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than because of an impairment to primary motor systems or
learned nonuse. The lack of a gold standard test for assessing
motor neglect has made it difficult to test techniques specifi-
cally designed for treating motor neglect. It is worth noting,
however, that CIMT or possibly bilateral arm training could
be of benefit."

Specific Techniques to Reduce Ataxia

Ataxia is often associated with damage to the cerebellum or
its connections. Ataxia caused by disruption of cerebellar input
includes loss of proprioception as a result of dysfunction of
spinal dorsal columns or vestibular dysfunction. In terms of
the CAP model, this produces a disturbance in forward model-
ing of intended movements. The result is uncoordinated move-
ments. A large variety of pharmacological treatments have been
tried (eg, isoniazid, pyridoxine, and baclofen) but have not
shown consistent results. Preliminary research suggests that
CIMT may improve reaching kinematics and real-world limb
use among individuals who have developed poststroke ataxia. 15

Tremor and other involuntary hyperkinetic limb motor
disorders after brain injury are associated both with cerebellar
and basal ganglia dysfunction. Drugs are often used for man-
agement (eg, propranolol, primidone, and sertraline). More
recently, tremor has been successfully treated with deep-brain
stimulation of sites in the basal ganglia and thalamus. Pre-
liminary research has suggested that adopting rhythmic limb
movements during physical therapy can reduce involuntary
limb movements after stroke and thus may allow improved
treatment participation.'®

Because ataxia and tremor interfere with normal limb
use, teaching patients strategies to cope with these deficits
can be useful.

Specific Techniques to Maintain

Integrity of Effectors

An important part of neurorehabilitation is the use of tech-
niques that are designed to maintain or protect the integrity
of upper-limb joints and muscles during periods of suboptimal
movement performance. For example, in the presence of
paralyzed muscle early after stroke, there is a risk of shoul-
der pain and/or glenohumeral dislocation. Another example
is the development of muscle hypertonicity and/or contrac-
tures in the presence of permanent CNS damage. These tech-
niques include those described below.

Exercise and stretching are used in the first instance to
reduce spasticity. For people with constant focal spasticity
in the absence of contracture, botulinum toxin is used intra-
muscularly. For those people experiencing generalized spas-
ticity, antispastic drugs, for example, baclofen, can be given.
All drugs should be administered within an expert neuro-
rehabilitation setting and accompanied by specific techniques
(outlined earlier in this chapter) designed to gain motor

function as spasticity subsides. If contractures develop or are
likely to develop, then a program of stretching and splinting
should be considered.

To prevent and treat shoulder pain and glenohumeral sub-
luxation, considerable attention is provided to positioning of
the upper limb 24 hours a day, which is accompanied by expert
moving and handling techniques. Particular positioning and
moving and handling techniques are specified for each indi-
vidual and used by each member of the neurorehabilitation
team, including the patient and their informal careers. There
is, therefore, an emphasis on education personalized for each
individual that centers on the normal anatomy of the shoulder
complex, the disruption caused by neurological damage, and
the specific techniques to minimize disruption and prevent
further damage. Specific supports, for example, foam wedges,
may be used for the upper limb. Simple analgesia may be
given regularly. For individuals with troublesome pain, the
neurorehabilitation team will consider use of shoulder strap-
ping, high-intensity transcutaneous nerve stimulation, or FES.

Future Clinical Directions

Recent advances in the scientific rationale and evidence base
for neurological rehabilitation have, over the past 10 years,
changed the clinical emphasis from that of treatment approaches
to specific techniques for particular aspects of upper-limb
movement dysfunction. This change has accompanied an
exponential increase in research over the last 20 years.'”
Most interventions that have been proposed and tested
have typically concentrated on improving 1 specific mecha-
nism (learned nonuse, decreased excitability, disrupted
interhemispheric interactions, etc). However, the principles
discussed in the CAP show that motor deficits can arise from
different computational problems and that a single lesion is
likely to cause multiple problems both through direct struc-
tural damage and impaired function of distant and connected
regions. In an ideal future, a patient would receive in-depth
assessments that quantify his or her motor deficits through
careful behavioral testing; neuroimaging measures of struc-
ture, function, and connectivity; and computational modeling.
This assessment would allow the characterization of the
patient’s deficit with a small number of different parameters
that ideally would be sensitive to changes over time and final
outcome. For argument’s sake let us assume that 3 parameters
(intactness of output, normalcy of forward models, and
sensory feedback) describe the great majority of behavioral
variance of a normal movement. And, let us also assume that
these parameters provide a good description of an individual’s
hemiparesis. For example, in the case of a lesion interrupting
the corticospinal tracts, output parameters will be prominently
affected, whereas forward models and sensory feedback would
be less affected. With time, all 3 parameters may worsen
because an attempt by the cortex to overcome the bottleneck
caused by the lesion will generate more errors in the forward
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model that will accumulate over time. Accordingly, therapies
should be first aimed at improving the motor outflow
through, for example, excitatory stimulation of the damaged
motor cortex. At the same time, however, other methods can
be applied to improve the other parameters. A decrement in
sensory feedback could be helped by robotic therapy, whereas
a problem in the forward model could be lessened by motor
imagery exercises. Critically, which cocktail or dosing of
treatments to apply will depend on a deeper understanding
of the system, its abnormal output after lesions, and its
response to therapy. It is very likely that targeted interven-
tions will be more likely to produce positive results than
single-mode treatments. It will be important to develop prog-
nostic models also to avoid the “one model fits all” approach
currently used in rehabilitation. As resources in health care
are limited, identifying patients with a good chance for recov-
ery is as important as identifying patients with a poor chance
of recovery in whom compensatory strategies or orthotic
devices should be tried earlier. Moreover, improvements in
technology that are already being tried will profoundly modify
the assisting devices that we will be able to provide. Whether
this vision will be realized in 10 years or never will be a
matter of persistence, money, and the intellectual discipline
to continue pursuing a science of rehabilitation.
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