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Abstract

Background: Sample size determination is essential for reliable hypothesis testing in clinical trials and should rely on

adequate sample size calculations with alpha, beta, variance, and an effect size being the minimal clinically important

difference (MCID). This facilitates interpretation of the clinical relevance of statistically significant results. No gold

standard for MCIDs exists in postoperative pain research.

Methods: We searched Cochrane Central Register of Controlled Trials, MEDLINE, and Embase for English language ar-

ticles on randomised trials investigating analgesic interventions after total hip or knee arthroplasty. Primary outcomes

were the reported MCIDs for pain score and cumulated rescue opioid consumption. Secondary outcomes included re-

ported sample size calculations and propensity to report statistical significance without reaching MCID. Trend analyses

were conducted using statistical process control.

Results: We included 570 trials. Median MCID for 0-24 h opioid consumption was 10 mg i.v. morphine equivalents for

absolute reductions (interquartile range [IQR]: 6.8-14.5) and relative 40% (IQR: 30e50%). Median MCIDs for pain scores

were absolute 15 mm at rest (IQR: 10e20) and 18 mm during movement (IQR: 10e20) on a 0e100 mmVAS and relative 30%

(IQR: 20e30%). No trends were demonstrated for MCIDs. Adequate sample size calculations were reported in 34% of trials.

In 46% of trials with statistically significant primary outcomes, the differences did not reach the predetermined MCID.

Conclusions: We provide clinician-perceived MCID estimates for rescue opioid consumption and pain scores that can be

used for sample size calculations until reliable evidence-based patient-rated MCIDs emerge. Nearly half of the trials with

significant findings did not reach the predetermined MCID.

Keywords: attrition; minimal clinically important difference; numerical analogue scale; patient-controlled analgesia;

postoperative morphine consumption; postoperative pain treatment; power calculation; visual analogue scale
Editor’s key points

� For key outcomes in trials on postoperative pain,

patient-rated thresholds for clinical relevance are

unclear.
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� This review summarises minimal clinically important

differences chosen by authors of 570 RCTs on pain

management after total hip and knee arthroplasty.

� These findings may be useful to future trialists until

reliable patient-rated evidence emerges.
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Sample size calculations are essential for the reliability of

intervention effects in RCTs, and the designation of minimal

clinically important differences (MCIDs) ensures that the ef-

fects are clinically meaningful.1 The MCID for an outcome

measure is the smallest difference between groups that a pa-

tient would find important.1,2 Before initiation of RCTs, the

MCID should be designated, optimally based on evidence from

studies on patient-rated important differences, but often the

literature lacks evidence and instead clinician-perceived

MCIDs are used.1e3

In pain management, MCIDs are controversial. A recent

review on acute pain found the patient-rated MCID to be 8e40

mm reductions on a 0e100 mm VAS,4 and previous studies of

unselected cohorts of patients experiencing acute pain have

suggested the patient-rated MCID to be 10e13 mm on

average.5,6 For opioid-sparing effects, recent large post-

operative trials have used MCIDs of i.v. morphine equivalents

2.5e10 mg 0e24 h postoperatively,7e9 but the choice is arbi-

trary, as there is no evidence for a patient-ratedMCID. Also, no

available guidance from typically used values in previous RCTs

exists in the literature, hence MCIDs for opioid-sparing effects

are often clinician-perceived. For both opioid and pain MCIDs,

the disadvantage of using absolute reductions is that even

effectful interventions cannot produce clinically relevant pain

relief if the assay sensitivity is low (i.e. if participants are at low

risk of moderate-to-severe postoperative pain or co-

administered basal analgesic regimens reducing pain to a

minimum).10 In summary, research on relevant MCIDs in

postoperative pain trials is needed.

A minimum of four factors must be considered for proper

sample size calculations11e13: the risk of Type I error (alpha),

the risk of Type II error (beta), the within-group variance (for

continuous outcomes), and the effect size (the MCID). These

factors are often poorly reported in RCTs.14 Adequate sample

size considerations and reporting of sample size calculations

are important for the transparency of RCTs and subsequent

evaluations of reporting bias in systematic reviews.14e18 Un-

derpowered RCTs are at high risk of Type II errors,19 whereas

overpowered RCTs raise ethical concerns regarding potential

harms, patient inconvenience, unnecessary expenditures, and

risk of obtaining statistically significant but clinically irrele-

vant results.

Total hip arthroplasty (THA) and total knee arthroplasty

(TKA) are some of the most frequently performed planned

procedures worldwide.20e22 The procedures are associated

with substantial postoperative pain, and numerous RCTs have

been published investigating different analgesic

treatments.23,24

In this systematic review, we aimed to investigate the re-

ported MCIDs in RCTs on postoperative pain management

after THA and TKA as markers for clinician-perceived MCIDs.

Further, we investigated the adequacy in reporting of sample

size calculations, the tendency to report significant but clini-

cally irrelevant differences, and statistical considerations for

pain score and opioid consumption outcomes.
Methods

This review was written in coherence with the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses

2009 checklist apart from bias evaluations and meta-

analysis, as we aimed to assess statistical strategies regard-

less of the methodological quality of the trials (Supplementary

Appendix 1).25 The protocol was registered at the PROSPERO
database for systematic reviews (CRD42020151317; registered

on October 1, 2019). The full protocol and database are avail-

able from the corresponding author.
Information sources

Systematic literature searches were performed in Cochrane

Central Register of Controlled Trials, MEDLINE, and Embase

(Supplementary Appendix 2). Databases were searched up to

January 7, 2020 (Supplementary Appendix 2). Identical search

strings have been used for other reviews in the same research

programme.24,26
Eligibility criteria

Eligible trials were published RCTs accessible in English, irre-

spective of publication year, investigating perioperative med-

ical analgesic interventions for immediate postoperative pain

in adults (�18 yr) undergoing THA or TKA. We excluded con-

ference abstracts, as these rarely report sample size calcula-

tions because of limited word count. Also, quasi-randomised

trials and trials including fracture surgery, hemi-

arthroplasties, or bilateral arthroplasties were excluded. Tri-

als were screened for eligibility by three authors indepen-

dently (CP, JL, and TNR), and any disagreements were resolved

by a senior author (APHK or OM).
Data collection process

Data sources were the published articles and attached sup-

plementary materials. Authors were not contacted to obtain

further information, as we aimed to assess the actual pub-

lished material. A pilot data extraction of 20 trials was carried

out by four authors (APHK, CP, JL, and TNR) independently to

ensure uniformity. Data from the remaining trials were inde-

pendently extracted into Excel version 16.0 (Microsoft, Red-

mond, WA, USA) spreadsheets by three authors (CP, JL, and

TNR). Discrepancies were detected using conditional format-

ting, and disagreements were solved by a senior author (APHK

or OM).
Study outcomes

The primary outcomes were the chosen MCIDs for pain score

assessed at rest, pain score assessed during mobilisation, and

cumulated rescue opioid consumption.

Secondary outcomes were (i) reporting of sample size cal-

culations in the included RCTs, including alpha, beta, vari-

ance, and MCID; (ii) proportion of trials with a statistically

significant, but clinically unimportant, primary outcome; (iii)

use of significance levels, P-values, and confidence intervals;

(iv) use of parametric and non-parametric statistics for out-

comes with pain scores and cumulated rescue opioid con-

sumption; and (v) choice of visual presentation (box plot/

scatter plot/bar chart/table).
Synthesis of results

Data were presented as percentages or absolute numbers as

appropriate. Datawere presented asmedian and inter-quartile

range (IQR) for all outcomes, as these are appropriate for non-

parametric distributions and correlate well with mean and

standard deviation (SD) in parametric distributions. Trend an-

alyses were assessed with statistical process control (SPC)

charts using R i386 version 3.6 (https://www.r-project.org/)

https://www.r-project.org/
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and RStudio (https://rstudio.com/), with the package qicharts2

(https://cran.r-project.org/web/packages/qicharts2/). Origi-

nally developed for quality control, SPC is specifically devel-

oped tomonitor changes over time. Changes are detected from

the distribution of data points rather than the significance

level of a regression line. In SPC, processes are described as

random or non-random depending on the progression of data

points. A process is non-random when either the length of a

‘run’ (i.e. the number of consecutive observations on the same

side of the mean line) is above a cut-off value, or when the

number of times the process crosses the mean line is below a

cut-off value. The cut-off values for runs and crossings depend

on number of observations in a proportional fashion.27

If reported in�80 trials, selected predefined outcomes were

subgroup analysed for differences over time, continental,

procedural (THA/TKA), or interventional differences (systemic

analgesics, local infiltration analgesia, neuraxial blockades,

and peripheral nerve blocks).

Whenever trials reported effect size in their power calcu-

lation, this was interpreted as the chosen MCID. Cumulated

opioid consumptions were converted to milligram i.v.

morphine equivalents (24 h)�1.27 All 11-point and 101-point

pain scales were converted to millimetres on the 0e100 mm

VAS.
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Using multivariate logistic regression, we post hoc analysed

the effect of (i) publication year, (ii) number of participants (per

trial arm), (iii) journal impact factor,29 (iv) multicentricity, and

(v) prospective online trial registration on the tendency to

report (i) MCID; (ii) an adequate sample size calculation with

alpha, beta, variance, and MCID; and (iii) a statistically signif-

icant, but clinically unimportant primary outcome. We con-

ducted complete-case analyses using R i386 version 3.6 with P-

values <0.05 considered statistically significant.
Results

We identified 20 646 records, screened 14 200 abstracts, full-

text assessed 1000 eligible articles, and included 570 RCTs

(Fig. 1). Trials published between 2011 and 2020 constituted

59% of the included trials. Intervention arms were directly

compared without a control group in 45% of the trials. Trial

characteristics are shown in Table 1.
Primary outcome

Median MCID for 0e24 h postoperative opioid consumption

was i.v. morphine equivalent 10 mg for absolute reductions

(IQR: 6.8e14.5; 54 trials) and 40% for relative reductions (IQR:

30e50%; 95 trials).
ecords identified
other sources
(n=2)

ed

Records excluded
(n=13 200)

Full-text articles excluded
(n=430)

Language=115
Not unilateral elective THA/TKA=102
Not randomised=65
Not journal article=34
Not retrievable=30
Duplicate=28
Not pain trial=26
Not immediately postoperative=22
Included age <18 yr or single gender=4
Retracted article=3
Non-pharmacological intervention=1

ses flow diagram. Minimal clinically important differences in post-

n January 7, 2020. THA, total hip arthroplasty; TKA, total knee
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Median MCID for absolute reduction in pain scores was 15

mm during rest (IQR: 10e20; 96 trials) and 18 mm during

movement (IQR: 10e20; 24 trials). Median MCID for a relative

pain reduction was 30% (IQR: 20-40%), but this was rarely re-

ported (36 trials for rest and movement combined).

A total of 98 trials (18%) used MCIDs for other outcomes,

including mobility outcomes, duration of analgesia, and

length of hospital stay. The propensity of trials using pain

score as effect size in the sample size calculation increased

over time (Supplementary Appendix 3). The chosen MCIDs for

pain scores and rescue opioid consumption were comparable

between continents and surgical procedure, whereas the

chosen MCID for absolute reduction in pain score was slightly

lower for trials investigating systemic analgesics (10 [10e16]

mm) compared with other intervention types (Supplementary

Appendix 4). In 206 (36%) trials, no MCIDs were mentioned,

whereas 37 (6%) trials mentioned more than one MCID as a

result of multiple primary outcomes.
Secondary outcomes

An a priori sample size calculation was reported in 458 trials

(80%) (Table 2). Adequate sample size calculations with

reporting of alpha, beta, SD, and MCID were available in 194

trials (34%).

The median sample size was 30 participants per trial arm

(IQR: 20e45) with a significant increase over time (Fig. 2). An

adjusted larger sample size than the calculated was explicitly

chosen to account for attrition and missing data in 205 trials

(36%), typically adding 1e20% extra participants to each trial

arm. The relative number of added participants did not change

over time (Fig. 2).
Table 1 Trial characteristics. Values are no. of trials (proportion of a

n (%)

Geographical distribution of studies
Europe 229 (40)
UK 44 (8)
Denmark 32 (6)
Germany 23 (4)
Italy 20 (4)
France 17 (3)
Sweden 15 (3)
Finland 12 (2)
Netherlands 11 (2)
Switzerland 11 (2)

Asia 174 (31)
China 43 (8)
South Korea 22 (4)
Turkey 22 (4)
Thailand 20 (4)
India 19 (3)
Japan 18 (3)
Taiwan 10 (2)
Singapore 9 (2)

North America 137 (24)
USA 102 (18)
Canada 36 (6)

Australia 14 (2)
Australia 13 (2)
In 46% of trials with a statistically significant primary

outcome, the difference did not reach the predetermined

MCID (Table 3).

The proportion of trials reporting a primary outcome with

mean change and confidence intervals increased over time

(Supplementary Appendix 5). The tendency to use parametric

and non-parametric analyses did not change over time

(Supplementary Appendix 6). Parametric analyses were more

frequently used in trials explicitly testing for data distribution

for both pain score (56% vs 41%) and rescue opioid consump-

tion (54% vs 37%). Scatter plots were themost common graphic

presentation of pain scores (31%), whereas opioid consump-

tion was presented predominantly with bar charts (18%)

(Supplementary Appendix 7).

In post hoc multivariate logistic regression analyses, we

found that prospective online trial registration and publication

in higher-impact journals were associated with a higher ten-

dency to report MCIDs and adequate sample size calculations

(Supplementary Appendix 8). Journal impact factors were

unavailable for 82 publications e primarily trials published

before 1999.
Discussion

In 570 RCTs on postoperative painmanagement after THA and

TKA, median MCID for opioid consumption was an absolute

10 mg i.v. morphine equivalents and a relative 40%, and for

pain scores an absolute 15 mm at rest and 18 mm during

movement and a relative 30%. We interpret these as the

clinician-perceived MCIDs. A priori sample size calculations

were used in 80% of trials, but adequate sample size
ll trials).

n (%)

Online trial registration 197 (35)
Type of intervention tested
Nerve block 128 (22)
Local infiltration analgesia 88 (15)
Neuroaxial 80 (14)
NSAID 33 (6)
Opioid 30 (5)
Gabapentinoid 13 (2)
Paracetamol 6 (1)
Other drugs 36 (6)
Multiple or mixed 156 (27)

Type of comparison
Placebo 208 (36)
No treatment 107 (19)
Other intervention 255 (45)

Publication year
1981e1990 13 (2)
1991e2000 71 (12)
2001e2010 148 (26)
2011e2020 338 (59)

Type of surgery
Total hip arthroplasty 153 (27)
Total knee arthroplasty 373 (65)
Both 44 (8)
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Fig 2. Statistical process control charts for choices of sample size components. Control charts showing trends in chosen effect sizes

(absolute for pain score and relative for opioid consumption because those were the only reported in �80 trials), alpha and beta error

rates, proportion of trials adding a surplus of participants to account for attrition, the average chosen sample size, and the proportion of

added participants (blue lines). The point and line graphs are depicted in relation to the mean. Non-random processes (red stippled lines)

and unstable processes (red points outside the grey control limits) indicate significant trends. Significant increases over time were

observed in average sample size and the proportion of trials adding a surplus of participants to account for attrition. No trends were

observed in the remaining charts. The unstable process in the proportion of added participants to account for attrition was not inter-

preted as a change.
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calculations with alpha, beta, variance, and effect size were

reported only in 34%.

The clinician-perceived MCIDs for pain score found in our

review are comparable with the 17 mm (IQR: 14e23) demon-

strated in a recent meta-analysis of 35 acute pain MCID

studies, which currently is the highest-quality published evi-

dence on patient-rated pain score MCIDs.4 The studies

included in that review generally used the mean change

approach, in which patients were asked at what point they

sensed pain relief and where the difference from the anchor

score constituted the MCID.4 In a cohort of 304 patients un-

dergoing THA or TKA, the MCIDs were demonstrated to be 19

and 23 mm, respectively.30 This is higher than MCIDs used in

most of the RCTs included in our review. Both the aforemen-

tioned review4 and cohort study30 reported pain scores in ab-

solute differences. This resembles our finding of few trials

using relative differences for pain scores, which could arise

from an inclination amongst triallists to avoid using

misleading large relative, but clinically irrelevant, differences

in trials with low assay sensitivity. Use of absolute reductions

asMCIDs in pain score and opioid consumption outcomesmay

generate issues with between-trial heterogeneity because of

variance in baseline pain risk attributable to differences in

populations and basal analgesic regimens. However, methods

to account for baseline risk have been proposed for rescue

opioid consumption outcomes and could be adapted to pain

score outcomes.10 Vice versa, using relative differences may

impede the interpretation of clinical relevance in terms of

avoiding opioid-related adverse effects, as these seemingly are

proportionally related to the absolute amount of administered

opioids with a suggested one additional opioid-related adverse

event per 3e4 mg of oral morphine consumed.31 In our

opinion, using absolute reductions is the option with fewest

downsides.

The need for postoperative opioids can be viewed as an

indirect measure of the total pain burden for the investigated

period, although other factors, such as reductions in opioid-

related adverse effects, may also influence patients’ opioid

use. We were unable to find studies investigating MCIDs for

reductions in postoperative opioid consumption. The patient-

deemed relevance of opioid-sparing effects is an important

area for future research.

Few reviews have focused on MCID and sample size cal-

culations. A review of sample size calculations in 116 trials of

different treatments for hip and knee osteoarthritis found

adequate reporting of core components in only 14% of trials.14

Their core components also included reporting of expected

attrition level and use of either one- or two-sided test. How-

ever, superiority designs are preferably reported as two-tailed,

whereas the convention for non-inferiority designs is one-

tailed analyses, therefore we did not include explicit report-

ing of the number of tails in our core component set. The

surplus of participants to account for attrition has been shown

to be overestimated in pain research17,32; hence, researchers

should focus on pragmatic trial designs and inclusion of all

participant data in analyses instead.13 In a review of rando-

mised controlled trials published in top anaesthetic journals in

2013, the reporting of components of the sample size calcu-

lation resembled ours.17

The importance of distinguishing between significant and

relevant results was recently discussed in an editorial by the

Initiative on Methods, Measurement, and Pain Assessment in

Clinical Trials.33 Discouragingly, in our review, almost half of

all trials showing statistically significant effects on primary
outcomes failed to reach the predetermined MCID, meaning

that these differences a priori were deemed clinically unim-

portant. These statistically, but clinically irrelevant differ-

ences were not correlated to small sample sizes, publication in

low-impact journals, monocentricity, or lack of prospective

trial registration. This finding suggests that this is a wide-

spread problem in pain research, although many trials were

not included in the analysis because of absence of designated

primary outcomes. Mismatch between significant results and

MCIDs is most likely caused by overestimated variance and

sample size adjustments that were larger than what was

necessary to account for attrition.17 Conducting sample size

calculations without the use of either pilot trials or local data

with actual patients receiving treatments similar to that of the

control group can cause poor estimation of variance, typically

with overestimation, and lead to ‘overpowered’ trials.34,35

Further, trials of acute postoperative pain are characterised

by low attrition rates because of short follow-up periods.24

Therefore, we recommend triallists to refrain from large

sample size adjustments to minimise significance/MCID

mismatch.14,17

The clinical relevance of an intervention depends on the

effect in clinical practice. In placebo-controlled trials, the

result constitutes the difference between the intervention and

placebo; still in clinical practice, the alternative to intervention

is no intervention.36 Therefore, seemingly non-relevant

intervention effects may reach clinical significance when

used in clinical practice via the addition of the placebo effect,

which is considerable in pain trials.36,37 Also, when the mean

difference does not reach the MCID, a part of the participants

may have still benefitted from the intervention. Therefore, a

within-patient MCID analysis, responder analysis, or calcula-

tion of number needed to treat may be relevant as a supple-

ment to standard analyses.33

The trends in the included RCTs were generally towards

clearer reporting of primary outcomes using confidence in-

tervals, larger sample sizes, and better reporting of sample

size calculations. Collectively, this reflects a trend towards

improved trial methodology in RCTs on analgesic in-

terventions for postoperative painmanagement after THA and

TKA.13,38
Strengths and limitations

We chose to include English-written articles only, which may

have introduced language bias in the analyses. With a risk of

leaving out details, but to ensure focus on the key areas of

sample size calculations, we chose not to assess complex parts

of the sample size calculation, such asmodelling and Bayesian

statistics. We did not compare trials and their protocols for

methodological discrepancies. Such discrepancies should be

assessed during peer review and clearly stated in trials before

publication.39 Data were parallelly extracted to ensure data

completeness and minimise typographical errors. Although

bias evaluations could have had merits, we know from previ-

ous reviews that trials in this field are generally prone to high

risk of bias, thus we chose to focus on other methodological

issues in the current review.28,40

Previous reviews on sample size calculations have included

trials from only leading journals or a specific annual range.We

included all English-written trials investigating postoperative

pain management after THA or TKA regardless of journal or

publication year, which makes our review applicable to the

entire field of research.4,17,30 To explore the impact of



Table 2 Reporting of sample size calculations. Values are no. of trials (proportion of all trials).

n (%) n (%)

Trials with sample size calculation 458 (80) Proportionate adjustment to account for attrition
Alpha reported 388 (68) 1e10 53 (9)
0.05 369 (65) 11e20 80 (14)
0.01 7 (1) 21e30 25 (4)
Other 12 (2) 31e40 19 (3)

Beta reported 403 (71) 41e50 11 (2)
0.2 266 (47) 51e100 12 (2)
0.1 93 (16) 101 5 (1)
0.05 16 (3) Use of software reported 380 (67)
0.15 10 (2) SPSS 219 (38)
Other 18 (3) SAS 63 (11)

Standard deviation reported 215 (38) STATA 35 (6)
Effect size reported 364 (64) GraphPad 16 (3)
Presented as minimal clinically important difference 148 (26) R 12 (2)

All components reported 194 (34) Sample size calculated from
Pilot study 58 (10)
Data from the department 65 (11)
Previous studies 134 (24)
Not mentioned 201 (35)

Clinically important differences in pain trials - 1035
important characteristics related to trial methodology, we did

a post hoc regression analysis and found that prospective trial

registration and publication in a high-impact journal

increased the likelihood of a reported MCID and adequate

sample size calculation.
Perspectives

We provide valuable estimates of MCIDs for pain scores and

rescue opioid consumption after THA and TKA as provided by

authors of RCTs in this field. The MCIDs for pain score

demonstrated in this review are supported by the current

literature on patient-rated MCIDs. For rescue opioid con-

sumption, no prior evidence was available. Until higher-

quality evidence is established on patient-rated MCIDs, we

present the current MCID of i.v. morphine 10 mg based on

information from 570 trials as an available base for future

sample size calculations in RCTs on pain management after

THA and TKA surgeries. The relevance of these MCIDs as rated
Table 3 Reporting of significance. Values are no. of trials
(proportion of all trials).

n (%)

Significance marker
Only P-value 479 (84)
Confidence intervals 90 (16)

Number of primary outcomes
1e2 or mass correction 261 (46)
>2 and no correction 73 (13)
None specified 236 (41)

P-value
0.05 503 (88)
<0.05 24 (4)
Not specified 43 (8)

Number of trials with significant primary outcome(s)
Significant 160 (28)
Difference > effect size 86 (15)
Difference < effect size 74 (13)

Not significant 101 (18)
by patients remains to be investigated and should be the focus

of future studies. We find it urgent to address mismatches of

statistically significant results, which fail to reach the pre-

determined MCID.
Conclusions

We found that median clinician-perceived MCIDs in post-

operative pain management were 10 mg i.v. morphine equiv-

alents or 40% for opioid consumption and 15e18 mm or 30%

for pain scores. A priori sample size calculations were used in

80% of trials, and adequate sample size calculations with an

alpha, beta, variance, and effect size were reported in 34%.

Nearly half of the trials with significant findings did not reach

their predetermined MCID.
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