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Abstract

Objectives: The aim of this study was to systematical-

ly review the literature on the clinical behavior of di-

rect anterior composite restorations and to identify 

the factors potentially influencing restoration success 

and longevity. 

Materials and methods: The search included all exist-

ing references until September 2016 cited in the 

PubMed database, the Cochrane central register of 

controlled trials and Cochrane Library, EMBASE, an in-

ternet search using Google internet search engine 

(possibly including unpublished data), a hand search 

(University of Geneva library), and the perusal of the 

references of relevant articles. Studies with approp-

riate research protocols and that clearly reported data 

about the performance of anterior composite restor-

ations were included. Yearly failure rates (YFRs) were 

computed for each study based on survival rates or, 

when not reported, using United States Public Health 

Service (USPHS) scores leading to reintervention. The 

potential impact of the following factors was evaluat-

ed: composite filler technology (microfilled, macro-

filled, nanofilled or hybrid), polymerization mode 

(chemical or light cured), treatment environment (aca-

demic, private or social) and operator (single or multi-

ple). The studies were analyzed according to the ob-

servation time (< 2 years, 2 to 5 years, and > 5 years).

Results: 39 potential studies were identified, from 

which 24 met the review inclusion criteria: nine ran-

domized controlled trials (CTs), two prospective CTs, 

one retrospective CT, six prospective case series (CSs), 

and four retrospective CSs.

Conclusion: This review followed a standard ap-

proach and explored an alternative review process 

that limited the significant data loss that occurs when 

the meta-analysis method is used. Overall, anterior 

composite restorations have shown a large heteroge-

neity in performance, as is typically observed in re-

views of clinical studies, but the present appraisal 

identified influential factors such as treatment environ-

ment and the number of operators. 

(Int J Esthet Dent 2019;14:252–270)
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Introduction 

Since their introduction to the market in 

1962, composite resins have undergone 

considerable development and have 

achieved much success. They can be con-

sidered the standard of care for partial es-

thetic restorations of the anterior teeth. A 

large part of the confidence that dental pro-

fessionals have in direct composite restor-

ations actually relies on individual exper-

ience, industry advertising, and clinical 

reports detailing their application and es-

thetic ‘success.’1-4 Apart from the most rele-

vant success criterion from the patient’s 

point of view, which is an immediate and 

successful esthetic outcome, the longevity 

of composite restorations is also important, 

not only to patients and dentists, but also to 

funding agencies, social and health agen-

cies, and dental manufacturers.5 Thus, sys-

tematic reviews can help all the partners in-

volved in dental care and restorative 

materials development and production to 

optimize composite technology and appli-

cation techniques in the best interests of 

patients.

Thus far, only two literature reviews have 

been published: one systematic review,6 

and one meta-analysis.7 The results and 

conclusions of these recent publications 

mainly relate to failure rates and reasons for 

failure. Only the review by Heintze et al7 

tried to identify a few influential technical 

factors such as bonding procedures 

( bonding agent applied or not after enamel 

etching), and margin design (beveling as 

 opposed to non-beveling). The analysis, 

however, resulted from an extremely small 

number of studies. As stipulated in a recent 

review on the use of meta-analysis in medi-

cal science,8 this type of analysis is designed 

to systematically assess previous research 

studies in order to achieve a more precise 

estimate of the effect of treatment or risk 

factors for disease or other outcomes than 

any individual study contributing to the 

pooled analysis. The benefits of meta-analy-

sis include a consolidated and quantitative 

review of the literature that is large, often 

complex, and sometimes apparently con-

flicting. While the rationale and interest of 

this statistical method is obvious; namely, to 

approach as closely as possible the un-

known common truth hidden behind indi-

vidual study results,9 the use of meta-analy-

sis in dentistry might be problematic when 

only a very small proportion of studies share 

a common clinical protocol and treatment 

outcome evaluation and analysis. This is es-

pecially true for restorative dentistry, which 

involves numerous confounding factors (of-

ten unidentified or uncontrollable) such as: 

the clinician’s skill and experience; the treat-

ment environment (academic center, pri-

vate practice or social clinic); patient selec-

tion and compliance, together with the 

control of individual risk factors; the difficul-

ty in standardizing the treatment outcome 

ranking; and, above all, the unlimited local 

dental variations of the biomechanical tooth 

condition (ie, extent of cavity or decay, 

tooth age, hard tissue quality, functional and 

occlusal environment, etc). Frequently, in an 

attempt to avoid heterogeneity in pooled 

data, the authors apply strict data selection 

criteria and therefore eliminate the core of 

available information in order to run a me-

ta-analysis. The need to withdraw a large 

proportion of identified studies is arguably a 

questionable approach, as what often re-

mains is a very limited amount of data (pos-

sibly insufficient) from which to extract the 

expected information, which in the end will 

not reflect the true performance of a given 

material or clinical protocol. In other words, 

the strength of the method becomes a 

weakness when the computed average 

success or failure rate ignores the bulk of 

published data. Moreover, the search for an 

average success or failure rate is moderately 

relevant for the clinician, as opposed to the 



DIETSCHI ET AL

255The International Journal of Esthetic Dentistry | Volume 14 | Number 3 | Autumn 2019  |

‘natural’ variability in the treatment outcome 

related to identified and non-identified vari-

ables. Then, in the absence of a meaningful 

data mass with which to run a meta-analy-

sis, the effective alternative for evaluating 

the impact of different techniques and the 

selection of materials or products on the 

quality outcome and/or restoration longevi-

ty is based on the calculation of annual fail-

ure rate ranges, as derived from the survival 

rates and observation periods of individual 

studies.10,11 Study selection criteria, although 

less restrictive, do of course also apply to 

such an analysis. The authors of the present 

study can conclude from this that the de-

rived information can be more powerful, as 

it provides an estimate of success as well as 

the failure risk for the same type of treat-

ment in various environments, and for dif-

ferent types of patients using a broader if 

less homogenous data mass.  

The aims of this review were, firstly, to 

systematically analyze the available clinical 

literature reporting the survival rate and/or 

quality of anterior composite restorations, 

and secondly, to attempt to identify all the 

available studies that would present enough 

homogeneity to run a meta-analysis. In ad-

dition, with or without meta-analysis capa-

bility, the available data were organized and 

analyzed using grouping factors that have 

not been used thus far in the literature on 

direct anterior composite restorations, in an 

attempt to identify new factors that account 

for variations in the longevity and perfor-

mance of anterior composite restorations.  

Materials and methods

No funding was received for the present 

work. Regarding ethical approval and com-

pliance with ethical standards, this article 

does not contain any studies with human 

participants or animals performed by any of 

the authors. All procedures performed in 

the studies in this review involving human 

participants were in accordance with the 

ethical standards of the institutional and/or 

national research committee, and with the 

1964 Helsinki Declaration and its later 

amendments or comparable ethical stan-

dards, valid at the time the selected studies 

were performed. No formal informed con-

sent is required for this type of study.

Review method

Review method and article selection 

All relevant randomized and quasi-random-

ized controlled trials (CTs) and case series 

(CSs) on Class II and IV restorations pub-

lished between 1975 and September 2016 

were considered for this review, following a 

search within the databases or using the 

methods listed below:

 ■ PubMed/Medline database

 ■ Cochrane central register of controlled 

trials, and Cochrane Library

 ■ EMBASE

 ■ Internet search using Google internet 

search engine (possibly including 

unpublished data)

 ■ Hand search (University of Geneva 

library)

 ■ Perusal of the references of relevant 

articles (references of the references)

The search key words used were “anterior” 

or “Class III” or “Class IV” composite restor-

ation or reconstruction or filling. When ap-

propriate, the search was filtered using the 

option “clinical trial, survival or longevity;” 

for the electronic word search “MeSH” and/

or “text word, abstract, title” were applied 

(Boolean logic). All relevant studies were se-

lected, irrespective of their original lan-

guage, providing they contained at least an 

English abstract and readable data and sta-

tistics. The potentially relevant studies were 

primarily selected according to their ab-

stracts, then the full texts of the articles were 

read. Studies were included or excluded 
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based on the inclusion and exclusion cri-

teria listed in Table 1. For the purpose of this 

review, all randomized controlled clinical 

trials and non-randomized controlled clinic-

al trials were grouped as controlled trials 

(CTs), and the other trials as case studies 

(CSs); they were then subclassified accord-

ing to a longitudinal (prospective, retrospec-

tive) or transversal time approach.  

Review objectives and data analysis  

The longevity of partial anterior composite 

restorations is the main subject of this sys-

tematic review. ‘Longevity’ here relates to 

the period during which a restoration is 

considered functionally, biologically, and 

esthetically satisfactory; conversely, a ‘fail-

ure’ relates to restorations no longer con-

sidered biologically, functionally, and es-

thetically acceptable and which justify an 

intervention such as a repair or replacement 

(Figs 1 and 2).12 Then, depending on the 

study evaluation method, ‘major’ or ‘minor’ 

failures are reported.13 For instance, the res-

toration loss (debonded restoration), frac-

tures, periodontal complications relating to 

the restoration, recurrent decays or related 

pulpal complications are termed ‘major’ or 

‘definite’ failures as they lead to restoration 

replacement (Fig 1). A ‘minor’ or ‘relative’ 

failure occurs when, for instance, the restora-

tion maintains its biological and functional 

properties despite small partial fractures or 

reduced esthetic qualities; restoration repair 

is the likely action applied to such cases 

(Fig 2). In short-term studies, a quality as-

sessment such as one using United States 

Public Health Service (USPHS) criteria12,14,15 is 

frequently used due to the low number of 

failures reported; it can, however, serve to 

indirectly calculate the real success or fail-

ure rate of these studies by computing the 

percentage of unacceptable restorations 

according to selected criteria (ie, a Charlie 

or Delta score within the USPHS or modi-

fied USPHS ranking system). In addition to 

the ‘definite’ failure rates, some additional 

review questions were addressed such as 

Inclusion criteria Exclusion criteria

Clinical studies (randomized CTs or CSs)  

for anterior composite restorations

Studies assessing or reporting survival  

or restoration quality 

Material type and restoration intervention 

clearly described 

Adequate sample size

Case reports

Clinical evaluations without reliable statistical 

approach

Non-scientific, peer-reviewed publications

In vitro trials

Studies related to the treatment of tooth wear

Table 1 Inclusion 

and exclusion criteria 

for selecting studies

Fig 1 (a and b) 

These presented 

cases illustrate major 

failures of anterior 

composite restor-

ations for margins, 

form, and color 

match, respectively. 

As opposed to minor 

failures, major failures 

require restoration 

replacement.    

a

b
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the potential impact on the longevity of the 

restoration of the environment, the oper-

ator, the type of composite, and the curing 

mode.

For each study, the participant ‘popula-

tion,’ the type of ‘intervention’ applied to the 

participants, the possibility of a ‘comparison’ 

with a control group (intervention or partici-

pant), and the treatment ‘outcome’ accord-

ing to different follow-up time periods were 

tentatively identified. The main variables re-

lated to these four study elements (PICO) 

are as follows (Table 2): 

 ■ Population: The target population may 

have several characteristics that identi-

fies it from other populations (ie, gender, 

age, carious risk, socioeconomic back-

ground, occlusal factors, etc). Such vari-

ables are identified (potential grouping 

factor) or not (confounding factors).

Population Intervention Comparison Outcome

Age

Gender

Socioeconomic back-
ground and status

Oral hygiene

Nutritional risks

Carious risk

Occlusal and functional 
factors

Restoration*

Material type*

Material composition

Curing mode*

Placement technique

Polishing and finishing

Shading concept

Shade accuracy

Active comparison 
group/s

Survival

USPHS criteria or 
modified USPHS 
criteria

Color match

Marginal adaptation

Preparation

Form and configuration

Volume

Margin design

Proximal extension

Operator

Experience

Skills and handling

Environment**

Public academic centers

Private practice

Public social centers

Multi- or single-center

Multi- or single-operator

* Primary grouping factors; ** secondary grouping factors. 

Table 2 Study 

elements impacting 

the outcome of 

anterior composite 

restorations

a

b

Fig 2 (a and b) 

These presented 

cases illustrate minor 

failures of anterior 

composite restora-

tions for margins (a), 

and form and color 

match (b). Such 

failures require 

restoration repair as 

opposed to 

replacement.
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 ■ Intervention: Interventions in restorative 

dentistry depend on multiple factors re-

lated to the restorative protocol and ma-

terial, the operator, and the treatment 

environment; intervention parameters 

serve as potential grouping factors. 

 ■ Comparison: In controlled studies, wheth-

er a comparison group is an active control 

group (no placebo group for a restorative 

treatment) depends on the main objective 

of each study, based on the intervention or 

the population.  

 ■ Outcome: The outcome of every study 

relates to restoration performance, mea-

sured as survival/complication rate (usu-

ally in medium- to long-term studies) or 

restoration quality (usually in short-term 

studies), mainly using USPHS criteria or 

any modification thereof;12,14,15 outcome 

data serve to run a meta-analysis or to 

compare results non-statistically.  

On the basis of the aforementioned ap-

proach and definitions, the review was per-

formed using primary and secondary 

grouping factors, with an attempt to assess 

their impact on the quality and failure rate 

of anterior composite restorations. The pri-

mary grouping factors and review ques-

tions concerned the impact of the material 

properties, including both material compo-

sition (macrofilled, microfilled, hybrid, or 

nanofilled) and polymerization type (chem-

ical or light curing). The secondary group-

ing factors concerned the environment 

(academic, private or social), the operator 

(single or multiple) and the timeframe 

(short, medium or long term). Short term 

was < 2 years, medium term was 2 to 

5 years, and long term was > 5 years.  Other 

intervention features such as product 

brand and cavity configuration (Class III 

and IV) were not retained as study variables 

in this review. The aforementioned factors, 

combined with composite brand informa-

tion, served to generate the overall data col-

lection and results presentation (Tables 3a 

to c).  

Data management and analysis

The available data, expressed as survival 

rate, failure rate, percentage of unaccept-

able restoration quality (based on USPHS 

criteria – Charlie score), replacement rate, 

and major complication rate, served to cal-

culate the yearly failure rate (YFR) of the res-

torations under evaluation in each selected 

study, using either of the following formu-

las: 

 ■ YFR (%) = (n reported failed samples/ 

n total samples) x 100/obervation period 

(year)

 ■ YFR (%) = (100 - % reported survival rate)/

observation period (year)

All available study data were also screened 

to identify the homogeneity of their study 

designs and parameters, and to assess the 

possibility of running a meta-analysis and 

answering one or more of the review ques-

tions. When appropriate, the processing of 

data was performed using the web-based 

meta-analysis software application Meta- 

Light, provided by the Evidence for Policy 

and Practice Information and Coordinating 

Centre (EPPI-Centre), University of London. 

To provide some meaningful clinical in-

terpretation of the review data, an overall 

performance judgment was made on re-

ported failure rates. The performance of any 

restorative system under review was then 

described as ‘satisfactory’ for YFR ranging 

from 0% to 2%, ‘average’ for YFR from 2% to 

4%, and ‘insufficient’ for YFR above 4%. 

Thus, the 10-year survival of restorations us-

ing a ‘satisfactory’ technique or product 

would show at least an 80% restoration sur-

vival, while those with a restoration survival 

below 60% would be considered ‘insuffi-

cient’ or unacceptable. 
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Results

From the abstracts and references identi-

fied though the aforementioned search ap-

proach, 39 articles were selected for a full 

reading, out of which nine were excluded 

based on the exclusion/inclusion criteria 

shown in Table 1. From the remaining 30 

studies, a further six were excluded due to 

unusual patient selection, incomplete data 

and improper observation period, insuffi-

cient number of restorations or excessive 

dropout. The present review finally includ-

ed 24 studies,16-43 consisting of nine ran-

domized CTs, two prospective CTs, one 

retrospective CT, eight prospective CSs, 

and four retrospective CSs; one study in 

the latter group consisted of a publication/

data analysis in four parts39-42 (the four re-

ports are considered as one single study in 

Table 3c). The reviewed articles with rele-

vant extracted data are listed in Tables 3a 

to c. The distribution of selected CTs and 

CSs according to the primary and second-

ary grouping factors are shown in Table 4 

(distribution of studies by time period) and 

Tables 5a to d, respectively. Data analysis 

according to primary and secondary group-

Controlled trials (CTs) Case series (CSs)

Short-term studies (≤ 2 years) 14 8

Mid-term studies (> 2 and ≤ 5 years) 8 5

Long-term studies (> 5 years) 3 4

Note: some studies appear in more than one time category.

Table 4 Time period 

considered to 

subclassify studies 

under review 

together with 

number of studies 

entering into each 

time category and 

study design

Short term (≤ 2 years) Mid term (2 to 5 years) Long term (> 5 years)

CT CS CT CS CT CS

Macrofilled 0–3.4% - 2–2.5% - 2.3–2.8% -

Hybrid 0–5% 0–6.6% 0–8.8% 2.2–7.4% 2.5–8.5% 3.3%

Microfilled 0–2.5 (33.5%)* 0–3.4% 0–9.2% 1.7% 0.2–9.1% 1.40–1.45%

Nanofilled 0% - - - - -

CT = controlled trial; CS = case series; * atypical (highest YFR reported in a single study).18

Table 5a Subclassifi-

cation of the overall 

performance of 

reported restorations 

presented as yearly 

failure rates (YFRs) 

according to 

timeframe and 

composite filler 

technology factors

Table 5b Subclassi-

fication of the overall 

performance of 

reported restorations 

presented as yearly 

failure rates (YFRs) 

according to the 

timeframe and 

polymerization mode 

factors

Short term (≤ 2 years) Mid term (2 to 5 years) Long term (> 5 years)

CT CS CT CS CT CS

Self cure
0–3.4 

(33.5%)*
0–6.6% 0–9.2% 1.6–1.75% 0.2–9.1% 1.40–1.45%

Light cure 0–5.0% 0–3.4% 2.3–5.3% 2.2–7.4% 2.8% 3.3%

CT = controlled trial; CS = case series; * atypical (highest YFR reported in a single study).18
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ing factors are shown in Tables 5a to d, re-

spectively.  

According to the main review questions, 

only two pairs of studies (Smales and Gerke21 

and Reusens et al,22 and van der Veen et al20 

and Loguercio et al24) appeared feasible for 

a meta-analysis to investigate the perfor-

mance of microfilled and hybrid compos-

ites after a 2-year follow-up in a single-cen-

ter and operator environment, or a 1-year 

follow-up in a single-center and multi-oper-

ator environment, respectively. However, 

the calculations proved inconclusive due to 

the high survival rates of Class III or IV res-

torations, varying only between 99% for the 

study by Smales and Gerke,21 and 100% for 

the other three studies.20,22,24

Reasons for failures

This review confirmed that fracture and 

marginal degradation leading to secondary 

caries were the most frequently reported 

major complications, accounting for defi-

nite restoration failures, while color mis-

match and marginal discoloration were the 

most prevalent reasons for relative failures 

or minor complications,13 although such 

conditions were not considered in the cal-

culation of YFR.

Discussion 

Review approach and  
data management 

Considering the material collected for this 

review and the restoration failure or survival 

rates of the treatments, the meta-analysis 

methodology proved inappropriate due to 

the excessive heterogeneity of research 

protocols; restorative approaches; and 

quality and quantity of operators, products, 

and environments. Only two pairs of studies 

were identified that had adequate homoge-

neity in their protocol, but due to nearly 

Short term (≤ 2 years) Mid term (2 to 5 years) Long term (> 5 years)

CT CS CT CS CT CS

Academic
0–3.4% 

(33.5%)* 
0–6.6% 1.0–8.8%

1.6–2.7% 

(7.4%)
0.2–9.1% 1.4–3.3%

Private 0% - 0% - -

Social - - 5.9–9.2% 4.0–8.0% - 5.7%

CT = controlled trial; CS = case series; * atypical (highest YFR reported in a single study).18  

Table 5c Subclassi-

fication of the overall 

performance of 

reported restorations 

presented as yearly 

failure rates (YFRs) 

according to the 

timeframe and 

treatment environ-

ment factors

Table 5d Subclassi-

fication of the overall 

performance of 

reported restorations 

presented as yearly 

failure rates (YFRs) 

according to the 

timeframe and 

operator factors

Short term (≤ 2 years) Mid term (2 to 5 years) Long term (> 5 years)

CT CS CT CS CT CS

Single 0–5% 0–2% 1.0–5.3% 1.7–2.2% 0.2–2.8% 1.40–1.45%

Multiple
0–3.4% 

(33.5%)*
0–6.6% 5.9–9.2% 1.6–8.0% - 3.3–5.7%

CT = controlled trial; CS = case series; * atypical (highest YFR reported in a single study).18
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identical study outcomes, no meaningful 

calculation could be performed. Moreover, 

another basic obstacle to conducting a me-

ta-analysis successfully and meaningfully 

was the number of inherent variables char-

acterizing dental restorative procedures, 

combined with the rather short observation 

periods of prospective studies and the very 

low failure rates represented. Studies report-

ing restoration quality and performance 

based on marginal adaptation (using a repli-

ca technique and observation under a scan-

ning electron microscope [SEM])44 or the 

widely used USPHS ranking system or any 

of its modifications14,15 were also not consid-

ered suitable enough for a meta- analysis, 

even though calibration among evaluators 

for scoring the study outcome is possible 

and statistically defendable using Cohen’s 

kappa coefficient.45 Thus, failure or survival 

rates remained the most concrete data for 

undergoing the statistical or non-statistical 

review process.

Selected studies were subclassified ac-

cording to the study design into two main 

subgroups: CTs and CSs. The former includ-

ed randomized, prospective, and retrospec-

tive CTs; the latter included prospective and 

retrospective CSs. However, only a low 

number of prospective, randomized CTs 

were available, with nearly a total absence 

of mid- and long-term reports in this cate-

gory. The particularly rapid development 

 cycle of new composite systems and brands 

may have discouraged scientists to further 

evaluate the performance of products al-

ready withdrawn from the market.      

Influence of composite type 

Due to their extensive presence on the mar-

ket, hybrid and microfilled composites were 

the materials on which performance was 

reported in the majority of studies (hybrids: 

nine CTs and six CSs; microfilled: 11 CTs and 

two CSs); there were fewer studies evalua-

ting macrofilled composite longevity as 

these were replaced some time ago with 

hybrid formulations (macrofilled: three CTs) 

(Table 5a). 

Macrofilled materials presented an over-

all YFR ranging from 0% to 3.4%, microfilled 

composites from 0% to 33.5%, and hybrids 

from 0% to 8.8%. The YFR upper limit in the 

three observation time intervals proved low-

er for macrofilled than for microfilled and 

hybrid systems, and lower for hybrid than 

for microfilled systems. The extended range 

of failure rate observed for microfilled com-

posites was due to the poor performance of 

one product (Isopast; Ivoclar Vivadent), as 

reported in two studies after either 2 years18 

or 6 years,25 while with the same product 

other authors16 reported a 100% survival at 

1 year. Interestingly too, the performance of 

Silar (3M ESPE) in single-operator studies re-

ported a YFR below 1%.27,32 The performance 

of this product was therefore considered 

fully satisfactory in these two studies, while 

in a third multi-operator study,25 the YFR in-

creased to above 5%, which indicated insuf-

ficient behavior of this material. This con-

firms the potential impact of the operator 

on restoration performance. The perfor-

mance of so-called nanofilled composites 

in anterior teeth was only evaluated in one 

short-term study and could therefore not be 

meaningfully compared with other techno-

logies. 

Overall, a few microfilled and hybrid 

brands pushed failure rate ranges to much 

higher values, either due to the multi-opera-

tor environment or conceivably also be-

cause this review includes some studies us-

ing early formulations of certain materials.18,25,26 

On the contrary, survival rates reached 100% 

in short- or mid-term studies that took place 

in a private environment. Otherwise, no 

specific trend was identified with regard to 

the overall performance of various compo-

site filler technologies over the three obser-

vation periods. 
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Influence of curing mode 

With the exception of one study,39-42 a clear 

description was given of the curing mode in 

all the studies in this review (chemical cur-

ing: seven CTs and five CSs; light curing: six 

CTs and six CSs) (Table 5b). The relative pro-

portion between these curing modes was 

well balanced, although there was no con-

clusive advantage of one over the other. 

This goes to show that, apart from an ob-

vious impact on composite clinical applica-

tion and esthetic outcome, the advent of 

light-curing technology did not clearly im-

pact composite longevity and performance, 

contrary to a widespread belief. Such a 

comparison has less significance today be-

cause chemical curing is no longer applied 

to direct anterior composite restorations.

Influence of the treatment  
environment

The majority of studies were conducted in 

academic centers (20 studies: nine CTs and 

11 CSs), whereas only two originated from 

private practices, and two from social clinics 

(National Health Service [NHS], UK) (Ta-

ble 5c). For short-term observations, reports 

only exist from academic centers and pri-

vate practices, with the YFR ranging from 

0% to 3.4%, with one exception peaking at 

33.5% (one self-curing microfilled compo-

site among three products tested in an aca-

demic center with no rationale given for this 

insufficient behavior;18 this atypical perfor-

mance is shown in parenthesis in Tables 5a 

to d). No major failure was reported in the 

private environment, and survival rates peak-

ed at 100%. For mid-term observation per-

iods, the best performance was also report-

ed from private practices, again with 0% 

YFRs, while ranges were quite large in both 

academic (1% to 8.8%) and social (4.0% to 

9.2%) centers (Fig 3). For long-term observa-

tion periods, the range of failure rates in 

 academic centers (0.2% to 9.1%) was larger, 

with the restoration longevity being lower, 

comparable or higher than the average lon-

gevity reported in a single study within a so-

cial environment (5.7%); there was no long-

term report for private practices. 

Within the context of multi-center and 

multi-practitioner studies conducted at so-

cial clinics, Lucarotti et al39-42 performed a 

retrospective analysis of data issued by the 

NHS in the UK related to 95,805 restor-

ations. These authors stated that the long-

evity of anterior composite restorations was 

‘acceptable’ at 5 years, with a survival range 

of 60% to 80%, which should, in fact, be 

considered insufficient according to a more 

realistic clinical judgment. Likewise, the 10-

year cumulative results from the same res-

toration survey provided a global survival 

rate of 43%, or 5.7% YFR, which is close to 

the results (5.9% to 8.7% YFR) of a previous 

report performed in the same NHS environ-

ment at 5 years;26 again, such results must 

be considered largely insufficient. In con-

trast, an 11-year CSs performed in a multi-op-

erator but single academic center32 environ-

ment reported a restoration survival rate of 

91.60% at 6 years (1.4% YFR) to 84% at 

11 years (1.45% YFR). 

The overall comparison of data on res-

toration survival/failure rates when subclas-

sified according to the environment showed 

large variations within the three observation 

periods. Restoration quality fluctuated from 

satisfactory to insufficient in the academic 

environment to only insufficient in the so-

cial environment. In the former, where 

products could be identified, YFR variations 

appeared to be more product-dependent 

than influenced by composite type (filler 

technology or curing mode). No trend or 

difference emerged with regard to YFRs be-

tween CTs or CSs. Although private prac-

tices did report excellent short- and mid-

term performance (0% YFR), the limited 

number of available studies (two) precludes 
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any definitive statement. Moreover, one 

should not ignore a possible interdepen-

dence between this specific review factor 

(treatment environment) and another co- 

variable such as the target population; for 

instance, a patient at a higher socioeco-

nomic level is more likely to select a private 

practice over an academic or social clinic, 

potentially favoring superior restoration lon-

gevity through better oral hygiene and re-

duced carious risk.17,23

Fig 3 (a to c) Preoperative view showing a 50-year-old patient who sought esthetic improvement. Note the presence of diastemas and the 

missing lateral incisors, both of which impact smile harmony. Note that the teeth were bleached prior to the restorative procedures. (d and e) 

Due to financial constraints, a simple and highly conservative approach was selected using only direct bonding to close the diastemas and 

improve the smile composition. (f and g) Seven-year follow-up showing satisfactory clinical behavior of the direct composite treatment 

approach. Note that there is, however, some slight marginal degradation of the cervical restorations. Such restorations are considered 

successful, with minor failures (Bravo margin score, according to the USPHS evaluation system). (h and i) Thirteen-year follow-up showing 

the same restorations after the repair of the cervical restorations (sandblasting, dentin bonding adhesive [DBA] application, and margin repair 

with flowable composite resin). The implication of a minor failure is the repair of the restoration, as opposed to a major or definite failure 

which necessitates full restoration replacement. Such a case also demonstrates the medium- to long-term potential of composite resin when 

used in an ideal environment such a single-operator, private practice.

Influence of operators

There are few multi-center, multi-operator 

studies compared with single- or multi-op-

erator studies performed in single private or 

academic centers (Table 5d). In particular, 

the results of three studies26,27,39-42 demon-

strated insufficient restoration performance, 

therefore extending the YFR range com-

pared with single-operator studies. Single- 

operator studies clearly demonstrated low-

er YFR upper range limits, with 5%, 5.3%, and 

2.8% for short-, mid-, and long-term obser-

vation periods, respectively.

i
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In single-operator studies, however, the 

treatment follow-up and performance evalu-

ation are often assumed by the operator. 

Therefore, one cannot ignore the potential 

bias and influence on any reintervention de-

cision (in the sense of reduced intervention), 

which possibly triggers lower failure rates, 

especially in mid- and long-term studies.24,32 

Conclusions and prospective 
implications 

The present review analyzed studies evalu-

ating the performance of anterior compos-

ite restorations from 1975 to 2016. A me-

ta-analysis approach proved inappropriate 

due to a structural lack of homogeneity in 

clinical study protocols, the number of un-

identified confounding factors (patient hy-

giene, carious risk, age, social status, tooth 

biomechanical status, and function), the in-

herent structural variability in placing direct 

composite restorations (operator, treatment 

environment, observation period, assess-

ment method), and the limited overall num-

ber of studies. However, an attempt to 

mathematically level the results of coherent 

studies makes sense when a precise esti-

mate of a treatment outcome is possible 

and meaningful. On the contrary, in this re-

view the variability in the performance of 

restorative systems or procedures among 

various operators or environments was 

considered majorly significant. Ranges of 

YFRs were used to conduct this review, 

which preserved the full informative poten-

tial of available, relevant data. 

Based on the four selected primary and 

secondary grouping factors (timeframe, 

composite filler technology and curing 

mode, environment, and operator), it ap-

pears that the composite technology or cur-

ing mode have limited or no impact on res-

toration performance across all timeframes, 

while treatment environment and number 

of operators have the potential to impact 

the longevity or failure rates of anterior di-

rect composite restorations, bearing in mind 

the potential bias in studies with a single op-

erator/evaluator. Furthermore, the range of 

failure/survival rates also appears to be prod-

uct-dependent; this parameter often over-

ruled other investigated grouping factors.  

There is an obvious need to improve the 

significance and relevance of clinical studies 

in restorative dentistry for all observation in-

tervals. For instance, the use of evaluation 

criteria and methods that are more discrimi-

native than the USPHS system seems highly 

desirable for short-term studies. The formerly 

used methods for observing restoration suc-

cess through macro photography, replicas, 

and electron microscopy or even spectro-

photometry might limit the bias of operator 

judgment. For medium- and long-term eval-

uations, randomized controlled prospective 

multi-center studies that attempt to analyze 

known confounding factors and give a clear 

definition of success and failure are also 

needed. Until such a demanding research 

approach can be implemented, the present 

review strategy has introduced a useful tool 

and strategy to identify trends and make 

some conclusive statements about the per-

formance of various direct restorative sys-

tems used in anterior teeth.
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