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One of the first questions asked when embarking on a new
research project is, “Howmany patients do I need to recruit for
my study?” In a descriptive study, this is less important.
However, when making inferences (e.g., comparing 2 treat-
ments or evaluating the effect of specific risk factors on
outcomes), this is an important question because if the sample
is too small, a study will not be able to find true results, and if
too big, it will find inconsequential ones. Studies too small or
too large waste energy, time, and money, either by using
resources without finding results or using more resources than
necessary. Both expose participants unnecessarily to experi-
mental risks.

The key, then, is to size a study optimally so that it is just
large enough to detect an important clinical effect. In order to
do so, 4 key components are needed.

1. Level of significance. Also known as the alpha, this
corresponds to the P-value, usually set by convention
at 5% (i.e., P = .05). It represents a false positive risk of
finding a difference between 2 treatments when in
reality, no difference exists. This is also referred to as a
Type I error.

2. Power. Failure to detect a difference between treat-
ments when one actually exists is referred to as a Type
II error. It results in a false negative conclusion, also
referred to as beta (β). The power of a study (1-β)
equals the probability to detect a difference between 2
treatments when one does in fact exist. Typically,
power threshold is set at 0.80 or 0.90, that is, there is an
80% or 90% probability that we have a true positive
result.

3. Expected effect size. The effect size or the magni-
tude of effect is simply the minimum difference in
outcome means, rates, or proportions between treat-
ment A and treatment B that the investigators wish to

detect. This difference should be clinically relevant
from a patient’s and clinician’s perspective. And the
effect size should be realistic, that is, it should be
biologically plausible. How does one choose an ap-
propriate effect size before a study begins? This is
done based on prior evidence (a pilot study or pre-
vious published clinical studies) or from clinical
experience.

4. Underlying event risk in the population. The un-
derlying event risk is the risk in a patient population
that goes untreated or receives the standard of care
for a specific condition. This is estimated from
previous studies. For example, the underlying risk
of nonunion 1 year following a single level cervical
fusion has been reported to be approximately 8.6%.1

Future studies evaluating nonunion in a similar
population might reasonably expect a similar un-
derlying event risk. The smaller the underlying risk,
the more patients will need to be included in the
study.

The table demonstrates how changes in the different pa-
rameters described above affect the sample size in Example
#1. An increase in the power of the study requires a larger
sample size (Example #2). However, increasing the effect size
(Example #3) or increasing the underlying risk (Example #4)
reduces the sample size needed.
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Other factors investigators consider in the final sample size
include the expected dropout rate, an unequal allocation ratio
between a treatment and control group, and the objective and
design of the study.

Calculating the sample size is a process that investigators
should conduct prior to initiating a study. However, once a
study has been reported, it may be important for you to de-
termine whether the results of the study are over, or more
likely, under powered depending on the sample size used.

Using the principles described above should provide you with
the basics to help in your interpretation.
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Example
Significance
Level (α)

Power
(1-β)

Expected
Effect Size

Underlying
Event Risk

Sample
Size

#1 .05 80% 5% 15% 1452
#2 (changing

power)
.05 90% 5% 15% 1914

#3 (changing
effect size)

.05 80% 10% 15% 948

#4 (changing
underlying
risk)

.05 80% 5% 25% 118
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