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Measurement and Expression of Treatment Effects in Caries Clinical Trials
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This talk will cover a wide array of topics, including:

(1) ways of expressing caries inhibition,

(2) the use of confidence intervals,

(3) clinical significance vs. statistical significance, and
. (4) cost-effectiveness.
pach of these topics merits a full presentation or might
even justify an entire conference. However, within my
allotted time, I shall attempt to give you some thoughts on
each.

Ways of expressing caries inhibition.

The usual design for a clinical trial of a caries-preventive
agent or method compares the DMF surface increment in 2
group of individuals who have received a preventive agent
for various periods (usually years) with the increment in a
similar, placebo-treated or untreated control group.

Most trials test the null hypothesis — that any observed
differences between test and control groups result solely
from chance errors of sampling, that is, that no real differ-
ence exists between the groups.!>2 Sometimes more than
one treatment group is included in the design, and, particu-
larly in recent years, ethical concerns have dictated omis-
sion of an untreated or placebo-treated control group, so
that only one or more treatment regimens are compared
with a standard regimen, or positive control. However, if a
negative control group is not included in the study’s design,
measuring the absolute effectiveness of a test agent is im-
possible; only its relative effectiveness compared with the
positive control can be ascertained.3

Studies with control groups require statistical analysis to
determine whether the observed difference in DMFS incre-
ments between the test and control groups is real (a two-
tailed test) or if an observed smaller increment in the test
group is truly different from that in the control group (a
one-tailed test). A decision to use one- or two-tailed tests
should be made during the planning phase of a study, and
not after the data are collected and tabulated.* When only
treated groups are compared, analysis is done to determine
if statistically significant differences exist between or
among the test groups, and a two-tailed test should be used
for statistical analysis.

Most investigators present mean scores and a standard
measure of the variation in observations, such as a standard
deviation, for each group. Whether the differences in means
are significant depends on the numbers of participants in
each group, the magnitude of the differences in mean
DMFS scores, and the variation in those scores among par-
ticipants in each group. Generally, large differences in
increments, small variation, and large samples will increase
the likelihood of achieving statistical significance. Levels
of significance may be set at 5% or 1% or some other value,
depending on the confidence the investigators want that
an observed difference is real.

Statements about significance in a clinical trial'are usu-
ally based on the differences in mean increments and not
on percentage differences. Yet, most investigators frequently

speak of statistically significant percentage reductions in
decay. Moreover, most reviews compile results of studies
expressed as percentage inhibitions.S Using abstract per-
centage figures without reference to actual medn values,
however, can be highly misleading. As shown in Table 1, a
mean annual increment of 1.4 DMFS is 30% lower than a
mean annual increment of 2.0, but so is a mean annual in-
crement of 0.42 30% lower than one of 0.6. In the first
instance, the average child in a test group has developed 0.6
fewer DMF surfaces in a year’s time than one in the con-
trol group, whereas, in the second example, the average
difference is only 0.18 surfaces. Both differences may be
statistically significant, but the differences between the
hypothetical findings in the two examples are great in clin-
ical significance and, perhaps, in cost-effectiveness.

The strength of the differences in statements of statis-
tical significance is unexpressed.® For example, a signifi-
cant difference in mean DMFS increments between a test
and control group at a level of 0.05 merely means that a
difference that large or larger is unlikely to occur by chance
5% of the time, or one time in 20, if the study were repeated
an infinite number of times with random samples of the
same size drawn from the same population. A highly
significant difference denotes only that the probability
that the observed difference will occur by chance is less
than 1%, or one time in 100, if the study were repeated
infinitely. Even when precise probability levels (P) of de-
tecting the observed difference are presented, we know
neither the strength of the effect nor the range of likely
outcomes for the investigation (confidence interval).

Although a controlled prospective study, with concur-
rent test and control groups, is the best design for evaluat-
ing cariostatic measures, ethical considerations are causing
more and more studies of known-to-be-effective measures
to be done with no control group. In these studies, the
caries prevalence of participants is compared with retro-
spectively established baseline data of children drawn from
the same population before the preventive measure was
started, as shown in Table 2. Although this type of design
has been described as “. . . notoriously fallacious™7, it has
been used for most evaluatlons of the caries-preventive
effects of community water fluoridation, school water
fluoridation, and for the 17 demonstration projects of

- weekly mouthrinsing with dilute fluoride solutions sup-

TABLE 1
TWO EXAMPLES OF 30% REDUCTIONS IN
ANNUAL DMFS INCREMENTS
Study No. 1 Study No. 2

DMFS Percentage DMFS Percentage
Group increment difference  increment difference
Control 2.0 - 0.6 -
Test 1.4 30% 0.42 30%
Difference 0.6 0.18
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ported by the National Caries Program. In fact, the value
of many thoroughly accepted medical drugs — including
morphine, digitalis, aspirin, insulin, penicillin, and the cor-
ticosteroids — was established in studies without concur-
rent comparisons.* Although this design has been criti-
cized for valid reasons and is particularly hazardous now,
when the prevalence of dental caries may be changing,
several checks for internal consistency of data can be made
in such studies to ascertain the validity of their results.
My colleague, Dr. Heifetz, will discuss these checks on
validity later at this Conference. I must point out, however,
that estimates of caries reductions made from studies with
this design are compromised, and confidence limits cannot
be estimated nor P-values derived from these types of data.

The way that caries inhibition is expressed in studies of
pit-and-fissure sealants differs somewhat from either of the
two methods discussed so far. In most studies of sealants,
a particular sealant is placed over the pits and fissures of
teeth in one-half of the mouth, and the pits and fissures of
homologous teeth in the other half of the mouth are
either left unsealed or are covered with another sealant.
Because subjects serve as their own controls, this design
has the advantage of avoiding variability among subjects.
It has the disadvantage of reducing the number of obser-
vations of teeth that receive a particular preventive regimen
in a subject., The number of sealed teeth that become cari-
ous after various yearly intervals in each half of the mouth
is ascertained and reported in one of several ways, for ex-
ample, as shown in Table 3. Note that, in the example,
tooth pairs in which both the sealed tooth and its homol-
ogous pair remain sound do not enter the calculation of
percentage differences or effectiveness, and that pairs in
which both sealed and unsealed teeth become carious are
entered in both halves of the numerator and in the de-
nominator. ’

Use of conﬁdénce intervals.

Statistical tests tend to focus attention on whether the
results of a study are considered statistically significant (P

TABLE 2 -
AVERAGE PREVALENCE OF DMFS IN 12-TO-15-YEAR-OLDS
: BEFORE AND AFTER INTRODUCTION OF A

PREVENTIVE REGIMEN
Average Baseline Average

DMFS Post-treatment DMFS % Difference

Age (1980) (1983) from baseline
12 8.5 5.8 31.8
13 11.0 8.6 21.8
14 13.8 10.2 26.1
15 17.3 12.4 28.3
All 12.65 9.25 ) 26.9
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value is less than 0.05) or highly significant (P jeg th
0.01). This emphasis on cut-off points serves well to dec'gn
between alternative actions based on the statistica} res‘;he
of a study, but it fails to characterize the extent of a d‘fs
ference between groups.® Highly significant P valueg SOmI i
times result from negligible differences if a study hag man&
participants, and, conversely, P values that are far frop, i
nificant cut-off points may occur when differences are greai
if a study has few participants. The tendency to charactey.
jze the results of a study as “yes (significant)” or ‘g (HO; -
significant)”’ may be misleading, if the study was poorly
designed, with an improper number of participants, Eyey if
it was well-designed, P values of, for example, 005 and
0.04 should not intellectually lead to definitively ODDOsite
conclusions but to closely similar ones.

An analysis that measures the possible range of an effecy
by calculating the confidence interval for the obseryeq
result may be more informative. Confidence intervals may
be calculated for actual differences in means or for per-
centage differences.5:68 Discussion of findings usually
oceurs in terms of percentage reductions for reasons of cop.
venience and ease of interpretation. Therefore, I shall dis.
cuss confidence intervals for percentage reductions.

Assume that results shown in Table 4 occurred in 3
clinical trial after one year. The findings show a difference
of 0.32, or 20%, in the mean DMFS increment between the
test and control group. The observed 20% difference, based
upon the particular set of circumstances that existed in
this specific trial, should be considered only as an approxi-
mation of the effectiveness of the test agent. The percent-
age reduction provides only a convenient point-estimate of
the treatment effect, but a more informative statistic is a
confidence interval or the range of results likely to include
the true percentage reduction.®

In the example in Table 4, the observed difference is
not significant, because one this large could have occurred
by chance six times in 100 if the study were repeated an
infinite number of times with samples drawn from the same
population. The 95% confidence interval for the observed

. percentage reduction includes -the zero percentage value,

which confirms the lack of significance. A decision on
whether to adopt the test procedure based on the P value
must lead to its rejection as ineffective. However, the 95%
confidence interval for the observed percentage reduction
also extends to a 41% reduction in dental caries, or more
than 0.65 fewer DMF surfaces in the test group than in the
control group — a finding consistent with a conclusion ofa
fairly strong effect of the test procedure. Rothman con-
tends that it is unlikely that a confidence interval including
both zero and a percentage indicating a strong treatment
effect within its boundaries represents the findings of a
worthless preventive agent.® However, his statement is
valid only if the study is designed with sufficient power,
and in that case, the confidence interval is not likely to

TABLE 3
OCCLUSAL CARIES STATUS OF SEALED/UNSEALED PAIRS OF STUDY TEETH, BY ARCH, AFTER FIVE YEARS

Occlusal Caries Status of Tooth Pairs

No. of Treated Sound, Treated DMF, Treated DMF, Treated Sound, %
Arch Study Prs. Control DMF Control Sound Control DMF Control Sound Diff.
Maxillary 260 ' 50 40 150 33.3
Mandibular 240 60 30 140 55.6
Both 500. 110 70 290 44.4

*No. of pairs with DMF control teeth — No. of pairs with DMF sealed teeth

No. of pairs with DMF control teeth
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TABLE 4 TABLE 5 :
FINDINGS AFTER ONE YEAR THREE-YEAR RESULTS BY STUDY GROUP
95% No. of DMFS Percentage  95% Confidence
Confidence Group Children Increment Reduction Interval
Interval
Number Mean for Control 597 2.50 - -
of DMFS  Percentage Signif- P  Percentage Test 589 2.00 20.0% 9.6 t0 304%
Group Subjects Increment Reduction icance Value Reduction Difference 0.50

Control 150 1.60 -

Test 147 1.28 © 200 NS, 0.06 -1.1to

41.1%

contain both zero and a high percentage reduction. It must
pe stressed that when the confidence interval for an observed
percentage reduction is broad, the breadth indicates a lack
of assurance of the true reduction — in other words, the trial
has provided only a vague determination of an agent’s effec-
tiveness.? Moreover, the trial was probably designed with
inadequate power — that is, the probability of missing 2
real treatment effect was high.10 This situation undoubtedly
exists in the hypothetical example in Table 4.

The least informative way to present the outcome of a
statistical analysis of data is to report merely that an ob-
served difference is either significant or not significant.
This approach focuses all interest on the lower boundary
of a confidence interval. An actual P value is somewhat
more informative; however, a notation that P > 0.05 says
no more than that the findings are not significant.

The most informative way to present the findings is to
give an unambiguous summary of the strength of the treat-
ment effect in the form of a confidence interval.6:11:12
In the hypothetical example, an indication that the differ-
ence in means of 0.32 DMFS is not significant tells us lit-
tle, only that the difference could occur by chance more
than 5% of the time. The information that P = 0.06 shows
us that this chance was only slightly greater than 5% of
the time, but presentation of the full confidence interval
indicates that the findings, although compatible with a con-
clusion of no preventive effect, may also be compatible
with one of a potentially strong preventive effect. The
breadth of the confidence interval also denotes the pre-
cision . achieved by the study design. Therefore, giving
confidence intervals in connection with tables that present
findings of a clinical study of caries prevention will help
readers ascertain the strength of an observed effect.t

Clinical significance vs. statistical significance.

Readers of scientific reports should be wary of poorly
conceived or carelessly conducted studies that provide
statistically significant findings. Statistical significance per
se denotes nothing about the biological or clinical meaning
of a difference in numbers or values. Readers who think
that statistically significant results automatically authen-
ticate the value or meaning of a study are deluded.

It is most important to distinguish between statistical
significance and clinical significance. The former is a
mathematical expression of the degree of confidence that
an observed difference between groups is a real difference,
that a zero-response would not occur often if the study
were repeatedly done, and that the observed difference is
not due merely to chance.!® In contrast, clinical signifi-
cance is a judgment made by an investigator or reader that
differences between groups in response to intervention are
important for health.%!% Clinical significance is a subjec-

tive determination based upon clinical experience and an
understanding of the characteristics of the disease or con-
dition being measured.

Consider the summarized hypothetical results of a
study shown in Table 5. The children in the test group,
living in a fluoridated community, received semi-annual
applications of a professionally applied, topical fluoride gel
for three years. The three-year increments of dental caries
are low in both groups, undoubtedly because the children
have consumed fluoridated water, many since birth. Child-
ren in the test group have developed 0.5 fewer -DMF sur-
faces during the course of the study than their counterparts
in the control group. The difference, representing a 20%
reduction in dental caries, is statistically significant, prob-
ably because the groups are very large. However, it is
doubtful whether the benefit to the test group children can
be considered clinically significant, if one considers that it
necessitated six professionally applied treatments, each of
which may have required one-half hour to give. In other
words, two children had to be treated six times during a
three-year period in order to prevent one DMF surface from
developing — hardly a clinically significant result.

If a difference in caries increments befween test and
control groups is judged clinically insignificant or lacking in
practical importance, tests of the data for statistical signifi-
cance are unlikely to contribute much to the interpreta-
tion of-the findings. A trivial difference. between study
groups may be statistically significant when excessively
large samples have been studied. If an observed difference
is thought to be clinically significant, determining whether
the difference is statistically significant or could easily
have occurred by chance is important. But, a statistically
significant result does not necessarily increase its clinical
importance.!5 Whenever possible, studies should be de-
signed and sample sizes should be chosen so that outcomes
of analyses of statistical and clinical significance will
closely agree. Considerations of the practical value of the
differences between caries increment in a test and con-
trol group, or clinical significance, are often related to
considerations of cost-effectiveness.

Cost-effectiveness.

Cost-effectiveness analysis is a formal and systematic
way to determine the least expensive of several alternative
methods of achieving a stated objective.16:17 The term is
frequently misused in biomedical literature, where one
sees titles and passages of reports claiming that a particular
treatment, diagnostic approach, or preventive method is or
is not cost-effective, when what is really meant is that the
treatment, approach, or method is or is not worth its cost.
Because cost-effectiveness analysis, by definition, entails
a comparison of the costs of two or more ways to achieve a
desired goall®, one cannot compute the cost-effectiveness
of an isolated regimen.
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Although several investigators have discussed cost-ef-
fectiveness and suggested formulae for its calculation!7-19,
no one methodology is presently widely accepted. The
costs of a caries-preventive program comprise the obvious
expenses of providing the specific regimen, but determining
these costs is not always free of difficulties. Although the
costs for facilities, equipment, personnel, materials, and
supplies are straightforward, it is debatable whether to
include in the analysis the costs of such items as services
of school personnel, overhead for school-based programs,
and travel costs or work-time lost by parents who take
children to an office for preventive treatments.16

Another problem in determining costs is that they are
most often ascertained from studies funded by national
institutions or industry. The methods, conditions, and
personnel used in these studies often approach the ideal,
which can inflate both the estimated costs for a procedure
and the observed effectiveness compared with studies
done under more realistic conditions and with public
financing. O’Mullane has advocated distinguishing between
studies that determine clinical effectiveness, or efficacy,
and those in which community effectiveness is measured.20
However, his approach focuses almost entirely on effective-
ness, rather than on the costs of the two types of studies.

The effectiveness portion of cost-effectiveness analysis
may be expressed in monetary terms (such as the most
efficient way to reduce costs for restorative care for a
community’s schoolchildren by $100,000) or in physical
terms (such as the cheapest way to reduce the annual
incidence of dental caries among schoolchildren in a com-
munity by one-half DMF surface).

Effectiveness will vary according to the thoroughness
with which a preventive procedure is carried out, regardless
of whether it is professionally applied or self-applied.
It will also be affected directly by the caries susceptibility
of the target population. Moreover, the frequency of appli-
cations will also influence effectiveness and costs. It should
be evident that, in general, effective methods of caries
prevention that are self-applied by large groups under
general supervision are more cost-effective than those that

are professionally and individually applied by professional ‘

personnel.16:17 _

In common parlance, cost-effectiveness analysis permits
program administrators to get “‘the biggest bang for the
buck”. Exercises in determining the efficiency of preventive
programs can help administrators set aside pre-conceived
notions on the value of various preventive regimens, view
their activities objectively as they affect target populations,
and measure critical monetary issues that affect decisions
in these hard economic times.
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