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Introduction.

In the usual caries clinical trial, we have two measurements
of the caries status of the mouth: a measurement prior to
the initiation of the study (x;), and a measurement after
several years (x,). Intermediate measurements are often
made but are ignored here. A frequent measurement of the
caries status is the DMFS index — the number of decayed,
missing, and filled surfaces. The final measurement, x,, is
correlated with the initial value, x;. The usual way of
taking this relation into consideration — ie., of adjusting
X, — is to use the increment y = (%, —X; ), which is positive
except for reversals. This method of adjustment makes the
tacit assumption that x, is linearly related to x;, with a
slope of unity, or, equivalently, that y is linearly related to
X1, with a slope of zero. When the assumption of linearity
but not that of slope is met, we can employ the analysis of
covariance technique, in which we fit the correct relation
and adjust accordingly. For our present purpose, we assume
that the use of the increment (y) as the outcome variable is
satisfactory. )

In the usual clinical trial, a group of available children is
divided at random into two (or more) groups, one to re-
ceive a presumably active treatment (t), the other a con-
trol treatment (c). The control treatment is often a placebo,
which should be just like the presumably active treatment
(toothpaste, mouthwash, etc.), except that it does not con-
tain the active ingredient. Furthermore, the study is to be
double-blind — ie., neither the examiner nor the subject
knows what treatment the subject receives. In a well-con-
ceived study, the mzmber of subjects in the control groups,
N¢, and the number in the treated group, N;, are equal or
nearly so. Unfortunately, in the course of the study,
drop-outs from one or both groups may occur, so that the
remaining numbers, n, and n;, which we have to use in a
comparison may differ to some extent. The inequality is
not as disturbing as the fact that the drop-outs may be
selective for caries status, and the selectivity may differ
among the groups. Pre-stratification of the subjects by the
baseline value, X, does not automatically take care of the
drop-out problem.

Comparison of two treatments.

The distribution of the increment, y, is not a normal
curve. The variable is discrete. Furthermore, the distribu-
tion is usually positively skewed. This is often the case with
distributions where there is a fixed lower limit which is
frequently attained or approached, but no upper limit.
Nevertheless, the mean is a descriptive constant. We want
to compare the mean increments, ¥, and y;, of the two
groups.

In view of the usual sample sizes, n; and n;, in clinical
caries studies, often 50 or more, we may assume that the
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sampling distribution of means y, and ¥; is essentially
normal. In fact, we are concerned with the sampling dis-
tribution of the difference (¥,—¥;), and that distribution
will be closer to normal than those of ¥, and ¥; separately,
Therefore, we have no hesitation in using statistical proce.
dures based on normal curve theory. This ordinarily implies
the use of the ¢ test as the test of significance. .

Test of significance.

To use the r test, the variances sg and s% of the two
groups are pooled to give:

s? = [(ne—1)s? + (n;—1)s?] / (0 +1,2).

The estimated standard error (SE) of the difference in mean
increments is:

SE(Vc—-¥1) =
Then the ratio

t=(¥c—yt)/SE

is taken into the ¢ distribution, with degrees of freedom
(df) equal to (n; + n;—2). With the number of df available,
the critical value- of ¢ is-practically the same as that of the
normal curve — say, 1.96 at the 5% (two-tailed or two-
sided) level of significance.

The assumption of equality of the true variances (homo-
scedasticity) may be valid when the two treatments are the
same as under the null hypothesis in a significance test, or
nearly the same. However, if the treatmeénts differ greatly,
the distribution with the greater mean often has the greater
variance. This is rather typical of highly skewed distribu-
tions. Many workers feel more comfortable about pooling
when testing a null hypothesis (significance test) than when
estimating the true difference (confidence interval). The
practice of testing the homoscedasticity before pooling is
usually frowned upon because it may change the signifi-
cance level of the significance test of the means in some
unknown manner. The matter of pooling is almost aca-
demic, since, when n.=n,, the same SE is obtained whether
one pools or not.

If we do not pool the variances, our estimate of the SE is

82 32
E e N [ t
S ( ¢ t) ne ny .

Theoretically, the ratio of (¥.—¥;) to this SE is not dis-
tributed as #, and one may not feel comfortable using the
ratio as ¢. One can always justify referring the ratio to the
normal distribution, since the sample variances are based on
large values of n, and n; and are thus close estimates of the
true variances. In the Table, we compare the means of the
control group with that of the treated in one of the studies
cited by Dubey et al.!

One-sided vs. two-sided tests.

The investigator wishes to test the null hypothesis, Hy,
that u.=y; or that (u.—,)=0 at some level of significance —
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TABLE
VARIOUS COMPARISONS OF MEAN DMFS INCREMENTS
OF A TREATED AND A CONTROL (PLACEBO) GROUP

Control 1ng=215, ¥ =4.49,s2=20.16, pooled s2=16.66
Treated 1,=190, ¥; =3.57,s7=12.70
(Ye—¥¢) = 0.92;95% CI=0.13 to 1.71
SE(Vc—¥+¢) = 0.401(0.406)*
t =2.29(2.27)%; P=0.022(0.023)*
% reduction = 20.5%; CI=3.0% to 35.6%°

*Values in parenthesis refer to use of separate variances.

say, a=5% — where « is the probability of rejecting H,
when it is true. If the question is whether ¢ is better than
¢ (smaller increments), then evidently suitable alternatives
to H, are that p,>p; or (Ue—py)>>0. In fact, by so limiting
the alternatives, the null hypothesis is ré-stated as
(uc—-ut)éo. In that case, all of o is put in the upper tail of
the sampling distribution centered at zero (¥.—V; large
positive). Evidently, the investigator is willing to state that
the case where (¥.—¥;)<O cannot happen, does not interest
him, or is due to chance. But the case (y.—y{)<O does
happen and often does interest the investigator who wants
to test it. His statement of the null hypothesis and alterna-
tives does not permit him to test the difference. Some. in-
vestigators inadvertently decide on the alternatives (which
tail to use) after they see their difference. This is not
legitimate unless they agree to use just half of the sampling
distribution, in which case the test is equivalent to a two-
sided test.

In a two-sided test, the alternatives to the null hypothe-
sis are (Ue—y;) 3 0, which permits one to test negative as

well as positive differences. The level of significance, @, is

divided, usually equally, among the two tails, i.e., a/2 in
each tail. The probability P of exceeding the difference in
either direction is, of course, twice that of the one-sided
test.

Armitage? (p. 104) puts the case for a two-sided test
well: “Before the data are examined, one should decide to
use a one-sided test only if it is quite certain that departures
in one particular direction will always be ascribed to chance,
and therefore regarded as nonsignificant, however large
they are. This situation rarely arises in practice, and it will
be safe to assume that significance tests would almost
always be two-sided.” '

Confidence interval (CI).

Often the difference (y.—V¥;) is large but not statisti-
cally significant at the « level, in spite of the rather large
values of n. and n;, because of the large inter-individual
variation of the increment, sg and s?. This does not mean
that the study is necessarily negative and that we should be
discouraged. In fact, if we compute the (1—«) confidence
interval (CI), we find the whole array of possible true

" values of (uc—;) which are compatible with the data, i.e.,

are not rejected by a two-sided significance test at the «
level. Of course, we may also construct the CI when
(¥.—V¢) is significant. In that case, the interval does not
include zero, but lies to one side or the other of zero.

If we operate at the 5% significance level, we should
use the 95% CI given by (y.—V¢)* 1.96 SE or, more ele-

" gantly, by

(Fo—5¢)—1.96 SE < (ue—1) < (F—V¢) + 1.96 SE.
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95% of the time, such intervals will cover the indicated
parameter, but, in a given instance, the interval either
does or does not cover the parameter.

Let (¥.—V) be positive and not significant. Then the
lower confidence limit is negative and the upper limit is
positive. (¥.—¥4) is then compatible with a true difference
of zero as well as with a true positive difference as large as
(V.—¥)+1.96 SE, the upper confidence limit, or a dif-
ference as small as (V.—¥;)—1.96 SE, the lower confidence
limit.

We see from the Table that the CI is practically the same
whether we pool or not when n; and n; are equal or practi-
cally so. The CI agrees with the two-sided significance test,
in the sense that if the difference was significant at the «
level, then zero is not included in the (1—-a) CI, and if the
difference was not significant at the « level, then zero is
included in the CI. This agreement between the two-sided
significance test and the two-sided CI is not complete if
one pools the variances for the significance test but not for
the CL

Obviously, if a one-sided significance test is appropriate,
then a one-sided or asymmetrical CI is appropriate. For the
case where the alternatives to the null hypothesis are that
(te—1: >0, the CI extends from (V.-¥;)—1.64 SE to
infinity for (¥.—V;) positive. The use of such asymmetri-
cal CI is rather unusual.

Negative studies and equivalent treatments.

A negative study might be defined as one in which
(V.—V:) does not differ significantly from zero .and in
which neither the upper nor lower confidence limit reaches
any meaningful value of (u.—u;) — say, A — as defined by
clinical considerations. Thus, (u.—p;) may well differ from
zero, but the difference is of no practical value. Under
these circumstances, the two treatments may be said to be
“equivalent’”. Complete equivalence, of course, implies
that (ue—p)=0, so that zero should be a value compatible
with the observations.

Considerations of sample size and power for
significance tests.

In our discussions thus far, we have focused on the data
which are available from some study of reasonable size.
We have not considered whether that size is large enough
to discriminate between competing parameter values
(e —y) nor large enough to narrow the CI adequately. We
have been entirely concerned with the probability of the
first type of error « of falsely rejecting a true null hypothe-
sis or the confidence coefficient (1—«), the long-run pro-
portion of CI's that will contain their parameter.

When (¥.—V;) is not significant but the CI is wide, so
that the limits are much larger in absolute value than some
meaningful value, A, the study lacks sufficient sensitivity
or power to distinguish between zero and A, either because
the sample sizes are too small or because the variance of
the increment (5.2, stz) is too large. In planning a study
with sufficient powet to distinguish between alternatives,
we need to consider also the second type of error, f3, the
probability of not rejecting the null hypothesis when in
fact A is the true value of (u.—), or equivalently the
power (1—f), the probability of rejecting the null hypothe-
sis when A is the correct value (Snedecor and Cochran3;
Chilton4). The usual choice of a (two-sided) is 5%, cor-
responding to a critical value z; on the normal curve of
1.96. Choices of the power (1—f) of 80%, 95%, and 37.5%







