
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 

John P Scholz, PhD, PT References 4 Scholz JP, Kelso JAS: A quantitative approach 
to understanding the formation and change of 

Assistant Profesor 1 Ottenbacher KJ: Evaluating Clinical Change: coordinated movement patterns. Journal of 
Bogram in Pbysical TZw-aPy Strategies for Occupational and Physical Thera- Motor Behavior 21:122-144, 1989 

school of Life and Health ~~iences pists. Baltimore, MD, Williams &  ilki ins, 1986 

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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