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Introduction.

Despite the well-accepted criteria outlined in the 1968
ADA Conference on the Clinical Testing of Cariostatic
Agents, the diagnosis of caries is a subjective decision that
exhibits substantial inconsistency in practice. In this paper,
we try to make three main points about this process:

(1) Examiner error (inconsistency!) is a problem that
affects caries clinical trials in numerous, and often
unexpected, ways. Thus, this problem should re-
ceive the researcher’s attention at all stages of a
clinical trial. '

(2) Clinical trials that use examiners should collect
data on their reliability, and those data should meet
certain minimum standards.

(3) These clinical trials should also report their relia-
bility results in a form that will be useful to other
researchers,

Unfortunately, the current practice falls far short of
these standards on several points. Often, no reliability data
are collected. And, when they are collected, the collection
procedures often negate the value of the data. Some trials
collect data but fail to report the results. Finally, the re-
porting methods are haphazard at best, often making mean-
ingful comparisons among studies impossible._

The recommendations in this paper are based primarily
on a comprehensive review of the dental examination re-
liability literature and our work on the National Preventive
Dentistry Demonstration Program (NPDDP), a recent study
of school-based preventive procedures offered in ten sites
throughout the United States (Klein and Bohannan, 1984).
This study provided dental examinations to over 30,000
children and included 9000 pairs of concurrent reliability
examinations obtained with 31 trained examiners. Al-
though certain points may be specific to the population
we studied, most should hold more generally.?

Types of examiner errors. — It proves useful to distin-
guish two types of errors, systematic and random.

Systematic errors are atiributable to factors which tend
to recur under similar circumstances. The most familiar
example is that some examiners systematically call more
caries than do other examiners. But there are other poten-
tially important sources of systematic errors. For example,
one examiner or group of examiners may drift over the
course of a trial in the use of the formal criteria. Added to
the problem of known secular changes, this possibility
makes the use of retrospective control groups very ques-
tionable. Also, there are likely to be differences in stan-
dards between clinical trials,

Most inconsistencies are non-systematic ones which we

1The term “error” is used synonymously with “inconsistency”,
without the intention of claiming that there is always an obvious
corzect call,

?Detailed evidence for many of the points made here appears in
Klein et al, (1984). o

Misclassification in a Controlled Clinical Trial

will refer to as random errors. These include “mental coin
flips” that an examiner must make on close decisions, non-
systematic misapplications of the criteria, and recording
eITo1S. .

Types of reliability data. — The most important data for
evaluating examiner reliability are the concurrent pairs of
examinations. The subject receives two independent ex-
aminations on the same day, either both by the same
examiner or one by each of two different examiners. These
will be referred to as intra- and inter-examiner pairs, respec-
tively.

Other data can aid in the evaluation of examiner relia-
bility. For example, longitudinal data enable determination
of the frequency of diagnostic reversals, where a surface is
classified as carious on one examination and sound on an
examination one or two years later. Comparison of mean
DMFS or DMFT scores among examiners tests for systema-
tic differences among the examiners. However, both of
these data sources miss important types of errors, so that
neither substitutes satisfactorily for concurrent reliability
examinations (Klein et al., 1984).

Why care about examiner errors?

Examiner error can potentially affect every stage of a
caries clinical trial, from the design to the interpretation of
results. Thus, researchers conducting such trials should
consider the consequences of examiner error at each stage
of their work.

Problems caused by systematic bias. — The possibility
of systematic differences among examiners should be con-
sidered when subjects are assigned to examiners. Assign-
ments should balance the combination of examiners and
treatment groups. That is, if an examiner does 15% of all
the examinations, he or she should see 15% of each treat-
ment and control group. If balance can be achieved, then
any systematic bias of a particular examiner would proba-
bly cancel when groups are compared.

A secondary consideration in the assignments of ex-
aminers is to maintain examiner/subject pairings over time.
The justification is that examiner bias will cancel when
increment scores are computed, However, reliance on this
principle to remove examiner bias problems is naive. Al-
though examiners agree much better with themselves than
with each other on concurrent pairs of examinations, there
is little evidence that this phenomenon persists over time.
The first part of Table 1 shows the proportion of the time
that a decayed call on one examination in the NPDDP was
“reversed” by the other concurrent examination. Different
examiners (row 2) disagreed almost twice as often as an
examiner disagreed with him or herself (row 1). However,
examiners were unable to maintain this high level of self-
consistency over a period of two years. The rate of longi-
tudinal reversals was only slightly higher when the examiner
was switched as opposed to maintained over time,

Even if careful calibration eliminates systematic differ-
ences among examiners within a study, there is also the
concern of differences across studies. This problem is most
significant for determining trends in caries prevalence. For
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example, the fact that two national dental health surveys
found a surprisingly large drop in caries among children
between the early and late 1970’s has important conse-
quences (Miller et al, 1981). Unfortunately, there is no
way to know how much differences in application of the/
same formal criteria may have contributed to that finding.!

Reduction of precision. — Examiner error affects every
clinical trial by increasing the variability of estimated treat-
ment effects through the addition of random error to
scores. Many studies report the reliability coefficient (intra-
class correlation; see Fleiss er al., 1979) for a particular
examination. That number indicates how examiner error
affects the precision of prevalence studies (i.e., studies
which look at the amount of decay or the relationship
between decay and other characteristics at a fixed point in
time). Table 2 shows the estimated impact of examiner
error on the precision of prevalence studies, using reliability
data from the National Preventive Dentistry Demonstration
Program. To obtain the same level of precision that would
be available from examining 100 children without any
examiner error, we would have needed to examine from
105 to 108 children. The fact that these reliability coeffi-
cients are typical of those reported by other studies sug-
gests that the price paid for examiner error in prevalence
studies is fairly small. We use the word suggests because the
Table does not account for the potential problems that
systematic errors may cause.

Compared with the impact on prevalence studies, ex-
aminer error can substantially affect the precision of
estimated treatment effects in clinical trials. Table 3 shows
how the amount of examiner error observed in the NPDDP
affected the information available about treatment effects
through the analysis of two-year DMFS increments. About
20 to 25% more children were needed to obtain the same

TABLE 1
INTRA- AND INTER-EXAMINER REVERSAL RATES,
USING CONCURRENT AND LONGITUDINAL DATA

Reversal Rate

Age 6-9 Age 10-12
Concurrent exams
Same examiner 0.15 0.12
Different examiners 0.29 0.22
Longitudinal exams
Same examiner 0.20 0.17
Different examiners 0.22 0.22

Note: Only surfaces classified as decayed (not filled or missing)
on the first exam are included. Concurrent results have been aver-
aged across three years. Longitudinal reversals cover an elapsed
period of two years, '

TABLE 2
NUMBERS OF CHILDREN REQUIRED TO PROVIDE THE SAME
INFORMATION ABOUT CARIES PREVALENCE WITHOUT
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information that would have been available in the absenge
of any examiner error.> Considering the expense of con.
ducting even a small clinical trial, increases of this sort are
very significant.

There are two reasons for the greater impact on ingp,,
ment scores — the examination error occurs twice, ang the
true change during two years is quite small. Thus, éxaminer
error has a greater impact on precision of estimateg iy a
clinical trial than in a prevalence study, and the problepy is
greatest during a short study.

Clearly, the above comparisons are unrealistic. Qpg
could never eliminate all examiner error, and it might pe
too costly to reduce error much below that observed in the
NPDDP. Still, the value of keeping down the amount of
systematic and random examiner error in caries clinica]
trials should be apparent. Among the steps for doing so are:

e Carefully training the examiners to follow a rigid set
of criteria. Review of the criteria should continye
throughout the study.

e Holding calibration sessions on a population similar
to that under study. Again, calibration sessiong
should continue throughout the study.

e Collecting reliability data as a regular part of the ex-
amination process. This encourages examiners tg
maintain good concentration and to adhere to the
formal criteria. The incentive results both from com-
petition among the examiners and from the desire of
the examination team to compare favorably with
teams from other trials, But this incentive fails if, as
in many trials, the reliability data are collected during
a separate calibration period, or the examiners some-
how know which subjects compose the reliability
sample. Also, to have full effect, reliability results
should be fed back to the examiners at regular inter-
vals.

e In selected studies, it may help to provide multiple
examinations to each participant* Providing two
examinations to each participant and using the mean
score from the two would substantially increase the
reliability., In the example of Table 3, one would
need to examine, and therefore treat, only 112 10-
year-olds, as opposed to 123. Additional reduction
might be achieved by following a suggestion of
Kamen and Schmee (1974), “Two examiners diag-

3Lf, as in the NPDDP, analysis of covariance reduces the residual
variance below that of raw increments, the relative importance of
examiner error increases.

41 the reliability of one examination is 1, then the reliability of
the average of n examinations would be nt/[1+(n—1)r]. Essentially,
providing two examinations per child would halve the number of
excess examinations that need to be given to overcome the impact
of examiner error.

TABLE 3
NUMBERS OF CHILDREN REQUIRED TO PROVIDE THE SAME
INFORMATION ABOUT TWO-YEAR DMFS INCREMENTS

AND WITH EXAMINER ERROR WITHOUT AND WITH EXAMINER ERROR
Sample Size Reliability Sample Size
Inter- Age at Coefficient Inter-
Age of Reliability No examiner Start of for Two-year No examiner
Children Coefficient Error Error Trial Increment Error Error
6-9 0.93 100 108 6-7 0.82 100 122
10-12 0.95 100 105 10 0.81 . 100 123
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