
both of these unique strategies, with 
the clear limb-projection phase fol- 
lowed by hovering at the target, char- 
acterized by the small-amplitude 
accelerations and decelerations. This 
"tail" on the acceleration profile at 
the end of the reach decreased in 
length following treatment for four of 
the five subjects. This finding, coupled 
with the decreased number of MUs 
and the increased duration of the first 
MU relative to the total MT following 
treatment, suggests that the ability to 
simultaneously reach with the arm 
while orienting the hand to the target 
improved following treatment. 

Conclusions 

We are encouraged by the results of 
this study for two reasons. First, 
kinematic data analysis is sensitive 
to change and offers operational 
definitions for heretofore casual 
descriptors. Second, the type of 
treatment used in this study pro- 
duced measurable and functional 
results. Some of our subjects 
reached faster and used a more 
mature pattern following treatment. 

The logical next step in our research 
is to increase the sample size and to 
include additional types of treatment 

Commentary 

and control groups in each study. The 
NDT approach used in this study may 
have benefited the subjects for a vari- 
ety of reasons, and the specific rea- 
sons need to be clarified. In addition, 
we want to investigate how long the 
treatment effects last. Future research 
will control these added possibilities 
utilizing the kinematic definitions 
developed in this study. 
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Kluzik, Fetters, and Coryell are to be 
commended for their process- 
oriented approach to the study of 
movement control in children with 
cerebral palsy. Their article continues 
a growing shift away from attempts to 
document motor performance in 
these patients using traditional meth- 
ods such as surveys of motor skill 
attainment. Instead, the authors 
attempt to identify and to quantlfy 
important features of reaching behav- 
ior, features that are more likely to 
shed light on the short-term effects of 
therapeutic intervention. 

What is most encouraging about this 
work is not that the authors have 
used quantitative measures of reach- 
ing per se. Many studies of the gait 
patterns and other behaviors of this 
population have measured kinematic 
and electromyographic variables. 
Rather, the use of measures derived 
from theoretical work on basic pro- 
cesses underlying voluntary move- 
ment is of greatest significance. An 
example in this study is the move- 
ment unit (MU), which may reflect 
indirectly the stability of coordination 
of the joints of the upper extremity in 
approaching a target. The importance 

of measuring variables that derive 
from work on fundamental motor 
processes cannot be overemphasized, 
a point to which I will return shortly. 

With respect to the data, the results 
show the importance of examining 
both group and single-subject data in 
studies of this kind when the number 
of subjects is small. Ironically, it is 
often in the latter case that one 
extreme score washes out a treatment 
effect, leading to an insignificant 
result. In the present study, on  the 
other hand, the group analyses reveal 
significant treatment effects for the 
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variables movement time (MT), num- 
ber of MUs, and relative duration of 
the first MU (Tabs. 2, 4). When one 
examines the individual data, how- 
ever, the picture is not so clear (Figs. 
4-6). The authors, therefore, should 
be applauded for presenting the indi- 
vidual data a5 well. 

Using Clttenbacher's criterion,' only 
Subject A exhibited a significant 
decrease in MT (although Subject C 
touched the toy after treatment, 
whereas she could not do  so previ- 
ously-an important improvement- 
the pretreatment and posttreatment 
MTs are not directly comparable), no 
subjects demonstrated a significant 
decrease in the number of MUs per 
reach, and only Subject A exhibited a 
significant increase in the relative 
time occupied by the first MU, 
although Subject5 D and E exhibited 
strong trends in that direction. More- 
over, trial-to-trial variability of the 
posttreatment measures does not, in 
general, appear smaller than before 
treatment. Decreased variability itself 
might be indicative of improved per- 
formance. 

Despite this variability and the lack of 
clear individual effects (except for 
Subject A), significant differences in 
the group analyses suggest that some- 
thing positive, albeit subtle, has 
resulted from the intervention. 
Expectii~g a more dramatic improve- 
ment in the reaching performance of 
this population following only one 
treatment is probably too much to ask 
in the first place. Future work should 
focus on the evaluation of long-term 
effects. Moreover, it will be important 
to determine whether treatment leads 
to an improvement in hand function 
a5 well; the ability to manipulate the 
object after transporting the limb to 
its spatial location has even greater 
functional significance. The use of 
control groups in future work is also 
imperative, as the authors have recog- 
nized. The present results might be 
more convincing if there were data 
showing that a matched control group 
exhibited none of the same trends in 
performlance. 

In general, the authors' conclusions 
seem reasonable and properly tem- 
pered. Their discussion about 
improvement in the hand's orienta- 
tion to the target following treat- 
ment, however, is extremely specu- 
lative. The authors present no data 
that have a direct bearing on hand 
orientation. Moreover, although the 
reported change in acceleration 
profiles (Fig. 8) may be related to 
hand orientation in normal reaches, 
those reaches typically end with 
grasping the object. In the present 
experiment, grasping, and conse- 
quently hand orientation, was not 
part of the task requirement. No 
constraints on how the toy should 
be touched are apparent from the 
article. The long tail at the end of 
the acceleration profile in Figure 8 
may have resulted instead from the 
subjects' attempt to "fine-tune" the 
reach itself so as to hit the target. 

Trends toward improved reaching 
behavior occurred along different 
dimensions of motor performance for 
different subjects. Many factors could 
account for this fact, including differ- 
ences in the exact nature of the 
underlying lesion or slight differences 
in treatment emphasis, among others. 
Given the limited data set and length 
of treatment, it is unwise to make too 
much of this fact. Nonetheless, this 
finding does provide an opportunity 
to raise an important question, 
namely, When interested in measur- 
ing change in motor behavior, what 
are the most appropriate variables to 
measure? The answer will depend, at 
least in part, on the specific problem 
being studied (eg, postural control, 
walking, or reaching). But within any 
one context, there is a plethora of 
potential variables that could be mea- 
sured. Which among the possibilities 
will maximize one's chances of 
finding a difference should one exist? 
Unfortunately, given our current state 
of understanding of motor-control 
processes, distinguishing between the 
motor system's essential and nones- 
sential variables is a nontrivial prob- 
lem. If the problem of interest in 
this population is abnormal coordi- 
nation, as is often the case, the vari- 
ables selected for measurement 

must reflect the processes underly- 
ing that coordination. Measuring 
variables that fail to meet this crite- 
rion will thus provide little likeli- 
hood of finding a significant effect. 
The upshot of this digression is that 
1) researchers must look to process- 
oriented theories of motor control 
that are closely tied to experimenta- 
tion for clues to identifying the 
essential variables, and 2) at this 
point in time, experimental work to 
discover the motor system's essen- 
tial variables and studies directed 
toward documentating therapeutic 
effectiveness are equally important 
for the advancement of our profes- 
sion. Without the appropriate varia- 
bles, the latter endeavor will be 
fruitless. 

The present study appears to have 
been carried out in this spirit. 
Whether the authors have found the 
most appropriate measures remains 
an open question. Certainly, the MU 
has a firm grounding in recent theo- 
retical approaches to reaching behav- 
ior. It is less llkely that MT is an 
essential variable if one's interest is in 
the coordination of reaching, 
although it may be useful in other 
contexts. For example, while an 
increased speed of reaching may have 
functional significance, it would be of 
limited value if not achieved in a con- 
trolled manner. 

A number of other variables that 
derive from theoretical models of 
motor control may have value in 
this context. For example, mean 
squared jerk (the third derivative of 
displacement) has shown promise 
as a means of quantifying the 
smoothness of a reaching trajectory 
and has been considered theoreti- 
cally as a variational principle 
underlying the motor control of 
reaching.2 One might also attempt 
to quantify directly the coordination 
of the upper extremity joints in 
reaching,3 providing a means for 
evaluating the effect of treatment on 
this coordination. The stability of 
reaching patterns might also be 
obtained with the appropriate 
measures.4 Improved pattern stabil- 
ity should be expected if therapy is 
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effective. Despite the wider possibil- University of Delaware 
ities, however, Kluzik et a1 have 009 McKinly Laborato y 
taken an important step in the right Newark, DE 19716 
direction. 

2 Hogan N, Flash T: Moving gracefully: Quan- 
titative theories of motor coordination. Trends 
in Neuroscience 10:17&174, 1987 
3 Soechting JF, Lacquaniti F: Invariant charac- 
teristics of a pointing movement in man. J 
Neurosci 1:71&720, 1981 
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Author Response 

Our sincere thanks to Dr Scholz for 
his elegant commentary. We would 
like to reiterate his emphasis on the 
importance of both theoretical and 
clinical research for the advancement 
of knowledge regarding the neuro- 
muscular system and the advancement 
of physical therapy. As Scholz points 
out, meaningful clinical research must 
stem from a conceptual or theoretical 
basis if it is to truly guide us in 
understanding the complexities of the 
motor system. The myriad of possible 
variables to study may be overwhelm- 
ing unless we are conceptually guided 
toward the essential variables. We 
should be long past the debate as to 
whether theoretical or clinical 
research is the most valuable. Clinical 
research must be guided and shaped 
from theoretical work in the same 
way that clinical practice should be 
guided and shaped by clinical 
research. 

The effects of neurodevelopmental 
therapy (NDT) have been "hotly" 
debated. To date, the research litera- 
ture has not been supportive of NDT 
for children with cerebral palsy. Posi- 
tive results have been modest, if dem- 
onstrated at all.'-3 There are at least 
two ways of interpreting this litera- 
ture. The first is that it is accurate and 
NDT is not very effective in making 
change. As difficult as this interpreta- 
tion may be to accept, we must at 
least entertain the possibility. How- 
ever, an additional possibility is that 

previous research has not utilized the 
best method or the most important 
variables for study. Our line of 
research was undertaken because we 
embrace the latter opinion. Our con- 
tinued process-oriented approach will 
build on this pilot study. We are add- 
ing two additional treatment types in 
our current study, and we are length- 
ening the time of treatment. Scholz 
suggests that a matched control group 
would make the results more compel- 
ling. We agree. We did, in fact, test an 
age-matched control group, but we 
did not include those data in this arti- 
cle. Kinematic data on infants4.5 and 
adults (for examples, see the articles 
by Fisk and Goodaleb and Jeannerod7 
and the references cited by Scholz) 
are available, but we found no data 
on the pre-adolescent group. Our five 
age-matched controls had kinematic 
data that were comparable to those of 
adults. The control group children 
used a single movement unit and had 
movement times that were as fast as 
those of adults, with minimal varia- 
tion. As a consequence, we believed 
that measuring change after an hour 
(the time interval between pretreat- 
ment and posttreatment 
measurement) would have been 
meaningless. 

Two additional classes of variables 
may assist us in understanding move- 
ment and the changes in movement 
following treatment: 1) muscle pat- 
tern activation and 2) changes in pat- 

tern of activation in patients with 
movement dysfunction before and 
after intervention and postural set 
changes. These variables will be inves- 
tigated in future work. We hope that 
step by step we will be able to sort 
out the important variables of change 
in the neuromuscular system follow- 
ing physical therapy, realizing, as Dr 
Scholz highlight$, that this is a non- 
trivial problem. 

J o h n  Kluzik 
Linda Fetters 
Jane Co yell 
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