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Measurement and Treatment in Cerebral Palsy: 
An Argument for a New Approach 

This article describes the need for a shift in our therapeutic strategies for patients 
with cerebral palsy. Changes in functional abilities must be stressed in therapy. 
Coincident with this emphasis must be the det~elopment of functional assessments 
to be used when documenting intervention outcomes. Research on functional 
arm movement zcsing kinematic analysis is described for this patient group. 
[Fetters L. Measurement and treatment in cerebral palsy: an avument for a new 
approach. Phys Ther. 1991; 71:244-247.1 
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Physical therapy approaches for chil- 
dren with cerebral palsy (CP) have 
not succeeded to the extent envi- 
sioned with the development of neu- 
rophysiological approaches to treat- 
ment. I will argue that this is in part a 
function of the approaches and their 
underlying assumptions, the method 
by which we have attempted to docu- 
ment change, and, perhaps most im- 
portantly, the expectation regarding 
change in motor outcome. In order to 
improve the motor competence of 
patients with CP, we need to develop 
and test new assumptions, focus on 
the attainment of functional motor 
outcomes, and utilize creative meth- 
ods for measuring these functional 
outcomes. The new assumptions and 
methods must be formulated from 
current research and thinking in mo- 
tor control and motor learning as 
well as from psychology and the 
other behavioral sciences. Once for- 
mulated, these assumptions and trear- 
ment methods must be tested before 
they are accepted as therapeutic. 

Approaches to Treatment- 
Previous Assumptions and 
New Thoughts 

The neurological approaches to treat- 
ment such as neurodevelopmental 
treatment (NDT) are founded on as- 
sumptions that were not adequately 
tested at the time the approaches 
were deve1oped.l Subsequent testing 
of some of these assumptions sug- 
gests that we need to develop alterna- 
tive foundations and modify the ap- 
proaches themselves. My colleagues 
and IZ4 have argued elsewhere that 
the presumed importance for move- 
ment of muscle tone and primitive 
reflexes needs to be  reexamined, as 
d o  assumptions relating to motor de- 
velopment such as the relationship of 
proximal and distal motor abilities. 
Harris2 points out that not only are 
functional outcomes often missing in 
efficacy research, but the work that 
has been done has been by our col- 
leagues in other disciplines, not physi- 
cal therapists. 1 will highlight some of 
what is necessary to reexamine. 
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Increasing evidence exists that abnor- 
malities such as spasticity may not be 
the sole o r  even the primary cause of 
movement dysfun~tion.5~~ Spasticity 
might be conceptualized as multiple 
problems rather than a single entity 
classically defined as a velocity- 
dependent resistance to passive 
stretch. In addition, primitive reflexes 
may actually be conceptualized as 
functional movement patterns as op- 
posed to the culprits that may prevent 
more mature patterns of movement 
from emerging.7B"e premise that 
control of proximal musculature such 
as the trunk musculature develops be- 
fore distal limb muscles for activities 
such as grasping has guided therapeu- 
tic intervention. Empirical evidence 
suggests that proximal and distal mus- 
cle control develops simultaneously 
rather than in a dependency relation- 
ship.',' Simultaneously workmg toward 
proximal and distal muscle group con- 
trol may more accurately reflect the 
normal developmental sequence, if 
indeed this sequence should be fol- 
lowed in therapy. The focus of this 
article will be  on the importance of 
functional movement outcomes for 
individuals with movement problems 
such as CP. If functional movement is 
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stressed, however, then measures of 
functional movement must be utilized 
for the assessment of the efficacy of 

j therapy. 

Documentation of Change 

Motor Milestones 

Gross and fine motor milestones have 
been used frequently for the assess- 
ment of change following therapeutic 
intervention. 1 ° s l  l Developmental tests 
such as the Peabody Developmental 
Motor Scales12 and the Bayley Scales 
of Infant Development13 have been 
used as outcome measures in group- 
comparison studies. When improve- 
ment in the experimental groups has 
been demonstrated, it has been mod- 
est.14 A major problem with these 
types of scales is their failure to mea- 
sure functional movement or  to cap- 
ture the qualitative aspects of move- 
ment. It is these qualitative aspects of 
movement that may be the most ame- 
nable to change through intervention. 
In addition, the commonly used 
scales afford no opportunity to assess 
important soft tissue variables such as 
functional range of motion and 
strength, variables that may change 
significantly after treatment. 

Change Versus Functional 
Change 

Therapeutic interventions that stress 
the remediation of muscle tone for 
movement and for the development of 
normal movement pattems often in- 
clude goals that do not lead to func- 
tional improvement.15 The disparity 
between movement patterns that con- 
stitute typical therapeutic goals and 
movement pattems that are necessary 
for improved function will continue to 

I 

exist until ecologically valid movement 
goals are developed. These goals 
should guide the treatment of motor 
dysfunction and the research in motor 
control used to develop treatment 
strategies. Ecologically valid stimuli 
and treatment programs take into ac- 
count the movements that are neces- 

sary and useful to humans as they 
move about in their environment.2.4 

Treatment programs are often devel- 
oped to improve patterns of move- 
ment without reference to the func- 
tional contexts of the movements. For 
instance, working on isolated dorsi- 
flexion in a sitting or  supine position 
has little to do with generating the 
complex action necessary to produce 
the dorsiflexion required to clear the 
foot during the swing-through phase 
of gait. In the same way, the study of 
motor control using single-joint para- 
digms will not necessarily lead to un- 
derstanding the nature of human 
movement problems that involve mul- 
tiple degrees of freedom, often in a 
constantly changing environment.16 

In order to evaluate change in func- 
tional movement, fundamental as- 
sumptions must be developed regard- 
ing the definition of functional 
movement as well as what constitutes 
a useful change. Definitions of func- 
tional movement may be specific to a 
population (such as individuals with 
CP) or  even to a person (such as a 
particular individual with CP), al- 
though classes of functional move- 
ment may be defined for humans in 
general.17 These general classes of 
movement, o r  species-specific move- 
ment, may include postural control of 
the head and trunk in sitting and 
standing positions or  movement of 
the limbs against this postural control 
in activities such as walking, reaching, 
and grasping. 

My colleagues and I (L Fetters, M 
Shelley, J Kluzik; manuscript in prepa- 
r a t i ~ n ) l ~ ~ O  have examined the organi- 
zation of movement during reaching 
and grasping while subjects per- 
formed functional movements that are 
part of their everyday experiences. 
Traditional experiments in motor con- 
trol have used movement, such as 
pointing to pin lights in the dark, that 
are not commonly experienced in the 
e n v i r ~ n m e n t . ~ ~  Models of motor con- 
trol have been developed from these 

often two-dimensional, single-degree- 
of-freedom paradigms. These models 
have not always succeeded in at- 
tempts to understand three- 
dimensional, multiple-degree-of- 
freedom actions.22 Stabilizing the 
upper extremity and allowing only 
flexion and extension movements at 
the elbow, for example, will yield 
data and models regarding that type 
of relatively simple movement. These 
findings will not necessarily explain 
the movement control parameters for 
a freely moving arm reaching to pick 
up a cup. 

In order to understand complex hu- 
man movement and plan motor inter- 
vention strategies, the problems en- 
countered by the mover in functional 
contexts must be studied. The varia- 
bles chosen for study must be guided 
by current behavioral science and 
neuroscience. The analysis of motion 
using kinematics provides multiple 
variables appropriate for study. 

Motion Analysis for the Study 
of Cerebral Palsy 

Kinematic analysis is not a new 
method for the study of movement in 
CP. Gait analyses using kinematic data 
are evident in the literature.23J4 Kine- 
matic data are obtained by identifying 
particular points on the body and 
tracking these points in space over 
some period of time. Each researcher 
decides on the points of interest. For 
the study of reach and grasp move- 
ments, we record from the wrist, el- 
bow, shoulder, head, and trunk. 

Many motion analysis systems are 
available for this type of tracking. I am 
currently using the WATSMARP p a -  
terloo Spatial Motion Analysis Record- 
ing Technique)* coupled with video- 
tape analysis. The particular system 
chosen should yield reliable measure- 
ments and answer the particular ques- 
tions under s t ~ d y . ~ 5  Some systems 
require the use of reflective tape over 
the points of interest, whereas others 
require later identification and digitiz- 
ing of points from video or  cinemato- 
graphic film. 

*Northern Digital Inc, 415 Phillip St, Waterloo, Ontario, Canada N2I 3x2. 
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The WATSMARF requires attaching 
lightemitting diodes to the skin over 
the points of interest. These points 
may be digitized in real time or  iden- 
tified and digitized after data are col- 
lected. The points are recorded at a 
particular frequency (eg, 100 Hz) and 
stored in a computer for later reduc- 
tion and analysis. After points have 
been identified and stored, the data 
can be transformed to yield a variety 
of variables. 

Kinematic variables include the dis- 
placement of the limb (eg, how far 
the limb has traveled and in what di- 
rection) and derivatives of the dis- 
placement, such as the velocity and 
acceleration of the limb (eg, the 
speed of the limb and the constancy 
of the speed). The shape of the dis- 
placement (eg, the complexity of the 
path in relation to the task) and the 
number of direction changes (eg, the 
amount of curvature or straightness in 
the movement) can be studied. In 
addition, joint angles can be com- 
puted with s o b a r e  joining the points 
together in an elaborate human dot- 
to-dot portrait. The displacement, ve- 
locity, and acceleration of joint angles 
can also be computed for study. 
Phase-plane plots, including the plot 
of one joint against another or the 
plot of the velocity of a point against 
its displacement, have also been used 
to describe movement. Plotting the 
displacement of the elbow angle in 
flexiodextension against the displace- 
ment of the wrist angle in flexion/ 
extension during a reach-and-grasp 
task, for example, may yield a system- 
atic pattern of the relationship of the 
displacements over time for healthy 
subjects. This systematic plot would 
most likely be altered in a subject 
with CP. The nature and regularity of 
the plots could be used to understand 
the atypical movement and also to 
plan an intervention strategy. 

Controversy continues in the research 
literature as to what constitutes the 
important variables for control of 
m o ~ e m e n t . ~ ~ 1 ~ 6  Kinematics comprises 
one class of variables that have been 
used for study. The forces generated 
during movements, which can be esti- 
mated from kinematics (reverse dy- 

namics problem) or  electromyo- 
graphic and force-plate data, 
constitute additional classes of 
variables. 

Vlsuomotor Control 
In Cerebral Palsy 

We have provided a unique use of 
kinematics in the study of visuomotor 
control of children with CP.19 We 
have developed outcome measures 
that appear to be sensitive to change 
following therapy and are studying 
change following a variety of treat- 
ment strategies, including intense 
NDT as well as use of motor learning 
strategies. Although experimentation 
in a laboratory setting may not be 
viewed as ecologically valid, it does 
provide an opportunity for experi- 
mental control. We have coupled this 
desire for control with ecologically 
valid tasks such as reaching to touch a 
key pad or communication board, 
playing a video game, and reaching 
for food and drink. 

The variables we have chosen to 
study include reaction time, move- 
ment time, movement units and how 
these units change, curvature, associ- 
ated reactions, and the control of the 
head and trunk in relationship to the 
changes in the limb variables. A 
movement unit is defined as the por- 
tion of a reach between one accelera- 
tion and one deceleration, describing 
the stop-start or jerkiness of a 
reach.1",27,2" 

Our initial study with preadolescent 
children with CP suggested that move- 
ment time and movement units were 
affected by treatment.lg Movement 
time and the number of movement 
units ('jerkiness) decreased following 
a single treatment using NDT-oriented 
therapy. An additional analysis, how- 
ever, suggests that the limb move- 
ment may have improved at the 
"cost" of trunk control (L Fetters, 
M Shelley, J Kluzik; manuscript in 
preparation). That is, the speed and 
jerkiness of the movement were im- 
proved, whereas the overall control of 
the head and trunk was diminishing 
for some subjects. This finding sug- 
gests that functional outcomes may 

have a trade-off. Under these circum- 
stances, improvement in limb control 
may be the most important functional 
goal for one patient, although it may 
not be worth the functional cost for 
another. 

An additional, perhaps more impor- 
tant, consideration is that choices of 
functional outcomes may be neces- 
sary. Although for some subjects trunk 
control decreased during the post- 
treatment measurements, the move- 
ments were faster and less jerky. Im- 
proved limb movement at the cost of 
trunk control may be functionally im- 
portant to a child who is using a com- 
munication board. This type of cost- 
benefit relationship has been 
demonstrated in studies of efficiency 
in ambulation.2"29 Ambulation may be 
accomplished by children with CP at a 
cost, in terms of increased physiologic 
effort as indicated by measures such 
as heart rate and oxygen consump- 
tion. The child may gain indepen- 
dence in walking, but it will be at a 
heightened physiologic expense. As 
we emphasize the functional aspects 
of movement, these types of choices 
may need to be made increasingly. 
For the child with CP, the goal of nor- 
mal movement patterns, as advocated 
by the neurophysiologic approaches, 
may be less desirable than the 
achievements of functional outcomes 
as defined by the child and his or her 
family. 

Functional Movement 
Variables as 
Ciassification Variabies 

Historically, CP has been defined and 
categorized by the parts of the body 
involved and the nature of the muscle 
t0ne.3~ Diagnoses such as spastic 
quadriplegia, diplegia, or hemiplegia, 
however, ignore the fundamental as- 
pects of movement that may be disor- 
dered.2 Research in CP typically has 
been conducted by grouping subjects 
according to topographical descrip- 
tion. One subject with spastic diplegia, 
however, may have a very different set 
of movement problems than another 
subject with the same diagnosis. 
Grouping subjects for study, as well 
as for selecting appropriate treatment 
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by the use of more fundamental 
movement variables, leads to a clearer 
understanding of the effects of inter- 
vention on particular aspects of move- 

! ment Variables might include the 
i ability to generate adequate speed of 
1 movement, the generation and main- 

tenance of adequate force production 
and timing the sequencing of force 
production, and the ability to gener- 
ate adequate frequencies of move- 
ments at constant speeds. Only the 
combined research efforts of clinical 
and research physical therapists will 
define the clinically relevant variables. 

Summary 

We are at an important time in the 
development of treatment strategies 
for patienls with movement disorders. 
Traditional neurophysiologic ap- 
proaches lo treatment need to be ex- 
amined in terms of the basic assump- 
tions and treatment ideas. It is time 
for a shift in our paradigms for both 
research and clinical practice toward 
the study and treatment of species- 
specific human movement. Current 
knowledge from motor control, mo- 
tor learning, psychology, and many of 
the basic and behavioral sciences 
needs to tx blended into our patient 
practices. It is critical to develop con- 
ceptual bases for treatment that are 
based on empirical evidence. Sound 

! bases for treatment of movement dis- 
orders will evolve only as scientific 
bases are empirically developed. 
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