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Editorial 

Please refrain from presenting p-values! 

Arianne P Verhagen 

 

 

During our last editorial board meeting we as (associate) editors discussed the use of p-values, 

significance testing, effect sizes and clinical worthwhile effects in the manuscripts submitted to the 

journal and how to deal with them. We had a fruitful discussion, and this editorial reflects our 

consensus, and highlights some guidance for researchers when submitting their manuscript to 

Musculoskeletal Science & Practice. 

 

Statistical reporting 

There have been continuing discussions for at least two decades about the use and misuse of the p-

value. This prompted the American Statistical Association (ASA) in 2016 to recommend that authors 

avoid statements on statistical significance and interpretation of outcomes using an arbitrary 

threshold [ASA 2020, Wasserstein 2016, 2019]. Traditionally, the p-value has been used in 

randomised clinical trials (RCTs) in various ways. Most often it is used in conjunction with testing the 

null hypothesis to answer study questions related to the effectiveness of interventions by 

dichotomising results as significant or not significant [Greenland 2016]. Null hypothesis testing has 

limitations [ASA 2020, Verhagen 2004, Sullivan 2012, Cohen 2016, Herbert 2019]. First and foremost, 

null hypothesis does not measure the probability of the truth of the null hypothesis. The p-value only 

suggests whether the null hypothesis should be rejected, but nothing about the validity of the null 

hypothesis [ASA 2020]. Assuming that the null hypothesis is actually correct, meaning there is no 

difference in effect between two interventions, with a p-value set at 0.05 a significant result will be 

found in about 1 in 20 studies with the same null hypothesis and a comparable set of participants by 

chance. This one time could, in fact, be in the trial that is being carried out at that moment. 

Importantly, a p-value does not measure the size or magnitude of an effect, and its replicability is 

poor [ASA 2020, Verhagen 2004, Sullivan 2012, Cohen 2016, Herbert 2019].  

 

Another use of p-values in RCTs is when comparing baseline variables between randomized groups. 

Statistical testing for baseline differences between randomized groups is not recommended as the 

rationale is that when the randomization procedure is performed well, all differences at baseline are 

due to chance, and hypothesis testing at baseline is considered inappropriate and illogical [Austin 

2010, Harvey 2018]. 



 

 2 

 

P-values are also frequently used in other study designs, such as (prospective) cohort studies and 

cross-sectional studies. Sometimes p-values are used to express whether an association or 

correlations was ‘statistically significant’. These significance figures give an indication as to whether 

the correlation coefficients deviate significantly from 0 (zero) [Schober 2018]. However, this is not 

something that we need to know. Instead, we want to know how close the correlation coefficients 

are to 1 or -1.  

 

Reporting guidelines 

To increase the reporting quality of research, various guidelines are developed per design [see 

Equator-network.org]. There are several recommendations in these guidelines regarding the 

reporting and appropriate use of p-values.  

 

For the reporting of RCTs, authors are guided by the CONSORT-statement (Consolidated Standards 

of Reporting Trials) [Moher 2010]. The CONSORT, for example, recommends authors not report 

results solely as p-values, authors instead are encouraged to use effect estimates and 95% 

confidence intervals (95% CIs) (item 17a) [Moher 2010]. In contrast to p-values, effect estimates 

demonstrate the strength and the direction of the effect [Herbert 2019, Abbott 2014, McLeod 2019]. 

In addition, 95% CIs provide a range of values between which the estimated true effect estimate lies 

[Altman 2006]. For binary outcomes (yes/no answers, like patients are yes/no recovered) it is even 

more tempting to do statistical significance testing using the Chi-square test (or one of its variants). 

In this case the CONSORT-statement recommends calculating a relative effect (risk ratios (relative 

risks) or odds ratio’s in rare cases) and an absolute effect (risk differences), all with their 95%CI 

[Moher 2010]. Unfortunately, this is not the default setting in the most used statistical packages 

SPSS.  

 

Clinical relevance, or a clinical meaningful or clinical worthwhile effect, is another parameter used to 

interpret the magnitude of the effect [Kamper 2019a,b,c]. Terms like “minimal clinically important 

difference”, and “smallest worthwhile effect” are used to determine whether the size of the 

difference between randomised groups is likely to be worthwhile from the patient's perspective 

[Ferreira 2012, Kamper 2019b]. 

 

All advice mentioned above is also recommended in the reporting of systematic reviews of RCTs, as 

guided by the PRISMA-statement (Preferred Reporting Items for Systematic reviews and Meta- 
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Analysis) [Moher 2009]. For cohort studies the recommended reporting guideline is the STROBE-

guideline (Strengthening The Reporting of OBservational studies in Epidemiology) [von Elm 2014]. 

The STROBE also strongly encourages presentation of relative and absolute risk as outcome 

estimates with their 95% CI. Associations between variables can be presented as correlation 

coefficients (Pearson, Spearman, Rank, Intra-Class), and again these can also be presented with their 

95%CI. The interpretation of correlation coefficients is often guided by some cut-off points stating 

when an association is strong, moderate or weak, although these cut-offs are arbitrary and differ 

between different authors [Schober 2018].  

 

Meta-research 

Apart from endorsing the use of different reporting guidelines, many academic journals separately 

endorsed the recommendation by the ASA to refrain from using p-values when more appropriate 

measures can be used (not all p-values are bad). Nevertheless, authors continue to use p-values to 

conclude whether an intervention is effective and should be used clinically, and reviewers and 

editors allow this. A large meta-research study evaluating the reporting of p-values in biomedical 

research over 25 years, showed that 96% of all publications presented at least one p-value, and this 

percentage was steady over time [Chavaliaris 2015].  

 

Another meta-research study evaluated the overall quality of methods in physiotherapy RCTs (e.g. 

randomisation, blinding, analysis) in the PEDro database [Gonzalez 2018]. They found that the 

methods of these RCTs were of sub-optimal quality, as the PEDro score (ranging from 0-10) was on 

average 5.3. Another study found that 95% CIs were reported in approximately 29% of 

physiotherapy trials, with a steady increase in the use over time from 2% in 1986 to 42% in 2016 

[Freire 2019].  

 

A very recent, and not yet published, study investigated the use of p-values, effect estimates and 

clinical relevance in physiotherapy RCTs published in 2000 and 2018 in six major (Q1 peer-reviewed) 

journals [Verhagen, submitted]. In 2018 we found 101 RCTs, and 91.4% of RCTs reported p-values for 

the primary (between-group) analysis, 61.4% performed statistical significance testing for baseline 

differences and 42.6% of studies did not report the effect estimates. It remains unclear why so many 

authors choose not to present effect estimates in an RCT, and why reviewers and journal editors 

permit authors to do so when it is conceivable that a reader may misinterpret the result.  

 

Relevance 
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Physiotherapy is a profession that strives to work towards an evidence-based model, with numerous 

initiatives such as the PEDro database to assist consumers of physiotherapy research [Moseley 

2019]. Research is one of the pillars of evidence-based practice and plays a fundamental role in 

guiding treatment selection. When selecting treatments, physiotherapists must be aware that 

statistical significance does not equate to clinical relevance [Thiese 2016]. Presenting effect 

estimates and variability of the effect (using 95% CIs) will allow clinicians to consider how much a 

patient is likely to benefit from a given intervention compared to another intervention. In addition, 

clinical relevance of outcomes is important when interpreting whether the effects of an intervention 

are meaningful to patients [Ferreira 2012, Kamper 2019b]. Researchers have an ethical obligation to 

accurately report findings to allow for evidence-based decision-making [Verhagen 2004, du Prel 

2009]. Authors, as well as reviewers and editors, should have been aware of reporting guidelines and 

been obligated to adhere to these guidelines [du Prel 2009]. 

 

Future Directions 

As discussed above there are several alternatives for using p-values. We will summarise these below 

and provide some guidance on the reporting of studies in the future:  

1. Do not use the phrase “statistically significant”, as this way you dichotomise your result 

although the results are probably on a continuous spectrum [ASA 2020]. 

2. Refrain from incorrect use of statistical testing, such as baseline comparisons and correlation 

coefficients. 

3. Focus on the size of the effect (effect estimate) for RCTs (and systematic reviews of RCTs) 

and on the strength of the association in cohort studies.  

4. Consider what would be a clinically meaningful effect and formulate your research aim in a 

way that this is reflected. For instance, “we aim to evaluate whether exercises, compared 

with manual therapy, affects pain in patients with low back pain”. In the method you define 

‘exercises’, ‘manual therapy’, and ‘patients with low back pain’. In addition, you explain how 

you assess pain and when you consider a difference between randomised groups as clinically 

meaningful.  

5. Accept uncertainty by calculating and interpreting the confidence interval (precision) around 

the effect estimate. The interpretation can be as follows: assume you found a difference in 

recovery of 5% between the intervention and control group, and the hypothetical 95% CI 

ranges from -2% to 12%. The conclusion might be that the 95% CI contains 0% difference, so 

the true effect could be no effect. This is equivalent to a non-significant result and, like using 

p-values, can still result in a dichotomous interpretation of the findings. Better is to say that 
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there is probably a real difference in treatment effect that is nearer to 5% than to -2% or 

12%, but still there is a chance that patients are deteriorating (not recovering) in the 

intervention group. Make sure that you do not present separate confidence intervals for the 

outcome in each group but only for the treatment effect, meaning the between group 

difference. 

6. If you do all the above, and you are not happy with the reviewer comments, challenge 

editors and reviewers that correct practices and interpretations of research should be 

followed in papers submitted to their journals.  

 

Arianne Verhagen, PhD, MSc, MT, BSc, PT 

Associate Editor 

University of Technology Sydney Australia 

Arianne.Verhagen@uts.edu.au 
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