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The purpose of this study was to identify how often 
sample size calculations were reported in recent or-
thopaedic randomized controlled trials (RCTs) and to 
determine what proportion of studies that failed to 
find a significant treatment effect were at risk of type 
II error.
A pre-defined computerized search was performed in 
MEDLINE to identify RCTs published in 2012 in the 
20 highest ranked orthopaedic journals based on im-
pact factor. Data from these studies was used to per-
form post hoc analysis to determine whether each 
study was sufficiently powered to detect a small (0.2), 
medium (0.5) and large (0.8) effect size as defined by 
Cohen. Sufficient power (1-β) was considered to be 
80% and a two-tailed test was performed with an al-
pha value of 0.05. 
120 RCTs were identified using our stated search 
 protocol and just 73 studies (60.80%) described an 
appropriate sample size calculation. Examination of 
studies with negative primary outcome revealed that 
68 (93.15%) were at risk of type II error for a small 
treatment effect and only 4 (5.48%) were at risk of 
type II error for a medium sized treatment effect. 
Although comparison of the results with existing data 
from over 10 years ago infers improved practice in 
sample size calculations within orthopaedic surgery, 
there remains an ongoing need for improvement of 
practice. Orthopaedic researchers, as well as journal 
reviewers and editors have a responsibility to ensure 
that RCTs conform to standardized methodological 
guidelines and perform appropriate sample size 
 calculations.

Keywords : Sample size ; power calculation ; research 
quality.

INTRODUCTION

Appropriately designed, conducted and reported 
randomized controlled trials (RCTs) represent the 
gold standard for evaluating healthcare interven-
tions. Nevertheless, such studies can produce bias 
results if they lack methodological rigor (19). Inad-
equacies in the quality of RCTs resulted in the orig-
inal Consolidated Standards of Reporting Trials 
(CONSORT) statement in 1996 (1), with its most 
recent revision published in 2010 (19). Within its 
guidance, the determination of sample size is a 
mandatory component for conducting an RCT, yet 
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across all specialties in clinical medicine many 
RCTs still fail to report their sample size calculation 
or report them erroneously (3). Such failings were 
identified amongst orthopaedic RCTs in a study 
published in 2001 (8), however a more up to date 
examination of power and sample size calculations 
amongst orthopaedic RCTs has yet to be reported.

The purpose of a sample size calculation is to de-
termine the number of patients required to detect a 
clinically significant treatment effect and to mini-
mize the risk of type I and type II error occuring (20). 
A type I error occurs when a treatment effect has 
been found and such an effect does not actually ex-
ist (a false positive result). This probability (p) is 
denoted α and is typically set at 0.05. This suggests 
that there is a 5% chance of a significant effect oc-
curring as a result of chance. A type II error occurs 
when no treatment effect is found, when in fact it 
such an effect does exist (a false negative result). 
The probability of type II error occurring is known 
as β. The probability of avoiding a type II error is 
derived by the equation 1-β, and is known as the 
power of a study (9). Adequate power of a study has 
been defined at 80% (β ≤ 0.20) (4). The parameters 
typically required for a priori sample size calcula-
tions are type I error (0.05), power (80%), assump-
tions in the control group including response rate 
along with standard deviation, and expected treat-
ment effect or effect size (13). Effect size is often 
poorly reported (9) and post hoc or retrospective 
power calculations may be performed using proxy 
mathematical values such as those defined by Co-
hen (4). When a treatment effect is statistically sig-
nificant (p < 0.05) the result infers sufficient sample 
size. However studies that fail to show a difference 
may suffer from type II error because the sample is 
not large enough for smaller treatments effects to be 
detected (17).

This study was performed to revisit deficiencies 
in sample size calculations amongst orthopaedic 
RCTs described over 10 years ago (8) and determine 
whether improvements have been made. Our two 
specific aims were to (1) identify how often appro-
priate sample size calculations were reported in re-
cent orthopaedic RCTs and (2) to determine wheth-
er sample sizes used in studies with negative 
primary outcomes were sufficient.

MATERIALS AND METHODS

Information sources

A previous search protocol identified 3 orthopaedic 
journals that had high citation indexes and were viewed 
to be ‘prestigious’ to sample the RCTs used for their 
analysis (8). Selection of orthopaedic journals within this 
study was based on their impact factor as this remains the 
most widely accepted tool for benchmarking journals (18). 
The ISI Web of Knowledge journal citation report 
(JCR®) is widely used to provide information on a jour-
nal’s bibliometric data (7). After selection of the ortho-
paedic journals within the JCR®, the top 20 journals with 
respect to impact factor were selected for sampling pub-
lished RCTs (Table I).

Eligibility and Search Strategy

RCTs published in the 20 orthopaedic journals in the 
year 2012 were identified using a pre-defined computer-
ized search on MEDLINE. Studies labeled “Randomized 
Controlled Trials” between January 2012 and December 
2012 were selected in MEDLINE. This method of study 
selection has been found to capture approximately 92% 
of published RCTs (14). The authorship of our study 
deemed it to be an acceptable method to examine a large 
and representative sample of RCTs published in 2012 by 
the selected journals. The search terms used were “ortho-
paedic” and “orthopedic” and all search fields were in-
cluded. Identified studies within the 20 specified journals 
were examined and included within the study after 
screening the articles to ensure they were clinical RCTs 
performed in humans. Animal and laboratory studies 
were excluded from the analysis. 

Data extraction

The following information was extracted from each 
RCT : the study region, the orthopaedic sub-specialty, 
the journal impact factor, the sample size, whether an ap-
propriate sample size calculation was described within 
the paper and the number of primary outcomes for each 
study. A sample size calculation was defined as a statisti-
cal test used to determine sample size which included a 
statement on the value of type I error, the power value, 
assumptions in the control group and the expected treat-
ment effect. A primary outcome was defined as an out-
come stated to be the main focus of the study or if this 
was not explicitly stated, then the outcome used in a 
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sample size calculation. When a significant difference re-
lated to treatment effect was identified this was labeled a 
positive outcome and if no significant difference was 
identified this was labeled a negative outcome. Further-
more studies were separated into two groups ; studies 
that reported positive outcomes for all their primary out-
comes and studies that reported at least one negative out-
come.

Statistical analysis

Retrospective analysis of sample size calculations 
used values of effect size as defined by Cohen (4). This 
method has previously been used in studies examining 
sample size calculations in clinical trials (8,17). Large, 
medium and small effect sizes correspond to a difference 
of 0.8, 0.5 and 0.2 respectively. G*Power 3.1 was used to 
perform the retrospective sample size analysis. This 
computer software is widely used as a power analysis 
program for social, behavioral and biomedical scienc-

es (6). The type of power analysis performed was a post 
hoc compute achieved power. A two-tailed t-test was per-
formed with α set at 0.05 and the sample size of the se-
lected study. For each RCT, the power (1-β) was deter-
mined for a small, medium and large effect size. A power 
of 80% was considered the lowest possible value for each 
effect size to protect against type II error. The number of 
studies that were significantly powered to detect small, 
medium and large effect size were identified and further 
examination of the data was performed to identify studies 
with negative outcomes and whether they were suffi-
ciently powered to protect against type II error for the 
various effect sizes used. Descriptive statistics were per-
formed using SPSS 20.0 (SPSS Inc, Chicago, IL).

Example of analysis

For the purpose of understanding the methodology 
and analysis performed in this study, an example of a 
calculation carried out on a fictitious study is presented. 

Table I. — The 20 journals identified by ISI Web of Knowledge journal citation report (JCR®) within their orthopaedic category 
and with selection based on their impact factor rank

Rank Journal Title Impact Factor
(to 2 decimal places) 

1 American Journal of Sports Medicine 4.40
2 Osteoarthritis and Cartilage 4.26
3 Spine Journal 3.36
4 Journal of Bone and Joint Surgery (American) 3.23
5 Arthroscopy 3.10
6 Journal of Orthopaedics and Sports Physical Therapy 2.95
7 Journal of Orthopaedic Research 2.88
8 Clinical Orthopaedics and Related Research 2.79
9 Physical Therapy 2.78
10 Acta Orthopaedica 2.74
11 The Bone and Joint Journal 2.69
12 Knee Surgery Sports Traumatology Arthroscopy 2.68
13 Journal of the American Academy of Orthopaedic Surgeons 2.46
14 International Orthopaedics 2.32
14 Journal of Elbow and Shoulder Surgery 2.32
16 Journal of Physiotherapy 2.26
17 Spine 2.16
18 European Spine Journal 2.13
19 Journal Of Arthroplasty 2.10
20 Knee  2.01
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The 19 RCTs identified within the Journal of 
Bone and Joint Surgery (American Volume) pro-
vided the largest proportion of RCTs from all 20 
journals (15.80%).

The volume of studies from Europe surpassed 
those from Asia or North America (Fig. 1). There 
were 69 lower limb surgery (hips and knees) RCTs 
and this sub-specialty provided the vast majority of 
studies that were examined (Fig. 2). A Kolmogorov-
Smirnov test indicated that neither journal impact 
factor nor the studies’ sample size were not normal-
ly distributed. The median impact factor for the 20 
journals examined was 2.69 (range 2.01-4.44) and 
the median sample size as 65.50 (range 10-598). 

A randomized controlled trial is performed to com-
pare surgical and non-surgical treatment of acute achilles 
tendon rupture. The primary outcome was a validated 
functional outcome measure. Within the methodology 
the authors state that their power calculation is based on 
results from a previous study performed at their institu-
tion and for an 80 % power (or a power value of 0.8) they 
require a sample of 60. The size of their defined treat-
ment effect is not stated. Their level of significance for 
statistical analysis comparing the two groups is set at P < 
0.05. The study found no significant difference in func-
tional outcome between the two treatment strategies.

A post hoc 2-tailed t-test is performed in G*Power 3.1 
to evaluate the sample size calculation in this study. α is 
set at 0.05. For a large effect size (0.8), the power of this 
study is 1. For a medium effect size (0.5) the power of 
this study is 1 and for a small effect size (0.2) the power 
of this study is 0.34. This study appears well powered to 
detect large and medium treatment effects. However, in 
view of its results which stated there was no statistical 
difference between the two treatment strategies based on 
functional outcome measures, the results are vulnerable 
to Type II error (a false-negative) as there is not sufficient 
power to detect a small treatment effect. The sample size 
calculation software (G*Power 3.1) states that 188 is the 
smallest patient population that would have provided an 
80% power for a small effect size. The conclusion of the 
study which states that there is no significant difference 
in functional outcomes between the treatment strategies 
is based on a sample size calculation at risk of Type II 
error and the authors have failed to state this within their 
limitations. 

RESULTS

MEDLINE search and RCT characteristics

Application of the algorithm described within the 
‘Methods and materials’ section identified 419 or-
thopaedic RCTs published in 2012. Within this 
group 142 were published within the 20 orthopaedic 
journals of interest, however 18 studies were avail-
able online in the year 2012 but appeared in print in 
2013 and these were excluded. Furthermore, 4 stud-
ies represented laboratory or animal studies and 
were also excluded. In total 120 RCTs met the in-
clusion criteria and were subject to the analysis of 
this study. The studies identified were identical 
when the search was performed independently by 
two of the study’s authors (SS and NKP).

Fig. 1. — Origin of the RCTs based on region of development.
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were labeled ‘negative’ outcomes. A significant dif-
ference was found in 115 (54%) outcomes and these 
were labeled ‘positive outcomes’. In 47 (39.20%) of 
the RCTs all the primary outcomes were ‘positive’ 
and in 73 (60.80%) at least one primary outcome 
was ‘negative’.

Sample size calculations

Appropriate sample size calculations were re-
ported in only 73 (60.80%) of the RCTs. Within this 
group of RCTs 25 (34.24%) had positive results for 
all their primary outcomes and 48 (65.76%) studies 
had at least one negative result. 

In total, only 11 (9.2%) of studies had sufficient 
power to detect a small treatment effect. 111 
(92.5%) of the studies were sufficiently powered to 
detect a medium treatment effect and all 120 (100%) 
of the RCTs had enough power to detect a small 
treatment effect. The approximate power values for 
all 120 RCTs for small, medium and large treatment 
effects are provided in Table II.

Sub group analysis of the RCTs that reported at 
least one negative outcome (n = 73) was performed 
to identify studies at risk of type II error. The ap-
proximate power values of these studies for small, 
medium and large treatment effects are provided in 
Table III. Only 5 (6.85%) studies were sufficiently 
powered to detect a small treatment effect. There 
were 69 (94.52%) studies that had enough power to 
detect a medium treatment effect and all the studies 
had enough to detect a large treatment effect. There-
fore amongst the 73 RCTs that had negative prima-
ry outcomes, there were 68 (93.15%) at risk of type 
II error for a small treatment effect and 4 (5.48%) at 
risk of type II error for a medium treatment effect.

DISCUSSION

Principle findings and implications

In this study of 120 RCTs published during 2012 
in the 20 highest ranking orthopaedic journals based 
on their impact factor, just 73 studies (60.80%) de-
scribed a sample size calculation. Although all the 
RCTs had sufficient power to detect a large treat-
ment effect, only 69 (94.52%) and 5 (6.85%) would 

Evaluation of the primary outcomes of the RCTs 

Two authors independently examined all 120 
RCTs to determine the number of primary outcomes 
based on the stated criteria. Inter-rater agreement on 
what constituted a primary outcome was strong with 
a Spearman’s correlation of 0.922. Outcomes that 
the authors disagreed on (n = 4) were excluded from 
the analysis. In total 213 primary outcomes were 
identified. Amongst these outcomes there was no 
significant difference found in 98 (46%) and these 

Fig. 2. — Focus of the RCTs based on their orthopaedic sub-
specialty.
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the proportion of orthopaedic RCTs that perform 
these calculations has increased almost three fold 
since 2001 when Freedman et al. scrutinized sample 
size calculations in orthopaedics (8). It is possible 
that growing consensus within orthopedic research 
that all trials should be sufficiently powered for a 
given effect size (8,17) has contributed to this posi-
tive effect on research quality. Questions on the eth-
ics of underpowered studies (11) may also be a driv-
ing force in improving reporting sample size 
calculations, however this study demonstrates that 
there is still room for improvement . Potential limi-
tations to conducting sufficiently powered studies 
include the practical and financial feasibility of per-
forming the large and multicentre studies that would 
be required (15). The argument for combining small-
er sized studies to perform a meta-analysis with 
 sufficient numbers to draw significant conclusions 
is countered by the belief that a single sufficiently 
powered randomized controlled trial is superior  
to a meta-analysis of numerous underpowered 
RCTs (15). Further controversy is drawn from some 
researchers who advocate that underpowered trials 
can be acceptable if the remainder of their method-
ology remains robust (20). 

Despite the differences in opinion the statistical 
conclusion remains that RCTs that fail to determine 

have detected medium and small treatment effects 
respectively. Examination of studies with negative 
outcome revealed that 68 (93.15%) were at risk of 
type II error for a small treatment effect and only 4 
(5.48%) were at risk of type II error for a medium 
sized treatment effect. All of these RCTs had suffi-
cient power for a large effect size.

 Although more than 15 years has elapsed since 
the first CONSORT statement recommended the re-
porting of appropriate sample size calculations in 
clinical trials (1), this study has shown that approxi-
mately a third of orthopaedic RCTs recently pub-
lished in well recognized and high ranking ortho-
paedic journals fail to do so. Unfortunately, 
examination of the quality of orthopaedic research 
repeatedly identifies major shortcomings (2,16) de-
spite the availability of guidance and methodologi-
cal assessment tools (12,19). It has been suggested 
that this deficiency in research quality occurs be-
cause researchers, reviewers and editors fail to rec-
ognize the importance of sample size calcula-
tions (3). Researchers in orthopaedics must recognize 
the importance of sample size calculations in im-
proving the methodological quality of their study. 
Furthermore, journal editors should ensure that all 
future published RCTs include this statistical analy-
sis within the methods of a study. Encouragingly, 

Table II. — The power values of all 120 RCTs required to detect a small, medium and large effect size
Power Small Medium Large
> 0.8 11 111 120
0.60 ≤ x < 0.80 9 8 0
0.40 ≤ x < 0.60 39 0 0
0.20 ≤ x < 0.40 44 1 0
< 0.20 17 0 0

Table III. — Sub group analysis of the 73 studies with negative primary outcomes and their power values 
required to detect a small, medium and large effect size

Power Small Medium Large
> 0.8 5 69 73
0.60 ≤ x < 0.80 7 3 0
0.40 ≤ x < 0.60 23 0 0
0.20 ≤ x < 0.40 31 1 0
< 0.20 7 0 0
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 prospective studies where the gold standard in 
methodology is to perform a sample size calculation 
prior to commencing the study (19), however post 
hoc analysis may be performed using values of 
 effect size as those defined by Cohen (4) for retro-
spective analysis and is commonly adopted in stud-
ies such as ours that examine whether a sample of 
RCTs are sufficiently powered (8,14,17). Secondly 
our post hoc analysis used the assumption that all 
the primary outcomes of interest were normally dis-
tributed. It is likely that in some RCTs non-para-
metric statistics should have been employed how-
ever only 22 studies reported the distribution of 
their data and therefore in keeping with prior studies 
within this field we assumed normality of the data in 
all the studies when conducting our post hoc analy-
sis (8,14). Thirdly, in determining what constitute an 
appropriate sample size calculation we did not scru-
tinize the assumptions made for each study. This 
was not done because it is not possible to determine 
whether assumptions have been manipulated to ob-
tain a feasible sample size by just examining pub-
lished data (3). So called “sample size samba” in-
volves retrofitting assumption estimates to the 
available participants (20) and it is not possible to 
determine whether this has occurred without attend-
ing the planning meeting for the study (3). Finally, 
our selection of 20 orthopaedic journals based on 
their high rank with regards to impact factor may 
suggest that these journals are not representative of 
the entire body of available orthopaedic literature. 
Although this could be viewed as a limitation, the 
objective of this study was to examine RCTs from 
the most prestigious  orthopaedic journals in order to 
strengthen the  assumption that the research method-
ology and  reporting from our study sample repre-
sented the highest quality in orthopaedic surgery. 

CONCLUSIONS

Almost a third of RCTs published in the 2012 in 
the 20 highest ranking orthopaedic journals based 
on impact factor failed to describe an adequate sam-
ple size calculation. The vast majority of RCTs 
were susceptible to type II error for a small treat-
ment effect however most were sufficiently pow-
ered for a medium sized treatment effect. Although 

a significant effect of treatment are vulnerable to 
type II error if they are insufficiently powered for 
the appropriate effect size. Within this study this ap-
plied to 93.15% of such studies for a small effect 
size and 5.48% for a medium effect size using proxy 
values defined by Cohen (4). These results appeared 
to compare favorably to Freedman et al.’s results in 
2001 (8) which demonstrated only 12.12% of such 
RCTs were sufficiently powered to detect a medium 
effect size, whilst none had sufficient power to de-
tect a small effect size. Although there are some 
methodological differences between our studies, 
there is a vast difference in the reported results 
which infers that the risk of type II error may have 
improved 12 years after their recommendations 
were made (8). 

Interestingly, only 1 study amongst the 120 that 
were examined underlined its own risk of type II 
error when considering small treatment effects, and 
this statement was made in an editorial note at-
tached to the article (23). Although the authors of 
our study find this to be a commendable action by 
the journal’s editorial team, we agree with other re-
searchers in this field and believe that studies at risk 
of type II error should clearly report this as part of 
the limitations of their study (14). A key implication 
to be considered regarding undersized RCTs is that 
given that the volume of meta-analysis in orthopae-
dic surgery has surged over the last decade (5) and 
that there is concern that meta-analysis may be de-
valued by underpowered studies (10), there is a 
growing potential for this to occur within our field. 
Further evaluation of such an effect is probably 
warranted to determine whether this deficiency  truly 
exists, because this is relevant to various areas in 
orthopaedic practice which are supported by clini-
cal practice guidelines that may draw their recom-
mendations from meta-analysis studies (21).

Study Limitations

There were 4 limitations to this study. Firstly, the 
use of post hoc analysis as a means of retrospec-
tively determining sample size may be subject to 
criticism as it is commonly viewed to be an inferior 
method of sample size calculation compared to a 
priori power test (22). This is certainly true for 
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comparison of the results of this study with existing 
data from over 10 years ago infers improved prac-
tice in sample size calculations within orthopaedic 
surgery, there remains an ongoing need for im-
provement of practice. Orthopaedic researchers, as 
well as journal reviewers and editors have a respon-
sibility to ensure that RCTs conform to standard-
ized methodological guidelines and perform appro-
priate sample size calculations.
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