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Introduction on Measuring Spinal

Cord Injury

Giorgio Scivoletto, Giovanni Galeoto,
Marco Tofani, Anna Berardi,
and Maria Auxiliadora Marquez

1 Introduction

Every year, around the world, between 250,000
and 500,000 people suffer a spinal cord injury
(SCI). There is no reliable estimate of global
prevalence, but the estimated annual global inci-
dence is 40-80 cases per million. Traffic acci-
dents were typically the most common cause of
SCI, followed by falls in the elderly population
[1]. Substantial variation in mortality and longev-
ity within the SCI population, compared to the
general population, and between World Health
Organization regions and country income level
was found. People with an SCI are two to five
times more likely to die prematurely than people
without an SCI, with worse survival rates in low-
and middle-income countries [2].
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Living with an SCI requires strategies to face a
wide range of health-related problems. Apart from
the paralysis, problems in various body functions,
such as the bladder, bowel and sexual function,
autonomic function, and pain, will be of concern.
Functional problems can lead to limitations in
activities and participation restrictions typically
related to mobility, self-care activities, difficulties
in regaining work, maintaining social relation-
ships, participating in leisure activities, and being
active members of the community [3, 4].
Participation restrictions are highly dependent on
environmental factors, such as mobility equipment
and transportation [5]. After an SCI, long-term
functional outcomes result in a combination of
acute neurological recovery and medical interven-
tion, rehabilitation, and social participation [6].
Establishing the value of medical interventions
from multiple parties’ perspective is essential to
the availability and adoption of therapies [7]. This
study was conducted by a research group com-
prised of medical doctors and health professionals
from the “Sapienza” University of Rome and from
“Rehabilitation & Outcome Measure Assessment”
(R.O.M.A.) association. R.O.M.A. association in
the last few years has dealt with several studies and
validated Italy’s outcome measures for the spinal
cord injury population [8-21].

The research group aims to develop a system-
atic review to identify all the evaluation tools
developed and validated to measure different
aspects of SCIL. This study aims to provide clini-
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cians and researchers information regarding the
existing outcome measures to assess people with
SCI based on reviewing, analyzing, comparing,
and critically appraising the available outcome
measures and their distribution in the interna-
tional literature.

2 Spinal Cord and
International Classification
of Functioning Disability
and Health

The International Classification of Functioning,
Disability, and Health (ICF) [22] provides a com-
prehensive and universally accepted framework to
classify and describe functioning, disability, and
health. According to the ICF framework, the
problems associated with a disease may involve
body functions and body structures and the activi-
ties and participation in life situations. Health
status and disability are modified by contextual
factors such as environmental and personal fac-
tors [22]. According to ICF, many people living
with SCI face different body function problems
and structure domains according to lesion levels
and according to early post-acute or long-term
settings. These differences also appear in the
activity and participation domains. New efforts to
understand differences within people living with
SCI, according to the ICF framework, were made.

Table 1 describes the ICF core set for acute
SCI [23]. The formal consensus process integrat-
ing evidence from preparatory studies and expert
knowledge at the ICF Core Set conference for
SCI led to the definition of a Comprehensive ICF
Core Set for SCI in the early post-acute context
for multidisciplinary assessment and clinical
studies.

A formal consensus process integrating evi-
dence and expert opinion based on the ICF frame-
work and classification led to the definition of
ICF core sets for SCI in the long-term context.
The brief ICF core set includes 33 second-level
categories that were selected out of the second-
level categories of the comprehensive ICF core
set, using a two-step ranking procedure and a
final cutoff decision. Table 2 describes the ICF

Table 1 ICF core set for acute SCI adapted and modified
from Kirchberger et al. [23]

Body functions | b730 Muscle power functions
b620 Urination functions
b525 Defecation functions
b280 Sensation of pain
b440 Respiration functions
b735 Muscle tone functions
b152 Emotional functions
b810 Protective functions of

the skin

Body structures | s120 Spinal cord and related

structures

s430 Structure of respiratory
system

s610 Structure of urinary
system

Activities and d420 Transferring oneself

participation
d410 Changing basic body

position
d445 Hand and arm use
d530 Toileting
ds550 Eating
d450 Walking
d510 Washing oneself
d540 Dressing
d560 Drinking

Environmental | e310 Immediate family

factors
e355 Health professionals

core set for people living with SCI in a long-term
context [24].

Tables 1 and 2 just described well represent
the needs of people living with an SCI dur-
ing the early phase or the life-span perspective.
Researchers, clinicians, and students should
approach the ICF framework for clinical practice,
research, and health reporting.

3 Outcome Measures

An outcome measure is a tool used to investigate
a different aspect of patients’ status. An outcome
measure can provide baseline data and/or provide
information on patient change during recovery
and/or rehabilitation. According to the ICF frame-
work, different outcome measures could investi-
gate body function and structure, activity and
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Table 2 ICF core set for people living with SCI in a long-
term context adapted and modified from Cieza et al. [24]

Body b730 | Muscle power functions
functions b620 | Urination functions
b280 | Sensation of pain
b525 | Defecation functions
b640 | Sexual functions
b810 | Protective functions of the
skin
b735 | Muscle tone functions
b710 | Mobility of joint functions
b152 | Emotional functions
Body s120 | Spinal cord and related
structures structures
$610 | Structure of urinary system
s810 | Structure of areas of skin
s430 | Structure of respiratory
system
Activities and | d530 | Toileting
participation d420 | Transferring oneself
d230 | Carrying out daily routine
d465 | Moving around using
equipment
d410 | Changing basic body
position
d445 | Hand and arm use
d470 | Using transportation
d455 | Moving around
d520 | Caring for body parts
d550 | Eating
d240 | Handling stress and other
psychological demands
Environmental | e310 | Immediate family
factors el120 | Products and technology
for personal indoor and
outdoor mobility and
transportation
ell5 | Products and technology for
personal use in daily living
el50 | Design, construction, and
building products and
technology of buildings for
public use
el55 | Design, construction, and
building products and
technology of buildings for
private use
el10 | Products or substances for
personal consumption
e355 | Health professionals
€340 | Personal care providers and
personal assistants
e580 | Health services, systems,
and policies

participation, environmental and personal factors.
Some of the assessment tools commonly used in
clinical practice can also link to the ICF domains.
Regardless of the area investigated, the outcome
measures have a different structure and basic con-
cept. For a comprehensive overview, the main cat-
egories of outcome measures are presented:

3.1 Patient-Reported Outcome

Measure (PROM)

Self-report measures are typically captured in the
form of a questionnaire. The questionnaires are
scored by applying a predetermined point system
to the patient’s responses. Although self-report
measures seem subjective, PROM objectifies a
patient’s perception. PROM can be pencil-based
or in electronic format. When examining equiva-
lence between paper and electronic versions, for-
mats are usually judged by authors to be
equivalent [25].

3.2 Clinician-Reported Outcomes

(ClinRo)

The use of a ClinRO assessment requires special-
ized professional training to evaluate the patient’s
health status. Conducted and reported by a trained
health care professional, the ClinRO assessment
reflects the evaluation of a patient’s reported con-
dition. A ClinRO assessment that is an appropri-
ate outcome assessment in one context of use
may or may not be adequate in a different con-
text. ClinRO assessments are commonly used in
end points that form the basis for reviewing and
approving medical interventions [26].

3.3 Observer-Reported Outcomes

(ObsRo)

An ObsRO is a measurement based on an obser-
vation by someone other than the patient or a
health professional. In general, ObsRO is reported
by a parent, caregiver, or someone who observes
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the patient in daily life and is particularly useful
for patients who cannot report for themselves
(e.g., infants or individuals who are cognitively
impaired) [27].

Performance-Based Outcome
Measure (PbOM)

3.4

Performance-based measures involve presenting
examinees with functional tasks in a standardized
format. The clinician does not apply judgment to
quantifying the performance but is administering
and monitoring the performance of the PbOM. A
performance-based measure entails having the
patient prepare a meal using a lab/hospital-based
mock kitchen. For instance, rather than merely
asking a patient or a collateral informant about the
patient’s cooking skills and safety (limited by their
insight, candor, and objectivity), or going to the
patient’s home and watching them prepare a meal
(while potentially valuable and informative, can be
impractical), the patient’s performance of a defined
task is quantified in a specified way, and it does not
rely on judgment to determine the rating [28].

4 International Project
for Measuring SCI

“Good science and good clinical practice depend
upon sound information, which in turn relies on
sound measurement. Measurement enables health
care professionals and researchers to describe,
predict and evaluate in order to provide bench-
marks and summarize change related to the condi-
tion and care of individuals with spinal cord
injury.” This is the incipit to the Spinal Cord
Injury Rehabilitation (SCIRE) collaboration
(https://scireproject.com/). SCIRE outcome mea-
sures provide information on the psychometric
properties and the clinical use of 104 measures,
giving the reader the necessary confidence to
move their clinical practice and research forward
on a more rigorous basis. The project started to
analyze and search different outcome measures in
studies involving the SCI population investigating

psychometric properties, namely reliability, valid-
ity, and responsiveness. SCIRE’s efforts provided
in these years the development of the spinal cord
injury outcome measures toolkit: a standardized
set of outcome measures for use in the SCI prac-
tice consisting of 33 outcome measures that have
been psychometrically validated for the SCI pop-
ulation. The outcome measures are grouped into
different categories: assistive technology, com-
munity integration, lower limb and walking, men-
tal health, neurological impairment and autonomic
dysfunction, pain, quality of life and health status,
self-care and daily living, skin health, spasticity,
upper limb and wheeled mobility.

Another concrete effort to spread evidence-
based practice using validated outcome measures
is the Rehabilitation Measures Database (www.
sralab.org/rehabilitation-measures). The database
is organized for a specific health condition and
can be filtered according to specific categories
(e.g., assessment type, area of assessment, costs).
There is a specific section for the SCI population;
however, for each category, the database reports
the purpose of the scale, time, and administra-
tion, psychometric properties, population,
references.

In conclusion, the international landscape is
engaging in promoting using valid outcome mea-
sures that can lead to better quality of care,
reduced health care costs, and promote a continu-
ous evaluation of the effectiveness of health inter-
ventions. Health care workers are called to
improve their work and credentials continually.
The adaptation of valid outcome measures is an
ethical and moral issue and a duty enshrined in
their individual professional profiles. The present
manual aims to propose a critical and systematic
analysis of the validated outcome measures for
the SCI population at international levels. We
hope that less experienced readers will be inspired
to approach their work with seriousness and
determination. Instead, we trust that more experi-
enced readers will enthusiastically grasp our
effort to systematize the outcome measures avail-
able to the population with SCI. Our hope is to
create an international synergy to improve the
care process and the quality of people's lives.
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Psychometric Properties
of Assessment Tools

Marco Monticone, Giovanni Galeoto,
Anna Berardi, and Marco Tofani

1 Introduction

Clinicians and researchers are encouraged to
proficiently analyze the psychometric proper-
ties of assessment tools essential for evaluating
patients with medical problems [1]. Advances in
diagnosis and care are possible when appropriate
assessment tools are made available to decision
makers. They know the measure used is adequate
for its purpose, how it compares with similar
measures, and how to interpret findings [2]. For
every patient or population group, several instru-
ments can be used to evaluate clinical conditions
or health status. However, many instruments have
been poorly or incompletely validated over time,
thus limiting their use for specific diseases or
among populations and countries [3]. Assessment
is common in the medical sciences and var-
ies from questions asked during history-taking
to physical evaluations, imaging techniques,
laboratory tests, or self-reported questionnaires.

M. Monticone

Physical Medicine and Rehabilitation, Department of
Medical Sciences and Public Health, University of
Cagliari, Cagliari, Italy

G. Galeoto (PX) - A. Berardi

Department of Human Neurosciences, Sapienza
University of Rome, Rome, Italy

e-mail: giovanni.galeoto @uniromal.it

M. Tofani
Department of Neurorehabilitation and Robotics,
Bambino Gesu Paediatric Hospital, Rome, Italy

Irrespective of the tool clinicians and research-
ers may wish to select, a correct way of assess-
ment aims to replace an empirical approach with
a scientific methodology, therefore increasing the
effectiveness of everyday practice [4].

This study was conducted by a research group
comprised of medical doctors and health pro-
fessionals from the “Sapienza” University of
Rome and “Rehabilitation & Outcome Measure
Assessment” (R.O.M.A.) association. R.O.M.A.
association in the last few years has dealt with
several studies and validated outcome measures
in Italy for the spinal cord injury (SCI) popula-
tion [5-18].

This chapter serves as a synthetic guide to
present the core psychometric properties of mea-
surement instruments in the medical field. The
method of assessments, strengths, and criticisms
for each psychometric property is directly based
on current literature in the field. Terminology and
definitions based on recent consensus-based stan-
dards for the selection of health measurement
instruments (also known as COSMIN) are
reported throughout the chapter [19].

2 Reliability

This method is defined as “the degree to which
the measurement is free from measurement error”
[19], and when repeated measurements are con-
ducted, it is worthy of investigation. Reliability
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varies depending on issues that include the instru-
ment under investigation, the evaluators, and the
patients under study. These possibilities led to
different types of reliability: (1) test—retest reli-
ability, when measurements are repeated over
time; (2) inter-rater reliability, when they are con-
ducted by different evaluators but on the same
occasion; (3) intra-rater reliability, when they are
conducted by the same evaluator but on different
occasions, and (4) internal consistency, when dif-
ferent sets of items from the same tool are
employed [1, 19].

When test—retest, inter, and intra-rater reliabil-
ity are addressed, readers should know they state
the way evaluations can be distinguished from
each other despite the presence of measurement
error. Statistics to calculate test-retest, inter, and
intra-rater reliability vary according to variables
adopted. When continuous variables are studied,
the adoption of intraclass correlation coefficients,
which consist of a ratio of variances, is recom-
mended [20]. The coefficient values vary from 0
(i.e., the error variance is considered negligible
compared to patient variance) to 1 (i.e., the error
variance is very large regarding patient variance
as may happen when homogenous samples are
encountered). A coefficient value of 0.70 is con-
sidered acceptable, and values of 0.80 and 0.90 as
good and very good [21]. When categorical vari-
ables are studied, literature advises the use of
Cohen’s kappa, which adjusts for the agreement
expected by chance, calculated by assuming
independence of measurements as obtained by
multiplications of the marginals. Estimates vary
from —1 to 1: figures equal to 1 state there is a
perfect agreement; figures of 0 mean there is no
agreement, which can be expected by chance;
figures near to —1 are usually caused by reversed
scaling by one of the two raters. Cohen’s kappa
may be influenced by sample differences, mar-
ginals distribution, number of classes, and
between-raters’ systematic differences [22].

Measurement error constitutes a related but
different concept from reliability and corresponds
to the difference between an amount that can be
measured and its true value [23]. It can be calcu-
lated in three ways. First, the standard error of
measurement corresponds to the standard devia-

tion around a single measurement. It is a measure
of how far apart the findings of repeated mea-
sures are. Clinicians and researchers easily inter-
pret it as it is reported in the reference unit of the
tool under study [24]. It is calculated by the fol-
lowing formula:

SEM = SD, /1 - ICC,,

where ICC corresponds to test—retest reliability
of the reference population as assessed by intra-
class coefficient correlation statistics.

Second, the limits of agreement represent a
graphical method to compare two measurements
where differences between the two techniques
are plotted against the averages of the two tech-
niques. Relating the limits of agreement to the
tool range may give an impression of the magni-
tude of the measurement error. By definition,
95% of the differences between repeated mea-
surements fall between the limits of agreement
[1, 24]. Third, by the coefficient of variation,
which relates the standard deviation of repeated
measurements to the mean value, with higher
percentage figures representing higher heteroge-
neity [1, 24].

Internal consistency is defined as “the degree
of interrelatedness among the items” and repre-
sents the level to which items belonging to an
assessment tool assess the same construct [19].
There are three parameters for calculating inter-
nal consistency: Cronbach’s alpha, inter-item
correlations, and item-total correlations. The
first determines how closely related a set of items
are as a group, with values greater than 0.7 and
0.8 showing acceptable and good internal con-
sistency, respectively. The second indicates
whether an item is part of the assessment tool,
with values higher than 0.7 suggesting items
evaluating the same construct. The third gives an
indication of whether the items discriminate
patients on the construct under investigation,
with figures below 0.3 suggesting a low contri-
bution to distinctions [25].

Sample size. A minimum number of 50
patients are required in order to calculate reliabil-
ity by avoiding the risk of bias due to insufficient
populations [26].
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3 Validity

Validity is defined as “the degree to which an
instrument truly measures the construct it pur-
ports to measure” [1, 19]. An adequate definition
of the construct (i.e., an explanatory variable to
be measured which is not directly observable) is
imperative. The construct itself has to be part of
the conceptual model within a theoretical and
clinical framework. There are three different
types of validity: content validity, criterion valid-
ity, and construct validity.

3.1 Content Validity

This has been defined as “the degree to which the
content of a measurement instrument is an ade-
quate reflection of the construct to be measured”
[19]. It has been recommended as the starting
point of each validation process [3]. With special
reference to multi-item measures, content valid-
ity aims to investigate their relevance and com-
prehensiveness about the construct under study.
The first issue evaluates if all items refer to rele-
vant aspects of the construct to be measured,
whether they are all relevant for the population
being studied, and if they are really relevant for
the object of the tool usage. The second issue
investigates if the construct chosen is entirely
covered by the items. Content validity can be
qualitatively evaluated by an independent panel
of independent experts to avoid the risk of bias. A
full description of the outcome measure, includ-
ing procedures of administration, has to be war-
ranted [27].

An additional aspect of the content validity is
represented by face validity, which has been
defined as “the degree to which a measurement
instrument looks, indeed, as though it is an ade-
quate reflection of the instrument to be mea-
sured.”! It stands for an overall view of the tool
and it is related to a subjective assessment. This
property is still undervalued because no stan-
dards as to how it should be evaluated are clearly
recommended.

3.2 Criterion Validity

It has been defined as “the degree to which the
scores of a measurement instrument are an ade-
quate reflection of a gold standard (i.e., diagnostic
test that is regarded as definitive in determining
whether an individual has a disease process)” [19].
Criterion validity can be subdivided into two main
sides: (1) concurrent validity and (2) predictive
validity. When assessing the first side, clinicians
and researchers take into account, and at the same
time, the score deriving from the gold standard
they have chosen and that from the measurement
under investigation. When the second side is
addressed, clinicians and researchers aim to know
whether the outcome measure under study fore-
casts the gold standard. The hypothesis is that the
outcome measure should perform as efficiently as
the gold standard for both sides. Moreover, an
appropriate target population should be individu-
ated. The level of agreement of the gold standard
and the instrument under study should be stated as
early as possible, and the scores should be obtained
independently. Statistics to apply depends again
on the variables included: criterion validity is
expressed through sensitivity and specificity esti-
mates whether the gold standard and the instru-
ment under study show dichotomous outcomes;
receiver operating characteristics curves are
advised if the tool relies upon an ordinal or a con-
tinuous scale; correlation coefficients are adopted
if a continuous gold standard variable is repre-
sented [1]. Sample size: a minimum number of 50
patients are required [26].

3.3 Construct Validity

It has been defined as “the degree to which the
scores of a measurement instrument are consis-
tent with hypotheses, e.g., with regard to inter-
nal relationships, relationships with scores of
other instruments or differences between relevant
groups” [19]. In other terms, evaluating this
property, clinicians and researchers state a mea-
surement tool that validly assesses the construct
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under investigation. There are three subtypes
of construct validity: (1) structural validity, (2)
hypothesis testing, and (3) cross-cultural validity.

The first subtype is defined as “the degree to
which the scores of a measurement instrument
are an adequate reflection of the dimensionality
of the construct to be measured” [19]. Overall
structural validity can be assessed by factorial
analyses that mainly include exploratory factor
analysis (EFA) and confirmatory factor analysis
(CFA). EFA is chosen when there are no clear
ideas on the factorial characteristics (i.e., number
and types of dimensions) composing a multi-item
instrument. An initial analysis is initially per-
formed using Cattel’s scree test to determine the
line plot of extracted factors with eigenvalues
greater than 1 selected. Furthermore, orthogonal
(also known as Varimax) rotation of the item is
habitually applied, leading to defining a compo-
nent matrix made of all the items under study.
Those with loadings on dimensions greater than
0.50 are included in the factor. The expected
explained variance by this factor analysis should
be more than 50% to be considered acceptable
[28]. CFA is implemented when, based on previ-
ous researches and findings, predefined hypothe-
ses on dimensions are available. Each item needs
to be specified to load onto its subscale, as origi-
nally described. Model fit is assessed using the
ratio between the y>-test and degrees of freedom
(i.e., x*¥d.f.), the comparative fit index, the
normed fit index, and the root-mean square error
of approximation and its 90% confidence inter-
vals [29]. The following thresholds are consid-
ered to represent a good fit: y¥d.f. < 3,
comparative fit index > 0.90, normed fit index >
0.90 and root-mean square error of approxima-
tion <0.08 [30]. Sample size: from 4 to 10
patients per item with a minimum of 100 patients
are required [26].

The second subtype of construct validity
occurs when hypotheses are formulated a pri-
ori on the relationships of scores on the instru-
ment under investigation with scores deriving
from other measures evaluating related or dis-
similar constructs. One idea suggests formulat-
ing a series of hypotheses between the tool

under study and related measures, describing
the expected direction (i.e., positive or nega-
tive) and magnitude (i.e., small, moderate,
large) of the above relationships. It is impor-
tant to evaluate if the findings are consistent
with the preformulated hypotheses by counting
how many are established and how many
refuted (usually they are expressed in percent-
age), and discuss the findings [31]. Sample
size: a minimum of 50 patients are recom-
mended are preferred [26].

The third subtype (i.e., cross-cultural validity)
is defined as ‘“the degree to which the perfor-
mance of the items on a translated or culturally
adapted tool is an adequate reflection of the per-
formance of items in the original version of the
instrument” [19]. This issue is important after the
translation of a questionnaire. There may be dif-
ferences in cultural aspects; some items may be
irrelevant in other cultures, causing the risk of
lowering the subsequent psychometric assess-
ment [32, 33]. The first step is represented by the
forward translation, where items are translated to
retain the tool’s original concepts. Two profes-
sional translations conduct two independent
translations and ensure the language is compati-
ble with a reading age of 14 years. Discrepancies
are resolved through reconciliation which ends
when a common adaptation is agreed. The sec-
ond step is defined as backward translation. Two
bilingual translators independently back-translate
the initial translation; the researchers review
these translations and ensure the adapted version
essentially reflects the same item content as the
original version. The third step is the evaluation
of the pre-final version by an expert committee,
where the translations are submitted to a bilin-
gual committee of clinicians and methodologists
who explore items semantic, idiomatic, and con-
ceptual equivalence and answers to identify any
discrepancies or mistakes. This third step ends
when a pre-final version is agreed upon. A fourth
step is represented by the on-field test of the pre-
final version, where the pre-final version is tested
to assess the comprehensibility and cognitive
equivalence of the translation; this is pursued by
cognitive interviews performed by trained psy-



Psychometric Properties of Assessment Tools

n

chologists (and eventually by health carers) who
administer the instrument to selected subjects. At
conclusion, the expert committee reviews the
results, identifying any modification to improve
the adapted form further. Finally, the step consist-
ing of the evaluation of the process by the devel-
opers, where the shared version of the
questionnaire is sent to the developers to receive
further suggestions and final approval. All of the
above steps rely on qualitative assessment.
However, the new tool actually performs as the
original version in different populations can be
tested through factor analysis methods (espe-
cially CFA) or logistic regression analysis tech-
niques [1].

4 Responsiveness

This psychometric property has been defined as
“the ability of an instrument to detect change
over time in the construct to be measured” [19],
as it is important to know if the clinical status of
patients has changed over time. When a tool
shows to be responsive to change if patients
change on the construct of interest, their scores
on the measurement tool assess this construct
change accordingly. Responsiveness is crucial
with longitudinal studies and when evaluation
scopes are pursued.

There are two ways of assessing responsive-
ness: almost similar to what above describes
validity but based on a criterion that uses a con-
struct approach. When a gold standard for change
is available, a criterion approach is recommended
to assess the degree in the scores of the tool under
study is an adequate reflection of changes in
scores of the gold standard. An appropriate target
population should be individuated. The level of
agreement between changes of the gold standard
and the instrument under study should be defined.
The scores should be obtained independently and
over the same time period. Coefficients correla-
tions are used when the gold standard is a con-
tinuous (i.e., change in score) variable and
receiver operating characteristics (ROC) curves
when it is a dichotomous (i.e., change vs. no

change) variable. The area under the ROC curve
is considered to measure an instrument’s ability
to distinguish between patients who are consid-
ered improved (or deteriorated) from those who
are not considered improved (or deteriorated) in
relation to the gold standard. An area under the
curve of at least 0.70 is considered an appropriate
responsive measure [34]. Hypothesis testing is
useful to test the responsiveness of a measure
when no gold standard is available. The hypoth-
eses test correlations between changes in scores
of the tool under study and changes in scores on
other measures with satisfactory responsiveness.
Relative correlations (i.e., comparisons between
comparisons) can also be considered. The
hypotheses should include the expected direction
and magnitude between the change scores [34—
36]. Previous studies should help formulate
hypotheses.

4.1 Inappropriate Measures

of Responsiveness

A series of methods to evaluate responsiveness,
such as effect size, Guyatt’s approach, the stan-
dardized response means, and the paired z-test,
have been suggested and widely used over time.
Effect size calculates on a whole sample by divid-
ing the pre- and posttest scores by the pretest
standard deviation (SD). As for Guyatt’s
approach, the change computed on the whole
sample gets divided by the pretest SD calculated
only for those subjects whose status remains
unchanged. The standardized response mean
(also known as the responsiveness treatment
coefficient or efficacy index) is the ratio between
individual change and the SD of that change. As
for all of the measures, estimates of 0.20, 0.50,
and 0.80 represent small, moderate, and large
changes. However, evidence concludes they are
inadequate measures of responsiveness as they
express the magnitude of the change scores and
not the validity of those changes. The paired
t-test measures the change scores’ statistical sig-
nificance and not, again, the validity of the
change scores [35, 36].
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5 Interpretability

Interpretability has been defined as “the degree to
which one can assign qualitative meaning, that is
clinical or commonly understood connotations,
to an instrument’s qualitative scores or change in
scores” [19]. It is crucial for every measurement
instrument and a powerful information for clini-
cians and researchers as it refers to what the
scores on an instrument mean. The minimum
detectable change and the minimal important
change get reported when addressing the mean-
ing of change scores.

5.1 Minimum Detectable Change

It is the change beyond measurement error. In
other words, it corresponds to a change that falls
outside the limits of agreement as calculated by
the Bland and Altman method [37] and can be
estimated by the following formula:

MDC = SEM * 7 value /2

where SEM is the standard error of measurement,
and z value corresponds to 1.96 or 1.64 when
95% or 90% confidence levels are chosen,
respectively.

If a subject achieves a change score greater
than the threshold estimated as per the MDC, it is
possible to state (with % confidence) this change
is real and not due to measurement error. A
smaller change in score should be attributed to
measurement error [24].

5.2 Minimal Important Change

(MIC)

It is defined as “the smallest change in score in
the construct to be measured which patients per-
ceive as important” [19]. When outcomes based
on patients’ perspectives are considered, the MIC
should consider their perspective, while when
different instruments are used the clinician’s
point of view is of importance [38, 39]. MIC is

estimated by anchor-based or distribution-based
methods.

Anchor-based methods. They utilize an exter-
nal criterion, or anchor, to determine clinically
important improvements or to worsen. A globally
perceived effect for patients’ or clinicians’ use
and evaluated by the question: “Overall, how
much did the treatment you received help your
current problem?” or “Overall, how much did the
treatment you delivered help your patient’s cur-
rent problem?”’; then the perceived effect is deter-
mined using a Likert-type scale characterized by
improvement levels (e.g., “it helped a lot” and “it
helped”), no change level (e.g., “it did not help”)
and worsening levels (e.g., it made things worse;
it made things much worse) [40]. A first method
based on the use of an anchor is the mean change
method, where the minimal important change
corresponds to the mean change in score on the
measurement instrument in the subcategory of
patents who are minimally importantly changed.
A second method is based on the receiver operat-
ing characteristics curves: subjects are dichoto-
mized into two groups based on the global
perceived effect scores (e.g., improved vs. non-
improved; improved vs. worsened); sensitivity
(i.e., the probability that the measure correctly
classifies subjects who demonstrate change when
an external criterion of clinical change is used)
and specificity (i.e., the probability that the mea-
sure correctly classifies subjects who do not dem-
onstrate change when the external criterion is
used) of each value of change in the measure are
calculated and used to plot the curve. Sensitivity
values and false-positive rates (1-specificity) are
then plotted at the y and x-axis on the curve.
Using the Youden index, an optimal cutoff point
(i.e., the minimal important change figure) is
computed and taken as the MIC, which indicates
the change score associated with the least mis-
classification [34-36].

Anchor-based methods represent powerful
methods to calculate the minimal important
change as they explicitly define and incorporate
the concept of minimal importance; however,
they limit by not considering the variability of
tool scores within the sample.
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Distribution-Based
Approaches

5.3

They are based on the distributional features of
the population under study and explicit the
observed change in the outcome measure to some
form of variation to get a standardized metric.
Several methods have been proposed over time,
such as the effect size and the standard error of
measurement; they should be used with caution
because they do not directly indicate the impor-
tance of the observed change [34-36].

Two issues are crucial before addressing inter-
pretability: (1) scores distribution and (2) floor
and ceiling effects. The first delineate if the sam-
ple is distributed over the whole range of the
scale, whether the study sample has high or low
scores, or patients are clustered at points on the
scale. The second is again important as patients at
both ends of a measurement tool cannot show any
further improvements or worsen [1].

6 Additional Properties [41, 42]

6.1 Floor and Ceiling Effects

These terms describe how subjects have scored at
or near the possible lower or upper limit, prevent-
ing from measuring variance above a certain
level. They are recognized when more than 15%
of patients achieve the lowest (i.e., floor) or the
highest (i.e., ceiling) possible score.

6.2 Precision

It represents the instrument’s exactness, which is
based on the number and accuracy of distinctions
made. This issue is raised concerning response
categories and numerical values, and for the rela-
tionship between the range of difficulty of the
items and the distribution of what is being mea-
sured. Advanced statistical methods (e.g., the
Rasch analysis) or simpler techniques such as
ordering the items based on their mean scores
may provide a system for examining an instru-
ment’s interval characteristics.

6.3 Acceptability
It describes how easy the measure is for respon-
dents to complete. Patients are investigated about
the response rate (i.e., missing values) and the
time to complete the tool.

6.4 Feasibility

It constitutes how easily the instrument can be
administered and processed, including the extent
of effort, burden, and disruption to staff and clini-
cal care arising from the use. It also requires
gathering information on professional expertise
to apply or interpret the instrument and an
instruction manual (including its clarity).

7 Conclusions

Researchers are encouraged to ensure outcome
measures are psychometrically sound, and they
are administered thoughtfully and analyzed cor-
rectly. All measures should meet the classical
requirements of reliability, validity, and respon-
siveness. Conducting an appropriate evaluation
is a difficult task: evaluating outcome measures
should be carefully oriented, using well-chosen
judgment criteria defined in terms of precise
objective and referring to international standards.
The importance of appropriate assessment is
clearly demonstrated by the growing number of
studies devoted to identifying the best criteria for
choosing and applying. Development and refine-
ments of measurement tools are recommended
over time as part of an ongoing process. More
robust validation is possible when a measurement
instrument that has shown an acceptable degree
of validity in one situation is also validated in
another context, disease, or population. More
evidence is recommended to test and enlarge
psychometric properties. Despite encouraging
results and ongoing processes as described above,
improving the quality of assessment still consti-
tutes an important challenge for most medical
fields. Better assessment will undoubtedly lead
to better planning of care, better communication
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among health professionals, better evaluations
of treatment efficacy, better clinical research,
and better knowledge about patients’ needs and
expectations.
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1 Introduction

Measuring health status and health interventions
is fundamental to guarantee the quality of ser-
vices and good health for all. The biomedical
model of health had focused well-being assess-
ment and related interventions on strictly bio-
medical parameters in the past. The
biopsychosocial model’s emergence has instead
overturned this paradigm, defining health as a set
of biological, psychological, and environmental
contingencies. The International Classification
of Functioning, Disability, and Health (ICF)—
approved by the World Health Assembly in 2001
[1]—describes a universal framework of func-
tioning, and health examining different compo-
nents: body functions and structures, activities
and participation, and contextual factors. The
increasing recognition of the patient perspective
and, more specifically, functioning and health has
led to an impressive effort in research to develop
concepts and instruments to measure them [2].
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Comparing selected instruments may provide cli-
nicians and researchers with new insights when
selecting health-status measures for clinical stud-
ies [3]. High-quality clinical care requires people
to provide information regarding how they feel,
their symptoms, the possibility of restoring com-
munity living, and achieving a satisfying life
quality. Keeping in mind the great varieties of
areas to consider, how can clinicians choose the
more appropriate outcome measures? In the spe-
cific context of the SCI population, different
efforts are made: the ICF framework was investi-
gated [4, 5], using the Delphi method with occu-
pational therapists [6], physical therapists [7],
and customers [8].

Furthermore, many authors tried to investigate
the appropriateness of outcome measures for
newly acquired SPI population [9] or for measur-
ing function or mobility [10]. Studies suggested a
good general methodology, but with a limited
sample. Furthermore, for the development of clin-
ical practice guidelines including recommenda-
tions for assessments in initial SCI rehabilitation,
the psychometric properties of outcome measures
and their clinical relevance need to be considered
[9, 11]. Unfortunately, in everyday clinical activi-
ties, this is a widespread practice. In many coun-
tries, the lack of interest and funding opportunities
in validating outcome measures may also lead to a
worse quality of care and poor adherence/compli-
ance of healthcare plans. The COSMIN
(COnsensus-based Standards for the selection of
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