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Study design: This is a review article.
Objectives: This study discusses the following: (1) concepts and constraints for the determination of minimal clinically important
difference (MCID), (2) the contrasts between MCID and minimal detectable difference (MDD), (3) MCID within the different domains of
International Classification of Functioning, disability and health, (4) the roles of clinical investigators and clinical participants in
defining MCID and (5) the implementation of MCID in acute versus chronic spinal cord injury (SCI) studies.
Methods: The methods include narrative reviews of SCI outcomes, a 2-day meeting of the authors and statistical methods of analysis
representing MDD.
Results: The data from SCI study outcomes are dependent on many elements, including the following: the level and severity of SCI,
the heterogeneity within each study cohort, the therapeutic target, the nature of the therapy, any confounding influences or
comorbidities, the assessment times relative to the date of injury, the outcome measurement instrument and the clinical end-point
threshold used to determine a treatment effect. Even if statistically significant differences can be established, this finding does not
guarantee that the experimental therapeutic provides a person living with SCI an improved capacity for functional independence and/or
an increased quality of life. The MDD statistical concept describes the smallest real change in the specified outcome, beyond
measurement error, and it should not be confused with the minimum threshold for demonstrating a clinical benefit or MCID.
Unfortunately, MCID and MDD are not uncomplicated estimations; nevertheless, any MCID should exceed the expected MDD plus any
probable spontaneous recovery.
Conclusion: Estimation of an MCID for SCI remains elusive. In the interim, if the target of a therapeutic is the injured spinal cord, it is
most desirable that any improvement in neurological status be correlated with a functional (meaningful) benefit.
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INTRODUCTION TO OUTCOME MEASUREMENTS IN SCI

CLINICAL TRIALS

Statistical significance may not equal clinical significance
Currently, no valid pivotal phase III clinical trial has provided an
effective pharmacological or cell transplant treatment for improving
neurological or functional recovery in spinal cord injury (SCI), and
thus there are no ‘gold standard’ treatments, with demonstrated
clinical benefit, to serve as possible comparators in trials of new
interventions. Thus, we often rely on comparisons against study end
points statistically estimated from historical data sets tracking sponta-
neous recovery patterns after SCI.1–5 However, there are a number of
emerging neural protective, neural repair and neuroplasticity strate-
gies, which require sensitive and accurate assessment for the reliable
interpretation of their clinical importance.6–8

Various outcome instruments, such as elements of the international
standards for neurological classification of spinal cord injury
(ISNCSCI), spinal cord independence measure (SCIM), the functional
independence measure and short form 36 health survey, have been
suggested as potential tools to measure aspects of recovery.2–4,9–15

Obviously, the data from such study valuations are dependent on the
level and severity of SCI, the heterogeneity within each study cohort,
the therapeutic target, the nature of the therapy, any confounding
influences or comorbidities, the assessment times relative to the date
of injury, the outcome measurement instrument and the clinical end-
point threshold used to assess any change in tissue activity, functional
behaviour or quality of life (QoL).
Even if statistically significant differences can be established, this

finding does not guarantee that the experimental therapeutic provides
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a person living with SCI an improved capacity for functional
independence and/or an increased QoL. After completing all phases
of a clinical trial programme, registration of any new intervention by a
regulatory agency as an approved treatment for a disorder normally
requires demonstration of both statistical significance and clinical (that
is, functional) benefit for experimental participants. The minimum
threshold for demonstrating such a clinical benefit is sometimes
referred to as a minimal clinically important difference (MCID),
which is not to be confused with the statistical concept called
minimum detectable difference (MDD) that determines the smallest
real change in outcome, beyond measurement error. More impor-
tantly, MCID and MDD can have different meanings in disparate
contexts or from differing perspectives.

Heterogeneity of SCI challenges measurement of treatment
outcomes and any estimation of MCID
During recovery after SCI, neurological and functional characteristics
are not constant across all levels and severities of injury. For example,
after a fifth cervical (C5) sensorimotor complete SCI, an improvement
of 10 ISNCSCI motor points within the cervical segments may be
highly significant and clinically meaningful, whereas the same number
of motor points recovered and distributed equally across all caudal
muscles of the upper and lower extremities may not correlate with
meaningful functional recovery. Thus, a meaningful clinical benefit or
MCID is not addressed by statistical differences in neurological
outcomes alone. If the biological target of a therapeutic is the injured
spinal cord, it is most desirable that any improvement in neurological
status be correlated with a functional benefit. Along with improve-
ments in neurological impairment and advances in independent
activities of daily living (ADL), as outlined in functional assessments,
increased QoL, as described by patient-reported outcomes (PROs), has
also been suggested as an important goal for study participants, as well
as a possible clinical end point.
Currently, investigators recognise the heterogeneity of SCI and the

variability in the rates and extent of recovery across differing levels and
severity of SCI. It is widely accepted that there are also an increasing
number of uncontrolled independent variables that can influence the

interpretation of study results as assessments move across the domains
of the International Classification of Functioning, disability and health
(or ICF) from body structure/function, through activity measures, to
participation outcomes (Tables 1 and 2). Thus, the SCI field faces a
dilemma until some novel therapeutic is validated as a new standard of
treatment and can then be used as a comparator in future studies.
In this paper, we discuss the following: (1) concepts and constraints

for the determination of MCID, (2) compare and contrast MCID with
the statistical concept of MDD, (3) evaluate the different domains
influencing MCID, (4) examine the roles of clinical investigators in
defining MCIDs and (5) the implementation of MCID in acute versus
chronic studies.

DEFINING MCID

In 1989, Jaeschke et al.16 introduced the concept of MCID to
determine whether a difference in treatment effect between experi-
mental and control participants are judged to be of value to people
living with the disorder. They defined the MCID as ‘the smallest
difference in score, within the domain of interest, which patients
perceive as beneficial and which would mandate, in the absence of
troublesome side effects and excessive costs, a change in the patient's
management’.16 By this definition, MCID is only defined by the
minimal amount of change (treatment effect) that is important to
people living with SCI; the experienced wisdom of clinical investiga-
tors is excluded.
The ability to define a stable, universal MCID threshold value for a

particular instrument is an attractive and useful concept, especially for
chronic studies (for example, chronic pain or cancer) in which people
living with a disease have developed an awareness of what improve-
ments provide personal benefit (that is, increased independence in
ADLs and improved QoL). Yet, it is not clear how MCIDs should be
defined for each SCI outcome measure and how an acute trial MCID
might differ from an MCID for a chronic study.
As mentioned above, MCID is defined as the smallest difference

that people living with SCI perceive as beneficial. Several arguements
suggest that this concept has merit. First, it ties the magnitude of an
observed change to subsequent treatment decisions in clinical practice.

Table 1 Selected outcome measurement tools for SCI

Outcome tools for different ICF domains

Body structure and function Activity Participation

ISNCSCI scores (for example, UEMS and LEMS

points and motor levels)

Quantitative sensory testing (QST)

Contact heat-evoked potentials (CHEPs)

Sensory and motor-evoked potentials (SEPs and MEPs)

Autonomic function testing (for example, orthostatic

tolerance using blood pressure for cervical and T2–T5 only)

Imaging assessments (MRI, CT)

Modified ashworth scale (for spasticity)

10-m walk test(10MWT)

6-min walk test (6MWT)

Timed up and go (TUG)

Spinal cord injury measure (SCIM)

Functional independence measure (FIM)

Graded and redefined assessment of strength,

sensibility and prehension (GRASSP)

Walking Index for Spinal Cord Injury (WISCI)

Quadriplegia Index of Function (QIF)

Modified Barthel Index (MBI)

Craig handicap and reporting technique (CHART)

Perceived handicap questionnaire (PHQ)

Participation survey for mobility-limited people (PARTS/

M)

Quality of Well-Being scale (QWB)

Qualiveen

Short Form 36

Short Form 12

Quality-of-Life Index (QLI)

Quality-of-Life Profile for adults with

physical Disabilities (QOLP-(D)

Satisfaction With Life Scale (SWLS)

Sense of Well-Being Index (SWBI)

World Health Organisation Quality-of-Life-BREF

scale (WHOQOL-BREF)

Abbreviations: CT, computed tomography; ICF, International Classification of Functioning, disability and health; ISNCSCI, international standards for neurological classification of spinal cord injury;
LEMS, lower extremity motor score; MRI, magnetic resonance imaging; SCI, spinal cord injury; UEMS, upper extremity motor score.
Also view http://www.rehabmeasures.org and http://www.scireproject.com for further details of tests.
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Second, MCID helps with the determination of effect size, which is
important to trial design. Third, it emphasises the primacy of the
perspective of the person living with SCI, which hopefully correlates
with that of the clinician or caregiver. In fact, investigators should take
an active role in defining MCID where and when participants might
not be sufficiently informed to make an adequate determination
independently (for example, no one can perceive an improved
bone mass).
Best practices in clinical care increasingly emphasise shared

decision-making in determining treatment goals.17 Although the
MCID concept appears to be easily understood by clinicians and trial
investigators,18 it does involve the inherent risk of a trial participant
setting an unrealistic trial end point, whether it is too high or too
low.19 It should be noted that MCID has also been termed the
minimal important difference, as well as clinically important change
and minimal important change when used to describe longitudinal
changes over time within the same patient.20

During the initial stages of a clinical trial programme (phase I and
II), there is no need to declare a primary clinical end point or to
specify an MCID for the determination of a clinical benefit by an
experimental treatment. In fact, the opposite is encouraged. phase II
studies were developed to encourage investigators to explore various
end points and outcomes measures so as to determine what would be
most effective in a pivotal phase III study. In addition, historical
longitudinal data sets can be used to model various recovery patterns
for a prospective control cohort, and this information can be used to
guide the determination of an appropriate clinical end point. Thus, in
early-phase trials, statistical differences alone are acceptable between
the experimental and control study cohorts. However, what statistical
options in phase II should be explored when developing an MCID
concept for pivotal phase III trials?

STATISTICAL CONSIDERATIONS, MDD AND MCID

Continuous scales
Continuous scales, such as quantitative measurements of time and
distance (for example, time to walk a short distance or the distance
walked within a short time), are the most readily and confidently
interpreted outcomes of an SCI clinical trial. Numerous parametric

statistical tests have been developed and repeatedly validated to
accurately discriminate outcomes between experimental and control
groups.
MDD, also known as smallest real difference or minimum

detectable change, is the smallest change that can be considered
beyond any measurement error with a given level of confidence
(usually at the 95% confidence level21). A valid MCID cannot be less
than the MDD and preferably should exceed the value of the observed
MDD.19,21,22

The few continuous SCI outcome scales, such as timed or distance-
measured assessments of walking, can be used as possible clinical end
points, but this is limited to a subset of study participants who have
some independent ambulatory capability. The measures include the
10-m walk, the 2- or 6-min walk or the timed up and go. For the
10-metre walk, the MDD and/or MCID has been suggested to lie
within a range of improvement from 0.06 23,24 to 0.13m s− 1.25

However, these estimates relied on grouping heterogeneous incom-
plete SCI subjects, which may have limited the accuracy of the
estimate for the range of functional abilities. For the 6-min walk, a
minimal detectable difference (MDD) has been suggested as 45.8m
(~150 feet), but this also involved a heterogeneous population of
patients with incomplete SCI.25 For the 2-min walk, an MDD of 4m
(13 feet) has been proposed for people with incomplete SCI, who were
not community ambulators.26 For timed up and go, van Hedel et al.27

reported an MDD of 10.8 s. The uncertainty for these estimates
emphasises the heterogeneity in the level and severity of SCI, which
can influence an individual’s functional capacity. There is also
heterogeneity in the assessment time point, in relation to time since
SCI, which can also alter the determination of a universal MDD and
any inference of a MCID. In brief, MDD, and thus MCID values, may
be distinct when starting from different baseline scores and also
dependent on the neurological characteristic or functional activity
being assessed.19,28 Nevertheless, what has not been agreed upon is
whether an increase in the distance walked is more meaningful than
an increase in walking speed.
Therefore, the heterogeneity of the SCI population is the most

significant challenge to defining both an appropriate clinical end point
for a trial and what might be a reasonable MCID. The selection of

Table 2 Outcome measurement tools as they relate to ICF domains and potential independent variables that could influence the accuracy of

the measurement and/or the appropriate interpretation of data derived from clinical therapies targeted to the CNS

International Classification of Functioning, disability and health (ICF) as ICF relates to CNS-targeted therapies for spinal cord injury

Level or domain Body structure and function Activity Participation

What change in outcome is measured? Improvement (or impairment), that is,

Neurological or physiological

Functional capacity (or limitation) Quality of life (or restriction)

Outcome tools (examples) ISNCSCI scores, electrophysiology SCIM, 10 m walk CHART, SF-36

What factors influence outcomes within

each domain?a
CNS integrity

Neural circuits (sensory/motor)

CNS integrity

Neural circuits

Adaptive behavioursa Rehabilita-

tiona

Psychology/motivationa

CNS integrity

Neural circuits

Adaptive behavioursa

Rehabilitationa

Psychology/motivationa

Community/family Supporta

Financesa

Work/schoola

Abbreviations: CHART, craig handicap and reporting technique; CNS, central nervous system; ISNCSCI, international standards for neurological classification of spinal cord injury; SF-36, short form
36; SCIM, spinal cord injury measure.
Increasing number of independent variables.
aPotential independent variable.
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relatively homogeneous subject cohorts would make any of these tasks
more manageable.

Ordinal scales
Unfortunately, many widely used SCI clinical scales, either neurolo-
gical or functional (for example, ISNCSCI, SCIM), are actually ordinal
in nature, with the separation in assigned values (for example,
integers) neither equal nor involving a consistently quantifiable change
in value. Statistically, ordinal scales are much more challenging than
continuous scales for confidently interpreting accurate outcomes. The
statistical complexity is further compounded by the fact that most
SCI-specific outcome tools (for example, ISNCSCI motor scores,
SCIM items) are composite variables that generate cumulative sum
scores, which are a sum of several independent ordinal values. The
latter point may not be a trivial concern, and it depends on the
magnitude of the statistical insufficiencies when a formula designed for
continuous data is applied to ordinal data. Thus, concepts associated
with normally distributed data, such as s.e.m., s.d., effect size or MDD,
lose accuracy when applied to an ordinal variable that may not be
normally distributed. In this context, even more robust measures of
location and distribution (for example, median and box plots), as well
as tests that rank ordinal outcomes, still may not be ideal.

Estimates of MDD and MCID from ordinal scales
Over the past 30 years, there have been several attempts to define
optimal MDD and MCID algorithms, and several approaches have
been reported for calculating MCID from ordinal data. In general,
methodological approaches can be classified into two broad groups—
distribution-based and anchor-based—and most of the calculations
are based on parametric formula. There are several papers available for
a more in-depth review of these methods.18,19,23,29–31 The wide range
of available calculation methods is a limitation, as it can produce a
wide range of available MCID values for any outcome assessment. This
myriad of methods, as well as a plethora of synonymous terms
(describing the same statistical approach), leads to problems of
interpretation when deciding the validity of any MDD or MCID
value.32

A limitation of the MDD is that it assumes that detectable changes
are uniform throughout the outcome scale being used, which may not
be true of SCI ordinal scales. Thus, for ordinal data, MDD will likely
not be a straightforward calculation, and the use of formulas for
continuous data could lead to errors.
Distribution-based approaches focus on the statistical characteristics

of the patient sample and compare an observed change with an index
of variability to determine whether the change is meaningful. Such
approaches have used an array of variability measures, including
P-values of o0.05 (below 5%) as calculated from simple parametric
tests, the s.e.m. and the s.d. Some authors have suggested that
0.5 s.d.33 or 1 s.e.m.34 may approximate an MDD and thus an MCID
for some instruments. However, statistical significance does not
necessarily describe the clinical benefit of the therapeutic effect.
A better statistic is probably effect size, which quantifies the size of

the difference between two groups and is thought to be a more
accurate measure for a significant difference.35 Effect size is the
standardised mean difference between two groups (that is, between
control and treatment groups or baseline and end-point scores). It is
determined by dividing the difference between group mean scores by
the s.d. (variance) of the mean scores in both groups at baseline.
Calculated values of 0.2, 0.5 and 0.8 have been suggested to
correspond to small, moderate and large magnitude changes,

respectively, but interpretation of the meaningful benefit associated
with effect size is arbitrary.35

Samsa et al.36 have suggested that an effect size of 0.2 could serve as
an appropriate MCID value, whereas others have argued that an effect
size of 0.5 (a half s.d.) is a more reasonable MCID threshold.33

A limitation of the above formula is that the effect size will decrease
if the variability of the total study population, at baseline, is large. This
is another arguement for using relatively homogeneous study cohorts
in clinical trials. Nevertheless, one of the distinct advantages of effect
size is that different treatments can be directly compared with each
other for their relative significance (if the two study populations and
protocols are similar).
Anchor-based methods compare outcome changes with an anchor

measure that is itself interpretable—that is, it has a known relevance to
study investigators and/or study participants. For example, a global
rating of change or status on an important and easily understood
measure of function, including the presence of symptoms, change in
scores of participants with a similar severity of the disorder, prognosis
of future events such as community participation or participant
perception, could be appropriate anchors, depending on the ther-
apeutic intervention and the prospective trial end point.37

Anchor-based methods require at least moderate correlation
(r40.3) between the anchor and the change observed by the outcome
instrument.38 After trial completion, global perception of treatment
efficacy by participants has been an anchor used to develop MCID
values. In the article by Jaeschke et al.,16 one example of an MCID was
defined by the change in PRO scores from a group of participants
selected according to their answers on a Likert-type scale. Participants
rated their change on a 15-point global scale (−7= ‘much worse’
through 0= ‘no change’ to +7= ‘much better’). The MCID was
defined as the average change of the participants who exhibited a
small change (that is, who scored themselves with ± 1, 2 or 3).16

However, the number of levels influences the determination of MCID
threshold: the larger the number of levels, the smaller the projected
MCID value.19 However, fewer levels along an ordinal scale may mean
that the gap between adjacent ranks may be too large and thus might
miss detecting a subtle but meaningful change. The selection of anchor
criteria is rarely based on statistical analysis alone, and it is often made
on the basis of the knowledge and experience of the clinical
investigator as to what is clinically meaningful, a PRO or a
consensus-based process.39 It has been suggested that an MCID
determined by an anchor-based method should be confirmed and
validated by a distribution-based method.40

In summary, statistical significance alone is valuable for early-phase
clinical trials (for example, phase II), and it provides support for
continued investigation and confirmation in a pivotal phase III study.
In SCI clinical trials, in which sample sizes may be small, the
possibility of a type II error (not rejecting the null hypothesis that
there is no difference between an experimental group and a control
group when this difference actually exists) is at least as problematic as
failing to meet a P-value of ⩽ 0.05. There has also been growing
recognition that a statistically significant difference between the
experimental group and the control group (in a phase III trial) does
not guarantee that the therapeutic effect has provided a clinically
meaningful benefit. In short, statistical significance may not correlate
with clinical significance.17,41 Nevertheless, a strong correlation
between a positive structure/function change and an improved activity
outcome may be sufficient and is currently the best interim strategy,
while greater SCI trial experience is obtained.
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DETERMINING MCID WITHIN THE REALM OF ICF DOMAINS

Objective outcome measurements and precise interpretation are
critical to both SCI clinical practice and SCI clinical trials. As outlined
in Tables 1 and 2, the ICF lists types of outcome assessments within
three broad domains (categories) of body structure and function,
activity and participation.42,43 Within the domain of body structure
and function, assessments are often aimed at describing the structural
and functional changes associated with the tissue targeted by the
therapeutic. A change in neurological function or impairment of the
injured spinal cord, regardless of the ability of the patient to
functionally use any change in neural connectivity for improved
independent ADLs and mobility, is one type of body structure/
function assessment. Examples here would include elements of the
ISNCSCI assessment, electrophysiological measurements, aspects of
muscle strength, spasticity, joint range of motion and the newly
emerging imaging technologies.
Within the activity domain, assessments focus on the capacity of a

person with SCI to perform ADLs and mobility tasks, as measured and
scored by global instruments such as the SCIM.44,45 In addition, in an
effort to increase the sensitivity and accuracy for detecting therapeutic
effects, more specific activity or targeted functional capacity measures
have also been developed. For example, SCIM is divided into sub-
scales, in which the self-care sub-scale is directed to changes in upper
extremity activities, whereas ambulatory items within the mobility
sub-scale of SCIM can track changes in lower extremity function. In
addition, there is the Graded Redefined Assessment of Strength,
Sensibility and Prehension (GRASSP) for upper extremity capacity,46

as well as various ambulatory measurement tools for the lower
extremity, such as the 10-m walk and the 6-min walk.12

Surveys, questionnaires and subject interviews are often used to
determine participation within the community, as well as QoL and
perceived pain. Outcome tools include the Craig Handicap Scale and
Reporting Technique,47 Perceived Handicap Questionnaire,48 short
form 36, and its variations, satisfaction with life survey and numerous
other tools that are too lengthy to discuss here (for further description,
see http://www.parqol.com). Many of the participation outcome tools
are ordinal and semi-quantitative, similar to many of the tools within
the ICF structure–function and activity domains. Evaluations, such as
QoL surveys, rely more on subjective PROs. Table 2 attempts to
summarise some of the outcome tools that are currently used in
evaluating subject recovery within the three main ICF domains. There
are several articles that can be consulted for more details about the
appropriate use of these outcome measurement tools.10,12–14

At present, no MCID values for SCI have been conclusively
established for any ICF domain or for any SCI outcome measurement
tool, and there are at least three considerations when determining an
MCID. First, calculating an MDD is not trivial for ordinal data, and it
should be completed before moving to an estimate of an MCID.
Second, there are a number of independent (that is, uncontrolled)
variables that could be a source of uncertainty or ‘noise’ in any activity
or participation measure and thus challenge the accurate determina-
tion of a therapeutic benefit from the collected data. The number of
potential independent variables escalates as you progress across the
ICF domains (see Table 1). Therefore, relying only on an ICF
participation measure or QoL survey, as a primary trial end point,
could result in an erroneous determination of a treatment effect.
Third, it would be better if changes observed in a valid structure and
function assessment of neurological impairment (often the biological
target of a therapeutic) correlated strongly with changes measured by
another instrument at the level of activity or participation,
including a PRO.

Cervical sensorimotor complete SCI as an example within the
structure/function domain
Good correlations across ICF domains are highly desirable and
possibly indicative of what threshold value might be implemented
and accepted as an MCID.2,3 The ISNCSCI assessment is a standar-
dised and internationally adopted classification scheme for patients
with traumatic SCI, and it has been widely adopted as a measure of
neurological impairment.15,49,50 Establishing a functionally meaningful
ISNCSCI motor score or motor level change is assisted by knowledge
of the natural history for spontaneous recovery, and this depends on
both the level and severity of SCI.2,3,5 In addition, any proposed MCID
value for a particular subject population should be greater than the
MDD (that is, degree of measurement error) for the outcome value.
For example, a change of two motor points has been previously

reported as the MDD for the assessment of an acute upper extremity
motor score (UEMS) from the ISNCSCI49 More recently, the MDD
was estimated to be three motor points for cervical sensorimotor
complete SCI.3 Thus, there is some agreement on an approximate
MDD for UEMS measurements, although the validity of the para-
metric statistical formula might be questioned, as the data are ordinal
in nature. However, any value that might be used as a clinical end
point requires consideration for the magnitude of change in the
outcome over the study duration, which must include consideration
for the degree of spontaneous recovery within that specific study
population.
Acute cervical sensorimotor complete SCI is a relatively more

homogeneous subset of SCI. Several analyses of SCI data sets have
reported an approximate 10 motor-point improvement in the
spontaneous recovery of the UEMS, with six points being the average
over the first 6 months.1–3,9 Thus, adding the value of an MDD to that
of the anticipated spontaneous recovery in UEMS might provide a
conservative value for demonstrating a therapeutic benefit (for
example, ~ 10 UEMS points). However, in terms of any suggested
MCID, the segmental distribution of any increased UEMS score is
more important than the absolute value of the UEMS change.
Significant statistical changes are most useful for guiding early

clinical phase studies, but may not be satisfactory for a pivotal
phase III study. As suggested above, any UEMS change that exceeds
the prospectively defined threshold may still not adequately track or
document a functional clinical benefit (that is, MCID), especially if the
UEMS improvement is distributed across many different spinal cord
segments within the upper extremities. Thus, a good correlation
between ISNCSCI motor level changes and SCIM self-care scores has
implied that a recovery of two motor levels (on either side) within the
cervical cord might serve as a clinically meaningful end point, but just
for acute cervical sensorimotor complete SCI.1–3

Depending on the cervical segment, however, it could be argued
that even one motor level of recovery could be clinically meaningful
and be an appropriate MCID threshold (for example, recovery of
independent respiration could be accomplished with an improvement
in the motor level from C4 to C5). However, examination of natural
spontaneous recovery indicates that about 66% of people with cervical
sensorimotor complete SCI will gain one motor level within the first
year after SCI, whereas only 25% will spontaneously recover two
motor levels.2,3 The high percentage of individuals exhibiting one
motor level of spontaneous recovery suggests that investigators may
encounter a statistical ‘ceiling’ effect, unless a very large sample size
(4500) is enroled, which is pragmatically difficult. Estimates of
spontaneous recovery are important to appropriate trial design, and
modelling exercises comparing and contrasting neurological and
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functional outcomes can be highly instructive and should be
completed for other levels and severities of SCI.

SCIM as an example within the activity domain
Within the activity domain of ICF, the SCIM scale was developed
specifically for people living with SCI as a means to evaluate their
rehabilitation progress, their functional capabilities and preferences
with regard to ADLs.44 Although most studies have focused on the
psychometric validity and reliability of SCIM,45,51 a few have examined
SCIM for its value to determining functional MCID values. Scivoletto
et al.4 and colleagues used distribution-based approaches to calculate a
clinically significant change of SCIM for people living with SCI and
concluded that an improvement of at least 4 points in the total SCIM
was needed to obtain an MCID. This result is based on parametric
statistical assumptions that may not have been achieved, and it relies
on the psychometric properties of SCIM, instead of the informed
opinion of clinical investigators and/or trial participants. Further
investigation is needed to develop MDD and MCID for SCIM. It is
not known whether one value is accurate for both the total SCIM
score or any SCIM sub-scale, as well as all types of SCI and time points
after SCI. The generation of a universal MCID value may not be
possible, but a series of MDD and MCID values could be developed
with sufficient longitudinal recovery data.

Pain as a classic example of a PRO
Chronic pain has long been known as a major ongoing health concern
after SCI. Because the discomfort of pain can only be perceived and
appreciated by the individuals themselves, PROs are the most clinically
relevant assessments available. Even if a functional physiological
measure correlated with a neurological mechanism for pain, the
perceived level of distress will vary between individuals and also
change according to the person’s emotional state and circumstances
under which the assessments were taken.52 PROs provide the ‘gold
standard’ in assessing pain outcomes, because they reveal the
individual's inherent perception of pain, which is most important
when evaluating the clinical benefit of a pain therapy.
This is probably the clearest example of where a PRO is likely to

supersede any physiological measure. Although several clinical scales
have been developed to better characterise pain after SCI,53,54 the
changes in perceptual pain rating remain the primary outcome from
which to assess clinical efficacy. To address MCID, a panel of experts
recommended that a 30% reduction in a self-reported pain rating
could be considered clinically beneficial.55 Originally unsupported by
empirical evidence, a recent study has shown that such a threshold is
associated with statistically significant improvements in objective
functional outcomes (for example, lifting capacity56). Although further
validation is required, a recent phase III study in SCI was able to detect
a 30% reduction in individuals treated with pregabalin,57 thereby
demonstrating the feasibility of this percent change.

DEVELOPING MCIDS FOR SCI: A CHALLENGING AND

EVOLVING PROCESS

None of the approaches, outlined above, take into account the cost
and the risks of the experimental treatment, which are important
considerations for the merits of a treatment, if and when an MCID has
been achieved. In brief, a small improvement may be acceptable for a
low-risk therapeutic, especially if it were also a low-cost treatment.17

However, high-risk strategies, with significant potential for causing
adverse events or unwanted side effects, may require a more rigorous
demonstration of significant functional improvement to justify the
risk. Similarly, a participant might agree that he/she has improved, but

based on the cost healthcare payers (private or government insurer)
may consider that the benefit is not worth the cost of treatment.58

It is important to emphasise that any of the above listed MDD and
MCID values cannot be expected to remain constant for all SCI levels
(for example, thoracic and lumbosacral injuries) or for the highly
variable neurological impairments across the spectrum of incomplete
SCI (AIS-B through to AIS-D). In fact, what is functionally meaningful
for a person who is C5 motor complete, but sensory incomplete, may
be different from what is meaningful for a person who is C5 or C7
motor and sensory incomplete. Further analyses and focus-group
discussions between experienced clinicians, scientists and people living
with SCI should be instructive. Knowledge of the MDD and
spontaneous recovery rates are only initial steps to define an MCID
value, but they provide a starting point for discussion. Thus, for each
outcome measurement tool, the calculation of an MDD, as well as the
spontaneous recovery rate, should be completed for each distinct SCI
population. In addition, for any given SCI outcome measurement tool,
the MCID value for acute SCI studies is likely to be different from its
chronic equivalent.

Acute SCI
In acute clinical situations, almost all people living with SCI show
some amount of spontaneous recovery, especially after incomplete
SCI.1,3,9,10 During early time points after SCI, a person will usually lack
the appropriate information and experience to judge the amount of
functional change (trial end point) that would eventually have a
meaningful impact on their life. Thus, in comparison with clinical
investigators, newly injured SCI individuals have been observed to
overestimate the magnitude of change that they expect to be mean-
ingful and available from any current therapeutic intervention.59 As
recovery progresses, expectations for therapeutic benefits are likely to
change, but no careful longitudinal survey of the expectations of
people living with SCI has been completed to date.
Therefore, in the best interests of people living with SCI, clinical

experience and expertise is often helpful to define and refine reason-
able MCID thresholds. Nevertheless, the shared responsibility for the
determination of MCID means that the reasoned expectations of
people living with SCI must be sought and discussed when determin-
ing reasonable MCID values.

Chronic SCI
People who have lived with chronic SCI have had time to appreciate
the natural history of SCI, in themselves and others they have
encountered. They are more likely to appreciate how even small
functional changes can be beneficial. Most people living with chronic
SCI have a relatively stable baseline of function;9 thus, they can more
readily perceive the benefits of even modestly effective interventions.
Even though there is a lack of empirical data, it is intuitive to suggest
that people living with chronic SCI are likely to have insightful
expectations for improvement and could serve as patient advocates for
suggesting MCID thresholds, as well as consultants to individuals
participating in an acute SCI intervention study.
In addition, chronic SCI may have different trial protocols with

more interest focused on longitudinal changes within each individual,
rather than between-group differences. An obscure but important
distinction in the MCID literature is that between-group differences
versus longitudinal, within-an-individual, changes are likely to provide
different MCID values.31
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Summary
At this time, the best strategy that can be offered for determining a
therapeutic benefit must rely on the correlation between a structure/
function measure and a relevant activity outcome, as well as
statistically significant differences between experimental and control
study cohorts. At present, MCID estimates are very difficult. In the
future and if they are based on systematic research and relevant
anchors, they could provide one basis for evaluating SCI clinical trial
data. This would assist all stakeholders to better understand the
therapeutic benefits and limitations of experimental treatments,
including regulatory agencies, healthcare payers, clinicians, scientists
and people living with SCI. An MCID, based on PROs, is often
included in the evaluation of clinical trial outcomes, but it is only one
value that enhances our interpretation of trial data. A valid MCID
cannot be less than the MDD, and it should exceed the value of the
observed MDD, which in itself can be difficult to estimate. Thus,
MCID estimates require careful consideration, cautious inference from
modelling of large longitudinal SCI databases, as well as clinician and/
or participant experience. Finally it has to be accepted that any MCID
definition will, and should, evolve over time with increasing study
experience.
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