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Abstract
Purpose: The purpose of this assessment was to evaluate reporting of observational studies
in the pediatric dental literature.
Methods: This assessment included the following steps: (1) developing a model for reporting
information in clinical dentistry studies; (2) identifying treatment comparisons in pediatric
dentistry that were evaluated by at least 5 observational studies; (3) abstracting from these
studies any data indicated by applying the reporting model; and (4) comparing available
data elements to the desired data elements in the reporting model.
Results: The reporting model included data elements related to: (1) patients; (2) provid-
ers; (3) treatment details; and (4) study design. Two treatment comparisons in pediatric
dentistry were identified with 5 or more observational studies: (1) stainless steel crowns
vs amalgams (10 studies); and (2) composite restorations vs amalgam (5 studies). Results
from studies comparing the same treatments varied substantially. Data elements from
the reporting model that could have explained some of the variation were often reported
inadequately or not at all.
Conclusions: Reporting of observational studies in the pediatric dental literature may be
inadequate for an informed interpretation of the results. Models similar to that used in this
study could be used for developing standards for the conduct and reporting of observational
studies in pediatric dentistry. (Pediatr Dent 2006;28:66-71)
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everal studies have reported the relative lack of out-
comes research necessary for evidence-based dental
practice!? and pediatric dental practice.* Develop-
ment of evidence-based standards could help reduce the
inconsistencies in clinical practices.” Improved standards
for conduct and reporting, however, are necessary for the
research to have the greatest positive impact. Although there
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has been recent attention to adopting standards for report-
ing of randomized controlled trials in dentistry,®” there has
been little discussion about standards for conducting and
reporting observational studies.

Observational studies (OSs) are those in which investi-
gators collect data, but treatment decisions are determined
by the clinicians and patients. They have several advan-
tages compared to controlled trials in which treatments
are assigned by the investigators based on a list of random
numbers. In general, OSs:

1. cost less;

2. can be completed more quickly; and

3. do not require patients or providers who are willing to
be randomized to treatments.

For these reasons, they constitute the majority of dental
research.>*>® OSs, however, may give invalid results. At a
minimum, these studies must take into account multiple
factors that influence outcomes.’

In conducting an OS, it is helpful to consider a model
such at that presented in Figure 1. This model summarizes
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4 domains that influence dental outcomes . How the study
manages these domains can influence whether the results are
valid (ie, whether there is selection, measurement, or con-
founding bias'®) and whether they are relevant for a patient
who has specific risk factors, treatment options, and outcome
goals. For adequate interpretation of an observational study,
all the information in these domains should be reported.

Examples of factors that could influence validity are
size of cavity or oral hygiene level. If these factors are not
equivalent in the treatment groups, then they might cause
confounding by influencing the differences in the outcomes
between the 2 treatment groups. Other factors might be
the same for the 2 treatment groups, but could influence
the relative effectiveness of the 2 treatments. For example,
in studies with primarily inexperienced practitioners, treat-
ment A could appear better than treatment B. In a study
with primarily experienced practitioners, however, treat-
ment B might appear better than treatment A.

The present study assessed the quality of reporting of
observational studies in the pediatric dental literature.
It compared what was reported to what ideally should
have been reported, based on a model of factors that can
influence a study’s validity and/or a treatment’s relative
effectiveness. This model is a necessary first step toward
developing standards for conducting and reporting obser-
vational studies in dentistry.

Methods

Pediatric dentistry studies were reviewed to assess how well
observational studies of treatment comparisons reported factors
required for interpretation. Because the study was based on a
literature review, IRB approval was not required. The types of
studies examined were those that compared treatments (eg,
materials, procedures, or techniques). In addition to the treat-
ment, these comparisons should take into account other factors
that influence outcomes. One of these factors is patient status,
which includes the teeth’s condition, the ability to comply with
treatment in the office and afterwards, and other health and
lifestyle characteristics. The outcome can also be influenced
by the provider’s skill and available resources. Even if these
domains are constant, the study’s results can be influenced
by design issues, such as how treatment failure is defined and
measured, or the length of patient follow-up.

To obtain articles for this study, the literature was
searched for observational studies reported from 1985
through 1998. Although MEDLINE is now indexed for
highly sensitive searches for randomized, controlled tri-
als, observational studies is not an indexable concept in
MEDLINE, and there is no search term for observational
studies (Wright N, National Library of Medicine: personal
communication). Therefore, a text-word strategy was used
to search for the terms “observational,” “cohort,” “retrospec-
tive,” “cross-sectional,” and “nonrandomized.”

This search identified 12 comparisons of dental
treatments that were evaluated with observational studies.
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Five comparisons were excluded because they were not
full-length studies in dental journals, written in English
and utilizing patients less than 13 years of age. This left
the following 7 topics:
1. amalgam vs composite restorations in posterior
teeth;
2. use of space maintainers vs no treatment for prema-
turely lost primary teeth;
3. formocresol vs ferric sulfate pulpotomy;
4. stainless steel crowns (SSCs) vs multisurface amal-
gam;
amalgam vs crowns for large carious lesions;
amalgam vs glass ionomer restorations; and
7. chlorhexidine vs sodium fluoride mouthrinse as anti-
caries rinse.

Medline was then searched for observational studies
evaluating each of these treatment comparisons.

Articles were abstracted that compared treatments evalu-
ated by at least 5 observational studies. Requiring several
observational studies of a particular comparison made it
easier to identify key factors that should be reported and
assess whether results and reporting varied across studies.
Only 2 treatment comparisons met all of the inclusion
criteria: (1) comparisons between SSCs and multisurface
amalgams; and (2) comparisons between amalgam and
composite restorations in children.

To identify all additional studies that evaluated SSCs
and amalgams, the following search words were used: (1)
“stainless steel crown(s)”; (2) “preformed metal crown(s)”;
(3) “preformed crown(s)”; and (4) “ion-chrome crown(s).”
Articles that compared composite and amalgam restorations
were searched using the following terms: (1) “composite”; (2)
“tooth-colored restoration”; and (3) “composite resin.”

From each of the identified articles one of the authors
abstracted the types of information shown in Figure 1.
Specifics of this information are shown in Table 1. They
were determined based on clinical experience of the authors
and from the information recorded by at least one of the
reviewed articles. Abstracted information was tabulated to
assess the consistency of reporting the type of information
shown in the comprehensive model.

Chi-square tests of 2 by k contingency tables were used
to determine the statistical significance of variation across
studies of failure rates for a given treatment. The differ-
ence between 2 odds ratios was tested using the equation
Z:(Lnl—an)/\/(SEl + SE ), where:

1. Z has a normal distribution with a mean of 0 and a
variance of 1;

2. Ln, and Ln, are the natural logarithms of the 2 odds
ratios; and

3. SE, and SE, are the standard errors of these
logarithms.

Variation among odds ratios was tested with the Breslow-
Day test for homogeneity at the P<.05 level.
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Results

For comparisons of SSCs and amalgams in children, a
total of 13 studies reported in 16 articles'*® was found;
10 of the 13 studies'?* described the outcome definition.
In general, when studies were reported in more than one
article, the data differed primarily in the length of follow-up.
For amalgam and composite restorations (CRs) in primary
teeth, 5 studies reported in 8 articles***?>*-3! were found
that compared restorations in children. Other studies were
found evaluating restorations in adults, which were not
included in this review.

Failure rates for the reviewed studies are shown in Tables
2 and 3. In both tables, there is substantial and statistically
significant variation (P<.001) in failure rates for each treat-
ment. There is also substantial and significant variation in
the odds ratios comparing the 2 treatments.

The next step in the analysis was to determine whether
there was adequate reporting of the study features that influ-
enced variation. To do this, the following characteristics listed
in Table 1 were abstracted from every article: (1) provider
characteristics; (2) patient characteristics; (3) materials and
procedure characteristics; and (4) study characteristics. The
reporting of each of these characteristics is described below.

Two provider characteristics were generally presented:

1. operator type was described in all 5 of the CR studies
and 9 of the 10 SSC studies; and

2. practice type was reported in all 15 of the studies.

None of the studies reported information about the pro-
vider demographics or number of procedures the provider
performed in the past year.

The patient characteristic most often reported was the
type of tooth restored, which was reported in all 15 studies.
Some information about age was reported in 14 of the 15
studies, but none of the studies gave an actual age distribu-
tion that would make it possible to compute the number
of patients younger than a particular age. Information on
caries activity was reported in 3 of the SSC studies and none
of the CR studies, and information on fluoride history was
reported in 1 of the SSC studies and none of the CR stud-
ies. No studies reported on structural damage to the teeth,
the quality of the occlusion, the patient’s cooperation, or
oral hygiene.

More information was reported about the characteristics
of materials and procedures. The type of material used was
reported for 3 SSC and all CR studies, use of pharmaco-
logical agents was reported for 5 SSC and all CR studies,
and the use of rubber dams was reported for 3 SSC and 3
CR studies.

The best reported study characteristics were those that
described the study design and sample size. Some infor-
mation was always reported about length of follow-up,
but the percentage of patients who had a given length of

Table 1. Specific Factors That Could Influence Outcomes

Provider characteristics Patient characteristics

Materials and procedure

characteristics Study characteristics

Age at the time of
placement of restoration

Practice type (private practice
or hospital setting)

Study design: (eg cohort, case-

Composition of material(s) control study)

Practice site (country) Patient cooperation

Isolation (use of rubber dam)  Sample size at the start of study

Operator type (provider

training)

Oral health status

Preoperative diagnostic

radiographs

Patients lost to follow-up

No. of operators Caries activity

Use of pharmacological

management techniques Length of follow-up

Dietary history

Provider expertise: Fluoride history
ability to manage patients

Y &° P Medical history

(eg, patient satisfaction);

ability to manage materials

Ty f tooth d:
and techniques (eg, direct ob- ype of tooth restore

. f anterior/posterior;
servation or suc;ess rate of a primary/permanent;
common procedure) maxillary/mandibular

Occlusion

Condition of the tooth prior to
restoration (size of lesion,

Provider demographics: years endodontic treatment)

in practice; graduation year - - -
Location of restorations being

compared

Expected length of service of
the tooth and restoration

Expected length of service of
the tooth and restoration

Patient inclusion/exclusion criteria

Outcome measure:
clinical, radiological, or
histological aspects

Unit of analysis

Statistica analysis
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follow-up was never reported. Exclusion criteria were not
reported, perhaps because the studies included all patients
who had a given procedure for a given purpose. Failure was
not defined for 3 SSC studies.?*** The other studies clearly
defined failure, although the definitions varied substantially
in ways that could influence the results. For example, one
SSC study considered recementation as the only criterion
for crown failure.'> Another study added the following cri-
teria: amalgam repair of crown, new crown, or extraction,'!
and a third study defined failure as a restoration that needs
to be replaced due to recurrent decay.?*%

Statistical analysis in the reviewed studies was primarily
limited to comparison of the overall results. The only ex-
ceptions were 3 studies that analyzed the data stratified by
age.”'® No studies used regression analysis to adjust for the
many factors shown in Table 1 that could have influenced
differences between treatment groups. There was also no
analysis of statistical interaction that evaluates whether
the relative effectiveness of the treatments depended on

patient type.

Discussion
For both the SSC and CR treatment comparisons, there
was substantial and highly significant variation in the failure
rates of any given treatment and in the odds ratios compar-
ing the failure rates for 2 treatments. Because of the amount
of this variation, it is clear that there must be substantial
variation in the study features that influence outcomes.
The major purpose of this study was to assess the quality
of reporting of these study features.

The list of features that should have been reported is
shown in Table 1. This list was derived by applying the
comprehensive reporting model shown in Figure 1 to the
specific treatments evaluated. A few elements were reported
by most studies, and other elements were reported by some
studies, but several study features that could influence the
interpretation of the study were never reported. These
include extent of structural damage to the tooth, patient
oral hygiene, quality of the occlusion, and patient behavior.
Information on patient age and length of follow-up was
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Figure 1. Conceptual model of how study characteristics influ-
ence outcomes.

almost always collected but not reported with as much
detail as would be helpful.

The conclusions on the reporting of observational studies
in the dental literature were based on a small percentage of
studies that may not be representative of all dental literature.
There is no apparent reason, however, why the quality of
reporting would be lower for these studies than for others.
Even if the studies examined in this report are not repre-
sentative of all studies in the pediatric dental literature,
they may be representative of a substantial percentage of
studies.

There are several ways that the factors described in Table
1 can influence results. One is that some of these factors
can cause confounding. Confounding occurs when 2 con-
ditions are met:

1. subjects who have one treatment have different char-
acteristics than subjects who have another treatment;
and

2. these characteristics influence the risk of failure.

For this reason, it is important to compare the subject’s
risk factors prior to treatment and, if necessary, use statisti-
cal methods to take these risk factors into account when
comparing treatment outcomes. It was rare that subject risk
factors were compared or that statistical methods were used
to take these risk factors into account.

Table 2. Variation in Failure Rates for Studies of Amalgams vs. Stainless Steel Crowns

Author Failure (amalgam) (%) Failure (crowns) (%) Odds ratio
1. Braff!! 133/150 (89%) 23/76 (30%) 18.02
2. Dawson et al'? 53/102 (52%) 8/64 (13%) 7.57
3. Paunio et al? 66/104 (63%) 22/104 (21%) 6.72
4. Messer et al'® 242/1117 (22%) 40/331 (12%) 2.34
5. Wong et al'’ 124/233 (53%) 0/18 (0%)

6. Roberts et al'® 82/706 (12%) 13/673 (2%) 5.94
7. O’Sullivan et al® 17/106 (16%) 71210 (3%) 5.55
8. Papathanasiou et al® 58/198 (29%) 37/183 (20%) 1.65
9. Einwag et al*! 38/66 (58%) 4/66 (6%) 21.04
10. Tate et al* 140/669 (21%) 69/862 (8%) 3.04
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Table 3. Variation in Failure Rates for Studies of Amalgams Vs Composites

Author Failure (amalgam) (%) Failure (composites) (%) Odds ratio
1. Gibson et al”’ 33/61(54%) 35/61 (57%) .83
2. Derkson et al* 18/90 (20%) 51/94 (54%) 21
3. Tonn and Ryge®! 4/76 (5%) 11/76 (15%) .33
4. Papathanasiou et al*® 58/198 (29%) 791173 (46%) .50
5. Tate et al* 141/669 (21%) 110/367 (30%) .63

The second way a factor can influence the results is by
changing the effect of one or both treatments. For example,
itis possible that a certain treatment could be relatively more
effective than standard care if it is performed by a provider
with special skill or on a tooth with a particular structural
defect. Therefore, to determine whether the results of a
given study are likely to apply to a particular practice or to
determine why one study gave very different results than
another, it is important to know the characteristics of the
providers and subjects in the study.

Results also depend on the specifics of the treatment
(eg, changes in the materials used or how a procedure was
performed could influence the outcome) and characteristics
of the study design (eg, how long subjects were followed,
whether the data were obtained from dental records or
specifically collected for the study, and how a good outcome
was defined).

Factors that could influence the study’s interpretation
even if they don’t influence the validity can be referred to
as modulating factors. The only modulating factor that was
examined in any of these studies was subject age (ie, a few
studies examined whether the relative effectiveness of the 2
treatments differed for subjects according to age.

Characteristics that should be reported because they are
potentially confounding or modulating factors are those
that: (1) influence outcomes; (2) vary across treatments or
practices; and (3) can be assessed with reasonable effort.
These characteristics are modeled in Figure 1. The model
was proposed as a first step in the development of standards
for observational studies in the dental literature. There has
been a great deal of attention paid to developing standards
for conducting and reporting randomized controlled trials
in the dental literature by way of adopting the CONSORT
statement.*? The majority of pediatric dental treatment
studies, however, have used an observational design, and
it is unlikely that this will change in the near future. Bet-
ter reporting of these studies will make it easier to explain
variation of study results and to correctly apply the results
in practice.

No method for conducting observational studies is likely
to make these studies as good as randomized controlled
trials. Observational studies can provide accurate informa-
tion,* however, and most clinical dental research relies on
observational studies. Therefore, careful attention should
be paid to standards for conducting and improving obser-
vational studies.
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Conclusions

Based on this study’s results, the following conclusions can
be made:
1. Observational studies comparing the same 2 treat-
ments may give substantially different results.
2. Studies do not generally report enough information
to explain the variation in the results.
3. A framework should be developed for observational
studies that will guide:
a. what data elements should be collected;
b. how the data should be analyzed; and
c. how the results should be reported.
4. This framework should include the factors presented
in Figure 1 and Table 1.
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