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What is the difference between clinical and statistical
significance?
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nvestigators in a study
published in 2010 com-
pared the efficacy of
nimesulide with that of
meloxicam (two nonsteroidal
anti-inflammatory drugs) in
the control of postoperative
pain, swelling and trismus af-
ter extraction of impacted man-
dibular third molars.! Among
their conclu-

Background. It is common to find published studies in
which the authors claim to have found significant results.
However, many times these results are only statistically
significant with no meaningful impact in clinical settings.
Methods. The authors aim to clarify and differentiate
the concepts of statistical and clinical significance, as well as

to provide guidance on how to interpret research results to determine
whether an observed difference is meaningful.

L o ™ th Results. Study results are considered to be statistically significant if
’ Af. swons, the statistical tests that examine the null hypothesis of no difference yield
) == authors stated

y . P values that are smaller than the significance level prespecified by the

S 3 4 )lf"}:iat [nimesu- authors. In this way, researchers can use hypothesis testing to assess the
|"':A', L P ide] was more possibility that observed results could have arisen by chance. However,

3 "ué ) "'}"l “— effectn{e thar_l hypothesis testing cannot establish the clinical implications of these re-
ﬂ‘ rﬁ H z [meloxicam] in sults. Rather, clinical significance can be established once the magnitude

' -4 the C(?ntrol of of results is larger than the minimal clinically important difference. Clini-
swelling and cal significance then would encompass not only statistical significance,

trismus following the removal but also the importance of the outcomes to patients, clinicians and

of impacted lower third mo- policymakers.

lars.” This conclusion was sup- Conclusion. The values for statistical significance alone cannot convey
ported by the results observed the complete picture of the effectiveness of an intervention or of a differ-
in their randomized clinical ence between two groups. Both clinical and statistical significance are
trial. The authors reported important measures for interpretation of clinical research results and
that after the third molar sur- should complement each other.

gical extraction, patients expe- Practical Implications. Any benefit in terms of improved health out-
rienced a reduction in mouth comes must be both clinically and statistically significant. If there is no
opening, but that this reduc- benefit at the threshold of both clinical and statistical improvement, then
tion was significantly larger the intervention should not be used for that purpose.
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when patients had received nificance; clinical significance.

meloxicam than when patients JADA 2013;144(7):780-786.
had received nimesulide. The
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authors reported a P value of .03 for the differ-
ence in the mean reduced mouth opening of 1.39
centimeters in the nimesulide group versus

1.7 cm in the meloxicam group. This difference
of 3.1 millimeters was the basis for the authors’
claim of the superiority of nimesulide. However,
from a clinical perspective, this difference does
not seem large. How can we know if these num-
bers show that the reduction in mouth opening
is significantly larger when patients received
meloxicam therapy, as the authors report? What
do the authors mean when they use the expres-
sion “significantly larger”? Is a P value < .05
sufficient to claim that there is a significant
difference?

In this article, we aim to clarify and differ-
entiate the concepts of statistical significance
and clinical significance, as well as to provide
guidance on how to interpret research results
to determine whether an observed difference is
clinically meaningful.

STATISTICAL SIGNIFICANCE

It is not feasible to conduct a study in which
investigators study all potential patients. Thus,
researchers have to base their conclusions on a
sample of people and then determine the prob-
ability or likelihood that a conclusion made on
the basis of an analysis of data from this sample
will hold true when applied to the population as
a whole.?

Researchers have used statistical significance
for many years as a means to assess the effects
of interventions in clinical research and to show
that observed differences likely are not due to
chance.? Usually, the claim of statistical signifi-
cance depends on obtaining a specific P value
after conducting a statistical significance test,
as in the earlier example.

A P value is the probability of obtaining a
mean difference that is at least as far from a
specified value (null value) as the mean ob-
served in the study, given that this specified
value is the true value.? In the example above,
if we assume that the true difference in mouth-
opening reduction between nimesulide and
meloxicam is 0 mm, what the authors found
was a 3 percent probability of observing the
3.1-mm difference (or larger) that they detected.
Because the probability of that happening is so
small, it is unlikely that the differences they
observed were due to chance; thus, they could
claim that there are real and statistically sig-
nificant differences between the two treatments.

As stated earlier, the P value is obtained
when conducting statistical hypothesis testing.
To perform this test, we start by assuming that
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the result of interest (the mean or proportion of
the outcome of the study) is equal to some spe-
cific value. This claim is called the null hypoth-
esis. In the example, the null hypothesis was
that there is no difference in mouth-opening
reduction between the two drug groups. The
investigators then construct an alternative
hypothesis such that it contradicts the null hy-
pothesis. In this case, the alternative hypothesis
was that differences existed between the drugs
with regard to mouth-opening reduction.’ The
next step is to compare the data obtained in

the study with the value specified in the null
hypothesis—using the probability theory—to
attain a P value. The P value is related to how
much the data contradict the null hypothesis.

If a large P value is obtained, the data are con-
sistent with the null hypothesis. Conversely, if
a small P value is obtained, the data contradict
the null hypothesis, and the results are unlikely
to have occurred if the null hypothesis actu-
ally were true. However, the investigators must
decide whether the P value is sufficiently small
to reject the null hypothesis. Although it is arbi-
trary, a P value of .05 has been the convention-
ally accepted value for level of significance.®

Type I error. The level of significance reflects
the probability of committing a type I error—that
is, rejecting the null hypothesis when it actu-
ally is true.” In other words, it is the probability
of falsely claiming that there is a difference in
mouth-opening reduction when there is not. Ac-
cording to the earlier description, the P value is
not the probability that the null hypothesis is
true. This is a common misconception. A large P
value does not mean that the null hypothesis is
true; at best, it implies that the study results are
inconclusive. Likewise, a small P value does not
mean that the alternative hypothesis is true; at
best, it implies that the data are incompatible
with the null hypothesis’ being true.’

Type II error. On the other hand, a prob-
ability exists of not rejecting the null hypothesis
when it is false, which is known as a type II er-
ror. A type II error occurs when researchers fail
to observe a difference between interventions
even though a true difference does exist.® For
example, imagine a study in which the research-
er wants to determine whether the incidence of
cleft lip and palate is larger in one of two towns.
Let us assume that a difference between the
towns truly exists, and that the true incidence
in town A is five in 1,000 newborns, whereas
in town B, it is one in 1,000 newborns. If the

ABBREVIATION KEY. MCID: Minimal clinically im-
portant difference.
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