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ABSTRACT

This study was part of a collaborative interdis
ciplinary effort to monitor the effects of decreasing ser
um phenobarbital levels on the gross motor performance of 
two epileptic children ages 6 and 9, and a normal control 
child age 9° Two performance tasks, one, utilizing a tread 
mill and the other, footprint records, were developed to 
measure temporal and spatial characteristics of each child 
gait in a within-subjects design. Repetitive gait analyse 
and serum level determinations were done at three differ
ent steady-state drug levels. These measures did not 
change discernibly as a function of the decreasing ther
apeutic serum levels used .here. Future investigations 
need to study other anti-convulsants under conditions of 
increasing and decreasing dosage, as well as with more 
obviously disabled or toxic epileptic individuals. This 
study supports the clinical feasibility of the footprint 
records as a gait measurement technique.
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CHAPTER 1

INTRODUCTION

For the treatment of epilepsy, anticonvulsants 
are the physician's primary tool* There is no question 
that the development of anticonvulsants is a major triumph 
of modern clinical pharmacologyo Prior to their develop
ment, individuals afflicted by uncontrollable seizures 
were subject to the progressive deterioration of many cog
nitive skills and abilities. Unfortunately, long-term 
anticonvulsant therapy has some adverse effects of its own. 
These adverse effects must be balanced against those of 
the disease in order to achieve an optimal level of func
tioning for the epileptic.

Following an examination of the impact of these 
adverse side effects upon the psychological functioning 
and development of children, the clinical, pharmacological 
and psychological efforts to monitor these side effects 
will be reviewed. After discussing the limitations of 
these previous efforts, we will report on a study util
izing two new diagnostic measures based upon the temporal 
and spatial characteristics of a child's gait performance.

Anticonvulsants: an Overview 
The adverse effects of anticonvulsants can be



divided into three categories (Kutt and Louis, 1972): in
toxication, predictable side effects and idiosyncratic 
responseso Symptoms and signs of intoxication occur pre
dictably at high blood levels of the anticonvulsant in 
useQ Side effects occur commonly even at usual therapeu
tic blood serum levels of a drug0 Idiosyncratic responses 
are unusual, unpredictable, and not always related to dos
age or serum levels0

Problems which occur when an individual becomes 
intoxicated include ataxia, nystagmus, and dysarthria 
(Kutt, 1972; Glasser, 1972)<, Some problems can occur as 
both toxic effects and side effects* These problems in
clude sedation, confused states, mood alterations, and 
intellectual deterioration (Reynolds, 1970; Reynolds and 
Travers, 1974; Stores, 1975; Vallarta, Bell, and Reichert, 
1974)o Idiosyncratic responses include dermatologic com
plications, bone marrow depression hypersensitivity, and 
lymphoproliferative disorders ("Glasser, 1972) * ■ Although 
such idiosyncratic responses could have some indirect af
fect upon psychological functioning,they are beyond the 
scope of the present report*

In addition to this general picture of toxic 
effects and side effects, a more detailed analysis of two 
anticonvulsants, diphenylhydantoin and phenobarbital, will 
be given* These drugs are of special significance since



3
they are the most commonly prescribed anticonvulsants0

Dj-phenylhydantoin 
Diphenylhydantoin is often the anticonvulsant of 

choice because it is commonly believed to control seizures 
without producing discernible cognitive impairment* The 
availability of sensitive serum assays has made it pos
sible to define a range of therapeutic serum levels below 
which the drug is ineffective and above which toxic man
ifestations are evident (Kutt, 1972; Kutt, Winters, Ko- 
kenge, and McDowell, 1964)o In spite of these advantages 
serious problems may occur with long-term usage* Undesir
able cosmetic effects are most frequently encountered*
These effects include gross enlargement of lips and nose, 
general thickening of subcutaneous tissues of the face 
and scalp, and gum hypertrophy (Falconer and Davidson,
1973; Kutt and Louis, 1972)* In the presence of chronic
ally unrecognized diphenylhydantoin toxicity neurological 
and cognitive deterioration may also occur (Levy and Feni- 
chel, 1965; Leiber, 1977; Logan and Freeman, 1969)=

Phenobarbital
The acceptance of phenobarbital as one of the

drugs of choice is based upon both its reputation for ther- 
/ . 

apeutic efficacy and the remarkable rarity of adverse som

\



atic side effects. As with diphenylhydantoin3 sensitive 
serum assays are available. In contrast to the rarity of 
somatic side effects9 there is considerable evidence that 
phenobarbital may affect psychological functioning and 
development. On an immediate basis both motor and^cogni
tive functioning are usually impaired following the initial 
administration of phenobarbital due td its sedative prop
erties, Tolerance usually develops within one to two 
weeks, but in some cases it can be protracted and interfere 
with an individual’s cognitive performance (Schain, Ward, 
and Richl,' 1975; Stores, 1975) A wide variety of child
hood behavior disorders have also been attributed to phen
obarbital (Jeavons, 1976; Leiber, 1977)= The most common
ly reported is hyperactive behavior which can either be 
produced or exacerbated by phenobarbital (Livingston,
1976; Ounsted, 1955; Schain, et al, 1975)o

Clinical Efforts to Diagnose Untoward Effects

Physicians have the difficult task of determin
ing the optimal daily dosage that produces acceptable con
trol of seizures and yet avoids the potential impairment 
of cognitive and psychomotor behavior. In the past, phys
icians concerned with the care of epileptic patients have
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been prone to focus exclusively upon seizure control and 
have tended to ignore problems associated with long-term 
use of anticonvulsant agents*. Recognizing that the phys
icians office is an atypical environment within which to 
diagnose the signs and symptoms of cognitive and psycho
motor impairment outlined above, the physician most log
ically relies upon the observations of the epileptic, a 
parent or guardian, or the presence of overt toxic signs0 
Aside from the problem that parents do not reliably assess 
the behavioral changes associated with toxicity, several 
other problems confront the physician attempting to clin
ically diagnose toxicity* Many young children and retar
dates are unable to report the presence of toxic effects 
or psychological changes* The clinical diagnosis of tox
icity is also difficult to make for several other reasons* 
Toxicity may occur with previously tolerated or conventional 
dosages; toxic signs are less predictable with prolonged 
use; toxicity may mimic an underlying neurologic disease; 
and, toxicity does not always occur in a predictable se- • 
quence in children (Kutt, 1972; Logan and Freeman, 1969; 
Patel and Crichton, 1968; Reynolds and Travers, 1974; 
Vallarta, et al, 1974)=

Pharmacological Efforts to Diagnose 
Untoward Effects



Efforts to monitor, diagnose, and predict these 
untoward effects have been greatly enhanced by the measure 
ment of drug serum levels,, Because of differences in bio
availability, elimination, distribution, and drug metabol
ism, drug dosage or a dose-to-weight ratio has been shown 
to be inadequate >. to monitor anticonvulsant drug use (Eadi 
1977; Travers, Reynolds, and Gallagher, 1972)=. Recent 
work has shown a better correlation between the serum 
level and the signs of toxicity and between serum levels 
and psychological function (Dodrill, 1975; Glasser, 1972; 
Kutt, 1972; Reynolds and Travers, 1974)0 It is important, 
though, that serum levels not be used as the sole criter
ion of toxicity since toxic effects occur even with ’ther^ 
apeutic' serum levels (Glasser, 1972)0 Results from one 
preliminary study (Reynolds and Travers, 1974) found that 
epileptic patients with psychomotor slowing, intellectual 
deterioration, psychiatric illness or personality change 
have, as a group, generally higher concentrations of di- 
phenylhydantoin and phenobarbital than patients without 
such changeso The mean serum values of the drugs in the 
groups with such changes were within the therapeutic range 
All patients who had clear clinical evidence of toxicity 
or psychiatric symptoms before the onset of epilepsy or 
had evidence of a gross cerebral lesion were excluded



from this study.
While serum levels are clearly the most useful 

diagnostic tool available to assess the presence of un
toward effects, the correlation between serum levels and 
the degree of functional impairment with or without signs 
of toxicity is still largely unknown. While -drug serum 
levels play an indispensible role, a more direct measure 
of adverse drug effects to complement other diagnostic, 
methods would be useful for all individuals who work with • 
epileptic patients.

Psychological Efforts to Diagnose Untoward Effects
Early efforts to monitor and diagnose untoward 

effects on psychological performance concentrated upon 
measures of intelligence and psychomotor performance.
These studies often produced inconclusive and contradic
tory results (Booker, Matthews, and Slaby, 19-67; Hutt, 
Jackson, Belsham, and Higgins, 1968; Loveland, Smith, and 
Forster, 1957; Wapner, Thurston, and Holowach, 1962)o 
An even greater limitation from a clinical vantage point 
was the use of normal adult volunteers or nonepileptic 
control groups. These studies provided little information 
to physicians on the extent of impaired performance at
tributable to the therapy of an individual patient.
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More recent studies have tested epileptic subjects 

at varying serum levels or on consecutively different dose's0 
In these studies behavior was most notably affected as a 
function of the anticonvulsants on measures of : 1) sus
tained attentiveness5 vigilance, and short-term memory 
(Dekaban and Lehman, 1975; MacLeod, Dekaban and Hunt,
1978; Schain, et al, 1975)» or 2) on tasks with a heavy 
motor component (Dodrill, 1975; Matthews and Harley, 1975)°

Differences on the motor tasks were found by com
paring epileptic subjects with high and toxic serum di- 
phenylhydantoin and phenobarbital levels to those with 
low or normal levels* Significant differences were found 
on measures of name writing, the marching test, maze co
ordination and static tremor (Dodrill, 1975; Matthews and 
Harley, 1975)= These measures were utilized to assess 
fine motor coordination, gross skeletal muscular function, 
eye-hand coordination and sustained motor control*

From this review of the psychological literature, 
though, there is only a limited amount of clinically rel
evant information concerning the use of anticonvulsants 
with children* Of the nine studies reviewed here only 
three involved children (Dekaban and Lehman, 1975; Schain, 
et al9 1975; Wapner, et al, 1962)* In addition, no effort 
was made to establish a dose—response relationship which
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could be of value to prescribing physicians0 When con
sidering that childhood is an important time for the dev
elopment of cognitive<, social and motor repertoires spec
ial attention should be paid to the untoward effects of 
anticonvulsants in this population*

In summary, based upon the literature reviewed 
in this paper there are some fundamental problems and 
shortcomings in the previous efforts to monitor or diag
nose untoward effects in children* However, by utilizing 
the knowledge and diagnostic tools which have proven to 
be valid and reliable,additional diagnostic methods are 
possible* As noted, cl:nically, physicians have long 
known that one of the best predictors of toxic and un
toward effects is gait ataxia and related motor impair
ment* Unfortunately, little effort has been made to 
systematically study and quantify this information beyond 
the pathognomonic sign level* Pharmacologicallv, serum 
levels are the best available diagnostic tool* Still, 
problems can occur even at therapeutic levels, and the 
correlation between serum levels and the degree of func
tional impairment is largely unknown* Psychologically., 
it has been demonstrated that motor measures dependent 
upon upper body coordination are impaired by high and 
toxic serum levels of anticonvulsants* Considering the
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clinical significance of gait ataxia it would be impor
tant to extend these findings to include gait measures0 
To be clinically useful psychological testing must study 
the individual epileptic patient and preferably at sever
al dose/serum levels*

The present study represents an effort to develop 
a clinically useful adjunctive diagnostic measure* Based 
upon the foregoing considerations, two tasks were designed 
to measure temporal and spatial characteristics of an 
epileptic child's gait at different steady state drug 
levels* In looking for an objective and yet clinically 
feasible method of assessing motor disability several 
groups of investigators were identified who previously 
have considered gait (Fukushima, 1955; Holt, 1965; Hume Kendal 
and Bissel, 1965; Ogg, 1963)° Their approach has relied 
upon easily obtainable data derived from simple body 
measurements and analysis of footprint sequences* Re
sults from these studies demonstrated that gait measure
ments are sensitive to motor disability* The advantage 
of locomotor measures is that they can be objectively 
observed, recorded, and graded (Kutt, 1972)*

x



CHAPTER 2

METHODS

Overview
The two tasks employed here were the treadmill 

and pedogram exercises0 Advantages of the treadmill ex
ercise were 1) its space efficiency, and 2) the capabil
ity of filming trials with a simultaneous timing refer
ence, which made it possible to score several temporal 
characteristics,, The pedogram exercise was developed - 
specifically for this investigation,, No reference to 
such a performance task was found in the literature sur
veyed, although a similar procedure was developed inde
pendently by Boenig 0  977)° The present protocol pro
vided distinct footprint images which could then be anal
yzed to determine a variety of spatial gait characteris- 
ticso

Because there is considerable variation in in
dividual pharmacokinetic behavior and drug sensitivity, 
each child's response to drug therapy was assessed by re
peating the performance tasks at multiple serum levels,, 
This was accomplished by repetitively performing the tasks

11



and determinations of anticonvulsant serum levels on dif
ferent dosage regimens0 This produced an array of serum 
levels within-the therapeutic range» In the present study 
this program was accomplished ethically by studying child
ren whose drug regimen was being decreased because of drug 
therapy termination,, By using a within-subjects design 
and making repetitive gait analyses and serum level deter
minations after steady state serum levels were achieved, 
it was possible to study the range of serum levels over 
which changes in motor function occurred0 This design 
provided the greatest likelihood of determining accurate, 
individualized, serum level-response relationships0

The general hypothesis tested was that the clin
ical description of ataxia and motor incoordination can 
be measured as spatial and temporal characteristics of 
a child's gait„ If these characteristics can be correl
ated with serum assay values, then it might be possible 
to develop a useful adjunct diagnostic toolo The specific 
hypotheses to be tested here were that changes in serum 
anticonvulsant levels within the therapeutic range (DPH 
10-20mg/l, PB T0-30mg/l) would be reflected by changes 
in the following gait parameters: 1) the proportion of 
time spent in swing and stance phases of each walking 
cycle, 2) total stance time of each walking cycle, 3)
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base of support as measured by stride width? and 4) foot 
angleo

Subjects
A total of five epileptic children3 ranging in 

age from 6 to 14 years, were studied* An additional con
trol, an 8 year old female in the second grade, without 
epilepsy, was included* All epileptic children were ref-- 
rals from the Epilepsy Clinic at the University of Ariz
ona Medical Center* Criteria for inclusion in the study 
were that the child be of approximately normal intelligence 
(Criterion: satisfactory performance in an age appropriate, 
plus or minus one year, grade level classroom), currently 
taking either phenobarbital or diphenylhydantoin alone or 
in combination for control of seizures, and have seizures 
under control on the present drug regimen (Criterion: no 
more than three seizures in the previous year)*. -

Of the five children studied only two completed 
the required eleven weekly testings* The other three 
children dropped out of the study voluntarily because of 
their unwillingness, or inability, to comply with the 
study as described here (due to drug changes or trans
portation difficulties)* Originally, the design called 
for testing children whose dosing regimen of phenobarb
ital and diphenylhydantoin was being either increased or



decreased to achieve therapeutic serum levels0 Of the 
two children remaining in the study both were being with
drawn from phenobarbital after several seizure-free years0 
Thus only one of four possible drug x dosing regimens was 
represented in this study,,

The first child, PBS1, was a 6 year old male in 
the first grade0 When he began the study he was receiving 
30 mg of phenobarbital and 25 mg of diphenylhydantoin0 
His initial serum phenobarbital was 14=5 mg/lo Serum 
dlphenylhydantoin was, negligible for all assays* Anti
convulsant therapy had been initiated at age 4 for grand 
mal seizures* He had been seizure free at the time of 
testing for 2 years* The second child, PBS2, was a nine 
year old girl, in the third grade, who began the study 
while receiving 60 mg of phenobarbital with an initial 
serum value of 26*8 mg/1* Anticonvulsant therapy had 
been initiated at age 5 for febrile seizures which occur
red during a prolonged illness*

Design and Dosage Alterations 
Each child was tested for at least ten sessions, 

with blood samples being taken after each session* Prior 
to this program there was an initial session without a 
blood sample* This was done to acquaint the child with
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the taskss reduce performance variability once the actual 
work was begun, and to make sure the child could do the 
taskso After this initial testing each child was tested 
at his or her starting dosage for either three or four 
more sessions0 Next, dosage changes were made on two 
other occasions as part of decreasing the drug regimen0

All testing personnel were blind as to the actual 
dosage levels or dates of changes0 The children and their 
parents were told not to discuss dosage with testing per
sonnel 0

Blood was collected following each testing ses
sion, providing serum phenobarbital values at three steady 
state levels at each of three dosage levels* All serum 
assays were analyzed by the Clinical Pharmacokinetics 
Laboratory in the School of Pharmacy*

Performance Tasks

Treadmill Exercise: A Quinton Cardio-Exercise Treadmill 
(Model 14-44-A) from the Human Motor Laboratory of the 
Psychology Department was used* The treadmill had variable 
speeds (*7 to 4o2 mph) and was set at 1*2 mph throughout 
all testing sessions, for all children* This value was 
the composite average of normal walking speed as reported 
subjectively by all children at the initial testing* No



child's selected normal walking speed varied more than 
02 mph from this value0 The child on the treadmill was 
photographed from the side at a distance of 25 feet0 A 
variable speed LOCAM camera with a television 300 mm lens 
was used to record the image on 4x-i 6 mm black and white 
film0 The camera was set to operate at a rate of 50 frames 
per second to show the child in motion0 A timer display 
located behind the treadmill, had four rows of four lights 
each to indicate time to the resolution of one centasecond 
(Phillips, Wait, and Wetzel, 1977)° Each child was in
structed to remain in motion, to fixate on an object im
mediately in front of him/her, and to walk as normally 
as possibleo After the child had been walking for approx
imately one minute he/she was filmed for 8-10 complete 
walking cycles0 Any evidence of imbalance, abnormal 
walking, stepping off the treadmill, or reaching for the 
handrail attached to the treadmill disqualified the trial 
and it was repeated,, Only the child's best performance 
was used in the analysis of the dataD

The film was manually scored frame-by-frame on a 
film editor to determine the duration of the phases of 
stance, swing, double-limb support, and the duration of 
the entire walking cycle0 All measurements were expressed 
in centaseconds0 Length and time measurements were made



from heel and toe contacts with the treadmill and were 
averaged over a minimum of 8 complete walking cycles*
In the majority of cases 10 cycles were used* The defin
itions for these measurements came from Murray9 Drought, 
and Kory (196k)°

The Walking Cycle and Its Component Phases
Cycle Duration* The duration of a walking cycle, as measured 
in this study, was the time interval between successive 
heel-strikes of the left foot*
Duration of Double-Limb Support. Each stance phase in
cludes one period of single-limb support (while the con
tralateral limb is in the swing phase) and two periods of 
double-limb support (when both feet are in contact with 
the floor at the same time)* Within each walking cycle 
there are two periods of double-limb support (Fig* 1)* 
Duration of Stance. During walking, each foot is in contact 
with the floor for a portion of the cycle (stance)* For 
the remainder of the cycle that foot is off the floor, 
swinging forward to create the next step (Fig* 1)*
Duration of Swing. Swing is that period when one foot 
is in contact with the floor (single-limb support)* Thus 
within each walking cycle, there are two complete periods 
of swing (Fig* 1)*



left heel-strike 

lEFT STAtiC£"· . · _J~ ~ __ l~!_ _5!~N~ __ _ _ _ _ 1 
I 
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I· TOTAL DURATION Of lEfT WALKING CYCLE -----

B Oc ~ b : e-Le£ Support 

Figure 1. Schematic representation of a left walking 
cycle showing the temporal relationships of stance, 
swing, double-limb support, and single-limb support. 
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Pedogram Exercise: permanent footprint patterns were ob-

tained by having a child step into a basin containing non-

toxic, water soluble paf.' nt and walk lengthwise down a 

twenty-five foot long piece of twenty-four inch width 

white butcher paper. Each trial produced 7-12, analyzable, 

walking cycles. 

These footprint patterns were obtained under two 

conditions. The first consisted of giving the child in-

structions to walk as normally as possible lengthwise 

down the paper. The second condition included having 

the child walk in time with the beat of a metronome. 

This beat was based upon their steps per minute estab-

lished on the treadmill. This was done in an effort to 

match the treadmill for comparison. 

The metronome condition was the first of the 

Pedogram measures to be employed and was not added to 

the testing protocol until PBS1 had completed the study. 

The normal walking condition followed approximately four 
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weeks later0 Therefores only partial data exist for the 
Pedogram exercise0

The footprint records were scored for the stride 
characteristics of step and stride length, step width, 
and foot angle» Using an average value based upon three 
complete walking cycles these values were expressed in 
centimeters and degrees* To eliminate the variance intro
duced by stopping and starting, the first clear left foot
print that followed the first three complete walking 
cycles was used to make the first measurement* Stan
dardized marks for the heel, toe index, and lateral mal
leolus were made by superimposing a foot template with 
these marks over each footprint record (see Fig* 2)* The 
template was made by tracing and cutting out an image of 
each child's foot* As with the treadmill, any evidence 
of imbalance, abnormal walking, stepping off the paper, 
or inability to walk in time with the metronome disqual
ified the trial and it was repeated*

Stride Dimensions
Stride and Step Length* Stride length is the linear dis
tance in the plane of progression between successive points 
of heel-to-floor contact of the same foot (right-to-right 
or left-to-left); step length is the distance between 
successive points of heel-to-floor contact Of alternate
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feet (right-to-left or left^to-right) (Fig. 2).
Stride Width-. Stride width is a measure of the transverse 
distance between points on the central long axes of the 
feet (located by a line from the lateral malleolus drawn 
perpendicularly to the line of progression) during heel- 
to-floor contact (Fig. 2).
Foot Angle. The foot angle indicates the amount of intoe- 
ing or out-toeing measured as the angle formed by the cen 
tral long axis of the foot with the plane of progression 
(Fig. 2).

S T R I D E  L E N G T H
FOOT

ANGLE
S T E P  L E N G T HS T R I D E

W I D T H

Figure 2. Schematic representation of stride dimensions: 
step and stride length, stride width, and foot angle.

Procedure
Testing took place in the Child Psychology Lab

oratory of the University of Arizona. All testing was 
done after the children were out of school and lasted 
for approximately one hour. To begin, the children were 
administered a battery of neuropsychological tests, which 
were part of a separate study, lasting approximately 40 
minutes. Following this battery the children were filmed
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for two trials on the treadmill and their steps per minute 
were counted for use in the Pedogram task. Then, PBS2 
and the normal control performed both pedogram exercises0 
The first condition involved walking as normally as pos
sible with no prompts, while the second condition involved 
walking at the pace set by the metronome0 Practice trials 
were performed before each scored trial of treadmill and 
pedogram.

Following the performance tasks the epileptic 
children were transported to the Pediatric Department’s 
Epilepsy Clinic by their parents or guardians. At the 
Clinic blood samples were taken and time of last dose 
recorded.



CHAPTER 5

RESULTS

The specific hypotheses tested here proposed that 
if epileptic children were experiencing some locomotor 
difficulties as a consequence of a particular serum phen- 
obarbital level this might be apparent through: 1) the 
need for more support during each walking cycle, as mea-f 
sured by total stance time, or a greater proportion of 
stance time in relation to swing time determined by tread
mill gait measures; 2) the need for a broader base of sup
port, as measured by stride width and foot angle deter
mined by pedogram gait measures,

Phenobarbital Reduction ,
Drug dosage was reduced in two stages for both 

epileptic children (Table 1), For PBS1 these reductions 
occurred following test sessions 3 and 7° The initial 
reduction involved the complete elimination of the 23 mg 
dose of diphenylhydantoin, while the phenobarbital dosage 
remained unchanged at 30 mg. Following test session 7 
phenobarbital dosage was decreased 50% to 15 mg.and re
mained at this dosage for the final three test sessions. 
Serum PB decreased 62% over the ten test sessions, from

22
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13.9 mg/l to 5*2 mg/1. Serum diphenylhydantoin levels 
were negiligible throughout the study.

For PBS2 phenobarbital reductions occurred fol
lowing test sessions 4 and 8. These reductions were from 
90 mg to 73 mg, and then to 60 mg. Over the ten sessions 
this resulted in a 26.9% serum decrease from 14.5 mg/l to 
10.6 mg/l. Serum PB ranged from 26.8 mg/l to 8.0 mg/l.

test sessions
1 2 3 4 ■? 9 7 6 9 10

P551
PB dosage(mg) 30 30 30 30 30 30 30 15 15 15

serum PB(mg/l) 13.9 11,1 9,1 9,9 14,5 12,9 9,1 9,4 5.2
DPH dosage(mg) 25 25 25 0 0 0 0 0 0 0

serum DPH(mg/l) * * . . * « , • . .

PES2
PS dosage(mg) 90 90 90 90 75 75 75 60 60 60

serum PB(mg/l) 14.5 26.8 19,1 19,7 15,3 8.0 16.4 12,9 14.4 16.6
Table 1. Dosage and serum values 
++ - missed blood sample 
* - negligible

Gait Changes in Relation to P henobarbital Reduction
No strong relationships between any of the aver

aged measures of gait and serum phenobarbital level were 
evident for either child over the ten test sessions. No 
correlation coefficient exceeded r=.62 (range .06-.62, 
Table 2). In addition, the standard deviations for each 
of the averaged measures did not change markedly over the 
ten test sessions (Tables 3 and 4).
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TREADMILL 

child right right left left double walking 
stance swing stance swing stance cycle 

PBS1 .06 .55 .22 .38 .4 8 .32 

PBS2 • 22 .08 .62 .O!i, • 22 .2!1 
PEDOGRA~~ - fre e cadence condition* 

r to 1 1 to r 1 stride step r foot 1 fo ot 
step step length width angle angle 

PBS2 .22 .20 . o6 !21 .21 .22 

PEDOGRJ..:~ - metronome condition •• 
r to 1 1 to r 1 stride step r foot 1 foot 
step step length width angle an gle 

PBS2 1 02 .18 .14 1 08 1 21 1 4 8 

Table 2. Pearson product moment correlations between gait 
measurements and serum PB. All correlations based upon 
ten test sessions except where indicated. 
* - 8 test sessions 
**- 11 test sessions 
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double :. L: trot:C 

Nora1al walkin .. o.:y<:!o.: 
right :a~uce 

left sluut.:c 

lert s .. lnt: 

double uta nee 

11 1111 
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')~'I ~1(, •-'' // ~tlu ~IG ?•)1, )10 312 290 

( '/;. . u ) ( ~ ., , tl ) ( '/(1, (J ) ( 4 ~. u ) ( 4 '/. 7 ) (31j • 4 )( %. (J ) ( 4 .3. 0 ) ( 51j • 8 ) 
'l' •'l '1?0 'l tli • '/9') &U, '/1£. i)/0 720 

(~;: , ?) (~1.~) (3 •,'/) (<.' / . 2) (L/.4Htlb . 5) Ctt7.&) (78.7) 
~·; t, .~£.4 ~w, ~u<' c'J8 330 312 31 o 

Cr't .. l) (tJ<; ,I l (l,l, t.) cr.:... . u> (,8.))()0.3) <27 . 5) (20.u) 
I :.I 1 '/[, 1 (.) I(..(, I tl1 I 5'J I ')2 
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'I'Jl' ~~ ~~u s ·1~ 5~a :,.,,J 11?? 5UO 378 350 ~ou.t. 
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Table 3. Mean durations (in milliseconds) of total walking 
cycle, stance, swing, and double stance. Mean durations are 
based upon 8-10 complete walking cycles (left heel contact 
to left heel contact). The numbers in parentheses represent 
one standard deviation (walking cycle .. durations were determined 
by adding left stance and swing and no deviations calculated). 
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chilil walking condition 
________and moasuremont 8 V 10 1 1

r to 1 utep 
1 to r stop 
1 stride length 
step width 
r foot angle 
1 foot an,ilc
metronome
r to 1 step 
1 to r step
1 stride length 
step width
r foot angle 
1 foot angle

Normal free cadence

metronome

r to 1 step 
1 to r step 
1 stride length 
step width 
r foot angle 
1 foot angle

l.V)i,i,( I .  ^ ) 0 U (  0 . 7 ) 3 6 ( 2 . 1 ,  )i*0( 1.8)1,1(1.6 ) 3 6 ( 0 . 7 ) 3 9 ( 0 . 9 )  
i»6 ( ? . 9 ) ' , o ( 0 . 3 ) 7 3 (  3 .  i ) i , ^ ( o . v ) b 5 ( 3 . 3 ) 9 ? ( i , . P ) i , 9 ( 2 . 7 ) 3 9 ( 0 . 3 ) 3 3 ( 0 . 3 ) 38(  1. 2 ) 
8 a ( ( . . 9 ) t i o (  l . 7 ) 9 8 ( 3 . 9 ) 8 3 ( 0 . 7 ) 9 9 ( 9 . 2 ) 8 0 ( 6 . 0 ) 8 3 ( 1 , .6)80(1.7 ) 7 2 ( 1 . 1  > 7 6 ( 1 . 6 )  

6 ( 3 . 7 )  8(3.4) 4(1.8) 6 ( 2 . 7 )  7 ( 6 . 2 )  8 ( 0 . 9 ) 1 3 ( 2 . 6 )  9 ( 2 . 3 ) 1 2 ( 3 . 3 )  6 ( 1 . 7 )  
- 7 ( l . 3 ) - 4 ( 2 .1  ) - 4 ( 2 .2  1- 3 ( 3 . 0 ) . 3 ( 3 . o ) - ^ ( 0 . 3 )  ^ ( 2 . 0 ) - 3 ( 0 . 8 ) - 3 ( 4 . 3 ) - 3 (  1. 3 ) 

. T l 2 ( . . \ A ) - ^ ( l . 9 ) - 3 ( 4 . 2 )  ^ ( 6 , 8 ) ^(1.0) 4 ( 4 . 8 ) - 3 ( 3 . l ) - 3 ( 2 . 3 ) - 9 ( 2 . 9 ) - 9 ( 2 . 3 )

r to 1 step 
1 to r step 42(0.9)4 I ( 1 .6)42(1 .9)49(2.6)43(1 . 2 ) 4 9 ( 6 . 3 ) 4 0 ( 2 . 3 ) 4 5 ( 3 . 0 ) 4 2 ( 2 . 6 ) 3 6 ( 2 . 7 )  

4 2 (< . . 2 ) 4 2 ( 1 . 9)4 3 ( 1 .2)30(3.6)4 3 ( 1 . 7 ) 4 3 ( 1 .4)4 3(1.1 )44  (0.8)44 (2.2 > 3 9 ( 1 . 4 )  
8 410.8)83(2.9 ) 8 7 ( 3 . o ) 9 3 ( 8 . 0 ) 9 0 ( 2 . 9 ) 9 4 ( 6 . I ) 8 3 ( 3 . I ) 8 7 ( 2 . 2 ) 8 6 ( 3 . 2 ) 7 5 ( 3 . 9 )  

7 ( 5 . 7 )  8 ( 2 . 2 ) 3 ( 1 . 5 )  7 ( 1 . 8 )  9 ( 3 . 2 ) 1 2 ( 1 . 6 ) 1 3 ( 2 . 5 )  6 ( 2 . 3 )  9 ( 3 . 6 )  7 ( 2 . 5 )  
-3(0.6)-l(1.0)-9(1.3) 2(1.1) - 2 ( 1.7) 2 ( 2 . 8 ) - l ( 2 . 6 ) - 2 ( 4 . 0 ) - 6 ( 2 . 3 ) - 4 ( 3 . 6 )  
- 8 ( 2 . 0 ) 2(2 . 3 ) - 6 ( 3 . 3 )  7 ( 4 . 3 )  4 ( 9 . 6 ) - 1 ( 4 . 3 )  J ( 3 . 3 ) - 5 ( 6 . 2 ) - 4 ( 1. 0 ) J 0 ( 2 .1  )

1 stride length 
step width
r foot angle 
1 foot angle

Table 4. Pedogram mean step and stride length, step width, 
and foot angle. All values are averaged measurements from 
three complete walking cycles. All values are expressed in 
centimeters with the exception of foot angles which are ex
pressed in degrees. The numbers in parentheses represent 
one standard deviation.

little over the ten test sessions for all three children. 
Since similar results were obtained for each of the five 
gait measures in relation to serum phenobarbital only tot 
al walking cycle, left swing, and left stance were graph-

to left swing and left stance times remained stable over 
all test sessions for the three children studied. This 
proportion fluctuated less than 5% over all test sessions 
for the three children (Table 3)*

Treadmill
Averaged measures of treadmill gait changed very

ed (Fig. 3).
The proportion of the walking cycle attributable
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■P-ed-pgraffl

As was true for the treadmill? no measure of 
pedogram. gait in either walking condition, free cadence 
or metronome changed markedly over the ten sessions0 
Therefore, only two of these measures, step width, and 
left foot angle were graphed (Fig0 4)° Free cadence 
values tended to be greater than the metronome value for 
PBS2 while lower for the normal control0 The metronome. 
values displayed slightly greater variability for both 
PBS2 and the normal control child0

No individual pedogram measure in either condition 
related in any visible fashion with any of the other five 
measures in that condition* Of specific interest, there 
was no apparent relationship between step width and stride 
length, right or left foot angle and stride length, or 
between step width and foot andle (Table 4)0
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CHAPTER 4

DISCUSSION '

Based upon the present limited sample there was 
no discernible relationship between the decreasing serum 
PB levels and the gait measurements employed hereQ None 
of the gait measurements for the three children markedly 
changed over the ten test sessions* Considering these 
findings there is no reason to suspect that the locomotor 
data for the epileptic children differed in any signif
icant way from those of the normal control child„ Thus 
there was no support for the general hypothesis that 
these gait measurements can be used to quantify the clin
ical descriptions of ataxia and motor incoordination,,
The lack of support for this hypothesis raises several 
methodological and conceptual issues*

Methodologically9 a variety of issues specific 
to this study9 and others germane to all drug studies 
with epileptics, must be considered* The present study 
had some obvious drawbacks* Most notable was the small 
sample of children involved* This study was hampered even 
further by the fact that both of the epileptic children 
were in a decreasing PB condition and had serum levels
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within the therapeutic range0 Considering the reported 
affect of diphenylhydantoin on motor performance (Dodrill, 
1975) and the initial sedative affect of phenobarbital 
(Stores, 1975)9 the decreasing PB condition was probably 
not the best condition to be testing for gross motor changes0 
In addition, previous studies attempting to define a toxic 
phenobarbital population have used 25 mg/1 as a cut-off , 
(Matthews and Harley, 1975)° A serum level of this mag
nitude occurred on only one trial by PBS20 Thus the lev
els here are clearly on the low end of the therapeutic 
scale and caused no apparent locomotor difficulty,, There 
would have been a greater chance of detecting adverse ef
fects had the initial serum levels been higher or within 
the toxic rangeo Another approach to the problem would 
be to start with epileptics who demonstrate motor dis
ability »

In addition to the potential affect of drugs on 
locomotion it is important to consider that by the time 
a child participates in a study of locomotion his/her 
movements are under the complex control of many events.
Some of these events might well outweigh slight drug 
effects.

Prior controlling events, unrelated to drug ef
fects, may influence a child's locomotor performancec



This point was illustrated by one of the children in this 
study, PBS2, who on occasion while performing would gyrate 
her hips in an exaggerated fashion,. When asked to explain 
she commented that she was, 'walking sexy,,' This was a 
style of walking she had developed in school to attract 
boyso Whenever this was observed the trial was discarded 
and the instructions repeated',, At times this was difficult 
since her 'sexy walk' was not always obvious0 On several 
occasions she needed to be asked if she was 'walking sexy*' 

Other controlling events from the current environ
ment must also be considered,. For example, in training 
the children to perform on the treadmill or to make the 
footprints, what influence do the investigators' instruc
tions to walk normally have on normal walking? There is 
some evidence to suggest that laboratory walking differs 
from everyday walking even when the subjects are attempt
ing to duplicate their normal performance (Herman, Wirta, 
Bampton, and Finley, 1976)= A similar example occurred 
with the normal control child in the present study0

When making footprint patterns for the pedogram 
she would appear to be walking robot-like with very stiff 
armso When questioned about this she claimed to be walk
ing as normally as possible0 If there was some tendency 
to walk stiff-armed it is difficult to know what affect
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on interlimb coordination this may ha.ve0 As with the 
example cited by Herman, et al (1976), this suggests 
that movement is affected in the laboratory although the 
relevant stimuli are not known0

Although further examination of additional con
trolling events and relationships is beyond the scope of 
this paper these examples illustrate the need for locomo
tor investigations to carefully consider the impact of 
tha investigators' instructions, and the child's unique 
history on locomotor performance0 The interested reader 
is referred to Wetzel and Howell (1980)0

With regards to future efforts to monitor anti
convulsant effects via gait measures the footprint record 
has much to recommend it0 The materials are inexpensive 
and readily available, children enjoy it and are cooper
ative, and the analysis is straight forward and easy to 
perform,, The amount of time needed to conduct a trial 
was 5 minutes and the paint dried in approximately 10 
minuteso The paper could be easily rolled up, marked 
for identification, and stored for future reference,, De
tailed analysis of the data required an average of 30 
minuteso All these factors support the clinical feas
ibility of the methodo



LIST OF REFERENCES

Boenig, D, D„ Evaluation of a clinical method of gait
analysis„ Physical Therapy, 1977, 57/7), 795-798.

Booker, H. E., Matthews, C. G., and Slaby, A0 Effects of 
diphenylhydantoin on selected physiologic and 
psychological measures in normal adults. Neurol
ogy, 1967, 1Z, 949-956.

Dekaban, A, S., and Lehamn, E, J, B, Effects of different 
dosages of anticonvulsant drugs on mental perfor
mance in patients with chronic epilepsy, Acta 
Neurology Scandinav, 1975, 52, 319-525=

Dodrill, C. B. Diphenylhydantoin serum levels, toxicity 
and neuropsychological performance in patients 
with epilepsy. Epilepsy, 1975, 16, 595-602.

Eadie, J, J,, Lander, C, M., Hooper, W, D,, and Tyrer,
J. H. Factors influencing plasma phenobarbitone 
levels in epileptic patients. British Journal 
of Clinical Pharmacology, 1977, 4, 541-552.

Falconer, M. A., and Davidson, S, Coarse features in
epilepsy as a consequence of anticonvulsant ther
apy. Lancet, 1973, ii, 1112-1118.

Fukushima, T, Angles and distance between steps. Jour- 
nal of Bone and Joint Surgery. 1955, 52, 1311- 
1138.

Glasser, G. H. Diphenlhydantoin. In D. M. Woodbury,
J. K. Penry, and R. P. Schmidt (Eds.), Antiepi
leptic Drugs. New York: Raven Press, 1972.

Herman, R., Wirta, S., Bampton, R., and Finley, F. R.
Human solutions for locomotion I. Single limb 
analysis. • In R. M. Herman, S. Grillner, P. S. G. 
Stein, and D. G. Stuart (Eds.), Neural Control 
of Locomotion. New York: Plenum, 1976.

Holt, L. S. Assessment of Cerebral Palsy. London: Lloyd
Luke Ltd., 1965.

33



34
Hume Kendal j P 0 5 '.and Bissell, E0 M0 Analysis of gait in 

cerebral palsyo Psysiotherapy0 1965s 51s 208-212.
Hutt, S. Jo, Jackson, Pc M0, Belsham, A0, and Higgins, Go 

Perceptual-motor behavior in relation to bipod 
phenobarbitone level: a preliminary report. Dev
elopmental Medicine and Child Neurology, 1968, 10,
632-640o "

Jeavons, P, MQ Behavioral effects of anticonvulsant drugs. 
Developmental Medicihe and Child Neurology, 1976, 
18, 394-399o

Kutt, Ho, Winters, W,, Kokenge, R,, and McDowell, F, Di- 
phenylhydantoin metabolism, blood levels, and 
toxicity. Archives of Neurology, 1964» H ,  642- 
654o

Kutt, Ho Diphenylhydantoin. In D. M, Woodbury, J0 K, 
Penry, and R, P. Schmidt (Eds.), Antiepileptic 
Drugs. New York: Raven Press, 1 972...

Kutt, H., and Louis, S, Untoward effects of anticonvul
sants. New England Journal of Medicine, 1972,
286, 1316-1319=

Leiber, L. Psychological side effects of 1-dopa and anti
convulsant medication. New York State Journal of 
Medicine, 1977, 182, 1098-1103-

Levy, Lo Lo, and Fenichel, G. M. Diphenylhydantoin ac
tivated seizures. Neurology, 1965, 15, 716-721.

Livingston, S. Behavioral effects of antiepileptic drugs.
Developmental Medicine and Child Neurology. 1976, 
18, 258-267=

Logan, W. J., and Freeman, J. M. Pseudo-degenerative dis
ease due to diphenylhydantoin intoxication. Arch
ives of Neurology. 1969, H ,  631-638.

Loveland, N., Smith, R., and Forster, F. M. Mental and
emotional changes in.epileptic patients on contin
uous anticonvulsant medication. Neurology. 1957. 
2, 856-860.



35
MacLeods. Co Mc, Dekaban, A0 S0, and Hunts Ee Memory

impairment in epileptic patients: selective ef
fects of phenobarbital concentration;, Science,
1978, 202(8). 1102-110/fo

Matthews, C0 Go, and Harley, J0 P.. Cognitive and motor- 
sensory performances in toxic and nontoxic epi
leptic subjects* Neurology. 1975, 25, 184-187*

Murray, M* P*, Drought, A0 B„, and Kory, R* C* Walking 
patterns of normal men* The Journal of Bone and 
Joint Surgery, 1964, &6, 335-344*

Ogg, Ho L0 Measuring and evaluating the gait patterns
of children* Journal of American Physical Ther
apy Association, 1963? A3, 717-723o

Ounsted, D* The hyperkinetic syndrome in epileptic child
ren* Lancet, 1955, il» 303-309*

Patel, Ho, and Crichton, J* The neurologic hazards of 
diphenylhydantoin in children* Journal of Ped
iatrics, 1968, 23, 676-682*

7 -
Phillips, W* Go, Wait, J* V*, and Wetzel, M* C* Motor-

driven treadmill for studying locomotion in cats* 
American Journal of Physical Medicine. 1977, 56, (1)

Reynolds, E* H* Iatrogenic disorders in epilepsy* Mod
ern Trends in Neurology, 1970, 2, 271-276*

Reynolds, E* H*, and Travers, R* D* Serum anticonvulsant 
concentrations in epileptic patients with mental 
symptoms* British Journal of Psychiatry, 1974,
J2A, 440-447-

Schain, R* J* Problems in the use of anticonvulsant drugs 
in the mentally retarded* Workshop in Portland, 
Oregon, May, 1975-

Schain, R* J*, Rielh, J* P*, and Ward, J* Analysis of
cognitive effects of withdrawal of sedative anti
convulsants in epileptic children* •Pediatric; 
Residence. 1975, 2, 384-

Stores, Go Behavioral effects of antiepileptic drugs*
Developmental Medicine and Child Neurology. 1975,
12, 647-759-



36
Travers, R. D., Reynolds, E. H., and Gallagher, B. B.

Variation in response to anticonvulsants in a 
group of epileptic patients. Archives of Neurol- 
0£2 , 1972, 22, 29-39.

Vallarta, J. M., Bell, D. M., and Reichert, A. Progres
sive encephalopathy due to chronic hydantoin in
toxication. American Journal of Disabled Child
ren, 1974, 128, 27-41.

Wapner, I., Thurston, D. L. , and Holowach, J. Phenobarb- 
ital: its effect on learning in epileptic child
ren. Journal of the American Medical Association, 
1962, 182, 937-938.

Wetzel, M. C., and Howell, L. G. Properties and mechan
isms of locomotion. 1979, in press.



6 C q


