Volume 44, Number |, 2007
Pages 113-122

RRD

Journal of Rehabilitation Research & Development

)

Domains of outcomes in spinal cord injury for clinical trials to improve

neurological function

Ralph J. Marino, MD, MSCE

Department of Rehabilitation Medicine, Jefferson Medical College, Thomas Jefferson University, Philadelphia, PA

Abstract—Selecting appropriate outcome measures in spinal
cord injury clinical trials that aim to improve spinal cord func-
tion is a challenging task. Proving that an intervention has the
intended effect on neurological functioning is insufficient. Any
improvement must be shown to be clinically significant—that
is, makes a change in the life of the person. Rehabilitation,
which seeks to maximize function despite residual impair-
ments, complicates this task. Small improvements in function
due to a spinal cord intervention may be masked by improve-
ments in function due to rehabilitation, particularly in the ini-
tial rehabilitation phase of care. Understanding outcome
domains in models of disablement will facilitate selection or
development of assessment tools appropriate for the trial in
question. This article describes an expanded World Health
Organization model of functioning that defines the domains of
Impairment, Capability/Functional Limitation, and Activity, as
well as the subdomains of Capacity and Performance, and
gives examples of measurement instruments in use or under
development in each domain.

Key words: activities of daily living, disability model, func-
tional limitation, ICF, impairment, measurement, participation,
rehabilitation, spinal cord injury, spinal cord intervention.

INTRODUCTION

This article provides a conceptual framework for
assessing outcomes in spinal cord injury (SCI) clinical tri-
als that aim to improve neurological function. The infor-
mation in this article was presented as an introduction to a
1-day course on outcome assessment in SCI that was held
May 11, 2005, in Dallas, Texas. The content is limited to
those measurement instruments and relevant domains
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presented at the course and is not meant to be a compre-
hensive review of domains and instruments in SCI.
Clinical trials in SCI, particularly trials in the acute
stage of injury that evaluate interventions for preserving
or improving spinal cord function, are conducted against
the backdrop of rehabilitation. In addition to demonstrat-
ing an effect on neurological functioning, investigators in
such clinical trials are encouraged to demonstrate that
any improvement is clinically significant—that is, results
in improvements in functional tasks and social participa-
tion. The second National Acute Spinal Cord Injury
study, which found that a group receiving methylpred-
nisolone within 8 hours of injury had improved motor
scores compared with a placebo group [1], was criticized
for not including a functional outcome measure. Demon-
strating improved functioning at the level of functional
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activities or social participation in such a study can be
difficult in patients undergoing rehabilitation, because
the rehabilitation process seeks to minimize the impact of
impairments on functioning [2]. For example, orthoses,
assistive devices, wheelchairs, and environmental modi-
fications may be provided to help a person with a disabil-
ity get from one place to another. The more successful
these adaptations are, the weaker the relationship
between impairment and activity will be and the harder it
will be to show that the experimental treatment made a
difference [3]. On the Functional Independence Measure
(FIMTM), for instance, the same locomotion score is given
to a person who walks independently with a walker and
bilateral orthoses as is given to a person who walks with
a cane and no braces. An impairment change that allows
a person with paraplegia to trade in his or her braces and
walker for a cane will not be reflected in that person’s
FIM locomotion score.

Selecting an appropriate measurement instrument is
facilitated by an understanding of domains of outcomes
and their interrelationships. The conceptualization of dis-
ablement has been the subject of numerous publications
and different models have been proposed by the Institute
of Medicine (I0OM) [2,4], the National Center for Medical
Rehabilitation Research [5], and the World Health Orga-
nization (WHOQ) [6-7]. This article will use the Interna-
tional Classification of Functioning, Disability, and
Health (ICF) (Figure 1) [7], which is the basic WHO
framework, with an additional domain (Capability/Func-
tional Limitation) inserted between the Body Functions
and Structures and Activity domains.

MODEL OF FUNCTIONING AND DISABILITY

The ICF is a revision of the International Classifica-
tion of Impairments, Disabilities, and Handicaps
(ICIDH) [6] and better reflects the complex relationship
between illness or disease and functioning. The ICF
model distinguishes between the domains of (1) Body
Functions and Structures, (2) Activities, and (3) Partici-
pation and includes two sets of contextual factors, Envi-
ronmental and Personal (Figure 1). A health condition
may affect any one of the three domains. The ICF is more
neutral than the ICIDH and focuses on human function-
ing rather than disability alone. Domains may be
described in either positive or negative terms, such as
“activity” versus “activity limitation.”
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Figure 1.

World Health Organization (WHO) International Classification of
Functioning, Disability, and Health model of functioning. Reprinted
by permission from WHO. WHO. International Classification of
Functioning, Disability, and Health. 2001. p. 18.

In the Body Functions and Structures domain, body
functions are physiological functions of body systems,
such as sensation and muscle power [7]. Body structures
are the anatomical parts of the body, such as organs and
limbs and their components. The negative descriptor for
these terms is “impairment,” defined as a “problem in body
function or structure as a significant deviation or loss” [7].

The Activity domain requires the use of qualifiers of
functioning, namely capacity and performance, which are
hereafter referred to as subdomains. Activity is the exe-
cution of a task or action by an individual, and activity
limitations are difficulties in executing activities [7]. The
Capacity subdomain describes a person’s ability to exe-
cute a task or action. It documents a person’s highest
level of functioning in a given environment and requires
testing in a standardized environment. This standardized
environment is often more, but may be less, accommo-
dating than the person’s usual environment. The Perfor-
mance subdomain, on the other hand, describes what a
person routinely does in his or her current environment.
This environment may differ from individual to individ-
ual and from one time to another.

The Participation domain describes an individual’s
involvement in a life situation, such as work, school, or
sports, and requires performance of various actions and
tasks. The ICF contains a single taxonomic list of items
for both the Activity and Participation domains and
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indicates that the Capacity subdomain applies only to the
Activity domain and that the Participation domain should
indicate performance [7]. The contextual factors, which
may influence functioning, are grouped into the domains
of Environmental Factors and Personal Factors and may
be facilitators of or barriers to function. Environmental
factors are aspects of the physical, social, and attitudinal
environment. Personal factors are the myriad features of
an individual’s life that influence functioning, such as
age, coping style, education, and social background.

Nagi thought that the ICIDH lacked “a coherent and
clearly delineated concept of [functioning] at the level of
the organism” [8]. He proposed the domain of Functional
Limitation to fill this gap. As incorporated into the IOM
model of disablement, functional limitation is defined as
a “restriction or lack of ability to perform an action or
activity in the manner or within the range considered nor-
mal” [2]. Unfortunately, certain terms, such as “action”
and “activity,” are defined differently by the WHO and
the IOM. For clarity in this article, Capability/Functional
Limitation items will be called “actions” and the ability
to perform actions “capability.” The terms “tasks” and
“activities” will be reserved for items in the Activity
domain and its Capacity and Performance subdomains.
Functional limitations operate at the person level and rep-
resent the total effect of all impairments on actions. Items
that could be considered functional limitations, such as
sitting or grasping, are included in the Activity taxonomy
of the ICF but are not identified as such. The modified
ICF model that we use in the rest of this article is
depicted in Figure 2. This model extracts the Capability/
Functional Limitation domain from the Activity domain
and explicitly divides the Activity domain into the
subdomains of Capacity and Performance. As will be
explained, separating Capability/Functional Limitation
from Capacity Limitation from Performance Limitation
makes sense conceptually when one is determining the
impact of improvement in impairment on functioning.

The complexity of measurement increases as one
moves through the domains from Body Functions and
Structures/Impairment (hereafter referred to as Impair-
ment) to Participation because more and more factors may
influence function at each successive level. The Table
delineates the similarities and differences among the
domains of Impairment, Capability/Functional Limitation,
Activity, and Participation. For example, strength of the
finger flexor or thenar muscles would fall into the Impair-
ment domain. A capability/functional limitation related to
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Figure 2.

Modified International Classification of Functioning, Disability, and
Health model of functioning. Model extracts Capability/Functional
Limitation from Activity Limitation and explicitly divides Activity
into Capacity and Performance subdomains.

finger flexor strength would be the ability to grasp a cylin-
drical object, such as a glass of water or a can of soup. The
exact object is not critical but rather the type of grasping
pattern it represents, in this case cylindrical grasp as
opposed to pinch or key grip. Grasping ability may be
affected by impairments other than weakness, such as
spasticity or contractures. The Capacity subdomain
focuses on tasks or activities, not the action of the body.
Ideally, but not necessarily, when capacity is measured,
the patient should perform the task or activity without
equipment or assistance; this differs from measurement of
capability/functional limitation, where neither equipment
nor assistance is allowed. In determining the individual’s
capacity to grasp and lift a glass of water, the object is
important and should be standardized, as should the deci-
sion to allow equipment or assistance. Picking up a glass
without a handle is different from lifting a cup with a han-
dle. The Performance subdomain, on the other hand,
focuses on what happens in everyday situations. The
object may be modified to facilitate performance; for
example, a cup with a handle may be used, equipment
such as a wrist-driven orthosis may be provided and, if
necessary, physical assistance may be provided. The rele-
vant area of participation in this example would be dining
out with friends, during which getting a drink is part of the
set of activities performed. The method of getting a drink
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Table.

Characteristics of domains of outcome in modified International Classification of Functioning, Disability, and Health model.

Domain Level of Operation Example Ca_n Use_ Can Use An_other
Adaptive Aids? Person’s Assistance?
Impairment Organ system Strength of finger flexors No No
Functional Limitation  Individual as whole Grasp cylindrical object No No
Activity
Capacity Individual in standardized Drink from 6 oz glass Preferably not Preferably not
environment without handle
Performance Individual in usual Get drink (any method, Yes Yes
environment i.e., cup, glass, straw)
Participation Individual fulfilling life Dine out with friends Yes Yes

roles in usual environment

is much less important here, so use of a long straw to elim-
inate the need to grasp or lift a glass is a valid method for
accomplishing the activity. At the level of Participation,
then, the ability to get a drink (after set up) has little rela-
tionship to finger flexor strength or the ability to grasp an
object.

Evaluating functional limitations during a clinical
trial of an agent targeting neurological function can sub-
stantiate the real-life benefit of the intervention by dem-
onstrating that the treated subjects can do more than
control subjects; i.e., they can interact with the environ-
ment in ways that the control subjects cannot. Impair-
ment measures can be somewhat abstract and the clinical
relevance of changes unclear. As Walker stated in an edi-
torial on a clinical trial in acute SCI, “clinicians wonder

. what a ‘seven-point change’ in the ASIA [American
Spinal Injury Association] score really means” [9]. The
ICF includes capacity and performance with and without
devices and/or assistance in a single domain, and this
blurs important distinctions among these ways of func-
tioning. A very strict interpretation of the ICF conceptu-
alization of capacity would approximate evaluation of
functional limitations. However, most instruments that
measure activity do not require specification of the type
of orthosis or adaptive device, only whether or not one is
used. Furthermore, although adaptive equipment is part
of the ICF Environmental Factor domain, valid objective
measurement instruments for environmental factors are
not widely available.

During a clinical trial in which the intervention tar-
gets the structure and function of the spinal cord itself,
such as growth-promoting factors or cell transplants,
detecting improvements at the levels of Activity (Perfor-
mance) or Participation may be difficult. As one moves

further away from the domain targeted by the interven-
tion, detecting changes becomes harder, because environ-
mental and personal factors and comorbid conditions
grow in importance. The effect that is quite large at the
level of Impairment may be immeasurable at the level of
Participation [3]. Persons with the same SCI level and
severity may have very different levels of activity per-
formance because of differences in availability of adap-
tive equipment and personal assistance, accessibility of
the environment, and expectations of family members.
The contextual factors often supersede impairments in
their influence on participation. Impairment is not highly
correlated with Participation [10]. The inability to walk
does not prevent one from working nor does a weak
grasp prevent one from eating out.

A thorough understanding of the mechanism of the
intervention and its effect on impairment coupled with
knowledge of a model of disablement like the one pre-
sented here, may facilitate selection of an Activity instru-
ment targeted to the intervention. Ultimately, a battery of
instruments that focuses on several domains of function
is desirable. Demonstrating improvement in the Activity
subdomains of Capacity and Performance expected by
changes seen in the Impairment and Capability/Func-
tional Limitation domains would support the premise that
the intervention caused the improvements. Conversely,
improvement in measures of activity without a corre-
sponding improvement in impairment or capability/func-
tional limitation would suggest that other factors, for
example, task modification or use of equipment, caused
the improvement. Following are examples of instruments
used in SCI research across the domains of the modified
model of disablement. Since the focus is clinical trials
that target impairment, which is not a major determinant
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of participation, participation outcome instruments will
not be addressed.

IMPAIRMENT: TISSUES AND CELLS

Efforts are underway to better assess the pathology or
altered functioning of the spinal cord in human SCI. The
ICF currently does not contain a classification for altera-
tions at the tissue and cellular levels, such as the spinal
cord, but allows for its inclusion in the future [7, p. 12]
Techniques for evaluating spinal cord tract function
are under development, however. Somatosensory- and
motor-evoked potentials have been somewhat successful
in predicting recovery after SCI [11-13]. To date, these
measures have not predicted recovery more accurately
than the clinical neurological examination [12]. In
another line of investigation, researchers sponsored by
the International Spinal Research Trust have been devel-
oping other physiological tests of spinal cord tract func-
tion [14]. They have described advances in measures of
motor function that use transcranial magnetic stimulation
and recording over limb and trunk muscles [15-16]. This
work is yielding insight into muscle function in the tho-
racic segments of the spinal cord, where clinical testing
of muscles is quite limited.

Advances in magnetic resonance imaging (MRI)
enable us to see the injured spinal cord in greater detail.
MRI evaluates “body structure” and alterations in that
structure. Attempts have been made to relate findings on
MRI to current and future neurological function [17-18].
Abnormalities found to correlate with neurological func-
tion include presence of hemorrhage, edema, and length
of edema in the spinal cord [19]. Functional MRI is a
technique that merits attention. In the future, it may help
us evaluate spinal cord function. This technique was use-
ful in assessing spinal cord response to a thermal stimulus,
whether or not the patient was aware of the stimulus [20].

IMPAIRMENT: BODY FUNCTIONS AND
STRUCTURES

In SCI, the most widely used and accepted impair-
ment instrument is the International Standards for Neuro-
logical Classification of Spinal Cord Injury [21],
developed by ASIA and the International Spinal Cord
Society (ISCoS). Sensory and motor functions are evalu-
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ated at the bedside with standardized techniques and mini-
mal equipment [22]. Interrater reliability of the total
sensory scores and motor scores is very good overall
(intraclass correlation coefficients >0.96), although values
are lower for subgroups with incomplete injuries [22-23].
Agreement in classification, which is a different skill, has
improved with successive revisions of the International
Standards and, among experienced clinicians, is how as
high as 93 to 94 percent for motor and sensory levels and
87 percent for ASIA impairment scale grade [23].

In the International Standards, sensory and motor
functions are measured by ordinal scales and more inter-
val-level measures of impairment have been desired.
Current work is developing more quantitative measures
of sensory function. Aspects of sensory testing being
evaluated include light-touch threshold (using Semmes-
Weinstein monofilaments), vibration perception (using a
bio-thesiometer), and thermal perception and pain thresh-
olds [14]. In the area of motor function, hand-held dyna-
mometry offers continuous-level measurement of muscle
power as an alternative to ordinal-level manual muscle
strength testing. Some evidence exists that hand-held
dynamometry is more sensitive to change than manual
muscle testing [24] and is better correlated to activities
[25]. Additional research must determine whether hand-
held dynamometry is useful for evaluating motor func-
tion in clinical trials.

The International Standards are not the only classifi-
cation system used in SCI care and research. Surgeons
involved in upper-limb reconstructive procedures have
found that the classification of motor levels in the Inter-
national Standards is too broad. Instead of the 5 motor
levels from the fifth cervical to the first thoracic, these
surgeons have developed a 10-level scale called the Inter-
national Classification for Surgery of the Hand in Tetra-
plegia (ICSHT). It is based on the number of muscles
below the elbow available for tendon transfer. At each
successive level, an additional specified muscle with
manual muscle test score of at least grade 4 must be
available for tendon transfer [26]. The ICSHT is the
accepted system for classification of patients when
results of upper-limb reconstructive procedures in SCI
are being reported.

Autonomic function is another important area that is
not addressed by the International Standards. Evaluation
of autonomic functions has been plagued by lack of a
common terminology. In an attempt to fill this void,
ASIA and ISCoS have formed a committee that will draft
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a classification system for autonomic functions. The
committee is divided into four subcommittees: (1) gen-
eral autonomic functions, such as blood pressure, heart
rate, and temperature regulation; (2) bladder function;
(3) bowel function; and (4) sexual function. Krassioukov
et al. present the committees’ preliminary conceptualiza-
tions and classifications of autonomic functions and wel-
come comments and suggestions [27].

CAPABILITY/FUNCTIONAL LIMITATION

Given the lack of consensus in the field over the
place of “functional limitations” in disablement models,
one should not be surprised that measures of this domain
are limited in number. Most available measures focus on
the upper limb. While many measurement instruments
for hand function are available, only a few have been
used for the evaluation of interventions in SCI. One such
measure is the Grasp and Release Test that evaluates the
functional impact of an implanted upper-limb neuropros-
thesis [28]. This test, as the name implies, focuses on the
grasping functions of the hand. A more comprehensive
assessment of upper-limb function is the Capabilities of
Upper Extremity instrument [29]. This instrument evalu-
ates actions of the arm, such as reaching and pushing, and
of the hand, such as grasping and manipulating objects.
Details of this instrument, which is still under develop-
ment, can be found elsewhere [23]. It has been used to
document changes in capabilities of the arms and hands
after tendon transfer and neuroprosthesis implantation
[30]. In a small series of patients, the Capabilities of
Upper Extremity instrument accurately differentiated
improvements based on whether the procedures targeted
the arm, the hand, or both [30].

ACTIVITY: CAPACITY

The next area of interest is capacity, i.e., what a per-
son can do in a standardized environment [7]. Lack of
proper equipment or an inaccessible environment may
limit a person’s performance of an activity even if he or
she has the capacity to complete it. To minimize con-
founding by environmental differences, one must assess
activities in a standardized environment, that is, assess
capacity. In SCI, capacity measures have focused on
assessment of walking function. Walking is commonly

evaluated by tests that measure time to walk a certain dis-
tance, such as the 10 m walk or the Timed Get-up-and-
Go test, or the distance walked in a certain time, such as
the 6-minute walk test [31]. In addition to time and dis-
tance measurements, any equipment and/or assistance
that the person uses when walking must be recorded. A
validated instrument for this purpose is the Walking
Index for Spinal Cord Injury (WISCI), a hierarchical
scale that ranks walking function based on various com-
binations of braces, assistive devices, and levels of per-
sonal assistance [32]. Because use of equipment and
physical assistance is permitted, the WISCI does not fall
into the Capability/Functional Limitation domain. How-
ever, higher levels represent lesser degrees of impair-
ment, not independence, so the ranking differs from that
of most activity instruments.

ACTIVITY: PERFORMANCE

The Performance subdomain encompasses what an
individual actually does at a given time in his or her usual
or current environment. When evaluating performance, the
therapist aims to reflect the person’s actual life situation
[7]. Therefore, if personal assistance or assistive devices
are typically used to accomplish an activity, then they are
used when the activity is rated. Performance is generally
what is measured during inpatient rehabilitation programs.
In the United States, the most often used instrument is the
FIM, a generic instrument that assesses burden of care of
patients undergoing inpatient rehabilitation [33]. FIM
scores may overestimate performance if therapists rate
patients based on what they do during therapy sessions
rather than what they do outside of therapy. In addition,
performance may decline after discharge if the discharge
environment is not as accommodating as the rehabilitation
unit.

As do most generic measurement instruments, the
FIM has shortcomings when applied to a specific condi-
tion such as SCI. Dissatisfaction with the FIM has led to
more condition-specific instruments. In SCI, such meas-
urement tools include the Quadriplegia Index of Function
(QIF) [34] and the Spinal Cord Independence Measure
(SCIM) [35]. The QIF is limited to use in tetraplegia and
has been used sparingly, while the SCIM is gaining in
popularity. Both instruments take a similar approach
asthe FIM but contain items and levels that are more
relevant to SCI. For example, the QIF feeding category
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separately rates tasks, such as pouring liquids, applying
spreads, and opening containers, that have different
degrees of difficulty for patients with tetraplegia, while
the FIM includes all of these tasks in the “supervision/
set-up” level. Therefore, the QIF feeding category is
more highly correlated than the FIM eating category with
upper-limb motor scores in tetraplegia [36]. Unlike the
FIM, which only addresses indoor mobility, the SCIM
separately evaluates indoor and outdoor mobility and
lists both wheelchair use and walking as possible levels
of functioning [37].

Another approach to evaluation of performance is
individualized assessment, as has been used in the Cana-
dian Occupational Performance Measure [38]. This cli-
ent-centered performance tool is used by occupational
therapists. It requires a semistructured interview for iden-
tification of client desires for change in the areas of self-
care, productivity, and leisure. The five most important
areas (to the client) are selected and tracked. At the start
and completion of treatment, the client rates these five
areas for performance and satisfaction with performance
using a 1 to 10 scale. Scores are summed and averaged
over the number of areas and mean performance and sat-
isfaction scores are obtained. A change in the mean score
of 2 or more is considered significant [39]. This approach
may have promise in clinical trials, but the choice of
problem areas may need to be limited to activities that the
intervention is expected to affect.

CONCLUSIONS

This article presented a framework for evaluating
changes in impairment, capability/functional limitation,
and activity limitation in SCI clinical trials targeting spi-
nal cord function. An understanding of the domains of
outcome and their interrelationships allows selection of
appropriate outcome measurement instruments in clinical
trials. A battery of instruments targeting the different
domains of function from Impairment to Performance
should be used for full evaluation of an intervention.
Measurement instruments that evaluate the Impairment
domain to demonstrate that the intervention does what it
is intended to do should be emphasized. Achieving
improvement in the Capability/Functional Limitation and
Activity domains will provide evidence that Impairment-
domain changes are “clinically” significant. However, as
one assesses functioning in more distant domains, the
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link between the intervention and outcome will weaken.
For Impairment-targeted interventions, functional impact
will be identified more easily with measures of Capabil-
ity/Functional Limitation or Capacity than with measures
of Performance.
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