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Researchers often resort to post-hoc power calcu-
lations, and unfortunately, this practice is often
encouraged by reviewers, editors, and journals.

In this short article, we attempt to clarify the shortcom-
ings of post-hoc power calculations by demonstrating
its irrelevance at the analysis stage, as opposed to power
calculations at the design stage of a study. We discuss
the false but sometimes convenient and promising inter-
pretation that an effect went undetected because of low
power. We advise against using post-hoc power as it
contains no more information than that carried by the
observed P value.

Randomized controlled trials (RCTs) are thought to
provide the highest level of evidence with respect to
the evaluation of medical interventions. One of the key
elements that makes evidence generated from RCTs
robust is their prospective nature. Researchers have to
declare in advance (before data collection) what the
research question is, how such a question is formulated
into a decision problem (usually by employing the null
hypothesis significance testing [NHST] framework),
which includes true states of nature (parameter values)
and actions or decisions (reject or not reject a null hy-
pothesis [H0] comparison with an alternative hypothesis
[H1]). The NHST framework is governed by what is usu-
ally termed operational characteristics, that is, probabil-
ities of correct and wrong decisions, under assumed
parameter values. There are 2 possible errors in the
NHST framework. The type I error (also known as signif-
icance level) is the probability to reject the null hypoth-
esis when it is true (false positive [We use the terms
positive and negative to refer to studies with statistically
significant and not statistically significant results
respectively]) and the type II error is the probability of
not rejecting the null hypothesis when the H1 is true
(false negative). By specifying such quantities, a priori,
researchers can make probabilistic statements with
respect to their decision.
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The power of a statistical test is the probability of re-
jecting the H0 when the H1 is correct (true positive). It is
the complement probability of type II error (power 5 1
� type II error). Generally, we use the term power, also
known as statistical power, to denote power calculations
done before data analyses, which constitute standard
practice in prospective RCTs on scientific and ethical
grounds.1 The statistical power is subsequently used to
calculate sufficient sample sizes for an a priori deter-
mined effect to be detected with an a priori defined
type I error. Statistical power is paramount for answering
the research question with adequate certainty and not
exposing more patients than necessary to potentially
ineffective or even harmful treatments.

The power calculation is very useful for the design of
a study but is not related to the analysis of the data and
the treatment effect estimation.2 Note also that for a
given type I error and magnitude of effect, the statistical
power is a mere function of the sample size. The larger
the sample, the higher the power and vice versa. Many
studies are by design underpowered; a common problem
in many trials in which clinically important effects are
not statistically significant.3 This emphasizes why we
should not emphasize statistical significance alone but
focus more on point and interval estimation. Low statis-
tical power is not a problem only when nonsignificant
results are observed (eg, P.0.05). Even if we get statis-
tically significant results, a low-powered study can be
misleading, given a large amount of uncertainty of small
studies.

To illustrate the concepts, let us consider the
following example from the field of orthodontics: re-
searchers wish to evaluate the comparative efficacy of
self-ligating (SLB) vs conventional brackets (CB) in the
treatment of mandibular crowding, and they consider
the irregularity index (II) as a primary outcome.4 They as-
sume that the II in untreated patients eligible for the trial
has a mean of 5 mm and a standard deviation (SD) of 3
mm. They expect that SLB will, on average, reduce the II
1.5 mm more than CB, 5 months after treatment initia-
tion, and this effect size is considered clinically relevant.
They want their study to have 80% power to detect such
a difference if such a difference exists and 2.5% type I
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error probability (1-sided). Standard power calculations
show that they need 64 patients per group (allocation ra-
tio, 1:1) for these design criteria to be met. What do
these numbers actually mean? In other words, if 64 pa-
tients per arm are included:

1. Assuming that the mean II is 5 mm, SD is 3 mm, and
the H0 of no difference is true (ie, the true difference
in mean reduction of II between SLB and CB is zero,
treatments are equally efficacious), the probability
of falsely rejecting H0 and thus concluding efficacy
of SLB is 2.5%.

2. Assuming that the mean II is 5 mm, SD is 3 mm, and
the difference at which the power is set (ie, the true
difference in mean reduction of II between SLB and
CB is 1.5 mm), the probability of rejecting H0 and
thus concluding efficacy of SLB is 80%.

The true difference in efficacy is unknown and will
remain unknown, even after observing and analyzing
data from a sample. True difference refers to a popula-
tion parameter that is impossible to observe. If the true
difference were known, there would be no need to
conduct a study. At best, one can get an estimate with
some uncertainty (usually quantified by confidence in-
tervals). This uncertainty can be reduced by increasing
the sample size. The only thing researchers can control
in this decision framework is the operational character-
istics (probabilities of correct and wrong decisions) un-
der assumed parameter values (see example above).

POST-HOC POWER

Post-hoc power analysis, also known as observa-
tional or retrospective power, is conducted after the
study has been completed, and it uses the observed sam-
ple size and estimated effect, along with the assumed
type I error to calculate observed power.

Most times, the need or demand for post-hoc power
calculations arises from the difficulty of researchers to
handle the nonrejection of the null hypothesis. Post-
hoc power is usually employed to calculate whether
the sample size was sufficient to detect a statistically sig-
nificant effect and researchers falsely believe that a low
post-hoc power would justify a nonstatistically signifi-
cant result.5 Although power is often not considered
an issue when a study has rejected the null hypothesis,
we still see post-hoc power calculations in an effort by
the researchers to appease any credibility concerns
because of small sample sizes. However, an underpow-
ered study can still be falsely positive and therefore
misleading.

Although awareness was raised in the statistical and
medical literature on several occasions,2,5-8 post-hoc
power calculations are persisting, occasionally
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motivated by journals and reviewers’ requests9 and
misguided suggestions in the literature.10

Post-Hoc Power and P Value

We typically reject the null hypothesis by computing a
P value less than the assumed type I error (significance
level). The P value is the probability of observing an effect
equal or larger than the one observed in the sample when
the null hypothesis is true. A small P value (eg, \0.05)
means that the estimated effect is not very likely when
the null hypothesis is true. Hence, we infer that the null hy-
pothesis is probably not true, and we reject it. It is straight-
forward to show that post-hoc power is a one-to-one
function of the P value.5 This essentially means that
post-hoc power is merely a transformation of the observed
P value and provides no further insight with respect to the
observed data. The Figure shows the relationship between
observed power and P value for a z-test. The larger the
P value, the smaller the observed power and vice versa.

MISREPRESENTATION OF POST-HOC POWER

An important characteristic of the observed power
and P value relationship is that for a P value equal to
the significance level (eg, 0.05), the observed power is
50% (Fig). That said, any study with a nonstatistically
significant result at a given significance level (ie, P value
.0.05) would have at most 50% post-hoc power, or, in
other words, it will be misinterpreted as underpowered.
Employing such reasoning, anytime we do not find a
positive effect, we can attribute it to an underpowered
study and incorrectly imply that had a larger sample
size been used, the treatment of interest would have
been proven efficacious.11 In contrast, any study with
a statistically significant result would have an observed
power of at least 50%, and for P values close to zero,
we will have 100% observed power! Hence, post-hoc po-
wer ends up being a self-fulfilling prophecy making re-
sults more attractive as post-hoc power will corroborate
a positive result and attribute a negative one to small
sample size. One can think of the paradox that an
adequately powered study (eg, designed to have a power
of 80% for a treatment effect that was considered rele-
vant prospectively) may have a very small post-hoc po-
wer if the trial is negative, especially if it demonstrates
an effect size close to zero. This is explained because
you need a very large sample to detect a true effect close
to zero but detecting such an effect was not within the
aims of the study. Clinical trials aim to confirm whether
there is an effect that is of practical or clinical signifi-
cance. In our example, we are interested in the sample
size needed to detect the minimum clinically relevant ef-
fect that would lead us to suggest the use of SLB.
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Fig. P value is presented in the horizontal axis and post-
hoc power on the vertical axis for a z-test with a 5% signif-
icance level. By drawing a vertical dashed line in 0.05 and
a horizontal dashed line in 0.5, the 2 lines are crossed.
Hence, whenever a hypothesis is not rejected (P
.0.05), post-hoc power will always be\50%.
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To support our statement, let us go back to our
example and assume that the null hypothesis has not
been rejected (P .0.05). We calculate the post-hoc po-
wer and find a reduced power compared with a power of
80%, which was assumed when designing the trial. Note
that the trial still has, and always will, a power of 80% for
the effect size assumed at the design stage (1.5 mm II
reduction, assuming known variance). We hypothetically
postulate that an increased sample size would lead to
statistically significant findings. However, any effect
will become asymptotically (for very large sample sizes)
statistically significant. The actual magnitude of the ef-
fect is crucial. Back to our example, we designed the
study to detect a 1.5 mm II reduction, and this is the ef-
fect we believe is clinically important. Note that the
larger the effect we assume, the smaller the required
sample size. Post-hoc power uses the observed effect,
which may be far from the effect we would want to
detect to infer the treatment is efficacious.

The true question that researchers should ask them-
selves before conducting a study is whether they did or
did not take into consideration an effect size that is close
to the true effect size and whether that effect size is of
clinical relevance. Ideally, one should adequately power
a study (collect enough sample size) for a minimum clin-
ically relevant effect size. In that case, any calculation of
post-hoc power becomes irrelevant.
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In conclusion, post-hoc power is misinterpreted as
inadequate power for trials with nonstatistically signifi-
cant results, and it does not provide any extra informa-
tion in the analysis. On the contrary, the power of a test
is a prestudy design characteristic of paramount impor-
tance. Post-hoc power is a self-fulfilling prophecy that
falsely justifies any negative result as a product of a small
sample size. Power is defined a priori to determine the
sample size needed to estimate a certain effect with a
certain type I error. We recognize that in practice,
many researchers decide on the sample size based solely
on feasibility and select the effect needed to have a
certain level of power. This strategy, just like the use of
post-hoc power, is ill-advised. Matters get worse as
most software provides tools that easily estimate post-
hoc power. Journals and reviewers also typically ask
for post-hoc power calculations. We urge researchers
to resist such demands and resort to the vast amount
of literature and regulatory guidelines explaining the
reasons for avoiding such practice.5-8,12,13
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