Journal of Bodywork & Movement Therapies 23 (2019) 690—694

journal homepage: www.elsevier.com/jbmt

Contents lists available at ScienceDirect Journal of
Bodywork
. i / & ??)?/elnent
Journal of Bodywork & Movement Therapies Loege

Narrative review

Commentary: Statistical significance and clinical significance - A call
to consider patient reported outcome measures, effect size, confidence

Check for
updates

interval and minimal clinically important difference (MCID)

Michael Fleischmann *, Brett Vaughan b

2 College of Health and Biomedicine, Victoria University, Melbourne, Australia
b Department of Medical Education, University of Melbourne, Melbourne, Australia

ARTICLE INFO ABSTRACT

Article history:
Received 4 February 2019
Accepted 5 February 2019

Keywords:

Evidence based practice
Statistics

Outcomes
Measurement
Methodology

Clinical practice

In healthcare research an intervention may be statistically significant based on quantitative analysis;
however, simultaneously it may be relatively insignificant to the health or quality of life of patients
affected by a particular condition or disease being treated by the intervention — thus may be interpreted
as having low clinical significance. An understanding of statistics is fundamental for evidence informed
healthcare. Patient-reported outcome measures (PROMs) direct patients to evaluate aspects of their own
health, including quality of life, disability and function. Data obtained from PROMs can be used to
demonstrate the impact of healthcare interventions on these elements of a person's quality of life. To
interpret outcome measure data for clinical decision making, a clinician must understand the concepts of
statistical significance and clinical significance. This commentary explores the concepts of patient re-
ported outcome measures (PROMs), their statistical and clinical significance, and explores their rela-
tionship with a practical example for the clinician. Limitations of research that only reports p-values and
the need to consider effect size, confidence intervals, and minimal clinically important difference are also
discussed. Together, these concepts can assist the clinician to evaluate whether an intervention may be

suitable for their clinical practice.

Crown Copyright © 2019 Published by Elsevier Ltd. All rights reserved.

1. Introduction

When reviewing the statistics of research and its interpreted
outcomes, a clinician must consider three questions: 1. How reli-
able are the results? 2. Are the results due to chance? and, 3. Do the
results matter to a patient? To answer these questions, an under-
standing of patient reported outcome measures (PROMs), statistical
and clinical significance is needed.

1.1. Patient reported outcome measures (PROMs)

Patient-report outcome measures (PROMs) are used in clinical
practice to provide a somewhat objective measurement of patient
progress with respect to their management (Cella et al., 2010;
Fleischmann and Vaughan, 2018). These measures are particularly
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valuable for demonstrating improvements in pain levels (Turk et al.,
2006), activities of daily living (Cella et al., 2010) and functional
activities, to both the patient and third-party payers (e.g. worker's
compensation) (Blyth et al., 2003). However, Chiarotto et al. (2016)
argue that PROMs lack content validity when measuring physical
functioning in low back pain, and lack structural validity as this
concept has received limited attention in the literature (Chiarotto
et al,, 2016, 2018). Notwithstanding, data obtained from PROMs
can be used to demonstrate how healthcare interventions may
affect various aspects of a person's quality of life and serve as a
mechanism to monitor treatment effectiveness (Roach, 2006).
Developing an understanding of how best to evaluate PROMs re-
quires an understanding of the concepts of statistical significance
and clinical significance to inform clinical decision-making. The
purpose of the current commentary is first to explore the basic
statistical concepts that can be applied to demonstrate these
changes in PROM scores, and then highlights the importance of
clinical significance in clinical practice.
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2. Statistical significance

In most quantitative experiments, researchers investigate if there
is a difference between intervention groups by performing statisti-
cal tests and reporting an associated p-value. Box 1 provides an
example of how this approach may be applied in a research design.

Once researchers have performed statistical analysis (from Box 1
example) they compare the between group results (p-value) to an a-
priori alpha level, a parameter designed to determine how likely the
result was due to random chance. At this point it is important to
consider the definition of a p-value. Ahlbom (2017) clarifies that a p-
value is a conditional probability, based on the assumption that Hg is
true (condition) (Ahlbom, 2017). This is the most vital point to un-
derstand as a definitive conclusion cannot be drawn from the
calculation of p-value alone as to whether Hy is true or false. Hence, a
p-value only measures the strength of evidence against the null
hypothesis (Hg) (Dorey, 2010), but does provide a definitive conclu-
sion - albeit it is often reported and/or assumed to be as much.

To further illustrate this point, consider a hypothesis test which
yields p =0.83. Probabilistically this demonstrates weaker evi-
dence against the Hg than a p = 0.052. Importantly though, a result
of p=0.052 is not statistically significant but could be considered
approximate in value to a study with a p =0.048 (which is statis-
tically significant), but may have been influenced by a small sample
size. In fact, the Hg could be false in this case, thus confirming the
alternative hypothesis. It is important to understand that even
though small p-values demonstrate strong evidence that the Hy is
false, a very large p-value, such as p=0.92, does not provide
conclusive evidence that Hy is true.

In most healthcare research, alpha is set at <0.05, meaning that
there is a 5% or less probability (p < 0.05) that the result was due to
random chance if the test hypothesis (Hq) is true (Cook, 2008; Silva-
Aycaguer et al., 2010). Therefore, if the calculated p-value is less than
or equal to the alpha (p < 0.05), then the null hypothesis is rejected,
and the result is interpreted as statistically significant. If the calcu-
lated p-value is greater than (p > 0.05), then failure to reject the H,
occurs and the result is statistically non-significant (n.s.) or ‘negative’.

The calculation of the p-value increased in popularity since
Fisher's publication of an influential book, Statistical Methods for
Research Workers (1925) (Fisher, 1925). Statistical significance
testing evolved from his idea: suppose we found a difference in the
poverty level of those who are malnourished versus those who are
not among children under the age of five years. Dahiru (2008) ar-
gues that this is indeed a finding, but posits that it could it be a
finding due to chance (Dahiru, 2008). Fisher champions the
calculation of the p-value because it provides a mathematical es-
timate of how likely it is that the results of a study were due to
chance (Ahlbom, 2017).

Box 1
Sample research design.

Researchers wish to investigate if there is a difference in the
effectiveness of two manual therapy techniques for neck
pain; one group are to receive muscle energy technique
(MET) and one group massage therapy (MT). The re-
searchers would hypothesise that there is a difference in the
effectiveness, which is termed the test hypothesis (H4).
Other examples could include investigating effectiveness of
a new drug, manual therapy intervention, type of exercise,
or other intervention. There is always the possibility that
there is no difference between the groups. This lack of a
difference is called the null hypothesis (Np).

2.1. An example of statistical significance in manual therapy
research

Consider the scenario of a research group planning to investigate
if muscle energy technique (MET) reduces cervical spine pain more
so than recommended combined education, mobilisation and su-
pervised exercise (Childs et al., 2008; Tsakitzidis et al., 2013) (Box 2).

However, reporting of statistical significance alone can be
misleading. Numerous authors have cautioned the sole reporting of
p-values for over 20 years (Anderson and Burnham, 2002; Jacobson
and Truax, 1991; Wasserstein and Lazar, 2016) although this is still
commonplace in the literature. The p-value supports the concept
that the observed differences in the interventions are unlikely to be
due to chance. To provide some degree of certainty around the
interpretation of the p-value, researchers frequently set confidence
intervals (CI) at 95% (Brahman, 1991; Nakagawa and Cuthill, 2007).
When putting this into practice, it is important to think that if the
same population is sampled on numerous occasions and estimates
are made on each occasion, the resulting intervals would remain
within the estimates of the true population in 95% of the cases
(Brahman, 1991). In other words, the CI provides a numerical
boundary, consisting of a lower and upper case limit. This is
because the true value of the population mean known as the point
estimate, is unknown. So rather than using a point estimate (single
value) from the sample, an interval estimate is used: meaning the
sample value is used as a midpoint, and a boundary (lower and
upper case limit) is provided. However, clinicians ought to note that
the existence of a statistically significant difference has no direct
mathematical bearing on the interpretation of its clinical signifi-
cance (Nakagawa and Cuthill, 2007).

3. Clinical significance
3.1. Effect size
Absolute effect size provides an indication of the magnitude of

the difference between the averages or mean, between the two
interventions in the example described previously (Ferguson,

Box 2
Manual therapy research example

The researchers calculate the appropriate sample size, re-
cruit participants, then divide the pool into two groups; one
group receives an MET to C5/6 and, the comparison group
receive education, mobilisation and self-care exercises. The
dependent variable is the numerical rating scale (NRS) — a
validated and reliable measure to rate pain (Farrar et al.,
2001; Williamson and Hoggart, 2005). The researchers
hypothesise that MET reduces cervical spine pain more
than the control group, and state the null hypothesis as
there being no difference between the two techniques. They
set the alpha a-priori at 0.05 (like most manual therapy
research) (Nakagawa and Cuthill, 2007). Assuming the
characteristics of the group were similar, the researchers
apply their intervention, and measure the NRS at the start
and at the end - comparing the means scores from the NRS
data between the MET and control groups at different time
points. They would then calculate the test statistic and p-
value, and evaluate whether it is below or above the alpha
of 0.05. If the researchers calculated a p-value, for example
of 0.02, the authors would report a statistically significant
difference between the groups (Markel, 1991).
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2009; Nakagawa and Cuthill, 2007). Used to quantify the difference
between two groups, it has an advantage over the use of tests of
statistical significance alone as it places the emphasis on the size of
the difference (Nakagawa and Cuthill, 2007). Multiple authors posit
that effect sizes should be reported alongside a p-value to provide
an indication as to the clinical significance of the difference be-
tween interventions to inform clinicians, ultimately to the benefit
of patients (Ferguson, 2009; Halsey et al., 2015; Lakens, 2013).

To establish whether a study has clinical significance, studies
which collect quantitative data, such as data from a numerical
rating scale (NRS) or visual analogue scale (VAS), may provide very
useful information for clinicians to decide whether a treatment
effect is large enough to make a difference to a patient (Sullivan and
Feinn, 2012). This issue raises questions for the clinician, for
example:

- How much of a decrease in pain using NRS is large enough to
matter?

- How much improvement in function score on a disability
questionnaire is enough to make a treatment worthwhile?

- How many treatments are needed in total to significantly reduce
disability?

After all, clinicians want to make a difference.
3.2. Minimum clinically important difference

In 1989, Jaeschke et al. (1989) introduced the concept of mini-
mum clinically important difference (MCID), which defines the
smallest amount an outcome must change to be meaningful to
patients during the use of PROMs. MCID is considered a patient-
centred concept (Beaton et al., 2002; Copay et al., 2007), as it
evaluates both the magnitude of the improvement and the
importance patients place on the change (see Copay, 2007 for an in-
depth review).

In a clinical setting, the MCID score can be utilised to provide
parameters for data collected from outcome measures. For
example, a clinician seeks to improve lower leg function for a pa-
tient. He/she then sets a goal for his/her patient to attain the MCID
on the chosen PROM. This serves as an objective, measurable goal
that is patient-centred, which can be useful for clinical decision-
making. Considering another example, if a patient with chronic
neck pain demonstrates no improvement on the Neck Disability
Index (NDI) after a defined period of manual therapy treatment,
clinical justification for continued care without change may be
unwarranted. The MCID score is a key tool for the clinician as it
provides another concept with which a clinician can establish
alpha, calculate sample size, and assess the therapeutic outcomes
to determine the effectiveness of an intervention (Sullivan and
Feinn, 2012; Wright et al., 2012).

3.3. Minimum clinically important difference in clinical practice -
the dilemma

When assessing the clinical significance of procedures intended
to improve outcomes such as pain, the amount of improvement
that is important to patients must be determined through use of
PROMs. Clinicians must often use their own judgment when
deciding how much improvement is clinically important solely
based on individual patient feedback, particularly for scenarios
where there is no evidence in the literature to provide these values.
Researchers may explicitly provide the MCID and this value can be
used to guide decision making regarding patient outcomes. How-
ever, where this value is not explicitly reported, the effect size and
confidence interval can provide guidance (Sullivan and Feinn,

2012). Arguably, this information is not always immediately
obvious, as it is usually only presented in the statistical analysis
section of the methods part of a manuscript and often sometimes
only depicted graphically, which can be confusing.

3.4. Two approaches to MCID

Generally, there are two methodological approaches to MCID:
anchor-based and distribution-based (Copay et al., 2007; Jaeschke
et al., 1989; Jayadevappa et al., 2012), which are conceptually very
different (Barrett et al., 2005; Jaeschke et al., 1989; Norman et al.,
2001). Wright et al. have discussed the lack of effectiveness of
each approach, including the report that there is no established,
standardised method for calculating MCID (Wright et al., 2012).
However, many still consider MCID an important concept to
determine whether an intervention improves perceived outcomes
in patients.

There are various methods within the distribution-based
approach, including standard deviation, standard error of mea-
surement, effect size, and others (for a more detailed review: see
Cook, 2008). However, it is important to consider the limitation of
distribution-based methods; for example Wright et al. (2012) ar-
gues that effect sizes are based on standard deviation (SD), which is
considered sample specific (Wright et al., 2012). Further, research
has shown that distribution methods alone do not provide infor-
mation regarding the clinical significance of the observed change
(Wright et al., 2012).

Contrarily, anchor-based methods do not consider the mea-
surement precision of the instrument of PROMs, but instead base
clinical judgment on change, and are thus presumed to be sample-
independent (Beaton et al., 2002; Coeytaux et al., 2006; Jaeschke
et al., 1989; Norman et al., 2001; Redelmeier et al., 1996). Anchor-
based methods are reported to examine the meaning of a degree of
change, which is argued to be more patient orientated as it uses a
single anchor (Wright et al., 2012). Hence, researchers have called
for a combination of distribution and anchor-based methods to be
used when determining MCID (de Vet et al., 2007; Swigris et al.,
2010; Yost et al., 2011).

There are potential problems in defining a MCID when using
the global rating of change (GROC) PROMs (Crosby et al., 2003).
Often the problem is associated with patients' inability to under-
stand the construct of improvement (Jaeschke et al., 1989). For
example, although patients are asked to report on changes from
his or her pre-intervention symptoms, Cook (2008) argues pa-
tients often report a current state of health as a comparison against
expectations, rather than their own status (Cook, 2008). Further,
patients may be subject to recall bias when completing PROMs to
evaluate the nature of their prior condition (Beaton et al., 2002),
and pain levels retrospectively (Pincus and Newman, 2001).
Guyatt et al. (2002) argues that recall bias and patients' report of
change in their condition is more directly related to their current
health status, rather than the amount of change from a baseline
value (Guyatt et al., 2002). Further, baseline severity of symptoms
has been reported to effect the outcome of MCID (Copay et al.,
2007).

(Cook, 2008) posits that clinicians can expect different MCID
findings for the same outcome tool when examined on heteroge-
neous populations (Cook, 2008). When evaluating an intervention
for those with neck pain, Cook (2008) notes that it is important to
consider how similar but different conditions might influence
MCID. For example, when considering a population with cervical
pain as there are possible different biological contributors to pain,
such as the presence or absence of radiculopathy (Schwind et al.,
2013). Other forms of patient variation that can influence report-
ing of change include descriptive factors such as age,



M. Fleischmann, B. Vaughan / Journal of Bodywork & Movement Therapies 23 (2019) 690—694 693

socioeconomic status, or education, as shown in a low back pain
study (Lauridsen et al., 2006).

It is likely that clinicians will face variable MCIDs when evalu-
ating population characteristics or when using PROMs that were
created in an unsound manner. In their works in 1989 about MCID,
Jaeschke and colleagues provided two considerations associated
with MCID (Jaeschke et al.,, 1989) which the clinician ought to
consider. The first demands that the patient reports the central
measure which is in line with the development of present day
MCID development and implementation, and the measure of
change must be reflective of a patient self-report measure versus a
clinical finding or statistically significant change — a component of
patient-centred care. The second consideration involves consid-
ering whether the findings are significant enough to change patient
management. Questions may arise following the evaluation of
these two important concepts, including how much patient-
reported change is beneficial? How does one decide if the patient
reported change is enough or not enough? Who decides if it is
enough? A single anchor MCID approach may “make or break” a
treatment approach if used in (“make”) or out (“break”) of proper
context and advance clinical reasoning.

4. Conclusion

This commentary has argued that reporting p-values is insuffi-
cient in both the research and practice contexts as it provides cli-
nicians with little clinically useful information to measure change
in their patients. It is most clinically relevant if data are collected
through the use of patient reported outcome measures (PROM),
then effect size and MCID are reported so that clinicians can make
evidence informed decisions for patient centred care. Clinicians
need to consider the statistical significance and clinical significance
of research findings that is the effect size and MCID when imple-
menting evidence-based practice, and a patient-centred treatment
model.
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