FERBERATPELRELHET TV R PP RRES

FEBRABRRIIH TR RES RSN SRR

* (1/2)

e T AR DR

3 %5 ¢ NSC91-2320-B-039-041-

HEHE 9 #0827 01p292£072 31 P
HEHE: P NFEFREFF T

PR kT

LA HFEE

[SAF RS LR T

PoE R R 92#£67 308



R

oS E - ?ﬁflﬁsf’ﬁ%}ﬁfj’ AR PR R BRSNS T
RLo (ET R (Bl e Fﬁf ?ﬁ?ﬁ[‘ﬁ'ﬁ%w ok o WA R R fkﬁvﬁj‘ifﬁ—ﬁ' ’H\[ﬁﬁ'fﬁﬁ' e
FT}H’ LT RS Jgﬁ]‘aﬁplﬁJﬁﬁ[i¢l%%ifﬂ[f[ %ﬁITIIﬁF? AT EGE
NER e bl Iﬁ'ﬂm = %ijl‘%WF‘JE'ﬁHFIP}JF“ﬁ i 'iE'F’JiYFIH‘F“
fﬁfﬂw’ﬁﬁ@” WﬁéﬁﬁﬂV A28 » SRR P
TR A ﬂ%%ﬁﬁwwwﬁwﬁwwaﬁﬁw@ﬁww
g I TR H%{fﬁﬂﬁi 1H o PRI AR | Y B AT ﬁ&ﬁj‘:ﬂfﬁ'ﬁ%ﬁ
i BB LB A SR A PR - ElﬁfJ*‘Ji b 5% ﬁﬁJﬁﬁ[{R,ﬁg}ﬁ#[ <
'*ﬁﬂ[léﬁﬂﬂﬁ&fﬁﬁlﬁ%ﬁsﬁ ~ koot '*I*FI' i BT EH - AP %plgﬁﬁj &S
(A R 7 = S A 3 KNS s AU e e ti”-ﬂ'*rfi*‘* FHE-13 53
> Mf%Jfﬁgvﬂqwfwa*l’u#%a@§ﬁ~7W% R T
;ﬂﬁw%ﬁﬂTw%%ﬁamﬁ@ﬁm%V%{w@@@FﬂF%ﬂ%@%ﬁ
[55'59?:53"'79}%[ b Efor e Bl o [0y PP AR E PR B e 19T Ifﬁfj’lﬁ
BiA v B RS o ﬁ A BRI R T RS 55> e 3 BB
ARV A SR U RRRE - IR g R W@%ﬁ[‘ﬁﬁ%ﬁiﬁ AL IR e AR
N NIy ‘J’%@’iﬁﬁﬁﬁ&%ﬁq RO AN R P g e il g
f J;ﬁ'ﬁ?ﬁijF e o [i CHLH E[T‘é Hpuse g o

iR SRR TR - P



Abstract

During the early school years, a number of children present with specific
coordination problems and display poor perceptual-motor skills. This condition is
recognized as developmental coordination disorder (DCD), a deficit in the
development of motor skills that is not directly associated with any mental retardation
or physical disorder. In order to better understand the neural mechanism of motor
control for the children with DCD, it would be valuable to investigate the habituation
for children with DCD during treadmill walking with the electromyography
measurement of the muscles in lower extremity. Eighteen subjects, including six DCD
children, 6 borderline DCD (DCDB) children and 6 children as control group, were
recruited in this study. Ten surface EMG electrodes were used in this study. The
medial gastrocnemius (MG), tibialis anterior (TA), rectus femoralis (RF), hamstring
(HS) and gluteus maximum (GM) were measured bilaterally. The data were collected
at the first 15 seconds of each minute within 13 minute treadmill walking. The
variance ratio (VR) was estimated as an index of habituation. The VR values of GM
muscle in DCD group are greater than those in DCDB and control groups, especially
in dominant leg (P<0.05). However, for the other four muscles, RF, HS, TA and MG,
there are no significant difference of VR values between DCD and control groups.
Also, based on our findings, it was implied that after 9 minutes walking, the muscle
performance of treadmill walking in normal group was substantially steady since the
trend of the VR values was approaching non-fluctuation. However, this VR trend was
still fluctuant after 9 minutes treadmill walking for the DCD and DCDB groups.
These findings may provide additional information for the walking performance of
the DCD children as well as the guideline for the clinical therapy.

Keywords. Developmental coordination disorder, Electromyography, Habituation

I ntroduction

During the early school years, a number of children present with specific
coordination problems and display poor perceptuad-motor skills. Such children appear
to have no physical disability but takes such as hand-writing, or intercepting moving
objects highlight their difficulty. This condition is formally recognized as
developmental coordination disorder (DCD) by the American Psychiatric Association
(1987). DCD affects approximately 6% of children in Mainstream primary education.
It is often associated with educational, social and emotional problems that may
continue beyond adolescence. These children are physically awkward or clumsy and



slow to learn motor skills but this cannot be explained by intellectual deficits or
identifiable physical or neurological disorders. These children are identified after
referral for perceptural-motor intervention (Hulme, 1984; Hoehn, 1994) or by
screening of the population of school children using a battery of tests (Mon-Williams,
1994). Children who are clumsy or have coordination problems early in life may
continue to have motor problems as teenagers and some may have other
developmental consequences such as poor academic outcome or low self-esteem
(Henderson, 1993).

The act of walking is the fundamental to the performance of human lower
extremity. It is also the most frequently used rhythmic exercise in everyday living.
Also, human ambulation is one of the basic components of independent functioning
that is commonly affected by either disease progress or injury. A mature walking
needs intimate cooperation and proper function of nerve along with musculoskeletal
system. In gait analysis, electromyography (EMG) provides researchers a reasonable
way of accessing the muscle synergy pattern during locomotion. In order to better
understand the muscle contraction of lower extremities for the children with DCD, it
would be greatly valuable to investigate the characteristics of muscle contraction
pattern for children with DCD during walking. Therefore, the purposes of this study
are to study the habituation of EMG signal for the children with DCD during walking.

M ethods
Subjects

The subjects of eighteen children, with six children of DCD, six children of
borderline DCD (DCDB) and six children of control group, were recruited in this
study. The control group was matched on school grade, age and non-verbal
intelligence. A range of possible clumsy and control subjects were recruited from one
elementary school in Taichung city. The Movement Assessment Battery for Children
(Movement ABC; Henderson et al., 1992) was used to identify children whose motor
functioning is impaired, such as children with DCD. Basically, Movement ABC
consists of three clusters of test, including manual dexterity, ball skill and balance.
The total score summarizes performance on all eight items and is interpreted in terms
of agerelated norms. The children whose total score was greater than 13 were
classified as DCD group. Those whose scores were between 11 and 13 were classified
as DCDB group. Those whose scores were less than 11 were classified as normal
group. Any child with neurological or musculoskeletal deficit was excluded in this
study. The basic data of these eighteen subjects were summarized in Table 1.
Experimental Protocol

Each subject was asked to walk on a speed-controlled treadmill. Treadmill




walking was performed for thirteen minutes at their most comfortable walking speed.
Each subject was allowed to preliminarily walk on treadmill for 30 seconds to be
familiar with the use of treadmill. The data were collected at the first 15 seconds of
each minute. Therefore, there were 14 sets of EMG data collected within 13 minute
treadmill walking.

The EMG activities of five main muscle groups in the lower extremities were
measured bilaterally. The medial gastrocnemius (MG), tibialis anterior (TA), rectus
femoralis (RF), hamstring (HS) and gluteus maximum (GM) were measured in this
study. The surface electrodes were used as a non-invasive approach of data collection.
The footswitch was used for the phase determination in gait cycle. The footswitch was
placed on the plantar aspect of the foot, including the heel, first metatarsal head, fifth
metatarsal head and big toe. MA 300 Electromyography measurement system (Motion
Lab System, Inc., LA, USA) was utilized to collect data, control the synchronization
between EMG signal and footswitch and transfer the digital data onto personal
computer. The sampling frequency of data collection is 960 Hz.

DataAnalysis

The original raw EMG signals were processed to a standard form, linear
envelope. The raw EMG signals were filtered with a bandpass filter (cutoff
frequency 40 Hz-400 Hz) to remove motion artifact and environment noise. Then
full-wave rectification of filtered raw data was performed. An linear envelop was
rendered with an integrator, corresponding to low pass filter with cutoff frequency
at 8 Hz, to represent a meaningful profile of muscle activity. In addition, the EMG
of different trial will be normalized in time-based points to reduce variation of
unequal data segmentation and the whole movement cycle was expressed in 100%.

In order to determine the steady state for treadmill walking, variance ratio (VR),
was developed in this study. The VRs of five examined muscle groups, both dominant
and non-dominant, were calculated using the following equation.

>3 (X, - X)) (k(n-1))
VR = =i
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where k is the number of data point, n isthe number of average cycle, the

X, isthe value of the jth EMG signal at the time point i, X,

i . Is the average of

the EMG values at the point i averaged | realization of the experiment, and X is
the grand mean of the averaged EMG signal.



Results and Discussion

EMG signals represent the motor unit action potential of the muscle during
muscle contraction. The values after signal processing indicate the dynamic muscular
activities during walking movement. The basic assumption of habituation process in
terms of motor control is that proper practicing makes voluntary movement more
accurate and less variant. Since the subjects have learned to control the examined
muscle group habitually, the variance ratio of the EMG linear envelope is supposed to
be reduced to a minimal level without significant fluctuation. The habituation study is
based on the constancy of the dynamic EMG signals at the selected intervals during
treadmill walking. In this study, a steady treadmill walking is defined as an acceptable
VR without abrupt fluctuation. The EMG pattern of a seady state should be similar
from stride to stride which indicates a tendency of decreasing VR. The VR values for
each muscle group were shown in Figures 1. The VR values of GM muscle in DCD
group are greater than those in DCDB and control groups, especially in dominant
(right) leg (P<0.05). The VR values of RF muscle in DCD group is less than those in
DCDB and control groups, especially in dominant leg. However, for the other three
muscles, HS, TA and MG, there are no significant difference of VR values between
DCD and control groups.

The mean VR values of all muscles within 13-minute treadmill walking were
shown in figure 2. It was implied that after 9 minutes walking, the muscle
performance of treadmill walking in normal group was substantially steady since the
trend of the VR values was approaching non-fluctuation and lower than the other two
groups. Moreover, the mean VR values of each muscle and its corresponding 95%
confidence intervals were shown in figure 3. Apparently, the VR values of both
examined GM muscle groups were substantially lower with mean value around 0.4 to
0.6 for both legs. On the other hand, the VR values of the other four muscles, the RF,
the HS, the TA and the MG, were much higher ranging from 0.6 to 0.8. It wasimplied
that greater variation of these four muscles were needed during treadmill walking. As
walking was believed to be a habituated motor behavior, the VR of floor walking was
a reasonable criterion to evaluate the repeatability of the linear envelope during
treadmill walking.

In gait studies, minor importance has been generally given to the aspect of
habituation. Arsenault et a. (1986) conducted to obtain information on the number of
strides of EMG data needed per subject in a gait study. The linear envelope of the
EMG, normalized in time and amplitude, demonstrated a very high level of stability
for a given subject, relative to the variability that was found across subjects. In our
study, the data of six continuous strides were collected for every minute during 13
minute treadmill walking. The VR values of the five muscle groups in lower



extremity were between 0.6 to 0.8. The high VR values in our study may be resulting
from the different walking pattern between adults and children, and the difference
between the floor walking and treadmill walking.

Self-Evaluation

A personal designed program written in Matlab language for estimating the VR
trend have been developed for the evaluation of the treadmill walking in the DCD,
DCDB and normal groups. We also have finished the programs to derive the linear
envelope of the EMG signals during a gait cycle. EMG data from three groups of
subjects, DCD, DCDB and normal groups have been collected and still ongoing. The
children who have been classified as DCD group have been treated for proper
physical therapy and will be retested with the same protocol to see if any EMG
parameter changed and any motor performance improved in the next year. Partial
results in this preliminary study will be presented in conference of biomedical
engineering in Nov. 2003. Also, the artificial neural model will be developed in the
second year project to classify the different groups of children.
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Table 1: Basic data of subjects recruited in this study (SD: standard deviation)

Subject Type DCD DCDB Normal
Subject Number 6 6 6
(Male, Female) (2,4 (3,3 (2,4

Age 9.83 10 10
(range: 9-11) (range: 9-11) (range: 10-10)
Body Weight 33.45 39.83 30.75
(kg) (range: 21-46) (range: 26-61) (range: 25-43)
Body Length 135.50 138.83 135.83
(cm) (range: 120-142) (range: 128-149) | (range: 128-142)
Treadmill Speed 1.32 1.35 1.48
(m/sec) (range: 1.1-1.5) (range: 1.1-1.5) (range: 1.2-1.7)
Movement ABC 15.58 12.25 3.92
Tota Score (SD) (1.36) (0.88) (1.28)
Manual Dexterity 8.25 4.42 3.92

Score (SD) (1.44) (2.08) (1.28)

Balance Score 3.00 2.75 2.00
(SD) (1.76) (0.53) (1.64)

Ball Skill Score 3.17 67 0.50
(SD) (2.04) (2.50) (0.84)
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Fig 1: VR values of treadmill walking for DCD, DCDB and normal groups during 13
minutes treadmill walking (R: right side; L: left side; GM: gluteus maximum; RF:
rectus femroalis, HS. hamstrings; TA: tibialis anterior; MG: medial gastrocnemius)
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Fig 2: Mean VR values of al musclesfor DCD, DCDB and normal groups during 13
minute treadmill walking
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Fig 3: The mean VR values for different muscle groups. Error bar denotes the 95%
confidence interval. (GM: gluteus maximum; RF: rectus femroalis, HS: hamstrings;
TA: tibialis anterior; MG: medial gastrocnemius)

12



