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ABSTRACT: Theories suggested by movement sclentists are evaiuated as (o their potential contribution (o
neuromotor rehabilitation following brain rauma. Emphasis is placed upon theories with workable implications
for professionals in the field. The rehabilitation of the motor system is viewed in light of its various components.
from central control issues. to the role of lower ievel contro!l mechanisms, to the integrity and strength of the
effector mechanism. Within this framework, key issues concerning motor learning, such as the process of skill
acquisition and the importance of feedback. in particelar electromyographic biofeedback. are first discussed. This
is followed by a discussion of neural networks underlying motor control, including the notions of the motor
program, functional cell assemblies. and the movement versus aciion construct. A review of issues related to the
effector mechanism, specifically resistance training and spasticity is included. A conceptuai modet of a multiievel
approach to neurorehabilitation is provided in concluding this attempt to bridge between the science of movement

and the art of physical therapy.
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. INTRODUCTION

The field of neurorchabilitation, particularly
motor rehabilitation of individuals with acquired
brain trauma. has reached a crossroads. Present
approaches and techniques are no longer consid-
ered adequate, either practically or theoretically;!
their scientific basis as well as practical apptlica-
tion are in question.’ The need for rejuvenation of
the neurotherapies has led to renewed interest
among clinicians in the basic sciences and other
related disciplines, particularly those disciplines
associated with movement, e.g., kinesiology, bio-
mechanics, muscle biology, and psychology. The
degree to which ideas from these fields are looked
on as having direct applicability for the practitio-
ner, however, remains under debate, Gordon,? for
example, indicates thart specific ideas for therapy
must come from therapists, as science “provides
us with general modeis; we must work out their
practical implications.”

Concern about the usefulness of a symbiosis
between basic science and practical art is not new
and has recently been debated seriously in other
fields such as human-computer interaction, an
interdisciplinary area of applied research and de-
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sign practice. Opponents of close association be-
tween science and the practical arts doubt whether
validated scientific theones have ever been a
source of improvements in the practical arts.* It is
the “real world” requirements of the practical
setting that seem to present the greatest barrier to
efficient transfer of theoretical ideas from the
laboratory to the clinic.

There are means, however, to determine
whether a science might have a constructive im-
pact on a practical art. Again in the context of
human-computer interaction, Carroll® suggests that
specificity and applicability of the science be the
evaluated requirements. While specificity implies
that the content of the science must be appropriate
to the target domain, applicability suggests a con-
formity of the science to the common procedures
in that target domain. The requirement of applica-
bility further complicates the relations between
science and practical art: scientific ideas cannot
be practical if they are not conceived with “a
thorough understanding not only of the concerns
of the target domain, but of the practice that has
evolved to deal with these concems.” The appli-

_cability requirement is almost diametrically op-

posed to the basic philosophy of sciences, namely
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the search for generalitv. Moreover. anv research
area iIs going to be in a state of instability by
definition. which may further confuse the inter-
ested therapist. Lack of applicability is also, as
many therapists would attest. perhaps the main
obstacle 1o successful integration of ideas offered
by theoretical scientists.

Nevertheless. the importiance of bridging the
gap between scientific theory and clinical prac-
tice and developing an effective and productive
relationship between the two has, perhaps, never
been as vital as it 1s at present. Rapid advances in
emergency medical treatment and technology over
the last decade have resulted in the survival of an
increasing number of individuals who have suf-
fered traumatic injuries. This phenomenon 15 strik-
ingly evident in the field of neurology/neuro-
surgery and as a result clinicians and therapists in
neurorehabilitation are faced with an increasing
number of patients with serious and significant
rehabilitation needs. Thus. those in neurorehabili-
tation should review the state of their art and give
serious consideration to the potential contribution
of recent advances in the basic sciences and re-
lated disciplines.

One of the most relevant sciences related to
rehabilitation is kinesiology, literally “the sci-
ence of movement.” The purpose of this article
is to evaluate ideas and recommendations sug-
gested by this “movement science” as to their
potential contribution to neuromotor rehabilita-
tion following brain trauma. For the sake of
simplicity, this articie collapses the sciences that
contrbute to the knowledge of movement under
the kinesiological umbreila. However, this is not
an in-depth review of theoretical notions associ-
ated with the field of kinesiology, inasmuch as
there are many sources available for such a
study.®® Nor is it intended to review exiensively
present techniques of physical rehabilitation (the
interested reader is directed to other sources).!o-!!
The focus here is not merely the theoretical ques-
tion of whether movement science can be appli-
cable to practice, but rather, the examination of
ideas from movement sciences as well as from
other practical arts, ¢.g., physical education and
coaching, as to their potential applicability to
neuromotor rehabilitation.

The development of specific treatment para-
digms has been influenced by kinesiological theo-
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ries in the past.!~ and now. once again. when
searching for new directions. the process may
look toward the science of movement to advance
the neurotherapies.'>!® The relatively short his-
tory of neurological rehabilitation can best be
divided into three periods. Prior to the 1950s,
little attention was given to the role of the central
nervous svstem (CNS) in recovery from neuro-
logical rauma. A more orthopedic approach fo-
cusing on surgery, bracing, and reeducation pre-
dominated.'”'* The first major paradigm shift in
neurorehabilitation occurred during the 1950s and
1960s, resulting in the neurotherapy facilitation
approach. The facilitation model stressed control
of movement rather than muscles and promoted
sensory stimulation, especially from propriocep-
tive afferent pathways, as the critical component
of the therapeutic intervention. It was hoped that
such sensory stimulation would elicit the type of
changes in the CNS required for improved neuro-
muscular function.

The facilitation approach, thongh significant
in focusing the attention of therapists on the ner-
vous svstemn and its potential modulation. has led
to a continued direct and rigid application of early
scientific theories and principles. Since then, the
theoretical framework for motor behavior has
evolved considerably. For example. the idea of
hierarchical organization of the CNS with higher
centers commanding lower centers® has been long
abandoned for the more realistic heterarchical
model,?! which suggests that different CNS struc-
tures exert redundant control over various behav-
iors and movements. This has been an important
major conceptual change that should have rel-
evance to how we view the residual motor mecha-
nisms available to the survivor of brain tranma.
Rather than subservient segmental structures left
unattended by an injured executive, the residual
motor apparatus may actually contain a number
of intact controllers with complex interconnec-
tions.

Unfortunately, the fatlure of practitioners to
adapt to evolving views of brain organization and
recovery from trauma led to the further develop-
ment and emphasis of reflex-oriented techniques.
These techniques largely overlooked the more
cognitive aspects of motor control and invariably
involved sensory facilitation of normal muscle
patterns. For example, the application of a neuro-




developmental model®-* to recovery from brain
damage is based on a strict similarity between the
stages of normal development and the recovery of
function following such trauma. Contemporary
knowledge regarding the development of hard-
wired cell assemblies underlying mature gait, as
well as the interaction between biomechanical
factors such as joint limitation and muscle weak-
ness and these cell assemblies, would seem to
weaken the conceptual basis of this technique. As
some practitioners have noted. one major draw-
back of the facilitation approach is in its promo-
tion of a one-dimensional view of brain-injured
patients, which results in the relative neglect of
significant biomechanical and behavioral perspec-
tives.

Proponents of a more central, cognitively
oriented approach to neurological recovery®>%’
have pointed out the potential significance of motor
learning and control theories to the clinical field
of rehabilitation. The process of learning a skill
has become the comerstone of the new paradigm.
Some of the key 1ssues that can have an immedi-
ate influence on the strategies and techmiques
employed in neurological rehabilitation are the
molor program, closed- versus open-loop theories
of motor control, parameters affecting feedback
and practice, action theory and coordinative struc-
tures, as well as spinal generators.

If there is a healthy dissention among thera-
pists towards the emergence of the new, learning-
oriented paradigm, however, it may be because
this quite different outlook on neurorehabilitation
could prove as ngid and unidimensional as the
existing facilitation approach. For the practicing
therapist to suddenly view motor retraining as a
sequence of problem-solving tasks® rather than a
strictly orthopedic and neurological rehabilitation
procedure is not an easy shift, particularly be-
cause many suggestions may come from scien-
tists who are not familiar with clinical problems
and concems. During the last 30 to 40 years, the
focus in neurorehabilitation shifted from the ex-
tremities (muscles and joints) to movements and
reflexes, and now to more central processes. Un-
derstandably, it is not easy to abandon the famil-
iar hands-on clinical techniques for theories that
are not yet firmly established as effective and
practicable in the clinical setting and that remain
vague with respect to the clinician’s role.

The view of this author is that optimal motor
rehabilitation following head trauma must inciude
all aspects of the neuromuscular system: biome-
chanical considerations, as well as the integrity of
the neuropathways, and the higher integration of
neural information that underlies skill acquisi-
tion. This discussion of kinesiological conmibu-
tions to the recovering motor system. will, there-
fore, address the various needs of this system,
from central control issues, to the role of lower
level conirol mechamisms, to the integrity and
strength of the effector mechanism. Issues associ-
ated with the motor learning process and their
potential application to neurorehabilitation are
discussed first. Second, principles and theories
related to the development and function of neural
networks underlying motor control are evaluated.
Finally, the effector mechanism and related is-
sues, including the role of spasticity in influenc-
ing the retraining process is addressed.

il. LEARNING OF MOTOR SKILLS

Neuromuscular rehabilitation can be likened
to a process of motor learning under adverse cir-
cumstances. The general principles of motor learn-
ing when combined with an understanding of the
mechanisms underlying pathological movement
are equally applicable to the relearning situation.
The capability of the posttrauma brain to recover
and develop, even long after the so-called “spon-
taneous recovery stage,” has been demonstrated
in animals as well as in humans.?-*? The mecha-
nisms underlying brain plasticity, still the subject
of much research, are beyond the scope of this
article. The demonstrated plasticity of the post-
trauma brain, however, suggests that techniques
and principles of “normal” motor control and leam-
ing should also be applicable to the rehabilitation
model. The potential usefulness of theories re-
lated to the acquisition and development of motor
skills is central to our discussion.

A. The Process of Skill Acquisition
The gradual buildup, reshaping, and refine-

ment of motor programs is part of the process of
acquiring skills. This process has been exten-
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sively studied by psychologists and educarors®
in an effort to better understand the conditions
which may facilitate the normal acquisition of
skills and contribute to the development of expert
skills in various fields such as music. sports, or
sciences. The knowledge and principies derived
from studies associated with normal or elite skill
acquisition, however, may also be valuable to the
acquisition of skills following trauma to the cen-
tral nervous system. Different stages have been
identified in skill acquisition.*®*” The first phase
of learning has been variousty termed the “cogni-
tve” or “declarative” stage, wherein the leamer
determines the goal of the movement/action,
comes to understand the requirements and the
particular movements associated with the action,
and attempts to execute early versions of the de-
sired skill. It is during this cognitive stage that the
therapist or coach provides verbal explanations
and demonstrations, sets up the training environ-
ment to facilitate the desired leamning process
(e.g., walking surface. orthotics. hamess, etc.),
and provides the ieamer with relevant feedback
and error cormection.

Once production of the skill becomes more
consistent, the role of the therapist gradually
changes. At this stage, the clinician’s main role is
to enhance the progression and modification of an
optimal learning environment and to ensure that
maximal repetition of the whole skill or parts of
that skill ensues. Intensive practice gradually leads
to the automatization of the learned skill and fi-
nally to successful incorporation of that skill into
daily living activities — a process that should
now not be attention-demanding.*® Some authors
suggest that the latter phase in skill acquisition.
the automatizing of skills, can be broken down
inta two substages: the fixation phase and the
autonomous stage.’™ Other authors do not make
this distinction.* It is important to note, however,
that the learning process never stops, even after
automatization. Observation of on-the-job perfor-
mance of skilled workers,® for example, revealed
that the performance (e.g., speed) was sull im-
proving after years of work.

The significance to motor rehabiiitation of
defining these distinct stages in skill acquisition
lies in realizing the amount and intensity of prac-
tice needed to tum a specific behavior into an
acquired skill. Tumbull and Wall>® have illus-
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trated this point: “If a patient receives treatrnent
from the physiotherapist for 2 h daily. 5 d a week
{this being a somewhat idealistic scenario), this
amounts to less than 6% of the pattent’s total time
in a given week. This seems less than adequate
for optimal skills acquisition.” In fact, when this
brief practice time associated with releaming such
functional skills as standing up or walking is com-
pared to the much greater average daily practice
time of ar mfant attempting to learn similar skills,
the limitations inherent in many current neurore-
habilitation training procedures become obvious.
How can one expect the true acquisition of skill
with once per week (or once per 2 weeks) 30-min
sessions of training, even if the efficacy of the
technique is well established? Similarly, it 1s very
unlikely that even 3 half-hour sessions per week
of gait retraining, for example. with the therapist
demonstrating and explaining the correct deter-
minants of ambulation, will be sufficient to en-
sure real acquisition of the desired skill, 1.e., pro-
gression from the cognitive to the automatic stage
of motor leaming. Further stressing the signifi-
cance of practice intensitv, Sivenius and co-work-
ers?! showed that an intensive rehabilitation pro-
gram for stroke patients resulted in significantly
better gains in activities of daily living and motor
function compared with a normal treatment con-
trol group, thus reinforcing the value of intensi-
fied physiotherapy treatment.

Effective solutions for the optimal practice
intensity problem are not easy to find. Some of
the more practical suggestions by current workers
in the field®#24% include assignment of home pro-
grams by therapists, proper supervision of learn-
ing progress, and the incorporation of computer
technology with clinical techniques to improve
the motivation and hence the efficacy of practice.

A successful initial (cognitive) stage of learn-
ing does not ensure the successful acquisition of
a desired skill. The therapist must bear in mind
that, following the apparent understanding and
successful execution of the action to be learned,
sufficient time must be ailotted for repetition of
the skill until the point when it is automatized and
can be incorporated into more complex sequences
of behavior with little attentional effort. While the
significance of consolidating the early learning
with further practice is obvious, there will be
certain situations in which the learner may not




follow the standard “declarative™ first then “pro-
cedural™ or “automated” phase order in skill ac-
quisition.* It has been argued that children may
learn skills differently than most adults.* Chil-
dren appear to hop into the procedural stage with-
out having to consciously understand the rules of
the skill to be leamned. They appear to do so by
experimentation and motor exploration until they
successfully carry out the desired activity. At that
point, their execution may be smoother or more
automatic than that of their adult counterparts.
even in the absence of verbal understanding/cog-
nition of the rules underlying action. Along the
same line, it has been demonstrated that amnesiac
patients can improve on motor skills with no de-
clarative leaming having taken place.*

It would make sense to assume that. follow-
ing trauma to the CNS. reacquisition of skills may
not in all cases follow the cogmitive to procedural
phase order. The deviation from this rule. noted in
the manner in which children and amnesiac pa-
tients acquire skills, suggests that. though typical
to motor leaming, the declarative, rule-guided
phase may not be essentiai to the acquisition of
skilis but, rather, a convenient strategy adopted
by most adults. Following CNS trauma. it may
become difficult or unnecessary to explain to the
learner the rules and principles associated with
the skill. Yet, as long as clever structuring of the
learning environment allows for motor explora-
tion on the part of the leamer, there is good reason
to believe that he/she will be able to acquire cer-
tain motor skills despite the cognitive limitations
that may hinder the successful attainment of the
so-called declarative stage.

B. The Role of Feedback

The role feedback plays in motor leaming
and skill acquisition has long been acknowl-
edged.’***® Sensory information associated with
the movement itself (intrinsic feedback) may in-
clude visual, acoustic, haptic, vestibular, cutane-
ous, and kinesthetic information produced by the
motor response. Information associated with the
result of that response is termed “extrinsic” and
may appear in the form of verbal or nonverbal
responses and be provided during the action,
immediately following it, or following the action

with a certain delay. The extrinsic or augmented
information may relate 1o the movement iiselt
(knowledge of performance) or to the environ-
mental consequences of the action (knowledge of
results). That feedback of intrinsic and extrinsic
information associated with the motor response is
essential for the development of motor skills has
never been debated (see Schrmdt’s schema no-
tion,* for example). However. issues pertaining
to the nature, frequency, intensity, and delay pe-
riod of the extrinsic mformation have been sys-
tematically studied in the laboratory (e.g., review
by Salmoni et al.*®) in an effort to find the most
effective form of teaching and perfecting motor
skills.

The focus on extninsic feedback, 1e., knowl-
edge of results (KR), rather than on intrinsic feed-
back, which is the sensory feedback associated
with the movement, appears to fit well within the
rehabilitation setting. Neurologic impairments very
often are associated with reduced intrinsic infor-
mation. leaving the leamer more dependent on
extrinsic forms of feedback such as knowiedge of
performance and knowledge of results. Still. cau-
tion must be taken before adopting principles and
rules that are the result of laboratory expenmenta-
tion for motor rehabilitation.”® For example, KR
literature shows that in many cases, less intensive
feedback during the acquisition stage translates
into more successful learning.>! That may arguably
happen because internal processes have to be al-
lowed to take their course during the acquisition
period: limited feedback may actually force the
learner to develop independent problem-solving
strategies.?>3

When problem-solving capabilities are im-
paired, hawever, as is the case with various forms
of neurologic damage, learning may be facilitated
by more, rather than less, intensive feedback.
Moreover, if it is the combination of intrinsic and
modified extrinsic feedback that optimizes leam-
ing, then, in the case of the neurologic popuiation
with limited intrinsic information, that optimal
combination may require a greater rather than
normal amount of KR. This caution is aimed at
the rigid application of rules regarding the fre-
quency and intensity of feedback to motor re-
learning, but not at the value of augmented sen-
sory informnation, as well as KR, to motor training
following CNS trauma.
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The significance of augmented feedback in-
formation 1n neuromotor rehabilitation has been
stressed by several workers.***C3* Because the
restoration of limb function is an important focus
of neuromuscular rehabililation. the sensory in-
formation from the ongoing movement is espe-
cially important for the releamning process. One
promising technique of augmenting the sensory
information from muscle activity is electromyo-
graphic (EMG) biofeedback: a visual or auditory
display of the electromyographic activity in the
targeted muscles. This form of augmented sen-
sory feedback is both faster and more accurate
than verbal feedback and therefore can be more
effective at modifying the impaired motor skilis.
The following section will examine the efficacy
and potential benefit of EMG biofeedback in neu-
romuscular reeducation.

1. EMG Biofeedback

EMG biofeedback was employed as a thera-
peutic model as early as the 1950s.%° However, it
has become a viable option to the more traditional
rehabilitation methods oniy in more recent years
when modem technology, particuiarly the exten-
sive development in the computer industry, in-
creased the complexity and flexibility of the EMG
display. The simple increase or decrease in muscle
activity that had been the objective of practice in
early EMG biofeedback applications is gradually
giving way to more sophisticated and specific
practice, for example, matching the EMG output
of a muscle to a reference waveform on a com-
puter monitor and gradually adjusting the refer-
ence as muscle output/control improves.**** Mod-
em technology also allows for matching the EMG
output in the involved side to that of the unin-
volved extremity, thus providing the leamner with
an additional effective reference. Also, motor
leamning and functional improvement can be en-
hanced by focusing on agonist-antagonist co-ac-
tivation rather than on the agonist output alone.
Typically, in such practice, the patient/learner
attempts to increase the agonist activity to reach
a (high) reference target, while at the same time
trying to reduce the antagonist activity to reach
another (low) reference target.
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Training with EMG biofeedback has been
reported to successfully decrease the tone in spas-
tic muscles.® 1o strengthen weak muscie groups.™
and. coupled with transcutaneous electrical nerve
stimulation (TENS), to improve the timing and
control in gait reeducation.”” However, despite
the sound theoretical ground for employing this
technique, and the positive reports from both the
field and the laboratory, it is still difficult to argue
that anificial sensory feedback (EMG biofeed-
back) is a more efficient procedure than standard
methods in neurorehabilitation.®® Mulder,” in an
elegant critical review of EMG biofeedback prac-
tice 1n neuromuscular retraining, argues that with
regard to “the transfer of the treatment effects to
the activities of daily living ... the reviewed stud-
ies provided no unambiguous evidence for the
superiority of artificial sensory feedback meth-
ods, compared to conventional procedures.”

Mulder?” further cautions researchers and
therapists that additional factors may determine
the efficacy of EMG biofeedback in neuroreha-
bilitation. First, the type of disorder, whether cen-
tral or peripheral, can affect the potential of the
biofeedback technique. Central disorders have
been characterized by inability or reduced ability
to carry on the cognitive processes essential for
functional processing of incoming signals/feed-
back.*? Second. it is not clear whether the benefit
from EMG feedback originates with its quality as
a source of information or simply because it 15 an
effective motivator that improves the leamer’s
attentiveness o the target information. Several
studies have been unable to show consistent im-
provement with EMG biofeedback alone when
uncoupled from its motivational element.%°S! Fi-
nally, the nature of damaged brain structure ap-
pears to influence the efficacy of EMG biofeed-
back. Damage to areas with topical arrangement
(e.g., sensory or motor coriex) is harder to reha-
bilitate than damage to a nontopical structure such
as the reticulo-spinal tract.®?

Still, augmented sensory feedback is a prom-
ising technique that needs further exploration to
achieve optimal clinical potential. The combina-
tion of EMG feedback with an exercise program
appears to be especially effective. For example,
such combination resulted in approxirnately double
the improvement (reduction of foot-drop was in-




vestigated and the measures were range of motion
and strength) compared with conventional exer-
cise treatment.>*® The intensity of the standard
EMG biofeedback application also requires spe-
cial attention. As suggested in this discussion,
true acquisition of a skill requires many hours of
daily practice. Leamning a skill through the pro-
cess of EMG biofeedback should not be an excep-
tion 1o this rule. Standard EMG training, which.
even optimally, involves two to three practice
sessions per week with net training time of 15 to
20 min per session, could not be considered suf-
ficient to carry the learner from the initial cogni-
tive stage to the automatic stage of skill acquisi-
tion. Worse still, the majority of postacute neuro-
logic individuals are unable to attend rehabilita-
tion centers with such frequency.

Some changes are required in order to solve
the two major problems that reduce the efficacy
of EMG biofeedback. namely limited accessibil-
ity and lack of sufficient practice. Such changes
will (1) enhance the learner’s motivation and thus
increase the practice time with the tool, and (2)
enable users to practice away from the clinic/
laboratory through the development of portable
EMG biofeedback devices that can hold the atten-
tion of the leamer for relatively long intervals.
The recent technological advances have, in fact,
nurtured innovative ideas regarding the enhance-
ment of EMG biofeedback.*243

Games are, by nature, an effective motivator
and a means by which a newly acquired skill can
be perfected. A more powerful EMG biofeedback
device would allow for the sensory feedback from
an agonist-antagonist muscle pair to be incorpo-
rated into a computer game, in a setting simple
enough to be considered portable. Figure 1 dem-
onstrates such a unit. The potential of portable
EMG biofeedback units, even less advanced than
the one described in Figure 1, was demonstrated
nearly 2 decades ago by Johnson and Garton 5
who were able to improve strength and range of
motion (foot dorsifiexion) in postacute hemiple-
gic patients. There are encouraging results from
the laboratory, as well as the clinic.#”* In light of
this, and in view of the further potential develop-
ment of the EMG biofeedback technique, there is
good reason to expect that, when integrated into
a comprehensive exercise program, this will be an

important tool for the practitioner 1o faciiitate
neuromuscular rehabilitation in people who have
sustained brain trauma.

1. THEORIES OF MOTOR CONTROL

A. The Motor Program

The concept of motor program, i.e., the cen-
tral control of movement. 1s an old one in psy-
chology®8 and has been the cornerstone of open-
loop theories. The open-loop appreach maintains
that the necessary specifications for the motor act.
e.g., spatial and temporal parameters, are stored
centrally in motor programs and that these pro-
grams can activate functional movements without
the need for immediate updating, i.e.. feedback.
There has been convincing evidence for central
programs that can direct human and animal be-
havior in the absence of kinesthetic feedback %057
However, information regarding the movement,
as well as the outcome of the movement. is of

FIGURE 1. EMG biocteedback training unit. Amplified,
rectified, and smoothed EMG signals from antagonistic
muscles on the affected forearm are led to an interface
box, replaces the standard joystick of a commercial
video game. Attempted fiexion of the wrist turns the car
on the TV sceeen to the left, whereas attempted exten-
sion turns the car to the right (Unitech Research Inc.,
702 North Bltackhawk Ave., Madison, W1 53705}.
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utmos! importance for the execution of fine motor
skills and the continuous development and adjust-
ment of the central set.”’ (See also Sachs.™” for a
vivid demonstration of function in the absence of
afferent information.)

Proponents of the modem program notion
view the motor program as the open-loop part of
a conceptual model of human performance (Fig-
ure 2).” Feedback processes. the closed-loop part
of the model, can modify and update the program.
Despite some major limitations of the motor pro-
gram concept (see Schmidt®’ for mn-depth discus-
sion), this model can be useful 10 neurotherapists.
It demonstrates that leaming/relearning of motor
acts involves adjustments and reshaping of a cen-
tral neural network. Furthermore, the model shows
the significance of an active movement compo-
nent — an initial attempt that starts the process of
program updating through practice and feedback.
Arguably, it is this active component in the devel-
opment of a motor skill that may not have re-
ceived proper consideration by proponents of the
facilitation approach. The practical applications
of a simple motor program model for the deveiop-
ment of new skills in the able as well as the
disabled person are straightforward: in order for a
central representation of a movement to develop,
the person needs to initiate an attemnpt that will be
realistically successful to allow the information
provided by movement outcome and the sensory
system to update and adjust the existing program.
Frequent repetition of this process with a focus on
active initiation will, according to this notion,
improve and refine the existing skill. This may
appear quite trivial to the therapist, yet the ap-
proach based on motor control and learning theo-
ries requires a change in perspective and in the
methods prevalent in neurorehabilitation.

The implications of this new perspective are
clear. No longer can one aliow an individual with
an acquired brain injury to sit and wait until he/
she is “ready” to execute a new movement, be it
an attermnpt to move a limb, to stand up, or to walk.
According to the motor program notion, if the
person is to successfully reacquire such skills,
active initiation of the required skill must be at-
tempted with reasonable success. How can this be
done? How can a nonambulatory patient attempt
1o take a step, or how can a person who is unable
to hop attempt a reasonable version of that act?
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FIGURE 2. An expanded conceptual medel of human
performance. Nate the significance of a central initiation
of movement to the learning process (i.e., to the modu-
lation of the motor program). {(From Schmidt, R. A,
Motor Leaming & Performance: From Principles to Prac-
tice, Human Kinetics Publishers, Champaign, IL, 1991,
50. With permission.)

To answer these questions the therapist must
either use his/her imagination or apply some of
the methods adapted in high level competitive
sports. For example, a gymnast attempting to
learn a complicated movement paitern or a de-
scent from a high bar will often be supported by
a suspension hamess mechanism that enables
him/her to create the first rough models of the
desired movement. Once the movement 1s per-
fected and the correct timing learned, practice
can proceed in real time and space without the
assistive device. A platform diver in the early
stages of skill acquisition will rely on similar
techniques to learn a complex dive. The assistive
devices in both exampies not only provide a
safety mechanism for a dangerous act but, more
importantly, allow the motor system to attempt
reasonable first efforts of the desired motor act
and, hence, create a working program that can be
further refined with practice. Figure 3 illustrates
a hamess mechanism that enables the person




with brain trauma to initiate ambulatorv activity
as well as various mobility exercises.

A wide varierv of assistive devices. from the
functional walker or cane to less typical wols
such as balls. trampoline. ergometer bicycle. tread-
mill. or stairclimber may help create and reshape
the program or central representation of a new
skill. The role of the therapist in creating the
optimal learning situation, i.e.. enhancing the for-
mation of new or modified programs, is crucial
and requires considerable creativity. In the fol-
lowing sections. some other perspectives of hu-
man moter control are discussed and their impli-
cations for neurorehabilitation considered.

B. Functional Cell Assemblies

The motor program concept assumnes central
organization of motor activity, i.e., sets of stored
commands for individual movements complete
with specification of the muscles involved in the
planned action, the order in which these muscles
are to be activated, and the relative force and
timing of muscle contraction.” The weakness of
this concept lies in its difficulty to explain how
the motor system can store the enormous number
of programs needed for daily operation or to ex-
plain novel movements for which there are no
stored programs. It has become evident to neuro-
physiologists and motor control researchers that
functional assemblies of cells at different levels
of the CNS are responsible for initiating and
maintaining complex coordinative movements.’?
These neural assemblies reduce the number of
details (degrees of freedom) attended to by the
executive mechanism (the motor program) and
thereby simplify its task. Furthermore, the actual
control process may not rely on a single “execu-
tive” (hierarchical organization), but, rather, on a
coordination between various neural assemblies.
This notion, which has been termed “distributed
control,” better explains the enormous flexibility
of the system.”™

This view of human motor control is consis-
tent with Easton’s™ earlier notion of “coordinative
structures.” a celebrated term for reflexes that form
the basic language of the motor program. The no-
tion of pattern generators is also consistent with
this philosophy. Pattern generators have been de-

FIGURE 3. A harness mechanism, allowing the de-
gree of weight bearing to be controlled by the therapist,
assists the learner in attempting novel motor activities
(e.g., gait, jumps, kicking a ball).

scribed as neural assemblies capable of maintain-
ing complex rhythmical activities (e.g., locomo-
tion) and thus they simplify the process of motor
control.”s”” In fact. it is a similar concept to that of
the motor program’ in that it implies the existence
of a hard-wired executive, except in this case it is
at the spinal level. Despite the existence of hard-
wired pattern generators or oscillators at the seg-
mental level or even in supraspinal structures such
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as the cerebetlum.”® there is still considerable van-
ability in the movement patterns. The sensitivity of
gait to changes in peripheral mechanical condi-
tions {e.g., in amputees’™ or under ischemic condi-
tions®”) suggests that the segmental pattern genera-
tors are aituned to the mechanical limitations and
may not, therefore, exhibit their normal patterns 1n
the face of such limitations. The successful reha-
bilitation of coordinated movement may be deter-
mined by the therapist’s ability to access or affect
these lower levels of control, rather than by his/her
ability 1o start rebuilding the motor skill element by
element.

Motor impairments that are the result of trauma
to the CNS may, at times. leave some of the lower
level CNS synergies intact. The movement im-
pairments in such cases may result from a central
deficit, i.e., from an inability to properly access
and activate those systems or from mechanical
reasons such as muscle contractures or muscle
weakness. In either case, modifying the learners’
environment, changing some movement param-
eters, or strengthening muscles central to the co-
ordinative structure couid retrieve a coordinated
set of behavior otherwise unavailable to the brain-
injured person. The strengthening issue is dis-
cussed later in the article. As for the manipulation
of the movement parameters or the environment,
let us examine the contribution of tools such as
the treadmill and stationary bicycle.

The treadmtll (Figure 4) provides the brain-
injured individual with artificial initiation as well
as with dynamic gait maintenance. Given that the
complex coordination of gait is likely organized
in low level (spinal) generators, the input pro-
vided by the moving surface may. in some cases.
activate those generators and initiate a more coor-
dinated form of walking than is initially possible
over ground. Therefore, further training directed
at improving strength, palance, and functional
range of motion around the involved joints will
complement and ease initiation and maintenance
of this behavior. Cycling, a familiar reciprocal
motor skill may, in a similar manmer, help elicit
movement in an otherwise impaired extremity
through the activation of a well-leamed coordina-
tive structure in which the motion of the affected
extremity is an integral part. Evidence of the po-
tential benefit to neuromuscular rehabilitation of
such reciprocal training tools has only recently
been emerging from the laboratory and clinic.!*#1#
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FIGURE 4. Gait practice on a treadmiit.

1. The Dynamic Pattern Theory

An extension of the pattern generator thesis is
the dynamic pattern theory.®’ The theory main-
tains that there are intrinsic patterns of behavior
that can be spontaneously elicited by changing
the control parameters under which the specific
patterns are available to the system. For example,
speed of movement, a possible control parameter,
would have to increase in order to change walk-
ng into running in bipeds (or trotting into gallop-
ing in quadrupeds). The significance of this theory
lies in the notion that one does not need to change
or releamn specific components of movement in
order to reacquire a movement pattern (e.g., reach-
ing or locomotion). Often, reestablishing weight
shift or, alternatively, increasing the speed of
motion will bring about the required gait pattern.

This view of motor control directs the focus
of motor rehabilitation away from the restoration
of techmcally correct individual movements and
towards the restitution of function: inherent syn-
ergies or coordinative structures that, when al-
lowed to act, can result in goal-directed motor




behavior. It 1s the therapist’s responsibility to find
optimal parameters and to identify and try to elimi-
nate obstacles. such as muscle weakness or lim-
ited joint range of motion. that prevent such syn-
ergies from being activated.

2. The Dual Strateqy Hypothesis

In a recent attempt to apply the essentials of
motor control principles to measurement and
treatment procedures in movement rehabilita-
tion, Corcos* has suggested the dual strategy
hypotrhesis. According to this control theory, two
basically different sets of rules for motor com-
mands exist for “speed-sensitive” and “speed-
insensitive” movements. Examples of speed-sen-
sitive movements would be executing a tennis
stroke or pushing the car accelerator while driv-
ing; both movements have strict timing require-
ments and call for varying intensities of force
production.

Corcos® argues that in many movement im-
pairments (e.g., CVA, parkinsonism, spasticity),
the motor system is unable, or shows reduced
capability, to adequately vary the intensity of
central command to the muscles and, therefore,
the temporal requirements of the movements can-
not be met. The actual mechanism impeding the
speed-sensitive movements may vary; it could
stem from coactivation of agonist-antagonist
muscle pair or from a central deficiency in vary-
ing the agonist burst. However, because speed-
sensitive control processes are essential in nor-
mal movement as well as in motor rehabilitation,
Corcos strongly suggests that strength training
be applied where speed-sensitive movements are
impaired. He points out supportive evidence from
the laboratory, which together with the above
theoretical considerations make a strong case for
the use of strength training in neurorehabilita-
tion.

C. Movement versus Action

What is the critical aspect of motor control? Is
it the specific movements chosen to serve a given
function, or the overall efficiency of the act and its
impact on the environment? In fact, motor output
may be viewed and measured in a variety of ways.

The electncal events measured as EMG at the
muscle level. or electroencaphalography (EEG)
measured at the brain level. represent one dimen-
sion of motor response. The various joint move-
ments can be studied with regard to their kinemat-
ics and kinetics to offer a second dimension. Fi-
nally, the action (i.e., walking, throwing a ball,
balancing on a tilt board) may be assessed as to its
effectiveness in reaching the performer’s goals.
Any of these dimensions of motor control and
behavior may vary independently. For example,
the act of hitting a target with a ball may be accom-
plished using different rajectories. different move-
ments, or even different limbs. Furthermore, when
the same motions are employed, there may still be
considerable variation in neuronal firing and muscie
coactivation that may not show in kinematics asso-
ciated with the throwing motion.

According to one school of movement scien-
tists, the ecologists, the emphasis in the study of
motor control should be placed on the action rather
than the particular movements composing it.%%
The early ecologists promoted a view of animal-
environment synergy rather than animal-environ-
ment dualism. They perceived humans (and ani-
mals in general} and the environment as an in-
separable and compatible subsystem of the eco-
systern and, hence, movement could not be sepa-
rated from the environment in which it took place.
This early ecological approach suggested direct
perception, i.e., a direct interaction between the
perception and the action without the need for
cognitive intervention. Such a conceptual mech-
anism of action must be flexible in order to ac-
commodate for the ever-changing environment.
This flexibility, in tumn, requires an equally flex-
ible neural basis, which holds further implica-
tions for the acquisition of motor skills.

The neural control system that would better
fit an action model 1s not a centrally organized
one, but, rather, a distnbuted network with vari-
ous elements or neural assemblies that can be
modified by experience. As a result of the inter-
action between those elements, the motor act in
such systems is a novel creation, despite its appar-
ent regularities.?’®?! This dynamic perspective
better accounts for the flexibility of motor behav-
ior and better explains issues such as the com-
plexity of control (degrees of freedom), storage
size, or the initiation of novel movements. It also
underties the significance of a large repertoire of
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well-established neural assemblies at different
levels of the CNS. Such assemblies. which are
covered in more detail in the previous section.
may be interconnected, when necessary, to solve
a particular environmental problem.

In the rehabilitation domain, the emphasis
has typically been placed on the movement to be
retrieved.'®9? The previous discussion, however,
suggests that the particular movement that has
been lost or impaired may not be as important to
recovery of function as the ability to successfully
interact with the environment and solve the prob-
lems presented by that environment. The signifi-
cance of the action approach to moior learning in
generai and to neurologic rehabilitation in par-
ticular is twofold. First, it may shift the emphasis
of motor rehabilitation from the neuromotor ap-
proach to a more functional. goal-oriented re-
training. Rehabilitation of the post head trauma
person may need to be viewed in a different light
than that of the nonneurologic patient. The avail-
able repertoire of functional movements that can
be incorporated into a meaningful action is smaller
in the traumatically brain-injured. Hence, the most
reasonable action chosen by this individual in a
given circumstance may differ. Just as the person
on crutches is not expected to ambulate using a
“normal” walking technique, the brain-injured
person may need to develop and adopt a different
set of movements in order to interact with his/her
environment in such a way that will produce
ambulation. An approach stressing the strict rees-
tablishment of “normal” gait pattems'*?>%? may
not be capable of accomplishing the same results
as the action approach.

A second important contribution of the action
approach is its view of the flexibility of the motor
system. The choice of the response depends on
person-environment compatibility, and the actual
motor output is a function of the established syn-
ergies available to the individual. Therefore, the
emphasis in motor reeducation may be shifted
from leamning a complete skill to leaming the
essential components that can then be reassembled
to form the appropriate environmentally compat-
ible response. Thus, gait-training, for example,
may focus on basic skills such as balancing on
one leg, lateral and fore-aft weight shifting, and
hopping. Because walking can be viewed as a
continuous process of recovery from perturba-
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tien.” the specific components ot response will
depend on such factors as dvnamic weight shift.
floor texture, obstacles, etc. to form the complete
motor behavior of gait.

This approach to gait reeducation requires
extensive manipulation of the environment to elicit
behavior as well as a good understanding of bio-
mechanics on the part of the therapist in order to
improve strength and flexibility in Key joints and
increase the “library™ of basic maneuvers. This. in
tum, will increase the number of options the en-
vironmeni affords the leamner. In essence, the ac-
tion approach to gait reeducation promotes (1)
manipulation of the learner’s action storage (i.e..
increase the number of coordmnative structures or
synergies). and (2) manipulation of the environ-
ment to elicit a specific behavior (e.g., use of a
treadmill to initiate gait).

The therapist, thus, becomes a designer of
leamning situations and must surpass the narrow
clinical perspective of healing.*® In fact, teaching,
directing, or coaching would better describe the
role of a therapist in rehabilitation of the brain-
injured. Along the same line, patient may not be
an appropriate term to use for a person with ac-
quired brain trauma (especially in the postacute
stage of recovery) who attempts to enrich his/her
repertoire of motor behavior.

Moving, in fact, is now viewed by some as a
process of problem solving and 2 means by which
the individual expresses skill.?® The process of
skill acquisition becomes a dynamic organization
of motor expression that is specific to the indi-
vidual and expresses the individual’s solutions to
coping with his/her environment. For the trau-
matically brain-injured (TBI) to solve motor prob-
lems, however, a strong set of motor options has
to be available. It is the therapists’ responsibility
to target specific needs of the individual with
regard to basic skills, design the relevant exercise
program for the individual to acquire these skills
and, finally, create an environment conducive to
expression of the skills. In addition, movement
difficulties following brain injury very often origi-
nate in a cognitive inability to solve problems.
The practitioner must recognize and understand
these difficulties and try to circumvent them by
either solving some of these problems for the
disabled leamer or by improving his/her problem-
solving capability.




IV. THE EFFECTOR MECHANISM: THE
SIGNIFICANCE OF RESISTANCE
TRAINING

Our discussion of motor learning following
head trauma has highlighted the sigmificance of
muscle strength in the rehabilitation process.
Muscle strength, though an important constitu-
ent of motor ability. traditionally has been sur-
rendered by the therapist in favor of reshaping
the neural control mechanisms®*'* and, as is dem-
onstrated in a recent recommendation of stroke
patient management, still remains so. “Strength-
ening 1s not an appropriate goal during this stage
of training owing to the presence of spastic-
ity.”** The reason for neglecting an admitted]y
powerful tool in combating physical handicap™
is the association between spasticity, a common
characieristic of head rauma, and resistance train-
ing.

The strong discouragement of appiying re-
sistance training in neurorchabilitation explains
the scarcity of available literature on this issue.
There have been. however, some recent efforts
to demonstrate the efficacy of more aggressive
exercise programs, including resistance training,
in improving the motor function of various neuro-
logical groups. Because strength training appears
critical to a complete neuromuscular rehabilita-
tion, the remainder of this section is dedicated to
these recent efforts, as well as to the theoretical
basis for the strength training-spasticity link.

Behannon®* points out the significance of
muscle strength to upper and lower extremity
function following head trauma. He lists studies
in which a significant and, at times, high corre-
lation was observed between objective measures
of muscle strength and functional measures of
motor performance, such as gait velocity and
cadence.®® Bohannon’s primary intention was 1o
provide support for muscle strength testing. Al-
though his work drew cautious response from
therapists and educators,” the obvious linkage
between strength and function in acquired CNS
trauma can no longer be denied.

The next logical step in examining the
strength issue is a demonstration of trainability,
i.e., the proven ability of neurological patients to
improve their strength with practice in a manner
similar to their healthy counterparts. Milner-

Brown and colleagues'®'% have examined the
effects of swrength training on several muscle
groups in neuromuscular disorders. They ini-
tially observed considerable improvement in
muscle strength and endurance as well as a re-
duction in fatigability in subjects with progres-
sive neurological diseases. They noted, how-
ever, that muscles were trainable only when dis-
ease progression was slow and the targeted
muscies were at least 20% of “normal” strength.
Under these conditions, they postulated that with
weight training, weak muscles could sustain
maximal workloads without being abnormally
fatigued.'® They proceeded to more extensive
testing of various forms of strength training,
including a program of low resistance weight
training combined with electric stimulation'®?
and a program of high resistance weight train-
ing.:%" In both instances, trained muscles became
significantly stronger (108% * 56% in the former
investigation and 80% * 48% in the latter) with
the exception of severely weak muscles (<10%
normal strength), which did not respond well to
etther method.

Subjects with selected neuromuscular disor-
ders have made considerable gains in strength as
measured in the movements of elbow flexion
and knee extension.'®™ Nine weeks of training
(three sessions per week) resuited in 19 to 34%
increase in arm strength and 11 te 50% increase
in leg strength. Dependent measurements con-
sisted of maximum isometric, dynamic, and iso-
kinetic strength as well as assessment of the
contractile properties of the elbow flexors, com-
puterized tomography of the upper arm and thigh,
and muscle biopsies. Careful examination of these
measures indicated that most gains in strength
were the result of neural adaptation during the 9-
week training period rather than of muscle hy-
pertrophy.

Training programs based on progressive re-
sistance training have demonstrated good results
with regard to improvement both in strength and
functional measures in individuals with cerebral
palsy.'%-195 Horvat'®* observed an improvement
in strength, endurance, and range of movement
in an individual with spastic cerebral palsy who
undertook 8 weeks (3 sessions per week) of pro-
gressive resistance training. McCubbin and
Shasby!% compared a group of adolescents with
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cerebral palsy who received 6 weeks of isoki-
netic resistance training 1o a control group and to
a similar group undergoing repeiilive practice
with no resistance. Results showed that the iso-
kinetically trained group clearly was superior to
the two control groups with regard to both torque
development and movement time. This led inves-
tigators to conclude that “isokinetic resistance
exercise affected neuromuscular performance in
these vouths with cercbral palsy similar to the
nonhandicapped population.™%

Brain injury dees not appear to be an excep-
tion to the potential application of strength train-
ing. Cardenas and Clausen have suggested that
classic rehabilitation techniques be modified such
that they suit each patient’s unique requirements. '
The combination of paralysis, spasticity,
contractures. in many cases, and disuse atrophy in
others often leaves the person who has suffered
brain trauma with weakened and less functional
muscles. For the patient to regain motor skills,
considerable strengthening of these muscles has
to take place. Such strengthening requires a gradual
and well-planned exercise program that includes
resistance training.

Cohandon has developed a comprehensive
model of rehabilitation for traumatically brain-
injured persons, a model centered around physi-
cal activity.'?”” The model is a combination of a
personalized program of physical therapy activi-
ties and group sessions, including flexibility,
strengthening, coordination, and relaxation ac-
tivities. Sullivan and co-workers employed this
physical rehabilitation program and evaluated its
effects on the locomotory status of 51 TBI pa-
tients, most of whom had been just released from
an acute care hospital.'® Of the patients in the
study, 88.2% completed the rehabilitation pro-
gram (4.03 = 4.72 months) with the status of
walker or jogger compared to only 31.3% who
had had that classification at the outset of the
program. These remarkable results, obtained
through an aggressive physical activity program
based mainly on locomotion, conditioning, and
strengthening, demonstrate the significant role
physical conditioning can play in rehabilitation
from head trauma. The determinants of physical
conditioning, i.e., strength, endurance, flexibility,
and coordination, should be as central to motor
recovery following traumatic brain injury as they
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are central to motor skill acquisition n able-bod-
1ed individuals.

A. Supplemental Factors in Strength
Training

Resistance training may contribute to the re-
habilitation process in more than one way. The
act of contracting and then gradually relaxing the
muscle against external weight can, in fact. be
regarded as a learned skill. For such a skill to be
improved, motor unit recruitment has to become
more efficient (an observation noted by Sale et
al.') and neural coordination between agonist
and antagonist needs to improve, especially in
spastic muscles where the antagonist muscle ac-
tivity often interferes with the agonist function.
With the repetition inherent in resistance traming,
one would expect efficiency of the movement to
improve. This would be achieved, at least in part,
by reducing muscle coactivation and hence re-
ducing spasticity. The synchronization of motor
unit activity, which underlies muscle strength, as
well as the timely execution of skiiled move-
ments, has been shown to improve with the regu-
lar execution of large and brief forces such as
those produced during strength training regimes.' "
The investigators demonstrated that experienced
weight lifters showed more synchronization of
motor unit activity than control subjects. Further-
more, the level of motor unit synchronization was
elevated in control subjects following 6 weeks of
resistance training (dorsal interosseus muscle).
The authors suggested that supraspinal influence
from motor cortex on spinal motorneurons may
have been enhanced as the resuit of strength train-
ing, leading 1o a significant synchronization of
motor units. Rather than produce spasticity, then,
strength training may produce the very neural
retraining more traditional methodologies were
seeking.

Some of the traditional methods of muscle
stretching, “contract relax contract™!!!12 and “ago-
nist contraction,”'!* use the same physiological
processes active in dynamic weight training. The
former technique uses autogenic inhibition (via
Golgi tendon organs) as weil as reciprocal inhibi-
tion to lengthen a tight muscle, whereas recipro-
cal inhibition to the antagonist motor pool ex-




platns the effectiveness of the latter technique.
Similarty. dynamic or isokinetic procedures of
resistance training invoke autogenic as well as
reciprocal inhibition and thus should help stretch
the tight/spastic muscle. The process of repeat-
edly contracting a muscle against resistance, then
stretching it, (precisely what is involved in a dy-
narnic/isokinetic resistance training routine) should
by way of reciprocal inhibition to the antagonist
muscle followed by autogenic inhibition to the
eccentrically working agonist. help increase, rather
than decrease, the range of motion around the
targeted joint.

B. Spasticity and Resistance Training

The term spasricity is widely used by clini-
c1ans to describe various abnormalities in patients
with CNS lesions. The term. however. may not be
very accurate.'™ The global term that is more
appropnate for the different symptoms associated
with CNS trauma is upper motoneuron syn-
drome.'"* aterm that includes symptoms and signs
such as hyperactive flexor reflexes, poor dexter-
ity, weakness, and fatigability. The more exclu-
sive term, spasticity. is more accurately presented
as "a motor disorder characterized by a velocity
dependent increase in tonic stretch reflexes (muscle
tone) with exaggerated tendon jerks. resulting from
hyperexcitability of the stretch reflex, as one com-
ponent of the upper motoneuron syndrome.™!!%
From a functional point of view, the symptoms
associated with upper motoneurcn syndrome are
more critical than the more dramatic ones associ-
ated with spasticity. Moreover, as will be dis-
cussed, it has become apparent that the elimina-
tion of spasticity, even if it were possible, would
not be expected to restore function in most pa-
tients who have suffered CNS trauma.>1!7-118

The phenomenon of spasticity has received
considerable attention,!!4119120-131 Regearchers as
well as therapists have been trying to better un-
derstand the mechanisms undertying the clinical
symptoms, to find efficient techniques of quanti-
fying spasticity,'3>!* and to search for more suc-
cessful therapy. Further elucidation of the preced-
ing issues is outside the scope of this discussion.
However, association, or lack of association be-
tween spasticity and motor control in general and

between spasticity and resistance training in par-
ticular will be further examined.

As already mentioned. the avoidance of
effortful activities has been one of the halimarks
in the trearment of neurological patients.”* It is
believed that. in spastic individuals. effort in-
creases muscle tone throughout the body by way
of associated reactions. Since tone is detrimental
to function. “any situation or activity known to
lead to an increase in spasticity should be
avoided.”'** Typically, however, the long-term
relationship between training requiring effort and
valid measures of spasticity has not been appro-
priately established nor has the tradeoff between
potentially improved function and the proposed
increase in tone been seriously evaluated. For
example, it has been suggested that self-propui-
sion of wheelchairs by hemiplegic patients in-
creases the tone in some of the patients and thus
should not be recommended in certain cases.!*
This conclusion was based on the analysis of
photographs of spastic armn position in the self-
propelled compared to the pushed wheelchair
condition. Naturally, an active movement requires
postural adjustments and cannot be compared to
a passive position for the sake of monitoring spas-
ticity. But. more important, a control group (that
probably would have shown a similar trend) was
not employed; the long-term changes of arm po-
sition with practice were not investigated and
finally, more valid measures of actual muscle
tone were not recorded. How justified is it, then.
to limit the functional independence of hemiple-
gic patients on these grounds?

The exclusive phenomenon of spasticity in
people with acquired brain trauma, dramatic as it
is, may not justify the clinical auention it re-
ceives, especially when that attention means the
avoidance of much-needed physical training.
Recent research clearty distinguishes between
spasticity and control factors with regard to their
immediate influence on functional activities.'' !
More specifically, it has been suggested that fac-
tors such as prolongation of agonist action and
decreased synchrony of input to motor cells “may
be as important or perhaps more important than
antagonist spasticity in limiting voluntary move-
ment.”""® This notion is supported by the strength
of association between functional measures (e.g.,
gait speed) and measures of spasticity and muscle
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strength.!'” The authors demonstrated that gait
performance was correlated with measures of knee
extensor muscle torque but not with measures of
spasticity (angle of reversal) in stroke patients.

There 1s no guarantee. then, that reduction of
muscie tone will improve motor control in pa-
tients with upper motorneurcen syndrome. The
reverse argument. however. may hold more sub-
stance. Improvement of the individual’s motor
control should result in a decrease in muscle tone.
by way of increased synchrony of synergistic
muscles. and a lesser degree of muscie
coactivation, which is secondary to skill acquisi-
tion in general. The issue of strength training as a
major component in reacquiring motor control
ought to receive due consideration by therapists
working in neurological rehabilitation. In addi-
tion, issues related to the intensity, frequency. and
specific techniques of resistance training, rather
than the general validity of such training, ought to
become the focus of future work.

V. CONCLUSIONS

This review of kinesiclogical issues in neu-
rorehabilitation in general and in post head trauma

FIGURE 5. A conceptual model of multi-
level neurorehabilitation. Learning of new
skills is associated with the formation of new

rehabilitation in particular is by no means inclu-
sive. This article focuses on issues and theories
with workable implications for professionals in
the field. In order to arrive at such workable im-
plications. freedom has been taken to extrapolate
bevond the existing data or to extend cerain theo-
ries to touch on pertinent issues in neurotherapy.
The relatively shaky ground of existing therapeu-
tic norms has been pointed out and alternative
measures suggested. The movement sciences in
general. and kinesiology in particular, appear to
be both specific enough and applicable enough to
contribute to the field of neurotherapy. The prac-
tical applications of theonies developed within its
scientific domains may require some changes in
perspective but should, nevertheless. be easily
accommodated by practitioners in the clinic.
The significance of kinesiological contribu-
tions to the practice of neurorehabilitation may iie
in their wider scope, i.e., in their view of the
human motor system as a flexible entity that re-
guires cognitive, neurologic, and mechanical con-
siderations. This multilevel approach to neurore-
habilitation is illustrated in Figure 5, which also
summarizes the major concepts put forth in this
article. Existing methods of therapy ought 1o be
reviewed in that light, and specific, objective re-

cell assemblies at the supraspinal and, sub-
sequently, at the spinal level. Both central
(teaching) and peripheral (feedback) pro-
cesses contribute to the acquisition of new
skills. Artificial sensory feedback helps main-
tain this process by feeding back information
regarding muscle activity and its behavioral
impact, which is otherwise scarcely avail-
able to the disabled learner. Adapting the
environment to elict motor response from
the learner may also help the learner access
already established spinal cell assemblies
(e.g., spinal generators). Spontaneous acti-
vation of such cell assemblies may require
specific conditions at the effector level, such
as sufficient range of motion (ROM} and

RERABILITATION

muscle strength. Finally, white peripheral ma-
nipulation at the effector leve! (e.g., func-
tional electrical stimulation) may temporarily
reduce muscle tone (dashed line), the cen-
tral acquisition of skills associated with new
cell assemblies at the brain leve! can lead to
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search should be conducted to establish new norms
as part of the new paradigm in neurorehabilita-

tion.
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