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7 h  effects of neurodeuelopmental treatment on reaching in children with spastic 
quadriplegia were studied using a method of analysis to quanab the qualitative 
term "smoothness." Hand position in three-dimensional space was recorded dur- 
ing a simple reaching task using the WATSMARTTM (Waterloo Spatial Motion Anal- 

Many children with cerebral palsy ness of physical therapy in individuals bles. Alternative measures are neces- 
receive physical therapy services with cerebral palsy has focused pri- sary to determine the nature of 
throughout their childhood and ado- marily on measuring the attainment of change in cerebral palsy. 
lescence, yet few data exist to support functional or gross motor skills; how- 
the effectiveness of therapy for these ever, few studies have demonstrated Older children with spastic cerebral 
children.'-3 Research on the effective- measurable change using these varia- palsy are more likely to exhibit a 

change in quality of movement than 
to acquire new functional skills.4 

JoAnn Kluzik 
Linda Fetters 
Jane Coryeli 

~hes ;  qualitative changes may include 
J Kluzik, MS, PT, is Therapy Department Coordinator, Cotting School, 453 Concord Ave, Lexington, i m p r ~ ~ e m e n t ~  in biomechanical align- 
MA 02173 ((USA). She was a graduate student, Department of Physical Therapy, Sargent College of ment during voluntary movement and 
Allied Health Professions, Boston University, Boston, MA, when this study wa5 completed in partial 
fulfillment of the requirements for her master's degree. Address all correspondence to Ms Kluzik. postural gra- 

dation of movement with increased 

ysis and Recording Technique) system in conjunction with videotaping. The num- 
ber of accelerations and deceleraa'm (movement units) were measured in 
addition to movement time, distance ofpath (directedness), and mociated reac- 
t im. Each subjectp@omted several reaches befoe and following one treatment 
session. Following treatment, reaches were signt@kantly fmter, smoother v i e r  
movement units), and more mature. This st* supports the hypotheses that neu- 
rodevelopmental treatment can produce immediate changes in the kinematic 
properties of reaching and that kinematic data can be used to quantitatively 
&cribe components of movement (eg, smoothza) that have traditionally been 
described qualitatively. [KIuzik! J, Fetters L, Caryell J: Quantijication of control: A 
preliminary st@ of effects of neurodevelopmental treatment on reaching in chil- 
dren with spastic cerebralpalsy. Phys Ther 70.5-78, 19901 

L Fetters, PhD, PT, is Assistant Professor, Department of Physical Therapy, Sargent College of Allied eccentric muscular control, and 
Health Professions, Boston IJniversity, 1 University Rd, Boston, MA 02215. 

improved stability at proximal body 
J Coryell, PhD, PT, is Associate Professor, Department of Physical Therapy, Sargent College of Allied pa* to allow di&l body parts to 
Health Professions, Boston University. move with greater control. Following 
This study was partially supported by funds from the National Institutes of Health biomedical research treatment, movement may be easier 
grant awarded by Boston University to Dr Feners and by funds from the Moriah Foundation. to initiate, faster, smoother, and more 
The first and second authors contributed equally to the preparation of this manuscript. efficient (decreased energy cost). 

Thb article was submitted Febnuuy 28, 1983, u~as with the aurhon for revision for four u w b ;  
and was accepted September 21, 1983. 

Physical TherapyNolume 70, Number 2February 1990 65 / 13 



These qualitative changes in the 
movement pattern are often not 
detected because of the lack of meth- 
ods of systematically defining and 
recording the qualitative aspects of 
movement. Therapists often use gross 
observation, anecdotal reporting, and 
imprecise descriptive terminology to 
assess movement quality. These meth- 
ods may limit objectivity, accuracy, 
and reproducibility. Recording motion 
for later analysis provides therapists 
with a means for repeated review of 
patient movement, allows others to 
review the same movements, and 
affords a potential method for precise 
and systematic definition of qualitative 
aspects of movement. 

We have used both kinematic and 
videotape recording and analysis to 
describe the pretreatment and post- 
treatment reaching abilities of preado- 
lescent'children with cerebral palsy. 
These two methods offer systematic 
and reproducible means for describ- 
ing change in the reaching pattern 
following treatment even before func- 
tional changes become evident.5 The 
present study thus had two objectives. 
The first objective was to develop a 
means for the systematic description 
of some of the qualitative aspects of 
movement. The second objective was 
to investigate the effectiveness of 
physical therapy, specifically neurode- 
velopmental treatment (NDT), on the 
reaching abilities of children with 
cerebral palsy. 

Reaching is a necessary component of 
many daily functional tasks and is rep- 
resentative of well-learned, highly 
slulled movements. Children with 
spastic cerebral palsy might be  
expected to have problems with the 
components of reaching. Faulty pos- 
tural control mechanisms, abnormal 
muscle tone, excessive cocontraction 
during attempted movement, and 
abnormal reflex activity contribute to 
movement problems such as difficulty 
initiating movement, impaired 
smoothness and efficiency of the 
reach, and limited range of move- 
ment, thus affecting the accuracy of 
reach.@ 

Fig. 1. A single movement unit including 
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Kinematic variables used to describe 
movement include movement time 
(MT), shape of the movement path, 
velocity, and acceleration. With treat- 
ment, the ability to initiate reaching 
may improve, resulting in a shorter 
reaction time and overall duration of 
reach. If control has improved, the 
hand path may be shorter and less 
variable. Movement may become 
smoother with improved muscle 
coordination, which may be reflected 
in the velocity and acceleration 
profiles. 

0 

A movement unit (MU) has been 
defined as the portion of a reach 
between one acceleration and one 
decelerationlOJ1 and as the portion of 
the reach between subsequent points 
in a curvature-speed relationship.12 
Both definitions enable systematic 
description of the stop-start action or  
jerkiness of a reach. Infant reaches 
initially include multiple MUs, with 
the number of MUs decreasing with 
maturity. As reaching patterns mature, 
the first MU accounts for an increas- 
ing percentage of the total duration of 
the reach.10 The jerky stop-start action 
gives way to one smooth, continuous 
acceleration followed by a single 
deceleration (Fig. 1). A mature reach 
consists of a single MU with only one 
stop-start action. 
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These findings suggest that a lower 
number of MUs reflects greater con- 
trol of the reaching movement. Thus, 
counting the number and relative tim- 
ing of MUs may offer a useful opera- 
tional definition for control or  coordi- 
nation. Children with cerebral palsy 
often have difficulty producing 
smooth movement. Movement units 
offer a method for quantifying the 
"amount of smoothness" in a reach. If 
treatment has affected the smooth 
quality of the reach, this change can 
be quantified by counting the number 
of MUs before and after treatment. 

In lunematic analysis, specific body 
parts are chosen for identification, 
with other body parts indirectly 
involved in the movement ignored. 
Videotape analysis can be used to 
evaluate body movement not directly 
recorded for kinematic analysis. For 
instance, the nonreaching hand may 
pull into a flexor synergy with the 
effort of reaching. This type of 
response should decrease following 
treatment because movement then 
requires less effort, muscle tone is 
decreased, and postural stability is 
increased. 

The primary purpose of this study 
was to determine whether reaching 
movement skills of children with 
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Table 1 .  sdyect Characteristics 

Muscle Tonea 

RlgM Lett Right Lett 
Age Preterred Upper Upper Lower Lower 

Subject (Y r) Sex Hand Extrernlty Extrernlty Extremlty Extremity Trunk 

A 8 F right t++ t++ t + t + J- - 
B 7 F left t++ t + t + + t++ J- 
C 8 F left t++ t++ t+ + + t+++ J - 
D 11 M right T+ + t++ t+++ t+++ J- 
E 12 M left t+++ t+++ t+++ t+++ t++ 

a f + = mildly increased; t+ + = moderately increased; t+ ++ = markedly increased; J- = mildly decreased; J-- = moderately decreased; 
J--- =: markedly decreased. 

spastic cerebral palsy are amenable to 
change following one session of NDT. 
In addition, we sought to determine 
whether changes in reaching move- 
ments can be observed and systemati- 
cally described using lunematic and 
videotape methods of recording and 
analysis. We hypothesized that 
improvements in reaching patterns 
would be reflected in shorter, 
decreased movement durations; 
decreased associated reactions in the 
nonreaching hand; increased direct- 
ness of the reach as measured by the 
length of the path of the hand toward 
the target; and increased smoothness 
of reach in terms of the number and 
quality of MUs in the acceleration 
profiles. 

Method 

Subjects 

Five children, each with a diagnosis of 
spastic quadriplegic cerebral palsy, 
participated in the study. The children 
ranged in age from 7 to 12 years 
(E = 9.2, s = 2.2). Background infor- 
mation regarding each subject is pre- 
sented in Table 1. Muscle tone was 
evaluated as increased or  decreased 
from normal or fluctuating. The 
degree of deviation from normal tone 
was classified as mild, moderate, or 
marked. Interrater reliability for this 

- - 

'1 in = 2.54 cm. 

method of muscle tone assessment 
was determined by having each sub- 
ject evaluated separately by two physi- 
cal therapists. The therapists used the 
descriptors of muscle tone shown in 
Table 1. The level of agreement 
between the two therapists was 80%. 
All subjects demonstrated increased 
muscle tone in all four extremities. 

Subjects were selected from the 
Cotting School (Lexington, Mass), an 
academically oriented school for 
children with physical handicaps. 
Each subject met the following crite- 
ria: 1) have ability to understand and 
carry out the verbal directions 
included in the reaching task, 2) have 
sufficient visual skill to localize an 
object with both eyes, 3) have suffi- 
cient passive range of motion to be 
able to reach the target, and 4) have a 
letter of informed consent signed by 
his or her parent(s). The project 
received approval from the Sargent 
College of Allied Health Professions 
Research Review Board. 

Subjects reached to touch a 2-in*-tall 
plastic toy man. The target was 
securely positioned on top of a box 
that was fastened to a tabletop. The 
target was placed in front of the sub- 
ject at midline (Fig. 2). The child was 

seated at the table in his or her 
wheelchair or in another chair appro- 
priately fitted to provide postural sta- 
bility. The target was located so that 
the child's hand easily touched it 
when the child's arm was passively 
placed at 90 degrees of shoulder 
flexion with full elbow extension. In 
this way, target distance could be 
scaled for each subject. 

Subjects performed the reaching task 
with their preferred hand (Tab. 1). 
Each trial of the reaching task began 
with both hands placed directly in 
front of the subject on hand-shaped 
colored paper taped to the tabletop. 
The subject was asked to touch the 
target when the examiner gave the 
command "go." Each child was 
allowed two or three practice reaches 
before recording and filming began. 

Each subject participated in one test- 
ing session during which 
performance of the reaching task was 
recorded immediately before and fol- 
lowing a 35-minute NDT-oriented 
therapy session. Reaching movements 
were recorded both before and fol- 
lowing the treatment session for com- 
parison. The number of trials of the 
reaching task performed at one time 
depended on the child's level of 
fatigue and motivation. Each therapy 
session was conducted by a pediatric 
NDT-certified physical therapist (JK). 
Although specific treatment activities 
varied for each subject, overall goals 
for all subjects were the same. Goals 
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included improved trunk and 
shoulder-girdle control during reach- 

- 
ing, improved smoothness and effi- 
ciency of movement, and improved 
ability to initiate movement. All ses- 
sions incorporated handling 
techniques that attempted to alter 
muscle tone during movement and to 
facilitate appropriate weight shifting 
and postural reactions. A brief 
description of the goals and activities 
of each treatment session is included 
in the Appendix. 

Instrumentation 

Reaching movements were recorded 
using the WATSMARTTM (Waterloo 
Spatial Motion Analysis and Recording 
~echn ique ) .~  Infrared light-emitting 
diodes (IREDs) were attached to the 
skin over the styloid process of the 
ulna and the target. This distal limb 
point was used to represent the arm 
in space. Two cameras, sensitive to 
the infrared light spectrum, recorded 
the position of the arm at a sampling 
rate of 100 Hz. The single IRED was 
attached to the distal limb point by 
taping a small ~e lcro@* hooktape strip 
to the skin and gluing the Velcro@ 
touch fastener to the back of the 
IRED. Thus, the IRED could be easily 
removed for treatment and reattached 
at exactly the same place after treat- 
ment. The position of the IRED on 
the child's wrist, therefore, was kept 
constant preceding and following 
treatment. The position of the IKED 
during each reach was stored as 
numerical coordinates, which were 
later converted to three-dimensional 
numerical values. A PC Limited 286 
computer5 wa5 used for data collec- 
tion, storage, and analysis of the posi- 
tional data. 

The reliability values for reproducing 
a fixed target length (ruler) rotated in 
three-dimensional space in our labo- 
ratory were below 2 mm. That is, the 

Fig. 2. Experimental setup showing position of subject, target (T), wrist infrared 
light-emitting diode (W), WATSMARTM cameras (CI and C2), and videocamwa W). 

WATSMARTTM system reproduced the 
absolute length of the moving ruler 
with errors of 2 mm or less. The 
validity and reliability of the 
WATSMARTTM system have been 
reported previously.* 

Reaching movements were also 
recorded on videotape. A Panasonic 
Model NB-8950 video recorder, 11 with 
frame-by-frame analysis capability, was 
coupled with a Panasonic Model WJ- 
810 time-date generator to isolate 
the precise reaching motions to be 
used for study. Time, in 0.01-second 
intervals, was displayed and recorded 
on the videotape. Video and 
WATSMARTTM data systems were acti- 
vated simultaneously by the examiner 
as the command "go" was given to 
the subject. 

Data Reduction 

Video data. Movement time and the 
extent to which associated reactions 
occurred during each reach were 
determined by analyzing the video- 
tapes. Movement time was defined as 
the period of time between visible 
movement initiation and actual con- 
tact with the target. As previously 
mentioned, MT was recorded from 
the time generator on the video 
screen. If a subject was unable to 
touch the target within the 5-second 
period for which data were collected, 
then 5 seconds was recorded as the 
end of the reach and used to cal- 
culate MT. 

The extent to which associated reac- 
tions occurred was determined by 
calculating the amount of time the 
nonreaching hand remained on the 
table and dividing that amount by the 

+Northern Digital Inc, 415 Phillip St, Waterloo, Ontario, Canada N21 3x2. 
sum of the MT a i d  the reaction time. 
Interrater reliability for coding video 

qelcro lJSA Inc, PO Box 5218, 406 Brown Ave, Manchester, NH 03108. 

"ell Computer Corp, 9505 Arboretum Blvd, Austin, TX 78759. 

II Panasonic Industrial Co, One Panasonic Way, Secaucus, NJ 07904. 

data was high, ranging from complete 
agreement to maximum disagreement 
of 0.1 second (1 ?h frames) when 
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determining MTs and reaction times 
and occurrence of associated reac- - 
tions in the nonreaching hand. 
Video data were collected for a total 
of 139 reaches of which 105 were 
used for data analysis. Reaches were 
excluded from the data analysis if 
movement preceded onset of data 
collection (false starts), if the child 
was not looking at the target, if the 
child did not make any response to 
the command, if the timer was not 
initiated by the examiner, or if it 
was difficult to determine on video- 
tape at what point the target was 
actually touched. 

Kinematic data. Of the 139 reaches 
for which data were collected, 87 
were used in the kinematic data 
analysis. Data were eliminated if the 
wrist IRED was obscured from cam- 
era view for more than 10% of the 
MT during one reach. Data were 
extrapolated with a linear spline if 
fewer than 10% of the data were 
missing. This careful elimination, as 
opposed to extrapolation of missing 
data, co'ntributed to the unequal 
number of trials per subject. The 
difficulty of the reaching task, partic- 
ularly for Subject C, also contrib- 
uted to the unequal number of 
trials. 

Numerical data were filtered at 5 Hz 
using a second-order Butterworth 
filter with forward and reverse passes. 
The three-dimensional displacement 
data from the x, y, and, z planes were 
combined to produce h single dis- 
placement coordinate for each frame 
of movement. From this information, 
the distance the IRED ti-aveled during 
the reaching motion was calculated by 
determining the distance the IRED 
moved between each frame of 
recorded motion. Accelerations were 
calculated as the second-order deriva- 
tives of the position coordinates. 
Acceleration data were graphed and 
visually analyzed. The number of MUs 
was counted from these graphs 
(Fig. 3). 

A movement unit was defined as one 
acceleration and one deceleration, 
with a minimum rate of change of 
speed of 5 mm/sec2 to quai@ as an 
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Fill. 3. Method of determining movement units (MUs)per reach from plotted accel- 
eration ahta of prebeahnent (A) andposttreatment @) reaching hials. 

acceleration or a deceleration.11 The 
percentage of the reach during which 
the first MU occurred was determined 
by dividing the total MT by the dura- 
tion of the first MU and multiplying 
by 100 (Fig. 3). 

Data Analysis 

Data were analyzed in two ways. First, 
data from all subjects' reaches were 

pooled and two-way analyses of vari- 
ance (ANOVAs) for repeated measures 
(treatment X trial) were performed. 
Analyzing the aggregate data allows 
for the more conventional study of 
treatment effects across a group of 
children with cerebral palsy. A pro- 
blem in studying children with cere- 
bral palsy, however, is the heteroge- 
neity of the gro~p.1.3.~ Each child is 
unique in specific movement skills 
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Fig. 4. Movement time forpreheatment reaches (left diagrams) andpath-eahnent reaches (right diagrams) by subject using huo- 
standard-deviation band method of analysis. 

and problems, as well as in analyzed by visual inspection and by When using the two-standard-devia- 
responses to treatment. Some sub- the two-standard-deviation band tion band method of analysis, two 
jects may benefit from treatment, method, a method designed for horizontal lines are drawn across the 
whereas others do not. Each sub- single-subject data.13 graphed baseline and posttreatment 
ject's graphed data, therefore, were data (Fig. 4). These lines are located 
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Table 2. Means and Standard Deviations for Movement Time (MT), Total Movement Units (MUs), and Percentage of Total Mow- 
ment Time of First Moment Unit (%MT) 
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Table 3. Means and Standard Deviations for Dhtance of Reacb and Associated Reactions by Subject 

Dletance (mm) Assodated Reactlone (Ratlo) 

Pretreatment Posttreatment Pretreatment Posttreatment 

Subject Nm X 8 N X 8 N x 8 N x 8 

"Number of reaches. 

two standard deviations above and 
below the mean of baseline data. Sta- 
tistical significance is demonstrated if 
two successive data points occur out- 
side the two-standard-deviation band. 
This method may be used when a 
limited number of baseline data 
points are available and when there is 

, wide variability in the baseline data. 
This method, however, is sensitive to 
serial dependency, which occurs 
when one performance correlates 
with and predicts the next perfor- 
mance. An autocorrelation coefficient 
can be calculated to determine 
whether data are serially dependent. 
In this study, none of the baseline 
data were found to be significantly 
serially dependent. Therefore, the 
two-standard-deviation band method 
was applied to the data. 

We chost: the .I0 level of significance 
for data analysis. This choice was 
made to avoid the chance of commit- 
ting a Type I1 error, that is, assuming 
no significant diference posttreatment 
when a significant difference actually 
does exist. This level of significance is 
a reasonable choice with a small sam- 
ple size such as that in this study and 
in light of the data that will be 
presented.14 

Results 

Aggtegate Data 

Movement time decreased 
significantly following treatment 
(F = 12.18; df = 1,4;p < .025) 

(Tab. 2). The number of MUs per 
reach also decreased significantly fol- 
lowing treatment (F = 5.71; df = 1,4; 
p < .075) (Tab. 2). The duration of the 
first MU in relation to the entire MT 
was significantly greater following 
treatment (F = 17.71; df = 1,4; 
p < .025) (Tab. 2). 

The length of the path that the hand 
traveled (straightness) (F = 0.48; 
df = 1,4) and the extent to which 
associated reactions occurred 
(F = 0.29; df = 1,4) did not d8er  
significantly with treatment (Tab. 3). 
Results of the ANOVA for all variables 
are shown in Table 4. 

A trial-effect analysis was performed 
on the pretreatment and posttreat- 
ment data for the variables of MT, 
number of MUs, and percentage of 
the total MT accounted for by the first 
MU (Tab. 4). In this way, we could 
determine whether changes occurred 
as a function of practice during the 
testing session. Because there were an 
unequal number of trials per subject, 
we performed the trial-effect analysis 
by including the maximum number of 
trials for each subject, then excluding 
the subject data with the fewest trials 
and conducting the analysis again. For 
example, Subject C had only three 
reaches that could be used in the 
kinematic analysis. The trial analysis 
was first run for all subjects using 
only three trials. As a second step, 
Subject C's data were eliminated and 
the analysis was repeated for six trials 
because Subject B had the next limit- 

Table 4. Two-Way Analysis-of 
Variance Results for Repeated Measures 
(Treatment X Trial) 

Source F a  P 

Movement time (MU) 

Treatment 

Trials 

Treatment x trials 

Reaction time 

Treatment 

Trials 

Treatment x trials 

Associated reactions 

Treatment 

Trials 

Treatment x trials 

Distance 

Treatment 

Trials 

Treatment x trials 

Total MUs 

Treatment 

Trials 

Treatment x trials 

Ratio of 1 st MU/ 
movement time 

Treatment 

Trials 

Treatment x trials 

"Treaunent (df = 1,4); trials (df = 6,24). 
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Fig. 5. Total movement unitsper reach comparngpretreahnent reaches (left diagram) and posttreatment reaches (rght 
diagram) using m-standard-deviation band method of ana&sis for single-subject data. 

ing number of trials (Tab. 2). Each 
variable was analyzed in this way. 
Table 4 represents a typical analysis, 
rather than all the values generated 
from these analyses. There were no 
significant trial effects for either pre- 
treatment or posttreatment reaches 
for MT (F = 0.21; df = 6,24), the 
number of MUs (F = 0.02; d f  = 6,24), 
or the percentage of the total MT 
accounted for by the first MU 
(F = 0.02; df = 6,24). 

SlngleSubject Data 

The results of this analysis are similar 
to those of the grouped data, with a 
decrease in MT and a longer duration 
of the first MU relative to the entire 
MT of the reach for most subjects. 
Important individual differences 
among the subjects, however, were 
found. Subjects A and E demonstrated 

the greatest changes following treat- 
ment, whereas Subjea B did not dem- 
onstrate significant changes on the 
chosen variables. Single-subject data 
are graphed in Figures 4 through 7. 

Baseline and posttreatment reaches 
made by Subject A diifered signifi- 
cantly using the two-standard- 
deviation band method of analysis, 
with a decrease in MT, an increase in 
the duration of the first MU relative to 
the total MT, and a decrease in the 
distance of the path of the hand. This 
subject also demonstrated a decrease 
in the number of MUs per reach, 
although no posttreatment data points 
fall outside the two-standard-deviation 
band. Prior to treatment, each of this 
subject's reaches consisted of more 
than one MU. Following treatment, 
half of her reaches consisted of only 

one MU, indicating a more mature 
reaching pattern. 

Subject E's reaches appeared to be 
faster (decreased MT) following treat- 
ment, but not significantly. The num- 
ber of MUs per reach did not appear 
to change with treatment. The dura- 
tion of the first MU relative to the 
total MT, however, did appear to 
increase following treatment, although 
not significantly. The two-standard- 
deviation band method of analysis 
revealed significant increases follow- 
ing treatment in the distance the hand 
traveled. 

Subject C made the greatest observ- 
able gain in ability to touch the target 
accurately with reduced MT following 
treaunent. This subject never touched 
the target before treaunent; therefore, 
graphing her data and computing a 
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standard-deviation band was not pos- 
sible. However, it is clinically impor- 
tant that, although prior to treatment 
she was unable to touch the target, 
following treatment she was able to 
accurately touch the target in seven 
out of eight trials. Subject C demon- 
strated an increase in the degree of 
associated reactions following treat- 
ment. This increase may be a reflec- 
tion of the effort necessary for this 
subject to actually touch the target. 
Only three baseline and three post- 
treatment reaches of this subject met 
the criteria for coding acceleration 
data and for determining the distance 
of the path of the hand. This was an 
insufficient number of data points for 
comparing pretreatment and post- 
treatment reaches using single-subject 
data analysis. 

z 50- 5 40- 

Movement time of Subject D's reaches 
decreased following treatment, 
though not significantly. Subject D 
demonstrated a significant reduction 
in the occurrence of associated reac- 
tions in his nonreaching hand follow- 
ing treatment. Prior to treatment, Sub- 
ject D was able to keep his 
nonreaching hand on the table 
throughout the entire reach only once 
out of 10 attempts. Following treat- 
ment, he was able to keep his non- 
reaching hand on the table during the 
entire reach for 10 out of 11 trials. 
Movement unit data did not differ 
significantly between baseline and 
posttreatment reaching trials for this 
subject. 

SUBJECT C 

;I!:- 

Discussion 

When data from the individual sub- 
jects were pooled, three of the varia- 

$ 30- 

0 - u 

100 

bles chosen for study changed follow- 
ing treatment. Movement time and the 
number of MUs decreased. In addi- 
tion, the duration of the first MU rela- 
tive to the total MT increased after 
treatment, suggesting a more con- 
trolled reach. The distance of the path 
the reaching hand traveled remained 
stable across treatment for four sub- 
jects. This finding suggests that 
decreased MT following treatment is 
related to an actual change in speed 
of movement as opposed to the hand 
simply moving across a shorter dis- 
tance. Muscle pattern activation may 
not have changed posttreatment 
because a straighter path might 
require such a change. Instead, the 
speed of activation of the available 
pattern may have increased. This pos- 
sibility could be confirmed by the use 
of electromyography in future studies. 
Practice during testing does not 
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Fig. 7. Distance hand traveled during reaches comparing pretreatment reaches (left diagram) and posttreatment reaches (right 
diagrams) using two-standard-deviation band method. 

account for the changes observed. 
The trial analysis suggests that the - 
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subjects' reaching ability did not 
improve merely because they prac- 
ticed the task. A change occurred 
between testing sessions that we 
attribute to factors other than practice. 
Clearly, in order to attribute these 
changes to therapy, we need to have 
additional experimental conditions, 
that is, alternatives to therapy or alter- 
native therapies. 

Reaching movements became signifi- 
cantly faster following treatment. 

3 

Movement times for subjects in the 
present study, however, were still 
longer than those reported for reach- 
ing tasks performed by healthy 5- to 
9-month-old infants12 or healthy 1.5- 
to 8-year-old children15 (Tab. 5). In 
addition, our subjects demonstrated 
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wider variability in their MT than 5- to Fig. 8. Example of plotted acceleration data illustrating long "tail" at end of reach. 



- 
Table 5. Comparative Movement 
Times of ChiIdren with Cerebral Pa@ 
(CP) and Healthy Infants and Young 
Children 

Movement Time (msec) 
-- - 

Subjects X s 

Children with CP 
(7-12 yr) 

Pretreatment 1,21&5,000 267-1,266 

Posttreatment 87%4,054 

Infants 
(5-9 mo)'' 5 4 M 6 8  233-286 

Children 
(1.5-8 yr)l5 51 5-725 103-1 09 

9-month-old infantsI2 or 1.5- to 8-year- 
old children.15 

In this study, the number of MUs 
decreased and the duration of the 
first MU relative to the total MT 
increased following treatment. These 
findings suggest that a lower number 
of MUs reflects smoother movement 
and that the smoothness of movement 
can be quantified and is amenable to 
change with intervention. 

There was a period at the end of 
many of the reaches characterized by 
numerous small accelerations and 
decelerations, which were too small 
to be considered MUs. Figure 8 is an 
example of this prolonged period at 
the end of a reach. These periods 
coincided with the hand placement 
near, but not yet on, the target. Appar- 
ently, the subjects were getting the 
hand to the target in one of the first 
two MUs and then taking additional 
time orienting the hand to touch the 
target. 

Jeannerod suggests a dual system of 
upper extremity movements.I6 Reach 
(limb projection) is separate from 
hand-orienting movements and sub- 
ject to different control strategies and 
stimulus properties. With maturation, 
the hand-orienting and limb- 
projection phases are timed appropri- 
ately for the stimulus requirements. 
Our subjects appeared to demonstrate 
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Appendix. Treatment Goals and Treatment Provided to Each Sdyect 

Primary Goal: lmprove the quality of reaching skills, including improved control, smoothness, 
and efficiency of reaching and improved ability to initiate reaching. 

Specific Goals: 

1 .a. Decrease muscle tone in upper extremities. 
b. Decrease muscle tone in lower extremities. 
c. Decrease overflow of increased muscle tone with effort. 

2.a. lncrease scapulohumeral dissociation. 
b. lncrease range of motion in shoulders. 
c. lncrease ROM in elbows. 
d. lncrease ROM in trunk. 
e. lncrease pelvic mobility and hip ROM. 

3.a. lmprove active shoulder flexor antigravity control 
b. lmprove active elbow extension. 
c, lmprove active wrist extension. 
d. lmprove ability to reach to and across midline. 

4.a. lmprove active lengthening control of scapulohumeral muscles. 
b. lmprove ability to bear and shift weight on forearms. 
c. lmprove ability to bear and shift weight on extended arms. 

5.a. lmprove trunk lateral righting. 
b. lmprove trunk flexor control. 
c. lmprove active trunk rotation. 

Sublect 
Goals Sequence of Actlvltles 

Note: Each activity addresses several goals simultaneously. 

A la,lc,2a, Weight shifting over fully extended and abducted upper extremity 
2b,2c,3a, (side lying). Graded weight bearing on extended arms; graded 
3b,3c,5a, pushing with arms; graded elbow extension-flexion (prone over 
5c large ball). Passive and active lateral righting and rotation com- 

bined with reaching activities; one arm bears weight on tilted sur- 
face; other arm reaches in various directions (sitting, straddling, 
bolster, then bench). Graded pushing with upper extremities (sit- 
ting in chair). 

B 2a,2b,2c, Weight shifting over fully extended and abducted upper extremity; 
3a,3b,3c, weight shifting over forearm, moving toward prone position; reach- 
5b ing with non-weight-bearing arm (side lying). One leg flexed; one 

leg extended; trunk rotated; arms down toward floor; then push 
with arms against floor; push with arms toward side-lying position, 
then toward sitting position (prone over large ball). Reaching activ- 
ities combined with lateral weight shifting (tailor sitting). 

C l a , l  b,2d, Weight shifting on forearms and extended arms; decrease shoulder 
2e,4a,4b, elevation; move toward partial sitting position (side lying). Push 
4c,5a against wall; bear weight on arm on bolster and straddling reach 

with other arm; lateral weight shifting; passive trunk rotation with 
active reaching (sitting straddling tilted bolster). Weight shift on 
forearms; reach with non-weight-bearing arm (side lying). 

D la, lb, lc, Weight shifting over fully abducted upper extremity rolling partially 
2a,2e,3a, toward prone position, then toward supine position; weight shifting 
3d,5a,5c on one forearm, then both (side lying). Arms toward floor; passive 

trunk rotation and leg dissociation (prone over large ball). One leg 
laterally rotated (in tailor-sitting position); one leg in short-sitting 
position; active lateral weight shifting; reaching activities with one 
arm pushing on wall or down on bolster (sitting straddling bolster). 

E la, lb, lc ,  Passive trunk rotation and leg dissociation; arms down; move toward 
2a,2d,2e, side-lying position, then sitting position (prone over large ball). 
3a Weight shifting over abducted upper extremity; weight shifting on 

forearms; reach with one arm (side lying). Move toward partial sit- 
ting position; passive leg dissociation; reaching activities with one 
arm kept down on ball (prone over large ball). 
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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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