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Abstract

This evidence-based review of the literature investigated the incidence of recurrent caries
pertaining to composite resin and amalgam use in the posterior permanent dentition. Three
approaches were used to identify relevant articles: a search through 2 electronic databases
(MedLine and PubMed), a review of references from articles obtained through MedLine and
PubMed, and a review of references from dental textbooks obtained from the University of
Toronto library catalogue. Ninety-two articles were retrieved and reviewed, and 4 of these were
determined to be relevant based on their ability to meet 5 inclusion criteria. Validity was
measured according to an “efficacy of therapy” checklist assessing 17 items. Of the 4 studies
examined, 2 were properly randomized controlled trials with split-mouth design in all patients.
The remaining 2 were randomized but without split-mouth design in all patients. In all 4 studies,
recurrent caries was not the primary outcome evaluated, and with the exception of 1, the studies
were not calculated for power. However, all 4 studies stated findings of no significant
difference in the development of secondary caries between composite resin and amalgam
posterior restorations. At this point, no firm recommendation can be made to support either
composite resin or amalgam posterior restorations with regard to minimizing recurrent caries
incidence; the choice of restorative material should be based on the financial or esthetic needs of
the patient.
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Recurrent or secondary caries, defined as a “positively diagnosed carious lesion which
occurs at the margins of an existing restoration” by the Federation Dentaire Internationale,
remains the principal cause for replacement of restorations.*#3*>® Thus, it is important that
dentists aim to minimize the occurrence of recurrent decay. The risk factors for recurrent caries
development are numerous and can be grouped under the following categories: caries
experience, saliva factors, dental plaque factors, dietary factors, medical conditions, and
restricted access to dental care or low dental knowledge.® To help patients reduce the risk of
recurrent decay, dentists should also consider the implications of various restorative materials on
potential recurrent caries development.

Much of the literature available regarding recurrent caries indicates that although it may
occur with all restorative materials, there are differences in prevalence and times of onset
associated with different materials.”®®° Since resin-based restorative materials are becoming more
popular among patients desiring better aesthetics, dentists should be aware of the potential
outcomes associated with use of these materials. Published surveys indicate that dentists
diagnose secondary caries around composite resin restorations at a higher prevalence compared
to amalgam, and it is a commonly accepted dogma among practitioners that composite resin is
inferior to amalgam in terms of longevity, recurrent caries, and wear rate.?°%112

A comprehensive review of the literature was performed to determine if the
aforementioned claims and beliefs were based on sound evidence and to answer the following
question: Can the incidence of recurrent caries be minimized when composite resin is used
instead of amalgam for restorations in the posterior permanent dentition? The null hypothesis
was that no difference in secondary caries incidence was found between composite resin and
amalgam. The strongest evidential studies comparing composite resin with amalgam restorations

are examined in this paper.



Methods

A systematic method was applied to identify, select and critically appraise relevant
studies.
Search Strategy

Three approaches were used to obtain potentially relevant articles pertaining to our area
of interest. First, a literature search of relevant publications dating from January 1986 to January
2005 was performed in two databases, PubMed and MedLine. To identify the maximal papers
possible, the following keywords, and combinations of keywords, were used in the PubMed
search: recurrent caries, prevention and recurrent caries, prospective study and recurrent caries,
and randomized control trial and recurrent caries. From these search terms, 455, 119, 12, and 1
articles were retrieved from the database respectively. At this stage, the relevance of articles was
determined by title, abstract, and restriction to the English language, resulting in a yield of 52
potential articles. The same keywords were applied to the MedLine search, and from these search
terms, 200, 8, 5, and 0 articles were retrieved from the database respectively. Relevance of these
articles based on title, abstract, English language restriction, and exclusivity from PubMed
yielded an additional 2 articles. Second, the references of the relevant articles were thoroughly
reviewed to obtain additional relevant articles. These articles were selected on the basis of title
relevance. This resulted in an additional 33 articles. Third, the references from dental textbooks
were reviewed to identify additional articles. After accounting for duplicates from the previous
searches, 5 more articles were collected.
Determination of Relevance

After elimination of 748 articles based on title, abstract, and overlap between the
electronic journal database, 92 articles were read and reviewed to determine relevance. Articles

were deemed relevant if they met all of the following 5 criteria: 1) The article was based on



primary research in human clinical studies. Articles that were reviews, surveys, commentaries or
case studies were rejected and used only for supplemental information. A list of these excluded
articles and their reasons for exclusion is found in Appendix 1 (see appendix at the end of the
article). 2) The study restricted placement of restorations and evaluation of secondary caries
incidence to restorations of posterior permanent teeth only. 3) The study used amalgam as a
control for comparison to composite resin. 4) The subjects of the study were healthy patients
with no serious oral complications or underlying medical condition, e.g., xerostomia and cancer.
5) The study design was either a prospective study or a randomized controlled trial.

Validity Instrument

Four articles met all 5 inclusion criteria,*> 14 1>

and these were then scored according to
a checklist to assess evidence of efficacy of therapy or prevention adapted by Leake'” (Table 1).
The highest attainable score was 17.
Results

The four scored articles present evidence obtained through randomized trials from
various parts of the world. In each of the studies, cavity preparations were performed according
to standards for amalgam restorations, and all restorations were inserted, carved, finished, and
polished according to standard techniques. *>****® The final assessment of secondary caries
was qualified in accordance with U.S. Public Health Service criteria.** ***>'® However,
recurrent caries was not the primary outcome investigated in any of the four studies. While
investigating the effect of composite resin on recurrent caries development, only the studies
conducted by Collins and others™® and Johnson and others™ utilized a split-mouth design using
amalgam as proper controls in all patients. In the studies conducted by Letzel'® and Norman and

others,™ only a portion of the patients received amalgam restorations as controls. Table 2

summarizes the main findings from the studies.



Between the two properly controlled and randomized studies, Collins and others*®
presented stronger evidence than Johnson and others.** Although follow up of patients was
markedly lower in the study by Collins and others,™ the evidence presented should be considered
stronger since a higher number of composite resin and amalgam restorations were placed and the
duration of the study was longer (see Table 2).

While the multicentre study by Letzel*® had the most participants, there was no
calibration between the examiners from different centres in the trial. The evidence from this
study is considered weak since amalgam controls were not used in 5 of the 10 evaluated centres.
Furthermore, in 3 of the original 11 centres, participants were primarily dental students instead of
a random sample from the general population; no mention was made in the article as to whether
these 3 centres were among the controlled centres or not.*® As previously mentioned earlier, the
study by Norman and others*® also failed to place amalgam controls in certain patients.
Therefore, this study design is ranked lower than that of Johnson and others** even though the
latter was two years shorter in duration (see Table 2).

Despite three studies detecting secondary caries at a higher rate among posterior
composite resin restorations, all the articles presented findings of no significant difference
pertaining to the development of secondary caries when comparing composite resin and
amalgam restorations.

Discussion

Based on the evidence from this literature review, no recommendation for the use of
composite resin over amalgam for posterior restorations based on caries incidence can be made
at this point for the following reasons. Firstly, the incidence of recurrent caries was too low in all
four studies to be able to substantiate any claims as to whether composite resin is better than

amalgam. Secondly, none of the studies provided a statistical analysis strictly examining the



relationship between recurrent caries and type of restorative material. In all the cases, recurrent
caries was only one of many criteria used to identify the deterioration properties of composite
resin and amalgam. Thirdly, restorations that were identified as having failed in other areas, e.g.,
bulk fracture, were not included for observation of recurrent caries; thus, the results were based
on a biased sample. Fourthly, it has been suggested by Lambrechts and others™® and McComb
and others® that studies should be longer than four years in order to allow sufficient time for
unfavorable properties, e.g., recurrent caries, to manifest. In this review, only two of the scored
studies were more than four years long. Fifthly, there was too much variation, e.g., duration and
examiner calibration, between the four studies; in Letzel’s case, there was even variability within
the study. ® Sixthly, outside patient care was not controlled in any of the studies. Lastly, too few
studies met our inclusion criteria, and of the four that did, three may be considered
underpowered.

To determine whether the occurrence of secondary caries is affected by material type,
more research in the area is required. Further investigations may include meta-analysis reviews,
but better still would be human clinical randomized trials. The following recommendations serve
to minimize the weaknesses identified in the reviewed articles: 1) Focus the study on observation
of secondary caries only. 2) Recruit a large sample size and utilize a split mouth design for
proper control. 3) Ensure that the study is of sufficient length that the recurrent caries has time to
develop. 4) Calibrate the examiners to a known standard or require all examiners to evaluate
every patient. 5) Perform multivariate analyses to control for confounding variables from outside
care, e.g., oral hygiene and fluoride treatments. 6) Ensure that the study has been reviewed by an
ethics board.

Since the evidence from the studies reviewed indicate findings of no significant

difference between the use of composite resin and amalgam for posterior restorations with



regards to recurrent caries incidence, the choice of restorative material used should depend on
the financial or esthetic needs of the patient. From an economic standpoint, it is favorable to use
amalgam for posterior restorations as it is a less expensive material and has less wear-associated
deterioration (see Table 3 for technology assessment).” The placement of amalgam is less
technique sensitive than that of composite resin, and hence reduces treatment time for the
practitioner and patient. However, because of an ever increasing demand for esthetic

restorations, the proper techniques for posterior composite resin placement should be mastered.
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Table 1. Checklist to Assess Evidence of Efficacy of Therapy or Prevention for each

relevant article!’

1)
2)
3)
4)

5)

6)

Was the study ethical?

Was a strong design used to assess efficacy?

Were outcomes (benefits and harms) validly and reliably measured?

Were interventions validly and reliably measured?

What were the results?

Was the treatment effect large enough to be clinically important?

Was the estimate of the treatment effect beyond chance and relatively precise?

If the findings were “no difference” was the power of the study 80% or better

Avre the results of the study valid?

Was the assignment of patients to treatments randomized?

Were all patients who entered the trial properly accounted for and attributed at its conclusion?
I) was loss to follow-up less than 20% and balance between test and controls?

Ii) Were patients analyzed in the groups to which they were randomized?

Was the study of sufficient duration?

Were patients, health workers, and study personnel “blind” to treatment?

Were the groups similar at the start of the trial?

Aside from the experimental intervention, were the groups treated equally?

Was care received outside the study identified and controlled for

7)  Will the results help in caring for your patients?

Were all clinically important outcomes considered?

Avre the likely benefits of treatment worth the potential harms and costs?



Table 2. Evidence Tablg'® > 1°
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Author, Population Intervention Control Outcome Critical Appraisal Conclusion,
date Description comments Strength of
evidence and
classification
Collinsand - adults and children - 161 composite resin - 52 amalgam - composite restorations - follow-up was poor at Grade I,
others, 13-32.4 years old restorations restorations in posterior teeth failed  64% (46 of 72 patients) Level |
1998 (average age = 16.8) -three types of -one type of at a rate two to three - examiners were not blind
- 85% female, 15% composite resins: amalgam: times that of amalgam to treatment since they
male i) Heliomolar Dispersalloy restorations could identify the
- routine patients of a Radiopaque (Johnson and - most common reason  restorative material by
large teaching hospital (Vivadent) Johnson) for failure was i) bulk visual inspection

serving a socio-
economically less
advantaged part of a
metropolitan area

(n=46)

ii) Herculite XR
(Kerr)

iii) P-30 APC (3M)
- each patient
received at least one
restoration of each of
the three composite

resins

- each patient

received at least

one amalgam
control

- allocation of

restorations was

randomized

fracture ii) secondary
caries

- 8 failures due to
secondary caries:

7 composite and 1

amalgam

- no calculation of power;
study may be

underpowered

- no control for outside care

- no statistical results were
calculated/noted with

respect to recurrent caries




Table 2. Evidence Table (cont’d)
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Author, Population Intervention Control Outcome Critical Appraisal Conclusion,
date Description comments Strength of
evidence and
classification
Johnson - each participant had at - 88 composite resin - 40 amalgam - no recurrent caries - no review board cited Grade I,
and others,  least three posterior restorations restorations found for either - sample size was very Level |
1992 teeth with carious -two types of -one type of amalgam or composite ~ small (only 27
lesions (n =27) composite resin: amalgam: restorations participants); the study
- no other demographic i) P-30 (3M) Dispersalloy may have been
data was reported ii) Bisfill-P (Bisco (Johnson & underpowered
Dental) Johnson) - duration of study may not

- each participant
received at least one
restoration of each

composite resin

- each participant
received at least
one amalgam
restoration placed
by 2 dentists
following standard

procedures

have been long enough
(only 3 years)

- no demographic data on
the participants — results
may not be generalized

- lacked proper accounting

of participants
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Author, Population Intervention Control Outcome Critical Appraisal Conclusion,
date Description comments Strength of
evidence and
classification
Johnson - 48 Bisfil-P and 40 - examiners were not blind
and others, P-30 composite resin to the treatment
1992 restorations were - no control for outside care
(cont’d) placed by 2 dentists
following standard
procedures
- allocation of
restorations was
randomized
Letzel H, - multicentre clinical - 932 composite resin - - 232 amalgam - composite restorations - study was not ideally Grade 11-3,
Level I
1989 trial Class I and Class Il Class I and Class Il failed more than controlled — only 5 of the

- 12 centres world-wide
(6 countries), 33
investigators

- adult patients (n=447)

restorations were
placed

- one type of
composite: Occlusin

(ICI Dental)

restorations were
placed

- 5 of the centers
had amalgam

controls

amalgam restorations
(relative risk larger than

1 with p<0.05)

centers had amalgam

controls




Table 2. Evidence Table (cont’d)
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Author, Population Intervention Control Outcome Critical Appraisal Conclusion,

date Description comments Strength of
evidence and
classification

Letzel H, - most of the patientsat - placement of - 15 failures due to - data from the 5 centres

1989 3 of the 11 centres were  restorations was secondary caries: 2 that used amalgam controls

(cont’d) dental students standardized amalgam and 13 was combined with the

- data for this study was
taken from 11 of the 12

centres

- all restorations were
evaluated
independently by at
least 2 standardized

investigators

composite (controlled
and uncontrolled data
was combined)
- no statistical results
were calculated/noted
with respect to

recurrent caries

uncontrolled centers

- lacked proper accounting
of participants

- some centers had very
low recall rates and other
centers had a very small
number of participants

- evaluators were not blind
to the treatment

- no control for outside care
- since participants at 3 of
the 11 centres were mostly
dental students, results

cannot be generalized
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Author, Population Intervention Control Outcome Critical Appraisal Conclusion,

date Description comments Strength of
evidence and
classification

Norman - adults; mean age - 80 composite resin - 43 amalgam - no statistical - no review board cited Grade 11-3,

and others,  approx. 29 +/- 10 years  restorations restorations differences between - study was not ideally Level |

1990 (n=62) - one type of - % of the patients ~ amalgam and composite controlled; ¥4 of

- patients generally had

good oral hygiene

composite: Occlusin
(Imperial Chemical
Industries)

- each patient

received at least one

composite restoration

- maximum of four
restorations per
patient

- allocation of
restorations was

randomized

had both amalgam
and composite
resin while the
remaining ¥ had
only composite

resin restorations

resin restorations with
respect to marginal
adaptation, anatomic
form and interproximal
contacts

- 4 failures due to
secondary caries: 3
composite and 1
amalgam

- no statistical results
were calculated/noted
with respect to

recurrent caries

participants had only
composite restorations
- two standardized
evaluators were used to

inspect the teeth but no

kappa scores were given

- evaluators were not blind

to the treatment

- no control for outside care

- no calculation of power;

study may have been

underpowered




Table 3. Technology Assessment Table®

Relative costs of

Comparison of outcomes with composite

composite
Better Same Worse
Less
Same
More X
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