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ABSTRACT

The purpose of this study resulted from a need to gather and analyze data on gait
characteristics of normal children using the Peak Performance Technologies,
Incorporated system, initiate a data base for the Motion Analysis Center at Old
Dominion University and compare a computerized motion analysis system to
studies using different methods. Fifteen children, aged four to six, were
evaluated during gait using a video-based computerized motion analysis system
manufactured by Peak Performance Technologies, incorporated. The gait
characteristics studied were stride length, cadence, angular displacements and
angular velocities of the pelvis, hips, knees and ankles. The results showed that
methods to measure angular displacements of the pelvis as well as femoral and
tibial rotation were unreliabie. Hip displacements in the sagittal plane showed
increased flexion of fifteen degrees when compared to previous studies but were -
in agreement with hip motions in the frontal plane. Angular displacements of the
knee and anklie were in agreement with previous studies except at terminal
stance, increased knee flexion was measured. Cadence was in agreement with
previous studies however this study had a large standard error and is not
considered to be a desirable method for data collection. No studies were found
with which to compare angular velocities of the pelvis and lower extremities. This

information will serve as a baseline for future studies.
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Chapter 1.
INTRODUCTION

The purposes of this research were to gathér and analyze data on the
spatial and temporal gait characteristics of fifteen normal children, specifically
step length, stride length, cadence, angular displacement and angular velocity of
the pelvis, hips, knees and ankles, using a video-based computerized motion
analysis system manufactured by Peak Performance Technologies,

lncorporated.*

Traditionally physical therapists have used observation to describe gait
and the pathomechanics of gait, but limitations exist in the use of purely

observational evaluations.!.2.3 Todd stated that observational analyses do not
generate objective measurements, are not easily fnterpreted and do not
accommodate changes over time.4 The use of video-based computerized motion
analysis systems and gait laboratories provide a more scientific evaluation of the
gait cycle which allows for decreased subjectivity in clinical decision making.5

Rose studied the gait of children with neurologic disorders using numerous

methods of gait? analysis including observation and computerized three

dimensional kinetic and kinematic analysis.®6 She concluded that due to the

* Peak Performance Technologies incorporated, 7388 S Revere Pkwy, Ste 801, Englewood, CO 80112
7



complexity of the primary deviations, compensaz? tory patterns and the multiplanar
involvement of the children’s gait, observational gait analysis of these children is

* inadequate.® Rose also added that three dimensional computerized motion
systems aid the physical therapist in making more scientific decisions regarding
surgical treatments and their outcomes.6

Most research and clinical application of gait analysis has centered
around the  gait deviations in children with neurologic disorders.”-16 Sutheriand
stated that one of the most significant applications of motion analysis is the
evaluation of the pathologic gait in children with cerebral paisy.13 Little

information, however, has been published to compare normal children’s gait with
that of pathologic gait in children with cerebral paisy. This research aims to
provide a data base on normal children for the Old Dominion University Gait and
Motion Analysis Laboratory to provide a source of comparison with children who
demonstrate pathologic gait.

Studies which have collected normative data on children using the Peak
Performance Technologies, Inc., System have not been reported in the literature.
A need exists to collect normative data using the Peak Performance
Technologies, Inc., system and to compare these findings with the findings from
other gait analysis systems.

" Normative data is also needed on normal children at specific age intervals.
Sutherland found significant differences in the normal gait patterns of one, two,
three and seven year old children. He reported that children by the age of three
displayed aduilt patterns only with respect to joint rotation. The mature gait



pattern was not developed until age seven.1? Deluca stated that a child’s
stable and measurable gait pattern usually developed by about the age of
seven.12 Patrick stated that by age seven, children with neurologic disorders
have reached the developmental pattern of neuromuscular control equal to their
normal peers but with decreased efficiency. 11

Literature Review

Leg Length

Scrutton studied the leg lengths of ninety-seven normal children ranging in
age from thirteen to fifty-four months old, using foot print sequences. He found
mean leg length increased with age. Mean leg length for each age range was

provided.18 These are found in Figure 1.

Spatial Measurements
Step length is defined as the linear distance of initial contact of the feet

between sequential points.1® Step factor is defined as the step length divided by
the limb length. This derived measurement aliows the determination of whether a
longer stride is due to a longer leg length alone.20 In Scrutton’s study of ninety-
seven normal children, he concluded that the step factor should increase with age

between one and four years of age. 18 Rose-Jacobs, using ink footprints, studied

thirty-one children, ages three and five years old, at slow, free and fast speeds.20

She reported that regarding the three and five year old children, both groups
showed longer step lengths at the slower speeds. At the slow and free speeds,

the three year old group had increased variance of step length.20

9



Sutherland evaluated one hundred and eighty-six children, ranging in age
from one to seven years of age.17 He concluded that step length increased with
age but the most rapid change was from age of onset of walking to two and one-
half years old.17 Normative data on children ages one to five years old are
summarized in Table 1.

Stride length was also evaluated in Rose-Jacobs study.20 She found that

stride length was greater in the five year old group at the free and fast speeds but
not significantly different at the slow speeds. Variance of stride length was higher

in the three year old group at the free and slow speeds.20 Beck evaluated the
stride length of fifty-one normal children, age ranges from eleven months to

fourteen years, using photocells in the floor.21 He reported that the parameters
of time and distance were dependent on age.21 Todd studied eighty-four
children whose ages ranged from thirteen months to twelve years4 He
concluded that stride length increased as walking speed and height increased 4
When stride length was correlated with the subject’s height, stride length showed

no changes with age and remained relatively constant.4 For a tabulated

summary of stride length for children ages eleven months to fourteen years, see
Table 2.
Sutheriand and Burnett reported angular displacements of the pelvis

during gait. 17,22 Both of these authors have reported significant changes in

anterior pelvic tit in the development of normal gait in very young children. 17, 22

10



Sutherland studied one hundred eighty-six normal children between the ages of
one and seven years. He found that the one year old children have an increased

anterior pelvic tilt as compared to the two year old children and pelvic tiit
remained relatively unchanged from two to seven years old. 17 Bumett
sequentialily filmed twenty-eight children in two dimensions to document
developmental changes in relation to gait.22 The children ranged in age from
nine months to eleven years old. She also concluded that anteriér pelvic tilt was
delineated between one and two years.22

Several researchers have examined pelvic rotation in children. Sutherland
reported that no significant differences were found in pelvic rotation between the

one, two and seven year old children and that his results were in agreement with
that of adult gait.17 Bumett reported that pelvic rotation was seen consistently
just after the age of one but the onset of pelvic rotation ranged from ten to sixteen
months.22

isolated studies of pelvic obliquity were noted. In Sutherland’s research,
two and seven year oid children demonstrated similar characteristics throughout

the gait cycle.17 Significant changes were shown from one to two years old.

Sutheriand reported that during single limb stance, one and two year old children
showed a depression of the pelvis ipsilaterally while the seven year old children
maintained the pelvis in neutral, similar to that of adults. During swing, the one
year old children displayed pelvic elevation ipsilaterally while the two year old
children were approaching a more neutral position. Conversely, the seven year

old children showed slight depression of the pelvis. Adults studied showed a

11



more neutral pelvic position. 17

Various authors have assessed the kinematics of hip motion in
children.17,23-25 Bryin studied fifteen children with cerebral paisy and six
normal children using a microcomputer-based locomotion analysis system
involving foot switches.23 In his results, there was increased hip range of motion
in the sagittal plane as the speed of walking increased. The hip showed a twenty
degree increase in range of motion with an increase of 1.2 meters per second.23
Sutherland reported that the forty degree angle of hip flexion occurring at foot
strike did not change between ages two and seven years old.17

Sutherland aiso found that the gait of two year old children differs from that
of one-year old children in that external rotation of the hip is decreased.17 In

comparing three year old children with the two year old children, he reported that
the base of support was decreased. The three year old children displayed
rotation at the hip similar to that of aduits in that at foot strike there was five
degrees of external rotation, internal rotation durin§ stance phase and about

seven degrees of external rotation during swing.17
. Staheli and Svenningsen used goniometric measurements to assess hip
rotation.24.25 Both researchers found changes in hip rotation with age. Staheli

found internal rotation to be greatest in childhood, ranging from forty to sixty
degrees in females and fifty to sixty-five degrees in males. Internal rotation was

considered abnormal if it was greater than seventy degrees.24 Svenningsen

reported that females had a decrease in internal rotation from four to eleven

12



years old with a significant increase in internal rotation from age fifteen to
adulthood.25 Males, eight and older, showed a general decrease in internal

" rotation to adulthood, totaling thirteen degrees.
External rotation also decreased with age until aduithood and was greatest

during infancy.24 Staheli reported there were no gender differences found. The

average range of external rotation was twenty-five to forty-five degrees.24

Svenningsen reported males had increased external rotation from four to six
years of age as compared to females, averaging forty-eight and forty-four

degrees respectively.25 Svenningsen also found that of the seven hundred sixty-

one normal subjects studied, sixteen percent were observed to have in-toeing
gait. Thirty péroent of these subjects were four years old and four percent of the
subjects were adults. A significant increase in internal rotation and a decrease in

external rotation, measured goniometrically in supine, was noted in the subjects
with in-toeing gait.25
Sutheriand reported hip motions in the frontal plane.17 He found that

similar patterns were present between the one, two, three and seven year old
children and aduits. During right initial contact the hip increased in adduction
followed by abduction to neutral during left toe off. Upon left initial contact, the
right leg demonstrated increased abduction and during left toe off, the right leg

approached a more neutral position. 17 The main differences between the age

groups were in amplitude. All of the children studied showed some degree of
abduction beyond neutral, ranging from five to ten degrees while the aduits
studied showed abduction to neutral only. The adults studied displayed

13



adduction to ten degrees at initial double stance. The maximal vaiues for
adduction in the one and two year old children were zero and five degrees

respectively. The seven year old children displayed eight degrees of adduction at
the end of initial double stance, similar to that of aduits. 7

On analysis of sagittal plane knee kinematics, various authors agreed that

increased knee flexion and extension occurred during stance in two year old
children than seven year old children.17.22 Sytherland characterized two year
old children to have greater knee flexion occurred after right initial contact and
that knee extension occurred before toe-off. He also noted only a three degree
difference was measured at the knee between the seven and two year old
children.17  Bumett reported that knee fiexion at midstance was present just

after two years. The mature knee mechanism, termed the double knee-lock
pattern by Burnett, required extension, followed by flexion and then extension

throughout stance, was present by age three.22

Torsional problems in the lower extremity were studied by Fabry on one-
hundred twenty-three children, ages five to eleven years old who exhibited in-

toeing gait. Thirty percent had internal tibial torsion as evidenced by
computerized tomography.26 Normal values of seven year old children for tibial
torsion were thirty degrees.26 Fabry reported that increased tibial torsion did not
correlate positively with internal hip rotation.26

Studies of ankle kinematics in the sagittal plane have aiso been reported in -
the literature. Sutherland found that the one year old child has a flat foot strike at

14



initial contact. One year old children present with a mild foot drop which was not

present at age two.17 At age two, initial contact is made by heel strike instead
of foot fiat. 17 Burnett reported that consistent heel strike occurred just prior to

age three.22 |n Sutheriand’s work, the pattern of the one, two and seven year
old ehildren’s ankle kinematics was similar to that of the adults but, like the hip,
amplitude was different. The adult total excursion of sagittal plane motions of the
ankle was thirty five degrees, ranging from twenty-five degrees of dorsiflexion at
toe off to ten degrees of dorsiflexion at the end of initial double stance. The
ranges of the one, two and seven year old children were twenty-five, twenty-five
and thirty degrees respectively. Maximal plantarflexion was achieved at

approximately toe off while maximal dorsiflexion was reached at the end of initial
double stance. 17

Temporal Measurements

Various authors have determined cadence in children.4,20,21,23

Rose-Jacobs measured the cadence in three and five year old children and found
the two groups were not significantly different. Cadence was significantly higher
in the five year old group at the fast speed only.20 Beck reported that cadence

decreased with age from one~ﬁundred eighty-four steps per minute in the one and
two year old children to one hundred ten steps per minute for the sixteen and
seventeen year old children. He concluded the gait patterns of normal children

are age-dependent and velocity dependent.21 A comparison is found in

Figure 2. :
Although gait in normal children has been studied by many researchers,
16



kinematic and kinetic data using the Peak Performance Technology Kinematic
System have not been published. Since data collection methods and daia
reduction methods could affect the variability of measurements, it is important for
the Gait and Motion Analysis Laboratory at the School of Community Health
Professions and Physical Therapy at Old Dominion University to maintain a data
bank of using its gait analysis system.

Purposes of Research ‘

The purposes of this research are three-fold. The first objective is to
collect and analyze data on kinematic gait characteristics of normal children using
the Peak Performance Technologies, Inc., system. This includes documentation
of relative joint displacements of the pelvis, hips, knees and ankies, relative
angular velocities of the pelvis, hips, knees and ankies, and measurement of
stride length, leg length and cadence.

The second objective of this research is to establish gait measurements
on children ages forty-five to seventy-two months in the Gait and Motion Analysis
Laboratory at the School of Community Health Prqfessions and Physical Therapy
at Old Dominion University. These measurements will serve as part of a data
base from which to compare gait analysis values in normal children with those of
other normal children and with children who demonstrate pathologic gait.

The third goal of.this research is to compare the results of this research
using a video-based computing motion analysis system with previous studies
using different recording methods.

16



Chapter 2.
METHODS

Subjects

Fifteen children, ages four to six years old, were analyzed in the Gait and
Motion Analysis Laboratory at the School of Community Health Professions and
Physical Therapy at Old Dominion University in Norfolk, VA. Eligibility criteria for
the subjects were that each child would have no significant neurologic,
orthopaedic or metabolic disease and be able to ambuilate independently without
an assistive device and without pain. The children were selected from the
kindergarten class of the campus child study center. Parents signed a consent
form at the Child Study Center. The University Human Subjects Committee
reviewed and approved the study. The child’s teacher was instructed in the
procedures of this study. Teachers provided information about the children’s birth

dates.

Operational Definitions 19

Angular velocity: a change in the angular position of a segment with
respect to time

Joint displacement: a change in joint position

Heel strike: the gait event where the heel makes contact with the

17



ground, normally the initiation of stance phase

Initial contact: the gait event where any part of the foot first makes
contact with the ground; in normal gait, initial contact
is made with heel strike

Toe off: the gait event where the toe leaves the ground

Stance Phase of Gait: the period of foot contact with the ground, beginning
with initial contact and ending with toe off

Step Factor: step length divided by the lower limb length

Swing Phase of Gait: the phase of no foot contact with the ground,
beginning with toe off and ending with initial eontéct

For other definitions and measurement techniques, piease refer to Appendices

One through three.

Procedures

A brief screening to rule out participants with orthopedic or neurologic
abnormalities was performed. The screening included observation of postural
alignment in standing and gross observation of the gait cycle prior to filming.

The subjects were dressed in black turtlenéck shirts, black tights and wore
no shoes. The black garments enhanced the optical contrast of reflective
markers placed on the subjects.

Passive retro-refiective markers, 28 millimeters in diameter, were attached
to the following bony prominences with double-sided tape: spinous process of
S2, bilateral ASIS, bilateral greater trochanters, bilateral lateral condyles of the
femur, bilateral lateral malieoli and the base of the bilateral fifth metatarsals (see
Table 3). To measure rotation of the femurs, ten centimeter wands were
attached posten'orly to the midshafts of the thighs. To measure rotation of the

18



tibia in the transverse plane, a ten centimeter wand having markers at its base
and tip was attached to the midshaft of the right calf.

A cartoon poster of “Simba” was hung at the end of the walkway. The
children were instructed to walk to the other side of the room, turn and walk back
to the examiner or to walk over and see “Simba”. Three walking trials were
videotaped for each child to ensure that at least one view was usable for analysis.
Once filming was completed, the subjects were free to leave.

Instrumentation

Of the four cameras utilized, one camera was placed in each corner of the
viewing area in the laboratory. Each camera was placed at a forty-five degree
angle from the center of the longitudinal axis of the walkway (see Figure 3 ).
Each camera was a Panasonic recording camera with a seventy-five millimeter
lens. The cameras were mounted on sturdy tripods at a height of ten feet above
the walkway. All cameras were synchronized with genlock for simuitaneous,
frame by frame recording.

Once the camera éetup was measured, the cameras were not moved or in
any way altered. A two-hundred watt light source Was positioned near each
camera to provide illumination of the reflective markers. Super VHS normal
speed video tape was used to film the subjects. The shutter speed of cameras 3
and 4 was 0.001 seconds; the shutter speed of the other cameras was 0.002
seconds. According to Sutherland, these are acceptable values for studying

human gait.27

Calibration of the cameras was performed prior to the data collection by
videotaping a calibration frame (two meters by two meters by 1.31 meters)

19



supplied by the manufacturer. Twenty-four white reflective balls are on the frame
with a known distance apart and are digitized manually. These points are
compared with the known points on the calibration frame.

The computer utilized for data collection used a mathematical process
called direct linear transiation which transferred the two-dimensional data into
three dimensional points. To assess the amount of error in manually digitization
of the calibration frame, the average volume percent error was calculated. This
value yielded the amount of error in the transformation of data from two to three
dimensional data points and was expressed as a percentage. The recommended

acceptable average volume percent error for calibration is less than 0.500.28

The average volume percent errors of the calibration for this study were within
acceptable ranges. See Table 4 for numerical values.

The motion analyzing system used in this study consisted of the Peak
Performance Technologies, Inc., (PPT1) system, a video cassette recorder (VCR)
controlling board, and a video frame-grabber. These were used with a computer,
a Panasonic editing VCR, a monitor and a PPTI automatic digitizing software
package. The time code was placed on each video tape simuitaneously using a
time code generator.

Data Collection

At the beginning of the each of the three filming sessions, the calibration
frame was positioned in the center of the walkway so that all twenty-four balls on
the calibration frame were visible by each camera. The calibration frame filled the
entire viewing area from the camera. The calibration frame was filmed for at least

sixty seconds. The subjects were instructed to walk on the ten foot by five foot

20



walkway at a self-directed pace while they were being video-taped. The subjects
walked to the end of the walkway, turned around and walked back to the
researcher. This was done three times. The child was required {o perform two
strides in the area of the calibration frame for the view to be acceptable. This

requirement helped to maintain the calibration and accuracy of the system. 28

Once the data was captured on video tape for each subject, it was then

converted to the computer system for digitization. The researcher chose the best
of three trials, ensuring that the maximum number of markers were visible from
each camera angle. Each trial was designated by a specific time code and the
first two frames were manually digitized. This procedure identified the markers to
the software system. The PPTI automatic digitizing software then determined
the successive marker locations based on the previous parameters and
automatically tracked the position of each marker during the gait cycle for each
video. During normal gait, the distal upper extremity may cover or hide the pelvic
and greater trochanteric markers from the cameras. The researcher was able to
manually digitize the markers in those cases where the markers were hidden and
estimate their locations. Manual digitization was required when the markers
overiapped or juxtaposed. Once the marker was visible again, the automatic
digitizing mode restarted and continued for the duration of the frames. Each child
was viewed from four video tapes. The same trial on each of the four tapes was
viewed from different spatiai orientations. Sixty to one hundred frames per video
tape were digitized. |

Al calculations were performed using the Peak Performance
Technologies, Incorporated computer software once the data was digitized. The

21



data was then displayed in the form of a trajectory on each child. If an erroneous
point or points occurred, the researcher had the option to manually re-digitize a
point or set of points on the trajectory. The data was then smoothed using a
Butterworth filter with a low frequency cut off of six hertz. This is the

recommended level for working with human gait.8

Data Analysis .

After all the data were collected, graphic displays of angular displacements
and angular velocities were printed. Angular displacements and velocities were
mathematically averaged using Grey Matter International incorporated* computer
software package and the mean and the standard deviations were calculated.
The mean and standard deviation of the demographic data, s3 pecifically leg
length, height and weight, were caiculated. Refer to Table 5 for information.
Cadence was measured by counting the number of steps in the field of view on
the VCR. The time was measured on the VCR counter4 to the nearest second.
Two views were assessed and averaged.

L4

* Grey Matter interational incorporated, 173 Otis St., Cambridge, MA 02141
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Chapter 3.
RESULTS

Fifteen children were evaluated. The resuits of spatial and temporal
measurements will be discussed. Demographic information is displayed in
Table 5. Because there was littie difference among subjects in height and leg
length, the children were analyzed as one group.

Spatial Measurements

The average stride length was calculated to be 806 millimeters +/- 360
mm. See Tables 6 and 7 for a list of the horizontal velocities used. Step length
was not recoreded due to errors in data collection. The software package did not
allow for a measurement of step length so these resuits are not included.

Cycle divisions commence as the right leg begins heel strike at the
beginning of initial double stance, followed by single right limb stance and left

swing, terminal double stance of the right limb and swing of the right limb.19

Some of the data regarding the angular displacements were not usable because
of technical difficulties that contaminated the values. Thus, children #4, 9, 11, 12,
and 13 were not utilized for this portion of the research. Please refer to Table 8
for a summary of angular displacements as they relate to cycle divisions.

After the fourth and eighth child were filmed, the calibration frame was
rotated an slightly. Because the amount of rotation was not recorded, procedural

errors in data collection resuited. Because the pelvis motions were measured in
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relation to the transverse plane, the amount of deviation from the axis of rotation
was reqired but not recorded. Therefore, measurements of pelvic rotation, pelvic
tit and pelvic obliquity could not be averaged because of the procedural error in
data collection. The results will indicate the direction and amplitude of
displacement but will not state position in space.

Pelvic Motion

See Tables 9 a through e for graphs of pelvic motions. The pelvis was
externally rotated at initial contact of the right leg, had increased external rotation
of the right pelvis at right terminal stance of approximately five degrees and
during swing of the right limb had a decrease of approximately five degrees. The
standard deviation, +/- thirty degrees, was relatively large for this measurement.
Graphs of the right and left pelvic obliquity appeared identical and ranged from
one to four degrees of motion throughout the gait cycle. The standard deviation
was calculated to be +/- two degrees. The pelvis maintained anterior pelvic tilt
throughout the gait cycle, increasing during initiat double limb stance and
decreasing during swing phase The range of anterior tilt was three degrees with
a standard deviation of +/- two degrees. |

Hip Motion

See Table 10 a through d for averaged graphs of hip motions and standard
deviations. The hip, at initial contact of the right limb, was in approximately ten
 degrees of hip flexion and approximately five degrees of adduction. Abduction to
neutral and gradual right hip extension occurred during single limb stance and
terminal double stance. During swing of the right leg, the hip adducted
approximately less than five degrees and achieved its maximal amount of flexion

of ten to twenty degrees. The standard deviation of flexion and adduction is +[-
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fifteen degrees and +/- five degrees respectively.

Knee Motion

See Table 11a and b for averaged graphs of knee motion and standard
deviations. The right knee at initial contact was in approximately ten degrees of
flexion and continued to flex to approximately twenty-five degrees of knee flexion
during double limb stance. Upon toe off of the contralateral limb and beginning
with single limb stance, the right knee extended to approximately twelve degrees
of zero and remained extended throughout stance. Nearing the end of single limb
stance, right knee flexion occurred and continued during terminal double limb
stance. At terminal swing of the right limb in preparation for heel strike, extension
occurred. The standard deviation was +/- five degrees.

Ankle Motion

See Table 12 a and b for averaged graphs of ankie motion including
standard deviations. The right ankle was in approximately ten degrees of
plantarflexion at initial contact with a gradual pattern of dorsifiexion carried
through single limb stance. Nearing the end of right single limb stance,
plantarflexion of approximately ten degrees occurred. The right ankle continued
plantarfiexion throughout terminal double stance and reached maximal
plantarflexion of twenty degrees at toe off, beginning swing phase. During swing
phase gradual dorsiflexion to neutral occurred. The standard deviation was
approximately +/- ten degrees.

Temporal Measurements

The average cadence was 163 steps per minute with a standard deviation
of 34.2 steps per minute. Refe( to Table 13 for a summary of data.

Angular velocities of the hips, knees and ankies will be described as they
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relate to cycle divisions. Data regarding pelvic velocities will not be used due to
procedurat errors in data collection. Please refer to Table 14 for a sumrfxary.

Hip Velocities

Please refer to Tables 15 a through d for graphs of averaged hip
velocities. During initial double stance, there was a significant increase in velocity
of the right leg into hip extension, reaching its maximum of approximately one
hundred degrees ber second just after single limb stance. During single limb
stance, there was a decreased velocity of hip extension, approaching zero. Upon
terminal double stance of the right leg, increased hip extension velocity occurred.
After toe off of the right leg during swing, the right hip reached its maximum
velocity of extension of 100 degrees per second and
progressed toward neutral in preparation of right initial contact.

A change of velocity of 75 degrees per second from adduction to
abduction occurred from right initial contact to right toe off.  During single limb
stance the velocity of right hip adduction was approximately 50 degrees per
'second. At terminal double stance, the maximum velocity of abduction of the
right hip was achieved and then approached neutral as right toe off cccurred.
During swing, increased velocity into adduction of the right hip occurred.

Knee Velocities

Please refer to Table 16 a and b for the graphs of averaged knee
velocities. At initial contact the knee velocity was near zero and began to
increase in flexion, reaching its maximum of 220 degrees per second prior to right
single limb stance. During right single limb stance, the velocity of extension
increased to 100 degrees per second. Nearing terminal doubie limb stance of the
right lower extremity, the velocity of the knee neared neutral. At right terminal
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double limb stance and throughout this stage, the right knee flexion velocity was
maintained at approximately 200 degrees per second. As swing occurred there
was a moderate increase in extension velocity, reaching its maximum of slightly
over 200 degrees per second.

Ankle Velocities

Please refer to Table 17 a and b for the graphs of averaged ankie
velocities. The velocity of the right ankle at initial contact was a progression into
plantarflexion, peaking just prior to single limb stance. During right single limb
stance, there was an increased velocity into dorsiflexion, reaching its maximum at
terminal double limb stance. During swing, there was a increased velocity of
piantarfiexion.
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Chapter 4.
DISCUSSION AND CONCLUSIONS

The present study resulted from a need to gather and analyze data on gait
characteristics of normal children using the Péak Performance Technologies,
Incorporated system, initiate a data base for the Motion Analysis Center and
compare a computerized motion analysis system to studies using different
methods.

Measurements of the motions of the pelvis were highly variable. in
addition, there were technical difficulties and procedural errors that made the
pelvic measurements invalid. The reliability defined as the repeatability of these

measurements or consistency is questionabie.30 Due to the size of the children

and the marker placement, the technique utilized in this research may not be
optimal. Gage and Sutherland used a metal rod perpendicular to the sacrum as

well as markers on the anterior superior iliac spines for measurement of pelvic
motions rather than the marker placements used in this study. 16,17

_An assessment of parallel-form reliability, meaning the agreement of
alternative methods of measurement to this method, would aiso be beneficial
when assessing femoral and tibial rotation with the use of the wands. The wand
measurements were highly variable and not usable for this study. The wands
were positioned posteriorly which created much difficulty in digitization due to
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moderate overlapping primarily when maximal knee flexion occurred. There were
also difficulties with the lateral condylar markers blending with the femoral wand
and tibial wand markers. Gage used metal rods which may be more sturdy than

the wooden rods utilized in this research.1® The metal rods may significantly

reduce the amount of instability of the markers evident with this system and
minimize the recording of movement errors. Gage positioned the wands more
later<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>