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Neurological rehabilitation: from mechanisms to
management
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The main messages contained within this
review are firstly that any advance in the man-
agement of patients with neurological disability
must come from improved understanding of
the mechanisms underlying that disability and
secondly that the only way to demonstrate real
benefit is by a process of evaluation which must
incorporate appropriate measuring tools. In
other words, to emphasise the crucial role of
the basic sciences (be it cellular biology, immu-
nology, physiology, or imaging) in elucidating
the mechanisms underlying disability and
similarly to underline the importance of the
scientific principles which underpin the out-
come measures used to evaluate disease
management.

The three great challenges currently facing
the field of neurological rehabilitation are
firstly to elucidate these mechanisms, secondly
to ensure that this knowledge transfers speedily
to the clinical arena, and thirdly to identify sci-
entifically sound outcome measures with which
to evaluate clinical intervention.

There have been several recent advances in
our understanding of the mechanisms underly-
ing disability in neurological disorders, and
multiple sclerosis provides an excellent exam-
ple. This is one of the main causes of
neurological disability in young adults and
recent work in this area has shown the value of
scientific investigation which is driven by
addressing important clinical questions. There
have also been encouraging advances in meas-
uring outcome in the field of neurological
rehabilitation and these will be discussed with
particular reference to their application to the
evaluation of therapy and rehabilitation.

Multiple sclerosis is a complex neurological
disorder perhaps best exemplified by its diverse
patterns of disease activity, incorporating
relapses and progression.1 The development of
MRI has provided an invaluable diagnostic tool
which may also be used to monitor and predict
disease activity2 and evaluate therapeutic inter-
ventions.3 However, once the initial flush of
enthusiasm passed, it became clear that there
was a major discrepancy between the extent of
the abnormalities seen on brain MRI and the
impact the disease was having on the patient.4

This was particularly obvious in patients with
primary progressive multiple sclerosis—who
have the worst clinical prognosis. In the first
serial study of this group in the late 1980s it

was shown that, despite the fact that patients in
this subgroup were getting progressively worse
they showed very little new activity on MRI
and even less inflammation.5 This discrepancy
encouraged investigators to consider other
reasons for their disability and stimulated the
development of faster and more accurate
imaging of the spinal cord—an area known to
be both a common target and a major source of
disability in multiple sclerosis.6 The improved
imaging certainly confirmed these views—
lesions were seen in most patients but, again,
failed to explain their level of disability. These
studies did, however, produce one interesting
observation which has been subsequently
exploited to the full—patients in the progres-
sive phase of the condition were found to have
marked tissue loss and the degree of cord atro-
phy correlated well with disability.7 Refinement
of this measurement technique and relocalisa-
tion to a higher and more anatomically consist-
ent level (C2) provided the scientific properties
necessary for serial measurement which in turn
demonstrated measurable change within as
short a period as 1 year.8 9

This observation led to studies of atrophy in
other areas, led by work from LosseV who
developed a technique capable of measuring a
defined volume of the brain at the periventricu-
lar level.10 Although this was only a partial
measure of brain volume, it focused on the area
of greatest potential change and was therefore
sensitive to change over time and, perhaps
more importantly, demonstrated an encourag-
ing correlation with disability. Subsequently, a
range of new techniques have been developed,
confirming the initial observations and demon-
strating that changes are detectable over a rela-
tively short period of time, may be seen early in
the disease course,11 12 and have the potential to
be useful outcomes in therapeutic trials.13

What do these observations mean pathologi-
cally and clinically? Atrophy could be de-
scribed as an end stage process which may
result from loss of various tissue components
including myelin and axons. Clinically it could
be the cause of the irreversible deficit seen in
multiple sclerosis although that is likely to
depend on the severity of the axonal loss and its
precise location. There has been renewed
interest in axonal loss in multiple sclerosis as a
result of recent publications from Ferguson et
al14 and Trapp et al,15 reminding us of what has
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been recurrently described and forgotten since
the time of Charcot.16

What is perhaps more important is to try and
tease out the mechanisms behind the develop-
ment of atrophy and its likely clinical
correlate—irreversible disability. To do this,
more pathologically specific imaging tech-
niques are required, applied not just to the
lesions but also to the normal appearing white
matter, which has been shown repeatedly to be
far from normal.17 These techniques, which
include magnetisation transfer imaging and the
evaluation of hypointense lesions or black
holes, provide information on tissue integrity,
correlate better with disability, and in the case
of magnetisation transfer imaging, demon-
strate abnormalities in the normal appearing
white matter before the appearance of lesions.18

More recently, the potential of diVusion tensor
imaging has been investigated. This form of
imaging is based on the continuous random
motion of molecules in fluid systems and the
eVect barriers such as white matter tracts have
on that motion (a property termed anisotropy)
and therefore provides information about the
integrity of structures and their direction. This
“directionality” can be used to identify fibre
tracts—including the optic tract, corpus callo-
sum, and corticospinal tract. If applied to an
acute lesion, the disruption of tissue integrity
causes a loss of fractional anisotropy in the
lesion. Studies in multiple sclerosis have shown
abnormalities in the normal appearing white
matter and within lesions, most markedly in
black holes and acute lesions.19 MR
spectroscopy—and in particular its ability to
measure concentrations of N-acetyl aspartate
(NAA)—is the most specific technique for
identifying axonal dysfunction. A strong corre-
lation between reduced NAA in the cerebellum
and cerebellar ataxia has been demonstrated.20

Abnormalities in the normal appearing white
matter have also been demonstrated, which
may precede the development of new le-
sions.21 22

In summary, these techniques:
x Confirmed the heterogeneity of lesions

seen on conventional imaging
x Showed a better (although still limited)

correlation with disability
x Demonstrated varying degrees of abnor-

mality in normal appearing white matter
x Suggested that more marked changes in

normal appearing white matter may occur
before the appearance of new lesions.

Powerful though MRI may be, it does not
provide unequivocal pathological evidence of
the underlying changes which cause disability.
For this, it needs to be used in careful
pathological studies such as that recently com-
pleted by Polman and Barkhof’s group in
Amsterdam. Their elegant and illuminating
study of the histopathology of multiple sclero-
sis lesions and normal appearing white matter,
focusing on axonal loss, demonstrated a very
high correlation between magnetisation trans-
fer ratio, black holes, and axonal loss.23

In summary, these studies indicate that
axonal loss is important in the development of
disability. A key issue is the relation between

the main pathological processes: inflammation,
demyelination, and axonal loss, the elucidation
of which requires the serial application of MR
measures which reflect each of the pathological
processes to cohorts of patients representative
of each of the clinical subpopulations.

When considering the relation between
pathology and its eVect on the patient, the
other part of the equation is the way in which
disease impact is measured clinically. One of
the great limitations of previous and current
studies in multiple sclerosis is that they have
had to rely on a single scale—Kurtzke’s
expanded disability status scale (EDSS).24 A
key factor is that its development began almost
45 years ago, in 1955 and this is relevant if we
consider the development of measurement—
the basic scientific principles of which were
established by mathematical psychologists in
the mid-1800s. A major breakthrough was the
demonstration that these psychophysical scal-
ing methods could be used to accurately meas-
ure human attributes. This resulted in a series
of standardised tests used in areas such as the
assessment of educational achievement.25 Of
particular relevance is the fact that this
expertise did not eVectively transfer to the field
of health care evaluation until the 1970s, and
even since then, clinicians have been rather
slow to refer to these conceptual and method-
ological developments, possibly because the
literature is not easily accessible (and when it is
found, it may border on the incomprehensi-
ble). These psychometric principles are funda-
mental to the development of scientifically
sound measurement—that is, measures that
are reliable, valid, and responsive—which in
simple terms means that a scale must be free
from random error, measure what it purports
to measure, and be sensitive to change.26 Of
course, these essential qualities are interde-
pendent. Clinical scales must also be appropri-
ate to the population under study, which
should reflect the entire range of the measure
with minimal floor and ceiling eVects.27 It is
therefore logical that the choice of outcome
measure should inform and influence trial
design including patient selection, duration of
study, and the numbers of patients required to
provide suYcient power. Unfortunately, all too
often the outcome measure is more of an after-
thought.

The second major measurement issue, in
which there has been considerable develop-
ment, is the impact or consequences of disease
on the individual patient. This is particularly
relevant in the field of neurological rehabilita-
tion. The World Health Organisation at-
tempted to clarify this impact by producing the
International Classification of Impairment,
Disability, and Handicap (ICIDH)—each
component of which may be defined, dis-
tinguished, and measured.28 Impairment is
essentially the structural abnormality (for
example, leg weakness) whereas disability
reflects limitation in carrying out tasks (for
example, walking) and handicap, restriction on
participation in society (for example, using
transport). Commonly used generic instru-
ments which usefully illustrate the areas
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include the Barthel Index29 and Functional
Independence Measure30 for disability, and the
London Handicap Scale.31 Within this develop-
ment there is a growing move towards incorpo-
rating the patient’s perspective of disease
impact (quite diVerent from the physician’s
perspective).32–34 This philosophy is contained
within the concept of health related Quality of
Life, a good example of which is the Medical
Outcome Study 36-item short form health sur-
vey (SF-36).35

So why are these developments in psycho-
metrics so important and potentially useful?
They allow us to do various things: (1) evaluate
existing scales; (2) compare scales; (3) develop
new scales; (4) evaluate the underlying con-
structs on which scales are based.

As an illustration, and returning to the area
of multiple sclerosis, it is useful to look at the
EDSS, which was developed before the appli-
cation of psychometrics and is based on clinical
intuition and expertise. It mixes impairment
and disability and is mobility biased. However,
on considering its scientific properties, major
limitations regarding its reliability, and particu-
larly its responsiveness, are apparent.36 The
EDSS is considerably less responsive than
generic measures of disability such as the Bar-
thel Index and Functional Independence
Measure in patients with multiple sclerosis
undergoing rehabilitation.37 This may play
some part in the obvious diYculty evaluating
therapeutic agents in recent trials in multiple
sclerosis.

Hobart et al have used psychometric tech-
niques to compare the Functional Independ-
ence Measure and Barthel Index, and also to
evaluate the second. The Barthel Index was
developed in the 1950s but it was thought that
the range of disabilities it addressed was too
limited and therefore the broader, bigger
Functional Independence Measure was devel-
oped. Perhaps surprisingly, this increase in size
provided no additional benefit from the
measurement perspective.38 On the same
theme—that is, that bigger is not necessarily
better, Hobart has carried out a detailed evalu-
ation of the Barthel Index itself on a cohort of
763 patients. In this study, an item analysis was
carried out on 382 patients, which reduced the
Barthel Index from 10 items to five. This five
item measure was then evaluated in the other
381 patients and was shown to be as reliable,
valid, and responsive as the larger measure—
and easier to use in clinical practice.39

Finally, and perhaps most importantly, this
methodology allows the development of new
scales in a scientifically sound fashion. There
are five well defined steps in this process, the
most fundamental being data collection, which
is done from various sources, the most impor-
tant of which is a series of in depth patient
interviews. From this large interview based
data set, together with other sources of
information, all elements are extracted and a
comprehensive (and usually large) measure is
constructed. This is then field tested, analysed,
and subsequently reduced. The measure then
needs to be rigorously tested to ensure that it
contains all the scientific properties necessary

for a reliable, valid, and responsive measure.
Within the Neurological Outcome Measure
Unit at the Institute of Neurology a disease
impact measure for multiple sclerosis is cur-
rently being developed.40 It is based on in depth
patient interviews which produced 3750 items
on a wide range of clinical issues. This resulted
in a measure containing 141 items which after
the first field test could be reduced to 29 items
without losing information. This measure is
currently being field tested for the second time.

It is only with the availability of such
measures that we will be able to adequately
evaluate interventions in diseases such as
stroke and multiple sclerosis in a way which is
relevant to the patient. This is certainly the case
for drug trials but perhaps even more so for
studies of neurological rehabilitation.

And what area could be more in need of
evaluation? Rehabilitation is an immensely
time consuming, labour intensive, and costly
process involving many disciplines, many
meetings and often lengthy inpatient admis-
sions. However, there are major diYculties in
attempting its evaluation, not least of which is
its all encompassing remit, well illustrated in
the definition provided by the Royal College of
Physicians as “an active process of change by
which a person who has become disabled
acquires and uses the knowledge and skills
necessary for optimal physical, psychological
and social function”. So although we may be
able to identify certain key components such as
education and self management, the ways in
which these aims are achieved may vary greatly
and are not easy to standardise. There are also
other diYculties, including an inbuilt reluc-
tance to use a control group, inadequate or
absence of blinding, and a failure to use
independent assessors.

There is some encouragement to be taken
from the stroke literature, again bedeviled by
many relatively small and methodologically
limited studies, most of which suggested that
coordinated stroke care or stroke units improve
outcome but none of which was powerful
enough to show it conclusively. It was only
when a meta-analysis was carried out under the
auspices of the Cochrane Collaboration that
the message became irrefutable—stroke units
reduce mortality and morbidity and increase
the likelihood of discharge to home for patients
with mild, moderate, and severe stroke.41

Stroke is, of course, a so called single
incident pathology (though up to 50% of those
that survive are left with considerable disabil-
ity) and additional diYculties are encountered
when addressing progressive neurological dis-
orders such as multiple sclerosis. Indeed, there
are those who think that rehabilitation is inap-
propriate for progressive disorders, displaying a
lamentable ignorance of its underlying philos-
ophy.42 Multiple sclerosis is one of the major
causes of neurological disability and has a dev-
astating eVect on the young adult population
which it attacks—aVecting employment, rela-
tionships, and social role and costing, in this
country, in excess of £1.2 billion a year. How-
ever, this sceptical view does place additional
pressure to demonstrate both the appropriate-
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ness and eVectiveness of rehabilitation in this
area.43 This evaluation may be carried out at
four diVerent levels, moving from (1) the broad
concept of comprehensive service delivery,
through (2) packages of rehabilitation based on
inpatient, outpatient, or community setting,
(3) components of the package such as
physiotherapy, and finally the most challenging
area (4) the intrinsic elements of the rehabilita-
tion process such as assessment and
selection—sometimes referred to as the “black
box” of rehabilitation and to date left largely
undisturbed. Inpatient rehabilitation is perhaps
more easily evaluated and has been the subject
of some recent studies.44 The two key questions
to be addressed are: (1) Is comprehensive
inpatient rehabilitation eVective in reducing
disability and handicap and improving quality
of life? (2) How long do benefits carry over for
in this progressive neurological disorder?

As with stroke, some small single group
studies, limited to impairment and disability,
have suggested that rehabilitation does result in
some benefit in multiple sclerosis which
persists, at least in the short term. More
recently, a study was designed which attempted
to address some of the methodological issues
mentioned earlier.45 It was randomised and the
reluctance to have a control group was
overcome by having wait list controls; in other
words, every control patient received rehabili-
tation after a short wait—in this case six weeks.
(Compared with current NHS waiting times,
this could be seen as a positive benefit!)
Patients were also stratified for disability to
ensure that the two arms were well balanced.
The assessor was blinded although of course
the patient was not. The number in the study
was small (66 patients with progressive multi-
ple sclerosis) but none the less a significant
benefit in disability measured with the Func-
tional Independence Measure (p<0.001) and
handicap measured with the London Handicap
Scale (p<0.01) was seen, despite unchanging
disease status (EDSS).

The important, but diYcult, area of carry
over after rehabilitation input has also been
addressed recently by Freeman et al in a single
group longitudinal study of 50 patients with
progressive multiple sclerosis.46 This study
used a broader range of measures incorporat-
ing quality of life and emotional wellbeing
(measured by the General Health Question-
naire) and demonstrated that despite the
progressive nature of the condition, benefits
were maintained after discharge in all areas.
However, the time span, which was conserva-
tively estimated using summary measures, var-
ied. In disability (perhaps the most straightfor-
ward) it was maximum on discharge and
worsened slowly returning to baseline by about
6 months. Handicap, on the other hand and
somewhat predictably, continued to improve
after discharge before slowly returning to base-
line, indicating the important role of the home
environment. Perhaps most strikingly, the
mental component of the SF-36 and emotional
wellbeing did not lose their benefit, possibly
reflecting the educational and “coping” focus
of rehabilitation. These data indicate that each

of the measures used is addressing a diVerent
but complementary area and suggests that it
might be appropriate to have a range of meas-
ures when attempting to evaluate rehabilita-
tion. This study was widely commented on,
again emphasising the increasing awareness of
this area—indeed it even reached the dizzy
heights of the Italian equivalent of Time,
appropriately named L’espresso. (Its impact fac-
tor has yet to be determined but it is certainly
very influential among the coVee drinking
population of Italy.)

Two major points arise from these and other
recent studies.47 Firstly, that it is now possible
to carry out rigorous, scientific evaluation of
rehabilitation, and these studies are “a few
steps in the right direction”48 although perhaps
not quite as encouraging as suggested recently
by Kraft.49 Secondly, they underline the need
for a continuity between hospital and commu-
nity with an emphasis on community care. This
has been the major stimulus for change in
health care delivery over the past decade and
which one might have hoped would have
produced results by now. How disappointing
then to read the title of a recent detailed survey
carried out by the Stroke Association
“Stroke— still a matter of chance”.50 The situ-
ation in multiple sclerosis is no diVerent. In a
recent study, the level of care provision in rela-
tion to disability was found to be erratic and
inadequate.51 Perhaps of even greater concern,
when the results were compared to those of
McLellen et al, over 15 years ago,52 they were
no better.

There remains much to be done in the man-
agement of neurological disability and, as
discussed earlier, it will only be through basic
science clarifying the mechanisms of disability
and the application of scientifically sound out-
come measures that interventions will make a
real diVerence. To do this there has to be com-
munication and collaboration between basic
and clinical research and clinical practice. It
places neuroscientists and clinical neurologists
in a key position to exploit the ever increasing
range of tools available to investigate not just
mechanisms of disability but also mechanisms
of recovery, such as neuroplasticity. An excel-
lent example of such a tool is functional MRI
(fMRI) which has already provided important
insights into recovery in stroke but which is
also being used tentatively in multiple sclero-
sis.53 Recently, a group of patients who had
recovered from an episode of optic neuritis,
often the first presentation of multiple sclero-
sis, were studied and a striking increase in brain
activity outside the occipital cortex was seen
when the previously aVected eye was stimu-
lated.54 The areas activated were all known to
have extensive visual connections (insula-
claustrum, lateral temporal and posterior pari-
etal cortices, and thalamus) and it is postulated
that they may play a part in the recovery proc-
ess. Finally, it is possible to go one step further
and combine structural techniques such as dif-
fusion tensor imaging with fMRI55; clearly an
area ripe for exploitation.

These developments have major implications
for training in neurology which must now place
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a greater emphasis on the management of
neurological disorders including stroke, head
injury, and progressive conditions such as multi-
ple sclerosis. It is encouraging to see that
rehabilitation is now firmly incorporated into
the neurology programme, a development facili-
tated by an appreciation of the need to incorpo-
rate rehabilitation services within neuroscience
centres. Hopefully, these developments will
result in the production of neurologists who can
combine the philosophy of rehabilitation with an
understanding of the basic neurosciences in a
way which will improve our management of the
many neurological disorders that cause such
disability and distress to patients.
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