
SYSTEMATIC REVIEW

Reporting of confidence intervals, achievement of

intended sample size, and adjustment for multiple

primary outcomes in randomised trials of physical

therapy interventions: an analysis of 100

representatively sampled trials

David Fern�andez Hernandoa, Mark Elkinsb, Ana Paula Coelho Figueira Freirec,*

a Hospital Fundaci�on Jim�enez Díaz, Madrid, Spain
b University of Sydney, Faculty of Medicine and Health, Sydney, Australia
c Central Washington University, Health Sciences, Ellensburg, WA, United States

Received 30 April 2023; received in revised form 15 November 2023; accepted 8 May 2024

Available online 21 May 2024

Abstract

Background: The physical therapy profession has made efforts to increase the use of confidence

intervals due to the valuable information they provide for clinical decision-making. Confidence

intervals indicate the precision of the results and describe the strength and direction of a treat-

ment effect measure.

Objectives: To determine the prevalence of reporting of confidence intervals, achievement of

intended sample size, and adjustment for multiple primary outcomes in randomised trials of

physical therapy interventions.

Methods: We randomly selected 100 trials published in 2021 and indexed on the Physiotherapy

Evidence Database. Two independent reviewers extracted the number of participants, any sam-

ple size calculation, and any adjustments for multiple primary outcomes. We extracted whether

at least one between-group comparison was reported with a 95 % confidence interval and

whether any confidence intervals were interpreted.

Results: The prevalence of use of confidence intervals was 47 % (95 % CI 38, 57). Only 6 % of trials

(95 % CI: 3, 12) both reported and interpreted a confidence interval. Among the 100 trials, 59

(95 % CI: 49, 68) calculated and achieved the required sample size. Among the 100 trials, 19 %

(95 % CI: 13, 28) had a problem with unadjusted multiplicity on the primary outcomes.

Conclusions: Around half of trials of physical therapy interventions published in 2021 reported

confidence intervals around between-group differences. This represents an increase of 5 % from

five years earlier. Very few trials interpreted the confidence intervals. Most trials reported a
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sample size calculation, and among these most achieved that sample size. There is still a need to

increase the use of adjustment for multiple comparisons.

© 2024 Associação Brasileira de Pesquisa e Pós-Graduação em Fisioterapia. Published by Elsevier

España, S.L.U. All rights are reserved, including those for text and data mining, AI training, and

similar technologies.

Introduction

Traditionally, when the effect of an intervention estimated
from a clinical trial was published, it was reported with a p-
value. Many statistical authorities have recommended
reporting the effect of an intervention with a 95 % confi-
dence interval instead of with a p-value. Such authorities
include the Cochrane Collaboration,1 the British Medical
Journal,2 the American Statistical Association,3 the journal
Statistics in Medicine,4 and proponents of evidence-based
practice in medicine and physical therapy.5�7

Given how widely p-values are used in the reporting of
clinical trials,8,9 it may surprise some readers that statistical
authorities recommend an alternative approach. However,
null hypothesis statistical tests, which generate p-values,
have numerous problems.8,10 First, the statistical signifi-
cance of null hypothesis statistical tests has poor replicabil-
ity. If a study generated a p-value between 0.005 and 0.05,
then replicating the study with a new random sample from
the same clinical population would have a 33 % chance of a
non-significant result.10 Second, p-values do not provide evi-
dence about the precision of the estimate derived from the
study. In contrast, confidence intervals distinguish between
important differences that p-values do not. For example,
when the p-value is non-significant, it may be that (a) the
intervention is ineffective and the study has generated a
precise estimate of that, or (b) the study was underpowered
and the effect remains uncertain. Confidence intervals help
to distinguish between those two scenarios. Furthermore,
even when a p-value is significant, confidence intervals can
distinguish how precisely the study has estimated the magni-
tude of the intervention’s effect and can contribute to inter-
pretation of whether the intervention is clinically
worthwhile. P-values don’t provide this information.7,11

The physical therapy profession has made efforts to
increase the use of confidence intervals, including in publi-
cations in the 2000s,12 2010s,11,13,14 and recently.7 An analy-
sis of a representative sample of physical therapy trials
showed a modest but steady increase in the use of confi-
dence intervals over a 30-year period.9

Although the trends showing an increase in the use of
confidence intervals are heartening, there are several rea-
sons why it is important to continue to monitor the use of
confidence intervals in physical therapy trials. First, the per-
centage of physical therapy trials reporting confidence
intervals at the end of the 30-year analysis period (2016)
had only reached 42 %,9 so further improvement is needed.
Second, in some professions and journals, the proportion of
studies reporting confidence intervals has plateaued.15,16

Third, in 2022, there was an initiative by the International
Society of Physiotherapy Journal Editors to encourage rou-
tine use of confidence intervals instead of p-values,7 so
establishing a baseline prevalence immediately prior to that
initiative will help to later discern its effect.

To get the most benefit from a confidence interval,
researchers must do more than simply report it. Researchers
must also interpret the relevance of the range of values
within the confidence interval and consider the implications
arising from them. Many researchers calculate confidence
intervals at the request of editors, but then ignore them and
interpret their trial’s result dichotomously as statistically
significant or non-significant instead.17 Interpretation is cru-
cial but no study of physical therapy trials has yet examined
whether confidence intervals are interpreted when they are
reported.

It is common that clinical trials present underpowered
samples due to several factors, including small sample
size, unexpected low inflow of patients, or high attrition
rates. Confidence intervals can be useful to describe the
effect of sample size and indirectly reflect the statistical
power of the clinical trial, which is influenced by the sam-
ple size. Although some issues have been raised regarding
common approaches to sample size calculation in clinical
trials,10 if researchers are going to do a sample size calcu-
lation then it also seems worth observing how often the
intended sample size is achieved in trials of physical ther-
apy interventions.

Another issue related to confidence intervals and sample
size calculation is whether one or multiple primary out-
comes are nominated. Although adjustment for multiple pri-
mary outcomes is widely recommended and often used in
clinical trials,18 it is more commonly used with p-values than
confidence intervals.19 Therefore, it also seems worthwhile
to observe whether physical therapy trials that nominate
multiple primary outcomes adjust for multiple primary out-
comes. Therefore, the primary aim of this study was to
answer the following question:

1. How prevalent is the use of confidence intervals in the
current reporting of between-group differences in rando-
mised trials of physical therapy interventions?

Secondarily we aimed to answer:
2. Where confidence intervals are used in the reporting of

between-group differences, are the confidence intervals
interpreted by the authors?

3. Do physical therapy trials achieve their intended sample
size?

4. Where physical therapy trials nominate multiple primary
outcomes, do they adjust for multiple primary outcomes?

Methods

Study design

The Physiotherapy Evidence Database or ‘PEDro’ is a free,
web-based database of evidence relevant to physical ther-
apy. It is available at http://www.pedro.org.au/. It is a
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highly comprehensive source of randomized trials in physical
therapy.20,21

We randomly selected 100 trials published in 2021 from
those indexed on PEDro to form a representative sample for
analysis. Random sampling was performed using Random
function of Microsoft Excel software (Microsoft Office 2007,
Microsoft Corporation, Redmond, Washington).

For the purpose of this study, randomised trials that
failed to report a statistical comparison of the between-
group difference were irrelevant. Therefore, the very small
proportion of trials published in 2021 that failed to report a
between-group statistical comparison were excluded. Also,
because some of the data coded on PEDro (eg, subdiscipline)
was used to characterise the trials, the small proportion of
papers that were awaiting consensus coding were also
excluded before the random selection of trials. We focused
on the primary report of each research trial so pilot studies
and secondary analyses were also excluded. Trials using
Bayesian methods would report credibility intervals rather
than confidence intervals, and therefore were excluded.
There was no restriction by language of publication or area
of physical therapy practice.

Data extraction

To characterize the trials, we downloaded the subdiscipline
of physical therapy from PEDro. If a trial was coded under
more than one subdiscipline, we used all codes so studies
may be coded under more than one subdiscipline. We also
downloaded the language of publication and the PEDro Scale
quality criteria for the 100 trials. We then extracted answers
to the following questions from the trials:

- How many participants were randomised? (number)
- Was an a-priori sample size calculation reported? (Yes/
No)
- If yes, what was the sample size indicated by the cal-
culation? (number)

- How many sites were involved in recruitment? (number)
- What was the location of data collection? (continent)
- Was the trial funded? (Yes/No) We accepted only funding
for the trial, not authors.

- Was at least one primary outcome identified? (Yes/No)
- If yes, how many primary outcomes were identified?
(number)

- If >1, was there adjustment for multiple primary out-
comes? (Yes/No)

Finally, we extracted whether the analysis of all, some or
none of the between-group comparisons were reported using
95 % confidence intervals. Other levels of confidence inter-
val were also considered (e.g., 99 % confidence interval).
Confidence intervals for other types of analysis (e.g., base-
line characteristics, within-group comparisons) were not
considered. We also extracted whether the types of out-
comes reported with confidence intervals were continuous,
dichotomousor both; and recorded whether the confidence
intervals were presented numerically, graphically or both.

We recorded whether at least one confidence interval
was interpreted. Interpretation included any mention of the
clinical implications of the confidence interval limit(s), any
reference to the null value being inside or outside the

confidence interval, and/or any reference to location of the
confidence interval relative to the smallest worthwhile
effect (or a synonym such as the minimum clinically impor-
tant difference) or a clinically relevant threshold. The
reporting of interpretation was recorded as Yes/No.

We also recorded whether the trial reported a primary
outcome (i.e., the terms primary, principal, main or key

were used when specifying an outcome). For all trials that
had more than one primary outcome, we recorded whether
there was any adjustment for multiple comparisons (includ-
ing Bonferroni, sharpened Bonferroni, Dunn, etc.).

Two independent reviewers extracted all these data, with
any disagreements resolved by discussion. The primary out-
come in our analysis was the prevalence of reporting of the
between-group differences with 95 % confidence intervals.

Data analysis

The sample size of 100 trials was chosen because it gives
overall estimates of prevalence that have confidence limits
smaller than§10 %, which we consider to be sufficiently pre-
cise estimates to characterize the use of 95 % confidence
intervals. For the random sample of 100 trials, data related
to trial characteristics was reported using descriptive statis-
tics: mean and standard deviation (SD) for normally distrib-
uted, continuous data; median and interquartile range (IQR)
for non-normally distributed, continuous data; and number
(%) for dichotomous data. The PEDro scale quality criteria
were tallied to a total score for the descriptive statistics.

From the random sample of 100 trials published in 2021,
we calculated the percentage of trials that used confidence
intervals when reporting the between-group comparison for
at least one outcome. Because this result is calculated to
estimate the prevalence of reporting confidence intervals
among all trials of physical therapy interventions published
in 2021, the prevalence estimate was accompanied by a con-
fidence interval.

We compared trials that reported or did not report confi-
dence intervals with respect to their PEDro Scale scores and
number of participants randomised. The data for PEDro
Scale scores and for the number of participants were not
normally distributed, so we performed Hodges-Lehmann
estimation of the median difference (95 % CI).22 MedCalc
software was used for analysis.

We compared the percentage of trials that used confi-
dence intervals in 2021 to the percentage in 2016 from pre-
viously published data.9

Results

The June 2022 update of PEDro contained 2832 trials pub-
lished in 2021. About 2 % of trials were excluded because
they were in-process or did not report a between-group
comparison. None of the randomly sampled trials used
Bayesian methods so none was excluded for this reason.

Characteristics of the included trials

The main characteristics of the 100 randomly selected trials
are presented in Table 1. In this cohort, all trials were pub-
lished in English. Most studies were classified in
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musculoskeletal (29 %), cardiothoracic (13 %) and gerontol-
ogy (12 %) subdisciplines.

How prevalent is the use of confidence intervals?

The prevalence of confidence intervals for at least one out-
come among the 100 trials published in 2021 was 47 % (95 %
CI: 38, 57). This represents a marginal improvement over
2016, when 42 % (95 % CI: 29, 56) of trials reported some or
all outcomes with confidence intervals (Fig. 1A). Among the
47 trials that presented confidence intervals, 36 trials (77 %)
reported them for continuous outcomes (Fig. 1B). Among
the 47 trials that presented confidence intervals, 45 trials
(96 %) reported them numerically, none reported them
graphically only, and only 2 (4 %) reported confidence inter-
vals both numerically and graphically.

Trials that reported confidence intervals had a marginally
higher PEDro Scale score than trials that did not report confi-
dence intervals (Hodges-Lehmann median difference: 1;
95 % CI: 0, 1), as shown in Fig. 2A. Trials that reported confi-
dence intervals had higher sample sizes than trials that did
not report confidence intervals (Hodges-Lehmann median
difference: 34; 95 % CI: 12, 66). (Fig. 2B).

Where confidence intervals are used in the
reporting of between-group differences, are the
confidence intervals interpreted by the authors?

Among the 47 trials that presented at least one outcome
with confidence interval around the between-group differ-
ence, only 6 (13 %) interpreted the confidence interval. This
means that among the 100 trials, only 6 % (95 % CI: 3, 12)
both reported and interpreted a confidence interval for at
least one outcome.

Do physical therapy trials achieve their intended
sample size?

Among the 100 trials, 32 (32 %, 95 % CI: 24, 42) did not report
sample size calculation. Among the remaining 68 trials, the
mean number randomised exactly met the calculated
required sample size in 16 trials, exceeded it in 43 trials,
and fell short of it in 9 trials. In relative terms across the 68
trials, the number randomised was 1.18 (SD 0.33) times
larger than the calculated required sample size. Among the
100 trials, 59 (59 %, 95 % CI: 49, 68) both calculated and
achieved their required sample size.

Table 1 Summary of characteristics extracted from the

published reports of the 50 trials randomly selected from

2016 (previously published data9) and the 100 trials randomly

selected from 2021.

2016 (n = 50) 2021 (n = 100)

English language n

(%)

48 (96) 100 (100)

Subdiscipline, n (%)

Cardiothoracic 4 (8) 13 (13)

Continence and wom-

en’s health

7 (14) 11 (11)

Ergonomics and occu-

pational health

2 (4) 0 (0)

Gerontology 1 (2) 12 (12)

Musculoskeletal 13 (26) 29 (29)

Neurology 3 (6) 13 (13)

Oncology 1 (2) 5 (5)

Orthopaedics 6 (12) 8 (8)

Paediatrics 2 (4) 11 (11)

Sports 6 (12) 8 (8)

Other 5 (10) 9 (9)

Total PEDro score (0

to 10), median

[IQR]

6 [5; 7] 6 [5; 7]

Randomised partici-

pants, median

[IQR]

81 [39; 123] 71 [45; 117]

Sample size calcula-

tion presented, n

yes (%)

32 (64) 71 (71)

Sample size calcu-

lated, median

[IQR]

89 [48; 173] 60 [39; 137]

Multicentre recruit-

ment, n (%)

No 25 (50) 49 (49)

Yes 19 (38) 23 (23)

Not specified 6 (12) 28 (28)

Sites involved if multi-

centre, median

[IQR]

3 [2;8] 4 [2;12]

Continent

Asia 15 (30) 44 (44)

Africa 0 (0) 3 (3)

Europe 17 (34) 30 (30)

North America 9 (18) 9 (9)

Oceania 7 (14) 7 (7)

South America 2 (4) 7 (7)

Funding, n (%)

Yes 29 (58) 45 (45)

No 17 (34) 39 (39)

Unclear 4 (8) 16 (16)

Primary outcome

identified, n (%)

33 (66) 62 (62)

Number of primary

outcomes, median

[IQR]

1 [1;2] 1 [1;2]

Adjustment for mul-

tiple primary out-

comes, n (%)

(n = 15) (n = 63)

Table 1 (Continued)

2016 (n = 50) 2021 (n = 100)

Yes 3 (20) 23 (37)

No 12 (80) 40 (63)

IQR, interquartile range. If a trial was coded under >1 subdisci-
pline, we used all codes so studies may be under more than one
subdiscipline.
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Fig. 1 Percentage of trials from 2016 to 2021 that (A) reported 95 % confidence intervals for at least one outcome and (B) reported

95 % confidence intervals for continuous and/or dichotomous outcomes.
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Where physical therapy trials nominate multiple
primary outcomes, do they adjust for multiple
primary outcomes?

Among the 100 trials, 37 did not nominate any primary out-
come, 33 nominated a single primary outcome, 16 nomi-
nated two primary outcomes, and 14 nominated between
three and eight primary outcomes. Among the 30 trials that
nominated multiple primary outcomes, 11 (37 %) made an
adjustment for multiplicity. This means that among the full
cohort of 100 trials, only 19 % (95 % CI: 13, 28) had a problem
with unadjusted multiplicity on the primary outcomes.
Among the 11 trials that adjusted for multiplicity, only six
also reported confidence intervals. Two of these studies
adjusted p-values and four adjusted both p-values and confi-
dence intervals.

Discussion

Overall, less than half of our sample of 100 trials reported
confidence intervals. This represented an absolute increase
of 5 % since 2016.9 The improvement observed over this 5-
year period might be an indication of advances in awareness
regarding the important role of confidence intervals in pro-
viding meaningful information about the precision of esti-
mates of clinical interventions. These trends are a positive
sign in reducing the entrenched habit of using p-values as
the method of statistical inference.

Previous studies observed the prevalence of confidence
intervals reporting ranging from 86 % of trials in epidemiol-
ogy, 54 % in public health, 27 % in dermatology, and 9 % in
biomedical research.17,23,24 The current reporting in physi-
cal therapy trials (47 %) was in the middle of this range.
However, we did not restrict the inclusion of studies accord-
ing to the publishing journals’ impact factor, as performed
in previous studies. Instead, we included any journals
indexed on PEDro, which comprehensively indexes physical
therapy trials,20,21 thereby forming a representative sample
for analysis. This might explain at least part of the differen-
ces in results across disciplines, as studies published in high

impact journals are more likely to present confidence
intervals.9,15

High impact journals tend to adhere to reporting guide-
lines, such as the Consolidated Standards of Reporting Trials
(CONSORT), which require the presentation of estimated
effect size and its precision.25 Several journals already
endorse the use of CONSORTas a requirement for submission
and there is a trend to increase the adoption of this policy
across journals.26 This could be one of the factors related to
the increase in reporting of confidence intervals observed
between 2016 and 2021.

Confidence intervals are important to indicate the direc-
tion and size of the treatment effect, so improvements
observed in the reporting of confidence intervals have
important implications. Confidence intervals might help
reduce “spin” (incorrect or misrepresentation of results)
common in physical therapy research and help clinicians
make more informed clinical decisions.27 To continuously
improve the reporting of confidence intervals, editors,
reviewers and researchers should be encouraged to require
that clinical trialists report confidence intervals as a stan-
dard component of their results.7

Reporting of confidence intervals is critical, but it’s only
half the job. Confidence intervals must also be interpreted
appropriately. To our knowledge, this is the first study that
investigated the format of representation (numerical or
graphical) and whether these estimates were interpreted by
researchers. A sound interpretation by the original authors
can help clinicians to understand confidence intervals cor-
rectly. Among the 100 trials, only 6 % (95 % CI: 3, 12) of stud-
ies both reported and interpreted a confidence interval for
at least one outcome. Our results are consistent with previ-
ous literature where the interpretation of results in terms of
clinical relevance is sparsely used across trials.17,28

Some clinicians may not have a strong background in sta-
tistics or may have a misunderstanding of confidence inter-
vals. These factors can lead to challenges in interpreting the
clinical implications of confidence intervals.29 Therefore,
clinical trialists should discuss the clinical implications of
the confidence intervals when they publish their results.
This will help clinicians to appreciate the clinical relevance
of the study findings. Providing an interpretation should
involve discussion of the clinical implications of the range of
values within the confidence interval. This might include
reference to the null value being inside or outside the confi-
dence interval, and reference to location of the confidence
interval relative to the smallest worthwhile effect or a clini-
cally relevant threshold.

Another aspect that could facilitate interpretation of
confidence intervals by clinicians could be the format of pre-
sentation. Among the 47 trials that included confidence
intervals, 96 % presented a numerical representation. Previ-
ous studies demonstrated that format of presentation of
patient-reported outcomes in clinical trials may be associ-
ated with how accurately they are interpreted by clin-
icians.30�32 Visual presentation strategies may be further
explored, to improve efficacy in data communication around
confidence intervals and proposed as an alternate method of
presenting findings. Graphic presentations can provide an
intuitive understanding regarding an outcome’s estimates
and help reduce the challenge for non-statisticians to under-
stand the clinical implications of confidence intervals.

Fig. 2 Comparisons between the trials that did and did not

report 95 % confidence intervals for two characteristics: (A)

total PEDro score and (B) number of participants. Data are pre-

sented as median and IQR.
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The sample size of a clinical trial directly affects confi-
dence intervals. Lower sample sizes reduce the likelihood
that the study generates estimates that are representative
of the true effect in the wider patient population from which
the study cohort was sampled. To acknowledge this larger
degree of uncertainty in the findings, smaller samples gener-
ate wider confidence intervals. When a study’s estimate is
accompanied by a wide confidence interval, clinicians
should acknowledge that uncertainty about what the true
average effect of the intervention is. They need to be pre-
pared to explain to patients that the evidence hasn’t yet
precisely estimated the average effect of the intervention
on that outcome. They should be prepared to explain that
the average effect might be favorable at the upper limit of
the confidence interval, unfavorable at the lower limit of
the confidence interval, or anywhere in between.

Our results showed some interesting findings regarding
sample size. First, about one-third of the trials did not
report a sample size calculation. Although some issues have
been raised regarding common approaches to sample size
calculation in clinical trials,10 it is disappointing that this
proportion of clinical trialists did not consider sample size in
any formal way when planning their study. Second, among
68 trials that did report a sample size calculation, 59
achieved or exceeded the required sample size. This sug-
gests that calculating a target sample size might inspire
researchers to ensure it is achieved. Overall, though, there
is still plenty of potential to improve the calculation and
achievement of the required sample size, given that only
59 % (95 % CI 49, 68) achieved both of these elements. This
problem has been observed elsewhere. For example, Gia-
nola et al33 identified that only 40 % of randomised con-
trolled trials that analysed rehabilitation interventions for
low back pain were adequately powered.

The last aim of our study was to determine the preva-
lence of adjustment for multiplicity among physical therapy
trials that reported multiple primary outcomes. Among the
30 trials that nominated multiple primary outcomes, 11
(37 %) made an adjustment for multiplicity. Therefore,
among the full cohort of 100 trials, only 19 % (95 % CI: 13,
28) had a problem with unadjusted multiplicity. Although it
affected a relatively small proportion of the trials, adjust-
ments for multiplicity are required to reduce the possibility
of type I error.18 Failure to adjust for multiple comparisons
in randomised trials can result in unreliable findings, which
can have negative consequences for patient care. Although
adjustments for multiple comparisons are important, they
also reduce the statistical power of the analysis for a given
sample size and therefore widen the confidence intervals.18

Adjustment of the sample size to account for this is recom-
mended.

The strengths in our design included the assessment of
multiple trial characteristics with reliable data extraction
(two independent reviewers). Additionally, we used random
selection to generate a large representative sample of trials,
improving the generalisability of the findings. Our study
presents important implications because the findings indi-
cate the need for greater attention to the reporting of confi-
dence intervals in randomised controlled trials. One
limitation is that, despite applying no language restrictions
during random sampling, only English-language trials were
selected. This is likely because only 3 % of the eligible trials

from which the 100 trials were selected were published in
languages other than English. Another limitation is that we
did not assess whether the studies that adjusted for multiple
comparisons in their analysis also adjusted their sample size
accordingly. This could be the focus of future research. Addi-
tionally, further research could address whether confidence
intervals are calculated correctly and interpreted appropri-
ately.

Conclusions

Around half of trials of physical therapy interventions pub-
lished in 2021 reported a confidence interval around at least
one between-group difference. This represents an increase
of 5 % from 5 years earlier. Very few trials interpreted the
confidence interval and presented the confidence interval
graphically. Most trials of physical therapy interventions
report a sample size calculation, and achieve the required
sample size. There is still a need to increase the nomination
of a primary outcome and, if multiple primary outcomes are
nominated, the use of adjustment for multiple comparisons.
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