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ABSTRACT

Objective
To systematically assess the reporting of sample seleulationin RCTs on rehabilitation

interventions for mechanical low-back pain (mLBP).

Sudy selection
We conductedn electronic database search for RCTs published %968 through February 2015

and included in Cochrane Systematic Reviews (SRs).

Data extraction

Two investigators independently applied an ad hirétem checklist derived from the CONSORT
2010 statement recommendations to extract datarople size calculation. Primary outcome was the
proportion of RCTs that reported sample size cat@n; secondary outcome was the completeness of

sample size analysis reporting. We also evaluaedrting’ improvement over time.

Data synthesis

Sample size calculation was reported in 80 (36.0Pthe 222 eligible RCTs included in 14 Cochrane
SRs. Only 13 (16.3%) of these RCT reports gavenaptete description and about half reported four
or more of the six elements of sample size calmriaimedian=4, IQR 3-5). Completeness of
reporting sample size calculation improved from 8%6 2013; beginning in 2005, the number of

RCT reports containing this information increasgdrahose not reporting it.

Conclusions
Despite improvement, reporting of sample size datmn and power analysis remains inadequate,

limiting the reader’s ability to assess the quadityl accuracy of rehabilitation studies.
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Keywor ds: rehabilitation, power, sample size calculationd@mized clinical trial, design

Abbreviations
RCT, randomized controlled trial

CONSORT, Consolidated Standards of Reporting Trials
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1. INTRODUCTION

Well-designed, properly executed RCTs provide tlstmeliable evidence on the effectiveness of
health care interventiortsThe validity of an RCT depends on several keyoiacthat should be
adequately reported: the sample size calculationésof them. Sample size is related to statistical
power, which derives from beta error or type lbefr* it represents the likelihood of failure to reject
the null hypothesis when, in fact, it should becepd. The investigator’s aim is to minimize tlyigd

of error by increasing the sample size. Samplecaimulation is essential in study design because a
low-powered study may fail to yield significant uéis and detect relevant clinical effects. Its
description is fundamental in any published reporthat readers can base their assessment onswvhat i
reported rather than rely on assumptions aboutthevgtudy authors arrived at their results.
However, sample size calculation is not always adesy reported®.

In order to ensure quality in trial conduction, tbensolidated Standards of Reporting Trials
(CONSORT) 2010 statement recommends that autmovede a clear description of sample size
calculation methods and assumptions as folloveseitimated outcomes in each group (minimum
important treatment effect or effect size), theelesf significance (alpha or type | error), thetistécal
power (beta or type Il error), and, for continuouscomes, the assumed standard deviation of the
measurements’® In addition, the CONSORT guidelines also recomuneporting the primary
outcome on which important differences betweendvoups are determined. Authors should
therefore decide and state a priori the fixed \&afoe parameter assumptions. Although the number of
reports of RCTs in rehabilitation has been increg$ithe majority of studies are based on clinical
observations with small sample sizes and inadegagtiting of essential informatidh

The purpose of the present review is to systenibtiaasess the quality of reporting of power and
sample size calculation in RCTs comparing mechatoeaback pain rehabilitation interventions and

included in Cochrane systematic reviews.
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2. METHODS

2.1 Search strategy and study selection

We conducted an electronic database search farmsgsit reviews published between 1968 and
February 2015 limited to The Cochrane Databas&ystematic Reviews. Search terms ‘back pain’
and ‘rehabilitation’ were run in “title,abstractykgeords” search tab in advance search strategy. We
included a systematic review if the title or thetahct presented mechanical low-back pain as the
disease target and the intervention was rehabilitaas defined by the National Library of Medicine
1 We did not take into account interventions othan therapeutic rehabilitation (e.g., prevention)
involving population subgroups (e.g., pregnancydnithe eligible systematic reviews, we extracted
all included trials with a randomized study designa published in English, Italian, Spanish or
French. After removing duplicates of RCTSs, two egshers (GC, SG) independently screened the

title and abstract of all potentially eligible RCTisagreements were resolved by consensus.

2.2 Data Extraction

We extracted the general characteristics of RCdar gf publication, number of authors, first author
geographic region (Europe, North and South AmeAs#& and Australia), journal that published the
study, and funding source. We developed an ad hecktist derived from the CONSORT checklist to
extract data on sample size calculation. The cistakas upload on Distiller SR, a web-based
database for data management.

We examined whether the RCT report included a p@matysis in the Methods section and, if so,
whether the description of the sample size calmriatas CONSORT-compliant. Following the
CONSORT checklist, we assessed the description for reporting o$aimple size calculation
components: (1) type | error, or alpha, (2) typertbr, beta, or power, (3) assumption of expected
treatment effect of the intervention (i.e., thefatiénce between group means as effect size or minim
important difference and relative risk), and (4 #ssumed variability expressed as a standard
deviation or a variance or an intraclass corretatioefficient. We also looked for (5) the outconme o

5
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which sample size calculation was based, and (@}tveln there was an adjustment to accommodate
attrition rate. In addition, we extracted from tiethods section the sample size planned (i.e. as
resulted from the sample size calculation procédamd from the Results section the actual number
of participants randomized (N) according to the GGONRT flow diagram. If there was no statement
or CONSORT flow diagram reporting the number ofgrets randomized, we extracted it from
implicit information (i.e., “enrolled” or “included. When articles reported the sample size
calculation, we examined whether there was a diserey between the planned sample size and the
number of participants randomized. Moreover, weedskhether sample size reporting might be
influenced by the funding status of the RCT.

Data extraction was independently performed byrewewers (GC, SG). Disagreements were

reconciled via consensus.

2.3 Satistical Methods

Descriptive statistics are presented as mediansraedjuartile ranges (IQR), or percentages when
appropriate. The non-parametric matched-pairs \Wdoosigned-rank test, and the Chi-squared test,
were used for the statistical evaluations. For biypsis testing, a probability level lower than 0.05
was considered to be statistically significant. titistical tests were two-sided. Stata softwaas w

used for all statistical analyses (Stata Corp.|€gel Station, TX, USA).

3. RESULTS

3.1 Sudy selection
We identified 14 relevant Cochrane systematic mesii the Cochrane Library > Sixty out of 301
RCTs included in these 14 systematic reviews wechided because they were duplicates or multiple

publications of the same RCT, 7 were excluded ais thll text could not be retrieved, and 12 were
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excluded because they did not satisfy the languadtggrion. A final total of 222 RCTs was included i

our review.Figure 1.

3.2 General characteristics

The 222 eligible RCT reports were published inadi@nals. Most were published 8pine (22.5%,
n=50), followed bylournal of Manipulative and Physiological Therapeutics (4.5%, n=10fain,

British Medical Journal, andArchives of Physical Medicine and Rehabilitation (4.1%, n=9), and
Clinical Journal of Pain (3.6%, n=8).

Some 32 countries were indicated as the countpyublication, with the three top countries being the
United States (18.9%, n=42), the United Kingdom1%3 n=29) and the Netherlands (9.9%, n=22);
most studies were published (59.5%, n=132) by Eranpesearchers. The period of RCTs

publication was from 1968 to 2013. The charactessif the RCTs are reportedTable 1.

3.3 Sample size calculation

3.3.1 Reporting

Only 80 (36.0%) of the 222 RCTs reported sample sa@culation. However, there was a significant
improvement of sample size calculation reportingraimeFigure 2. We found that 13.3% (11 of 83)
of trials published on or before 1996 reported damsjze calculation compared to 49.6% (69 of 139)
of trials published on or after 1997 (Chi-square2l88, d.f.=1, p<0.001Furthermore, we found an
association between reporting of a funding souncksample size calculation reporting. In particular
48.8% (61 of 125) of the trials reporting a fundsaurce were also reporting a sample size
calculation compared to only 19.6% (19 of 97) @ thals not reporting a funding source (Chi-
squared=20.22, d.f.=1, p<0.001). This associatiaa very strong in the post-CONSORT era with
61.4% (54 of 88) of the trials reporting a fundswurce also reporting a sample size calculation vs.
29.4% (15 of 51) of the RCTs not reporting a fugdsource (Chi-squared=13.19, d.f.=1, p<0.001).
However, it was not significant in the pre-CONSO&a (18.9% vs. 8.7%, Chi-squared=1.86, d.f.=1,

p=0.17); but data were scarce.
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145  3.3.2 Complete description of sample size calculation

146  Thirteen (16.3%) of the 80 RCTs reporting sampte sialculation gave an adequate description of
147 the a priori sample size calculation, with all slgments provided in compliance with CONSORT
148 guidelines. Half of the RCTs reported at least fouirof six elementdzigure 3.

149  Of the six CONSORT components required for samigke calculation, the three most frequently
150 reported were the power (91.3%, n=73), followedH®/assumption concerning the expected

151 treatment effect of the intervention (86.3%, n=&8) the alpha error or type | error (85.0%, n=68).
152  Adjustment to accommodate attrition was the le&sfufently reported element (32.5%, n=26).

153

154  3.3.3 Characteristics of each element reported

155 Each element could be expressed in a different s@yymon expressions for elements are presented
156 in Table 2. Power was usually defined as B {82.5%, n=66). The minimal important difference
157 (MID) was the assumed value for the detectioneditment effect most often reported in the 80 trials
158 (46.3%, n=37). Concerning the outcome on whictctileulation was based, all RCTs evaluated
159 continuous outcomes: disability was the one mdstafeported (42.5%, n=34), followed by pain
160 (22.5%, n=18).

161

162 3.4 Discrepancy between planned and randomized sample size

163 Planned sample size was reported in 72 out of 8DsRI@ the remaining 8 RCTs (10.0%) that

164 reported the sample size calculation, the planneaber of participants was not stated. The median
165 number of participants needed to prove sufficientgr was 120 (range: 17—2000), whereas the
166 median of the number of participants randomizedragitbese 72 RCTs was 133 (range: 21-741).
167 The number of participants randomized was lowen tha number of those planned in 17 RCTs
168 (23.6%), equal in 13 (18.0%), and higher in 4249%8); Figure 4 showed the discrepancy between
169 sample size planned and the number of randomizeidipants when the number obtained by the

170 sample size calculation increased.
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171
172 4. DISCUSSION

173 Reporting of sample size calculation in RCTs on-tmek pain rehabilitation is often incomplete. We
174 found that numerous RCTs published between thesl866 the present failed to report a priori

175 sample size calculation, barring readers from wstdading whether calculation was done and

176  whether done correctly. Among the RCTSs reportipgiari sample size calculation, only a minority
177 gave a complete description of the elements usedeftheless, the reporting of sample size

178 calculation and its components has increased mamsysince 2005 more RCTs report sample size
179 calculation than those that do not. Moreover,results showed that the publication of the

180 CONSORT statement has increased authors’ awarehbsgh quality reporting compared to the pre-
181 CONSORT era. Despite this, assessing the qualitiyeofeporting does not necessary reflect the
182 quality of the underlying research: it is fundanadulistinguishing between ‘what researchers do’ and
183 ‘what researchers report’. For instance, the asssssof risk of bias in a RCT arises ambiguity

184  between the quality of reporting and the qualityhef researck?.

185 Our findings are consistent with a previous revathe general medical literature that described
186 poor compliance by authors with CONSORT guidelirgimilarly, a review of physical medicine and
187 rehabilitation trials published between 1998 an@&fdund that reporting had improved somewhat,
188 with only slightly more than half of the articles7(3%) published in 2008 reporting sample size
189 analysis®.

190 Conducting responsible research entails completeirate reporting in a transparent fashion

191 according to international guidelines. To ensughlguality in conducting a clinical trial, it is ho

192 sufficient to state the sample size without givandescription of how it was calculated. More than
193 half of the RCTs with a priori sample size analys@uded in our review reported fewer than four of
194  the six elements required for replication of cadtians. A recent review (ACTTION Systematic

195 Review) found that half of the published analgetitical trials gave an incomplete description of

196 sample size calculation
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Sample size calculation is usually based on aesiogtcome, chosen as a primary measure:
specifying it helps researchers to clarify thei@hibasis upon which an RCT is built, besides
simplifying interpretation, judgment, and use aoidings?’. We noted that more than half of the RCTs
stated the primary endpoint, similar to the ratgmorted in a previous review in physical medicine
trials ', In the literaturegisability andpain are the most frequently investigated outcomesun |

back pain rehabilitation: several authors havemenended including these measurements in the
back-specific core outcome sets because they aserglevant to patients, health care practitioners,
regulators, industry representatives, and polickerst®. They were also the elective outcome
measures most often used in RCTs according tor@uaaecent review which found a low frequency
of reporting outcome and intervention descriptiorfiecting a multidimensional lack of quality in
rehabilitation RCTS”.

Among the RCTs in which a power analysis was peréat, 72 reported the planned sample size. In
two out of three of these RCTs the randomized sarsigk was larger than that planned, and in a
small proportion (30%) the randomized sample siae smaller than that planned. While authors are
always encouraged to include more than the minimumber of participants to compensate for loss
to follow-up, overrecruitment to account for attit is unjustifiable both economically and ethigall

— economically unsound because of the high costBrotal trials and ethically questionable because
of potential harm to patients. Except for trialsrare diseases or early-phase trials, underpowered
studies are unethical because they may fail ta\@ggjnificant results, are more likely to be
inconclusive and produce more false negativés' However, trials with an overly large sample size
may waste resources in terms of patients, timegfamding. Authors should aim to achieve robust
research findings by calculating an adequate sasme using time and resources in the best cost-
effective mannet? and in collaboration with experienced biostatiatis and methodologist-
researcher¥’.

Our results show that funding status influencesguradity of reporting. Building a sustainable fumgli
scheme for clinical comparative research in aress ¢éxplored, i.e., the “orphan areas” such as
anesthesiology or orthopedics, is critical to suppuidence-based practice in medical rese¥rch

10
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Funding is fundamental to obtaining more resouncésrms of personnel and to make the research
process more efficient. Economic support is impuria both pharmacological research and research
areas where public health needs are changing.Xaéonge, rehabilitation for low-back pain has
increasedts importance in both primary care, where rehtdiitin as intervention plays a central role
in LBP management, and reseatctherefore, evidence-based rehabilitation has graMhen the

aim is to translate results from research to pracit is essential to focus on how the evidence is
generated: the quality of RCTs can directly infleethe conclusions of systematic reviews, with the
risk that trials failing to detect a real differenoetween treatment effects may inflate the resfilts
meta-analyses, obfuscating the decision-makinggsoof physical therapists. RCT reports should
provide essential information so that readers cakenbetter decisions in clinical practice, espécial
in the rehabilitation of low-back pain, an increagy common health problem with a substantial
community and financial burden®®

Future studies should assessed the quality of tiegaf other essential elements for clinicians in
rehabilitation. For instance, an adequate andfiatidescription of the experimental intervention
should be crucial, as well as the description efttrget population and the outcomes selection.
Maybe a multidimensional lack of reporting of infaation exists, reflecting difficulties in

transferring the research’s results in clinicalcpcze.

4.1 Study Limitations

This study focused only on the reporting of sange calculation and its components as described in
the Methods section of RCTs. It would have beeer@dting to compare the final publication with the
published protocol in order to explore whetherdahsence of some elements was limited to the
research article or were included in the researctopol. This was not possible because our sample

comprised a wide range of RCTs published from 1968)13.

5. CONCLUSION

11
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Sample size calculation is essential to demonstinatea trial is adequately designed to detedtedyi
real effect or association, if such exists, invgegipopulatiori. Although some elements are difficult
to define, the assumptions made in the calculaimuld be reported in a transparent fashion. The
CONSORT statement provide a standard guidanceutbioes to prepare reports of trial findings and
to facilitating their complete and transparent réipg. As well, the SPIRIT (Standard Protocol Iltems
Recommendation for Interventional Trials) initi&ixecently has strengthened the purpose to improve
transparency in the trial protocdls Furthermore, Cook et al. have just created a mgiensive set

of elements for adequate reporting of this progegsal protocols and results, providing also
justifications for sample size calculation’ assuimpt’. Just as researchers should be encouraged to
use these guidelines so, too, journal editors @ed peviewers should impose stricter criteria for
adequate and transparent reporting. In additi@nskiaring of software could help to simplify sample
size calculation. Improving the methodological gyadf RCTs, and all types of trials, will go some
way to ensure the validity of results, reprodudipibf research, and dissemination of results from

research to practice.

Funding: none

12
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Figurelegend list

Figure 1. Flow diagram.

Figure 2. Trend for improvement in reporting of sample siakcglation over time.
Figure 3. Completeness of sample size calculation description

Figure 4. Discrepancy between the sample size plannedrensbimple size randomized.
Table 1. General characteristics of the RCTs

Table 2. Commonly reported elements for sample size caioulat
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Frequency (No.) (%)
No. of countries 32
USA 42 18.9
UK 29 131
The Netherlands 22 9.9
Norway 15 6.8
Sweden 14 6.3
Finland 12 54
Australia 10 4.5
Canada 10 4.5
Turkey 10 45
No. of journals 78
Most frequent journals
Spine 50 22,5
Journal of Manipulative and Physiological Therapeutics 10 45
Pain; British Medical Journal; Archives of Physical
Medicine and Rehabilitation 9 4.1
Clinical Journa of Pain 8 3.6
No funding reported, no. (%) 97 43.7

median Range

No. of authors, median (IQR) 5 1-12
Year of publication of trial report, median (IQR) 2000 1968-2013

Table 1. Genera characteristics of the RCTs.



Table 2. Commonly reported elements for sample size calculation.

Sample size calculation elements No. (%)
Level of significance

Alpha (typel error) 68 (85)
Power

Beta (typell error) 10 (12.5)

1-Beta 66 (82.5)

Total 73 (91.3)
Assumption for treatment effect

M| D* 37 (46.3)

Effect Size 9(11.3)

Other (i.e., reduction in %) 24 (30)

Total 69 (86.3)
Assumption for variability

Standard deviation 28 (35)

Other (i.e, variance) 7(8.8)

Total 35(43.8)
Correction for lossesto follow-up 26 (32.5)
Outcome considered for sample calculation

Disability 34 (42.5)

Pain 18 (22.5)

Other (i.e, recovery rate, work days) 19 (23.8)

Total 63 (78.8)

*MID denotes minimal important difference




Cochrane 5Rs identified through
Cochrane Database searching
(n=200)

|

SRs screened

l

SRsincluded
(m =14)

Full-text articles assessed

(n=301)

Studies included in
qualitative synthesis
(m=222)

(n =45) —

Records excluded because outside the scope
of the studv (n =31

-education or prevention: n=9

-alternative medicine: n= 6

-pregnancy. n= 1

-diagnosis/prognosis: n =4

-workplace interventions: n= 2

-withdravwn: n=2

-protocol studyv: n=7

for eligibility e

Full text articles excluded (n =79
danguage:n =12

~duplicates: n = 60

unretrievable: n =7




ACCEPTED MANUSCRIPT

Reporting over years

45%

35%

8 & 8

25%
20%
15%
10%
5%

RCTs N*
[y
un

RCTs % on overall

mm Szample size calculation reported (n® RCTS)
= Szmple size calculation not reported (n® RCTs)
— Trend of RCTstha reported sample size calculation over years (% on 222 RCTs)




ACCEPTED MANUSCRIPT

Completeness of sample size calculation description
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ACCEPTED MANUSCRIPT

Discrepancy between sample size (SS) randomized and sample size planned
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Key findings
Numerous RCTs on rehabilitation interventions fachmanical low-back pain, published between the 4960
and the present, failed to report a priori samjde salculation, describing a poor adherence to the

CONSORT statement recommendations.

What thisaddsto what was known

This is the first article that evaluate sample seg@orting for each of the CONSORT 2010 recommended
descriptive elements in RCTs on low back pain'abéiitation.

Low-back pain is an increasingly common health [@wobwith a substantial socio-economic burden: despi

the call for evidence-based interventions, a ldakethodological quality in rehabilitation RCTs sts.

What isthe implication, what should change now
To ensure high quality in conducting a clinicahlriresearchers should be mostly encouraged to use
international guidelines whereas journal editors p@er reviewers should impose stricter criterra fo

adequate and transparent reporting.



