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A

common difficulty encountered
by surgeons is the broad range of
treatment choices available for a surgical condition. Observational studies
and small randomized trials account
for a large proportion of the surgical
literature. There are many reasons for
this, but the clinician is left with evidence from small studies on which to
base his or her practice. How can a
surgeon know from a study that reports no difference between treatments whether the study group was
too small to detect any difference?
This question refers to whether a
study is adequately powered to answer the research question. We provide a succinct overview of power issues in surgical studies to better
equip clinicians to assess the adequacy of a study’s sample size and to determine whether its conclusions are
valid and can be used to guide surgical practice.
Clinical scenario
You are in the surgeon’s lounge and

have just booked a laparoscopic appendectomy on the emergency list. A
surgical colleague overhears you and
asks why you are doing the surgery
laparoscopically. You explain that
you have observed fewer wound
complications and less pain postoperatively with this technique. Your
colleague, who does open appendectomies, says that there’s no evidence
to support that but then gets called
back into the operating room. You
decide that while you’re waiting for
your patient you’ll review the latest
literature on the topic.
Literature search
To search for evidence relevant to
your clinical scenario, you search
PubMed (www.pubmed.gov), using
“open,” “laparoscopic” and “appendectomy” as keywords derived from
your clinical question. Your search
yields 407 articles. For further restriction, you use the “limits” function,
selecting “randomized controlled
trials,” “humans” and “English.”

This returns 41 articles. Scanning
through articles, you decide to narrow your search by focusing on postoperative pain as the outcome of interest. You find a study by Ignacio
and colleagues1 that was published in
2003 and involved 52 patients randomly assigned to open or laparoscopic appendectomy.
Summary of the appraised article

The sample size of 52 in this particular article was calculated by determining that a 25% difference in postoperative pain, lost days of work and
operating room costs was clinically
relevant. After open (n = 26) and
laparoscopic (n = 26) appendectomy,
a large dressing covering the entire
abdomen was used, and a second
blinded surgical team assumed postoperative care. A blinded study nurse
interviewed patients weekly to assess
pain and ability to return to work.
Results showed that the mean length
of stay in hospital was 21.5 hours for
the laparoscopic group, which was
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not statistically different from that in
the open appendectomy group
(29.2 h). Postoperative pain at days
1 and 7 was not statistically different
between the groups. Using a visual
analog pain scale, patients in the
laparoscopic group scored a mean of
3.5 (standard deviation [SD] 2.1),
whereas patients in the open appendectomy group scored a mean of 4.0
(SD 1.9) on day 1; scores on day 7
were 2.1 (SD 2.2) and 2.1 (SD 2.3),
respectively. Return to work was a
mean of 9.5 days after surgery in
the open appendectomy group and
11.0 days in the laparoscopic group
(not significantly different). The
authors concluded that there was no
advantage to laparoscopic appendectomy, and the cost for this procedure
is $600 more per patient.1
You are surprised at the results,
but wonder about the study’s small
sample size. Also, the authors’ decision to use a 25% difference in outcomes for calculating the sample size
piques your interest.
These questions directly relate
to power and sample size. This is
central to determining whether the

results of studies showing no difference between 2 treatments are valid
and clinically useful.
Assessing the methodology
of the article

Prior to addressing whether a study
is adequately powered, its methodology needs to be assessed to ensure
that no errors in design and execution that could invalidate its results
have occurred. The following assessment demonstrates the key questions
that need to be answered.
Because the intent of this article is
to explore issues related to power,
the appraisal of the article as a randomized controlled trial (RCT) in
surgery is brief. The key features of
this RCT are summarized in Table 1.
Readers interested in the appraisal of
published RCTs in surgery are directed to a more specific article of this
series, titled “Users’ guide to the surgical literature: how to assess a randomized controlled trial (RCT) in
surgery.”2 A more recent article discusses the difficulties of performing
an RCT in surgery.3

Concept of power and sample
size calculations
Although there were some limitations in the methodology, you are
satisfied that an assessment of the
power of the study can be undertaken. The following provides a brief
overview of the concept of power
and the closely related concept of
sample size.
Understanding the direct relation
between power and sample size is
critical in interpreting the conclusions
drawn from a study. Research studies
are designed with predefined objectives. A study may be designed to estimate the prevalence or incidence of
a disease in a specified population
with a given degree of precision or
to detect a difference between the
2 groups (e.g., 2 surgical treatments,
surgical and nonsurgical treatments
or a new drug and placebo in surgical
patients). The most common design
in clinical research is the comparative
study. The study ought to have an
appropriate statistical power to detect
the minimum clinically important difference (MCID). The MCID is a key

Table 1
Key features of the randomized controlled trial: laparoscopic versus open appendectomy
Question

Answer

Specifics

Did the investigators take into consideration the
learning curve?
Were the patients randomly assigned to the
2 groups?

Don’t know

The authors did not mention it.

Conditionally, yes

Were patients stratified?

No

Was randomization concealed?

Conditionally, yes

The authors did not mention the method of
randomization.
This was not necessary because they were all young
healthy males in the military.
The authors did not clearly explain that those who
confirmed the patients’ eligibility for inclusion in the
study were not aware of the group to which the
patients were randomly assigned.

Were patients analyzed in the surgical groups to
which they were randomly assigned? (intention-totreat analysis)
Were patients in the 2 surgical groups similar with
respect to known prognostic factors?
Were patients aware of group assignment?

Yes

Were surgeons aware of group assignment?
Were outcome assessors aware of the surgical
group allocation?

Yes
No, conditionally

Was follow-up complete?

Probably yes

Yes

They were all young military personnel.

No

The patients were blinded by concealing incisions. The
pain from different ports could defeat this.
We don’t know to what extent the second surgical
team and nurses who assessed the patients were
prevented in knowing the type of surgery performed.
The authors should have mentioned in Tables 1 and 2
the number of patients who entered the study and how
many were followed to the end of the study.
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concept in evaluating study results; it
specifies the minimum clinically important difference that would lead a
clinician to change his or her practice.
The MCID is often different from
the statistically significant differences
in results observed and reported in
studies; however, this is the value that
is clinically relevant.
The power of a study is defined as
“the ability of a study to detect an effect or association if one really exists
in a wider population.”4 In clinical research, we conduct studies on a subset of the patient population because
it is not possible to measure a characteristic in the entire population.
Therefore, whenever a statistical inference is made from a sample, it is
subject to some error. Investigators
attempt to reduce systematic errors
with an appropriate design so that
only random errors remain. Possible
random errors to be considered before making inferences about the
population under study are type I and
type II errors. To make a statistical
inference, 2 hypotheses must be set:
the null hypothesis (there is no difference) and alternate hypothesis (there
is a difference). The probability of
reaching a statistically significant result if in truth there is no difference
or of rejecting the null hypothesis
when it should have been accepted is
denoted as α, or the probability of
type I error. It is similar to the false
positive result of a clinical test. The
probability of not detecting a minimum clinically important difference
if in truth there is a difference or of
accepting the null hypothesis when it
should have been rejected is denoted
as β, or the probability of type II error. It is similar to the false negative
result of a clinical test. Properly, investigators choose the size of α and β
before gathering data so that their
choices cannot be influenced by
study results. The typical value of α is
set at 0.05, and the significance level
(p value) determined from the data is
compared with α to decide on statistical significance. The typical value of
β is set at 0.2. The power of the
478
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study, its complement, is 1-β and is
commonly reported as a percentage.
Studies are often designed so that the
chance of detecting a difference is 80%
with a 20% (β = 0.2) chance of missing
the MCID. This power value is arbitrary, and higher power is preferable to
limit the chance of applying false negative (type II error) results. The belief is
that the consequences of a false positive (type I error) claim are more serious than those of a false negative (type
II error) claim, so investigators make
more stringent efforts to prevent this
type of error.5
Understanding how the concept of
power is used in planning a study is
helpful, and factors that influence the
power of a study are summarized in
Box 1.6 This will help illustrate how
power can be used in evaluating the
results of a study. At the stage of planning a research study, investigators
calculate the minimum required
sample size by fixing the chances of a
type I or II error, strength of association and population variability. This is
called “power analysis,” and the purpose is to establish what sample size is

needed to assure a given level of
power (minimum 80%) to detect a
specified effect size. From this, one
can see that for a study to have greater
power (smaller β or fewer type II errors), a larger sample size is needed.
Sample size, in turn, is dependent on
the magnitude of effect, or effect size.
If the effect size is small, larger numbers of participants are required for
the differences to be detected. Determining the sample size, therefore, requires the MCID in effect size to be
agreed upon by the investigators. It is
important for readers to remember
that the point of powering a study is
not to find a statistically significant
difference between groups, but rather
to find clinically important or relevant
differences.
Reporting a detailed sample size
calculation is important because it
can demonstrate how well the study
was planned and could increase our
confidence in the investigators’ appropriate handling of methodologic
issues. Investigators could simply
come up with a smaller sample size
by deciding on a larger difference

Box 1. Key concepts that affect the power of a study
1. Effect size
The size of the difference that the study is designed to detect. The minimum clinically
important difference (MCID) is the smallest difference between 2 or more groups that
would be clinically worth detection.
2. Significance level or p value
The probability of committing type I error. A level of 0.05 is most commonly used as a
criterion standard. A lower level than the criterion standard results in a smaller probability
of making a type I error and is usually denoted statistically significant.
3. Nature of the outcome to be measured
The power of a study is calculated using a different formula when the outcome is a mean
rather than a proportion.
4. Population variability
Power decreases with an increase in variability of the population to be sampled. For
normally distributed data, the variability is expressed as standard deviation.
5. 1-tailed or 2-tailed testing
A decision to specify a 1-tailed or 2-tailed test will affect power. A 2-tailed test is used
rather than 1-tailed test in a power calculation when there is doubt as to the direction of
the effect.
6. Sample size
Once other parameters are kept constant, power varies directly in proportion to the
number of participants. The larger the sample size, the greater the power, and more
information about the true difference is obtained.
7. Compliance
Compliance refers to the proportion of participants who remain in the study and receive
treatment as specified in the protocol. Drop-outs and drop-ins tend to affect the
treatment effect.
8. Allocation ratio
Allocation ratio is the ratio of participants to be recruited to each group of the study.
Adapted from Jones et al.

6
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associated with 80% power, when in
fact the real difference with the same
sample size would have less than 80%
power. The appropriate method is to
use the observed differences from
clinical consensus, experimental evidence or previous studies as a guide
to the true difference as well as to estimate statistical variability.7,8 Determining whether this effect is within
the neighbourhood of a MCID is
based on an individual surgeon’s
judgment. For example, one surgeon
may think the MCID for changing
treatment is 5%, whereas another
surgeon may require a more than
10% difference in outcome measures
to warrant use of a proposed treatment. Therefore, it is important that
a panel composed of experts, stakeholders and patients decide what is
considered a MCID.
The role of statistical power and
sample size calculation is straightforward and is most useful when implemented during the design of a study.
Researchers should always determine
the power of their studies before
they begin. Often this step is overlooked, and studies are conducted
without a power calculation. Subsequently, when the studies do not
demonstrate the results of interest,
researchers sometimes perform post
hoc power analyses.9–11 Such belated
power analyses are not recommended, because it is often possible
to manipulate the numbers and
argue that a negative study had
enough power. Such post hoc power
analyses are not the same as readers’
evaluations of power in the articles
they read, the rationale being that
readers’ analyses aim to determine
whether the study is powered to detect variations of clinical relevance.
Again, this emphasizes the difference
between statistically significant differences and the MCID, which is the
focus for clinicians. Online sites exist
that can help with sample size and
power calculations. Two such sites
are included in Appendix 1.
A new concept that can help with
power calculations is the effect size

index (d), or standardized mean
difference of the 2 groups, which
provides the magnitude of the effect
size. In 1998, Cohen12 described a
method to estimate approximate
power for small, medium and large
effect size indices based on sample
size and the type of statistical analysis
used to summarize the outcomes.
The rationale for using the effect size
index versus raw effect size is to
appropriately evaluate the effect size
post-treatment. Full details on
Cohen’s method are provided in Appendix 2. In summary, Cohen divided the effect size index into small,
medium and large effect size indices,
based on the degree of overlap of the
2 study populations. In this article,
we have used Cohen’s method to determine the approximate power based
on different effect size indices for the
article under review. We use the term
“effect size” when referring to the
difference between raw scores in a
priori power analysis; we use the term
“effect size index” when referring to
the difference between scores standardized by pooled variance in the
power evaluation of the article.
Applying power and sample
size concepts to the article
Now having a clear idea regarding
the power of a study, you can apply
these concepts to the laparoscopic
versus open appendectomy article.
The first question to ask is whether
the authors have specified an a priori
power analysis or sample size calculation in the article. This question
seems deceptively easy to answer;
however, there are a number of qualifying factors to consider. Using the
cited article, one must assume that an
α of 0.05 and β of 0.2 for a 2-sided
test were used for sample size calculation because this information was not
reported in the article. The effect size
was fixed at 25%, whereas the variance (standard deviation) for the endpoints of postoperative pain, lost
workdays and operating room cost
were not provided. The sample size

calculation should be based on the
primary outcome. Since the investigators of the appraised study did not
specify the primary outcome, we
chose postoperative pain to answer
your clinical question.
Next, is the effect size a clinically
relevant difference that would result
in a change in patient management?
An improvement of 25% in postoperative pain seems clinically relevant for this study. Measurement of
this variable becomes critical because,
if the instrument is not sensitive
enough to detect differences, actual
differences may not be identified.
The authors’ use of the visual analog
scale and the fact that they did not
assess the need for pain medication
may explain why no differences were
noted.
Finally, is the effect size precise?
As previously mentioned, estimating
a larger effect size will allow a smaller
sample size to be calculated for the
same power of 80%. In reviewing the
literature comparing laparoscopic
and open appendectomy results,
the effect size for postoperative pain
is less than 25%. The most recent
meta-analysis published in the
Cochrane Database shows that postoperative pain decreased by 10% in
patients who had laparoscopic appendectomies.13,14 This difference in
effect size may explain the nonsignificant findings owing to the smaller
sample size that was calculated.
To assess the power of the article
reviewed, we determined approximate power based on the number of
patients and on the effect size index
described by Cohen,12 using Minitab
version 14.0 (Minitab Inc.). The full
power calculation is provided in Appendix 3. For brevity, the results are
included here. As mentioned, postoperative pain on day 1, as assessed
on the visual analog scale, was the
primary outcome. We assigned the
commonly accepted values to α and
β: α = 0.05 and β = 0.2. The mean
postoperative pain score at day 1 was
3.5 in the laparoscopic group and
4.0 in the open surgery group.
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Pooled standard deviation was 2.0.
The effect size index for these results
is the difference in mean scores
divided by the standard deviation:
(4.0 – 3.5) / 2.0 = 0.25. Now, let’s
consider the difference of 25% that
the authors said they were interested
in at the beginning of the study.
Given that the mean score in the
open surgery group was 4.0, an a
priori effect size of 25% would have
corresponded to a mean score of 3.0
in the laparoscopic group. The effect
size index based on these data for the
a priori effect size of 25% is 0.5
([4.0 – 3.0] / 2.0 = 0.5). Therefore,
the actual effect size index (0.25) is
smaller than the effect size index
based on a priori data (0.50).
We can use Figure 1 to determine
the power that the study had to detect the effect size with 26 patients in
each group. For a mean difference of
0.5 in the postoperative pain score,
the study had power of 14%; for a
mean difference of 1.0 (25% reduction), Figure 1 shows that the power
of this study would have been 42%.
For a mean difference of 1.6 in the
postoperative pain score, the power
would have been 80%. Further details of power and effect size index
are found in Appendix 3.
Figure 1 is quite useful in evaluating the power of a study. The

3 curves show the plot of sample size
versus study power for 3 different effect size indices. Once the effect size
index of interest is determined for
any treatment result from a study, a
clinician can use a graph such as
Figure 1 to estimate the associated
power. Figure 1 also shows that the
sample size needed per group would
be 252 for the effect size index of
0.25, 64 for an index of 0.5 and 26
for an index of 0.8. Clearly, the
smaller the treatment effects of interest, the larger the studies need to be
to detect them. The decision about
what is a clinically relevant difference
or MCID needs to be based on clinical importance rather than just statistical significance or a convenient
sample size. Key questions to ask
when assessing the power of a study
are listed in Box 2.
The study reviewed was underpowered to answer the question
about postoperative pain in patients
who had laparoscopic versus open
appendectomies.
Discussion
Returning to the clinical scenario,
you now know that this RCT comparing laparoscopic and open appendectomies contains some methodologic issues and effect size estimates

100

that decrease its applicability. You
could, for example, hope that all
your patients would be young and fit
with minimal comorbidities; however, in reality, your patients have
numerous comorbidities and widely
varied levels of physical fitness. This
highlights the importance of assessing a study’s methodology, since you
now feel that for young, fit men,
certain outcomes will be similar irrespective of surgical technique.
However, with respect to patients
that you treat on call for acute appendicitis, the study results for postoperative pain do not, in your opinion, apply to this heterogeneous
group. In addition, using the effect
size index to review the effect size in
more detail has shown the study to
be underpowered. The sample size is
about one-tenth of what is required,
resulting in a power of 42%, rather
than the minimum 80%.
The MCID in the study reviewed
was fixed at 25%, but other studies
with larger sample sizes found significant differences of 10%–25%.13,14 Just
as each surgeon needs to determine
clinically important differences, each
surgeon also needs to determine the
outcomes most relevant to his or her
practice. In the clinical scenario, you as
the surgeon felt that in addition to the
primary outcome of postoperative
pain, one advantage of laparoscopic
surgery was of decreased wound infection rates. Wound infection rates were

0.8

90

0.5

Box 2. Key questions in assessing
power

80

Power, %
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1. Was a power analysis completed?
60

2. Was the sample size calculation
detailed for the primary outcomes?
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3. Is the effect size clinically relevant?
4. Would the stated difference in
treatment effect result in a change
in your practice?
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FIG. 1. Power analysis for small, medium and large effect size index.
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5. Is the effect size precise and consistent
with your clinical experience and
previously published trials?
6. If no power analysis was completed,
are the results reported
appropriately to estimate power?
7. Are confidence intervals included
so that estimation of the treatment
effect can be determined?
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not reported in the present study. To
answer this question, another search of
the literature would need to be done
in addition to a similar analysis examining wound infections. With respect
to the other outcome of interest to
you, postoperative pain, the study
found no differences between the
study groups based on the visual analog scores. This is different from other
studies that found statistically significant differences in pain scores of about
10%.13,14 The disparity is likely related
to the difference in sample size used in
the studies as well as the variance of
the effect. The fact that one study can
find a nonsignificant difference in
postoperative pain, whereas another
study finds a statistically significant difference of the same variable highlights
to you the critical role of assessing a
study’s power and sample size calculations. In addition, the impact of effect
size on the calculations is clearly evident: using precise effect size estimates
can dramatically impact the results of a
study. Different effect sizes can, as
demonstrated in the included power
calculation, have a large impact on the
sample size required. The point is not
to enroll many patients to attain statistical significance; rather, it is to be
more practical and choose the clinically relevant effect (MCID) size for
sample size calculation. In the power
calculation that was undertaken, the
sample size required was 252 patients
(for a small effect size index), rather
than 26 patients per group because
the difference detected between
groups was smaller than was deemed
clinically relevant by the authors, who
had chosen a medium rather than
small effect size.

surgery. Clin Plast Surg 2005;32:563-73.

Conclusion
You now have an answer for your surgical colleague who is exiting his
operating room. With the methodologic and statistical limitations of the
study, you feel that the conclusion
that laparoscopic appendectomy has
no advantages is unjustified owing
to the fact that the study is underpowered because of an inadequate
sample size. You plan to further assess
the literature for your other outcomes
of interest, keeping in mind your
MCIDs, which determine what clinically relevant effect sizes need to be
included in the studies you evaluate.
Keeping in mind the crucial effect that
a priori power calculation, MCID and
sample size have on study calculations
and results, you now have a better approach to evaluating a study’s methods, results and conclusions.
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Appendix 1. Sample size and power calculation aids on the Internet
To help with sample size and power estimates when assessing articles or when conducting a research project, there are resources that can be
used online or downloaded onto your computer. Although there are many sites, the following 2 sites have been useful:
1) http://biostat.mc.vanderbilt.edu/twiki/bin/view/Main/PowerSampleSize by William D. Dupont and Walton D. Plummer Jr. from Vanderbilt
Medical Centre at Vanderbilt University
2) www.cs.uiowa.edu/~rlenth/Power/ by Russ Lenth, Java Apple for Power and Sample Size
We recommend seeking advice from a statistician or an epidemiologist to calculate sample sizes for research studies because different formulae
and methods of calculating sample size are used depending on the type of study design and type of primary outcome involved.

See Appendix 2 and 3 on next page
Can J Surg, Vol. 51, No. 6, December 2008

481

Cadeddu et al.

Appendix 2. Estimating effect size and effect size index (d)
In this article, we used Cohen’s method to determine the approximate power based on different effect size indices for the article under review. The
Cohen’s calculation is the most commonly used method to compare the post-test/post-treatment effect size between 2 independent groups, and
this is called “effect size index.” The effect size index (d) or standardized mean difference of the 2 groups provides the magnitude of the effect size by
expressing score distances in units of variability. The effect size index is calculated by dividing the raw effect size, as expressed in the measurement unit
of the dependent variable, by the standard deviation (SD) of the measures in their respective populations. The SD of either population could be used
since they are assumed to be equal. Small effect size index (d = 0.2) is when the 2 populations are so similar that 15% of the combined area of normal
curves is not overlapped and the difference may not be clinically important. Medium effect size index (d = 0.5) is when 33% of the combined area is
not overlapped. The effect size is large enough to be visible to the naked eye. Large effect size index (d = 0.8) is when 47% of the combined area is
not overlapped. This means the 2 populations are so separated that they make a very large effect size. This is not considered to be a post hoc power
calculation; rather, it is presented as possible a priori power calculations based on 3 different effect sizes.

Appendix 3. Power analysis using different effect sizes
We have based our calculations on the following assumptions.
(1) Two samples, each of 26 patients, are randomly and independently drawn from normal populations.
(2) The investigators wished to test the null hypothesis that their respective population mean was equal: H0 = μO – μL = 0.
(3) The t test for independent means was used for analysis. The property of the t-distribution for the difference between 2 independent
means is that the populations sampled are normally distributed and are homogenous (i.e., they have equal variance).
(4) The α and β values had been assigned their commonly accepted values, α = 0.05 and β = 0.2.
(5) It was a 2-sided test.

d =

m l − mo

=

20
47
0.25

0.80
20
:2

90
80

:2

70

Power, %

We chose postoperative pain at day 1, as
assessed on the visual analog scale, as the
primary outcome. It was reported to be
similar between laparoscopic (ml 3.5,
standard deviation [SDl] 2.1) versus open
appendectomy (mO 4.0, SD 1.9). The
investigators determined the effect size of a
25% improvement in postoperative pain
score to be the MCID. The variation measure
is based on the pooled SD of 2.0 to allow the
power analysis to be completed. First, we
need to standardize the raw effect size of
postoperative pain score by dividing it by
the SD of 2.0. For this article, we calculate
the effect size index using the following
formula:
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The effect size index is of small size based on
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Cohen categories. The figure on the right
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and using a 2-sided significance criterion of
0.05, the investigators have about 14%
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size index
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power of detecting an effect size index of
0.25. With 52 patients, a large effect size
index of 0.80 (mean difference of 1.6 in postoperative pain score from the above formula) is needed to increase the power to 80%. As shown
in Figure 1 of the main text, a sample size of 252 patients per group is needed to detect a small effect size (a mean difference of 0.5)
between the 2 groups with a SD of 2.0, an α of 0.05 and a β of 0.2 (80% power) for a 2-sided test using the following formula:

n L = nO =

2(Z 1−α / 2 + Z 1− β ) 2 σ 2
( μL − μ O )

2

=

2(1.96 + 0. 842) 2 × (2. 0) 2
(0. 5) 2

= 252

A smaller sample size of 64 patients per group is required to detect a medium effect size (a mean difference of 1.0); whereas 26 patients per
group would be enough to detect a large effect size (a mean difference of 1.6).
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