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control of normal movement, limitations, and

clinical applications.

< the relationship between theories

5. Discus!
of motor control and the parallel development

of clinical methods related to neurologic
rehabilitation.

What Is Motor Control?

Movement is a critical aspect of life. Movement is

6. Compare and contrast the neurofaclitation

}

i
approaches to the task-oriented approach with '
respect to assumptions underlying normal and
abnormal movement control, recovery of function, !
and clinical practices related to assessment and J'

treatment.
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control of movement. Next we re different

heorie! ‘control, ¥ xami heir underlying

aseumpONS and clinical implications. Finally we will

review how theories of motor control relate to past

and present clinical practices.
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essential to our ability to walk, run, and play; to seek
out and eat the food that nourishes us; to communicate
with friends and family; to earn our living—in essencc
to survive. The field of motor control is directed at
studying the nature of movement, and how movement
is controlled. Motor control is defined as the ability to
regulate or direct the mechanisms essential to move-
ment. It addresses questions such as how does the
central nervous system (CNS) organize the many indi-
vidual muscles and joints into coordinated functional
movements? How is sensory information from the en-
vironment and the body used to select and control
movement? How do our perceptions of ourselves, the
tasks we perform, and the environment in which we
are moving influence our movement behavior? What is
the best way to study movement, and how can move-
ment problems be quantified in patients with motor
control problems?

/
Why Should Therapists Study
Motor Control?

Physical and occupational therapists have been re:
ferred to as “applied motor control physiologists”
(Brooks, 1986). This is because therapists spend a con-
siderable amount of time retraining patients who have
motor control problems producing functional move-
ment disorders¥ Therapeutic intervention is often
directed at changing movement or increasing the ca-

pacity to move. Therapeutic strategics arc designed to
Tmprove the quality and quantity of postures and move-

ments essential to function. Thus, understanding mo-
tor control and, specifically, the nature and control of
movement is critical to clinical practice.

C ¥ egin our study of motor control by dis-

Understanding the
Nature of Movement

mental demands. The individual generates movement
to meet the demands of the task being performed

_:Ellwﬁm“em. Tn this way, we say that
¢ organization of movement is constrained by factors
within the individual, the task, and the environment.
The individual’s capacity to meet interacting task and
%:Wdctcrmincs that person’s func-

onal capability. Motor control research that focuses
only on processes within the individual without taking
TAToaccount the environment in which that individual
moves or the task that he or she is performing will pro-
duce an incomplete picture. Thus, in thi i
cussion of Moto 11 focus on

e 1indavia

illustrates this concept.

I

Factors within the Individual
that Constrain Movement

cesses. The term “motor” control in itself is somewhat
misleading, since movement arises from the interac-
tion of multiple processes, including those that are re-

lated to Erceetign! cognition, and action. —mm——

Movement and Action

Movement is often described within the context of
accomplishing a particular action. As a result, motor
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(Rosenbaum, 1991). Thus, underst ; o w
requires the study of Systems controlling Dberception =
and the role of perception in determining our actions.
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Movement and Cognition

Since movement is n

anding movemeng

ot us L in_the ab-

sence of intent,/€ognitive processes are essential

motor control. In" TS Book we de € Cogii pro-

cesses broadly to include attention, motivation, and

cmotional aspects of motor control thar underlie the

“establishment of intent or goals. Motor control in-
cludes perception and action systems that are orga-
nized to achieve specific goals or

intents. Thus, the
study of motor control must include the study of cog-
z C°9m’tf've processes as they relate t

FIGURE 1.1 Movem

O perception and @ Clic v s ‘
st
ent emerges from interactions So within the individual, many systems interact in
between the individual, the task, and the environment. the production of functional movement. While each of
these components of motor control—perception, ac-
tion, and ition— iedini i -
n a-t'o X contrnl 1s usually studied in relation to specific actions lieve a tr:: f)rilctsr‘:: ofc :hnebrclaimdled mEn i be- 3
‘ Or activities. For example, motor control physiologists not be achieved without synthesis :
; might ask: how do pegple walk, run, talk, smile, reach,  from an three, This concept
| Or stand still? Researchers typically study movement
‘ control within the cont

of information c‘é all
is sho t-Ei
walking,

re 1.2, ‘5

ext of a specific activity, like
with the understandin,

8 that control pro  Task Constraints on Movement
Lesses related to this activity will provide insight into
principles for how all of mov

of movement is controlled. _
Understanding the control of actio

In addition to constraints rela
understanding the motor output from the

n_imphies ‘ tasks can also impose constrain

ted to the individual,
ts on the neural organig wiuwm
nervous sys- zation of movef:nent.f In ev.eryday life we.gﬁrform a
tem t? the body’-s effector.syslems, or muscles. The iﬁ:ﬁ?ﬂ?&ﬂ? mﬁ::ntzg ﬂﬁ:k;el;gmgg(;;
body is characterized by a high number of muscles and deraei esm =
= joints, all of which must be controlled during the exe-
\ J)C i cution of coordinated, functional move

ent needed. Thus, un-
N derstanding motor control requires an awareness of
m(_mt' This how tasks regulate neural
Moblem of coordinating many muscles and joints has
1
. ( ) a0

—EAERA ~
been referred to as the degrees of freedom problem

\ ’Qﬁlg’ stein, 1967).
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It is considered 2 major 1ssue being
studied by motor control researchers and will be djs-

cussed in later chapters. So the study of motor control

mechanisms controlling WAV

Recovery of function following CNS damage re-

1
i

quires that a patient develop movement patterns that é
meet the demands of functional tasks in the face of sen- A

; sory/perceptual_motor, and co gnitive impairments. P
| ,>< includes t@mdy of the systems that control Gction. Tvas, that help the patient

| (r)learn to perform Tunchomnal tasks, taking into con. b 56
| Movement and Perception "sideration underlying impairments, are essential to

\ Perception is e atial 16 aCtion, just as action is essen- maximizing the recovery of functional independence.

| tial to percept{on. Perception is the integration of sen-

\ 5 € VU sory impressions-is

But what tasks should be taught, in what order, and at

ogically meaningful in-T& what time? An understanding of task attributes can pro-
formation. Perception includes both peripheral  |vide a framework for structu

AL 4&§ens°ry mechanisms and higher level processing that

Wl o

tasks. Tasks can be
sequenced from least to most difficult based on their
adds interpretation and meaning to incoming afferent
information. Senso;

relationship to a shared attribute.
stems provide in- The concept of gtf)uping msks is not new to clini-
formation about te of the body (for exampln, the” cians. Within the clinical environment, tasks are rou-
position of the body in space) and f.camrcs within th
environment critical to the regulation of movement,
|

tinely grouped into functional categories. Examples of
functional task groupings include bed mobility tasks
% Sensory/perceptual information is clearly integral t

(e.g., moving from a supine to a sitting position,
the ability to act effectively within an cnvironmenot\

moving to the edge of the bed and back,

as well
AVL F Tcus«aff
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FIGURE 1.2 Factors within the individual, the
task, and the environment affect the
organization of movement. Factors within the
individual include the interaction of
perception, cognition, and action (motor)
systems. Environmental constraints on
movement are divided into regulatory and
nonregulatory factors. Finally, attributes of

: the task contribute to the organization of
functional movement.

<cha.nging positions within the bed); transfer tasks (e.g.,
moving from sitting to standing and back, moving from
chair to bed and back, moving onto and off of a toilet),

| and activities of daily living (ADLs) (e.g., dressing,

| toileting, grooming, and feeding). L Y]

- " Analternative to classifying tasks functionally is to

H Tﬂ categorize them according to the critical attributes that

1 M regulate neural control mechanisms. For example,
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uous. Discrete movement tasks, such as kicking a b

a recognizable beginning and end. In continuous

Movement tasks have also been classified accord-
| ing to whether the base of support is still or in motion

ate

or moving from sitting to standing or lying down, ha addition of a manipulation task increases the demand for

ol ovements such as walking or running, the gﬂ(_l_m[_
e ‘\JT f the task is not an inherent characteristic of the task
(o " /but is decided arbitrarily by the performer (Schmidt,
b p
1

(Gentile, 1987). So called “stability” tasks such as sit-
L-Hing or standing are performed with a nonmoving basc
of support, while “mobility” tasks such as walking and
running have a moving base of support. In the clinic,
tasks involving 2 nonmoving base of support (e.g., sit-
ting and standing) are often practiced prior to mobility
tasks such as walking, on the premise that stability re-
()‘B e quirements are less demanding in the tasks that have a
nonmoving base of support. Support for this type of

Stabil Tty BY Mobilily

Regulatory

ATenNY STARGIC

hierarchical ordering of postural tasks comes from re-
scarch demonstrating that attentional resources in-
crease as stability demands increase. For example,
tasks that have the lowest attentional demand are pri-
ic tasks such as sitting and standing;
attentional demands increase in mobility taskg}such as
king and obstacle clearance JChen et al., 1996;

Lajoic et al., 1993). VAN GO LANI0 A
Stob.®

movement tasks can be classified as discrete or continuo¥S  The presence of a manipulation component has

also been used to classify tasks (Gentile, 1987). The ad-

stability beyond that demanded for the same task lack-
ing the manipulation component. Thus, tasks might be
sequenced in accordance with the hierarchy of stabil-
ity demands (e.g., standing, standing and lifting a light
load, standing and lifting a heavy load). <= X

Finally tasks have been classified according to
movement variability (Gentile, 1987; Schmidt, 1988). %
Open movement tasks such as playing soccer or tennis D? i
require the performer to adapt their behavior within a
constantly changin, often unpredictable environ- ewv . ro
ment. In contras(, closed glovement tasks are relatively /

- MY

stereotyped, show ittle variation, and they are per- V

formed in relatively fixed or predictable environments. VMLC\.b 3 ( ;
The training for closed movement tasks is often Ll

performed prior to that of open movement tasks,
which require adapting movements to changing envi-

Lo
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Objective: To develop your own taxonomy of
movement tasks.

Procedure: Vake a graph like the one illustrated in
Table 1.1. Identify two continua you would like to
combine. You can begin by using one or more of the
continua described above, or alternatively you can create
your own continuum based on attributes of movement
tasks we have not discussed.

combined the stability-mobility
@n—closed continuum.

In our example we
continuum with the

B
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1. Fillin the boxes with examples —

of tasks that reflect the demands of each of the \1
continua.

Think about ways you could “progress” a patient
through your taxonomy. What assumptions do you
have about which tasks are easiest and which the
hardest? Is there a “right” way to move through

your taxanomy? How will you decide what tasks to
use and in what order?

¢
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nmental features. Figure 1.2 shows three of the task
components we are concerned with in this book.
Understanding important attributes of tasks allows
a therapist to develop a taxonomy of tasks that can pro-
vide a useful framework for functional €xamination; it
allows a therapist to identify T € specific kinds of tasks
that are difficult for the patient 10 accomplish. Tn addi-
o ——Rauent 1o accomplish

on, the set of tasks can serve as a progression for re-
training functional movement in the patient with a
neurologic disorder. An exam
tasks using two attributes, stability-mobility and envi-
ronmental predictability is shown in Table 1.1. How-
ever, as discussed above, a taxonomy of tasks can be
developed using other attributes as well. Lab Activity
1-1 offers you an Opportunity to develop your own
Taxonomy of tasks. The answers to this activity may be
found at the end of this chapter.

ple of a taxonomy of

s
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Environmental Constraints
on Movement

Tasks are performed in a wide range of environments,
Thus, in addition to attributes of the task, movement js
also constrained by features within the environment. In

i
{
|
|
|

order to be functional, the CNS must take into consider-
ation attributes of the environment when planning task-
R ——
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specific movement. As shown in Figure 1.2, attributes of

the environmep hat affect movement have been di-
vided int catures (Gor-
don, 1987).Reg atory features Specity aspects of the en-
vironment that shape the movement itself. Task-specific

movements must conform to regulatory features of the
environment in order to achieve the goal of the task. Ex-

amples of regulatory features of the environment include

the size, shape, and weight of a cup to be picked up and
the type of surface on which we walk (Gordon, 1997).
Nonregulatory features of the environment may affect
performance but movement does not have to conform to

these features. Examples of nonregulatory features of the
- ‘_‘—-—\ S
cnvironment include background nose and the pres-

ence of distractions.

Features of the €nvironment can in some in-
stances enable or sup

tively, they may disab

dark since the

ability to detect edges, sizes of small
obstacles, and

Other surfaceé properties is compro.
mised when th

e light level is low (Patla & Shumway-
Cook, 1999).
Thus, understasding

ment that bot 2

n.
of

R e PR (e A SVGT A T Py
5 FERRIN T y 1 @i
s SRl SR A SR oS e 40 Mkl
Closed predictable Sit/stand/ Sit to stand/ Walk/Nonmoving
environment nonmoving surface Kitchen chair surface
. _W/arms
Open unpredictable Stand/rocker Sit to stand/ Walk on uneven
environment board Rocking chair ar moving
surface

port_performance, or alternz—

l¢ or hinder performance. For ; EE—’
€xample, walking in a welllit environment is much

€asier than walking in low light conditions or in the
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mov chm tasks is essential 1o lannj ective inter-

‘cnuog. Preparing fatients 1o perform in a wide variety
environments requires that we understand the fea-

tures of the environment that will affect movement per-
formance and that

We adequately prepare our patients
o meet the demands in different

g

Value of Theory to Practice

Do theories really influence what therapists do with

their patients? Yes! Rehabilitation practices reflect the
theories, or basic i

' types of environments.
We have explored how the nature of movement 1s

\ v_(ketermined by the interaction O three factors, the m-

AW\ dividual, the task, and e environment. Thus, the

movement we observe in patients is shaped not just by

‘\ factors within the individual, such as sensory, motor,

and cognitive impairments, but also by attributes of the

TAMTe or MACto

. » tIC actions of therapists are based on
assumptions that are derived from theories. The spe-
cthe Pracices related to examinati interven-
lion used with the patient who has motor dyscontrol

are determined by underlying assumptions about the

task being performed and the environment in which
the individual 15 moving. We now turn our attention to

examining the control of movement from a number of
different theorctical views.

~——

T — What are

nature and cause of movement, Thus, motor control
theory is part of the theoretical basis for clinical prac-

tice. This will be discussed in more detail in the last
section of this chapte

using theories in

(-

‘The Control of Movement:

Theories of Motor Control @

Theories of motor control describe viewpoints regard-
ing how movement is controlled. A theory of motor
control is a group of abstract ideas about the control
of movement. A theory is a set of interconnected
statements that describe unobservable structures or
processes and relate them to each other and to observ-

* a framework for interpreting behavior;
* a guide for clinical action;
* new ideas;

* working hypotheses for examination and
a intervention.

i

—

gn help therapists© interpret the behavior o)

actions of patients wi ' . Theory al-

able events. Jules Henrl Poincare (1908) said “Science
S BWIt up o facts, as a house is built of stone; but an
accumulation of facts is no more a science than a heap
of stones is a house.” A theory gives meaning to facts,
just as a blueprint provides the structure that trans-
forms stones into a house Miller, 1988).

However, just as the same stones can be used to

make different houses, thw
ent meaning and interpretation by different theories o
Tect philosophically varied views about how the brain
controls movement. 'These theories often reflect differ-
ences in opinion about the relative importance of vari-
ous neural components of movement. For example,
some theorie! ess petipheral influences, others may
stress central ipfluences, while stil others may stress
the role of information from the environment in cog:
m, miotor control theories are
more than just an approach to explaining action. Often
they stress different aspects of the organization of the

deﬁni neurophysiology and neuroanatomy of that

lows the therapist to go beyond the behavior of one pa-
] ade to a much larger

COTICS Can be more or less helpful depending on
their ability to predict or explain the behavior of an
1 e W o g SS—, . .

individual patient. When a theory and its associated
assumptions does not provide an accurate inter-
pretation of a patient’s behavior, it loses its usefulness
to the therapist. Thus, theories can potentially limit a
therapist’s ability to observe and interpret movement

problems in patients..

Guide for Clinical Action

Theories provide therapists with a possible guide for
action (Miller, 1983; Shepard, 1991). Clinical interven-

tions designed to improve motor control in the patient

~inthc panent
with neurologic dysfunction are based on an under-
‘standing of The nature and cause of normal movement
ol L=,

as well as an understanding of the basis for abnormal
movement. Therapeutic strategies aimed at retraining
motor control reflect this basic understanding.

action. Some theories of motor coatrol look at the
brain as a black box and simply study the rules by
which this black box interacts with changing
environments as a variety of tasks are performed. As
you will see, there is no one theory of motor control

mﬂ}eﬂ%,:

L4

New Ideas: Dynamic and Evolving

Theories are dynamic, changing to reflect greater
knowledge relating to the theory. How does this affect
cal practices related to té i

motor dyscontrol? Changing and expanding theories of

deas, we have about the cause and
n and dysfunction (Shepard, 1991).




