/MEDLINE
(n =300), Web od Science (n=127),

Embase (n = 79) and Cochrane

Studies selected by
manual search (n = 2)
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Duplicate studies removed

(n=168)

v

Studies selected
(n=356)

v

Studies excluded,
title and abstract (n =
341)

Full-text articles evaluated for
eligibility
(n=15)

/ \

Included ][ Eligibity ][ Screening ] [ Identification ]

Ve
.

Articles included
in qualitative
synthesis (n = 10)

Articles included
in quantitative
synthesis (meta-
analysis) (n = 10)

Full-text articles
excluded
- Follow-up period
less than 1 year [38].
- Articles with a
shorter follow-up
period [39-42]
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secondary caries (23%; n =10), tooth and resin fractures
(19%; n =8, each), postoperative sensitivity (9%; n =4), an-
atomical shape and poor marginal adaptation (7%; n =3,
each), marginal discoloration (9%; n =4), caries associated
with tooth fracture (5%; n =2), and retention (2%; n =1)
(Table 7).

Assessment of risk of bias

Six of the included studies did not describe the randomization
process. Karaman et al. [31], Arhun et al. [32], and Colak et al.
[33] used coin tossing for randomization, and Yazici et al. [36]
used a random number table of the groups. None of the studies
mentioned the method used for allocation concealment. Four
studies were unclear about the blinding of participants and
personnel [30, 33-35], and the other studies reported that pa-
tients were blinded. Only one study was unclear about the
blinding of outcome assessment [35]. The incomplete out-
come data domain was unclear in four studies [27, 31, 32,
36] because of unexplained reasons for participant loss. All
studies had a low risk of bias regarding selective reporting.
Even when the study protocol was unavailable, it was clear
that the published reports clearly included all expected out-
comes, including those that were prespecified [21] (Fig. 2).

Meta-analysis

The meta-analysis included the 10 studies selected in the
systematic review. The failure rates of bulk-fill and con-
ventional resin composite restorations were evaluated
using subgroups for the classification of the bulk-fill resin
composites (base/flowable and full-body/sculptable). No
significant differences were observed between convention-
al resin composites and base/flowable (»p =0.31; RR 1.49;
95% CI 0.69-3.25; p=0.10; I*=56%) or full-body/
sculptable bulk-fill resin composites (»p =0.12; RR 1.89;
95% C10.84-4.24; p =0.51; I =0%) (Fig. 3).

Publication bias

A funnel plot was used for assessing the publication bias. The
funnel plot of the studies included in this review exhibited
symmetry, indicating low heterogeneity and the possible ab-
sence of publication bias (Fig. 4).

Discussion

The hypothesis of this study was not rejected. The clinical
performance of bulk-fill resin composites is comparable to

Table 7  Qualitative summary of restoration failures

Atticle Author, year Conventional resin composite Bulk-fill resin composite

[Reference] Failure Total  Failure Total
Atabek et al. 2017 [34] 0 30 0 30

Alkurdi and Abboud 2016 [35] Marginal discoloration (n = 1)

Arhun et al. 2010 [32]
Bayraktar et al. 2017 [27]

Fracture of resin composite (n = 1)
Secondary caries (n =1)

Colak et al. 2017 [33] Marginal discoloration (n = 1)

0
Karaman et al. 2017 [31]
Manbhart et al. 2010 [30] Tooth fracture (n = 1)
van Dijken and Pallesen 2017  Tooth fracture (n = 1); fracture of resin
[29] composite (n =2)
van Dijken and Pallesen 2016  Tooth fracture (n = 2); caries and tooth
[28] fracture (n = 1); fracture of resin
composite (n = 2); secondary caries
(n=1)
Yazici et al. 2017 [36] 0
Total 14

19 G1—Tetric N-Ceram bulk fill Marginal discoloration 19
(n =2); postoperative sensitivity (n =2)

G2—Sonic Fill 0 20
35 Secondary caries (n =2) 35
43 G1—Filtek bulk fill flowable Anatomic form (n =2); 43

marginal adaptation (n = 2); secondary caries (n =2);

postoperative sensitivity (n = 1); retention (n = 1)
G2—Tetric EvoCeram bulk fill Anatomic form (n =1); 43

marginal adaptation (n = 1); secondary caries (n =2)

G3—Sonic Fill 0 43
35 0 35
33 0 33
46 Fracture of resin composite (n = 1); sensitivity (n =1); 37
tooth fracture (n =2)
49 Fracture of resin composite (n = 2); secondary caries 49
(n=1)
91 Tooth fracture (n = 2); caries and tooth fracture (n =1); 92

secondary caries (n = 1)

40 0 41
421 29 520
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Fig. 2 Risk of bias of the
included studies
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conventional resins in direct posterior restorations. The studies
included in this review reported similar results with the use of
bulk-fill resin composites, regardless of type (base/flowable
and full-body/sculptable).

The greater translucency of bulk-fill resin composites [8, 44]
and the use of more reactive photoinitiators [16] allow a higher
depth of cure. The higher reactiveness enables the insertion of
the material in thick increments of 4-5 mm, with uniform po-
lymerization and degree of conversion. These factors are essen-
tial to obtaining satisfactory mechanical properties and, conse-
quently, increasing the longevity of the restorations [45, 46]. In
addition, bulk-fill resin composites contain polymerization
modulators that achieve low contraction and less stress at the
bonded interface [8, 16, 47]. The insertion of thicker increments
also contributes to reducing the incorporation of air voids,
forming a more homogeneous restorative unit [8, 16].

The longevity of restorations is also related to the operative
technique, as well as the patients’ and cavity characteristics
[27]. In this respect, a larger number of failures in restorations
of posterior teeth seem to be related to parafunctional habits
such as bruxism [5]. Van Djiken and Pallesen [28, 29] reported
a considerable significant number of failures caused by frac-
ture of the material and tooth, most of which occurred in
patients with bruxism.

Failure caused by secondary caries was considered in
the studies when it was clinically observed in continuity
with the margins of the evaluated restoration [26].
Secondary caries can be associated with the presence of
marginal defects in a restoration [6, 9] or with high caries
risk patients [48]. However, characteristics such as a high
caries index and poor oral hygiene were considered ex-
clusion criteria in most studies [27, 30-36]. Van Djiken

Bulk-fill Conventional Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.1.1 base/flowable bulk-fill resin composites
Bayraktar et al 2017 (G1) 8 43 1 43 10.0%  8.00[1.04, 61.24] - -
Karaman, Keskin, Inan 2017 0 33 0 36 Not estimable
van Dijken and Pallesen 2016 4 92 6 91 60.1% 0.66 [0.19, 2.26] ——
van Dijken and Pallesen 2017 3 49 3 49  29.9% 1.00 [0.21, 4.71] T
Subtotal (95% CI) 217 219 100.0% 1.49 [0.69, 3.25]
Total events 15 10
Heterogeneity: Chi? = 4.56, df = 2 (P = 0.10); I = 56%
Test for overall effect: Z=1.01 (P = 0.31)
1.1.2 full-body/sculptable bulk-fill resin composites
Alkurdi and Abboud 2016 (G1) 4 19 1 19 11.9%  4.00[0.49, 32.57] -1
Alkurdi and Abboud 2016 (G2) 0 20 1 19 18.2% 0.32[0.01, 7.35] "
Arhun,Celik,Yamanel 2010 2 35 1 35 11.9%  2.00[0.19, 21.06] =
Atabek et al 2017 0 30 0 30 Not estimable
Bayraktar et al 2017 (G2) 4 43 1 43 11.9%  4.00[0.47, 34.34] N
Bayraktar et al 2017 (G3) 0 43 1 43  17.8% 0.33[0.01, 7.96] =
Manhart et al 2010 4 37 1 46 10.6%  4.97[0.58, 42.61] T
Yazici et al 2017 0 41 0 40 Not estimable
Colak et al 2017 0 35 1 35 17.8% 0.33[0.01, 7.91] -
Subtotal (95% CI) 303 310 100.0% 1.89 [0.84, 4.24] i
Total events 14 7
Heterogeneity: Chi? = 5.28, df = 6 (P = 0.51); I? = 0%
Test for overall effect: Z = 1.54 (P = 0.12)

0.002 0.1 1 10 500

Fig. 3 Forest plots of included studies
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and Pallesen [28, 29] did not exclude patients with this
condition and confirmed that failure caused by secondary
caries was associated with patients at high risk of caries.
Thus, secondary caries may be related to biological failure
rather than with the restorative material used [5, 48, 49].
The presence of secondary caries may also be related to
problems of marginal adaptation and local failures such as
contamination with saliva during the restorative procedure
[27]. A previous systematic review [50] observed that
direct restorations performed with rubber dam isolation
resulted in a lower failure rate than restorations performed
with only cotton rolls and saliva ejectors.

The location and number of surfaces involved, as well
as the extent of the cavities, also appear to be related to
the overall survival of restorations. The studies included
in this review evaluated class I and II direct restorations
in posterior teeth (molars and premolars). Five studies
evaluated only class II restorations. Three studies did
not report failure in class I restorations [28, 29, 34] and
two other studies did not observe any failure in class II
restorations over the follow-up period [31, 36]. Class II
restorations appear to be more prone to the development
of secondary caries compared to class I restorations [48].
Thus, the failure rate seems to be lower for cavities
where only one surface is affected instead of two [3].

Cavity depth [51] and extent [52] are factors that can influ-
ence postoperative sensitivity. Apart from the study conducted
by Karaman et al. [31], which used endodontically treated
teeth, only one study [34] radiographically confirmed that all
were performed in 4- to 5-mm-deep cavities, and all other
studies evaluating postoperative sensitivity did not describe
the depth of the preparations. Two studies [28, 29] reported
that most cavities were deep. Nevertheless, a low rate of

@ Springer

failure caused by postoperative sensitivity was observed in
the included studies. This result should be carefully analyzed
because one study [35] contained many reports of an initial
sensitivity with a Bravo score that then regressed but did not
receive a Charlie score (intense and intolerable sensitivity).

The small number of failures caused by postoperative
sensitivity may be associated with the use of lining mate-
rials in deep cavities [27, 33] and the use of self-etch ad-
hesive systems [30]. Conversely, a systematic review
found no statistically significant relationship between post-
operative sensitivity and the bonding system used [53]. No
association was found between the placement technique of
the bulk-fill resin composite (incremental and bulk-filling)
and the cavity depth on the postoperative sensitivity [52].
A Cochrane review found inconsistent evidence regarding
the use of liners and restoration failure, particularly
concerning postoperative sensitivity [54].

Air entrapment between increments can occur when the
incremental technique is used, causing sensitivity and degra-
dation of the restorative material degradation [10, 11, 16].
Although no differences were observed between bulk-fill
and conventional resin composites, the lower technical sensi-
tivity and the simplified procedure of the former support its
use in restorations of posterior teeth.

Randomized clinical trials are a critical method for clin-
ically evaluating new materials and treatments because
they are standardized to achieve greater significant credi-
bility and clinical reliability. However, a detailed descrip-
tion and similar methods should be employed to allow this
comparison. All studies included in this review used the
modified USPHS criteria, but observed variations resulted
in a lack of standardization among the studies. Thus, the
different analyzed aspects and various instruments and
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assessment criteria used hampered the comparison of the
results.

The USPHS criteria are the most common method for eval-
uating restorations. However, they have shown a limited sen-
sitivity, and the categories may not fully reflect the clinical
success of restorations. Clinical trials that have used other
criteria tend to detect failure rates more than four times higher
than produced by the USPHS. However, this may be due not
only to the greater sensitivity of these criteria but also to a
large number of other factors, such as the fact that not all
new systems are fully validated [55]. The World Dental
Federation (FDI) criteria have been reported as an alternative.
The categories can be selected according to the objective of
the study, and the scores of 1 to 3 can also be simplified and
considered as “clinically satisfactory” [56].

Similarly, the randomization procedure and allocation con-
cealment are fundamental to the design of randomized clinical
trials to avoid selection bias. Most of the included studies did
not provide a full description of these steps. Gostemeyer et al.
[55] reviewed the design and validity of randomized con-
trolled dental restorative trials and observed a high risk of bias,
mainly in the domains of allocation concealment (selection
bias 93%) and blinding of participants and personnel (perfor-
mance bias 99%) or blinding of outcome assessment (detec-
tion bias 46%). The blinding of the operator and examiners
may, in certain cases, be more difficult or even impossible to
do depending on the studied materials. However, allocation
concealment can be implemented in all trials.

Sample size calculation was also not clearly described in five
of the included studies [27, 30, 32-34]. In a previous review
[55] of 114 studies, only 17% reported sample size calculations,
with relatively small sample sizes varying from 8 to 456 partic-
ipants (median 37). Additionally, most studies described sam-
ple size calculation inadequately. Although the absence of sam-
ple size calculation does not affect the risk of bias of clinical
trials, it may result in underpowered studies that are unethical
and wastes considerable resources. Small samples are unable to
highlight small differences in the results [55, 57].

Thus, the results indicated the lack of adherence of the
authors to the Consolidated Standards of Reporting Trials
(CONSORT) statement for clear and transparent reporting of
arandomized clinical trial, which would have aided the reader
in forming a judgment and conclusions [58].

The follow-up periods observed in this study varied from
12 to 72 months. Differences in the efficacy of therapies can
only be measured only after several years because failure be-
havior can vary, and one type of material may be more sus-
ceptible to long-term dental fracture and the other caries.
Therefore, long periods of observation are essential (often
more than 10 years) to observe all pertinent effects and differ-
ences. However, maintaining a population of participants over
a prolonged period is extremely challenging, and attrition bias
is very common [56].

The results of the present review should be interpreted with
caution because of the small number of clinical studies eval-
uated. Further randomized clinical trials with longer observa-
tion periods are still needed before a full recommendation of
clinical protocol change regarding direct restorations of pos-
terior teeth with resin composites.

Conclusion

This systematic review and meta-analysis revealed that the
clinical performance of bulk-fill and conventional resin com-
posites in direct restorations of posterior teeth was similar,
within a follow-up period of 12 to 72 months. However, ran-
domized clinical trials with longer follow-up periods are still
necessary.
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