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he calculation of the sample size, is an essential step in designing a
clinical trial. The quantity of cases in a study is expressed as the sam-
ple size. Trials with excessive sample size may lead to a loss of re-

sources.1 Trials with inadequate sample size might have controversial
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results. To calculate the required sample size in tri-
als, terms such as power analysis, Type 1 and Type
2 errors, and effect size should be taken into con-
sideration.

Power analysis is the statistical method used
to detect the required sample size in a planned trial
or to check if a completed trial had the adequate
sample size or not. Power analysis is based on Type
1 and Type 2 errors and the effect size.2 Type I
error (α error) is the probability of detecting a dif-
ference between 2 applications at the end of the
trial when there is no difference. Type II error (β
error) defines the non-finding of a difference be-
tween 2 applications when there is a difference.3

Type 2 error might be decreased by increasing the
sample size. In scientific trials, the aim is to keep
the α error at 0.05, and the minimum ‘1- β’ value at
0.80 levels.4,5

Effect size can be defined as the size of the ex-
pected difference between 2 mean values or 2 re-
sults.6 It is calculated as the difference between the
two means scores divided by the pooled standard
deviation.5,7 In his different statistical measurement
methods, Cohen classified effect size values as
small, medium or large.8 Effect size determines the
sample size that will be included in the trial. While
a smaller sample size is required to perform a trial
with an expectation of high intergroup difference
(large effect size), a large sample size is needed to
detect the difference between the values in a trial
with an expectation of a lower intergroup differ-
ence (small effect size).9,10

The number of articles performing power
analysis and assessing sample size is increasing in
the literature.2,10-12 The present article reports that
an important percentage of the trials have been
performed with inadequate sample sizes.13,14 While
there have been trials concerning sample size and
power analysis in different disciplines in Turkey in
recent years, to the best of our knowledge, no tri-
als have been conducted in the field of Orthope-
dics and Traumatology.15-17

In the current study, the main aim was to as-
sess the original articles in the Turkey-centered
SCIE (Science Citation Index Expanded) indexed

orthopedics and traumatology journals published
between January 2010 and May 2014 to determine
whether or not they had adequate power (β <0.20)
at small, medium or large effect size levels and
whether or not they were performed with ade-
quate sample size according to their effect size. 

MATERIAL AND METHODS

The articles published between January 2010 and
May 2014 in ‘Acta Orthopedica et Traumatologica
Turcica’, the ‘Turkish Journal of Trauma and Emer-
gency Surgery’ and the ‘Joint Diseases and Related
Surgery’, which are Turkey-centered SCIE (Science
Citation Index Expanded) indexed orthopedics and
traumatology journals, were reviewed retrospec-
tively. The case reports, the case series, the review
articles, studies with only descriptive statistics (the
trials that did not include any comparison with re-
ported data such as the mean value or median
value), the technical notes, the letters to the edi-
tor, the basic science trials, the experimental trials
and the trials outside the orthopedics and trauma-
tology discipline in the Turkish Journal of Trauma
and Emergency Surgery were excluded from the
study. The retrospective cohort, prospective cohort
and the prospective randomized articles with these
criteria were included in the study. The number of
publication in the journals and their distribution
are presented in Table 1.

The total sample size for each trial given the
material and method sections of the original arti-
cles, the number of groups and the sample size in
each group if there were any intergroup compar-
isons and the statistical methods used were
recorded. Whether or not a power analysis had
been performed was noted. Outcomes were defined
as ‘positive’ when significant differences were
found or ‘negative’ if no statistically differences
occur. In the trials examining more than one hy-
pothesis and using more than one statistical
method, the statistical method that examined the
main hypothesis of the trial was taken into consid-
eration.

The power analysis was performed using the
G*Power 3.1 statistical program.18 The Cohen’s ef-
fect size value, α value and the sample sizes in the
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Group Outcome and group characteristics Small Effect Size Medium Effect Size Large Effect Size Formulae

t-test Two grouped continuous outcome 0,2 0,5 0,8

F Test Three or more grouped continuous outcome 0,1 0,25 0,4 σ of means/pooled σ

chi-square d Categorical outcome 0,1 0,5 0,8

trials were used for the power analysis. For the cal-
culation of the power analysis, the small, medium
and large effect size limit values as defined by
Cohen were used (Table 2).2,8,18 The alpha (type 1)
error level was set at 5%.

The required sample sizes in the trials were
calculated one by one for small, medium and large
effect sizes. In addition to Cohen’s effect size
value, the α value and sample sizes were used for
the assessment of the adequacy of the sample size.
The alpha (type 1) error level was set at 5%. The
number of the articles with adequate sample size
within small, medium and large effect size was as-
sessed. The term inadequate sample size was de-
fined as the arithmetical difference between the
minimum required sample size – for each of the
effect size levels – and the actual sample size used
in that trial.2

RESULTS

Following a retrospective search of a total of 1036
articles, 190 articles were included in the study.
One hundred and twenty-two articles (64.3%)
were published in the Acta Orthopedica et Trau-
matologica Turcica Journal, 58 articles (30.5%) in
the Joint Diseases and Related Surgery and 10 arti-
cles (5.2%) in the Turkish Journal of Trauma and
Emergency Surgery. There were 116 retrospective
cohort, 55 prospective cohort and 19 randomized
prospective trials. Of the 190 primary outcomes,
127 were ‘positive’ with statistically significant dif-
ferences and 63 were ‘negative’ with no statistically
significant differences. Only 5 of the trials in the
190 articles (2.6 %) had included power analysis.
The targeted powers of 4 trials were 0.8. Although
the targeted power was achieved in 2 of them, the

Acta Orthopedica et Joint Diseases and Turkish Journal of Trauma 

Traumatologica Turcica Related Surgery and Emergency Surgery Total

Included in the study Prospective randomized 12 6 1 19

Prospective cohort 38 16 1 55

Retrospective cohort 72 36 8 116

Total 122 58 10 190

Case reports 85 33 13 131

Case series 12 10 2 24

Review articles 1 19 0 20

Excluded in the study Studies with only descriptive statistics 75 15 14 104

Technical notes 2 0 0 2

Letters to the editor 5 4 0 9

Basic science trials 57 28 2 87

Trials out of the orthopedics and 

traumatology discipline 0 0 470 470

Total 237 108 501 846

TOTAL 359 166 511 1036

TABLE 1: The distribution of articles in journals.

TABLE 2: Cohen's effect size limit values used in the calculations.
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remaining 2 trials were unable to achieve the tar-
geted power due to patient censoring or data being
analyzed with unsuitable statistical methods. The
targeted power of the last trial was 0.95 and this
was achieved. 

STUDIES WITH POSITIVE RESULTS

None of the articles in the study had adequate
power (β <0.20) in the small effect size. However,
35 articles in the medium effect size and 76 articles
in the large effect size had adequate power (β
<0.20). Fifty-one articles demonstrated inadequate
power in the large effect size value (β >0.20), as can
be seen in Table 3.

STUDIES WITH NEGATIVE RESULTS

One article in the small effect size, 19 articles in
the medium effect size and 38 articles in the large
effect size had adequate power (β <0.20). Twenty-
five articles demonstrated inadequate power in the
large effect size value (β >0.20) (Table 4).

The mean sample size in the trials with ‘nega-
tive’ results was 69.5. The mean inadequate sample
size in 63 articles that could not provide a small ef-
fect size was 633.5. The mean inadequate sample
size in 44 articles that could not provide a medium
effect size was 71.5. The mean inadequate sample
size in 24 articles that could not provide a large ef-
fect size was 20.2. 

DISCUSSION

An important indicator for the quality of a clinical
trial is its adequate sample size and its statistical
power. The statistical results in the clinical trials are
controversial if the sample size is inadequate. Al-
though the number of sample sizes in trials might be
inadequate, it is still possible to achieve results with
statistical significance. Furthermore, the existence
of statistically significant difference might be re-
ported as ‘not statistically significant’ due to the in-
adequacy of the study samples.13 In our study, the
adequacy of the sample sizes in Turkey-centered ar-
ticles was examined. For the negative studies, the
required minimum power (β <0.20) at the large ef-
fect size,2,19 which is the basic proficiency level, was
determined to be 60.3%. These results show that
greater attention should be paid to power analysis
and sample size calculation in future trials. 

Terms such as ‘p value’ or ‘statistically signifi-
cant difference’ are frequently used in the statisti-
cal assessment of clinical trials. Before the
assessment of these terms, the sample size and the
power analysis of the trial should also be taken into
consideration.3 To perform power analysis, some
parameters should be known. These can be counted
as effect size, alpha and beta type error levels and
the rate of the sample distribution in the groups.9 In
our study, a power analysis was conducted and the

Power Small Effect Size Medium Effect Size Large Effect Size

≥0.80* 0 35* 76*

0.60≤x<0.80 2 16 23

0.40≤x<0.60 5 26 18

0.20≤x<0.40 28 39 7

<0.20 92 11 3

TABLE 3: Power distribution of the articles with positive studies according to small, medium and large effect size. 
Articles have sufficient power at the level of the basal force necessity are denoted by *.

Power Small Effect Size Medium Effect Size Large Effect Size

≥0.80* 1* 19 38*

0.60≤x<0.80 0 7 14

0.40≤x<0.60 0 15 9

0.20≤x<0.40 15 19 2

<0.20 47 3 0

TABLE 4: Power distribution of the articles with negative studies according to small, medium and large effect size. 
Articles have sufficient power at the level of the basal force necessity are denoted by *.
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adequacy of the sample sizes were assessed using
the data in published articles.

‘The effect size’ term and the sample size were
considered to a lower extent than the statistical sig-
nificance by researchers. This topic has been stud-
ied frequently in recent years in the literature and
it has been determined that the sample size is often
not adequately taken into consideration in a signif-
icant portion of existing articles. In the study of
Moher et al., where they evaluated 383 randomized
articles that had been published in selected medical
journals, it was found that 68% of the articles had
inadequate power.14 The orthopedic literature
seems to follow a course parallel to this. In his study,
where he evaluated 117 articles related to orthope-
dic trauma, Lochner found a type 2 error rate of
90.5%.10 Our study shows a similar result in Turkey.

The effect size is the difference level that is
sought in a trial. There are different methods de-
scribed for effect size calculation in the litera-
ture7,20,21 due to the variations of standard deviation
calculations. There are also various limit values for
effect size.7,21 Cohen classified the effect size as large,
medium and small levels.8,21 We preferred to make
use of Cohen’s effect size limit values due to its gen-
eral utilization in the medical literature.2,3,10,13,21 To
calculate the small differences between the groups
with high similarity rates, the trials should be per-
formed at small effect size. In the case of visible dif-
ference levels, however, the trials should be
performed at large effect size. In the trials, detecting
the small differences requires a large number of sam-
ples. This situation causes difficulties in the cost and
period of the study.[1] Having adequate power and
not including more samples than necessary in the
trial can save time and be more cost-effective. It is
not always mandatory to perform all the scientific
studies with large numbers of samples and to pro-
vide small effect size.22]This situation may result in
ethical issues. On the other hand, carrying out a
study with adequate power and the minimum sam-
ple size is an ethical requirement. The scientific
quality of the “significant” results of a trial with an
inadequate sample size is also questionable.

Besides inadequate sample size selection, there
are other important factors that can lead to inade-

quate power analysis. The selection of inappropri-
ate statistical methods such as nonparametric
methods rather than parametric ones or vice versa
is common.23 Another typical problem is neglecting
to consider the confounding factors that can affect
outcomes.24 This might under- or overestimate the
statistical relation and miss categorization of the
study variables, which might increase the false pos-
itivity rates.25 The power analysis of the trials can
be performed before or after the trial.26 The ideal
situation is before the trial; yet, this is usually not
the case.27 Researchers usually perform the power
analysis at the end of the trial to test the power of
the trial when they cannot reach significant re-
sults.3 We also determined that the power analysis
was performed before the trial in only 5 of 190 ar-
ticles. Power analysis prior to study was reported
to be carried out in 4-9% of the studies.10,13 Per-
forming the statistical power analysis before the
study will increase the trial’s scientific quality.
Some selected medical journals today question the
criteria used to determine the sample size when the
study is assessed.16 Therefore, in the future, this sit-
uation (inadequate sample size) is expected to occur
less frequently in scientific literature.

This study has some limitations. First of all,
prospective randomized trials played a small part
in the articles included in the study. The trials with
relatively low levels of evidence, such as retro-
spective cohort studies, may be predicted to have
lower power. Another weak point of this study was
that only the main hypothesis or the conclusion
was assessed and the secondary results were not
taken into consideration.

CONCLUSION
As a result, it is mandatory to calculate the mini-
mum sample size during the design period of a sci-
entific trial, to consider the effect size and to keep
the alpha and beta type errors within acceptable
ranges. Greater attention should be paid to power
analysis as it is one of the most important steps in
producing quality articles.
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