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The purpose was to investigate central and peripheral processing mechanisms
through the use of electromyography (EMG) to determine differences between
the performance of children with and without ADHD on a lower extremity
choice response time task. Sixteen children with ADHD were tested on and
off medication along with 19 children without ADHD. For premotor time, the
comparison group performed signipcantly faster than children with ADHD.
The longer latencies exhibited in central processing of children with ADHD
were related to midline crossing inhibition (MCI). Medication improved the
speed of processing for children with ADHD, but did not negate MCI.

It has been suggested that the slower motor performance of children
with attention depcit hyperactivity disorder (ADHD) is due to delays in central
processing (Yan & Thomas, 2002; Sykes, Douglas, & Morgenstern, 1972). Despite
performance-related improvements once stimulant medication has been introduced,
children without ADHD perform signipcantly better than children with ADHD on
measures of response time (Doyle, Wallen, & Whitmont, 1995; Heyey & Gorman,
1986). Whitmont and Clark (1996) suggested that the pharmacological effect on
motor skills is directly related to attention facilitation rather than improved
motoneuron innervation. This central processing hypothesis seems plausible because
stimulant-related improvements in response time are due to decreases in reaction
time, not movement time. In fact, the movement time performance of children
with ADHD is similar to children without ADHD (Heyey & Gorman, 1986; Reid
& Borkowski, 1984; Gordon & Kantor, 1979). Based on their pndings, Gordon
and Kantor concluded that stimulants help only with tasks requiring a degree of
attention, not tests of simple motor performance.
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Interestingly enough, only one study has used electromyography (EMG)
on a response time task to compare premotor time (PMT) and motor time (MOT)
differences to afprm the assumption that central mechanisms are the cause for delay
(Jonkman et al., 1999). Differentiation may be conducted because PMT involves
central processing mechanisms and the transmission of neural impulses to the
neuromuscular junction, while MOT deals with peripheral mechanisms within the
muscle (Weiss, 1965). However, Jonkman et al. were unable to distinguish between
children with and without ADHD on an upper extremity simple reaction time task
using EMG to identify central processing delays. They reported that stimulant
medication had no effect on simple reaction time and EMG onset latency in the
children with ADHD.

Other research has supported central processing delays in children with
ADHD. Data based on electroencephalographic (EEG) recordings and event-related
potentials have shown children with ADHD exhibit inadequate concentration/
perception during clinical assessments (Miller, Kavcic, & Leslie, 1996; Sunohara
O et al., 1999; Jonkman et al., 1997). By using structural magnetic resonance
imaging, many areas of the brain were found to be smaller than average in children
with ADHD, including the corpus callosum (Hynd et al., 1991; Baumgardner et
al., 1996). Synapses that cross this area maybe underdeveloped or fewer in
number, resulting in a smaller circumference. This size variation may play a part
in processing difpculties of complex movements. Conclusions made from EEG
studies on children with ADHD have suggested that neural transmission in the brain
could cause their delays in motor performance (Satterpeld, Nicholas, Schell, &
Backs, 1988(1; Jonkman et al., 1997). However, not all motor tasks have been able
to detect differences between children with and without ADHD (Yan & Thomas,
2002; Jonkman et al., 1999). Smith, Besio, Tarjan, and Asfour (1998) suggested
that investigations that do not fractionate reaction time dealing with information
processing issues on individuals with brain dysfunction may provide misleading
conclusions regarding central processing.

Over the years, many paradigms have been constructed using response time
to assess information processing performance of individuals with and without
disabilities. Research dealing with motor processing of children with ADHD has
predominantly utilized upper extremity measures of simple reaction time to test
independent variables such as stimulant medication (Jonkman et al., 1999; Cohen
& Douglas, 1972; Cohen, Douglas, & Morgenstern, 1971; Heyey & Gorman, 1986;
Knights & Hinton, 1969). Task complexity has been shown to be an important
consideration when investigating children with ADHD (Berman, Douglas, & Barr,
1999; Rosenthal & Allen, 1978). Thus, measures of choice reaction time (CRT)
may be better suited than simple reaction time to distinguish between children with
and without ADHD. Measurement of CRT incorporates response to more than one
stimulus (Singer & Milne, 1975), which imposes greater attentional demands for
the task.

A line of investigation that uses task complexity in conjunction with
directionality was developed by Eason and Surburg (1993). Data from various
CRT studies have shown that individuals with developmental disabilities have
demonstrated difpculty with movements that cross the midline of the body (Woodard
& Surburg, 1999; Surburg, Johnson, & Eason, 1994; Surburg & Eason, 1999;
Woodard, Surburg, & Lewis, 1998). This inefpciency has been coined midline
crossing inhibition (MCI; Eason & Surburg, 1993) and is quantiped by signipcantly
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slower contralateral reaction times that require crossing the midline compared to
the reaction times of ipsilateral movements that do not cross the midline. Central
processing mechanisms such as slower interhemispheric transfer time, or the time it
takes for information to move from one hemisphere to the other, as found in younger
normal developing children (Brizzolara, Feretti(l, Brovedani, Casalini, & Shrana,
1994; Galin, Johnstone, Nakell, & Herron, 1979) may contribute to the crossing
delays experienced by older children with atypical motor development.

Harvey and Reidds (2003) literature review for children with ADHD noted
the paucity of investigations involving the underlying motor processes associated
with their movement performance. Piek, Pitcher, and Hay (1999) investigated the
subtype variance of children with ADHD on tasks of upper and lower extremity
motor control. They found that a lower extremity assessment of gross motor skills
was better able to differentiate children with the combined subtype of ADHD
(ADHD-C) than tasks of pne motor performance. While there are other subtypes
of ADHD including a predominantly inattentive subtype (ADHD-PI) and a
hyperactive subtype (ADHD-H), based on the pndings of Piek and colleagues,
this study of gross motor performance solely focused on the combined subtype of
ADHD. Peters (1988) suggested that lower extremity performance tests are more
sensitive indicators of problems in motor control than upper extremity tests because
transfer bias of a preferred extremity is less evident in the bipedal nature of the
feet. He added that lower extremity quantitative tests of performance should be an
integral component of investigation into the motor control problems experienced
by individuals with atypical development (Peters, 1990). Understanding the lower
extremity motor characteristics of children with ADHD will help them cope with
their movement problems.

The purpose of this study was to investigate the processing delays in
children with ADHD-C by using a lower extremity CRT task with EMG analysis
to provide greater insights into the underlying motor mechanisms of these children.
The hypotheses for this paper include (a) that longer latencies in information
processing displayed by children with ADHD will be due to central processing
(PMT) depcits, (b) peripheral processing (MOT) will be the same for all children
under nonmedicated conditions, (c) processing delays in children with ADHD will
be found when crossing the midline, and (d) stimulant medication will have an
effect on lower extremity speed of processing.

Qoiong

Participants

This study included 16 boys with ADHD-C (M age = 12 years, 8 months) and 19
boys without ADHD (M age = 12 years, 6 months). Participants were recruited from
a pediatriciands ofpce that specialized in treating ADHD. Only boys were selected
for this study to decrease the variability of motor responses elicited by children
in this age range and because of the higher prevalence rates of ADHD in boys
compared to girls. Informed consent was obtained from at least one parent/guardian
before any data collection took place. Participants were free of neuromuscular
disorders, visual and hearing impairments, as well as any learning disabilities.
Inclusion to this study required participants to have a minimum verbal-1Q rating
score of 80. Diagnosis of ADHD was determined by a team of pediatricians who
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used the criteria from the Diagnostic and Statistical Manual of Mental Disorders
(DSM-IV-TR) issued by the American Psychological Association (APA, 2000).
Clinically derived rating scales administered by parents and teachers were used
to support this pnding. No children in the study had developmental coordination
disorder as indicated by the pediatricians and the parents of the child. The children
with ADHD were all on stimulant medication (8 boys took Ritalin and 8 boys
took Adderall) for their condition but during this study they performed on and off
medication on separate days.

Apparatus

The lower extremity response time apparatus used in this study has been described
previously (Woodard & Surburg, 1999; Lombardi, Surburg, Ecklund, & Koceja,
2000). It consisted of a board placed on the yoor with a releasable microswitch
(start pad) and three target pads accompanied by stimulus indicator lights (Figure
1). Electromyography was used to fractionate reaction time into PMT and MOT.
An EMG preampliper (Therapeutics Unlimited) connected to silver-silver chloride
surface electrodes (8 mm; Therapeutics Unlimited) was used to detect muscle
onset of the tibialis anterior muscle, a primary muscle of the movement required
to complete the task.

To collect all data, a portable laptop computer interfaced through a standard
parallel printer port was used. A basic computer program was created to randomize
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Figure 1 A Lower extremity response time apparatus.
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trials and stimuli presentations. A black box located 20 cm behind the middle target
pad and light housed three important items: (a) a buzzer which produced the auditory
cue to initiate each trial, (b) a yellow catch trial light, (c) and an EMG outlet so that
fractionated reaction time could be synchronized with the data collection program.
This software detected EMG onset with a simple, positive trip procedure that was
calibrated from baseline (millivolts) for each participant.

The apparatus, as an entire unit, included the response time board and EMG
unit, which measured CRT fractionated into (a) premotor time (PMT) Fthe elapsed
time from the illumination of the stimulus light to the activation of electrical activity
in the tibialis anterior muscle and (b) motor time (MOT)fithe time elapsed from
the prst change in EMG to movements initiation off of the start pad.

Procedures

Individual testing occurred in an adequately lit room located at a university
laboratory during the morning. Each testing session lasted approximately 30
minutes. Participants completed two testing sessions over a two-day period. Since
leg preference is not as well depned as hand preference, both the preferred and
nonpreferred extremities were assessed in a testing day; the initial leg for assessment
was randomly selected. Participants were instructed to sit in a chair placed in front
of the testing apparatus with the major joints of their lower extremities (hip, knee,
and ankle) all yexed to 90A. A midline in the seated position was established by
participants placing their nontesting leg off to the side of the apparatus so that the
femur of their testing leg was aligned with the midline target pad and the start
pad. For testing the right leg, the contralateral stimulus was on the left side of the
children and the ipsilateral stimulus was to the right side. For testing the left leg,
the contralateral stimulus was on the right side and the ipsilateral stimulus was
on the left side.

For the initial day of testing, children with ADHD were randomly assigned
to be tested either on or off of their medication. They were instructed to be off of
their medication for at least 24 hours before the test was administered. To ensure
medication consistency, children with ADHD were required to have breakfast with
their medication so that testing occurred two hours from the time the stimulant
was ingested.

The protocol for testing a leg consisted of 30 trials randomly comprised of
nine contralateral movements, nine midline movements, nine ipsilateral movements,
and three catch trials, which required no movement. There were 27 recorded trials
for each leg on a day of testing. Two testing sessions for both legs yielded a total
of 108 lower extremity trials. The comparison group also participated in two days
of testing so that all children in the study performed the same number of trials.
A trial began by depressing the start pad, which initiated an auditory cue. Once
the auditory tone sounded random preparatory intervals of either 1.5, 3.0, or 4.5
seconds preceded each stimulus presentation. During the testing, participants were
required to wear a head lamp. Atrial was initiated when the light from the headlamp
illuminated a designated area on the yoorboard. This protocol was used to indicate
to the examiner that children were paying attention to the trial sequence so response
time scores were indeed indicative of ability and not saccadic eye movements.

To measure response speed of the lower extremities, children were required
to sit during testing with their shoes off. Once seated, participants were prepared
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for electrode placement by rubbing abrasively the surface of the skin of their lower
legs with 70% isopropyl alcohol to reduce the interference of the EMG signal.
Placement was measured in reference to the tibial tubercle so that it could be
replicated on the second day of testing. Electrolyte gel was placed on the surface
electrodes to help with signal conductance. The amount of electrical resistance was
measured with a voltmeter. If electrical noise was greater than 10 k Ohms, the skin
was again prepared and electrodes were reapplied. A ground electrode was placed
over the lateral aspect of the participantts left wrist.

Children participated in an orientation session before any data were collected.
During this session, they watched a video explaining the directions of the task,
practiced the task pve times, and executed a lower extremity preference task.
Extremity preference was determined by a multitask demonstration (Surburg &
Eason, 1999). Participants were asked to ascend a set of stairs, kick a soccer ball,
and step on an imaginary bug. The swing leg used in two out of the three tasks
was determined the preferred extremity (Gabbard & Hart, 20010). Only right-
footed children were included in this study. Also, EMG baseline was calibrated
for participants during this session.

Data Analysis

Intraclass correlations were prst calculated to estimate the reliability of lower
extremity response time for the two dependent variables across testing days
(ranged from 0.87 to 0.99). Pearson Product Moment correlations were calculated
to determine the independency of the dependent variables within the three
movement directions. The largest Pearson Product Moment correlation between
the two dependent variables was r = -0.54, p < 0.05, for the medicated children
with ADHD on the midline direction. Therefore, these dependent variables were
analyzed separately using a 2 (group) O 3 (direction) mixed ANOVA. Medication
effects for participants with ADHD were analyzed by a 2 (condition) O 3 (direction)
repeated measures analysis. Statistical signipcance was set at the p < 0.05 level.
Post hoc comparisons were performed using paired sample t-tests (Seaman, Levin,
& Serlin, 1991). In addition to mean comparisons, within participant variability
was investigated by using the standard deviation values as the dependent variable
for PMT and MOT. This analysis provided insights into the heterogeneity issue
prevalent in children with ADHD.

To identify the appearance of MCI for each group, comparisons were made
between movements to the same side of the body versus across their body. Midline
crossing inhibition was inferred to be existent if, as a group, contralateral scores
were signipcantly (p < 0.05) slower than ipsilateral scores. Lower extremity MCI
indexes were calculated for each participant by dividing the contralateral value by
the ipsilateral value. A univariate ANOVA was used to determine if this index was
signipcantly different between children with ADHD on and off of their medication
and the comparison group. These analyses were performed on both dependent
variables.

Effect size (omega squared or Y2), or the strength of association was
determined. With this procedure, mean treatment differences due to individual
subject variability can be further evaluated (Thomas, Salazar, & Landers, 1992).
This procedure describes the meaningfulness of the pndings by offering a standard
of comparison for past and future related studies. Omega squared values of 0.40,
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0.25, and 0.10 are considered to represent large, moderate, and small treatment
effects, respectively (Cohen, 1988).

gooomnd

Premotor Tme (PMT)

For the analysis of PMT there were no differences between the right (M = 0.302)
and left (M = 0.299) testing leg, F(1, 18) = 0.05, p > 0.05, power = 0.05 and
between te sting days one (M = 0.364) and two (M = 0.372), F(1, 18) = 1.44,p >
0.05, power = 0.20. In light of these pndings, these data were collapsed for further
analyses. Premotor time means and standard deviations (Table 1) were analyzed
separately for three different comparisons: children with ADHD on medication and
the comparison group, children with ADHD off medication and children without
ADHD, and children with ADHD on and off medication.

Children With ADHD on Medication and Controls. A 2 (group) O 3
(direction) mixed design ANOVA found a signipcant interaction between the two
independent variables, F(2,66) = 6.20, p < 0.05 with a moderate to large effect size
Y2 = 0.30). The simple main effect for direction within group was signipcant for
medicated children with ADHD, F(2, 66) = 5.02, p < 0.05 and children without
ADHD, F(2, 66) = 5.69, p < 0.05. Medicated children had signipcantly slower
contralateral times compared to midline and ipsilateral movements, whereas
the comparison group had signipcantly slower ipsilateral PMT compared to
contralateral and midline movements.

Children With ADHD Off Medication and Controls. Using a similar
analysis, a 2 (group) O 3 (direction) mixed design ANOVA found a signipcant
interaction, F(2,66) = 7.06, p < 0.05 with a moderate to large effect size (Y?=10.31).
The simple main effect for direction within group indicated that nonmedicated
children with ADHD, F(2, 66) = 5.80, p < 0.05 and the comparison group, F(2,
66) = 6.20, p < 0.05 had signipcant direction effects. Nonmedicated children had
signipcantly slower contralateral PMT compared to midline and ipsilateral mean
values. The comparison group had signipcantly slower ipsilateral values compared
to their contralateral and midline PMT.

Table 1 Premotor Time Means and Standard Deviations for Children With
Attention Depcit Hyperactivity Disorder On and Off Medication and Children
Without Attention Depcit Hyperactivity Disorder as a Function of Direction

Contralateral Midline Ipsilateral
Children with
ADHD (on) 0.354 +0.085 0.338 +0.078 0.336 +0.075
Children with
ADHD (off) 0.379 + 0.071 0.363 + 0.061 0.360 + 0.061

Children without
ADHD 0.300 + 0.065 0.291 + 0.064 0.310 + 0.062
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Children With ADHD On and Off Medication. A 2 (condition) O 3
(direction) repeated measures ANOVA found signipcant main effects for group,
F(1, 15) = 8.80, p < 0.05 with a moderate effect size (Y2 = 0.28), and direction,
F(2, 30) = 6.67, p < 0.05 with a moderate to large effect size (Y2 = 0.30).
Nonmedicated children with ADHD were signipcantly slower than when they
were on medication. Paired sample t-tests indicated that contralateral PMT was
signipcantly slower than midline and ipsilateral PMT, regardless of medication
condition.

Within Participant Variability Analysis for PMT. A2 (group) O 3 (direction)
ANOVA of the standard deviations for PMT indicated a group main effect,
F(1, 33) = 7.51, p < 0.05 between the nonmedicated children with ADHD and the
comparison group. The central processing of children with ADHD off medication
was signipcantly more variable than children without ADHD. There were no
signipcant differences for the other two comparisons.

Motor Time (MOT)

For MOT analysis, there were no differences between the right (M = 0.068) and left
(M =0.059) testing leg, F(1, 18) =0.20, p > 0.05, power = 0.06 and between testing
days one (M =0.062) and two (M = 0.059), F(1, 18) =0.28, p > 0.05, power = 0.06.
These data were collapsed for further analyses. Motor time means and standard
deviations (Table 2) were analyzed separately for three different comparisons.

Children With ADHD on Medication and Controls. A 2 (group) O 3
(direction) mixed design ANOVA found a signipcant interaction, F(2, 66) = 8.61,
p < 0.05 with a moderate effect size (Y2 = 0.23). The simple main effect for group
within direction signiped that the comparison group was signipcantly slower, F(1,
99) = 5.44, p < 0.05 than the medicated children with ADHD for the contralateral
movement.

Children With ADHD Off Medication and Controls.  Using a similar analysis,
a 2 (group) O 3 (direction) mixed design ANOVA found a signipcant interaction,
F(2, 66) = 3.86, p < 0.05 with a small effect size (Y2 = 0.07); however, the simple
main effects for direction within group were not signipcant.

Children With ADHD On and Off Medication. A2 (condition) O 3 (direction)
repeated measures ANOVA found a signipcant main effect for direction, F(2,
30) =12.33, p <0.05 with a small to moderate effect size (Y?=0.14). Paired sample

Table 2 Motor Time Means and Standard Deviations for Children With Attention
Depcit Hyperactivity Disorder On and off Medication and Children Without
Attention Depcit Hyperactivity Disorder as a Function of Direction

Contralateral Midline Ipsilateral
Children with
ADHD (on) 0.061 +0.022 0.059 +0.019 0.055 +0.016
Children with
ADHD (off) 0.066 + 0.022 0.059 + 0.021 0.054 + 0.020

Children without
ADHD 0.076 + 0.023 0.070 + 0.021 0.056 + 0.014
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t-tests indicated that contralateral MOT was signipcantly slower than midline MOT,
which were both signipcantly slower than ipsilateral MOT, regardless of medication
condition.

Within Participant Variability Analysis for MOT.  Using a similar 2 (group)
O 3 (direction) ANOVA for MOT standard deviations revealed signipcant direction
main effects for all three comparisons, F(2, 66) = 4.30, p < 0.05; F(2, 66) =5.46, p
< 0.05; and F(2, 30) = 4.90, p < 0.05, respectively. The contralateral MOT scores
for all children were signipcantly more variable than the ipsilateral values.

Midline Crossing Inhibition (MCI) Indexes

Separate univariate ANOVASs were utilized to determine whether the MCI index
could distinguish between children with and without ADHD for both medication
conditions. These indexes for PMT were signipcantly different between medicated
children with ADHD and the comparison group, F(1, 33) = 9.16, p < 0.05, and
nonmedicated children with ADHD and the comparison group, F(1, 33) = 10.34,
p < 0.05.

For the MOT dependent variable the comparison group had signipcantly
more MCI, F(1, 33) = 11.06, p < 0.05 when compared to the medicated children
with ADHD.

Qiooboomo

The purpose of this study was to better understand lower extremity motor task
performance of children with ADHD by evaluating central and peripheral processing
using EMG. Results were that children with ADHD had signipcantly slower PMT
than children without ADHD. This pnding agrees with the prst hypothesis that
central processing delays were more evident in children with ADHD than children
without ADHD. Although central processing delays have been suggested to cause
the motor depcits exhibited by children with ADHD (Yan & Thomas, 2002; Doyle,
Wallen, & Whitmont, 1995; Cohen et al., 1971; Sykes et al., 1972), only one study
has used EMG in conjunction with a simple task to examine processing differences
between children with and without ADHD (Jonkman et al., 1999). The authors
found that PMT was not signipcantly different between children with and without
ADHD. Differences between the Jonkman investigation and this study consist
of upper versus lower extremity movements and simple versus complex tasks.
Anson (1982) suggested the larger moment of inertia associated with larger muscle
groups might make comparisons of upper and lower extremity response speed
inappropriate. Peters (1990) maintained that assessing lower extremity movement
is more appropriate to detect developmental differences in children with atypical
development than upper extremity motions.

This is the prst study to report MOT data for children with ADHD when
performing a lower limb CRT task. Although Jonkman et al. (1999) used EMG to
fractionate reaction time along with other EEG measurements, they did not report
on the peripheral processing of the children in their study. The only signipcant
interaction for MOT indicated that when children with ADHD were on their
medication their contralateral MOT was signipcantly faster than the comparison
group. This supports the hypothesis that when under nonmedicated conditions there
were no differences between the two groups of children. Regarding the medication
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condition, contralateral MOT was signipcantly different between children with
ADHD and the comparison group; therefore, medication may be more efpcacious
for complex tasks than simple ones considering that some tests of simple reaction
time have been unable to detect differences in children with and without ADHD
(Heyey & Gorman, 1986). It has been reported that children with ADHD have
higher levels of motor activity and make more spontaneous movements than normal
developing peers (Porrino et al., 1983; Solanto, 1984). Perhaps this random practice,
when supplemented by medication, is benepcial to some aspect of lower extremity
movement.

Contralateral MOT was signipcantly slower for all the children in this study.
Peripheral processing is predicated on the development of muscular tension to
enable movement. This includes the contractile properties of the active muscle(s)
and the time it takes for the series elastic component of the involved muscle(s) to
generate an adequate force for the movement to be initiated (Cavanagh & Komi,
1979). Considering that different muscle recruitment patterns were required for the
different movements of the CRT task, the innervation ratios for these movements and
the mass of the muscle to be moved may have been quite different for contralateral
and ipsilateral movements. Comparisons of peripheral response time for different
movements may be inappropriate because of the above stated factors.

The correlation between PMT and total CRT was high (r =0.92, p <0.05) and
the correlation between MOT and total CRT was low (r = 0.19, p > 0.05). Similar
correlation coefpcients have been reported by studies of fractionated reaction time
(Sidaway, 19840; Lagasse & Hayes, 1973). Sidaway (1984[) recommended
using EMG to partial out MOT components to gain a clearer indication of central
processing. Others have stated that PMT is a more accurate representation of central
processing speed than reaction time (Ito, 1990; Smith et al., 1998). The focus of
this study was upon central processing mechanisms of children with ADHD. By
fractionating reaction time into PMT and MOT components, central processing
differences between the two groups of children and the effect of stimulant
medication on children with ADHD were evident.

Midline Crossing Inhibition (MCI)

By examining directionality and temporal processing components of lower
extremity movement, additional insights may be obtained regarding the information
processing of children with ADHD. Based upon the results of this study, children
with ADHD seem to process response patterns differently to lower extremity
perceptual motor tasks, when compared to a group of similar aged peers. The
third hypothesis that processing delays in children with ADHD will be found when
crossing the midline is conprmed. This study provided empirical evidence that the
PMT delays found by children with ADHD may be due to prolonged functioning
in the higher neural centers of the brain. The MCI index for PMT was able to
differentiate adolescents with and without ADHD suggesting that interhemispheric
transfer time was signipcantly slower in children with ADHD, regardless of
medication. There were no peripheral directional differences as indicated by the
MOT scores. There have been no previous laterality studies performed on this
population of children to support or negate this pnding. It has been reported that
children with ADHD have a smaller corpus callosum compared to children without
ADHD (Hynd et al., 1991; Baumgardner et al., 1996). Perhaps this size difference
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is due to underdeveloped synapses that limit the transfer of information between
the two hemispheres required for complex movement efpciency. The children
without ADHD did not show MCI; in fact, they were signipcantly faster for PMT
contralateral responses compared to PMT ipsilateral responses. These data support
the concept that cross lateral integration has not been attained by children with
ADHD. The ability to cross the midline as efpciently as ipsilateral movements has
been considered by investigators a motor milestone that is delayed or not attained
with children exhibiting certain disabilities (Surburg & Eason, 1999; Woodard &
Surburg, 1999; Ayres, 1972, 1976).

Medication Effects

In this study, children with ADHD when on stimulant medication signipcantly
improved their PMT. This conprms the fourth hypothesis regarding the efpcacy
of medication on speed of processing. In most studies, stimulant medication has
been reported to positively inyuence the nerve transmission of central processing
mechanisms for upper extremity movements (Vickers, Rodrigues, & Brown, 2002;
Cohen et al., 1971; Cohen & Douglas, 1972; Sykes et al., 1972; Sprague, Barnes,
& Werry, 1970; Knights & Hinton, 1969). However, some investigations of upper
extremity simple reaction time have not found stimulant-related improvements for
children with ADHD (Heyey & Gorman, 1986; Berman et al., 1999; Jonkman et al.,
1999). Many researchers believe that stimulants work on the sympathetic nervous
system to increase the availability of dopamine and norepinepherine by inhibiting
the reuptake of these chemicals (Wender, 1972; Solanto, 2002). This mechanism
prevents dopamine and norepinepherine degradation and facilitates accessibility
to receiving neurotransmitters (Maki, Kontula, & Harkonen, 1990). This study,
one of the prst, delves into the medication effects associated with the information
processing of complex lower extremity movements.

Variability Analysis

The within participant variability analysis provided additional information into the
performance of the children with ADHD. When these children were off of their
medication, they were signipcantly more variable compared to children without
ADHD for PMT. This pnding indicates that stimulant medication had a positive
effect on the execution of movement, not only by enhancing the response speed, but
also by reducing the variability of their performance. Group differences for within
participant variability were only found for the PMT dependent variable, indicating
central processing dysfunction in children with ADHD. When investigating this
population, the heterogeneity of their responses should not be overlooked. Lower
extremity investigations of response time appear to be quite revealing; however, they
are rarely present in the literature on children with ADHD (Harvey & Reid, 2003).

In summary, MCI was found in central processing mechanisms for a lower
extremity movement by children with ADHD. This inhibition was not evident in
the PMT of the comparison group. Medication did not help with this inhibition;
however, it did make children with ADHD signipcantly faster at central processing.
All children had slower contralateral MOT compared to the other two movements;
stimulant medication appeared to ameliorate this inhibition in children with
ADHD.
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Limitations of this study include the utilization of only one muscle, the tibialis
anterior, to analyze central and peripheral processing. Future studies should consider
analyzing the rectus femoris for its role in seated knee extension movements and
an antagonist muscle to the tibialis anterior, such as the tibialis posterior or the
soleus muscle. This study was also limited to the combined subtype of ADHD;
since investigators have found that children with diverse subtypes of ADHD often
display different motor proples (Piek, Pitcher, & Hay, 1999) these results may
not generalize to other subtypes of ADHD. Future lower extremity investigations
on this population should include all subtypes of ADHD, with larger cell sizes,
so that gross motor proples of children with various subtypes of ADHD can be
substantiated. Additionally, this assessment protocol of lower extremity response
time should be compared with standardized tests of gross motor performance,
such as the Test of Gross Motor Development & Il (Ulrich, 2000), to determine
the efpcacy of these tests in differentiating children with ADHD from comparison
groups. A better understanding of these processes is important to kinesiologists and
practitioners in the peld of adapted physical activity to facilitate successful motor
and physical activity programs.
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