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CHAPTER

1

INTRODUCTION, RATIONALE and AIMS of the PHD THESIS

CHAPTER 1

Abstract
Chapter 1 presents an overview on posterior composite resin restorations and possible
factors related to the most frequently observed failures, secondary caries and fracture.
We present the rationale for the studies comprising this thesis, addressing clinical and
laboratorial observations on particular features of composite resin restorations. Also,
we stress for the fact that when assessing restorations, there is a tendency in focusing
into materials, but from a clinical perspective the analysis of restorations should not be
restricted to the comparison of materials and technical procedures, as there are other
factors that may greatly influence survival. The chapter concludes with general and
specific aims of this PhD research.
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1.1 Introduction

The introduction of the first resin-based materials for restoration of teeth occurred in
the 1950’s, with glass filled polymethyl methacrylate (Ferracane, 2011). The material
was continuously modified, but its properties were far from those of the resin
composites available today with several advances achieved by dental materials
research. Low survival rates / poor clinical performance were expected due to low
physic-mechanical properties of the material. Clinically, these restorations presented
high wear susceptibility, fracture, discoloration, marginal deterioration, and secondary
caries, among other early shortcomings (Burgess et al., 2002; Roulet, 1988). Still, the
demand for aesthetic restorations and aggressive marketing seem to have pushed the
use and evolution of composites (Roulet, 1988). After continuous improvements
yielding the first composite resin that resembles the ones of today (Bayne, 2013;
Bowen, 1963), along with advances in tooth conditioning, adhesive systems (Fusayama
et al., 1979; Nakabayashi et al., 1982), and curing modes (Rueggeberg, 2011), this
material gradually gained space, not only for anterior (Rupp, 1979) but also for
posterior dental restorations (Burgess et al., 2002; Leinfelder, 1991).
The transition from amalgam to adhesive composite restorations for stress
bearing areas has been going on for several decades, but with the increasing restriction
in usage of mercury-based products, dentistry may be leaving the amalgam era behind
(Bayne et al., 2013). The concern related to this shift is historical, and persists at the
present time, with a search for substitutes for those challenging clinical situations in
which composites may not perform adequately (Bayne et al., 2013; Phillips, 1989).
Clinical studies comparing restorations from amalgam and resin composites were not
encouraging, presenting failure rates two to three times more for composite
restorations (Collins et al., 1998; Letzel, 1989). However, at the same period, other
reports were showing promising findings after 5 and 10 years (Mair, 1998; Rowe, 1989),
and showed different behaviour between composites.
Although both materials have been used for posterior restorations for several
decades, and comparison of their survival is often under debate, randomized
controlled trials comparing survival rates were seldom performed. The highest level of
evidence to date reported that findings indicating higher failure rates and increased
risk of secondary caries for composite restorations, compared to amalgam, are based
in low-quality evidence (Rasines Alcaraz et al., 2014). There were only two randomized
clinical trials selected for the main analysis. Whereas more secondary caries and lower
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survival were seen for composite restorations in one study (Bernardo et al., 2007), the
other found significant differences favouring amalgam regarding the repair rate in
permanent teeth (Soncini et al., 2007). The results of that review (Rasines Alcaraz et al.,
2014) reflect the survival of restorations in high caries-risk children, where rubber dam
was used ‘most of the time’ or ‘whenever possible’. Moisture control when performing
restorations is harder with children, what is especially harmful for adhesive procedures.
Thus, when interpreting survival analysis, those factors should be clearly acknowledged.
There is also evidence (of lower quality) that in practice based environments,
composite and amalgam show comparable results (Laccabue et al., 2014; Opdam et al.,
2007b; Opdam et al., 2010).
Undoubtedly amalgam restorations have shown very acceptable survival rates
over time (Roulet, 1997), and may be considered ‘forgiving’ on handling (Phillips,
1989). The technical procedure for adhesive restorations is very different and
technique-sensitive, and may lead to errors and operator related failures due to lack or
insufficient training (Wilson and Setcos, 1989; Wilson and Lynch, 2014). Gradually,
dental schools have provided training for adhesive restorations; however, teaching of
composite in posterior teeth may need further improvements (Wilson and Lynch,
2014). The technique sensitivity of the procedure is often mentioned as disadvantage
of adhesive composite restorations. Indeed, several steps must be followed, respecting
particularities of tooth conditioning / adhesive systems, handling of composite material
and optimal moisture control. Moreover, the differences between amalgam and
composite materials are beyond cavity configuration and technicalities, and the way of
thinking when performing restorations also had to change (Roeters et al., 2004). In this
sense, a minimally invasive approach is possible with adhesive restorations, where
tissue removal may be restricted to caries lesion access and carious tissue removal
(Simonsen, 2011).
Apart from the above mentioned considerations, systematic reviews have
identified secondary caries and fracture as the main reasons for failure of composite
resin restorations (Astvaldsdottir et al., 2015; Manhart et al., 2004). There is still a
concern that composite resin restorations are more susceptible to secondary caries or
recurrent caries. Some factors could be related with this increased risk. Degradation of
adhesive interfaces resulting in gap formation and microleakage were extensively
pointed out as a way of bacterial invasion favouring caries development. Additionally,
composites seem to be more prone to bacterial colonization and surface degradation,
modifying the local environment and thereby affecting the adjacent tooth structure
(Spencer et al., 2014).
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A lot of research time has been devoted to improving the sealing ability of
adhesive restorations, referred to as the ‘weak link’ in composite restorations (Spencer
et al., 2010). The sandwich technique, in which a base of glass ionomer cement (GIC)
was inserted to replace the dentin while the composite was inserted to replace the
enamel (McLean et al., 1985), was used to compensate the polymerization shrinkage
stress and improve adhesion to dentin. By means of this technique, early marginal gaps
in class II cavities would be prevented (Prati, 1989). Several in vitro studies evaluated
the marginal seal according to materials and different results were reported favouring
the use of glass-ionomer-based materials (Dietrich et al., 1999; Kasraei et al., 2011;
Smith and Martin, 1992) or total-etch composite resins (Rodrigues Junior et al., 2010;
Yeolekar et al., 2015). Extrapolating the results of in vitro microleakage studies for the
clinical situation is gradually being viewed with scepticism (Heintze, 2007), however,
such studies are still being performed, hoping for an ideal seal. From another point of
view, glass ionomer materials present lower mechanical properties when compared to
composite resins (Piwowarczyk et al., 2002), and over time, fatigue of the base layer
could reduce overall restoration resistance (Assis et al., 2009). In this sense, the impact
of this technique in restoration survival is controversial. Would a GIC base lead to a
better adaptation, less marginal problems and less secondary caries, or in the contrary,
to increased fracture in composite restorations influencing survival? Long term clinical
studies evaluating the survival of composite restorations with and without a GIC base
are scarce, and have reported divergent results, favouring the total-etch technique with
no base applied (Opdam et al., 2007a) or showing no differences when a base was used
(Al-Samhan et al., 2010). In Chapter 2 we have evaluated the role of a GIC base in
restoration survival, in a retrospective clinical study.
“The” composite resin restoration does not exist. As opposed to amalgam,
where the copper content was almost the only relevant variable (Letzel et al., 1997;
Marshall and Marshall, 1992), the variation amongst composites includes filler type,
mean size, load volume and silanation; type and proportion of monomers; and also the
combination with the adhesive system applied, resulting in a large variation in
restoration types. Modifications are constantly being proposed to prevent resin
composites’ ‘weaknesses’, such as secondary caries development. An innovative
approach was introduced by adding antibacterial monomers into the adhesive system
(Imazato et al., 1997). From in vitro observations, the monomer MDPB methacryloyloxydodecylpyridinium bromide - was able to reduce the bacterial growth
on the surface, inhibiting the metabolic activity of cariogenic bacteria (Imazato et al.,
2003; Izutani et al., 2011). However, the antibacterial effect was shown to be reduced
after light-activation of the adhesive coating (Gondim et al., 2008) which would likely
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reduce its effect in clinical application. Another approach for dealing with the marginal
sealing integrity was introduced with low-shrink composites, such as the silorane-based
composite material. With reduced polymerization shrinkage (Kwon et al., 2012), the
marginal opening of bonded interfaces may be prevented (Gregor et al., 2013),
reducing microleakage (Krifka et al., 2012). Also, when bacterial adhesion on
conventional methacrylate-based composites and silorane composite was investigated,
lower streptococci adhesion was found for the low-shrink composite (Buergers et al.,
2009). On the other hand, the degree of conversion of silorane composites was
reported to be much lower than methacrylate-based composites (Boaro et al., 2013),
which could negatively affect restoration quality.

In Chapter 3 of this thesis we

describe an in situ study evaluating the effect of some of these variables on outer
secondary caries lesion development.
Studies focusing on restoration ‘quality’ (characteristics) often work with
reduced variables to evaluate specific questions regarding marginal seal, surface
properties, bond strength, deformation etc. and are usually comparing materials or
techniques. Still, the ultimate question refers to the clinical survival of restorations.
One may question the relative importance of material and / or technique factors, as
compared to dentition / patient factors. From medium and long-term clinical studies
some factors were shown to influence the survival of restorations. Local factors such as
tooth type (Lindberg et al., 2007; van Dijken, 2000; van Nieuwenhuysen et al., 2003)
and number of restored surfaces (Baldissera et al., 2013; Da Rosa Rodolpho et al.,
2011), patient-related variables (Bottenberg et al., 2009; Burke et al., 2005; Opdam et
al., 2010; Pallesen et al., 2013), as well as operator variables (Lucarotti et al., 2005;
Opdam et al., 2007a) should also be taken under consideration. Although patient
factors such as caries-risk and bruxism were mentioned as important variables
influencing restoration survival (Demarco et al., 2012), few studies had determined the
effect of caries-risk (Andersson-Wenckert et al., 2004; Opdam et al., 2007a) and no
study has investigated the role of bruxism in posterior composites’ survival. In Chapter
4 we investigated the influence of several variables, focusing on patient-related factors
(caries-risk and bruxism) in composite restorations’ survival. Especially for dentists
working in daily practice and providing individualized care it is important to know what
influence these patient factors have on survival of restorations. While restorative
dentistry and research on dental materials seems to be focussed on material properties
and influence of certain techniques, the influence of factors related to patients is often
ignored, as in many clinical studies, patients with high caries-risk or bruxism are
excluded from study populations. This may distort the analysis of factors important for
survival of dental restorations. Therefore, a combined analysis of data from different
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studies could help to determine the relative importance of several variables in
posterior composites’ survival, including some patient-related factors that were often
overlooked in the past. In Chapter 5 of this thesis we present a meta-analysis
investigating the influence of patient-, materials-, and tooth-related variables on the
survival posterior resin composite restorations.
The trend towards personalized care in medicine and consequently, also in
dentistry, urges to address risk factors other than those related to the material or
technique. This type of research is particularly new in restorative dentistry, and
assessing data from existing research on available knowledge on risk factors seems
important for a comprehensive overview of restoration survival in clinical situations.
Moreover, when assessing patient factors, it seems crucial to understand that the way
the data is collected may directly interfere in the outcome. There are no standardized
methods and criteria to classify patients into different profiles. Even in studies with
strict inclusion criteria, patients’ exclusion is often briefly stated and not objectively
described. Therefore, we conducted a systematic literature review in Chapter 6 to
investigate the influence of patient-related factors on restoration survival in posterior
permanent teeth, and also to report on methods used to address these factors.

1.2 Aims of the PhD research

In summary, the general aim of this thesis was to study the influence of various factors
in posterior composite resin restoration survival. A clinical point of view, beyond
restorative material’s comparison, was the main objective of the investigations, focusing
into the most frequent clinical failures, secondary caries and fracture. Specific concerns
related to the material itself were also under evaluation.
The specific research aims can be listed as:
Investigate the influence of a glass-ionomer-cement base in survival and failures
of posterior composite restorations in a long-term retrospective practice-based
study;
Comparatively investigate secondary caries development next to different
composite resins / adhesive systems and amalgam in an in situ study;
Investigate the influence of patient-related variables in survival of posterior
composite restorations in a long-term retrospective practice-based study;
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Evaluate the effect of patient-, materials-, and tooth-related variables in survival
of posterior composite restorations and investigate reasons for failure and
failure rates combining data from long-term follow-up studies of at least 5
years’ observation time;
Investigate the influence of patient-related factors on restoration survival in
posterior permanent teeth and the methods to assess patient-related factors
with a systematic literature review.
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CHAPTER 2

Abstract
Advantages and disadvantages of using intermediate layers underneath resin-composite
restorations have been presented under different perspectives. Yet, few long-term
clinical studies evaluated the effect of glass-ionomer bases on restoration survival. The
present study investigated the influence of glass-ionomer-cement base in survival of
posterior composite restorations, compared to restorations without base. Original
datasets of one dental practice were used to retrieve data retrospectively. The
presence or absence of an intermediate layer of glass-ionomer-cement was the main
factor under analysis, considering survival, annual failure rate and types of failure as
outcomes. Other investigated factors were: patient gender, jaw, tooth, number of
restored surfaces and composite. Statistical analysis was performed using Fisher’s exact
test, Kaplan–Meier method and multivariate Cox-regression. In total 632 restorations in
97 patients were investigated. Annual failure rates percentages up to 18-years were
1.9% and 2.1% for restorations with and without base, respectively. In restorations with
glass-ionomer-cement base, fracture was the predominant reason for failure,
corresponding to 57.8% of total failures. Failure type distribution was different (p =
0.007) comparing restorations with and without base, but no effect in the overall
survival of restorations was found (p = 0.313). The presence of a glass-ionomer-cement
base did not affect the survival of resin-composite restorations in the investigated
sample. Acceptable annual failure rates after 18-years can be achieved with both
techniques, leading to the perspective that an intermediate layer, placed during an
interim treatment, may be maintained without clinical detriment, but no improvement
in survival should be expected based on such measure.
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2.1 Introduction
The use of resin composites in posterior teeth was introduced about four decades ago
[1], being currently a routine procedure in dentistry. The success of this material may
be attributed to its adhesive properties, which allow reduced preparation sizes and
minimally invasive or none-invasive restorative options, exceeding the possibilities of
amalgam in the past [2]. Also, the use of composite resin can reinforce the remaining
tooth structure, which is not possible with non-adhesive materials [3]. The esthetic
appearance, limited cost involved and acceptable annual failure rates between 1 and
3% [4,5] are other advantages of resin composite restorations.
Nonetheless, methacrylate-based composites present inherent characteristics,
such as polymerization shrinkage and stress [6], which may lead to tissue deflection and
microleakage [7,8]. The deterioration of bonded interfaces resulting in clinically
detectable marginal defects persists as a controversial issue regarding restoration
success [9,10]. Thus, substantial effort in research is spent on materials and techniques
to prevent clinical failures historically associated with marginal defects, viz. secondary
caries [11].
To prevent marginal leakage and to compensate for the polymerization stress,
an intermediate layer as base or lining underneath composite restorations may be
used. Mostly glass ionomer-based or low-elastic-modulus resin-based materials have
been used with this purpose. Several in vitro studies have shown that the application of
such layer reduces microleakage and leads to an improved marginal quality [12–14].
Glass-ionomer materials would act on strain and marginal leakage reduction [15],
presenting additional benefits as adhesion on dentin [16] and fluoride release [17],
which may prevent secondary caries formation. On the other hand, from a clinical
perspective, it has been suggested that the use cavity bases would have a weakening
effect on the overall strength of the restoration, resulting in more fracture of
composite restorations [4,18]. Nevertheless, few long-term clinical studies investigated
this factor and divergent results were reported [18–20].
The aim of the present study was to investigate the influence of glass-ionomer
cement base in the survival of posterior composite restorations up to 18 years. The
hypothesis tested was that the use of glass-ionomer cement as intermediate material
would have no effect in restoration survival, when compared to restorations without a
base material.
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2.2 Materials and methods
2.2.1 Study characteristics, participants and design
The database with clinical records of one dental office was used in the present
evaluation. The survival of resin composite restorations in posterior teeth was
determined retrospectively for up to 18 years, and the influence of several variables in
the outcome was investigated. The absence or presence of an intermediate layer of
glass-ionomer cement underneath composite restorations was the main factor under
analysis, considering survival, annual failure rate and types of failure as outcomes. The
other evaluated factors were age and gen-der of participants, jaw, restored tooth,
number of restored surfaces and type of composite.
The study was approved by the local Ethics Committee (N. 139.840) and the
patients have signed a written informed consent. Original data were obtained from a
private dental office in Caxias, RS, Brazil, and a single operator (PARR) placed all
restorations. The first dataset refers to restorations placed between 1986 and 1990,
whereas the second dataset refers to restorations placed between 1994 and 2002.
During the above mentioned periods, all new Class I and II direct restorations were
searched, which could include from 1 up to 5 restored surfaces (information present in
the patient files), with or without the involvement of cusps (not described in patient
files). For inclusion, patients should present full dentition or the restoration should be
in occlusion and with at least one adjacent tooth. Patients should have stayed in
continuous clinical follow-up, with at least 1 annual recall. In total, 128 patients were
selected through the inspection of clinical and radiographic records and invited to visit
the dental office. The recruitment was performed by letters and phone calls, and 97
(76%) adult patients agreed to participate in the clinical evaluations. For the present
study, the same patient could be part of both datasets.

2.2.2 Clinical procedures
The terminology may be somewhat confusing when addressing liners and bases [21].
For practical reasons, the term base will be used to describe the placement of
intermediate layers covering most of the dentin part of the cavity. Also for practical
reasons, the earlier dataset [22] will be referred as S1, and the later [23] as S2. In S1,
restorations were placed using two composite resins, a minifilled hybrid composite with
inorganic filler loading of 77 vol.% (P-50 APC; 3M ESPE, St. Paul, MN, USA), and a
midifilled hybrid composite with inorganic filler loading of 57 vol.% (Herculite XR, Kerr,
Orange, CA, USA). Bonding systems used were Scotchbond 2 (3M ESPE) for P-50 APC
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and XR Prime/XR Bond (Kerr) for Herculite XR. Restorations in S2 were performed
using universal microhybrid composites (Z100, 3M ESPE; Tetric Ceram, Ivoclar-Vivadent,
Amherst, NY, USA; Charisma, Heraeus Kulzer South America Ltda., São Paulo, SP, BR; or
by the combination of these) with no substantial differences regarding filler loading
(59, 60 and 56 vol.%, respectively). Bonding systems used were Scotchbond MultiPurpose or Single Bond (3M ESPE).
All restorations were placed under rubber dam isolation. Cavities were prepared
using diamond burs, and low-speed steel burs were used to remove carious tissue. No
bevels were made, and preparations were restricted to the removal of carious tissue
and/or failed restorations. In deep cavities, including both S1 and S2 datasets, a thin
layer of calcium hydroxide (Dycal, Dentsply Indústria e Comércio Ltda, Petrópolis, RJ,
BR) and conventional glass-ionomer cement (Ketac-Fil, 3M ESPE) were used to cover
the deeper parts of the pulpal wall. In S1, the conventional glass-ionomer cement (GI;
Ketac-Fil, 3M ESPE) was used as base in a closed sandwich technique, where the dentin
was covered with GI, and the outline of the restoration was completely in composite
resin. All other procedures were performed in the same way. The cavities were etched
with 35% phosphoric acid, and bonding systems were applied according to the
manufacturers’ instructions. The composites were placed incrementally, with layers of
2-mm under a horizontal technique, and cured for 40 s using a quartz–tungsten–
halogen curing unit (Visilux, 3M ESPE). In class II cavities, contoured metal matrices and
wooden wedges were used to restore the proximal boxes, each at a time in case both
proximal surfaces were involved. Finishing procedures were performed with fine-grit
diamonds and flexible rubber points/cups (FlexiPoints/FlexiCups, Cosmedent, Chicago,
IL, USA) with aluminum oxide paste (Enamelize, Cosmedent). The proximal surfaces
were finished by means of scalpel blades, abrasive finishing strips (3M ESPE), and
finishing/polishing discs (Sof-Lex, 3M ESPE) for marginal ridges.

2.2.3 Evaluation of restorations
First, the history of the restorations was collected from the patient files. The date of
placement and subsequent interventions were recorded. The restoration was
considered as failed in case of replacement or repair, and the reason for failure was
registered (as judged by the treating clinician). Also, a clinical evaluation was
performed for all restorations still in function, by calibrated examiners according to FDI
criteria [22,23]. The patients were examined at the dental office, and photographs were
taken for future reference and documentation. The surfaces were air-dried and
inspected with dental mirror and explorer, and the examiners were blinded to the
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materials. In case of disagreement, the examiners evaluated the restorations jointly,
until a consensus was reached. For the analysis, different levels of each criterion were
simplified according to re-treatment need: no intervention needed (success) and
requiring intervention (failed).

2.2.4 Statistical analysis
Statistical analysis was performed using the software package Stata 11.0 (StataCorp LP,
College Station, TX, USA). Fisher’s exact test was used to analyze the differences
between materials and failure distribution and between techniques and type of failure
distribution (p = 0.05). Kaplan–Meier method was used to generate survival curves up
to 18 years, because follow-up periods were different in S1 and S2 datasets. A
multivariate Cox regression analysis with shared frailty was used to investigate the
influence of the variables of interest (technique, material, age, gender, jaw, tooth and
number of restored surfaces) in restoration survival. The hazard ratios with respective
95% confidence intervals were determined. Only variables presenting p < 0.100 were
selected for multivariate analysis.

2.3 Results
In total 632 posterior composite restorations placed in 97 patients were investigated.
Eight patients were part of both datasets. Regarding gender, 64% of the patients were
female and 36% male, with 412 and 220 restorations respectively. Concerning the use
of an intermediate layer underneath composite restorations, in 57% (362) of the cases a
glass-ionomer (GIC) base was placed (S1) and in 43% (270) no base material was placed
(S2).
The distribution of the total number of restorations and failures are shown in
Table 1 according to technique, dental arch and teeth. Regarding total number of
failures, 30% (189) of the restorations have failed. Relative failures with GIC as base
were 30% (110/362), while without an intermediate material 29% (79/270) of the
restorations have failed. According to the number of restored surfaces, 22% (43) of
total failures occurred in restorations with one surface, 33% (66) with two surfaces and
45% (90) with three or more surfaces.
Annual failure rate percentages (AFR) up to 18 years were 1.9%, for restorations
with glass-ionomer cement base and 2.1% for restorations without intermediate
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material. The distribution of survival, cumulative survival and annual failure rate for
each technique is shown in Table 2.
The distribution of the main reasons for failure according to technique is shown
in Fig. 1. The frequency of failure due to secondary caries and fracture (restoration and
tooth) was similar in the group with no lining, with 41.5% and 40.2% from total failures,
respectively. In the group with glass-ionomer base fracture was the predominant
reason for failure, corresponding to 57.8% of the total failures, while secondary caries
represented 22.4% of the failures. The differences in type of failure distribution were
statistically significant comparing techniques (Fisher’s exact test p = 0.007).

Table 1. Distribution of placed and failed restoration according to technique,
jaw and tooth.
Technique
Jaw
upper
Tooth
PM
M
Placed
65
79
Failed
9
27
a total numbers per technique

RC

RC+GIC

Lower
PM
M
40
86
8
35

ta
270
79

upper
PM
M
85
96
17
38

PM
83
15

Lower
M
ta
98
362
40
110

Table 2. Annual failure rate percentages for each technique up to 18- and 22
years of interval periods according to the cumulative survival retrieved from life
tables.

RC
(S2)

RC+GI
C base
(S1)

Tim
e
year
s
5
10
15
18

Number
Entering
Interval
281
244
201
94

Number of
Terminal
Events
36
36
9
1

Proportio
n
Surviving
(%)
87.2
85.0
94.1
97.9

Cumulative
Proportion Surviving
at End of Interval (%)
87.2
74.1
69.7
68.3

Annual
Failure
Rate (%)
2.7
3.0
2.4
2.1

5
10
15
18
22

350
333
298
259
231

17
35
29
16
14

95.1
89.5
90.3
95.0
91.5

95.1
85.1
76.8
71.0
64.7

1.0
1.6
1.7
1.9
2.0
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100%
90%
80%

3,7%

4,4%
12,2%

19,9%

12,6%

7,7%

70%
60%
50%
40%
30%

70,7%

68,8%

RC

RC+GICbase

20%
10%
0%
acceptable

caries

fracture*

others**

Fig. 1. Representation of clinically acceptable restorations and failure type distribution
according to each technique.

No statistically significant differences were seen between composite materials
regarding survival (Fisher’s exact test, p = 0.201). Therefore composites were grouped
under S1-composites (P-50 APC and Herculite XR), S2-composites (Z100, Tetric Ceram
and Charisma) and Other (when more than one composite was used in the same
restoration) in Cox-regression analysis, shown in Table 3. The investigated variables age
(p = 0.357), gender (p = 0.227), jaw (p = 0.238), technique (p = 0.313) and resin
composite (p = 0.179) did not affect the survival of restorations. Fig. 2 shows the
Kaplan–Meier survival curves according to the technique used. Tooth and number of
restored surfaces significantly affected survival (p < 0.001). The Hazard Ratios of molar
teeth was 2.57 compared with premolars, whereas restorations with three or more
restored surfaces presented hazard ratios of 2.06 compared to single surface
restorations. Kaplan–Meier survival curves according to tooth and number of restored
surfaces are shown in Figs. 3 and 4.
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Fig. 2. Kaplan–Meier graph showing survival of restorations with and without glassionomer cement base.

Fig. 3. Kaplan–Meier graph showing survival of restorations according to tooth.
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2.4 Discussion
This study examined the influence of different restorative techniques on long-term
survival of posterior composite restorations. Although the main factor under evaluation
concerned the use of an intermediate layer, this variable was also related to the
composite material used. Therefore, the present results and conclusions must take this
fact into account.
Regarding the use of glass-ionomer cement (GIC) as base, annual failure rates
(AFRs) found in this study (1.9%) were similar to that of restorations without a base
material (2.1%) up to 18 years of follow-up. Although composites from each dataset
were different, it could be pointed out that if the presence of a base would weaken the
overall strength of the restoration, this would affect restoration survival, regardless of
the composite used. The present results are in agreement with Lindberg et al. [19] and
van Dijken [20] which have also found similar failure rates for restorations without base
and with a compomer base.
On the other hand, the results reported by Opdam et al. [18] showed a lower
survival when glass-ionomer bases were used in class II restorations, with AFRs of 3.8%
for restorations with base and 1.4% without a base material. The differences between
that and the present study could be partially related to the inclusion of one surface
restorations in the present evaluation. Moreover, patient risk profiles, which were not
assessed in the present study, could have played a role [18,23,24]. Among high caries
risk patients, Opdam et al. [18] found similar AFRs for both techniques (2.8% with base
and 2.7% without base), with 26% and 16% of failures due to secondary caries for
restorations with and without base, respectively. Thus, it can be suggested that the
fluoride release from the intermediate layer may not be effective in preventing
secondary caries formation in high caries risk patients.
However, in the present study, more failures due to secondary caries were seen
for composite restorations without base (41.5%) when compared to restorations with
GIC base (22.4%). The reason for that is not clear and only speculations can be made
from in vitro and in situ observations. Most of the fluoride release from GI materials is
reported to occur within a few years after constant exposure to water [25]. Yet, when
used as a base, this exposure to the oral fluids would not take place, or, it would be
very small within interfacial gaps formed after long-time functioning of the restoration
and occlusal loading [26]. Since caries lesions can develop as wall lesions at the gap
[27,28], the structurally bound and KOH-soluble fluoride in dental tissues (adjacent to
GIC) may promote reprecipitation of minerals preventing further demineralization [25]
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in the form of wall lesion. This alleged effect could play a role in low or moderate
caries risk patients, where outer caries lesions are not developing.
Analyzing the frequency distribution of failures, a predominance of fracture
(57.8%) was found for restorations with GIC base. In this sense, although the use of GIC
base did not affect the overall survival, it was related to a higher occurrence of
fracture, in agreement with the observations of Opdam et al. [18]. The fatigue of the
intermediate layer could have contributed to these findings [29]. The mechanical
properties of GIC are lower than those of composite and overtime the fatigue could
produce deleterious effect on the base material. Indeed, an in vitro study has shown
that under fatigue simulation, the flexural resistance of composite materials could be
reduced in more than 40% when a base of GIC is present [30]. In this sense, further
investigations should include the analysis in patients with bruxism and parafunctional
habits, because the use of low-elastic-modulus bases might affect survival rates in a
greater extent than in composite restorations without bases. This hypothesis is yet to
be tested.
Additionally, the presence of a calciumhydroxide [Ca(OH)2 ] layer for indirect
pulp protection may influence restoration survival [33]. In the present study, the cases
in which Ca(OH)2 was applied were only known for S2 dataset. In total, Ca(OH)2 plus
glass-ionomer cement was used in 45 restorations (out of 270) and the difference in
distribution of failures between restorations with and without Ca(OH)2 was not
statistically significant (Fisher’s exact test p = 0.477; data not shown). Since there were
a small number of cases in S2 and this information was missing in S1, these data was
not included as a variable in the analysis. Future studies should also include this
variable together with the remaining thickness of pulpal wall to investigate their
influence in restoration survival.
The hypothesis of the present study was accepted as no significant differences
on survival were found for restorations placed with or without GIC base at the
investigated dental office. The other variables included in the analysis, and expressed in
the Cox regression model, have confirmed previous findings. Restorations placed in
molars were more prone to failure compared to premolars, probably due to the higher
occlusal loading in the molars region, and the number of restored surfaces can also
significantly affect the survival of restorations, mainly due to the less sound tooth
structure left which could favor restoration breakdown [31–33]. Also, similar to other
previous reports, the type of composite used did not play a significant role in the
restoration survival after long periods of evaluation [33–35]. Such finding could be
related to the fact that the composites used present good mechanical properties, and
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despite minor differences in composition, an adequate restoration survival is achieved.
Finally, besides tooth and cavity variables, the survival of restorations with both
techniques may depend on patient risk profiles and operator factors [35].

2.5 Conclusions
Under the limits of this retrospective evaluation, the use of glass-ionomer cement as
base did not affect the survival of resin composite restorations. Acceptable annual
failure rates of about 2% after 18 years can be achieved with both techniques, leading
to the perspective that a glass-ionomer cement layer, placed during an interim
treatment may be maintained without clinical detriment, but no improvement in
survival should be expected based on such measure.
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CHAPTER 3

Abstract
The effect of direct restorative materials on caries lesion formation was investigated
with an 8-week in situ study with split-mouth design, testing the hypothesis that no
difference in mineral loss next to a restoration would be found between different
composite-based-materials and amalgam. Six groups (n = 18) of restored dentine
samples were prepared using amalgam, a microhybrid, a nanohybrid and a silorane
composite. The composites were adhesively bonded with systems with or without an
antibacterial monomer (Clearfil-SE-Protect, Clearfil-SE-bond, respectively), except for
the silorane group (Silorane-System-Adhesive). Non-restored dentine samples were
used as control (primary caries). Samples were inserted into slots, in lower prosthesis
especially made for the experiment. Subjects were instructed to dip the lower
prosthesis in a sucrose solution 4 times per day. At baseline and 8 weeks, samples were
radiographed extra-orally and the integrated mineral loss was calculated. Data were
statistically analyzed using multiple linear regression with a multilevel model (p = 0.05).
Nine subjects were selected, and only outer lesions were observed. The hypothesis was
partially rejected, as the microhybrid composite bonded with the antibacterial system
and the nanohybrid composite presented statistically significant lower mineral loss
com-pared to amalgam. Also, no significant differences were seen for these groups
compared to control. Within the limits of this study, the restorative material may
influence outer lesion progression. Amalgam was not found to be related to lower
secondary caries progression in dentine compared to composite-based materials after
8 weeks in situ.
Clinical Significance: Although patient factors play a major role in caries progression,
the restorative material may affect outer secondary lesion progression.
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3.1 Introduction
Secondary or recurrent caries is defined as a caries lesion developing adjacent to a
dental restoration1 and is along with fracture the predominant reason for failure of
posterior restorations [2,3]. It has been proposed that secondary caries lesions develop
as outer lesions on the tooth surface next to the restoration margins and as wall
lesions, within the tooth/ restoration interface [4,5]. While wall lesion formation would
occur when interfacial gaps are present [6,7], outer lesions would develop similarly to
primary caries on the tooth surface [8].
Secondary caries has been often related to the restorative material used. In
clinical studies, failure for secondary caries has been less frequently found for amalgam
than composite restorations [9,10]. Some factors could contribute to this finding, such
as the surface deterioration of resin composites leading to an increase in surface
roughness [11] and decrease in surface hardness [12], the elution of unpolymerized
monomers from composites and dentine-bonding agents stimulating the growth of
cariogenic microorganisms [13], and the polymerization shrink-age, leading to microgap
formation [14,15] and microleakage [14].
Developments in biomaterials science frequently aim to counteract those
shortcomings. Of the strategies in use, some have shown beneficial properties, at least
in vitro. The use of smaller inorganic fillers in nanocomposites were found to promote
lower surface roughness [16], while silorane-based composites showed lower
polymerization shrinkage [17] and lower quantity of adhering streptococci compared to
methacrylate-based restorative materials [18]. Another proposed strategy is to add
antibacterial components into the adhesive system and composites to reduce the
bacterial growth over the surfaces [19], to inhibit the metabolic activity of cariogenic
microorganisms [20] and to disinfect cavities from residual bacteria [21].
In the present study, secondary lesion formation next to different restorative
materials was investigated in situ. The null hypothesis tested was that no effect in
lesion development next to a restoration would be found between different
composite-based materials and amalgam.

3.2 Materials and methods
The study was submitted to an Ethical Committee Board and approved (CMO code NL
33526091-11).
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3.2.1 Study design
This was a mono-centre, randomized (regarding teeth distribution and sample holders
among patients), single blinded (statistician) in situ study, with split-mouth design
regarding materials. Independent variables were the restorative materials with varying
bonding modalities and unrestored dentine (control), whereas the outcome variable
was integrated mineral loss.

3.2.2 Sample size
The present study was exploratory, and therefore having a proper sample size
calculation was not possible. However, the number of patients was at some level
estimated based on the study of Thomas et al. [8]. In that study, average lesion
progression in dentine samples restored with composite was 83.9 mm (SD 23 mm). We
worked under the concept that differences on lesion progression lower than 30%
(25.17 mm) would not be meaningful. Then, since a split mouth design would be used,
the equation applied was n = ƒ(a,b)*d2/ (m1 m2) [2,22] from which a sample size of 9
patients was obtained for 5% significance level with 90% power.

3.2.3 Volunteers
For inclusion, the following criteria were applied: subjects between the ages of 18 and
75 years wearing full prosthesis; good general health; salivary flow 0.2 ml/min
(unstimulated) and 0.7 ml/min (stimulated). Exclusion criteria were medication that
affects immunological system or salivary glands, systemic diseases influencing oral and
salivary function and subjects categorized as ASA > 2 (according to the physical status
classification system adopted by American Society of Anesthesiologists). The recruiting
of volunteers was completed within 2 weeks at Arnhem Dental (Arnhem, NL) and all
subjects gave written informed consent. A copy of the lower prosthesis–the trial
prosthesis, was made for each volunteer.

3.2.4 Samples
Dentine samples (A- sized 3.0 2.0 1.0 mm) and half that size dentine samples (B- 1.5 2.0
1.0 mm) were prepared from extracted sound human molars (Fig. 1a). The enamel
portion was removed by grinding in a vertical plate under water cooling and the
exposed dentine was prepared using 600-grid papers (Siawat Abrasives, Bern,
Switzerland), also under water cooling. Approximately 4 dentine samples were obtained
from each tooth at the middle third (2 from the mesial site and 2 from the distal site)
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using a water cooled diamond saw at low speed. The whole sized dentine samples (A)
were left unrestored to provide a primary caries development control group. The halfsized sections (B) were randomly distributed and built up with different restorative
materials/techniques,

with

the

orientation of

the

dentine

tubuli

positioned

perpendicular to the outer surface, assessed under magnification lenses. This resulted
in whole-sized (3.2 2.0 1.0 mm) samples of dentine/material (Fig. 1a). Materials selected
were: amal-gam (Tytin), two methacrylate-based composites – one microhybrid
(Clearfil AP-X) and one nanohybrid composite (Filtek Supreme), and a silorane-based
composite (Filtek Silorane). In total, 6 groups of dentine/material were prepared, which
are described in Table 1. The silorane group was bonded with its own adhesive system,
whereas the microhybrid composite, used in three groups, was adhesively bonded to
dentine with systems with or without the antibacterial monomer MDPB –
methacryloyloxydodecylpyridinium bromide (Clearfil SE Protect, Clearfil SE bond,
respectively). One microhybrid group (bonded with Clearfil SE Protect) received 6
layers of Clearfil SE Protect over the composite surface, which was made in an attempt
to simulate an antibacterial composite. The nanohybrid composite was bonded with
Clearfil SE bond. The amalgam group was not bonded, and the mechanical retention
was accomplished by having two small apertures on the left and right sides of the
acrylic matrix, forming two amalgam pins. All procedures were performed according to
the manufacturers’ instructions.
Eighteen samples were made for each group, 2 per subject, and embedded into
acrylic sample holders. The 2 samples from the same group were positioned facing
each other with the purpose of simulating the interdental space (Fig. 1b). In the first
sample holder pair (right and left) the groups were randomly assigned to the slots
according to a computer-generated randomization list (Random Allocation Software
v.1.0.0, M. Saghaei, Isfahan, IR). To generate minimum unevenness between groups
with regard to slot location while maintaining randomness, in subsequent place holders
the assignment of groups to locations was rotated. One of the sample holder spaces
was left without samples being a polymethylmethacrylate group for future analysis
(biofilm profiles). To ensure correct orientation of the sample surfaces for T-WIM
pictures, the holder was fixed into a device where a high speed handpiece was coupled
and surfaces were finished with cylindrical diamond burs (fine and extra fine) under
water cooling. They were sterilized before use by ethylene oxide gas at WIMAC
(Kliniekdiensten B.V., Rotterdam, The Netherlands) according to ISO 9001:2000 and EN
13485:2003. The sample holder pairs were randomly allocated (Random Allocation
Software v.1.0.0) and inserted into a space in the (pre)molar area on either side of the
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trial prosthesis (Fig. 1c). Patients and groups were coded by one researcher using a 4digit alpha-numeric system.

3.2.5 In situ protocol
All instructions were given orally and in writing. The volunteers were given a ‘‘trial kit’’,
which contained the instructions, a diary, sugar and a measuring bottle for the sucrose
solution, a prosthesis container, fluoride toothpaste (1400 ppm) and toothbrush. They
were instructed to wear the trial prosthesis for 8 weeks, 24 h a day. They should keep
their normal diet and additionally immerse the trial prosthesis in a freshly prepared
20% sucrose solution (using tap water), 4 times per day for 5 min between meals, in
order to ensure standardized baseline of cariogenic challenge. Instruction was given to
clean the device once a day with fluoride toothpaste, by brushing the denture and
covering the samples with the toothpaste slurry for 2 min. They were instructed not to
clean the sample holders, but were allowed to rinse the prosthesis with running water
as often as they wished. A diary was provided, in which subjects recorded the time of
the sucrose immersions and cleaning of the device. Subjects were not blinded
regarding materials since amalgam samples present a different colour, easily perceived.
However, subjects were unaware of the study aims as well as each one had all sample
groups and it would not be possible to interfere with the outcome of a particular
group. They attended the appointments for the study (at 28th and 56th day after
commencement) at Radboud University Medical Center (Nijmegen, NL) where the data
were collected. At the last appointment the original prosthesis was returned to the
volunteers.

3.2.6 Transversal wavelength independent microradiography (T-WIM)
T-WIM radiographs were made at baseline (T0), after 4 weeks (T4), and after 8 weeks
(T8) using the method of Thomas et al. [23]. The follow-up of lesion progression was
performed within the each sample, since it is a non-destructive method. For the
interim analysis (T4), the sample holders were detached from the trial prosthesis,
microradiographed and placed back into the prosthesis. These measurements were
performed to evaluate the need to increase sucrose exposure. The settings for the
microradiography were 60 kV, 30 mA at an exposure time of 8 s. A stepwedge with the
same absorption coefficient as tooth material (94% Al/6% Zn alloy) was used to
calculate the integrated mineral loss (ML). After exposure, the films (FUJI, Fine grain
Positive film 71337, Fuji Photo Film Co., Tokyo, Japan) were developed (10 min), fixed
(7 min), rinsed and dried. A digital image of each sample was recorded with a light
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microscope Leica M50 (Leica Microsystems, Germany) with a magnification of 10 and a
digital SLR camera (Canon EOS 50D, Japan).
Microradiographs were visually assessed for the presence of wall lesions and
surface lesions. A lesion with a progressing front parallel to the outer surface of the
tooth sample was considered an outer surface lesion. A wall lesion was defined as a
lesion progressing perpendicularly to the tooth-restoration interface. Three digital
scans perpendicular to the outer dentine surface and three digital scans to the tooth
restoration interface were made. From these scans the mineral profiles were calculated,
and lesion depth (mm) and mineral loss (vol% mm) determined using a custom made
software programme (T-WIM calculation programme, version 5.25, J. de Vries,
Groningen/NL). Results of the three scans for the sites in each sample and also for the
two opposing samples were averaged for each subject, to yield a mineral profile for a
specific material/group. This procedure was carried out by a researcher who was
blinded regarding subject, material group, and sample position in the sample holder
and who also performed the statistical analysis. Baseline mineral profiles (T0) were
subtracted from the mineral profiles after 8 weeks wearing the prosthesis (T8) to
calculate the specific mineral loss values and lesion depth after 8 weeks.

Fig. 1. (a) Schematic representation of the preparation of the samples; (b) acrylic
sample holders with restored and unrestored samples from the same group positioned
facing each other across a simulated interdental space; (c) sample holders inserted into
the (pre)molar space on either side of the trial prosthesis.
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3.2.7 Statistical analysis
Mineral loss values were analyzed using multiple linear regression. To correct for the
clustering of surfaces in one subject a multilevel model was used, with the subject as
random effect. All materials were modelled as dichotomous variables with amalgam as
reference category. Comparisons within materials that both are not the reference –
Amalgam, cannot be read from the regression results directly. To facilitate for these
comparisons, t-tests can be performed using the estimated effect and its standard
error, which can be seen directly in the regression model. To allow for a possible slot
location effect (position in the sample holder more towards the mesial or the distal),
the central site position in the sample holder was used as reference, with a
dichotomous distal and mesial variable in the model. To quantify the subject effect, the
intraclass correlation coefficient (ICC) was calculated.

Table 1. Restorative materials used; description of groups and protocol
according to manufactures' instructions.
Restorative
Material

Clearfil AP-X
(Kuraray Medical
Inc., Okayama,
Japan)
+

Adhesive
System
Clearfil SE
Bond
(Kuraray)
Clearfil SE
Protect
(Kuraray)

Group

Protocol

a) Primer for 20 s, dry with mild air
flow, bond, air flow gently and light
cure (LED) for 10 s.
b) Composite in one increment within
an acrylic matrix with the dentin, light
Microhybrid+P
cure for 30 s under a polyester matrix.
a + b + After the normal procedure of
Clearfil SE
priming, bonding and composite
Protect – with Microhybrid+P+6 placement *, 6 additional layers of
6 layers
primer and bond were applied over
the composite surface.

Filtek Supreme (3M
Clearfil SE
ESPE, St. Paul, MN,
Bond
USA) +

Microhybrid+SE

Nanohybrid+SE

a+b

Filtek Silorane (3M
ESPE) +

Silorane
System
Silorane
Adhesive (3M
ESPE)

Primer for 15 s with agitation of the
brush, dry with mild air flow, light
cure for 10 s, apply the bond, gently
air flow and light cure for 10 s + b

Tytin amalgam
(Kerr Corporation,
Orange, CA, USA)

No bond

Condensed into an acrylic matrix with
the dentin.

Amalgam

* the composite built up was inserted leaving approximately 0.3 mm space on top for
the adhesive system layers.
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3.3 Results
A total of 9 subjects were included in the study, 4 female and 5 male, with an age
ranging between 45 and 71 years. After 4 weeks all subjects were seen, and no serious
adverse events were reported. One subject reported slight pressure sores, which were
treated by correcting the denture. After 8 weeks no adverse events were reported.
Visual evaluation of the microradiographs showed no signs of wall lesion
development, and only outer lesions were analyzed. Fig. 2a-c presents an example of
mineral profiles at T0, T4 and T8, illustrating lesion progression. Fig. 2d shows the
average mineral loss for the groups at T8. When comparing secondary to primary
lesion progression (control group dentine), Amalgam, Microhybrid + SE, and Silorane
showed statistically significant higher mineral loss.
The results of the multiple linear regression analysis can be found in Table 2,
with amalgam as the reference material. Except for Silorane and Microhybrid + SE, all
the other groups presented statistically significant lower mineral loss increments when
compared to amalgam. Within groups that were significantly different from amalgam,
no statistically significant differences were seen between groups with the lowest
(Microhybrid + P) and highest (Microhybrid + P + 6) mineral loss values (p = 0.075).
The intraclass correlation coefficient (ICC = 0.302) showed 30% of the variability
to be related to subject factors, i.e. factors not included in the regression model.

Table 2. The estimate effect of material in mineral loss increment is presented
with multiple linear regression, considering patient and sample position in the
model.
Material
Intercept*
Dentin
Microhybrid+P
Microhybrid+P+6
Microhybrid+SE
Silorane
Nanohybrid+SE
Mesial site
Distal site

Effect
(SE)
693 (173)
-676 (126)
-771 (124)
-444 (136)
-170 (124)
-115 (124)
-487 (126)
597 (83)
148 (84)

P

<0.001
<0.001
0.001
0.171
0.354
<0.001
<0.001
0.079

95% CI of effect
Lower
Upper
355
1032
-923
-429
-1014
-529
-710
-178
-413
73
-358
128
-735
-240
434
759
-17
312

The analysis refers to 356 observations in 9 patients. *Amalgam is used as reference
material for analysis with the specimen positioned in a central site in the sample
holder.
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Fig. 2. (a)–(c) Examples of T-WIM radiographs of one sample (top half is dentine,
bottom is composite) and resulting mineral profiles showing lesion progression
baseline (a), 4 weeks (b) and 8 weeks (c); (d) Average mineral loss values (and standard
errors) for each group, with bar patterns indicating the statistical grouping according to
the regression model and t tests (Table 2).

3.4 Discussion
This study investigated the effects of different restorative materials in caries formation
in dentine adjacent to restorations. The use of in situ models provides standardized
conditions, simultaneously maintaining the individual variability of the oral cavity
complexity. This particular model was described previously [8] and few modifications
were performed. The samples were positioned in a parallel plane within each other,
instead of the ‘‘V’’ configuration, because it showed to interfere with the shape of
outer lesion formation [8], probably due to differences in the biofilm stagnation.
During the 8-week period, the subjects were asked to immerse the trial prosthesis into
a sucrose solution, ensuring a standard baseline cariogenic challenge. The 4-week
microradiographs were performed in order to evaluate the frequency of sucrose
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exposure (4 /day), which was found to be sufficient to detect mineral loss under a daily
fluoride exposure. The use of fluoride-containing dentifrice was included because of its
widespread use and to model more closely the in vivo situation. Typical sub-surface
lesion formation was observed (Fig. 2c). Thus, the present in situ model was considered
suitable for testing the possible effects of restorative materials under cariogenic
conditions.
Considering the assumption that the presence of a material per se would
predispose to secondary caries in the adjacent tissue, two different situations were
found in the present study. Lesion progression next to Microhybrid + P, Microhybrid +
P + 6 and Nanohybrid + SE groups was similar to primary caries lesions in dentine
(control). However, next to Amalgam, Silorane and Microhybrid + SE groups, secondary
lesion progression was significantly higher than primary lesions (Fig. 2d). To the
authors’ knowledge there are no previous studies that have investigated the effect of
these materials on mineral loss in adjacent dentine, making direct comparisons
impossible.
The null hypothesis under investigation was rejected for some materials.
Significantly lower mineral loss was observed next to composite using the adhesive
system with antibacterial component (Microhybrid + P/Microhybrid + P + 6), which
may be attributed to the antibacterial properties of the adhesive system. In the
Microhybrid + P group the adhesive system was restricted to the tooth/ restoration
interface, whereas the Microhybrid + P + 6 group had additional primer/adhesive layers
applied over the composite surface in an attempt to simulate an antibacterial
composite. Although mineral loss values were not significantly different between these
groups, the higher mineral loss values found for Microhybrid + P + 6 were unexpected.
A possible explanation for this result could be related to loss of the adhesive coating
during the experiment, leading to surface defects which may have promoted biofilm
stagnation areas. Therefore, the effect of antibacterial composites on secondary caries
lesions progression remains to be investigated. Also, the effect of nanohybrid
composite on adjacent mineral loss was significantly different from that of amalgam.
The small filler particles of this material could be related to these findings, since
surface characteristics can affect biofilm formation [24]. A recent in situ study [25]
assessed the surface of different materials including amalgam and the nanocomposite
included in the present investigation, showing higher roughness values and a less
regular surface for amalgam [25]. Since surface roughness evaluations were not
performed in the present study, mineral loss findings cannot be directly related to
these data. Future investigation should explore the relationship between surface
profiles and adjacent mineral loss.
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This study did not support previous clinical reports showing that amalgam
restorations are less susceptible to secondary caries than composite restorations [9,26].
The fact that the clinical diagnosis of secondary caries next to composites can be easily
mistaken for marginal defects or discoloration may systematically compromise the
clinical judgement [1,27]. Similar to the present findings, Sousa et al. [28] investigated
the effect of dental materials in secondary caries development using a 14 days in situ
model, and found comparable mineral loss next to amalgam and a micro-hybrid
composite. It may be speculated that the very high rate of caries development in in situ
studies does not allow for factors related to ageing of materials. Although a much
longer study period of 8 weeks in situ was used, this may still be too short to
sufficiently incorporate ageing effects. An alternative explanation may lie in the
observation that no wall lesions occurred in the present study. The difference between
the clinical caries susceptibility of amalgam and composite restorations may be due to
differences in gap formation and wall lesion development, which were not included in
this model.
Apart from the effect of materials on caries progression, 30% of the effect in
caries progression was subject-related. This was to some extent expected, as cariogenic
challenge was only standardized to a limited extent and individual habits and diet of
the subjects were included in the model. The between-subject variation was previously
also reported regarding lesion progression in situ, where no sucrose exposures were
added to the model at all [8]. Although the current study focused on material as the
factor under investigation, caries development and progression is related to
behavioural aspects [29], which were present in this study. The split-mouth set-up of
the study, however, allowed for comparisons between materials, independent of the
underlying rate of caries progression, and significant material effects could be shown
even in this small sample population.
Secondary caries in the clinical setting may ultimately depend on individual
habits and different patterns of oral pathogens prevalence within the biofilm, whereas
the material may play a smaller role as suggested in the present study. Nonetheless, a
different scenario may be found for secondary caries in the shape of wall lesions, since
interfacial gaps and loading can create distinct niches [30], which were not present in
this study. In this sense, future research should also focus on secondary caries in
interfacial gaps.
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3.5 Conclusion
In conclusion, within the limits of this study, a restorative material may influence outer
lesion progression. Under cariogenic challenge, amalgam was not found to be related
to lower secondary caries progression in dentine compared to composite-based
materials after 8-weeks in situ.
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CHAPTER 4

Abstract
This practice-based retrospective study evaluated the survival of resin composite
restorations in posterior teeth, focusing on the influence of potential patient risk
factors. In total, 306 posterior composite restorations placed in 44 adult patients were
investigated after 10 to 18 yrs. The history of each restoration was extracted from the
dental records, and a clinical evaluation was performed with those still in situ. The
patient risk status was assessed for caries and “occlusal-stress” (bruxism-related).
Statistical analysis was performed by the Kaplan-Meier method and Cox-regression
multivariate analysis. In total, 30% of the restorations failed, of which 82% were found
in patients with 1 or 2 risk factors. Secondary caries was the main reason of failure
within caries-risk patients, whereas fracture was the main reason in “occlusal-stressrisk” patients. The patient variables gender and age did not significantly affect survival,
but risk did (p < .001). Tooth type (p < .001), arch (p = .013), and pulpal vitality (p =
.003) significantly affected restoration survival. Within the limits of this retrospective
evaluation, the survival of restorations is affected by patient risk factors, which should
be included in survival analyses of restorations.
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4.1 Introduction
Randomized controlled trials provide a high level of evidence for hypothesis testing [1],
including the survival of dental restorations on posterior teeth. However, long-term
randomized trials are scarce and may not reflect the survival of restorations in general
dental practices [2]. In controlled studies, a key methodological rule relies on the
reduction of variability of all factors that are not under investigation, such as operator/patient-related factors. Therefore, the basis of knowledge regarding restoration
survival takes into account the analysis of studies of different designs, e.g., nonrandomized prospective and retrospective evaluations [3,4].
The main objective of restoration placement is to use a dental material to
restore lost tooth structure, functionally, biologically, and esthetically. The survival of
restorations has been significantly related to the materials used, the restorative
technique, the tooth characteristics, and cavity variables. Nonetheless, factors related
to patients [5] and operators [6] are probably key components in determining
restoration survival. Caries risk has been previously investigated and has been shown to
affect restoration survival [7]. Conversely, other risk factors, such as bruxism and
parafunctional habits, have not been under evaluation and could also affect restoration
survival [4].
The aim of this retrospective longitudinal study was to evaluate the survival of
resin composite restorations in posterior teeth and investigate the influence of the
caries risk and “occlusal stress risk” on restoration survival. The null hypothesis tested
was that patient risk factors do not influence restoration survival.

4.2 Materials and methods
4.2.1 Study design
This was a double-blind (examiners and statistician) study based on a retrospective
longitudinal evaluation of posterior composite restorations placed by one experienced
operator in a private dental practice in Caxias, RS, Brazil.
The survival of restorations up to 15 yrs was determined, and factors potentially
associated with failure were investigated. Data were collected from dental records, and
a clinical evaluation was performed with in situ restorations. Statistical analysis was
performed by the Kaplan-Meier method for survival analysis, and by Cox’s regression to
test the influence of variables in a multivariate model.
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4.2.2 Patient selection
The study was approved by the local Ethics Committee (N.139.840) and followed
STROBE guidelines [8]. Patient records from a private dental practice in Brazil (PARR)
were used for data collection and patient selection. All dental records of patients who
attended the dental practice from January 1994 to December 2002 and received at
least one new posterior composite resin restoration were searched for eligibility
according to the following criteria:
(a)

The restorations should be in occlusion, with at least one adjacent tooth as

verified by the clinical and radiographic records; and
(b)

Patients should have been present for check-up or follow-up treatment in the

preceding 10 to 18 yrs, with at least 1 annual recall.
The recruitment of patients was performed by phone calls and letters, from
September to November 2012, when they were invited to visit the practice for
evaluation.

4.2.3 Restorative procedures
The restorations were placed under rubber dam isolation by one operator (PARR).
Cavities were prepared with diamond burs, and low-speed steel burs were used to
remove carious tissue. No bevels were made, and preparations were restricted to the
removal of carious tissue or failed restorations. In deep cavities, a thin layer of calcium
hydroxide (Dycal/ Dentsply Indústria e Comércio Ltda, Petrópolis, RJ, Brazil) and
conventional glass-ionomer cement (Ketac-Fil/3M ESPE, St. Paul, MN, USA) was used to
cover the deeper parts of the pulpal wall. Bonding procedures were performed
according to the manufacturers’ instructions. The cavities were etched with 35%
phosphoric acid, and either Scotchbond Multi-Purpose or Single Bond (3M ESPE) was
used as the adhesive system. The composites (Z100/3M ESPE; Tetric Ceram/Ivoclar
Vivadent, Amherst, NY, USA; Charisma/ Heraeus Kulzer South America Ltda., São Paulo,
SP, Brazil; Appendix Table 2) were placed by a horizontal incremental technique with 2mm increments.
Composite layers were cured for 40 sec by a quartz–tungsten–halogen curing
unit (Visilux/3M ESPE). Finishing procedures of occlusal and free surfaces were
performed with fine-grit diamonds and flexible rubber points/cups (FlexiPoints,
FlexiCups/Cosmedent, Chicago, IL, USA) with aluminum oxide paste (Enamelize/
Cosmedent). The proximal surfaces were finished by means of scalpel blades (N. 12),
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abrasive finishing strips (3M ESPE), and finishing/polishing discs (Sof-Lex/3M ESPE) for
marginal ridges.

4.2.4 Evaluation
Data collection was performed by extracting the history of the restorations from dental
records and by a clinical evaluation of those still in function at the last appointment in
the practice. Date of placement, materials used, restored surfaces, and date and
reasons for failure were recorded. All re-interventions were registered as failure due to
either replacement or repair. All patients in the practice had a partial or complete
annual periapical/interproximal radiographic examination, which was assessed by the
examiners. Additionally, the complete patient file was assessed. From patient history, a
classification of caries risk status was performed. In the first 3 yrs after placement of
the restoration, the records were inspected for the presence of a new caries lesion
detected from bitewing radiographs and resulting in placement of a restoration. When
more than one of these events happened in the three-year period after restoration
placement, the patient was assessed as high-caries-risk. In all other cases, the patient
was assessed as low-risk. Also from the patient files, it was noted that several patients
were being or had been treated for bruxism/parafunctional habits. Therefore, every
patient was presented a questionnaire and was clinically examined for specific clinical
parameters (Table 1). If the patient answered positively on 2 or more of the 6
questions and presented one of the clinical parameters, they were classified as “highocclusal-stress-risk”. In other cases, they were classified as low-risk.

Table 1. Patient risk estimation concerning bruxism/ parafunctional habits was
determined by self-reportA and clinical examinationB.
1.
2.
3.
4.
5.
6.

Self-report
Has anyone heard you grinding your teeth at night?
Is your jaw ever fatigued or sore on awakening in the morning?
Are your teeth or gums ever sore on awakening in the morning?
Do you ever experience temporal headaches on awakening in the morning?
Are you ever aware of grinding your teeth during the day?
Are you ever aware of clenching your teeth during the day?
Clinical examination
Presence of:
- Facets parallel to the normal planes of contour
- Noticeable flattening of cusps or incisal edges
- Total loss of contour and dentinal exposure when identifiable

APintado

et al., 1997 [10] ; BAdapted from Koyano et al., 2008 [11].
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The clinical evaluation was performed in November 2012, according to FDI
criteria [9], evaluating esthetic, functional, and biological properties of the restorations
in situ. The examiners (FHS, MSC) were calibrated and blinded to type of material. The
evaluation was performed independently; surfaces were air-dried and examined by
means of an explorer and dental mirror. In cases of disagreement, a third evaluation
was undertaken with both examiners until they reached consensus.

4.2.5 Statistical analysis
Statistical analysis was carried out with the Stata 11.0 (StataCorp LP, College Station,
TX, USA) software package. Descriptive statistics based on the FDI criteria were
independently performed for the 18 clinical characteristics evaluated and for reasons
of total failures. Differences between the materials were analyzed by Fisher’s Exact test
(p ≤ .05). Kaplan-Meier statistics were used to create survival curves. To test the
influence of the variables of interest [patient (age, gender, risk status), tooth (type,
vitality, arch, number of restored surfaces), and composite materials], we performed a
multivariate Cox regression analysis with shared frailty. The Hazard Ratios with
respective 95% confidence intervals were determined. Only variables presenting p <
.200 were selected for multivariate analysis.

4.3 Results
The records of 56 patients met the inclusion criteria. Twelve patients refused, and 44
(61.4% female and 38.6% male) with a mean age of 47.2 yrs (range, 24.6-71.2 yrs)
agreed to participate in the study and provided informed consent. In total, 306
posterior composite restorations were investigated (range, 2-14 restorations/patient;
average, 7/patient). Distribution according to patients’ gender, tooth, and number of
restored surfaces is shown in Appendix Table 1.
Distribution of the restorations and reasons for failure per patient risk group are
shown in Table 2. In total, 36 (12%) of the restorations failed due to secondary caries
and 39 (13%) due to restoration and/or tooth fracture, representing 39% and 42% of
the total failures (92), respectively. When the reason for failure was not described in
the patient file, it was recorded as unknown, which occurred in 10 (11%) of the cases.
In such cases, the treating dentist commented that these were mostly replacements for
esthetic reasons. In the group with 2 risk factors, 58% of restorations failed, whereas in
the group classified as low risk, 13% failed.
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Table 2. Distribution of placed and failed restorations according to the risk status of
the patients.
Low-risk*

Caries

Occlusal
stress

Both
risks**

Total

Number of Patients

24

8

7

5

44

Placed Restorations

124 (40.5)

70 (22.9)

60 (19.6)

52 (17.0)

306 (100)

In situ Restorations***

108 (87.1)

41 (58.6)

43 (71.7)

22 (42.3)

214 (69.9)

Failed Restorations

16 (12.9)

29 (41.4)

17 (28.3)

30 (57.7)

92 (30.1)

Caries

2 (12.5)

16 (55.2)

2 (11.8)

16 (53.3)

36 (39.1)

Fracture

4 (25.0)

8 (27.6)

13 (76.5)

14 (35.9)

39 (42.4)

Other

3 (18.8)

2 (6.9)

2 (11.8)

0

7 (7.6)

Unknown

7 (43.8)

3 (10.3)

0

0

10 (10.9)

Reasons for failure

The numbers given are the absolute number of restorations (% within risk group).
*Patients classified as low-risk did not present high-caries-risk or high-occlusal-stressrisk.
**Both risk refers to patients that presented high-caries-risk and high-occlusal-stressrisk
***Clinically acceptable restorations at the clinical evaluation
****Four endodontic treatments, 3 extractions (1 for periodontal reasons, 2 vertical
fractures).
The restorations included were followed for different periods; therefore, the
cumulative survival retrieved from life tables was used to calculate annual failure rate
percentages (AFR%) at each 2-year interval of the monitoring period. AFR ranged from
2.3% to 3.2%. The highest AFR% was seen up to 5 yrs, whereas the lowest was seen up
to 15 yrs of evaluation, with 60% of the restorations included (Appendix Table 3).
Clinical evaluation was performed in 216 restorations, 2 of which were evaluated
as failed. Fisher’s Exact test revealed that all materials scored similarly on all criteria,
except for marginal staining (p = .029) and marginal adaptation (p = .035). No
statistically significant differences were seen regarding restoration failure (p = .794)
(Appendix Table 4 and Appendix Table 5).
Kaplan-Meier survival curves according to risk are shown in the Fig., and results
of Cox-regression analysis are shown in Table 3. The patient variables under study,
gender and age at placement (categorized in over/under 30 yrs old), did not affect
survival (p = .347 and .938, respectively), but risk did (p < .001). The Hazard Ratios of
high “occlusal-stress” and caries-risk factors were 2.78 and 4.40, respectively, com-
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pared with low risk for restoration failure. Tooth type, arch, and tooth vitality
significantly affected the survival of the restorations. The Hazard Ratio for
endodontically treated teeth was 2.5 compared with that for vital teeth. The number of
restored surfaces (p = .515) and the composite material (p = .211) did not influence
the survival of the restorations.

Table 3. Crude (c) and adjusted (a) Hazard Ratios (HR) for independent variables and
failure of posterior restorations. Cox Regression Analysis (n=306 restorations).
Independent Variables
Gender
Male
Female
Age
≤30
≥31
Risk factor
No Risk
Occlusal stress
Caries
Two factors
Arch
Maxilar
Mandibular
Tooth type
Premolar
Molar
Tooth vitality
Vital
Non-vital (endodontic
treated)
Number of surfaces
1
2
3
4
5
Material
Z-100
Tetric Ceram
Charisma
Combined*
Others

HRc (95% CI)

P HRa (95% CI)

P

0.347
1.00
1.35 (0.72 – 2.53)

-

0.938
1.00
0.97 (0.54 – 1.75)

-

<0.001
1.00
2.61 (1.28 – 5.33)
4.10 (2.16 – 7.82)
6.81 (3.56 – 12.99)

<0.001
1.00
2.78 (1.39 – 5.59)
4.40 (2.33 – 8.30)
8.31 (4.40 – 15.66)

0.004
1.00
1.88 (1.22 – 2.91)

0.013
1.00
1.74 (1.13 – 2.67)

<0.001
1.00
3.44 (2.01 – 5.90)

<0.001
1.00
3.33 (1.94 – 5.70)

0.023
1.00
2.22 (1.11 – 4.42)

0.003
1.00
2.52 (1.32 – 4.84)

0.515
1.00
0.74 (0.39 – 1.39)
0.77 (0.37 – 1.61)
0.52 (0.18 – 1.49)
1.26 (0.52 – 3.02)

-

0.211
1.00
1.10 (0.52 – 2.36)
0.64 (0.28 – 1.47)
1.22 (0.64 – 2.35)
2.02 (0.75 – 5.47)

-

*Indicates the use of two or three of the listed composites in one restoration.

62

JDR CLINICAL RESEARCH SUPPLEMENT 92 (SUPPL 7) 78S–83S

Fig. Cumulative survival for the 15-year analysis time is presented with Kaplan-Meier
survival curves according to patient risk factors under investigation.

4.4 Discussion
This survival assessment results from a retrospective evaluation on posterior composite
restorations, all placed by a single experienced operator. In practice-based
retrospective studies, patients are not specifically selected, and materials are not
randomly placed in matched-size cavities, or evenly distributed according to tooth or
arch. The clinical setting was a private practice with an established reputation, attended
by individuals with a medium to high socio-economic status. For inclusion, all patients
should have been present for regular dental appointments, which could have led to the
inclusion of not only highly motivated individuals but also of high-risk individuals. The
present study provides valuable information, since few studies with observation periods
of up to 15 yrs are available. The number of variables included demands a multivariate
statistical approach, which is expressed in the Cox regression model he retrospective
design of this study implies that results should be interpreted cautiously, and
conclusions are drawn within limitations.
63

CHAPTER 4
Some studies have focused on the influence of patients’ risk factors on the
survival of restorations. Caries risk was estimated based on previous reports [7,12] that
were able to qualitatively assess the risk according to simplified criteria. A high caries
risk has been shown to reduce restoration survival considerably [13,14], which is in
accordance with the present findings. Considering that bruxism and parafunctional
habits seem to be risk factors that could also affect survival [4], an estimation of this
risk was also performed. Here, it was simply called “occlusal-stress risk”, since it was
not intended as a true measurement of bruxism, temporomandibular disorders, or
tooth surface loss. The clinical parameters for assessment of these disorders are still
not clear [15]; therefore, self-reported parafunctional habits along with the diagnosis of
the treating clinician and clinical examination of the tooth wear pattern were used to
estimate the risk [11]. Until now, no study has been published reporting on bruxism as
a factor influencing restoration survival. Patients with severe tooth wear, likely related
to bruxism as a co-factor, presented a high failure of composite restorations [16]. Also,
restoration failure in patients treated for wear caused by bruxism occurred mainly due
to fracture [17], similarly to our findings.
Patients presenting both risk factors showed a cumulative effect on restoration
failure, with a Hazard Ratio 8 times more than that of patients in whom an increased
risk was not diagnosed. Although the estimation of both risks was assessed without
validated clinical parameters, and it is not possible to determine retrospectively when
parafunctional habits began, the results appear to reflect that simplified measures
could be used at least in retrospective evaluations. Symptoms and wear patterns evolve
over time, facilitating the clinical examination and awareness of the treating clinician
and the patient. Still, there is need to validate objective methods to determine
individual risk regarding ”occlusal-stress” and caries, since they should become routine
factors to be included in restoration survival evaluation.
The materials used in all restorations were universal microhybrid composites
with no substantial differences, resulting in similar failures for each composite. In
relation to clinical evaluation of the in situ restorations, all composites showed
acceptable clinical scores for all criteria. Therefore, even when statistically significant
differences were seen, these are probably not clinically relevant [18].
Among tooth variables under evaluation, tooth vitality, tooth type, and arch
were shown to affect survival, corroborating previous reports. Regarding tooth type, a
higher failure risk has been consistently found for molars [19-21], compared with
premolars, in the mandibular jaw [22]. Few studies have evaluated the influence of
endodontic treatment on restoration survival of posterior composites, and one
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detected increased risk for failure in endodontically treated teeth [20]. In an analysis of
the results of [23] on restorations in endodontically treated teeth, an annual failure
rate of 12.4% was revealed, higher than in most clinical reports on vital teeth. This is
probably due to reduction in tooth structure affecting fracture resistance [24] and
failure risk [25].
In this study, included restorations were one-surface (16%), two-surfaces (42%),
and three-or-more surfaces (42%). The number of restored surfaces did not influence
survival, which is in accordance with some reports [13,21,26]. However, significantly
poorer survival has been detected for class II com-pared with class I restorations [22],
and restoration survival has been shown to increase significantly for smaller
restorations [27]. The comparison of cavity size, class type, and number of restored
surfaces may not correctly reflect how compromised the tooth structure is. Objective
measurements of cavity size in relation to the remaining tooth structure would lead to
a more accurate conclusion.
The annual failure rates (AFR) remained nearly constant (2.7-3%) during the first
13 yrs, indicating that early and late failures were similarly distributed, probably
representing the daily clinical routine, where all the factors that contribute to the
failure of restorations are present. The AFR reported in studies on posterior
restorations range from 0% [28] to 8.6% [29]. In practice-based studies, the AFR ranged
from 1.7% to 3.4% [7,14,30], which is in line with the present study.
The conclusion of the present study is that posterior composite restorations
placed in a practice-based design show good survival in the long term, and it rejects
the null hypothesis that patient risk factors do not influence restoration survival.
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CHAPTER 5

Abstract
The aim of this meta-analysis, based on individual participant data from several studies,
was to investigate the influence of patient-, materials-, and tooth-related variables on
the survival of posterior resin composite restorations. Following Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, we conducted a
search resulting in 12 longitudinal studies of direct posterior resin composite
restorations with at least 5 years’ follow-up. Original datasets were still available,
including placement/failure/censoring of restorations, restored surfaces, materials
used, reasons for clinical failure, and caries-risk status. A database including all
restorations was constructed, and a multivariate Cox regression method was used to
analyze variables of interest [patient (age; gender; caries-risk status), jaw (upper; lower),
number of restored surfaces, resin composite and adhesive materials, and use of glassionomer cement as base/liner (present or absent)]. The hazard ratios with respective
95% confidence intervals were determined, and annual failure rates were calculated for
subgroups. Of all restorations, 2,816 (2,585 Class II and 231 Class I) were included in
the analysis, of which 569 failed during the observation period. Main reasons for failure
were caries and fracture. The regression analyses showed a significantly higher risk of
failure for restorations in high-caries-risk individuals and those with a higher number of
restored surfaces.
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5.1 Introduction
Posterior resin composites are widely considered the first-choice material for posterior
direct restorations [1]. Their survival is good, since reviews have concluded that mean
annual failure rates vary between 1% and 3% [2,3]. Most clinical studies focused on
comparing different brands and types of resin composites, and observation times
seldom exceeded 5 years. In recent times, with growing evidence that the material
properties in themselves are more than adequate, we focus more on other factors that
may determine the survival of restorations, such as patient risk factors [4].
Such factors, possibly related to longevity, were rarely the subject of
investigation in specific studies; however, they were sometimes recorded by authors or
presented as a general variable in specific studies. Caries risk was assessed in several
studies, but only a few included this in the analysis as a variable [5-7]. The application
of a liner or base of glass-ionomer cement was often included in the protocol,
sometimes as a standard procedure for all restorations [8,9], sometimes as an optional
procedure [10]. Only 2 clinical studies have evaluated this factor [5,11]. The same is
valid for some other variables that may be important, such as differences between
molar and premolar restorations, number of surfaces, etc.
Several reviews on the performance of dental composites have been published
[2,3], but their outcome is naturally dependent on the information given in the
published papers on which the review is based. Since the factors in which we are now
more interested have often not been the primary focus of attention in these studies,
they have not been reported on in detail. To include these factors in a review, one
needs the ‘raw’ individual participant data from the studies. We are not aware of any
review having been performed including raw data on restoration survival, investigating
the above-mentioned variables.
The aim of the present meta-analysis was to include and combine raw data from
long-term follow-up studies of at least 5 years’ observation time on posterior resin
composite restorations in 1 database to investigate failure rates, failure reasons, and
the influence of patient-, materials-, and tooth-related variables on restoration survival.
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5.2 Materials and methods
5.2.1 Data sources
The guidelines of the Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) statement—Transparent Reporting of Systematic Reviews and MetaAnalyses [12] were followed whenever possible. The search was conducted in the
Cochrane Library, PubMed, the Web of Science (ISI), and Scopus for full articles
published in English from January 1990 up to February 2013. Hand-searching included
the reference list of selected papers and review articles on the subject.

5.2.2 Inclusion and Exclusion Criteria
The eligibility criteria for inclusion were:


longitudinal studies of direct class II or classes I and II restorations in permanent
dentition;



at least 5 years of follow-up;



a minimum of 20 restorations evaluated at the last recall; and



original

datasets

available,

with

information

regarding

date

of

placement/failure/censoring of all included restorations, restored surfaces,
materials used, use of base/ liner, reasons for clinical failure, and, when
available, the patient’s caries risk status.
The exclusion criteria were:


studies that were not related to the questions addressed, i.e., presenting
different outcome, other cavity designs, primary teeth, anterior teeth, indirect
restorations, orthodontic and endodontic reports;



earlier follow-ups from the same study; and



impossibility to contact the authors after 5 attempts.

5.2.3 Search
The following terms (controlled vocabulary and free terms) were used to search for
articles: “composite”, “amalgam”, “restoration”, “clinical”, “longevity”, “longitudinal”,
“follow-up”, “prospective”, “retrospective”, “evaluation”, “posterior teeth”, “molar” and
“premolar”. PubMed search was performed as follows: ‘(((((“composite”) OR
“amalgam”) AND “restoration”)) AND (((“posterior teeth”) OR “molar”) OR
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“premolar”)) AND “clinical”) AND “longitudinal”) OR “follow up”) OR “prospective”) OR
“retrospective”) AND “evaluation”) OR “survival”) OR “longevity”) OR “long term”) OR
“annual failure rate”) OR “restoration failure”). Filters: From 1990/01/01 to 2013/02/31,
English. Updates on the search were scheduled weekly on PubMed.

5.2.4 Study selection
The articles identified in all databases were screened for duplicates that were
automatically excluded. Titles were screened by two reviewers (N.O., M.C.)
independently. Those that were considered of interest for this review were printed as
abstracts or, if the abstract was missing, as full articles. After abstracts were screened,
the remaining articles were ordered in full text. During the evaluation process, the
reasons for exclusion were noted, and disagreements were identified by a third
reviewer (F.S.), after which the three reviewers (N.O., M.C., F.S.) reached consensus.
After selection, the reference lists of included studies were hand-searched, and 7
further studies with potential for inclusion were screened in the same way.

5.2.5 Original datasets
After critical appraisal, which was carried out by two reviewers (F.S., N.O.), authors
from the selected studies were contacted by e-mail, letter, and/or telephone call. If
there was no response from the corresponding author after 3 attempts, 2 additional
attempts were made to contact other authors from the same study. To join the study,
the authors were asked to provide pilot-tested tables with the information required
(inclusion criteria), which included: patient variables (identification code, gender, date
of birth, and caries-risk status), tooth number, restored surfaces, date of restoration
placement, date of restoration evaluation, and date of failure (or time in service of
successful and failed restorations), reason for failure, and materials-related variables
(restorative materials used, including the use of base-liner).

5.2.6 Data analysis
Included studies are presented in tables. Qualitative analysis included the reasons for
failure, survival and annual failure rates according to caries-risk status, and use of
base/liner for resin composite restorations. We used a multivariate Cox regression
method to analyze the variables of interest [patient (age; gender; caries-risk status), jaw
(upper; lower), number of restored surfaces, composite and adhesive materials, and
use of glass-ionomer cement as base or liner (present or absent)] according to tooth
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type (molar; premolar) and the outcome variable (annual failure rate). The hazard
ratios with respective 95% confidence intervals were determined.
The annual failure rate (AFR) of the investigated restorations and subgroups was
calculated according to the formula: (1-y)z = (1-x), in which ‘y’ expresses the mean AFR
and ‘x’ the total failure rate at ‘z’ years.

5.3 Results
In total, 1,551 papers were originally identified. After duplicates were removed, 1,194
remained for title screening. At that stage, 858 titles were excluded and 336 abstracts
were selected for reading, resulting in 54 full-text articles assessed for eligibility. Of
these, 25 studies were selected as meeting the inclusion criteria, and the corresponding
authors were contacted. Six authors stated that they could not provide the datasets
[13-18]. One author [10] replied positively but could not provide the data according to
the inclusion criteria, being therefore excluded. Six authors could not be contacted
after 5 attempts [19-24]. In total, eight authors agreed to participate and provided 11
datasets for the meta-analysis [5,6,8,9,25-31]. One of the authors offered seven-year
data on a previously published study, which was included as another study [32]. The 12
included studies are summarized in Table 1, with the respective observation period,
number of restorations followed and recorded as clinically acceptable or failed, and
reasons for failure. In total, 2,816 restorations (2,585 Class II and 231 Class I
restorations) were included in the analysis, of which 569 had failed at the end of the
observation periods.
The distribution of failure reasons in the first 6 years after restoration is
presented in Fig. 1, showing that in the first year after restoration placement, the
reason for failure is almost exclusively endodontic complications, while in later years
few endodontic failures are seen and caries and fractures are the main failure reasons.
To cluster types of composite resin and adhesives from the large variety of
brands, we decided to divide composites in materials with a higher filler load (> 60%
vol) and composites with a filler load < 60 vol%, identified as compact-filled and
midway-filled composites according to Willems et al. [33]. For adhesives, it was not
possible to distinguish among different types of adhesives. The adhesives used included
single-step enamel bondings and dentin bondings including total etching and selective
etching, with various components and steps, making it impossible to form relevant
groups for statistical analysis.
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Fig. 1. Number of failed restorations with type of failure during the first six-year
observation time.

From Table 1, it can be seen that 1,324 out of 2,816 included restorations
originated from 1 dental practice. Therefore, 2 Cox Regression analyses were made, 1
including all studies, and 1 without these 1,324 restorations, so that we could analyze
the possible influence of this large group of restorations on the final outcome. Because
of the different behaviors for molars and premolars for each group, separate
regression analyses were made for these tooth categories (Table 2).
The analyses including all restorations were performed on 2,816 restorations
except for the caries risk, for which data were missing for 68 restorations. For
premolars, the analysis showed more failure for high caries risk (HR 2.44, p < .001),
presence of lining cement (HR 4.9, p < .001), and number of restoration surfaces (HR
1.45 for every extra surface, p < .001). For molars, this outcome was similar, with HR
3.04 for caries risk (p < .001), 2.87 for lining (p < .001), and 1.24 for surfaces (p = .002).
Additionally, for molars, the compact-filled resin composites showed a higher risk of
failure compared with the normal hybrids (HR 1.62, p = .009).
The analysis excluding 2 large retrospective studies from 1 research group [5,6]
showed, for premolars, more failure for high caries risk (HR 1.96, p = .005) and number
of restoration surfaces (HR 1.61 for every extra surface, p < .001). For molars, this
outcome was similar, with HR 1.73 for caries risk (p = .029), and 1.35 for surfaces (p <
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.001). For both molars and premolars, no influence of the presence of a liner cement
as well as type of composite could be established, when these studies were excluded.

Table 1. List of included studies.

[8]
[25]
[9]
[26]
[27]
[6]
[5]
[28]
[30]
[31]
[29]
[32]*
Total

Design
P
P
R
P
P
R
R
P
P
P
P
P

Time, yr
7
6
22
10
9
12
9
11
6
7
11
7

N
200
119
362
185
138
866
458
56
69
112
132
119
2,816

Alive
160
97
242
144
128
706
381
45
55
90
101
98
2,247

Failed
40
22
120
41
10
160
77
11
14
22
31
21
569

Caries
9
6
27
16
5
96
37
3
5
5
7
5
221

Reasons for Failure
FractureEndo
Tooth Restor Pain Extr
8
16
2
1
5
5
0
0
19
52
7
3
0
18
4
2
0
2
3
0
14
14
26
5
13
11
7
6
0
4
0
1
5
4
0
0
6
5
1
3
1
11
0
4
6
6
2
0
77
148
52
25

Other
4
6
12
1
0
5
3
3
0
2
8
2
46

P, prospective; R, retrospective; N, number of followed restorations; Alive, clinically
acceptable restorations at the last recall; Failed, clinically failed restoration at the last
recall. *Of this study, seven-year data, provided by the author, were used.

Table 2. Separate regression analyses for premolars and molars.
Cox-Regression and Hazard ratios(HR)
All studies
Age (±1y)
Gender (M=0; F=1)
Caries risk (1=M/H)
Nr of Surfaces (±1)
UpperJaw
Lining_exclCALHX (0=no, 1=yes)
HYHF (0=no, 1=yes)
Reduced nr. Studies
Age (±1y)
Gender (M=0; F=1)
Caries risk (1=M/H)
Nr of Surfaces (±1)
UpperJaw
Lining_exclCALHX (0=no, 1=yes)
HYHF (0=no, 1=yes)

Premolars
HR
P
95% CI
1.004 .607 [0.988, 1.02]
0.94 .72
[0.67, 1.32]
2.44 <.001 [1.62, 3.68]
1.46 <.001 [1.22, 1.75]
1.07 .684 [0.79, 1.44]
4.93 <.001 [2.24, 10.85]
0.73 .128 [0.49, 1.09]
Premolars
HR
P
95% CI
1.002 .848 [0.983, 1.021]
0.91 .64
[0.61, 1.36]
1.96 .005 [1.23, 3.12]
1.61 <.001 [1.3, 1.99]
0.95 .783 [0.66, 1.37]
1.83 .341 [0.53, 6.34]
0.9 .704 [0.52, 1.55]
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Molars
HR
P
95% CI
1.001 .833 [0.988, 1.015]
1.16 .296 [0.88, 1.53]
3.04 <.001 [2.21, 4.17]
1.24 .002 [1.09, 1.42]
1.09 .462 [0.87, 1.37]
2.87 <.001 [1.66, 4.95]
1.63 .009 [1.13, 2.34]
Molars
HR
P
95% CI
1.017 .095 [0.997, 1.037]
0.94 .752 [0.64, 1.38]
1.73 .029 [1.06, 2.81]
1.35 <.001 [1.13, 1.6]
0.98 .914 [0.74, 1.31]
0.59
.46
[0.15, 2.38]
1.67 .074 [0.95, 2.92]
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Table 3. Annual failure rates for the restorative groups.
Annual failure rates

5 year

10 year

All restorations (n=2,816)

1.8%

2.4%

Restorations in high caries risk* patients (n=547)

3.2%

4.6%

Restorations in medium caries risk* patients (n=385)

3,5%

4.1%

Restorations in low caries risk* patients (n=1,815)

1.2%

1.6%

lining/base GIC present (n=963)

2.2%

2.7%

no lining/base GIC present (n=1,853)

1.7%

2.2%

compact filled hybrid resin composites (n=1,170)

1.6%

2.2%

midway filled hybrid resin composites (n=1,646)

1.9%

2.3%

*For 68 individuals, the caries risk could not be established.
Annual failure rates as presented in Table 3 show the influence of high/medium
caries risk, with 10-year AFR of 4.6/4.1% compared with 1.6% for low-risk patients. The
differences in AFR between high- and low-risk patients are illustrated in the KaplanMeier survival graphs in Fig. 2.

5.4 Discussion
To our knowledge, this is the first time that a meta-analysis has been performed on
raw data from different clinical longevity studies on dental restorations. Although
PRISMA guidelines were followed for study selection and reporting of selected studies,
these guidelines were not applicable for all aspects of the present study. Meta-analyses
are considered the highest degree of evidence, but the design of our present study
leads to a number of restrictions on its generalizability. For inclusion, retrospective
studies and prospective studies were allowed, practice- as well as university-based, to
provide a sufficient number of included restorations. However, differences in practice
settings, survival criteria, number of included restorations per study, and the fact that
10 of the 12 studies were delivered by only 3 research groups lead to possible bias.
Therefore, the authors want to make clear that this is not the ultimate degree of
evidence for considering the longevity of posterior resin composites, which might be
suggested from its meta-analytic design. In the authors’ opinion, the relevance of the
present study is that it might bring us a step further in clarifying the overall picture on
how long posterior composites survive and what factors may influence their survival.
To overcome the most obvious bias in the study, the relatively large proportion of
restorations provided by 2 retrospective studies from the first author of this review, we
performed 2 separate statistical analyses, 1 on the total sample of included restorations
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and 1 based on the dataset excluding those 2 studies, which originated from 1 dental
practice and did not use Ryge/FDI criteria for evaluation. This resulted in some
differences but also confirmed the validity of those findings that were present in both
analyses.

Fig. 2. Kaplan-Meier graph showing survival of molar and premolar restorations.
Separate graph lines express survival of low- and high- + medium-risk patients,
including a line for combined risks.
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Another example of possible bias is caries diagnosis as a reason for failure. Some
studies used Ryge/USPHS criteria, but this is dependent on the judgment of the
evaluators, who were not calibrated among the different studies. Second, some of the
included studies relied on the judgment of the treating dentist to define a failure due
to caries.
Caries leading to replacement of a restoration led to the status ‘failed’ for the
restoration in all studies, while the caries might have been located in a surface of the
tooth not located next to the restoration. We decided not to differentiate on this,
mainly because not all datasets provided these details, but this is also a weak point in
the study, demonstrating the lack of standardization in evaluating dental restorations in
clinical studies and practice.
The analyses showed that caries risk plays a dominant role in restoration survival
(Fig. 2). This was further statistically addressed in 1 of the included studies [6], but since
it had not been analyzed or reported in the other studies, this is a valuable
confirmation of the importance of this factor. With high or medium caries risk
associated with a 2- to 3-times-higher risk of restoration failure, this patient risk factor
is probably more important than material factors for survival of dental restorations [4].
In a recent study by van de Sande et al. [7], caries risk and bruxism as a risk factor
resulted in restoration failure hazard ratios of 4.4 and 2.8, respectively, which confirm
the finding of the present study. In our study, we included secondary caries (next to
the restoration) as well as primary caries (elsewhere in the tooth, not related to the
filling) in the reasons for failure “caries”. As a result, not all of these failures are related
to the quality of the restoration, but meanwhile resulted in repair or replacement of
the restoration.
For materials factors important for survival, the presence of a liner or base from
glass-ionomer cement was shown to have a negative influence on survival of the
restoration. However, without the 2 large practice-based studies, this effect was not
found, indicating that this finding was related to those datasets and may be related to
operator factors. There is 1 other practice-based study, not a part of this meta-analysis,
which confirms that restorations with a liner (in that study primarily calcium hydroxide)
showed a lower survival [11]. The glass ionomer cement (GIC) sandwich-type
restorations were the preferred way for achieving bonding between dentin and
composite resin at a time when dentin adhesives were still of inferior quality. The later
development of specific dentin adhesives has led to the demise of this sandwich
technique. The application of such a layer was also considered favorable for
compensation of polymerization stress in the past [34], but this elastic layer concept
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has been challenged [35]. A 12-year follow-up study showed that the elastic wall
concept did not improve performance of restorations [36]. The possible increased
failure rate of restorations with a base or liner of a glass-ionomer cement has been
attributed to more fatigue, related to the weaker cement layer [35].
A different behavior for resin composite materials with higher and lower filler
loads was found for molars only when all studies were included in the analysis. Even
there, the effect was opposite to what might be expected, with the compact-filled
materials showing an increased failure risk. Materials with a higher filler load had an
elastic modulus of > 20 GPa, and because of their intrinsic strength, a better
performance in stress-bearing areas could be expected. Therefore, the better
performance of mid-filled hybrid composites is difficult to explain from a dental
materials point of view. The fact that this finding was not replicated in the reduced
analysis may point toward either a very limited effect, requiring a very large study to
reach significance, or a study bias from the retrospective studies omitted in the
reduced analysis. In any case, it may be safely stated that the hypothesis that highmodulus resin composites perform better than lower filled materials was not
confirmed by the present study.
The AFR as reported in reviews for posterior composites varied between 0% and
6% according to Manhart et al. [2] and was concluded to be 1% in a recent review by
Heintze and Rousson [3]. When the AFR for all composites was considered in the
present analysis, results showed a mean annual failure rate at 5 and 10 years of 1.8%
and 2.4% for posterior composite restorations (mainly class II in contrast to the earlier
reported studies), respectively, which matches the earlier reports and which can be
considered satisfactory from a clinical perspective.
The outcome of the present study confirms that larger restorations have a
higher risk for failure, since every extra surface included in a restoration increases this
risk by 30%-40%.
Because of different behaviors for molars and premolars, separate regression
analyses were made for these teeth categories, and therefore, a direct comparison
between molars and premolars in the analysis was not possible. The Kaplan-Meier
graphs of premolars and molars (Fig. 2) indicate that the risk for failure of restorations
placed in molars is higher than that for restorations in premolars.
The graph showing the types of failure over time during the first 6 years shows
that the most common failures – secondary caries and fracture – are typically failures
that appear after a longer time of service (Fig. 1). From the second year onward,
fracture is a constant important reason for restoration failure. For caries, the number
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of events increases over time. Endodontic complications are typically related to the
first year of service, which can be explained by the pulpal damage of the condition that
caused the restoration and the restorative procedure itself. The graph emphasizes that
short-term studies (< 3 years’ observation time) have limited relevance for clinical
durability of restorations, since most acceptable materials remain failure-free in the
first years. This is also expressed by the cumulative AFRs in Table 3, which are lower at
5 years’ service compared with 10 years’ service. However, short-term studies remain
useful to exclude materials with initial catastrophic failures.
The conclusion of the present meta-analysis of 12 clinical studies based on raw
data is that caries risk and number of restored surfaces play a significant role in
restoration survival, and that, on average, posterior resin composite restorations show
a good survival, with annual failure rates of 1.8% at 5 years and 2.4% after 10 years of
service.
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6

RESTORATION SURVIVAL: REVISITING PATIENTS’ RISK FACTORS through a
SYSTEMATIC LITERATURE REVIEW

This chapter is in press and will be published as:
van de Sande FH, Collares K, Correa MB, Cenci MS, Demarco FF, Opdam NJ
(2016). Restorations’ survival: revisiting patients’ risk factors through a
systematic literature review. Operative dentistry 41(3).

CHAPTER 6

Abstract
A literature review was conducted to investigate the influence of patient-related
factors on restoration survival in posterior permanent teeth as well as to report the
methods used to collect these factors. The selection of articles on longitudinal clinical
studies investigating the survival of posterior restorations (except full crowns and
temporary fillings) and including patient-related factors was performed by applying
predefined criteria. The review was organized into two parts, the first describing how
patient factors were assessed in the studies (n=45) and the second presenting the
statistical significance (n=27) and size of the effect (n=11) of these factors on
restoration survival. Patient-related factors mentioned in the studies included age;
gender; caries risk; caries activity/severity; decayed, missing, filled teeth; number of
restorations; oral hygiene; and bruxism, among others. Sixteen studies included the
patient age or age range in the analysis, which was found to be significant in 47% of the
studies. Regarding gender, four of 17 reports found a significant effect on survival,
showing more failures for men in three studies. The caries risk profile or related
variables were included in the analysis of 15 studies, and a significant effect on survival
was reported for high-caries-risk individuals (or related variables) in 67% of these
studies. Bruxism was also found to influence restoration survival in three of six studies
where this variable was investigated. Some issues were found regarding the reporting
of methods used to classify patients according to risk and were thoroughly discussed.
In view of the information gathered in this review, the assessment of patient factors
along with other variables should become part of clinical studies investigating
restoration survival, since several of these factors were shown to influence the failure
of restorations, regardless of the material type.
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6.1 Introduction
Even though a decrease in the worldwide prevalence of caries has been observed,
untreated dental caries in permanent teeth is highly prevalent, affecting about 35% of
the world population [1], especially in posterior teeth. There are several different
options to perform posterior restorations, including direct materials (amalgam,
composite) and indirect materials (composite, ceramic, metal). The selection, by the
clinician, for a particular material and technique to restore posterior teeth may be
influenced by the dentist’s personal preferences and skills, patient requests and
financial resources, and country policies, among others [2-5]. Considering this
background information, the decision is ultimately based in the belief of providing the
most appropriate and long-lasting treatment according to the patient’s needs.
However, the precise indication of the treatment modality, verified through
long-term survival of restoration and tooth, is hard to establish based on high-quality
evidence [6]. Also, clinical trials investigating the survival of restorations are frequently
focused in the comparison of materials or technical procedures [7-9] while other
factors that are crucial for clinical decision making are scarcely examined. The selection
of patients to comply with the inclusion/exclusion criteria gives these studies high
internal validity but low external validity, making results more difficult to be translated
to the daily clinical practice [10]. Regardless of material/technique, in some clinical
studies in which patients were not particularly selected for inclusion, it was observed
that failures were related to certain patients [11-14]. Patient-related factors such as
caries risk and bruxism have been associated with the main reasons for failure for
composite resin restorations in posterior teeth [10] and were found to influence
restoration survival in retrospective studies [15,16]. Likewise, when examined, patientrelated factors seem to negatively affect the survival of other restorative procedures,
including ceramic and amalgam restorations [17-21]. Thus, investigations on restoration
survival should include patient factors in the analysis to assist with the process of
basing clinical decision making on more predictable outcomes and also for patient
awareness.
On the other hand, determining the effect of patients and their related variables
presents several difficulties. Straightforward variables such as gender; age; and decayed,
missing, and filled teeth (DMFT) can be easily collected, whereas others, such as caries
risk and bruxism, may heavily depend on the collection method and criteria applied.
Therefore, the aims of the present review were to investigate the influence of patient-
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related factors on restoration survival as well as to report the methods used to collect
these factors.

6.2 Materials and methods
6.2.1 Search
The search for articles was performed in PubMed/Medline, Scopus, and Cochrane
Library databases. The search strategy was constructed by using controlled vocabulary
and free terms around the terms dental restoration, amalgam, composite resin, inlays,
onlay, survival, longevity, dental restoration failure, posterior teeth, clinical trial, clinical
evaluation, longitudinal study, retrospective study, and follow-up. The search was
performed in April 2014, and an automatic update was scheduled in the PubMed
database up to the completion of this review, in April 2015.

6.2.2 Eligibility criteria
For inclusion, full-text articles published in English, with the characteristics presented
below, were considered:


Longitudinal clinical studies, prospective and retrospective



Posterior permanent teeth



Direct and indirect restorations, class I, class II, inlay, onlay, overlay, and partial
crown



Amalgam, composite resins (direct and indirect), ceramics



Three-year minimum follow-up period



Information regarding patient factors (caries risk, bruxism, DMFT, etc) of the
study population, including the criteria applied and/or the effect of patient
factors (age, gender, caries risk, bruxism, DMFT, etc) on restoration survival



Outcome: Cumulative restoration survival (percentage) or annual failure rate
(AFR%) or information in text to allow the calculation (number of restorations
evaluated and failed/replaced/repaired for a given period of time; life tables)
Studies not presenting the above-mentioned characteristics or presenting

different outcome measurements (eg, median survival time) were not considered for
this review. Studies presenting the above-mentioned characteristics and also including
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anterior teeth, primary teeth, post systems, full crowns, or different restorative
materials were excluded if the outcome was not reported separately.

6.2.3 Study selection
All retrieved titles were stored and managed in EndNote X7 software (Thomson
Reuters, San Francisco, CA, USA). The articles identified in all databases were screened
for duplicates that were automatically excluded. Titles and abstracts were screened by
two reviewers (F.H.S., K.C.) independently. If the abstract was missing, the full-text
article was subjected to appraisal. Disagreements were identified and discussed until a
consensus was reached. References of eligible articles and reviews on restoration
survival were hand searched to detect other potential studies of interest, which were
screened in the same way.

6.2.4 Evaluation
The articles meeting the inclusion criteria were subjected to critical appraisal, which
was carried out by one reviewer (F.H.S.) and checked by another (K.C.). Data were
extracted using a pilot-tested table, in duplicate, and included country, clinical setting,
study design, follow-up period, number of patients included, drop out, patient-related
factors, number of operators, number of restorations originally included and followed,
restorative material type, cavity design or number of restored surfaces, tooth,
survival/AFR%, factors influencing restoration survival, size of the effect of patientrelated variables, and statistical analysis performed. The survival/AFR% was either
extracted from the article or calculated by the authors of this review according to
information given on live tables or on length of follow-up and number of restorations
evaluated and failed. To estimate the mean AFR% of the restorations, the following
formula was applied: (1 – y)z = (1 – x), in which y expresses the AFR and x the total
failure in z years [22].

6.2.5 Data synthesis and management
Data collection was organized into two separate parts for analysis. First, articles
reporting on patient-related factors were searched for the criteria applied to classify
the individuals into groups. This information was organized into one table according to
the reported patient factors. For the second part, only studies that included patient
factors in the analysis of the outcome (restoration survival, failure rate/failure
distribution) were selected. Detailed information of these studies was organized into
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tables, including the significance of all investigated variables and the size of the effect
for patient-related variables (when available). Some of the included studies had data
on restorations placed in anterior teeth, primary teeth, and full crowns. In such cases,
the extraction of data for the present review did not include those samples.

6.3 Results
In total, 1048 titles were found in PubMed, 2186 in Scopus, and 40 in Cochrane Library,
resulting in 3274 records identified in the databases, of which 366 were duplicates that
were removed. After title and abstract screening, 239 full-text articles were assessed for
eligibility, resulting in 51 studies included for data extraction. Forty-five articles
included the assessment of patient factors and were selected for the first part of the
review, and 27 of these studies included the analysis of patient factors in the outcome
and qualified for the second part of the review.

6.3.1 Methods to Assess Patient Risk (Part 1)
Studies addressing patient-related factors and the methods used by the authors to
assess the individuals are described in Table 1 and included caries risk, caries activity,
caries severity, number of restorations, oral hygiene or oral health, salivary parameters
and bacterial levels, bruxism/parafunctional habits, erosion, periodontal status, attrition
of the tooth structure, and smoking habits. Twenty-six studies reported to have
assessed the caries risk of the patients, which was based, in most of the reports, in the
present/past caries experience [15,16,22-33,36,42,43]. Objective parameters for
defining the caries risk profile were often set according to the number of new caries
lesions leading to restorations in a definite period of time. In this sense, a high caries
risk was established when one or more new lesions occurred per year in Opdam et al.
[22] or two or more in a three-year period in van de Sande et al. [15]. In Jokstad and
Mjor [42] and Nordbo et al. [43], a high caries risk was determined when two or more
lesions occurred per year, while in Fasbinder et al. [36], the placement of four or more
restorations in the previous year should have been reported by the patient. In several
articles, the caries risk was reported to have been estimated by the treating clinician by
the evaluation of clinical information regarding incipient caries lesions and former
caries histories as well as sociodemographic data [16,24-35]. The study of Laegreid et al.
[37] was the only one reporting the use of a caries-risk assessment computer software
tool (Cariogram Program [60]) to classify the patients into risk groups. Although not
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using a specific tool, van Dijken [38,39] van Dijken et al. [40], Aberg et al. [41] and
Pallesen and Qvist [52] reported a number of indicators that were taken into account
to determine the caries risk, such as oral hygiene, intake of fermentable carbohydrates,
salivary microbial counts, salivary flow rates, and buffer values. In these studies,
patients presenting three or more out of six negative factors were assessed as high
caries risk. Other variables that can be related to the caries risk of the patient were also
used, such as DMFT/DFT [19,45,61], number of total or new restorations per patient
[46-49], caries severity [45], caries experience at earlier ages [44], salivary parameters,
and microbiologic counts [54,55].
The assessment of bruxism or parafunctional habits in the study populations was
mentioned in nine reports [15,29,51-53,56-58,62]. When stated, the methods used to
estimate this condition were based in the examination of clinical signs (eg, wear facets)
[15,29,53,56,58] and by self-report questionnaires [15,52,56].
Gender was investigated in several reports [15, 16, 19, 42, 45-50, 56, 60, 62-67],
as well as was the age or age range of the patients [15, 16, 19, 37, 42, 44-50, 53, 54, 65,
67-70]. A few other patient-related factors were mentioned in the studies with lower
frequencies, namely, erosion and periodontal status [58], attrition [59], oral health, oral
hygiene or plaque levels [45,51-53,63], socioeconomic status [49], and smoking habits
[53].

Table 1. Description of methods presented in the studies regarding the assessment of
patient factors.
Caries risk
Opdam et al. [16], van
Dijken [23], van Dijken
[24], van Dijken et al. [25],
van Dijken and Lindberg
[26], van Dijken and
Pallesen [27], van Dijken
and Pallesen [28], van
Dijken [29], van Dijken
and SunnegardhGronberg [30;31;35],
Sjogren et al. [32],
Lindberg et al. [33],
Andersson-Wenckert et
al. [34]

The caries-risk for each patient at baseline was estimated by the
treating clinician by means of clinical and socio-demographic
information routinely available at the annual clinical examinations,
e.g. incipient caries lesions and former caries history.

Fasbinder et al. [36]

At baseline: number of restorations the patient reported having
received in the previous 12 months. Low caries risk: ≤1; Moderate
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caries risk: 2 and 3; and High caries risk: ≥4.

Laegreid et al. [37]

Patient-related factors like general health, dietary habits, DMFT, oral
hygiene, saliva (quality; quantity) and use of fluoride were measured
and given a score according to a pre-determined scale and then
entered into Cariogram. Then, they were categorized according to
severity: very high, high, medium, low and very low caries risk
corresponding to 0–20%, 29– 40%, 41–60%, 61–80% and 81–100%
chance of avoiding caries.

Opdam et al. [22]

The history of new lesions over the entire period was assessed by
the clinician. Patients arriving in the practice with caries lesions, but
in subsequent years did not show high caries activity, were assessed
as “low risk”. Patients that continued to show, yearly, 1 or more new
caries lesions during the entire period, were assessed as “high risk”.

van de Sande et al. [15]

Based in the patient history. In the first 3 years after placement of
the restoration, the records were inspected for the presence of a
new caries lesion detected from bitewing radiographs and resulting
in placement of a restoration. When more than one of these events
happened in the three-year period after restoration placement, the
patient was assessed as high-caries-risk. In all other cases, the
patient was assessed as low-risk.

Evaluation of 6 negative factors. Oral hygiene- plaque score or
gingival bleeding on more than 30% of the tooth surfaces. Intake of
van Dijken [13], van
fermentable carbohydrates with a mean of 6 times or more per day,
Dijken [38], van Dijken
registered during 4 days. The presence of more than 2.5 x 10 5
[39], van Dijken et al. [40] CFU/ml saliva of Streptococcus mutans or 105 CFU/ ml saliva of
Aberg et al. [41]
lactobacilli. Buffer values of 5.5 or lower and a flow rate of
0.7ml/min or less. Patients with 3 or more negative factors were
considered at high caries risk.
Caries activity
Jokstad and Mjor [42]

Based in the incidence of primary or secondary caries during the
first 8 years of the trial period. Low caries activity: ≤0.5 new
restorations per year; high caries activity: ≥2 new restorations per
year.

Nordbo et al. [43]

Based in radiographs and dental records. High activity: >2 new
lesions per year.

Suni et al. [44]

Patients were divided into caries-active and caries-resistant persons
according to their past caries experience in any of the first molars
before age 8 (caries-prone) or after 10 years (caries-resistant), the
rest forming an ‘inter-medial’ group.
Caries severity

Kopperud et al. [45]

Primary caries grades: 1= radiolucency confined to the outer half
and 2= the inner half of the enamel; 3= radiolucency confined to
the outer third, 4=to the middle third, or 5=to the inner third of the
dentin.
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Number of restorations
Kubo et al. [46]

Retreatment risk: Clinical history at the last visit, low (no
restorations placed during the last 3 years), medium (one or two
restorations placed during the last 3 years) and high (three or more
restorations placed during the last 3 years).

Opdam et al. [47] Pallesen Number of restorations per patient during a defined period of time.
et al. [48]
Soncini et al. [49]

Number of restorations.
Oral hygiene or oral health

Al-Samhan et al. [50]

The presence of plaque was determined on teeth surfaces by a
staining solution. The patients’ oral hygiene was determined as good
or poor based on their plaque score; 30% or above (note probably
the authors meant 30% or below) was considered as having good
oral hygiene.

Adolphi et al. [51]

Visible plaque was expressed as affected surfaces in percent.

Kopperud et al. [45]

Defined as poor, medium or good according to the dentist’s clinical
judgment.

Pallesen and Qvist [52]

Oral hygiene habits were self-reported in interviews.

Smales [53]

Poor oral health - extensive dental plaque, gingivitis and caries.
Salivary parameters; bacterial levels

Kohler et al. [54]

Saliva sampling: secretion rate and the level of mutans streptococci
and lactobacilli. The subjects were divided into four mutans
streptococci levels: < 105, > 105 – 5 × 105, >5 × 105 – 106 and > 106
CFU/mL saliva. The lactobacilli levels were divided into three groups:
< 104, > 104 – 105 and > 105 CFU/mL saliva.

Rasmusson et al. [55]

Saliva sampling: secretion rate and the level of lactobacilli. The
lactobacilli levels were divided into three groups: < 104, > 104 – 105
and > 105 CFU/mL saliva.

Pallesen and Qvist [52]

At recall visits (2-5 y), secretion rate, pH, and buffer capacity of
resting saliva were measured.
Bruxism- Parafunctional habits

Adolphi et al. [51]

Signs of bruxism

Beier et al. [56]

Self-reporting by direct questions and inspection of clinical signs
consistent with past bruxism behavior from the presence of clear
wear facets caused by clenching, gnashing, and grinding activities of
the teeth not interpreted to be a result of masticatory function.

Pallesen and Qvist [52]

Presence of bruxism was self-reported in interviews.

Smales [53]

Extensive tooth wear (obvious evidence of bruxism).

Smales and Etemadi [57]

Evidence of parafunction was collected from dental records. PS
Occlusal splints were generally made for patients when multiple
onlays were placed or parafunctional habits were obvious, as shown
by matching facets on extensively worn opposing teeth and the
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enlargement of masseter muscles.

van de Sande et al. [15]

Self-reporting by 6 direct questions and clinical signs of bruxism
were visually inspected (wear facets, loss of contour, dentin
exposure). Patients were classified as having “high-occlusal-stressrisk’’ when answered positively on 2 or more questions and
presented at least one of the clinical parameters. In other cases,
they were classified as low-risk.

van Dijken [29]

Bruxism was estimated as low or high by the treating clinician by
means of clinical signs and history at the annual examinations.

Zimmer et al. [58]

In addition to personal data, the presence of bruxism by wear facets
was noted.
Erosion

Adolphi et al. [51]

Presence of erosion.
Periodontal status

Adolphi et al. [51]

Periodontal health was dichotomized to healthy/non-healthy;
patients with probing depths more than 4 mm were assigned to the
“periodontally non-healthy” group.
Attrition of the tooth structure

Felden et al. [59]

0=No attrition; 1=Attrition of enamel, cusps still visible; 2=Dentin is
exposed; 3=Occlusal relief is worn away leaving enamel periphery;
4=Crown worn down close to collum dentis. Patients with 0 and 1
degree were summarized as being patients with no attrition; with at
least one tooth with 2, 3 and 4 degrees were summarized as being
patients with attrition. For each patient, the number of teeth with
attrition (degrees 2, 3 and 4) was related to the overall number of
teeth scored. This was termed a percentage of attrition. Patients
were assigned to five groups according to the percentage of
attrition.
Smoking habits

Smales [53]

Heavy smoking – over 20 cigarettes a day.

CFU Colony forming units.

6.3.2 Effect of Patient Risk Factors in Restoration Survival (Part 2)
Characteristics of the Studies – The effect of patient-related variables on survival of
restorations, along with other variables, was investigated in 27 studies. General
characteristics of the studies are presented in Table 2, and detailed information is
presented in Table 3. Studies were grouped according to the restorative material used
and included amalgam (six studies) [19,42,53,64,68,69], amalgam and composite resin
(three studies) [22,47,49], composite resin (10 studies) [15, 37, 45, 46, 48, 50, 54, 61, 63,
67], sandwich restorations (two studies) [16,34], and ceramics (six studies) [56-
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58,62,65,66]. Most studies (n=21) were undertaken in European countries, and 52%
(n=14) were prospective trials. Regarding the clinical setting, 10 studies were
undertaken in private clinics, seven in faculty clinics, five in public dental health
facilities, one in a dental school, one in the dental clinic of a defense agency, and two
in more than one type of clinical facility. The quality/failure of restorations was
assessed with the criteria for the clinical evaluation of dental restorative materials for
use by the United States Public Health Service (USPHS), or modified USPHS (n=11), the
standards of quality of dental care used by the Californian Dental Association (n=1),
clinical history extracted from patients’ files (n=5), other predefined clinical criteria
(n=4), and the association of methods (n=6), for example, by using the Fédération
Dentaire Internacionale clinical criteria for the evaluation of restorations and the
clinical history. The restorations were placed in both premolar and molar teeth in most
of the investigations (n=23), filling small, moderate, and extensive cavities. One study
included practically only premolar teeth (98%) [48], and three others included
exclusively molars (Table 2) [37,68,69].
The follow-up times are presented in Tables 2 and 3. The first refers to the
maximum period to which restorations were followed, and in Table 3, the follow-up is
given according to the period used in the survival analysis (survival%; AFR%) in the
original article or the period was selected by the authors of this review, taking into
account the number of restorations remaining in life tables in one case [53].
Regarding the size of the studies (Table 3), two were large prospective trials
undertaken in public dental health centers, with high numbers of patients (1,873 [45]
and 2,881 [48]), restorations (3,286 [45] and 4,355 [48]), and operators (27 [45] and 115
[48]) involved. The dropout of patients ranged from 0 [49] up to 41% [42], and in most
prospective studies, dropouts varied between 8 and 22% [34,46,54,58,61,62,64,65].
Concerning the age group of the participating patients, several studies (n=21) had a
wide age range. The studies of Roberts and Sherriff [69], Soncini et al. [49] and Pallesen
et al. [48] included only children [49] or children and adolescents [48,69].
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Table 2. General characteristics of selected studies according to the investigated
materials.
Ref

Country

Clinical setting

Study
design

Time

Evaluation

Cavity

Teeth

Amalgam
[19]

UK

Defense Dental
Agency

R O Hist C

16

Clinical history

[64]

NL

Faculty Practice

P E

C

15

Defined clinical
criteria

Class I, II and
complex
Conservative
class II

[42]

DK, FI,
NO, SE

Private- Public
Dental Health- and P E
Faculty-Practice

C

10

USPHS

Class II

PM, M

Class II, cusp
coverage ≥1

M

Class I and II

M

Class I and II

PM, M

[68]

NL

Faculty Practice

P E

RCT

9

[69]

UK

Private Practice

PO

C

5

[53]

AU

Dental Hospital

P E

C

15

Amalgam / composite resin
[22]
NL
Private Practice
[47]
NL
Private Practice
Nonprofit Health
[49]
US
Centers
Composite resin
[50]
KW
Dental School

Defined clinical
criteria, clinical
history
USPHS
Defined clinical
criteria

PM, M
PM, M

R O Hist C
R O Hist C

12
10

Clinical history
Clinical history

P E

5

Clinical criteria

R O Hist C

3

Class I and II

PM, M

Class I and II

PM, M

Class II

PM, M

Class II

PM, M

RCT

Large class II PM, M
Class I and II PM, M
Small, medium,
PM, M
large

[63]

BR

Private Practice

R O Hist C

20

[67]

BE

P E

RCT

5

[54]

SE

P E

C

5

USPHS

[45]

NO

Faculty Practice
Public Dental
Health
Public Dental
Health

USPHS
Clinical history,
FDI
USPHS-m

P E

C
(PBR)

5

Clinical criteria

[46]

JP

Faculty Practice

R O Hist C

10

[37]

NO

P E

C

3

[61]

SE

P E

C

3

[48]

DL

Faculty Practice
Public Dental
Health
Public Dental
Health

PO

C
(PBR)

8

USPHS-m

Class I and II

PM, M

[15]

BR

Private Practice

R O Hist C

18

Clinical history,
FDI

Class I and II

PM, M

9

Clinical history

Class II

PM, M

6

USPHS-m

Composite resin / closed sandwich
[16]
NL
Private Practice R O Hist C
Open Sandwich
[34]
SE
2 dental clinics P E
C

96

Saucer-shaped
PM, M
and class II

Clinical history,
Class I and II PM, M
USPHS-m
USPHS-m
Extensive class II M
Small or
USPHS
PM
moderate class II

Extensive class II PM, M
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Ceramic
[56]
AT

Faculty Practice

R O Hist C

21

[65]

CH

Private Practice

PO

17

[66]
[57]

SE
AU

R O Hist C
R O Hist C

[62]

SE

Private Practice
Private Practice
Public Dental
Health, Faculty
Practice

PO

[58]

DE

Private Practice

C

C

R O Hist C

Inlay/onlay

PM, M

Inlay/onlay

PM, M

9
6

USPHS-m
Clinical history,
USPHS-m
CDA
Clinical history

Inlay
Onlay

PM, M
PM, M

15

USPHS-m

Partial crown

PM, M

10

Clinical history,
defined clinical
criteria

Class I and II

PM, M

Ref reference; P prostective; R retrospective; O observational; E experimental; Hist C
historic cohort; C cohort; RTC randomized controlled trial; PBR practice-based
research; USPHS United States Public Health Service evaluation criteria; USPHS-m
modified USPHS; FDI Fédération Dentaire Internacionale evaluation crietria; CDA
Californian Dental Association evaluation criteria. PM premolar; M molar.

Restorations
(R)

R at last recall

Operators

TimeB

Survival%

AFR%

Amalgam
[19]
200
Na
24-31
[64]
183
21
15-40
[42]
210
41
8-71
[68]
130
3
17-54
[69]C
5-20
C
D
[53]
105
<20->41
Amalgam / Composite resin
[22]
273
na
22-77
[47]
621
na
[49]C
399
0
6-10
Composite resin
[50]
139
na
13-78
C
[63]
79
na
24-87
[67]
32
27
19-56
[54]
45
8
11-63
[45]
1873
29
6-57
[46]
77
9
8-82
[37]
74
1
31-80

P mean age

P age ragne

P dropout %

Patients (P)

Table 3. Information regarding the size of selected studies, patients’ age, survival (%)
and annual failure rate (AFR%)A.

28
23
28
32
-

4712
1529
468
300
652
582

na
1213
256
291
na
-

3
7
3
1
1

12.5
15
10
8.3
5
5

50
82
81
88
78
95

5.4
1.3
2.1
1.5
4.9
1.0

48
8

1949
2867
1262

na
na
1262

1
2
6

12
10
5

75;81
79;82
89;85

2.4;1.7
2.3;1.9
2.3;3.2

29
51
38
26
15
57
50

432
374
132
63
3286
170
74

na
na
77
51
2396
155
73

1
3
3
27
1
2

3
17
5
5
5
10
3

95
66-95
81
72
88
58;90
88

1.7
0.3-2.5
4.1
6.3
2.9
1.1;5.2
4.2
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[61]
213
[48]
2881
[15]
44
Composite resin
[16]
248
Open sandwich
[34]
151
Ceramic
[56]
120
[65]
108
[66]
52
[57]
50
C
[62]
121D
[58]
95

12
14-75
5-18
na
25-71
/ Sandwich
na
18-80

33
14
47

242
4355
306

214
na

24
115
1

3
8
15

93
84
70

2.2
2.0
2.3

-

458

na

2

9

88;71

1.4;3.8

18

14-80

44

268

220

3

6

83

3.2

18
2
na
10
22

14-72
17-75
28-79
15->51
26-81
22-65

46
37
54
52
44

547
200
109
97
117
308

187
107
na
226

2
1
1
2
4
1

12
17
7
6
15
10

90;92
89
85
61;62
66;82
86

0.7;0.9
0.7
2.3
6.3;6.7
1.3;2.8
1.4

AFR% annual failure rate; NA not applicable, retrospective studies.
A Underlined information (survival and AFR) represents numbers that were calculated
by the authors of this review, using data provided in the article.
B Follow-up time with regard to survival/AFR analysis.
C Numbers presented here are only for the variables of interest (excluding anterior
teeth, primary teeth, and full crowns). In two studies, the number of patients for the
variables of interest could not be determined.
D Total number of patients involved in the trial is presented.
E The study included amalgam (4.6%), but the analysis was performed only for resin
composite restorations (81.5%), and therefore the extracted data relate to resin
composite.
F Only one operator was included in the analysis, and therefore the extracted data
relate to him.
Effect – Regarding the statistical method in the studies, information was
retrieved concerning the use of univariate or multivariate data analysis (Table 4).
Statistical significance of all investigated variables (yes/no) in each study is shown in
Table 4. The size of the effect (odds ratio/hazard ratio) for patient-related variables is
displayed in Table 5 from available studies.
Sixteen studies included the patient age or age range in the analysis, which was
found to be significant in 47% (seven) of the studies [42,45,48,50,53,67,68]. Pallesen et
al. [48] investigated several variables influencing the survival of class I and II composite
restorations in a large sample of children/adolescents. The study reported that among
the patient-related factors, only the age range influenced the results, with adolescents
showing a hazard ratio of 0.43 compared with younger children (5-11 years; Tables 4
and 5) [48]. Also, in Kopperud et al. [45], younger patients at baseline influenced
negatively the survival of composite restorations. When age was categorized into
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over/under 30 years, no effect on composite restoration survival was found in van de
Sande et al. [15], but lower survival rates for amalgam restorations were observed for
patients older than 30 years in Plasmans et al. [68]. Two studies also reported lower
survival rates in patients older than 41 [53] and 45 years [50] when compared with
other age groups. In this last study, the hazard ratios for patients younger than 15 years
and older than 45 years were not significantly different [50].
Regarding gender, 23.5% (four of 17) reports found a significant effect on
survival, showing more failures for men in three studies [37,62,64] and for women in
one [50].
The caries risk profile or related variables (DMFT, number of restorations, and
caries severity or activity) was present in the analysis of 15 studies, and a significant
effect on survival was reported for high-caries-risk individuals (or related variables) in
66.7% (10) of these studies. These studies included amalgam [19,22,42,47,49], resin
composite [15,22,45,47-49,54] and sandwich [16,34] restorations. For individuals
classified as having high caries risk, the hazard ratio ranged from 2.45 to 4.40
compared with low-risk individuals [15,16,34]. Kubo et al. [46] evaluated the
retreatment risk and did not find a significant effect on survival for class I and II
composite restorations. In the study by Kopperud et al. [45], no effect of caries severity
on survival of class II composite restorations was found, but a higher DMFT score was
significantly related to lower restoration survival. The study by Laegreid et al. [37], in
which the Cariogram Program was used to estimate the caries risk, reported no effect
on survival of extensive composite restorations according to different risk profiles.
Also, Lundin [61] reported that no correlation was found when caries experience (DFT)
and failure rates were compared between different composites.
The effect of bruxism or parafunctional habits was significant in three of six
reports in which this factor was investigated. Studies reporting a significant effect
included amalgam [53], resin composite [15], and partial-crown ceramic restorations
[62]. Patients presenting high caries risk and bruxism were found to present a hazard
ratio of 8.31 compared with low-risk patients in van de Sande et al. [15]. The other
three studies reported no effect of this variable on survival of inlay/onlay ceramic
restorations [56,57,62].
Bottenberg et al. [67] analyzed the patient as a factor and found a significant
contribution of this variable on general failures of composite restorations. Patient oral
hygiene had a significant effect on survival of composite restorations in the study of AlSamhan et al. [50], but the effect of this variable was not significant in the study of
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Kopperud et al. [45], and neither was oral health significant in the survival of amalgam
restorations, as reported by Smales [53].

Table 4. Statistical significance (yes+ / no-) of the investigated variables on restoration
survival, and the statistical method applied i.e. univariate (U) or multivariate (M)
analysisA.
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+
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+

+
+
-

-

M
U
M
U
U
M

+
+
+

+
-

U
M
M

+
-

-

-

+

-

-

+
+
-

-

+
-

+

+
+

+

+
+

+

-

+
-

+
+
-

100

+
-

+
-

-

+E
+
-

-

Statistics

Techniqu
e

Cavity

Jaw
-

Operator

+
-

Endodon
tics

Tooth

OthersC

Local factors
Material

Amalgam
[19]
+D
[64]
+
[42]
+
+
[68]
+
[69]
[53]
+
Amalgam / Composite resin
[22]
+
[47]
+F
[49]
+F
Composite resin
[50]
+
+
[63]
[67]
+
[54]
+
D
[45]
+
+ -H
[46]
-F
[37]
+
[61]
-D
[48]
+
-F
[15]
+
Composite resin / Sandwich
[16]
+
Open sandwich
[34]
+
Ceramic
[56]
[65]
[66]
+
[57]
[62]
+
[58]

Bruxism

CariesB

Gender

Age

Patient factors

+
+
-I

+
-

+

+

+

-

-

-

-

-

-G
-

-AGE

+

-

M
M

-

M
M
U
U
M
M
M
.
M
M

+I
-

U
U
U
U
M
M
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+ 7
- 9
total 16

5
12
17

10
5
15

3
3
6

2
3
5

6
11
17

4
1
5

2
9
11

10
12
22

2
5
7

4
13
17

4
8
12

The effect for factors presented here are only for the variables of interest (excluding
anterior teeth, primary teeth, and full crowns).
B Caries and other caries-related variables.
C Others: oral hygiene [45,50]; patient as a factor [67]; heavy smoking and poor oral
health [53].
D Decayed, missing, filled teeth.
E Number of dentists per patient.
F Number of restorations per patient.
G In the three-year analysis.
H Caries severity.
I Adhesive system.
AGE Age of the operator.
A

Table 5. Statistical significance (P) and hazard ratio (HR) / odds ratio (OR) of patients’
risk factors assessed in the studies.

[50]
[19]
[45]
[48]
[15]
[50]
[63]
[19]
[45]
[37]
[48]
[15]
[62]
[50]
[45]
[34]
[16]
[15]

Factor
Age
≤15 (≥45)
16-30 (≥45)
31-45 (≥45)
years
6–12 (13–19)
20–57 (13–19)
12-19 (5-11)
≥31 (≤30)
Gender
F (M)
F (M)
M (F)
M (F)
M (F)
M (F)
F (M)
M (F)
Oral Hygiene
Poor (Good)
Medium/Poor (Good)
Caries Risk
High (Low)
High (low)
High (Low)
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HR/OR 95% CI

P

0.529
0.444
0.408
0.99
1.63
0.05
0.43
0.97

0.089–3.161
0.225–0.877
0.173–0.963
0.98-1.00
1.09-2.44
0.01-0.40
0.36-0.52
0.54-1.75

0.079
0.019
0.041
0.072
0.02
<0.01
<0.0001
0.938

2.982
1.05
0.89
1.33
8.7
0.92
1.35
1.959

1.178–7.540
0.41–2.71
0.62-1.30
0.95-1.85
0.75-1.12
0.72-2.53
1.00-3.84

0.021
0.910
0.556
0.09
0.022
0.40
0.347
0.050

9.046
1.31

1.021–19.751 0.014
0.90-1.90
0.15

2.85
2.45
4.40

1.35-6.02
1.55-3.88
2.33-8.30

0.001
<0.001
<0.001

CHAPTER 6

[45]

[19]
[45]
[47]
[48]
[15]
[62]
[15]

Caries Severity
Primary caries grade 4 and 5
and replacement (primary
caries grade 3)
DMFT
DMFT
DMFT
Restorations
Number of restorations
1 (≥2)
Bruxism
Yes (No)
No (Yes)
High Caries risk and Bruxism
(no risk)

1.04

0.72-1.52

0.82

1.02
1.06

1.01-1.04
1.02-1.10

0.009
0.01

0.91e
0.94

0.86-0.95
0.78-1.13

<0.001
0.51

2.78
0.38

1.39-5.59
0.19-0.77

<0.001
0.007

8.31

4.40-15.66

<0.001

DMFT decayed, missing, filled teeth.
A Estimate coefficient from Cox regression model estimated with the bootstrap
technique.

6.4 Discussion
The survival of restorations may be affected by a number of variables, and therefore,
the inclusion of known factors as well as potential factors into analysis is crucial to
determine treatment alternatives and prognosis, according to specific conditions at the
tooth level and patients’ needs at an individual level. As seen by the dates of the
included studies, 10 were published from 2010 on and 11 between 2002 and 2009. So
even though previous studies [42,53,61,64,68,69] had reported an influence of patient
factors in the survival of restorations, increased attention in research took longer to
take place. Yet, as seen in the results of this review, it became clear that there is a lack
of standardized methods to assess patient-related factors. Even in studies in which
these factors were investigated, there was no uniformity on clinical parameters used,
and the description of cutoff points was frequently missing or vague. This is likely due
to the difficulty of establishing the relationship between etiological factors and clinical
signs and the diagnosis for several conditions in the dental field. Since several factors
were addressed in the studies, each holding its own particularities, the discussion is
presented under topics, as follows.
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6.4.1 Caries
In the caries disease process, multiple risk indicators/predictors may be needed to
establish a graded risk status and future caries prediction [71]. Certainly, the collection
of several variables is important to correctly identify risk indicators in each patient,
guiding preventive and treatment strategies at the individual level [72]. Nonetheless,
when investigating restoration survival, the use of simplified measures may provide a
good estimate of the disease activity when the restoration is placed and in follow-up
evaluations. Visible cavitation or caries into dentin identified by radiographic
examination was shown to significantly correlate with several caries risk factors [73].
Caries lesions leading to restorations within a three-year period was one of the
correlated items [73], which is similar to the criteria applied in some of the included
studies reporting a significant influence on restoration survival [15,22,42]. Although the
included studies reported different methods and cutoff points (Table 1), most of them
were able to show an influence of caries-related variables on restoration failure (Table
4). Decayed, missing, filled teeth–surfaces (DMFT-S), representing past caries
experience, has been used as a predictor variable and has shown that higher caries
experience in the past correlates with caries increment [74]. Also, individuals presenting
a higher level of caries disease (component D from the DMFT index) at the age 15
were more likely to have failed restorations when they were 24 years old [75]. Three of
the included studies have used DMFT/DFT, and two reported a significant effect on
restoration survival [19,45]. The other study reported that no correlation was found for
DFT and failure rates, but the statistical method was not described in the article. In
addition, most of the patients were dental students, which could have influenced the
results [61]. For studies on restoration survival, the use of cumulative scores as a single
indicator may overestimate the caries risk. The increment in DMFS/DFS on a given
interval of time should also be given, because it would be comparable to new
restorations and cavitated lesions as reported in other studies.
Identifying high-caries-risk patients when the restoration is placed may provide a
good estimate of individuals at higher risk of restoration failure [76]. A large
retrospective cohort study, with seven years of follow-up, showed that high-caries-risk
patients developed more primary dentin lesions as well as secondary caries compared
with patients classified as no/low risk at baseline. At baseline, the most marked
differences between these groups were the number of dentin lesions (0.45 for low risk
vs 3.1 for high risk) and secondary caries (0.07 for low risk vs 1.0 for high risk) [74].
Oral health and oral hygiene were evaluated in three studies [45,53,50], and one
reported a significant contribution of this variable in restoration survival [50]. Although
individuals presenting a high level of biofilm accumulation throughout life may be
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more prone to oral health problems in adult life, as reported in a birth cohort study
[77], other variables should be jointly evaluated when investigating restoration survival.
Still, the observation of biofilm accumulation and gingival bleeding indexes during the
follow-up of patients is essential to observe their compliance to treatment.
Another variable investigated in the studies and included in the present review
was the number of restorations per patient (regardless of the reason for placement) at
a given period of time. Individuals with more restorations were shown to experience
more failures than individuals with fewer restorations in two reports [47,49], but this
variable was not significantly related with restoration survival in two other studies
[46,48]. In this sense, considering all the above-mentioned reasoning, registering the
number of cavitated caries lesions, dentin caries from radiographic evaluations, or
interventions due to caries within a two- to three-year period seems a straightforward
method to identify patients at high risk [72].

6.4.2 Bruxism and occlusal loading
The general mechanisms - friction, corrosion, and stress [78] - that can affect sound
tooth structures in the form of noncarious tooth surface lesions may also affect
restorations. Tooth wear and bruxism are multifactorial conditions, sometimes
overlapping each other because mixed mechanisms may be involved [79]. For both,
physiologic and pathologic distinctions should be identified, since bruxism habits may
be seen as a normal activity [80,81] and tooth wear is part of a normal physiologic
process [82,83]. The assessment of these conditions usually takes into account objective
clinical evaluation and subjective self-reported information [83,84].
Most of the studies included in the present review, assessing bruxism, have not
objectively stated the cutoff points applied to determine the condition. Thus, a direct
comparison of methods is not feasible. Among the studies evaluating ceramics, no
significant effect on the failure rates for inlay/onlay restorations was found [56-58].
However, for extensive partial crowns, a significant effect for bruxism was shown in
restoration survival [62]. Regarding other materials, only two studies have investigated
the effect of bruxism, and in both cases, this variable significantly influenced the
survival of amalgam [53] and composite [15] restorations. Other reports were found
presenting information regarding bruxism behavior only in the discussion of the results,
where more failures were seen in bruxing patients [41,59,65].
A review on bruxism prevalence in adults showed that several flaws in the
studies were related to the lack of valid criteria to diagnose this condition [85]. A
grading system was proposed by Lobbezoo et al. [86], in which bruxism should be
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registered as “possible,” “probable,” or “definite.” These distinctions should be made
according to the assessment strategy, namely, solely by means of self-report
information with questionnaires (possible), by the use of questionnaires and clinical
evaluation (probable), and, for a definite diagnosis, by the use of both preceding
evaluations plus an electromyographic recording (awake bruxism) or polysomnography
(sleep bruxism) [86]. These distinctions seem useful for the awareness of clinicians and
researchers that bruxism may be under- or overestimated, especially when only one
method is applied [87]. In addition to this grading system, the severity of bruxism
should be part of the assessments [85]. Questionnaires designed with this purpose
should include response options other than simply “yes” or “no,” such as proposed by
Liu et al. [88] for tooth wear assessment, in which “mostly,” “sometimes,” and “never”
were included. As a fourth response option, “not aware” could also be added. For the
clinical evaluation, specifically concerning the intraoral examination, indexes should be
used to grade the severity of clinical signs.
In addition, little is known about the effect of high occlusal loads and stress
concentration on tooth surface loss and on restorations, except that several
mechanisms may be involved [79]. In vitro studies on occlusal load frequently focus on
abfraction on premolar teeth, and stress concentration in the cervical area was shown
to slightly increase when an occlusal restoration is present [89]. Probably the cavity
configuration as well as the axis and force of applied loads will generate distinct
stresses on different teeth. Material properties [90], the occlusal load, and the cavity
type [91] were shown to influence stress concentration patterns. This might be
particularly relevant for restorations placed in patients presenting high occlusal stress
risk, due to bruxism, parafunctional habits, heavy occlusal loading, or severe tooth
wear. Hence, for practical reasons, the measurement of clinical signs regardless of the
name of the condition seems advisable when investigating restoration survival.
Ideally, assessment strategies developed with this purpose should be appropriate
for use in research trials but specially by practicing dentists. Factors taking long periods
to influence restoration survival are probably more suitable for practice-based research
in which patients are usually not particularly selected, as seen in several of the studies
included in the present review. With time, moderate to severe conditions will be
identified by the patient and/or the clinician during routine dental appointments and
should be clearly distinguished in clinical files. For example, the degree of attrition of
the tooth structure as reported by Felden et al. [59] may serve to measure tooth
structure loss regardless of the etiological factor(s).
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6.4.3 Gender and Age
Few studies have found a significant influence of gender on survival of restorations,
and this variable is probably related to others. Men, in general, may have stronger bite
forces than women [92], which could contribute to more failures due to fatigue of the
material or bonding interfaces, leading to fracture and debonding and increased failure
rates. As discussed by Schulz et al. [66], the combination of a patient effect, such as
unfavorable loading, and an inadequate material dimension may have contributed to a
higher failure rate in men observed in their study. The presence of bruxism and
parafunctional habits may overcome the influence of gender, and therefore gender
should not be an isolated variable when evaluating restoration survival. In addition,
women are more concerned with their health and they attend dental services more
regularly [93]. Such an aspect is important because it has been demonstrated that
individuals having regular dentist visitations during the life course may exhibit better
oral health outcomes [94].
The same line of reasoning may be valid when considering the influence of age
on restoration survival. Other factors, such as caries risk in younger individuals [42] or
more complex restorations and greater tooth structure loss after several restorative
interventions in older individuals, may superimpose the effect of age. Pallesen et al.
[48] observed, among children and adolescents, a higher intervention rate for younger
individuals at baseline. The authors discussed that findings could be related to
differences in caries risk and the more difficult cooperation of younger children during
treatment procedures. So although age may present a significant effect, polarized for
the very young and more mature patients [45,48,50], the analysis of the contribution of
age on restoration survival, as it is for gender, should not be seen under an isolated
perspective.

6.4.4 Other patient-related variables
Socioeconomic status and educational level may also influence restoration survival [75],
but no longitudinal evaluations investigating the effect of socioeconomic vulnerability
were found. Although Soncini et al. [49] characterized the participants according to
ethnicity, household income, and educational level of the caregiver, this information
was used primarily to verify the equal distribution of the materials (amalgam and resin
composite) for each of the displayed characteristics. It is also mentioned that the
statistical model was adjusted for some patient factors if they were statistically
significant or changed the effect (10% or more) of the restoration material. Since for
permanent teeth, the model was adjusted only for number of restorations in the
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mouth, the other factors (age, sex, and socioeconomic status) presumably did not
influence restoration survival. However, the collection and reporting of these data are
of importance because they provide the characterization of the sample population. In
fact, when evaluating the survival of restorations in specialized private practices, a
more favorable environment may be displayed because patients with a higher
socioeconomic background usually attend these facilities [63,95], especially considering
countries where the dental health system does not rely on public coverage [96]. Thus, a
better general and oral health may be expected, with lower chance of failure, and
restoration survival may be overestimated for the general population, where individuals
with different economic backgrounds are included [10].

6.4.5 Statistical Analysis
One important point to be raised when investigating patient risk factors for longevity
of restorations is the use of appropriate statistical analysis. Generally, a descriptive
analysis of interest variables is recommended, followed by the analysis of associations
between each evaluated patient factor and failure of restorations, often called
univariate analysis. From the 27 selected studies, 10 have analyzed factors associated
with longevity of restorations only in a univariate way (Table 4). This strategy does not
consider the complex interrelationships that exist between all covariates investigated.
For example, it is well established in the literature that dental caries is a multifactorial
condition, affected by socioeconomic, behavioral, and tooth factors, among others. In
this way, to investigate the real effect of caries on longevity of restorations, it is
strongly recommended to adjust its effect by other variables that are associated with
both caries and longevity of restorations, which can act as confounders of this
association, using multivariate methods. An increasing tendency to improve the quality
of the analysis using multivariate models is observed among included studies. Another
aspect that requires attention when patient factors are investigated is data
organization. Most of articles on longevity of restorations considered that all variables
are at the same level of organization, ignoring the complex nature of dental studies,
where variables from surfaces/teeth/patients are analyzed together. Generally, more
than one restoration is evaluated per patient. In this case, the assumption of
independence between observations (restorations) leads to errors in data analysis and
interpretation of results. Restorations are clustered within patients. This means that an
important correlation exists between restorations of the same patient. The use of
methods that ignore this correlation may lead to incorrect results, increasing the
probability of rejection of the null hypothesis (ie, finding statistically significant results
when none are present in the data) [97]. This problem is present in most of articles
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that use a survival analysis approach, by conventional Cox regression models. To deal
with data organization, multilevel models are the appropriate method that adjusts the
results by correlation existing between restorations from the same patient [75]. Recent
studies on longevity of restorations have used Cox regression models with shared
frailty to investigate patient risk factors [15,63]. These models for survival analysis are
analogous to multilevel regression models with random effects and consider the
intragroup correlation being recommended for future studies.

6.4.6 Final Considerations
The selection of patients for particular treatment alternatives is often restricted to
certain risk profiles. Recommendations for restorative techniques according to patientrelated conditions are made, regardless of sound evidence to support the clinical
decision [98]. Interestingly, the methods used to estimate the risk, meaning the criteria
applied for patient inclusion/exclusion, are frequently missing, and the description for
patient exclusion is often limited to “poor oral hygiene” or “patients with bruxism were
excluded.” While in retrospective evaluations, investigators may be limited to work with
information available in the clinical records, in prospective studies, the characterization
of the sample population (by means of indexes, self-reported information, and cutoff
points) should be far more complete and available for the reader, even if data will be
presented only descriptively. A recent report reinforced the need to use guidelines
when reporting clinical studies, to increase the completeness and transparency of
biomedical research. Inadequate reporting of research may lead to wasted research
resources, increasing the risk for publication inaccuracy or biased data, with
implications for health care decisions [99].
A survey among general dentists in Kuwait showed that the dentist’s choice
regarding direct restorative materials is influenced by factors such as oral hygiene,
numbers of restorations in the mouth, and cavity size [2]. However, no strong evidence
exists to support the use of a particular material for either situation [100]. Material
choice seems to be related to dentists’ preference, country, and cultural trends [5,101104]. Future investigations should deal with individuals’ particularities and risk factors,
assisting the clinical decision making for materials and techniques in challenging
situations.
It is noteworthy that studies evaluating the survival of restorations have been
mostly focused on the comparison between materials, including a very restricted group
of patients. Aiming for studies more easily translated to daily clinical practice,
investigations including patients with different socioeconomic and education
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backgrounds, with different levels of caries and occlusal stress, should be encouraged.
Another interesting approach would be to set new prospective studies on longevity of
dental restorations recruiting only volunteers/patients at high risk, considering that
these risk situations would be the utmost challenge for the restorations. Also, since the
events experienced during the life course may affect a series of oral health outcomes
in other periods of life [105], they should be considered during the design and
evaluation of studies reporting the longevity of posterior restorations. Considerable
time in clinical practice is spent on replacing failed restorations [106], with a high cost
for the individuals and for health systems [107,108]. Restorations are replaced/repaired,
and in the near future, they tend to fail again [109,110], because the dentist is treating
the consequences instead of the causes for failures [74]. Therefore, the investigation of
factors related to patients is crucial to change their current status, increase the survival
of restorative procedures, and cut costs.

6.5 Conclusions
Within the limits of the information collected in the current review, some conclusions
and recommendations can be made:
-

The assessment of patient factors along with other variables should become part

of clinical studies investigating restoration survival, since several of these factors were
shown to influence the failure of restorations, regardless of the material type.
-

Several studies lacked detailed information regarding the method used to

classify patients. A full description should be clearly stated together with the cutoff
points applied, so the sample population from different studies can be compared.
More importantly, with the characterization of population, results from clinical studies
may be interpreted according to individual particularities and not only in relation to
materials and cavity variables.
-

For caries risk assessment, simplified methods based in caries activity were

presented and seem appropriate for use in restoration survival analysis. The collection
of this information is available in periodic radiographic examinations and in clinical files
where the reason for intervention is registered. The higher hazard ratio found for
restoration failure in caries-active individuals may assist the clinician to inform their
patients toward adherence to treatment.
-

Few studies were found investigating the role of bruxism/parafunctional habits

on restoration survival, and different results were reported. Improvement in methods
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for the assessment of patients under high occlusal stress risk is needed. The association
of self-reported information and clinical indexes is encouraged, and the severity of the
condition should be distinguished objectively.
-

For data analysis, multivariate models should be used, and when available,

several restorations should be included per patient, since risk factors related to the
individual may be masked when only one restoration is selected.
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CHAPTER 7

Abstract
In Chapter 7 we address study design and outcome interpretation, presenting an
overview of the strengths and limitations of the methodologies used in this thesis. We
discuss factors under evaluation in the preceding Chapters, critically addressing the fact
that failure and survival outcomes may drastically depend on the sample population
involved. We present some considerations for future investigations along the text. In
our studies, tooth type, number of restored surfaces and patient-related factors were
consistently found to influence composite resin restoration survival in posterior teeth,
whereas material factors were not consistently implicated with the outcome.
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7.1 General discussion
Several clinical studies and reviews have investigated the survival of posterior resin
composite restorations. Encouraging results for these restorations have been shown,
with mean annual failure rates varing between 1% and 3% (Heintze and Rousson, 2012;
Manhart et al., 2004), similar to our findings (Chapter 2, 4 and 5).
Some specific concerns related to resin composite restorations were addressed
in the studies of this thesis. Except for the in situ study, in which a straightforward
question was addressed, in all others studies several factors were analysed to provide a
wider picture of composite restorations’ survival in posterior teeth. Due to the broad
nature of the theme, and inherent limitations of each study, some aspects will be
further discussed here.

7.1.1 Study design and outcome interpretation
In vitro and in situ studies select certain variables to be tested under highly controlled
experimental conditions. The main advantage of these studies is the straightforward
answer to research questions, several of which would not be possible or feasible to
investigate clinically. In situ studies are designed to mimic closer some features of the
clinical scenario, including individual-related variables playing a role in the study. Even
so, results are confined to the methods applied and experimental time, and therefore,
they answer narrow questions. For instance, in Chapter 3, the material variable was
subject of investigation whether it could influence the demineralization process in the
adjacent tooth substrate, in an 8-week in situ study. We did find differences in artificial
secondary caries progression related to materials, but results should be interpreted
accordingly, meaning that extrapolation regarding secondary caries clinically should be
done with care. Clinical observations may be investigated in vitro or in situ in order to
find explanations and also, consistent outcomes from in vitro and in situ studies may
be investigated clinically to find out clinical relevance.

Clinical recommendations

should not be based solely on in vitro, or even in situ observations.
Regarding clinical studies to investigate restoration survival, there are several
possibilities in design, each one with strengths and shortcomings. Randomized
controlled clinical trials (RCT) in academic research settings are usually designed to
comparatively investigate materials or technical procedures, controlling other variables
as much as possible. Volunteers’ selection is often subjected to strict inclusion criteria,
in order to minimize the interference of conditions such as poor oral hygiene, caries
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risk, parafunctional habits/bruxism, malocclusion, among others. Also, operators are
trained and evaluators are calibrated, and ideally both are blinded to reduce variation
on the technical procedure and evaluation of restorations. For adequate reporting of
these studies the CONSORT Statement (Consolidated Standards of Reporting Trials)
provides recommendations for standardized and transparent reporting, that should be
followed (Moher et al., 2010). Yet, by measuring the effect of interventions under
nearly ideal conditions, a high internal validity is expected, but at the same time,
extrapolation of the results for the daily clinical practice is compromised (Pihlstrom
and Barnett, 2010). Systematic reviews and meta-analysis of such academic RCTs are
considered the highest level of evidence to assess efficacy of treatments, but
depending on the eligibility criteria for patients in the included studies, effectiveness
may not be assessed. Therefore, systematic reviews and meta-analysis including other
studies designs can provide valuable information, albeit with limitations (Chapters 5
and 6).
To increase the external validity, investigations should also be performed
outside academic research settings. Practice-based studies are suitable alternatives, in
situations where patients are regular attenders and restorations are performed by
dentists in their work environment (Mjor et al., 2005). Data may be collected from
patient files, without any interference from investigators, or some variables can be
controlled, and even randomized by investigators in prospective practice-based studies.
RCT outside academic settings are also being performed, but when excluding patients
in risk situations, they become similar to academic RCT. In observational studies,
disadvantages include treatment allocation and the evaluation process (establishing
failure and reason for failure), which is often undertaken by the dentist who placed the
restorations, leading to possible biases. If data is collected retrospectively, another
aspect refers on having sufficient information provided in the dental files. Besides, it is
hard to precisely estimate loss of follow-up retrospectively. In all cases restoration
survival may be overestimated, and generalizability of findings may also not apply to
the daily practice as only engaged dentists are probably the ones willing to join these
prospective and retrospective evaluations. Also, investigators that often are also the
dentists of practice-based studies are probably more qualified for the evaluation of
restorations and may base their decisions on updated information and defined criteria.
In that respect, survival rates from those dental practices can be seen as possible
outcomes in the real life.
Even though there are clear limitations in each approach, the analysis of
restoration survival should include as many variables as possible, reflecting clinical
situations, identifying risk factors, to allow translation to clinical practice. Thus, ideally,

122

GENERAL DISCUSSION and CONCLUSIONS

high numbers of patients, restorations and practitioners should be assessed,
determining the relative effect of local and external factors in restoration survival.
In two studies of this thesis (Chapter 2 and 4) the survival of resin composite
restorations was assessed retrospectively with data from one private dental practice.
The dentist, an experienced specialist, placed all restorations and also determined if
they were clinically acceptable or should be repaired / replaced during follow-up
visitations to the dental office. Several variables were collected from the clinical files
and a multivariate Cox-regression analysis was performed to determine the
contribution of variables in survival; since each patient could have contributed with
several restorations, shared frailty was included in the model. To overcome some of
the limitations in having results of a single practice, we performed a meta-analysis on
primary data (Chapter 5) including different practice settings and study designs. In
Chapter 5, some drawbacks relate to the fact that possible variables of importance
were not included, like the operator and the wide variation of bonding materials used;
also, 10 of the 12 datasets were delivered by three research groups, reducing the
generalizability of findings.

7.1.2 The Intermediate layer between tooth and restoration
With regard of failures due to fracture composite resins do not seem to perform worse
than amalgam, except for studies indicating that glass-ionomer-cement bases could
weaken the strength of composite restorations, clinically leading to a higher frequency
of fractures and influencing overall survival. In Chapter 2 we have assessed the
influence of having a glass-ionomer base underneath resin composite restorations –
the sandwich technique, on restoration survival. In this study, the significant variables
were tooth type (molar HR 2.57) and number of restored surfaces (three or more HR
2.06), while patient gender, age at placement, jaw, the presence of a base and resin
composites were not found to influence the outcome. However, we did observe a
higher proportion of fractures as the reason for failure when a base was present. It is
possible that particularly for larger restorations a thick glass-ionomer cement base may
reduce the mechanical properties of the restoration. Analysing the frequency
distribution of failures (data not shown), for three or more restored surfaces the
frequency of fracture was much higher for sandwich (32%) compared to restorations
without base (15%). Some limitations can be discussed, as resin composites in the
included datasets were not the same, due to the different time-period in which
sandwich technique was performed as routine by the dentist. Also, it was not possible
to evaluate the thickness of the base layer and thickness of the composite.
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The effect of an intermediate layer in restoration survival was also assessed in
the meta-analysis (Chapter 5). According to the results, two datasets from the same
study group were responsible for an increased failure risk of sandwich restorations (HR
4.93 pre-molars and 2.87 molars). Thus, by excluding those two large samples (1,324
restorations)(Opdam et al., 2007; Opdam et al., 2010) from the analysis, this variable
was no longer statistically significant in restoration survival (1,492 restorations; HR 1.83
pre-molars and 0.59 molars). The technical procedure and material applied in the
intermediate layer varied among the studies. Only one study investigated the effect of
the thickness of the base, and no differences were found after 6 years (AnderssonWenckert et al., 2004). However, this study evaluated open-sandwich restorations with
resin-modified glass-ionomer. Looking into the studies where a conventional glassionomer cement was applied, in Bottenberg (Bottenberg et al., 2009) the intermediate
layer was restricted to cover the dentin at the pulpal wall, while in Da Rosa Rodolpho
(Da Rosa Rodolpho et al., 2011), Gaengler (Gaengler et al., 2001), van Dijken (van
Dijken, 2000), and Opdam (Opdam et al., 2007; Opdam et al., 2010) all of the dentin
was covered with glass-ionomer. As an estimate of the layer thickness was only given in
van Dijken (1-2mm), it is not possible to determine whether the thickness of the
intermediate layer, the mechanical properties of the materials used in each study, or
other operator-related factors were responsible for the differences in results. It is
noteworthy though, that in both statistical analyses in Chapter 5 the presence of glassionomer layer had a stronger effect in pre-molars’ survival as compared to molars.
Each technique may hold its own ‘disadvantages’ looking into isolated variables
in vitro. Nonetheless, in both our studies, acceptable annual failure rates were found
after 10 years with (1.6 – 2.7%) and without (2.2 – 3%) a glass-ionomer base. In this
sense, although materials’ composition affects their physical and mechanical properties,
which can be measured in vitro and may present significant differences (Assis et al.,
2009; Iazzetti et al., 2001; Taha et al., 2012), such findings might lose relevance in
overall restoration survival.
In the past, sandwich restorations with glass-ionomer cement were the preferred
way to achieve bonding between dentin and resin composite, covering all dentin walls.
Nowadays, an intermediate layer of glass-ionomer based materials may still be used to
reduce contraction stress, etc, but also for indirect pulp protection, sometimes
combined with a thin layer of calcium hydroxide cement (Gruythuysen et al., 2010). In
this sense, future investigations should consider to assess the remaining thickness of
dentin at the pulpal wall, because deeper cavities may receive pulp protection, and
selective bias (regarding material use) could compromise the interpretation of results.
Besides, the use of glass-ionomer materials for lining cavities with moderate and deep
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depth were not shown to reduce postoperative sensitivity (Burrow et al., 2009; Strober
et al., 2013), and did not present any beneficial effect in cavities with high C-factor
(van Dijken, 2010). Thus, from a clinical point of view the use of such layers seems
questionable. For several new materials that are developed to reduce contraction stress
at the cavity walls (Kim et al., 2015; Rosatto et al., 2015) no clinical studies are
available. Up to date no evidence for worse or better survival has been reported for
the use of flowable lining, low-shrinkage or bulk-fill resin composites (Bayraktar et al.,
2016; van Dijken, 2010; van Dijken and Pallesen, 2011; van Dijken and Lindberg, 2015;
Yazici et al., 2014).

7.1.3 Composite resins as a variable in longevity
Regarding the restorative material, several studies (Bottenberg et al., 2007; Pallesen and
van Dijken, 2015a; van Dijken and Pallesen, 2014; van Dijken and Lindberg, 2015) did
not find an influence of the resin composite material in long-term restoration survival,
in accordance with our results in the retrospective practice-based studies (Chapter 2
and 4). However, others reported a significant contribution of this variable in survival
or failure rates (Baldissera et al., 2013; Kopperud et al., 2012; Lempel et al., 2015). In a
low-risk population in general, with reduced annual failure rates, differences between
materials may become apparent after 10 or more years of follow-up, and even with
differences, the overall survival for each composite was very satisfactory (Baldissera et
al., 2013; Da Rosa Rodolpho et al., 2011; Lempel et al., 2015). In the meta-analysis we
found an increased failure risk for compact-filled composites in restorations in molar
teeth (HR 1.63; p=0.009) when all studies were included in the analysis. Although
higher filler loads are expected to have better mechanical properties and thus more
resistance in stress-bearing areas, there are differences in filler load and morphology
between compact-filled composites, which were shown to negatively affect their
mechanical properties and compromise fatigue behaviour (Abe et al., 2005; Adabo et
al., 2003; Ikejima et al., 2003; Papadogiannis et al., 2007; Willems et al., 1992).
Nevertheless, annual failure rates after 10 years were nearly the same for compactfilled and midway-filled resin composites (2.2% and 2.3%; Chapter 5). In the analysis
with reduced number of studies though, a significant effect of resin composite type
was no longer observed (HR 1.67; p=0.07), and small differences may only become
apparent with higher sample sizes. In another meta-analysis (Heintze and Rousson,
2012), including only prospective trials and focusing on materials for direct posterior
restorations, significant differences were only found regarding clinical parameters
among resin composites, but not for survival.
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In the studies of Chapter 2, 4 and included in the meta-analysis (Chapter 5)
there was variation with respect of adhesive protocol / materials and technical
procedures. In all studies resin composite restorations were placed with incremental
technique, and enamel etch and rinse was performed (except in 43 restorations), while
the procedure in dentin varied. We could not assess this variable in Chapter 5, but
according to the meta-analysis of Heintze and Rousson (2012) survival was improved
when etch and rinse in enamel was performed. Long-term clinical studies are still
needed for future assessment of self-etch systems, but enamel etching seems
advantageous. Another variable that was not assessed in our studies regards the use of
rubber dam for field isolation, which may also affect restoration survival, favouring its
use (Heintze and Rousson, 2012).
In summary, resin composites with high filler loads and adequate flexural
strength (>100 MPa) have shown good survival in the long-term for posterior
restorations, reinforcing the need of long-term follow-ups and meta-analysis for
comprehensive evaluations. On the other hand, the assessment of new materials may
lead to completely different outcomes. Differences in survival or failure rates can
emerge in periods as short as 3 years (Ernst et al., 2001; van Dijken and SunnegardhGronberg, 2005; 2006) and therefore, clinical investigations of ‘new’ resin composites
and adhesive systems, with a substantial difference in composition, are already of
interest after short follow-up times.

7.1.4 Secondary caries
Secondary caries is one of the main reasons of direct restoration failure in posterior
teeth (Allander et al., 1990; Astvaldsdottir et al., 2015; Deligeorgi et al., 2000; Friedl et
al., 1994; Heintze and Rousson, 2012; Manhart et al., 2004; Tyas, 2005), and there is
some clinical evidence indicating that composite restorations are more susceptible to
secondary caries when compared to amalgam (Bernardo et al., 2007; Kuper et al., 2012;
Opdam et al., 2010; Rasines Alcaraz et al., 2014). Consequently, attempts are
continuously made to identify possible reasons, and small parts of hypothetic situations
involving secondary caries have been tested. Questions regarding bacterial adhesion /
biofilm formation leading to degradation of the material and diffusion products
through failed bonds or gaps might be implicated for higher susceptibility of resin
composites to secondary caries (Nedeljkovic et al., 2015).
The sealing of amalgam restorations may be attributed to creep expansion
(Osborne, 2006) and ‘self-sealing’ by corrosion products at the interfaces (Ben-Amar et
al., 1995; Mahler et al., 2009). This is not the case with adhesive restorations, where the
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degradation of bond structures occurs with ageing (Abdalla and Feilzer, 2008; Frassetto
et al., 2015; Hashimoto et al., 2000; Spencer et al., 2014). Assuming that an optimal seal
at the adhesive / tooth interface is related with the long-term success of posterior
composite restorations (Spencer et al., 2010; Spencer et al., 2014), what to expect from
these restorations?
Large numbers of in vitro experiments were performed to assess leakage
(microleakage / nanoleakage) around restorations, but no correlation with clinical
outcomes such as secondary caries, marginal discoloration or hypersensitivity could be
established (Bayne, 2012; Heintze, 2007). The lack of sealing per se may not be a proper
explanation for secondary caries lesions development. After 3-4 weeks under high
cariogenic challenges in situ, no demineralization was observed along the tooth
interfaces in simulated restorations without bonding (Barata et al., 2012; Kuper et al.,
2014), but mineral loss was clearly observed when interfacial gaps were present (Kuper
et al., 2014). The influence of gaps in mineral loss in the form of wall lesion has been
consistently found in in vitro and in situ under cariogenic biofilm models (Cenci et al.,
2009; Kuper et al., 2014; Kuper et al., 2015a; Kuper et al., 2015b). And, it might be
possible failed bonds would allow secondary caries development along the interfaces if
occlusal loading is able to open such spaces (Khvostenko et al., 2015; Kuper et al.,
2013). Clinically, marginal defects by themselves are not indicative for the existence of
secondary caries lesion, which should be diagnosed by visual assessment and
radiographs (Brouwer et al., 2015; Dennison and Sarrett, 2012).
Regarding artificial secondary caries formation in situ and restorative materials,
the demineralization of adjacent tooth surfaces next to amalgam was lower than for
composites within simulated gaps (Kuper et al., 2015b), whereas for outer surfaces,
demineralization next to amalgam was similar or higher than observed next to adhesive
restorations, depending on the resin composite/adhesive system as shown in Chapter 3
and another in situ experiment (Sousa et al., 2009). Specificities related to the site
(within the interface or outer surface) could induce different dynamics between toothmaterial exchanges. Still, length of the experiment, surface characteristics (Song et al.,
2015), elution of substances, biofilm composition / metabolism for each material and
site (Busscher et al., 2010) could help explain differences in findings.
Apart from differences in mineral loss associated with materials, uncontrolled
variables may be influencing the experiments in situ, such as shear forces, saliva,
eating/drinking habits, host microorganisms, etc. Biofilms colonizing the samples are
derived from each individual, hence, variation in demineralization progression was
observed in situ (Chapter 3)(Kuper et al., 2014; Kuper et al., 2015a; Thomas et al.,
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2007), which should be explored in future investigations. We are aware that several
others perspectives (outcome variables) may be explored in vitro and in situ in relation
to secondary caries and dental materials, but a clinical perspective of factors
influencing overall survival of resin composite restorations was the main theme of the
this thesis.
In the meta-analysis of Heintze and Rousson (2012) the frequency of secondary
caries was low in most trials included (about 3% after 10 years). The type of material
(amalgam; resin composites; compomer) or the type of tooth conditioning (etch and
rinse; self-etch; no etch and no bond) were not related with the occurrence of
secondary caries. However, the characteristics of the restoration margins (staining,
discoloration and integrity) of composite restorations were related with tooth
conditioning technique (Heintze and Rousson, 2012). In the study of Bottenberg
(Bottenberg et al., 2009), after 5 years of follow-up there was a significant deterioration
of marginal integrity, with several cases of marginal gap, but few cases of secondary
caries. Thus, it is possible (or likely) that marginal ‘defects’ lead to incorrect diagnosis
of secondary caries (Mjor, 2005), and occasionally, dentists may also ‘prevent’
secondary caries development by replacing restorations with marginal ‘defects’. The
clinical behaviour (appearance) of resin composites, with characteristics of marginal
staining, colour stability, surface lustre, among others, can be highly relevant for
restorations in anterior teeth, because it influences the aesthetic appearance, and
consequently repair and replacement rates may be affected by such characteristics. In
posterior teeth, failure should be related with relevant defects (functional and
biological), such as tooth integrity (fracture or caries) and restoration integrity (fracture
or wear) leading to clinical impairment. All other characteristics should be annotated,
for future risk assessment.
Another aspect is that secondary caries is more frequently seen in practicebased studies (Astvaldsdottir et al., 2015; Braga et al., 2007; Nedeljkovic et al., 2015;
Tyas, 2005). It may be related with operator factors, such as technique sensitivity
(Nedeljkovic et al., 2015) and diagnostic issues (Dennison and Sarrett, 2012; Heintze
and Rousson, 2012), but patient inclusion criteria in clinical studies should not be
overlooked (Demarco et al., 2012). In Chapter 4 we assessed the influence of several
factors in resin composite restorations survival, including patient-related factors
(gender, age, caries-risk and occlusal-stress-risk). Our findings confirmed previous
reports (Andersson-Wenckert et al., 2004; Opdam et al., 2010) showing that patients at
high caries-risk were showing significantly shorter restoration survival. At 10 years, the
survival of restorations in high caries-risk patients was 60%, while in low risk patients it
was 90%, translating into annual failure rates of 5% and 1%, respectively (data not
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shown). Secondary caries was the second most common reason for failure (39% of total
failures up to 18 years), and 89% of it was found in high caries-risk patients. In the
meta-analysis (Chapter 5), mean annual failure rates at 10 years were 4.6% and 1.6% for
high and low caries-risk individuals, respectively.
Other studies can illustrate the importance of caries-risk in restoration survival,
not restricted to resin composite restorations. In a large practice-based study of
amalgam restorations the main reason for failure was secondary caries, and caries
activity of the patients was found to significantly affect restoration survival (Jokstad and
Mjor, 1991). Recently, a study on U.S. Navy military personnel assessed the replacement
rate for amalgam and composite, showing an influence of the number of restored
surfaces and caries-risk status of the study population. Annual failure rates at 5 years
(12.8% for amalgam and 6.7% for composite) were considerably higher than in other
studies, probably due to the elevated number of individuals at high caries-risk (52%)
(Laccabue et al., 2014). In another study, including 4,355 composite restorations placed
in a Public Dental Health Service, secondary caries was the main reason for failure, and
high numbers of replacements / repairs of the restorations were related to primary
caries in a non-restored site (Pallesen et al., 2014). For high caries-risk patients (caries
active), experiencing new lesions overtime (secondary caries as well), it is hard to
imagine this situation could be turned around simply by changing a material.
Thus, we should critically discuss the belief that secondary caries can be
substantially reduced with advances in composite resins and adhesive systems. Possibly,
developments will favour long-term restoration survival in low to moderate-risk
individuals, who may experience isolated secondary caries lesions in sites where biofilm
removal is impaired. Investigations in the future should explore the context in which
secondary caries lesions are developing. Is secondary caries an isolated event, related
to that particular restoration site, or is that patient experiencing primary lesions as well
as secondary lesions? How often are we dealing with one case or the other? Assuming
the patient only presented secondary caries, the cause for the event may well be a
local deficiency related to the material or the operator, but otherwise, it seems evident
that we should not search solely for localized explanations.

7.1.5 The assessment of risk factors
According to World Health Organization (WHO, 2016) a risk factor is ‘any attribute,
characteristic or exposure of an individual that increases the likelihood of developing a
disease or injury’. For restoration survival we have several potential factors to consider.
The tooth, its anatomy, position in the arch and relation with other teeth; the reason

129

CHAPTER 7

for intervention, the site and amount of tooth structure loss; the restorative material
and restorative technique applied; the dentists’ skills, dental education, work
philosophy, experience, and working place; the patients’ anatomical, physiological,
socio-economic-cultural conditions and habits; and more distally, Countries’ Public
Health Policies can also affect health outcomes.
Local factors such as tooth type, jaw and number of restored surfaces were
assessed in Chapters 2, 4 and 5. Restorations in molar teeth were shown to negatively
affect survival, probably related with the higher occlusal loading in these teeth, which is
accordance with several other reports. Generally, with the increase of the number of
surfaces restored a higher chance of failure was seen, which may be explained by the
reduction in remaining structural integrity of the tooth (Shahrbaf et al., 2007), and is
also in agreement with other clinical reports. Technical procedures and materials were
discussed previously and under the limitations addressed their effect in overall
restoration survival was minor in our studies.
Patient variables were also investigated (Chapters 2, 4 and 5). Gender and age
were not significantly related with restoration survival. Mainly adults were part of our
studies, and some other specific age categories can have an effect on the outcome
(Burke et al., 2005; Kopperud et al., 2012; Pallesen et al., 2013). Patients classified as
having high risk profiles were shown to negatively affect the survival of posterior
composite restorations, as discussed for high caries-risk individuals. Moreover, we
assessed ‘occlusal-stress-risk’ (bruxism related) and confirmed previous indications that
patients at high ‘occlusal-stress-risk’ could have a significant effect on composite
restoration survival (Chapter 4). The 10-year survival of restorations in these patients
was 73%, while in patients with low risk it was 90% (data not shown). In the past,
bruxism was reported to influence the survival of amalgam restorations (Smales, 1993)
and ceramic partial crowns (van Dijken and Hasselrot, 2010), and recently, another
study was published confirming our findings for posterior composite restorations
(Pallesen and van Dijken, 2015b).
The influence of the operator (dentist) was not under evaluation in our studies,
although some effect was possibly seen in Chapter 5. To assess this variable, studies
including large numbers of dentists and their variables are needed to estimate the
effect and identify possible reasons (Burke and Lucarotti, 2009; Laske et al., 2016;
Lucarotti et al., 2005; Pallesen et al., 2014).
For all sorts of reasons, there is a tendency for focusing on local factors when
assessing survival. In Chapter 6 we have searched for studies in which patient-related
factors were considered during ‘design’ or analysis, and an influence of patient factors
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in the survival of restorations was shown in several reports. However, issues were found
regarding the reporting of methods used to classify patients according to risk, and
improvements are needed in this area. We do not have a straightforward answer on
how to objectively assess these factors, but some considerations were discussed in that
Chapter.
Identifying the influence of patient-related factors on restoration survival is only
the first step towards achieving a more personalized dental health care. In order to
provide recommendations according to individual conditions there is need for
evidence to support clinical decisions (Faggion, 2012). As a start, a comprehensive
characterization of the population should be always provided in clinical studies, so
results may be interpreted according to individual particularities and not restricted to
materials or cavity variables. This should include indexes, clinical parameters and / or
diagnostic strategy, including the threshold applied. Besides, clinical studies
investigating restoration survival should preferably include high risk situations and high
risk patients, and treatment alternatives within patients at risk should be investigated in
the future. Finally, individual risk assessment should become routinely performed, and
in this sense, there is a need for appraisal of indexes on their usefulness and feasibility
for practitioners.

7.2 Conclusions of this thesis
We found no evidence for improved survival associated with the placement of
glass-ionomer based materials underneath composite resin restorations. The use
of conventional GIC for intermediate layers covering all dentin was related with
increased failures due to fracture.
Restorations placed in molar teeth and with higher number of tooth surfaces
restored were associated with higher risk of restoration failure.
The effect of resin composite material was minor in restoration survival, only
verified when a large sample was assessed, in molar teeth. Even then, survival
was nearly the same in the long-term.
Several patient-related factors were shown to significantly affect the survival of
restorations in the literature review. Among patient-related factors under
analysis in our clinical investigations, high caries- and occlusal-stress risks were
shown to negatively influence the survival of posterior composite restorations.
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Regarding the relationship between secondary caries and restorative materials,
composite resins were not related with higher mineral loss in outer tooth
surfaces when compared to amalgam in situ. Clinically, failure due to secondary
caries for composite resin restorations was mainly found in high caries-risk
patients.
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8.1 Summary

This PhD thesis is based on five studies aimed to investigate factors that can influence
posterior composite resin restoration survival. The outcome variables were focused in
clinical failures, which are mainly fracture and secondary caries, and not into
restorations’ clinical characteristics. The relationship between secondary caries
development at the outer surfaces and restorative materials was assessed under an in
situ study (Chapter 3). Long-term clinical investigations with retrospective study design
(Chapters 2 and 4) and a meta-analysis with primary data of several clinical studies
(Chapter 5) were performed to assess the influence of patient-, materials-, and toothrelated variables in survival. Finally, clinical studies addressing patient-related factors
and restoration survival were systematically reviewed (Chapter 6).
Chapter 1 presents an overview on posterior composite resin restorations and
possible factors related to the most frequently observed failures, secondary caries and
fracture. We present the rationale for the studies comprising this thesis, addressing
clinical and laboratorial observations on particular features of composite resin
restorations. Also, we stress for the fact that when assessing restorations, there is a
tendency in focusing into materials, but from a clinical perspective the analysis of
restorations should not be restricted to the comparison of materials and technical
procedures, as there are other factors that may greatly influence survival. The chapter
concludes with general and specific aims of this PhD research.
In Chapter 2 two datasets from one clinical practice were analyzed, including
362 composite resin restorations with a glass-ionomer-cement base (closed sandwich
technique) and 270 without a base, placed in 97 adult patients. The dentist who placed
all restorations also evaluated them at each appointment, determining which
restorations were clinically acceptable or should be repaired or replaced. Data was
collected from the patient files retrospectively. The presence or absence of an
intermediate layer of glass-ionomer-cement was the main factor under analysis,
considering survival, annual failure rate and types of failure as outcomes. Other factors
included in the multivariate Cox-regression analysis were: patient gender, jaw, tooth,
number of restored surfaces and composites. At 18-years of follow-up annual failure
rates were 1.9% and 2.1% for restorations with and without base, respectively. We did
not find a significant effect in survival comparing restorations with and without base,
but fracture was the predominant reason of failure for sandwich restorations (57.8%).
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The factors influencing significantly survival were tooth type (molar HR 2.57) and
number of restored surfaces (3 and more surfaces HR 2.06).
In Chapter 3 we investigated the effect of direct restorative materials on
secondary caries lesion formation in an 8-week in situ study with split-mouth design, by
placing samples into the lower prosthesis of 9 volunteers. Non-restored dentin samples
served as control (primary caries), and restored dentine samples were prepared using
amalgam, a microhybrid, a nanohybrid and a silorane composite. The composites were
adhesively bonded with systems presenting or not an antibacterial monomer in its
composition. Non-destructive microradiographs were taken to calculate the mineral
loss, which was analyzed with multiple linear regression multilevel model. We did find
differences in mineral loss among materials. The use of the antibacterial adhesive
system and the nanohybrid composite presented statistically significant lower mineral
loss compared to amalgam, and similar to control. Amalgam, the microhybrid
composite without the antibacterial adhesive system and silorane composite presented
higher mineral loss compared to control. Also, apart from the effect of materials on
mineral loss, 30% of the effect was related to the individual.
In Chapter 4 we evaluated the survival of resin composite restorations in
posterior teeth, focusing on the influence of potential patient risk factors. The study
was practice-based with a longitudinal retrospective design. The dentist who placed all
restorations also evaluated them at each appointment, determining which restorations
were clinically acceptable or should be repaired or replaced. The history of restorations
was extracted from the dental records, and a clinical evaluation by the researchers was
performed with those still in situ. In total, 306 posterior composite restorations placed
in 44 adult patients were investigated after 10 to 18 yrs. The patient risk status was
determined with simplified methods. For caries risk we assessed caries lesions in
bitewing radiographs resulting in restoration placement (any teeth), and for “occlusalstress-risk” (bruxism-related) we applied a self-report questionnaire and clinically
examined the surfaces. Factors included in the multivariate Cox-regression analysis
were related to patients (age, gender, risk status), tooth (type, vitality, arch, number of
restored surfaces), and composite materials. In total, 30% of the restorations failed, of
which 82% were found in patients with 1 or 2 risk factors. Secondary caries was the
main reason of failure within high caries-risk patients, whereas fracture was the main
reason in high “occlusal-stress-risk” patients. The patient variables gender and age did
not significantly affect survival, but risk did. The hazard ratio of high “occlusal-stress”
and caries-risk factors were 2.78 and 4.40, respectively, compared with low risk for
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restoration failure. Restorations placed in molar teeth, at the lower jaw, and in
endodontic treated teeth were also related with higher risk of failure.
Chapter 5 presents a meta-analysis, with original datasets from several studies,
investigating the influence of patient-, materials-, and tooth-related variables on the
survival of 2,816 posterior resin composite restorations. We conducted a systematic
search to identify eligible studies, and after contacting the authors, 12 longitudinal
studies of direct posterior resin composite restorations with at least 5 years’ follow-up
were included. A database including all restorations was constructed, and a multivariate
Cox regression method was used to analyze the influence variables of interest [patient
(age; gender; caries-risk status), jaw, number of restored surfaces, resin composite type,
and use of glass-ionomer materials as base/liner (present or absent)] in restorations’
survival according to tooth type. Annual failure rates were calculated for subgroups,
and distribution of failure type throughout time was assessed. Mainly Class II
restorations (2,585) were part of the analysis and in total 569 (20%) have failed during
the observation period. In the first year after restoration placement, the reason for
failure was almost exclusively endodontic complications, while in later years’ caries and
fractures were the main failure reasons. The regression analysis showed a significantly
higher risk of failure for restorations in high caries-risk individuals and those with a
higher number of restored surfaces.
A literature review was conducted in Chapter 6 to investigate the influence of
patient-related factors on restoration survival in posterior permanent teeth as well as
to report the methods used to collect these factors. Longitudinal clinical studies with at
least 3 years’ follow-up reporting the survival of posterior restorations (except full
crowns and temporary fillings) and including patient-related factors were assessed for
eligibility. The review was organized into two parts, the first describing how patient
factors were assessed in the studies (n=45) and the second presenting the statistical
significance (n=27) and size of the effect (n=11) of these factors on restoration
survival. Patient-related factors mentioned in the studies included age; gender; caries
risk; number of restorations; oral hygiene; and bruxism, among others. The patient age
or age range had a significant effect in restoration survival in 7 of 16 studies. Regarding
gender, 4 of 17 reports found a significant effect on survival, showing more failures for
men in 3 studies. Caries risk or related variables were included in the analysis of 15
studies, and a significant effect on survival was reported for high-caries-risk individuals
(or related variables) in 10 studies. Bruxism was also found to influence restoration
survival in 3 of 6 studies where this variable was investigated. In view of the
information gathered in this review, the assessment of patient factors along with other
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variables should become part of clinical studies investigating restoration survival, since
several of these factors were shown to influence the failure of restorations, regardless
of the material type. However, issues were found regarding the reporting of methods
used to classify patients according to risk, and improvements are needed in this sense.
In Chapter 7 we address study design and outcome interpretation, presenting
an overview of the strengths and limitations of the methodologies used in this thesis.
We have further discussed factors under evaluation in the preceding Chapters, critically
addressing the fact that failure and survival outcomes may drastically depend on the
sample population involved. We present some considerations for future investigations
along the text. In our studies, tooth type, number of restored surfaces and patientrelated factors were consistently found to influence composite resin restoration
survival in posterior teeth, whereas material factors were not consistently implicated
with the outcome.
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Dit proefschrift is gebaseerd op vijf studies die erop waren gericht factoren te
onderzoeken die van invloed kunnen zijn op de overleving van posterior
composietrestauraties. De uitkomstvariabele was met name klinisch falen, meestal door
fractuur en secundaire cariës, en minder de klinische kenmerken van de restauraties.
De relatie tussen het ontstaan van secundaire cariës naast de restauratie en

type

materiaal werd onderzocht in een in situ studie (hoofdstuk 3). Er werden tevens
klinische lange termijn onderzoeken gedaan (hoofdstuk 2 en 4) door middel van een
retrospectieve studieopzet en er werd een meta-analyse gedaan (hoofdstuk 5) met
primaire data van verschillende klinische studies om het effect van patiënt-, materiaalen gebitselementgerelateerde variabelen op de overleving te beoordelen. Tenslotte
werd een systematische review verricht naar het optreden van patiëntgerelateerde
risicofactoren. (hoofdstuk 6).
In hoofdstuk 1 wordt een overzicht gepresenteerd met factoren die mogelijk
verband houden met het meest frequent waargenomen falen ( secundaire cariës en
fractuur) van posterior composietrestauraties. De beweegredenen die aan de studies
waaruit dit proefschrift bestaat ten grondslag liggen worden gepresenteerd gericht op
klinische waarnemingen en bestaande beoordelingscriteria van composietrestauraties.
We benadrukken ook het feit dat men zich bij de beoordeling van restauraties neigt te
richten op materialen, terwijl vanuit klinisch oogpunt de analyse van restauraties niet
beperkt zou moeten worden tot de vergelijking van materialen en technische
procedures maar ook op andere factoren
In hoofdstuk 2 werden twee datasets van één klinische praktijk geanalyseerd:
362

restauraties

met

een

onderlaag

van

glasionomeercement

(de

gesloten

sandwichmethode) en 270 zonder onderlaag, gelegd bij 97 volwassen patiënten werden
retrospectief vergeleken. De tandarts die alle restauraties plaatste, deed ook reguliere
controles, waarbij werd vastgesteld welke restauraties klinisch aanvaardbaar waren en
welke moesten worden gerepareerd of vervangen. Aan het einde van de
observatieperiode beoordeelde een onafhankelijke onderzoeker de restauraties. De
aan- of afwezigheid van een onderlaag met glasionomeercement was de voornaamste
factor die werd geanalyseerd, waarbij de overleving, het jaarlijkse faalpercentage
(annual failure rate) en het type falen als uitkomst werden gehanteerd. Andere
factoren die in de multivariate Cox-regressieanalyse werden opgenomen waren het
geslacht van de patiënt, de kaak, het gebitselement, het aantal gerestaureerde
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oppervlakken en het type composiet. Bij een follow-up periode van 18 jaar bedroegen
de jaarlijkse faalpercentages 1,9% respectievelijk 2,1% voor restauraties met en zonder
onderlaag ( geen significant effect). Fractuur was de voornaamste reden voor het falen
van sandwichrestauraties (57,8%). Factoren die significant van invloed waren op de
overleving waren het type gebitselement (molaar: hazard ratio 2.57) en het aantal
gerestaureerde oppervlakken (drie of meer oppervlakken: hazard ratio 2.06).
In hoofdstuk 3 hebben we het effect van directe restauratiematerialen op de
vorming van secundaire cariëslaesies onderzocht in een acht weken durende in situ
studie met een split-mouth opzet. Proefstukjes werden in onderprotheses van negen
vrijwilligers geplaatst. Niet-gerestaureerde proefstukjes van dentine fungeerden als
controle (primaire cariës), en gerestaureerde proefstukjes werden gemaakt met
amalgaam, een microhybride composiet, een nanohybride composiet en een siloraan.
Hechting werd verkregen met een al dan niet ant-microbieel zelfetsend adhesiefsysteem. Met behulp van microradiografie werd het mineraalverlies berekenend,
hetgeen werd geanalyseerd aan de hand van een multilevel, lineair regressie model.
Wanneer een antibacteriëel adhesief of een nanohybride composiet werd gebruikt, was
een statistisch significant geringer mineraalverlies waar te nemen vergeleken met
amalgaam, en een vergelijkbaar verlies met de controlegroep. Amalgaam, de
microhybride composiet zonder antibacteriëel adhesief en de composiet gebaseerd op
siloraan vertoonden een groter mineraalverlies vergeleken met de controle. Afgezien
van het effect van de materialen op het mineraalverlies was 30% van het effect toe te
schrijven aan een patiënteneffect.
In hoofdstuk 4 werden posterior composietrestauraties geëvalueerd en met
name het effect van potentiële patiëntgerelateerde risicofactoren op de levensduur. .
De tandarts die alle restauraties plaatste, deed ook reguliere controles, waarbij werd
vastgesteld welke restauraties klinisch aanvaardbaar waren en welke moesten worden
gerepareerd of vervangen. De verdere geschiedenis van de restauraties werd uit de
tandheelkundige dossiers gehaald, en de onderzoekers verrichtten een klinische
evaluatie van de restauraties die nog in situ waren. In totaal werden er 306 posterior
composietrestauraties geplaatst bij 44 volwassen patiënten geëvalueerd na 10 tot 18
jaar. Het risicoprofiel van de patiënt werd vastgesteld aan de hand van vereenvoudigde
methoden. Om het cariësrisico vast te stellen beoordeelden werden cariëslaesies op
‘bitewing’ radiografische opnamen gebruikt en om het ‘bruxisme-risico’ (gerelateerd
aan tandenknarsen) vast te stellen werd een zelf-rapportage vragenlijst gebruikt
klinische waarnemingen van slijtfacetten. De factoren die werden opgenomen in de
multivariate Cox-regressieanalyse waren patiëntgebonden (leeftijd, geslacht, risico-
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profiel), elementgebonden (type, vitaliteit, boog, aantal gerestaureerde oppervlakken)
en materiaalgebonden. In totaal faalde 30% van de restauraties, waarvan 82% bij
patiënten waarbij een of twee risicofactoren werden geconstateerd. Secundaire cariës
was de voornaamste reden van falen bij patiënten met een hoog cariësrisico, terwijl
fractuur de voornaamste reden van falen was bij patiënten met een hoog ‘bruxismerisico. De patiëntvariabelen geslacht en leeftijd waren niet significant van invloed op de
overleving, maar het risicoprofiel wél. De hazard ratios van bruxisme en verhoogd
cariësrisico waren 2,78 respectievelijk 4,40 voor restauratiefalen vergeleken met de
laag-risicogroep. Restauraties in molaren, in de onderkaak, en in endodontisch
behandelde gebitselementen waren ook geassocieerd met een hogere kans op falen.
In hoofdstuk 5 wordt een meta-analyse gepresenteerd met originele datasets
van een aantal studies waarin het effect van patiënt-, materiaal- en gebitselementgerelateerde variabelen op het overleven van 2816 posterior composietrestauraties
werd onderzocht. We verrichtten een systematische search om relevante studies te
selecteren. Nadat we contact hadden opgenomen met de auteurs, hebben we 12
longitudinale studies naar posterior composietrestauraties met een follow-up periode
van ten minste 5 jaar geïncludeerd. Er werd een database gemaakt die alle restauraties
bevatte. Op deze data werd de multivariate Cox-regressiemethode toegepast om het
effect van patiëntgebonden variabelen (leeftijd, geslacht, cariësrisicoprofiel), de positie
van het element, het aantal gerestaureerde oppervlakken, het type composiet en het
gebruik van glasionomeercement als onderlaag te onderzoeken. De jaarlijkse
faalpercentages werden berekend per subgroep, en de verdeling van het type falen
over de tijd werd vastgesteld. Onderdeel van de analyse waren vooral klasse-IIrestauraties (2585). In totaal faalden 569 (20%) restauraties gedurende de
observatieperiode. In het eerste jaar na het plaatsen van de restauratie waren
endodontische complicaties ongeveer de enige reden van falen, terwijl in de jaren
daarna cariës en fracturen de voornaamste redenen van falen waren. Uit de
regressieanalyse bleek een significant groter risico op falen voor restauraties bij
personen met een verhoogd cariësrisico en restauraties met een groter aantal
gerestaureerde oppervlakken.
In hoofdstuk 6 werd een literatuurreview verricht om het effect van
patiëntgerelateerde factoren op de overleving van de restauraties in de zijdelingse
delen te onderzoeken en om de methoden die werden gebruikt om deze factoren te
verzamelen te beschrijven. Longitudinale klinische studies met een follow-up van ten
minste 3 jaar waarin de overleving van posterieure restauraties (behalve volledige
kronen en tijdelijke vullingen) werd beschreven en waarin patiëntgerelateerde factoren
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werden gebruikt, werden beoordeeld op geschiktheid. De opzet van de review bestond
uit twee delen. In het eerste deel werd beschreven hoe de patiëntfactoren in de studies
(n=45) werden vastgesteld. In het tweede deel werd de statistische significantie (n=27)
en de grootte van het effect (n=11) van deze factoren op de overleving van de
restauraties weergegeven. Patiëntgerelateerde factoren die in de studies werden
vermeld waren onder andere leeftijd, geslacht, cariësrisico, het aantal restauraties,
mondhygiëne en bruxisme. De leeftijd of leeftijdscategorie van de patiënt had een
significant effect op de overleving van de restauraties in 7 van de 16 studies. Vier van
de 17 studies vonden een significant effect van het geslacht op de overleving, waarbij
falen vaker voorkwam bij mannen in 3 studies. Het risico op cariës of daaraan
gerelateerde variabelen werden opgenomen in de analyse van 15 studies. In 10 studies
werd een significant effect op de overleving vermeld bij degenen met een verhoogd
cariësrisico. Bruxisme bleek eveneens van invloed te zijn op het overleven van de
restauraties in 3 van de 6 studies waarin deze variabele werd onderzocht. Gelet op de
informatie die in deze review werd verzameld, zou de beoordeling van patiëntgerelateerde factoren samen met andere variabelen onderdeel moeten worden van
klinische studies naar de overleving van restauraties, aangezien een aantal van deze
factoren van invloed bleek te zijn op het falen van restauraties ongeacht het soort
materiaal. Er werden echter problemen geconstateerd met de beschrijving van de
gebruikte methoden om risico’s te bepalen.
In Hoofdstuk 7 richtten we ons op de opzet van de studies en de interpretatie
van de uitkomsten. We geven een overzicht van de mogelijkheden en beperkingen van
de methodologieën die in dit proefschrift zijn gebruikt. Daarnaast hebben we factoren
besproken die in de voorgaande hoofdstukken zijn geëvalueerd, en kijken we kritisch
naar het feit dat de uitkomsten wat betreft falen en overleven sterk afhankelijk kunnen
zijn van de onderzochte studiepopulatie. We noemen een aantal overwegingen voor
toekomstige studies. Uit onze studies kwam naar voren dat het type gebitselement, het
aantal gerestaureerde oppervlakken en patiëntgerelateerde factoren consistent van
invloed

waren

op

de

overleving

van

composietrestauraties

van

posterieure

gebitselementen, daar waar materiaalfactoren niet consistent van invloed waren op de
uitkomst.
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Resumo

Esta tese de doutorado se baseia em cinco estudos destinados a investigar fatores que
podem influenciar a sobrevivência de restaurações de resina composta em dentes
posteriores. As variáveis de desfecho tiveram foco em falhas clínicas, que são
principalmente a fratura e a cárie secundária, e não em características clínicas das
restaurações. A relação entre o desenvolvimento de lesão de cárie secundária nas
superfícies dentárias e os materiais restauradores foi avaliada com um estudo in situ
(Capítulo 3). Investigações clínicas com longo tempo de acompanhamento com
desenho de estudo retrospectivo (Capítulos 2 e 4) e uma meta-análise com dados
primários de vários estudos clínicos (Capítulo 5) foram realizadas para avaliar a
influência de variáveis relacionadas ao paciente, aos materiais e ao dente na
sobrevivência. Por fim, estudos clínicos que abordaram fatores relacionados ao
paciente e à sobrevivência de restaurações foram sistematicamente revisados (Capítulo
6).
O Capítulo 1 apresenta uma visão geral sobre as restaurações de resina
composta em dentes posteriores e possíveis fatores relacionados às falhas mais
frequentemente observadas, cárie secundária e fratura. Nós apresentamos a
justificativa para os estudos que compõem esta tese, abordando observações clínicas e
laboratoriais sobre características particulares de restaurações de resina composta.
Além disso, destacamos o fato de que, ao avaliar restaurações, há uma tendência de
focar em materiais, mas de uma perspectiva clínica a análise das restaurações não
deveriam estar restritas à comparação de materiais e procedimentos técnicos, uma vez
que existem outros fatores que podem influenciar profundamente a sobrevivência. O
capítulo termina com os objetivos gerais e específicos desta pesquisa de doutorado.
No Capítulo 2 dois conjuntos de dados de uma clínica odontológica foram
analisados, incluindo 362 restaurações de resina composta realizadas com uma base de
cimento de ionômero vidro (técnica de sanduíche) e 270 restaurações sem base, em 97
pacientes adultos. O mesmo dentista realizou todas as restaurações e avaliações nas
consultas de rotina, determinando quais estavam clinicamente aceitáveis ou deveriam
ser reparadas ou substituídas. Os dados foram coletados das fichas clínicas dos
pacientes, retrospectivamente. A presença ou ausência de uma base de cimento de
ionômero vidro foi o principal fator em estudo, considerando a sobrevivência, a taxa
de falha anual e os tipos de falha como desfechos. Outros fatores incluídos na análise
de regressão de Cox multivariada foram: o sexo do paciente, o arco dentário, o dente,
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o número de superfícies restauradas e a resina composta. As taxas anuais de falha até
18 anos de acompanhamento foram de 1,9% e 2,1% para restaurações com e sem base,
respectivamente. Nós não encontramos um efeito significativo na sobrevivência
comparando restaurações com e sem base, no entanto, a razão predominante de falha
para as restaurações do tipo sanduíche foi fratura (57,8%). O tipo de dente (molar HR
2,57) e o número de superfícies restauradas (3 e mais superfícies HR 2,06) foram os
fatores que influenciaram significativamente a sobrevivência.
No Capítulo 3 nós investigamos o efeito de materiais restauradores diretos na
formação de lesão de cárie secundária, em um estudo in situ com desenho de boca
dividida, colocando espécimes na prótese inferior de 9 voluntários durante 8 semanas.
Espécimes de dentina não restaurados foram utilizados como controle (cárie primária),
e espécimes de dentina restaurados foram preparados utilizando amálgama e resinas
compostas: microhíbrida, nanohíbrida e silorano. Nas restaurações com resina
composta foram utilizados sistemas adesivos com e sem um monômero antibacteriano
na sua composição. Para calcular a perda mineral foram utilizadas microradiografias,
com a preservação dos espécimes, e a análise dos dados foi realizada com regressão
linear múltipla com modelo de multinível. Nós encontramos diferenças na perda
mineral entre os materiais. O uso do sistema adesivo antibacteriano e a resina
composta

nanohíbrida

apresentaram

menores

valores

de

perda

mineral,

estatisticamente significativos em comparação com amálgama, e semelhantes ao
controle. Os valores de perda mineral dos espécimes com amálgama, com resina
composta microhíbrida sem o sistema adesivo antibacteriano e com silorano foram
maiores quando comparados ao controle. Além disso, aparte do efeito dos materiais
sobre a perda de mineral, 30% do efeito foi relacionado ao indivíduo.
No Capítulo 4 nós avaliamos a sobrevivência de restaurações de resina
composta em dentes posteriores, com foco na influência de potenciais fatores de risco
do paciente. O estudo foi baseado na prática odontológica (practice-based research)
com um desenho retrospectivo longitudinal. O mesmo dentista realizou todas as
restaurações e avaliações nas consultas de rotina, determinando quais as restaurações
estavam clinicamente aceitáveis ou deveriam ser reparadas ou substituídas. Os dados
das restaurações foram extraídos das fichas clínicas, e uma avaliação clínica foi
realizada pelos pesquisadores, nas restaurações que estavam presentes. No total, 306
restaurações de resina composta em dentes posteriores foram investigadas, em 44
pacientes adultos, após 10 a 18 anos de acompanhamento. O risco do paciente foi
determinado com métodos simplificados. Para o risco de cárie, nós avaliamos as lesões
de cárie em radiografias interproximais que resultassem em tratamento restaurador
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(em qualquer dente), e para o "risco de estresse-oclusal" (relacionado ao bruxismo) foi
aplicado um questionário autorrelatado e as superfícies foram clinicamente
examinadas. A análise de regressão de Cox multivariada foi realizada em relação às
variáveis dos pacientes (idade, sexo, risco), dente (tipo, vitalidade, arco, número de
superfícies restauradas), e resinas compostas. No total, 30% das restaurações falharam,
das quais 82% foram encontradas em pacientes com 1 ou 2 fatores de risco. A principal
causa de falha entre pacientes com alto risco de cárie foi por cárie secundária,
enquanto que em pacientes com alto "risco de estresse-oclusal" a principal causa foi
por fratura. As variáveis, sexo e idade do paciente, não afetaram significativamente a
sobrevivência, mas o risco sim. A taxa de risco de falha da restauração, dos fatores alto
"risco de estresse-oclusal" e alto risco de cárie, foi de 2,78 e 4,40, respectivamente, em
comparação com baixo risco. Restaurações em dentes molares, no arco inferior, e em
dentes tratados endodonticamente também foram relacionadas a um maior risco de
falha.
O Capítulo 5 apresenta uma meta-análise, com conjuntos de dados originais de
vários estudos, investigando a influência de variáveis relacionadas ao paciente, aos
materiais e ao dente na sobrevivência de 2.816 restaurações de resina composta em
dentes posteriores. Foi realizada uma busca sistemática para identificar os estudos
elegíveis, e após o contato com os autores, 12 estudos longitudinais em restaurações
de resina composta direta em dentes posteriores foram incluídos, com pelo menos 5
anos de acompanhamento. Foi construído um banco de dados, incluindo todas as
restaurações, e um método de regressão de Cox multivariada foi utilizado para avaliar
a influência das variáveis de interesse [do paciente (idade, sexo, estado de cárie de
risco), arco, número de superfícies restauradas, tipo de resina composta, e uso de
materiais de ionômero de vidro como base / liner (presente ou ausente)] na
sobrevivência de restaurações acordo com o tipo de dente. As taxas de falha anuais
foram calculadas para os subgrupos e a distribuição dos tipos de falha foi avaliada em
relação ao tempo de acompanhamento. A maior parte das restaurações incluídas era
do tipo Classe II (2.585) e no total 569 (20%) falharam durante o período de
acompanhamento. No primeiro ano após o procedimento restaurador, as causas de
falha foram quase exclusivamente por complicações endodônticas, enquanto que em
acompanhamentos posteriores as principais causas de falha foram por cárie e fratura.
A análise de regressão mostrou um risco significativamente maior de falha para
restaurações em indivíduos com alto risco de cárie e aqueles com um maior número
de superfícies restauradas.
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Uma revisão da literatura foi realizada no Capítulo 6 para investigar a influência
de fatores relacionados ao paciente na sobrevivência de restaurações em dentes
permanentes posteriores, e também para relatar os métodos utilizados para coletar
estes

fatores.

Estudos

clínicos

longitudinais

com

pelo

menos

3

anos

de

acompanhamento, reportando a sobrevivência de restaurações em dentes posteriores
(exceto coroas totais e restaurações provisórias) e incluindo fatores relacionados aos
pacientes foram avaliados para elegibilidade. A revisão foi organizada em duas partes: a
primeira descreve como os fatores do paciente foram avaliados nos estudos (n = 45) e
a segunda apresenta a significância estatística (n = 27) e o tamanho do efeito (n = 11)
desses fatores sobre a sobrevivência da restauração. Os fatores relacionados aos
pacientes mencionados nos estudos incluíram idade; gênero; cárie risco; número de
restaurações; higiene oral; e bruxismo, entre outros. A idade ou faixa etária do paciente
mostrou um efeito significativo na sobrevivência das restaurações em 7 de 16 estudos.
Quanto ao sexo, 4 de 17 estudos reportaram um efeito significativo na sobrevivência,
mostrando mais falhas em homens em 3 estudos. O risco de cárie ou variáveis
relacionadas foram incluídos na análise de 15 estudos, e um efeito significativo sobre a
sobrevivência foi relatado para indivíduos com alto risco (de cárie ou variáveis
relacionadas) em 10 estudos. O bruxismo também influenciou a sobrevivência das
restaurações em 3 de 6 estudos nos quais esta variável foi investigada. Tendo em vista
a informação recolhida nesta revisão, a avaliação de fatores do paciente juntamente
com outras variáveis devem fazer parte de estudos clínicos que investigam a
sobrevivência de restaurações, uma vez que vários desses fatores demonstraram
influenciar a falha de restaurações, independentemente do tipo de material. No
entanto, foram encontrados problemas em relação à reportagem dos métodos
utilizados para classificar os pacientes de acordo com o risco, e melhorias são
necessárias neste sentido.
No Capítulo 7 nós abordamos desenhos de estudo e interpretação de
resultados, apresentando uma visão geral dos pontos fortes e limitações das
metodologias utilizadas nesta tese. Nós discutimos os fatores em avaliação nos
Capítulos precedentes, abordando criticamente o fato de que os desfechos, falha e
sobrevivência, podem depender drasticamente da amostra populacional envolvida. Nós
apresentamos algumas considerações para investigações futuras ao longo do texto. Em
nossos estudos, o tipo de dente, o número de superfícies restauradas e fatores
relacionados ao paciente influenciaram consistentemente a sobrevivência de
restaurações de resina composta em dentes posteriores, enquanto que fatores
relacionados ao material não foram consistentemente implicados com o desfecho.

156

APPENDIX
TABLES in APPENDIX from CHAPTER 4

APPENDIX

158

TABLES in APPENDIX from CHAPTER 4
Table 4. Distribution of restorations according to patients’ gender, tooth and number of
surfaces.
Premolar
Molar
Upper Lower sum Upper Lower sum Total
Sex
Number of surfaces
Male

1
2
≥3

0
11
10
21

3
8
4
15

3
19
14
36

9
16
3
28

11
11
16
38

20
27
19
66

23
46
33
102

1
2
≥3

5
24
24
53

4
16
10
30

9
40
34
83

5
29
27
61

12
15
33
60

17
44
60
121

26
84
94
204

Sum
Female
Sum
Grand Total

306

Table 5. Description and distribution of the universal microhybrid composites used.
Distributi
on (%)

Composit
e

Brand

Fillersa

w%
b

MP
Sa

Filler

17.0

Z100

3M ESPE

Silane treated zirconia,
silica.

80

0.6

Round

20.3

Tetric
Ceram

Ivoclar
Vivadent

Ba glass, Ba-Al-fluorosilicate glass,
mixed oxide, dispersed silica, ytterbium
trifluoride.

76

0.7

Irregul
ar

19.6

Charisma

Heraeus
Kulzer

Al-F glass, Ba glass pyrogenic SiO2.

76

0.7

Irregul
ar

4.2

Others*

-

-

-

-

a

Combine
Z100/Tetric Ceram/ Charisma
d**
aSabbagh et al., 2004; bSabbagh et al., 2002. *Others- in 13 (4.2%) cases others resin composite
were used and they will not be presented separately. **Combined- is used to describe when
two or three of the listed composites were used in the restoration. w%- percentage of fillers by
weight
MPS- mean particle size (µm).
38.9

Table 6 - Survival and annual failure rate (AFR) according to the follow-up time in years.
years
Survival%
AFR%
3
92
2.7
5
85
3.2
7
80
3.1
9
76
3.0
11
72
2.9
13
70
2.7
15
70
2.3
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Table 7. Clinical evaluation of the 216* in situ restorations and failure distribution among
composites from all the 306 restorations.

1

2

3

Z100
N=35

Tetric Ceram
N=43

Charisma
N=46

Combined♣
N=84**

Others
N=7

Evaluation criteria/
scores***

1/2/3/4/5

1/2/3/4/5

1/2/3/4/5

1/2/3/4/5

1/2/3/4/5

Surface luster

30/4/1/0/0

31/12/0/0/0

39/5/2/0/0

63/18/2/0/0

6/1/0/0/0

.393

Staining a. surface

29/3/3/0/0

37/6/0/0/0

45/1/0/0/0

74/8/1/0/0

7/0/0/0/0

.118

b.margin

21/9/5/0/0

31/12/0/0/0

39/5/2/0/0

51/25/7/0/0

4/3/0/0/0

.029

Color stability /translucency

10/15/10/0/0

16/16/11/0/0

23/18/5/0/0

19/45/19/0/0

2/4/1/0/0

.083

Anatomical form

16/18/1/0/0

21/18/4/0/0

30/15/1/0/0

50/25/8/0/0

3/4/0/0/0

.332

Fracture /retention

32/3/0/0/0

38/4/1/0/0

44/1/1/0/0

81/2/0/0/0

6/0/1/0/0

.070

Marginal adaptation

22/13/0/0/0

24/15/4/0/0

35/9/2/0/0

50/32/1/0/0

2/5/0/0/0

.035

Occlusal contour /wear
a. qualitatively

16/16/3/0/0

22/18/3/0/0

29/16/1/0/0

40/37/6/0/0

2/5/0/0/0

.605

b. quantitatively

16/16/3/0/0

22/18/3/0/0

29/16/1/0/0

40/37/6/0/0

2/5/0/0/0

.605

Approximal anatomical form
a. contact point

27/1/1/0/0

37/0/0/0/0

38/0/0/0/0

68/1/0/0/0

5/0/0/0/0

.753

b. contour

27/1/1/0/0

37/0/0/0/0

38/0/0/0/0

68/1/0/0/0

5/0/0/0/0

.753

Patient's view

35/0/0/0/0

43/0/0/0/0

46/0/0/0/0

83/0/0/0/0

7/0/0/0/0

-

35/0/0/0/0

43/0/0/0/0

46/0/0/0/0

83/0/0/0/0

7/0/0/0/0

-

35/0/0/0/0

43/0/0/0/0

46/0/0/0/0

83/0/0/0/0

7/0/0/0/0

-

Tooth integrity

35/0/0/0/0

42/1/0/0/0

46/0/0/0/0

82/0/0/0/1

7/0/0/0/0

.683

Periodontal response

35/0/0/0/0

43/0/0/0/0

46/0/0/0/0

83/0/0/0/0

7/0/0/0/0

-

Adjacent mucosa

35/0/0/0/0

43/0/0/0/0

46/0/0/0/0

83/0/0/0/0

7/0/0/0/0

-

Oral/ general health

35/0/0/0/0

43/0/0/0/0

46/0/0/0/0

83/0/0/0/0

7/0/0/0/0

-

Z100
N=52

Tetric
Ceram
N=62

Charisma
N=60

Combined
N=119

Others
N=13

17 (32.7)

19 (30.6)

14 (23.3)

37 (31.0)

6 (42.2)

Post-operative sensitivity/
vitality
Recurrence of caries/
erosion/ abfraction

Failed restorations (%within
material))

pvalue♠

.794

*216 that were considered present after evaluating the patient records. Two were found to have failed, 1
due to tooth fracture and **1 tooth extraction for future implant placement.
***For each evaluation criterion a score from 1 to 5 is given: 1-3 when the restoration is clinically
acceptable, while scores 4 and 5 designate failure, with intervention or replacement needed.
1-Esthetical properties, 2-Functional properties and 3-Biological properties.
♣Combined-is used to describe the restorations that were confectioned using a combination of 2 or
more composites (Z100/ Tetric Ceram/ Charisma and/or others).
♠Fisher’s exact test.
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Table 8. Frequencies distribution of marginal staining and adaptation scores among
composites.
Z100

Tetric Ceram

Charisma

Combined*

Others

%

%

%

%

%

(1) no staining

60.0

72.0

84.8

61.4

57.1

(2) minor staining

25.7

27.9

10.8

30.1

42.8

(3) moderate staining

14.2

0

4.3

8.4

0

Marginal Staining (scores)
Description

Marginal Adaptation (scores) Description
(1) no gaps or discolored lines

61.7

55.8

76.1

60.2

28.5

(2) gaps <150 µm, small lines or steps

38.2

34.8

19.5

38.5

71.4

(3) gaps <250 µm, several marginal

0

9.3

4.3

1.2

0

fractures or steps
*Indicates the use of two or three of the listed composites in one restoration.
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