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ABSTRACT

FORMATION OF TURKISH NORMSIN GAIT ANALYSIS

In this study, a normative database of basic gait parameters, kinematics and kinetic
patterns for 181 normal subjects with the ages of four, five, seven, eight, nine, sixteen,
seventeen, eighteen and twenty is reported. Means, standard deviations and ranges were
calculated for 15 parameters in basic gait parameters, 32 parameters in kinematics and 48
parameters in kinetics. These parameters were divided according to age and sex. It was
found that there are differences between the outputs of this study (Turkish norms) and
system’s current normative data in kinematic and kinetic data concerning al three planes
of movement, especially in transverse plane. Additionally, these two normative databases
with two standard deviations were compared with each other in evaluating the kinematic
dataof hip, ankle and knee joints of thirty children of all five-year-old age (Twenty normal
children and ten children with Cerebral Palsy). Sensitivity values, specificity values,
positive predictive values and negative predictive values of the two databases were
caculated for six hip movements, six knee movements and six ankle movements.
According to the results obtained, it can be stated that system’s current normative database
is not a proper reference database for Turkish population. In addition, the results support
the strong need for a proper and reliable reference data for Turkish population in gait
analysis. These results also suggest that precise evaluation of a gait disorder needs to be
done by comparing the patient with her/his own population. Turkish normative database
can serve as a sensitive, specific and reliable reference data for Turkish population in gait
analysis. Besides, this study will become a basis for many other gait analysis studies for

Turkish population.

Keywords- Turkish norms, gait analysis, basic gait parameters, kinematics, kinetics.



OZET

YURUME ANALIZINDE TURK NORMLARININ OLUSTURULMASI

Bu calismada, dort, bes, yedi, sekiz, dokuz, onalti, onyedi, onsekiz ve yirmi
yaslarindaki 181 normal kisinin temel yurime parametrelerini, kinematik ve kinetik
patternlerini kapsayan normal kisilere ait bir veri tabam sunulmaktadir. Temel yirime
parametreleri ile ilgili 15, kinematic verilerle ilgili 32 ve kinetik verilerle ilgili 48
parametrenin ortalamalari, standart deviasyonlari ve dagilimlart hesaplanmistir. Bu
parametreler yasa ve cinsgyete gore siiflandirilmistir. Bu galisma sonucu elde edilen
veriler (Tdrk Normlari) ile sistemin halihazirda kullandigi normal verileri arasinda,
kinematik ve kinetik verilerde, Ozellikle yatay dizlemde olmak Uzere, (¢ hareket
duzleminin hepsinde farklar oldugu bulunmustur. Ayrica, iki standart deviasyonlu bu iki
normallere ait veritabam, hepsi bes yasinda otuz cocugun (Yirmi normal ¢ocuk ve on
Serebra Palsili gocuk) kalca, diz ve ayak bilegi kinematik verilerinin degerlendirilmesi
konusunda birbirleriyle karsilastiriimistir. Alti kalga hareketi, ati diz hareketi ve alti ayak
bilegi hareketi icin iki veritabaninin duyarliliklari, secicilikleri, pozitif prediktif degerleri
ve negative prediktif degerleri hesaplanmistir. Elde edilen sonuclara gore, sistemin
halihazirda kullandigr normallere ait veritabaninin, Tirk populasyonu igin uygun olmayan
bir referans veritabam oldugu sdylenebilir. Ayrica, sonuclar, yuriime analizinde Turk
populasyonu icin uygun ve guvenilir bir referans veritabaninin gerekliligini siddetle
desteklemektedir. Bu sonuclar, bir hastamin yirime bozuklugunun en iyi
degerlendirmesinin, hastanin kendi populasyon normalleri ile karsilastirilarak yapilmasinin
gerekliligini desteklemektedir. Turk populasyonu normallerine ait veritabam, ylrime
analizinde Turk populasyonu icin duyarli, segici ve guvenilir bir referans veri tabam olarak
kullamlabilir. Ayrica, bu calisma, Tirk populasyonu igin bircok baska ylrime analizi
calismasinatemel teskil edecektir.

Anahtar Sozcukler: Turk normlari, ydrime analizi, temel yirime parametreleri,
kinematik, kinetik.
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1. INTRODUCTION

1.1 Higory of Gait Analysis

Locomotion is described as a rhythmic movement that keeps the body in constant
forward progression (Rose & Gamble, 1994) [1]. The study of the locomotion (walking

and running), or gait analysis, has fascinated researchers since antiquity.

The reasons for studying human locomotion have changed over the centuries. The
cave drawings in the Paleolithic Era depicted men and animals in motion such as moving
from place to place, escaping from predators, and hunting for food. Even the Greek
philosophers (500-300 BC) analyzed and described human movement with a need to place
harmony to the universe (Lorini et al., 1992) [2]. They believed that the senses deceive and
that no experimental method can lead to truth and so truth could only be reached by logical
thought. By their philosophy, some relevant questions can be inferred about modern-day
studies of human locomotion. If senses deceive, they will obviously limit the ability to
observe and analyze human movement. Some early examples showing the limitations of
senses can be seen in the depiction of horses while they were in motion, the artist drew the
position of the horses' legs incorrectly (Dagg, 1977) (Figure 1.1) [3, 4]. It is obvious that
the eye was not capable of capturing the sequence of rapid limb movements of horses in
motion (Muybridge, 1887) [3, 5].

The first objective study on mechanics of gait was reported by the Weber brothers
(Weber, W., Weber, E.) (1836) (Die Mechanik der menschlichen Gehwerkzeuge) who
guantified trunk inclination, the alternation of the swing and stance phases and the
relationship between step duration and step length [6, 7]. Their work established a model
for subsequent quantitative studies of human locomotion. The works of two
contemporaries in the 1870s, Marey and Muybridge were among the first to quantify
patterns of human movement using photographic techniques [3, 6]. Muybridge used a
series of cameras to take multiple picturesin rapid succession of both animals and humans

in movement [3, 5, 6]. Also during that time period, Braune (an anatomist) and Fisher (a



mathematician) (1895) reported measurements of body segment movements to calculate
the accelerations, velocities, as well as moments of joint forces and energy expenditures
using Newtonian mechanics [3, 8]. This study is the classic scientific study of human gait.
Their theories are essentially the same as those used by current investigatorsin the area of
biomechanics of gait (Paul J. P., 1967, Breder, B. and Frankel, J., 1950, Paul J. P., 1975)
[9, 10, 11].

Figure 1.1 () An artist depiction of the gait of a horse (7 BC) indicates an incorrect pattern of limb
movement (Dagg, 1977). The ipsilateral limbs of the horse in the drawing are simultaneously in swing or
weight during phases. The eye of the artist could not sample at high enough rates to observe the correct
pattern of limb movements visualy. As illustrated in (b) from the photographic techniques developed by
Muybridge (1877), the contralateral limbs of the horse are simultaneously in swing or weight during phases
[3].

Further progress on the study of locomotion followed the development of force
platform. Breser and Frankel (1950) calculated the forces and moments at the lower limb
joints during locomotion by applying inverse dynamics and taking into account the effects

of gravity and inertial forces on limb segments [10]. The mechanical analysis described by



these researchers formed the basis of many current studies on the biomechanics of
locomotion (Eng & Winter, 1995, Winter et al, 1990, Cappozzo, 1984) [12, 13, 14].

The studies at the University of California (Eberhart, 1947, Inman et al., 1981) [3,
15, 16] provided a tremendous resource of knowledge related to the mechanics of human
movement and formed the basis for many of the fundamental techniques currently used for
the study of human locomotion. More recently, the development of instrumentation and
computer technologies have provided new opportunities for the advancement of the study
of human locomotion. This new methodology has made it feasible to extend the gpplication
of kinetic analysis to clinical problems and allowed investigators to obtain and analyze

accurate kinematics and kinetic data more quickly.

1.2 Computerized Gait Analysis System

Currently, the most frequently used method for measuring human movement is
optical motion capture system which consists of a computer controlling severa light-
sensitive cameras placed on the skin's surface of the segment being analyzed (Varadargan,
2002, Benedetti and Cappozzo, 1994) [17, 18]. The cameras capture the light in the field of
view and measure the intensity of light for each pixel in the image. The performer wears
sphericd markers covered with a highly reflective tape. The cameras have shutter
synchronization and are usually fitted with their own light source that creates a directional
reflection from the markers. The views from the different cameras must be calibrated so
that the computer knows the location of the different cameras and can determine 3D
positions of the markers. At least three cameras are needed to determine a 3D point in
space from 2D images. The advantages of an optical system include large performance
areas proportional to the number of cameras, markers can be moved depending on the
object to be captured, and the performer is not seriously constrained by the markers. The
major disadvantages are extensive post-processing, a controlled environment, and
occlusion of markers, which to some extent is overcome by having redundant camera

coverage from all sides[18].



The computerized gait analysis system consists of planning, capturing, data
processing, and data analysis. The most important point about using this system is to avoid
problems by planning well ahead. After cepturing, data processing consists of
recongtructing the data from the different camera views to produce 3D positional data and
labeling the markers. Once this has been done any noise in the data needs to be filtered and

gaps in the data due to occlusion of markers needs to be filled [18].

Planning a capture session involves understanding the objectives of the capture.
There must be a ready project to determine the character and marker setup of any
characters or props to be motion captured. Character setup deals with locations of joints or
bones in the body of the character that will provide final motion and deformations. Marker
setup pertains to the locations of markers that are used to collect the data. When designing
the marker setup for the project, at least three markers are needed per rigid segments and
the markers must be placed close to the bone to reduce marker diding on the skin. In
addition, markers should be placed on rigid segments asymmetrically so that, for example,

the software can determine the left arm from the right arm [18].

Computerized gait analysis systems are superior to the standard analysis systems
because:
the eye is too dow (a human eye can see twelve events simultaneoudy,
flicker-fusion rate about 12 Hz) [19],
motion leaves no record,
internal forces and moments [torques] can be measured,

muscle activities can be analyzed by dynamic electromyography.

Gait analysis is the process of determining the cause of abnormalities in a patient’s
walking pattern and so that those abnormalities can be treated effectively and the patient’s
functionality can be improved. A gait analysis session consists of several steps including
physical examination of the patient, and collecting quantitative data about the patient’s
motion, muscle activity, and forces exerted over time. All of the information is either
collected by computer or entered into a computer and resides in electronic forms. In
addition, video of the patient walking can be recorded. These data are then used to generate

agait analysis report.



Computerized gait analysis is useful in quantitative and objective documentation of
walking ability and identifying the underlying causes for walking abnormalities in patients
with cerebral palsy, stroke, head injury and other neuromuscular problems. Gait analysis
may be used to follow a patient's progress across a period of time, and their response to a
particular form of treatment. It may also be used to document how well a patient walks, in
comparison with normal people, and in comparison with other people affected by the same
condition. The results of gait analysis have been shown to be useful in determining the best

course of treatment.

Gait analysis is also a powerful research tool: It may be used to provide better
information on diseases that affect walking, and to compare different types of treatment.
Being based on engineering mathematics, it gives precise scientific data, which may show
up small but significant differences between patients who have been treated in different

ways.

Currently, gait analysis consists of:

Physical therapy assessment,

Visual gait analysis using video cameras,

Measurement of basic gait parameters (spatial and temporal parameters,
spatiotemporal parameters),

Analysis of joint motion using infrared cameras (kinematics),

Analysisof joint force, joint moment, joint power and ground reaction forces
using force platforms (kinetics),

Analysis of muscle activity using dynamic electromyography (surface or
fine-wire),

Detailed further analysis and reporting based on dl the above information.



1.3 Normal Gait

The term “gait” is used to describe “a particular manner or style of walking”, and
the term “norma gait” is used to present those parameters that have been generalized

across sex, age, genetic predisposition and anthropometric variables [20, 21].

The gait cycle is defined as the time between two successive occurrences of one of
the repetitive events of walking. In other words, it is defined as the period from heel
contact of one foot to the next heel contact of the same foot (Figure 1.2) [16, 20, 21, 22,
23, 24].
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Figure 1.2 Distance dimens ons of the gait cycle[24].

This cycle is broken into two parts, stance phase and swing phase. Stance phase is
the phase when the foot is on the ground. Swing phase is the phase when the foot is
moving forward through the air. On the average, the gait cycle is about one second in
duration with sixty percent in stance and forty percent in swing. Two additional periods of
double-limb support exist when both the right and left lower extremities contact the ground

in opposite synchronization (Figure 1.3) [16, 20, 21, 22, 23].



The swing phase of the gait cycle is the non-weight bearing phase and is further
subdivided into initial swing (acceleration) (1Sw), midswing (MSw) and terminal swing
(deceleration) (TSw). The stance phase of the gait cycle is subdivided into initial contact
(IC), loading response (LR), midstance (MSt), terminal stance (TSt), preswing (PS),

(Figure 1.4) [21, 22, 23].
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Figure 1.3 Time dimensions of the gait cycle [24].

L oading Response (LR)
Comprises 2-10% of the gait cycle.
Weight acceptance and shock absorption are maintained, forward movement of
the body starts.
Kinematics:
Hip - 30° of flexion
Knee - 0°to 15° of flexion
Ankle - 0° to 15° of plantarflexion [20].

Midstance (M St)
Comprises 10-30% of the gait cycle.
Single limb support, forward progression of the body continues over sngle

[imb.



Kinematics:
Hip - 30° of flexion to 0°
Knee - 15° of flexion to O°

Ankle - 15° of plantarflexion to 10° of dorsiflexion [20].
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Figure 1.4 Subphases of the gait cycle [25].

Terminal stance (TSt)
Comprises 30-50% of the gait cycle.
Single limb support, the body passes over foot and forward progression of the
body accelerates.
Kinematics:
Hip - 0° to 10° of hyperextension
Knee - 0°[neutral position]

Ankle - 10° of dorsiflexion, foot fingers - 0° to 30° of hyperextension [20].

Preswing (PS)
Comprises 50-60% of the gait cycle.
Limb in swing phase is progressed forward; limb to be in swing phase is
prepared for foot clearance.
Kinematics:
Hip - 10° of hyperextension to 0°

Knee - 0° to 35° of flexion



Ankle - 10° of dorsiflexion to 20° of plantarflexion [20].

Initial swing (Isw)
Comprises 60-75% of the gait cycle.
Limb in swing phase is progressed forward.
Kinematics:
Hip - 0°to 20° of flexion
Knee - 35° to 60° of flexion

Ankle - 20° of plantarflexion to 0° [20]

Midswing (M Sw)
Comprises 75-90% of the gait cycle.
Limb in swing phase is progressed forward.
Kinematics:
Hip - 20° to 30° of flexion
Knee - 60° to 30° of flexion
Ankle - 20° of plantarflexion to 0° [20].

Terminal swing (TSw)
Comprises 90-100% of the gait cycle.
Limb in swing phase is progressed forward, maximum step length is achieved,
foot is prepared for proper position of initial contact, limb is swing phase is
decelerated.
Kinematics:
Hip - 30° of flexion
Knee - 30° of flexion to 0°

Ankle - 0°[neutral position] [20].

Seventy percent of the total body mass is located in the head-arms-trunk segment.
This mass progresses in a hypothetical line of progression and is balanced during
ambulation on the lower extremities, which form the remaining thirty percent of total body
mass. The body's ability to effectively balance this mass in both static and dynamic
situationsis essential to the functiona goals of bipedal ambulation [21, 23].
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These goals include providing a stable base of support in stance, allowing forward
progression of the body mass over the distal limb segments, maintaining minimum energy
expenditure, and employing appropriate mechanisms for shock absorption and dissipation
of forces. It should be understood that the timing of muscle actions to produce specific
joint motions is critical for a stable, efficient bipedal mode of ambulation. Even minor
disturbances of the neurological control mechanisms, motor input and structural skeletal
alignment can have a significant effect on dynamic stability and on functional and energy-
efficient gait [21].

1.4 Componentsof Gait

1.4.1 Basc Gait Parameters

Basic Gait Parameters are calculated according to gait cycle, and are divided into
two main categories as temporal and distance (spatial). Cadence, gait cycle duration, stance
and swing times, single limb support, and initial and terminal double limb support are
typical parameters measured. By making the measurements over a defined walking

distance, average velocity and stride length also can be defined [26].

Temporal parameters.

Stance and swing time,

Sngle limb support time, initial and terminal double support time,

Velocity, which is the distance covered by the whole body in a given time and is
measured in meters per second.

Cadence, which is the number of steps taken in a given time, the usua units being

steps per minute [20].

Distance parameters:
Stride length, which is the distance between two successive placements of the same

foot.
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Sep length, which is the distance one foot moves ahead of the other foot during the
gait cycle[20].

1.4.2 Biomechanical Concepts

Biomechanical concepts related to gait analysis are time, mass, force, center of

gravity, moments of force, and motion — both linear and angular.

Time

The second (s) and the millisecond (ms) are the primary units for time measurement
in biomechanics, although it is common to fond walking speed quoted in meters per minute
or even miles per hour. When repeated events occur at short intervals of time, it is usual to
guote a frequency in hertz (Hz), 1 Hz being one cycle per second. The relationship

between sample interval and frequency is given by [20]:

Interval (ms) = 1000/frequency (Hz)

Mass

The mass of an object is the amount of matter contained in it, which does not
depend on whether any gravity is present. However, weight is the force exerted by gravity
on the subject [20].

Force

Force is a vector quantity, which means that it has both magnitude and direction.
The unit of force is Newton (N). The force applied by normal earth gravity to a mass of

one kilogram is 9,81 N.

Science of mechanical engineering is based on the three laws of force propounded

by Sir Isaac Newton:
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Newton’sfirst law: A body will continue in astate of rest, or of uniform motion ina

straight line, unless it is acted upon by an external force.

Newton’s second law: An external force will cause a body to accelerate in the
direction of the force. The acceleration (a) is equal to the size of the force (F) divided by

the mass (m) of the object, as in the equation:

o=F/m

Newton’s third law:. To every action, there is a reaction, which is equa in

magnitude and opposite in direction [20].

During gait, when the foot is in contact with the ground it applies a force to the
ground and a Ground Reaction Force (GRF) is developed that is equa and opposite to the
force the foot applies on the ground. GRF is the external force acting on the body while
walking. The only other external force acting on the body is gravitational attraction if wind
resistance or drag is neglected. A force plate that is mounted securely in the floor such that
its surface is flush with the floor measures the force the foot applies to the ground. The
force plate has an instrument center that is below the floor and the resultant force and
moment about thisinstrument center is measured. These data are sampled at a pecific rate,
usually 1000 Hz, or every millisecond. The resultant force and moment are expressed in an
equivalent force system composed of the resultant force acting at a specific point on the
surface of the force plate and atorque about the vertical axis. The resultant ground-reaction
force is divided into three components:. vertical, anterior/posterior, and medial/lateral. The
torque is called the ground reaction torque and the unique point of the intercept of the GRF
with the force plate surface is called the center of pressure (COP) or the center of force.
The COP changes during stance phase generally moving from the rear of the foot anterior
toward a point between the first and second metatarsal heads. The path of the COP on the
force plate can be related to the path of the resultant ground-reaction force on the plantar
surface of the foot. If an actual pressure distribution plot were obtained at an instant during

stance phase, the COP would be the centroid of the pressure distribution [26].
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Center of Gravity

Although the mass of any object is distributed throughout every part of it, it is
frequently convenient, as far as the effects of an applied force are concerned, to imagine
that the whole mass is concentrated at a single point, which is called the center of gravity
(C of G). The center of gravity of the body is just in front of the lumbosacral junction for a

person standing in the anatomical position [20].

M oment of Force

Moment of force is the perpendicular distance from the fulcrum, may aso be
referred as the torque, the turning moment, or simply the moment. The formula for

calculating moment of forceis:

M=FxD

where M is the moment of force (in Newton-meters, Nm), F is the force (in
Newtons, N), and D isthe distance (in meters, m).

The measurement and interpretation of moments of force is essentia for fully
understanding of gait. Active interna moments are generated by muscular contraction.
Passive internal moments are produced by bone-on-bone forces, and by tension in the soft
tissues, especially ligaments. Moments may also be transmitted from adjacent joints.
External moments (sometimes referred to as reaction moments) are generally due to

gravitational forces.

In the same way that Newton'’s third law states for force, every moment of forceis
opposed by another equal and opposite moment. It is impossible to generate a moment

unless there is something to ‘ push back’ with an opposing moment.

Any object that is supported by the ground will remain stable so long as the line of
gravity (the line of force passng vertically downwards from the center of gravity) remains

within the area on the ground that is supporting it. Should the line of gravity stray outside
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this area, one of the two things can happen — it may automatically correct itself, as happens
with a self-rightening lifeboat, or it may fall over, aswill happen with a pencil balanced on
its point. The former is a stable equilibrium, where a degree of imbalance produces
restoring moments, which push the object towards the balanced position. The latter is an
unstable equilibrium, where the moments act to increase the imbalance. When walking at
moderate speeds, afurther condition exigs — a dynamic equilibrium, where from instant to
instant the equilibrium is unstable, but before there has been time to fdl the area of support

is moved and equilibrium isrestored [20].

Linear Motion

Acceleration is the rate at which velocity changes, the change may be in either
magnitude or direction. An unchanging velocity has an acceleration of zero, a decrease in
velocity may be known as negative accel eration, deceleration or retardation. If the velocity
is measured in meters per second, the acceleration will be in meters per second per second
[20].

Circular Motion

An object that is rotating has an angular velocity, and if the angular velocity
changes there is an angular acceleration. In walking, the leg has an angular velocity and
undergoes angular acceleration and deceleration. In the same way that linear acceleration
depends on the presence of a force, angular acceleration will only occur if there is an

application of amoment of aforce.

Angular velocity is measured as angle turned per unit time, usually as degrees per
second or radians per second. Angular acceleration is similarly expressed in degrees (or

radians) per second per second.

When a force gpplied to an object produces an angular acceleration, the acceleration
does not depend solely on the size of the force and the mass of the object, as it does with
linear motion. It also depends on the way in which the mass is distributed about the center

of gravity — a property known as the moment of inertia. An object with the mass
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concentrated around the outside, such as a flywheel, has a much higher moment of inertia
than with a mass concentrated around the center, such as a cannonball. Although if they
have the same mass, the flywheel will be much more difficult to stop rotating than the
cannonball, because of its higher moment of inertia[20].

Inertiaand Momentum

Inertia is the resistance offered by a body to any attempt to set it in motion, or to
stop it if it is already moving. In the case of linear motion, it results from the mass of the

object, and in the case of rotational motion, it results from the moment of inertia.

Momentum exists in two forms — linear and angular. The linear momentum
[generaly just called momentum] of a moving object is calculated by multiplying its
velocity by its mass. The angular momentum of a rotating object is calculated by
multiplying its angular velocity by its moment of inertia Law of conservation of
momentum states that momentum cannot be created or destroyed merely transformed from
one object to another [20].

Kineticsand Kinematics

Kinetics is the sudy of forces, moments, masses and accelerations, but without any
detailed knowledge of the position or orientation of the objects involved. For example, an
instrument known as a force platform is used in gait analysis to measure the force below
the foot during walking, but it gives no information on the position of the limb or the angle

of the joints.

Kinematics describes motion, but without reference to the forces involved. An
example of kinematics instrumentation is a camera, which can be used to observe the
motion of the trunk and the limbs during walking, but which gives no information on the
forces involved. It is obvious that for an adequate quantitative description of an activity
such as waking, both kinetic and kinematics data are needed [20].



16

Work, Energy and Power

Work is done when a force moves an object a certain distance. It is calculated as the

product of the force and the distance. The unit of work isjoule [J].

Energy is the capacity to do work, and is aso measured in joules. It exists in two
basic forms — potential (or stored) energy and kinetic (or movement) energy. In walking,

there are alternating transfers between potential and kinetic energy.

Power isthe rate a which work isdone — arate of one joule per second isawatt. In
a rotary movement, when a joint flexes or extends the power (P) is calculated as the

product of the moment of force (M) and the angular velocity, omega (w):

P (watts) = M [Newton-meters| x o (radians per second)

When a muscle is contracting concentrically (e.g. a flexor muscle contracts while a
joint is flexing), power is generated. If a muscle contracts eccentrically (e.g. a flexor
muscle contracts while a joint is extending), it absorbs power. If a muscle contracts
isometrically, no power exchange takes place. Ligaments and other soft tissues also
involve power exchange. If a ligament is stretched, it absorbs power, with a resulting
storage of potential energy. Some or al of this sored energy may be released later, with a

resulting power generation [20].

In biomechanics, the human musculoskeletal system is viewed as a series of linked
segments (Figure 1.4.2.1), which are defined as rigid bodies. Two frames of reference are
used for discussing human motion or kinematics. There is the Newtonian or global frame
of reference, which divides the motion laboratory space into 3-planes (Figure 1.4.2.1).
Each body segment can be described as having up to 6-degrees of freedom (DOF), which
can describe the location and orientation of that segment in space. In other words, motion
can be discussed with respect to the global frame of reference, which includes moving
forward or backward in the sagittal plane, side to sde in the frontal plane, or inward or

outward in the transverse plane [27].
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Figure 1.5 illustrates a body with 17 linked segments and demonstrates the X, Y, and
Z axes which define the Newtonian or absolute frame of reference. The plane formed by
YZ isthe frontal plane - 1, XZ is the sagittal plane - 2, and XY is the transverse plane - 3
[27].

Figure 1.5 Linked body segments. 3-D axes for globa frame of reference. Planes of Motion: 1 = Fronta
plane, 2 = Sagittal plane, 3 = Transverse plane [27].

Table 1.1 shows body planes of the movement. Movements of flexion and extension
take place in the sagittal plane. Movements of abduction and adduction (lateral flexion)
take place in the frontal plane. Movements of medial and lateral rotation take place in the
transverse plane.

Table 1.1 Body Planes of Movement.

Plane

of M ovement Joint Movement Axis

Sagittal Fronta (x) Flexion and extension

Frontal Sagittal (antero- Abduction and adduction
posterior) (z) (lateral flexion)

Transverse Longitudinal Media and latera rotation

(vertical) (y) (axia rotation)
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Norma bipeda gait is achieved with a complex combination of automatic and
volitional postural components. Normal walking requires stability to provide antigravity
support of body weight, mobility of body segments and motor control to sequence multiple
segments while transferring body weight from one limb to another. The result is energy-

efficient forward progression [28].

1.5 Motivation and Objective

When pain, paralysis or tissue damage occurs, abnormal gait is the result. Loss of
motor control will also result in a gait disorder. When physicians are confronted with
pathologica gait, they must have sound knowledge of the characteristics of normal gait so
that they can accurately detect and interpret deviations from the norma gait pattern. Thisis
simply a comparison between the patient and a healthy unimpaired individua of similar
age and gender. However, it is important to keep in mind that each individual displays
certain variations from the norm that are superimposed on the normal pattern of walking.
Medical work from Murray supports the view that “if all gait movements are considered,
then gait is unique” [29, 30]. Furthermore, this approach is supported by biomedical gait
researches, which found that the dynamics of a certain number of body parts totally
characterize gait. There is arich literature, also in other sciences such as mathematics and
psychology which also suggest that gait is unique, indicating the potential for gait in
persona identification (Foster et a, 2001, Nixon et al, 2004) [31, 32]. Considering that
every human has a unique body, he/she has to have a unique gait pattern. That should be
the reason why gait analysis systems have to use broad normal intervals. Because the aim
of treatment is to restore function, a normative database is desirable. This is a large task
because the database must account for the broad spectrum of what is regarded as normal,
including differences not just in gender and age but also among people in different
geographical locations and of different cultural backgrounds. The most common sources of
normative data are those collected on “control” groups that are included in studies on
pathological gait patterns for the purpose of comparison. Examples include elderly fallers,
people with depression, detoxified alcoholic men, and hemiplegia. In a study published by
the Journal of Rehabilitation Research and Development (Al-Obaidi et al, 2003),

measurements of the spatiotemporal gait parameters of hedthy young adult Kuwaiti
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subjects from both genders were obtained to compare the data with those collected in a
similar study performed in Sweden (Oberg et al, 1993) [33, 34]. The results indicate
several sgnificant differences between Kuwaiti and Swedish subjects in their manner of
walking. In another study from Hong Kong, a group of 11 boys and 9 girls aged 10-12
were examined and the results were compared with data resulting from an American
research. Significant differences were found between the walking patterns of the two
populations [35]. These results suggest a need to include data from subjects with diverse
cultural backgrounds when a database on norma gait is developed, a need to limit the
results of the database to a gpecified ethnic population, and the need for establishing

pathological gait analysis standards for various populations (environments).

Because minute differences can cause very different results in gait analysis, the
analysis of a person should be performed according to her/his population normal values in
order to get more accurate and more reliable results. Besides, instrumented quantitative
gait analyses have not been systematically adopted for the evaluation of gait in other
populations. Optoelectronic tracking systems and their implementation often differ from
laboratory to laboratory. The data from one laboratory may differ in content, sensitivity to
error, or reliability compared to the data from another. These differences could be
attributed to different camera resolutions and calibration, different corrections for lens non-
linearities, different camera setups, different ray-tracing algorithms, different marker sets,
and even different methods for applying the same marker set [36]. Therefore, for a gait

laboratory, it is necessary to have its own normative database.

There have been various studies about forming normative data in gait analysis, of
basic gait parameters, kinematics, kinetics, and muscle activities [34, 37, 38, 39, 40]. The
influences of motor control development, body size, age, and gender on gait data have also
been explored [37, 38, 39, 41, 42, 43].

The objective of this study is the formation of normal curves for Turkish population

ingait analysis.
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2. METHODOLOGY

2.1 Instrumentation

Eight high-speed Falcon high-resolution video cameras (Motion Analysis Corp.)
were positioned at variouslocations in Erol Sabanct Motion Analysis Center |aboratory to
sample kinematic data at 60 Hz. The cameras were positioned to alow each of the 22
retroreflective markers placed on the subjectsto be seen by at least three cameras in each
frame. Reflective markers were placed - using Helen Hayes Marker Set, which had been
used while forming system’ s current normative data - over anatomic locations on the pelvis
and lower extremitiesto estimate the locations of the hip, knee, and ankle joint centers and
subsequently to allow for the computation of joint kinematics during walking. Two force
platforms, recording at 1200 Hz and embedded in the center of the walkway, measured the
ground reaction forces. Subjects had to perform ten successful crossings over the force

platforms at their normal walking speed.

All video and analog data were collected by using the EVa HIRES 4.0 hardware-
software system (Motion Anaysis Corp.) and stored on the tracking computer. Video data
were tracked and smoothed using a Butterworth fourth order low-pass filter with a cut-off
frequency of 6 Hz in the EVa 4.0 software and then were exported to the OrthoTrak 5.0.3
software (Motion Analysis Corp.) for analysis. Three-dimensional joint angles for the

trunk, hip, knee, and ankle were determined.

In Erol Sabanci Motion Analysis Center laboratory, EVa HIRES (Motion Analysis
Corp., SantaRosa, CA) isused for video and anal og data acquisition and processing. It isa
completely integrated hardware-software system. Under a single software environment
setup, calibration, capturing motion in real-time, capturing motion for post processing,

editing and saving data in the format of choice can be performed.
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EVa HIRES (Motion Anaysis Corp.) is able to acquire and display three-

dimensional datawith little or imperceptible time delay at the same instant as the subject is

performing a specific task of interest. The system includes (Figure 2.1):

eight Falcon high resolution analog cameras (M otion Analysis Corp.),

avideo processor computer MIDAS (Motion Analysis Corp.),

a tracking (host) computer, two AMTI force plates (Advanced Mechanica

Technology Inc., Watertown, MA, model OR6-5),

two AMTI Mini Amp Strain Gage Amplifiers (Advanced Mechanical Technology
Inc., model MSA-6) (for force plate data),

Myopac [one Myopac Receiver/Decoder Unit and one Myopac 27 Channel

Amplifier/Encoder/Fiber Optic Transmitter Unit (Run Technologies Scientific
Systems, Santa Maria, Mission Viegjo, CA)] for collecting dynamic EMG

(electromyography) data,

one video camera, and

the software EVa (Motion Analysis Corp.).

S

=

Walking platform and
embedded force plates

Amplifiers for force plae data
(top two)

Receiver /Decoder Unit and
Amplifier/Encoder /Fiber
Optic Transmitter Unit for
EMG data

Figure 2.1 Components of EVaHIRES (Motion Analysis Corp.).
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The infrared cameras are capable of frame rates up to 240 Hz (60/120/240Hz
switch-selectable). Additionally, they can determine one hundredth (1/100) of a millimeter.
The normal person can see up to twelve events simultaneoudy (flicker-fusion rate about 12
Hz) [19].

AMTI force plates (Advanced Mechanical Technology Inc.) simultaneously
measure three force components along the x, y, and z-axes and three moment components
about the x, y, and z-axes (Figure 2.2). The forces and moments are measured by foil strain
gauges atached to load cells at the four corners of the platform. Three of the output

voltages are proportional to force and three are proportiona to moment [45].

Figure 2.2 Axid system of aforce plate (Advanced Mechanical Technology Inc.).

The output of the force plates are then sent to the high-gain amplifier, which
provides excitation and amplification for each channel of the force plate [45]. The output
from the amplifiers can then be fed into the video processor computer, which is an analog

to digital converter A/D converter for the force plate data.

Myopac (Run Technologies Scientific Systems) is a telemetric system that employs
asingle digital fiber optic cable to transmit 27 channels of data from the small, lightweight,
belt-worn transmitter unit to the remote receiver unit. The system collects dynamic EMG

data with paired surface e ectrodes.

The Video Processor computer accepts video input from the motion capture
cameras and produces data consisting of the coordinates of the outlines of the images of
the retro-reflective markers. It also accepts analog input from force plates to produce

kinetic data, and Myopac (Run Technologies Scientific Systems) data to produce muscle
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activity data. EVa HIRES (Motion Analysis Corp.) can accommodate up to 64 anaog
channels for data from force plates, EMG.

The tracking computer accepts analog camera video image data and force plate data
from the Video Processor computer via Ethernet connection. It also accepts video camera
data directly. This computer is used to configure the system, collect data, and produce
results.

The EVa software allows to:

Initialize and calibrate the system.

Setup, save, and recall project parameters for frequently used protocols.
Select cameras, sample rates, and duration for data collection.

Preview and display digitized video data.

Set video processing threshold and masks.

Select and set sample rate and gain for the analog cameras [46].

Retro-reflective markers are placed on the skin’s surface of the segments being
analyzed. While the person walks on the walking platform, the infrared cameras determine
these markers, and the computer supplies three dimensional display- different views and
angles, two dimensional display- digital grayscale and threshold images, and color video
display. The markers are photographed in motion by an eight-camera optoelectronic
motion capture system and an integrated digital video recording system. Force platesin the
walkway/treadmill gather kinetic data as the subject walks over them (Figure 2.3).
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P C T T R RTINS wam

Figure 2.3 Motion capture with EVaHIRES (Motion Analysis Corp.).

A computer workstation equipped with a full suite of motion analysis software
OrthoTrak Software System (Motion Analysis Corp.) provides an inverse dynamics
analysis of the gait data (Figure 2.4), and forms graphical outputs (Figures 2.5 and 2.6).
This system allows a fully automated, three-dimensional, clinical gait measurement,
evaluation and database management.
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Figure 2.4 OrthoTrak Software System (Motion Analysis Corp.) automatically cal cul ates the phases of the
gait.

Evtenad gy 3

Figure 2.5 An example of the graphical output of kinematics and kinetic data in OrthoTrak Software System
(Motion Analysis Corp.).
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Figure 2.6 An example of the final outputs of OrthoTrak Software System (Motion Analysis Corp.).

2.2 Subjects

This study included nine age groups (ages of four, five, seven, eight, sixteen,
seventeen, eighteen, and twenty). Exclusion criteria were (@) a higory of any metabolic
disease, (b) a history of any genetic disease (c) a history of any neuromuscular dysfunction,
and (d) a history of any musculoskeletal injuries with loss of range within the last year.
The total number of subjects included was one hundred and eighty-one: Ten females and
ten males in each age group (only the number of eighteen-year-old males was eleven).

The purpose of the study and procedures to be used were explained to the subjects

and informed consent was obtained.

In order to collect the anthropometric data, the subjects height, weight, feet lengths
and widths were measured.
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Three-dimensional kinematics were recorded using EVa HIRES eight-camera
system (Motion Analysis Corp., Eva HiRes with Falcon cameras, 60 Hz). The data of two
force platforms (AMTI force plates, Advanced Mechanical Technology Inc., 1200 Hz)
embedded into an eight and a half meters walkway were used to collect kinetic data.
Subjects had retroreflective markers with adhesive backing placed on the upper and lower
extremities bilaterally. Subjects were asked to walk barefoot and they had to perform ten
successful crossings over the force platforms at self-selected walking speed. Orthotrak
software (Motion Analysis Corporation) was used to calculate spatiotemporal, kinematics
and kinetic data.
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3. RESULTS

3.1 Basic Gait Parameters

The normal subjects were divided into groups according to age and sex. Basic gait
parameters were calculated for these groups. In order to exemplify the results attained,
mean, standard deviation, and range for each parameter for four-year-old age group are

presented in Table 3.1. For other age groups, the results are presented in Appendix A.

Table 3.1 Basic Gait Parameters of 4-year-old Subjects
(SD: Standard Deviation, ‘R’ stands for right side, ‘L’ stands for left side, ‘Dbl’ standsfor double.)

Femaes Males

Meen SD Mean+SD Mean-SD Mean SD Mean+tSD Mean-SD
Step Width (cm) 8.95 259 11.54 6.36 8.09 136 9.45 6.74
R_Veocity (cnvs) 105.64 12.35 117.98 93.29 101.71 13.19 114.90 88.52
R_Stride Length (cm) 84.69 7.72 92.41 76.97 82.07 6.79 88.86 75.28
R_Cadence (steps/min) 151.11 17.79 168.89 133.32 148.62 16.24 164.86 132.37
L_Veocity (cm/s) 105.60 12.26 117.86 93.34 102.07 13.81 115.88 88.26
L_Stride Length (cm) 8494 7.59 92.53 77.35 8117 7.17 88.33 74.00
L_Cadence (steps/min) 149.73 17.74 167.46 131.99 150.59 16.07 166.66 134.52
R_Stance Phase (%) 61.94 5.01 66.96 56.93 61.15 229 63.45 58.86
L_Stance Phase (%) 60.59 141 62.00 59.18 61.79 278 64.57 59.01
R_Swing Phase (%) 38.06 5.01 43.07 33.04 3885 229 41.14 36.55
L_Swing Phase (%) 3941 141 40.82 38.00 3821 278 40.99 35.43
R_Step_Length (cm) 4218 4.17 46.36 38.01 4124 397 45.22 37.27
L_Step_Length (cm) 4242 450 46.92 37.92 4025 317 43.42 37.07
R_Dbl_Support Time (%) 12.37 4.89 17.26 748 1134 223 13.57 9.10
L_Dbl_Support Time(%) 10.43 1.25 11.68 9.18 1099 240 13.38 8.59
Right Heel Strike (%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Left Hed Strike (%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Right Toe Off (%) 61.94 5.01 66.96 56.93 61.15 229 63.45 58.86
Left Toe Off (%) 60.59 141 62.00 59.18 61.79 278 64.57 59.01

Mean step width is found to be larger in males for each age, except for four-year-
old subjects. This difference in step width between sexes increases as the age increases.

Additionally, step width increases as the age increases.
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Four-year-old subjects walked slower than the other age groups. As it can be

expected, as the ageincreases, the step lengths increase, and cadence decreases.

In the literature, one complete gait cycle is shown to last for about one second in
duration with sixty percent of stance and forty percent of swing periods on the average [ 20,
21, 22, 23, 24]. In this study, swing phases were usually less than forty percent of gait
cycle. These durations vary with the speed of walking: The swing phase becomes
proportionaly shorter as the walking velocity decreases. In contrast, the stance and double
support phases become longer [20]. Therefore, it can be inferred that our subjects walked

slower than expected.

3.2 Kinematics

The kinematics data of females and males of the nine ages considered were
examined separately. Kinematics data included the angles of hip, knee, and ankle joints of
both lower extremities in al three planes or as movements of abduction/adduction,
flexion/extension and rotation. Elbow, shoulder, trunk, pelvis, and foot movements were
also examined in the same way. Mean, standard deviations, and ranges were calculated for
each parameter at foot strike and toe off, for maximum and minimum values in stance and
swing phases and for the times of the maximum and minimum values. The tables of four-

year-old age group are presented in this section, and of other age groups in Appendix B.

The figures for each age group show the kinematics data plotted as graphs. The
curves for females and males in each age group were plotted separately (males as dashed
lines for separation) in the same graph with a gray band representing the gait analysis
system’s current normal band. This band has one standard deviation. Additionally,
kinematics data of four-year-old age group were shown in a more detailed way: Curves for
four-year-old females and males were shown in separate graphs, and in the same graph,
again with a current norma band with one standard deviation. The figures for the four-
year-old age group are presented in this section, and those of other age groups, in

Appendix B.
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For better understanding of the figures, it is useful to sate that:
x-axis represents 0-100 % of the gait cycle.

The gray bands represent norm data of Orthotrak software (Motion Analysis Corp.)
with one standard deviation.

RHS = Right Heel Strikeand LHS = Left Heel Strike.
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Table 3.2 Stance Phase Kinematics of 4-year-old Female Subjects
(Max = Maximum, St. = Stance, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Foot M aximum Time of Minimum Time of
Strike Stance Max. St. Stance Min. &.
Mean SD Mean SD Men SD Men SD Men SD

R_Hip_Rot_Ang -810 582 562 621 2790 1426 -810 582 0.00 0.00
L_Hip Rot Ang -6.02 819 574 898 1870 200 -6.67 808 2330 30.10
R_Hip_Abd Ang 209 209 1127 300 2090 213 -215 420 4840 25.62
L_Hip Abd Ang 047 210 669 19 1790 197 -824 238 59.70 157
R_Hip_Flex_ Ang 3546 574 3546 574 000 000 -11.72 6.47 5240 143
L_Hip Fex Ang 3562 645 3562 645 000 000 -1235 650 51.80 1.93
R_Knee Rot_Ang 495 1129 1347 1541 3580 2741 -161 11.87 3310 23.75

L_Knee Rot_Ang 1068 1462 2301 1541 53.30 1538 594 1507 1950 20.53
R Knee Abd Ang  -473 147 -036 351 3650 2146 -554 214 3160 27.80
L_Knee Abd_Ang 544 237 -162 338 2550 1850 -6.74 313 3250 27.99
R Knee Flex Ang 1288 553 3591 1089 56.70 1544 384 586 33.20 17.74
L Knee Flex Ang 1382 7.77 3592 304 5970 157 423 615 359 12.71

R_Ank_Rot_Ang 1520 805 -7.15 7.92 3840 2059 -29.05 11.16 19.40 20.20
L_Ank_Rot_Ang 1929 1370 -11.32 892 30.90 2147 -32.65 14.36 18.90 14.53
R_Ank_Abd_Ang 203 174 014 097 5040 19.03 -660 3.07 2620 18.28
L_Ank_Abd_Ang 339 352 -0.80 167 5340 1881 -810 5.83 2240 8.09
R_Ank_Flex_Ang 510 419 1511 403 3680 697 -188 425 5380 18.97
L_Ank_Flex_Ang 653 355 1598 310 37.30 699 063 419 5350 18.85
R_Elbow_Ang 4340 2590 57.37 2160 49.80 625 4206 2578 850 3.06
L_Elbow_Ang 3940 1960 53.70 1614 5120 471 37.87 2001 7.50 3.92
R_Shl_Add_Ang 3008 9.09 3027 898 1010 20.88 2227 7.60 3500 14.84
L_Shl_Add_Ang 2762 507 27.95 516 670 1560 2041 520 3690 13.40
R_Shl_Flex_Ang -64.42 1196 -22.87 28.16 4740 6.08 -64.87 1183 180 2.15
L_Shl_Flex_Ang 6238 1204 -9.22 1365 4950 1.08 -6295 1174 3.90 2.73
R_Trunk_Lat_Tilt 052 174 145 226 5550 1014 -099 1.80 16.80 13.53
L_Trunk_Lat_Tilt 052 174 144 226 5540 1013 -099 1.80 16.80 13.53

R_Trunk_Fwd_Tilt -092 287 014 330 3200 1719 -324 334 4180 24.03
L_Trunk_Fwd_Tilt -092 287 014 330 3200 1719 -319 329 4120 2347

R_Trunk_Rotation 157 423 860 247 47.00 821 105 374 600 6.34
L_Trunk_Rotation 157 423 860 247 47.00 821 105 374 600 6.34
R Pelvis Lat_Tilt 361 176 7.05 164 1600 194 -175 198 59.90 1.66
L_Pdvis La_Tilt 361 176 7.05 164 1600 194 -173 187 59.70 157

R Pevis Fwd_Tilt 1031 467 1160 493 4290 662 879 457 2850 2115
L Pelvis Fwd Tilt 1031 467 1160 493 4290 662 881 455 2840 21.00
R Pelvis Rotation 1001 230 1048 206 580 421 -209 357 5620 3.68
L_Pelvis Rotation 1001 230 1048 206 580 421 -211 356 5640 3.95
R Foot Orientation ~ -6.97 428 -245 517 17.30 245 -862 520 3670 3201
L_Foot Orientation  -12.95 429 -7.96 4.80 2850 1816 -13.96 518 20.80 27.96
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Table 3.3 Swing Phase Kinematics of 4-year-old Femae Subjects
(Max = Maximum, Sw. = Swing, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Maximum Time of Minimum Time of T oe Off
Swing Max. Sw. Swing Min. Sw.
Mean SO Mean SO Mean SD Men SD Mean D
R_Hip_Rot_Ang 1.08 548 7134 11.07 -881 563 9394 10.16 -029 6.36
L_Hip Rot_ Ang 261 749 7799 9.67 -711 803 8739 1831 -218 9.9
R_Hip_Abd Ang 148 237 9594 6.24 -426 368 6854 345 -234 421
L_Hip Abd Ang -0.13 190 9889 0.26 -990 234 6559 158 -869 238
R_Hip_Flex_Ang 37.61 523 9284 282 -329 1253 61.94 501 -329 1253
L_Hip Flex Ang 3845 582 91.79 295 -543 6.26 6059 141 -543 6.26
R_Knee Rot_Ang 23.97 1453 7414 290 195 1237 91.14 1193 1225 16.96
L_Knee Rot_Ang 3174 1569 70.19 404 911 11.08 96.69 345 2373 14.98
R_Knee Abd_Ang 402 420 8044 547 501 288 91.04 1425 -149 439
L_Knee Abd Ang 203 620 8039 7.99 -805 4.95 80.39 1518 -468 5.84

R _Knee Flex Ang 67.17 535 7434 097 1335 585 9894 021 3858 9.95
L_Knee Flex Ang 7177 574 7409 113 1455 7.05 9889 026 39.36 2.98

R_Ank_Rot_Ang 1353 932 91.04 1625 -35.94 1237 7744 256 -19.70 13.56
L_Ank_Rot_Ang -19.09 1230 98.09 1.76 -40.84 13.87 77.29 227 -2573 11.02
R_Ank_Abd_Ang 0.78 216 7484 1602 -535 300 8194 179 -033 3.00
L_Ank_Abd_Ang -0.06 232 66.79 1166 -753 424 8309 158 -067 181
R_Ank_Flex_Ang 823 327 8804 533 288 591 7014 1522 -187 570
L_Ank_Flex_Ang 940 285 88.89 4.06 -118 473 6409 180 001 4.40
R_Elbow_Ang 5548 2250 67.94 13.09 4434 27.10 9234 13.96 54.97 22581
L_Elbow_Ang 5126 17.19 6459 8.68 3957 2021 9689 6.17 5122 17.18
R_Shl_Add_Ang 3042 852 9334 1144 2325 7.66 6924 7.05 2475 7.68
L_Shl_Add_Ang 2766 504 9419 11.88 2069 451 6899 6.61 2190 5.16
R_Shl_Flex_Ang 3162 27.71 6194 501 -6421 1294 9584 7.14 -3162 27.71
L_Shl_Flex Ang 1853 1439 60.59 1.41 -61.19 11.35 98.89 0.6 -18.53 14.39
R_Trunk_Lat_Tilt 142 241 6854 1168 -045 1.88 9654 757 130 236
L_Trunk_Lat_Tilt 150 242 6699 1151 -045 1.88 9649 7.67 138 238
R_Trunk_Fwd_Tilt 005 317 9114 246 -306 325 6534 430 285 3.25
L_Trunk_Fwd_Tilt 0.05 317 91.09 248 -316 333 6419 211 294 3.32
R_Trunk_Rotation 731 328 6194 501 131 488 8944 658 7.31 3.28
L_Trunk_Rotation 751 309 6059 141 131 488 8939 667 751 3.09
R_Pelvis Lat_Tilt 343 153 9784 337 222 200 6684 354 -164 208
L_Pelvis La_Tilt 343 153 97.79 340 251 177 6559 166 -192 1.86

R_Pelvis_Fwd_Tilt 11.03 455 9044 6.85 918 4.66 7114 1085 9.60 4.68
L_Pelvis Fwd_Tilt 11.08 457 8899 1063 918 4.66 71.09 1061 9.66 4.67
R_Pelvis_Rotation 10.04 305 9894 021 -156 371 63.04 509 -150 3.72
L_Pelvis Rotation 10.04 305 9889 026 -1.87 355 6149 236 -1.82 356
R_Foot_Orientation -6.94 518 84.74 1870 -16.26 6.82 8234 392 -847 585
L_Foot_Orientation -10.34 5.05 69.49 15.68 -20.96 4.36 83.79 4.07 -11.09 6.15
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Table 3.4 Stance Phase Kinematics of 4-year-old Male Subjects
(Max = Maximum, St. = Stance, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Foot M aximum Time of Minimum Time of
Strike Stance Max. St. Stance Min. &.
Mean SD Mean SD Mean SD Mean SD Mean SD

R_Hip_Rot_Ang -6.86 6.56 593 10.77 4160 16.73 -686 656 0.00 0.00
L_Hip Rot_ Ang -10.72 1144 224 1399 3040 16.37 -10.96 1144 4.80 15.18
R_Hip_Abd Ang 055 291 849 262 2030 275 -444 298 5420 19.18
L_Hip Abd Ang 131 423 842 326 1910 384 -587 301 6080 278
R_Hip_Flex_ Ang 3162 7.09 3162 7.09 000 000 -13.85 644 5290 233
L_Hip Fex Ang 3329 699 3329 699 000 000 -11.73 7.11 5230 275
R_Knee Rot_Ang 0.79 1066 1155 10.30 39.60 25.74 -485 920 2280 24.29
L_Knee Rot_Ang 484 1811 1879 17.45 46.10 2298 0.71 1866 26.20 20.08
R_Knee Abd Ang 302 192 140 334 4580 21.00 -370 168 21.70 22.11
L_Knee Abd Ang -396 267 -037 4.00 4150 1842 -6.77 430 4370 23.07

R_Knee Flex_Ang 502 7.01 3062 553 6010 233 006 434 2970 18.98
L_Knee Flex_Ang 537 510 3583 849 6080 278 132 457 3160 17.02

R_Ank_Rot_Ang 1119 1007 -501 841 3670 1959 -24.98 12.05 2250 19.03
L_Ank_Rot_Ang 693 835 -057 6.73 3640 1947 -20.67 1095 22.70 19.42
R_Ank_Abd_Ang 158 120 067 134 57.10 726 -444 240 1890 2.73
L_Ank_Abd_Ang 116 117 034 077 5220 1091 -368 240 2220 13.38
R_Ank_Flex_Ang 475 409 1547 284 3940 949 -173 315 4870 24.73
L_Ank_Flex_Ang 386 392 1520 405 4020 7.98 -146 414 4950 24.91
R_Elbow_Ang 2052 7.92 4948 7.44 5010 2.64 2850 7.44 580 2.49
L_Elbow_Ang 3200 7.62 5052 964 5070 298 3034 7.09 7.30 3.13
R_Shl_Add_Ang 2500 448 2619 419 1040 2141 1831 248 37.80 16.80
L_Shl_Add_Ang 2865 565 2881 550 630 17.86 2271 531 3440 8.36
R_Shl_Flex_Ang 6244 1316 -9.42 1625 49.30 298 -63.14 1337 3.80 4.54
L_Shl_Flex_Ang -66.61 10.39 -22.37 1603 49.80 249 -67.10 1023 4.60 3.20
R_Trunk_Lat_Tilt 070 160 184 133 5870 512 -131 194 1190 4.58
L_Trunk_Lat_Tilt 070 160 18 129 5920 551 -131 194 1190 4.58

R_Trunk_Fwd_Tilt -291 354 -160 387 3530 1251 -519 3.86 4130 25.09
L_Trunk_Fwd_Tilt -291 354 -160 387 3530 1251 -520 3.80 46.30 23.75

R_Trunk_Rotation 063 539 430 500 4500 1417 -097 527 1440 22.27
L_Trunk_Rotation 063 539 430 500 4490 1405 -097 527 1440 22.27
R_Pelvis Lat_Tilt 181 214 502 204 1540 250 -341 234 6010 2.33
L_Pelvis Lat_Tilt 181 214 502 204 1540 250 -361 215 60.80 2.78

R_Pelvis_Fwd_Tilt 1054 440 1133 430 4020 1432 831 413 3340 2385
L_Pelvis Fwd_Tilt 1054 440 1133 430 4020 1432 829 411 3350 23.95
R_Pelvis_Rotation 945 320 1042 277 880 543 -371 376 5780 471
L_Pelvis Rotation 945 320 1042 277 880 543 -376 384 5820 520
R_Foot_Orientation -7.69 478 -251 621 2020 1340 -923 6.01 3490 30.04
L_Foot_Orientation -10.01 590 -366 614 2580 1862 -10.31 6.07 2120 27.66
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Table 3.5 Swing Phase Kinematics of 4-year-old Male Subjects
(Max = Maxi mum, Sw. = Swing, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Maximum Time of Minimum Time of T oe Off
Swing Max. Sw. Swing Min. Sw.
Mean SD Mean SO Mean SO Mean SO Mean SD
R_Hip Rot_Ang 353 892 6955 996 -7.47 633 9805 192 265 9.77
L_Hip_Rot_ Ang -0.71 11.61 69.69 9.20 -11.71 1115 9449 1025 -2.68 11.67
R_Hip_Abd _Ang -0.20 237 9365 1278 -6.84 260 6825 337 -479 311
L_Hip_Abd Ang 0.74 413 9899 030 -7.39 255 66.89 338 -6.27 294
R_Hip Flex Ang 3531 7.43 8975 248 -750 6.01 6115 229 -750 6.01
L_Hip_Flex_Ang 3650 653 89.79 265 -3.38 795 6179 278 -338 7.95
R_Knee Rot_ Ang 2762 1517 7435 229 -1.07 1062 87.25 1840 9.85 11.95
L_Knee Rot_Ang 30.36 15.61 7319 308 294 1888 97.79 217 1831 16.11
R_Knee Abd Ang 548 531 7655 10.17 -3.35 223 9205 1283 0.88 4.20
L_Knee Abd_Ang 096 7.66 8329 752 -876 7.19 7959 1340 -451 7.37

R_Knee Flex Ang 68.02 512 7495 129 590 7.63 99.05 033 3421 564
L_Knee Flex_Ang 7072 402 7479 176 597 545 9899 030 3950 851

R_Ank_Rot_Ang 914 907 8755 1861 -39.82 1341 77.45 117 -18.39 9.94
L_Ank_Rot_Ang 548 7.99 94.89 1276 -3570 1321 7759 121 -15.73 10.70
R_Ank_Abd_Ang 131 173 6825 087 -677 328 828 137 051 147
L_Ank_Abd Ang 089 119 68.99 989 581 354 8429 542 001 0.83
R_Ank_Flex Ang 928 243 8815 320 -372 301 67.85 1133 -160 4.06
L_Ank_Flex Ang 837 462 8649 417 -284 458 67.89 1136 -135 4.78
R_Elbow_Ang 4570 633 6115 229 3049 861 99.05 033 4570 6.33
L_Elbow_Ang 4673 842 6179 278 3307 885 98.99 030 4673 842
R_Shl_Add_Ang 2629 442 9725 283 1891 305 67.25 573 1968 3.11
L_shl_Add_Ang 2008 506 9839 139 2347 518 6819 690 2422 541
R_Shl_Flex_Ang -16.99 17.71 6115 229 -60.89 1353 98.85 0.60 -16.99 17.71
L_shl_Flex Ang -30.91 1854 6179 278 -66.34 1019 98.99 030 -30.91 18.54
R_Trunk_Lat_Tilt 188 129 6355 345 -0.43 158 9755 356 182 129
L_Trunk La_Tilt 188 129 6389 317 -0.43 158 9749 365 183 125
R_Trunk_Fwd_Tilt 201 374 9005 223 -517 387 6355 186 -499 391
L_Trunk_Fwd_Tilt 201 374 8999 232 -514 384 638 204 501 3.84
R_Trunk_Rotation 293 515 6955 1575 -128 448 8675 7.06 286 5.5
L_Trunk_Rotation 282 512 69.99 1537 -128 448 8669 7.05 279 513
R_Pelvis Lat_Tilt 144 210 9445 613 -433 231 6605 3.08 -364 232
L_Pevis La_Tilt 144 210 9439 6.09 -433 231 6599 307 -381 218

R_Pelvis Fwd_Tilt 1097 4.62 9255 454 876 417 66.05 212 911 431
L_Pelvis Fwd Tilt 1097 462 9249 459 876 417 6599 220 9.04 4.27
R_Pelvis Rotation 9.08 3.04 9905 033 -355 38 6205 316 -350 3.84
L_Pelvis Rotation 9.08 3.04 9899 030 -353 392 6229 301 -351 393
R_Foot_QOrientation -7.78 551 8475 1844 -17.22 6.31 8235 262 -871 6.32
L_Foot_Orientation -6.80 5.96 6649 1164 -1822 499 8569 343 -692 6.03
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Figure 3.1 Trunk Orientation Relative to Room (Degrees), 4-year-old femal es.
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Figure 3.2 Trunk Orientation Relative

to Room (Degrees), 4-year-old-males.
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Figure 3.3 Trunk Orientation Relative to Room (Degrees), 4-year-old subjects.
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Figure 3.4 Pelvis Orientation Relative to Room (Degrees), 4-year-old females.
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Figure 3.5 Pelvis Orientation Relative to Room (Degrees), 4-year-old-males.
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Figure 3.6 Pelvis Orientation Relative to Room (Degrees), 4-year-old subjects.
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Figure 3.7 Foot Orientation Rel ative to Room (Degrees), 4-year-old females.
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Figure 3.8 Foot Orientation Relative to Room (Degrees), 4-year-old males.
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Figure 3.9 Foot Orientation Relative to Room (Degrees), 4-year-old subjects.
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Figure 3.10 Arm Joint Angles (Degrees), 4-year-old females.
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Figure3.11 Arm Joint Angles (Degrees), 4-year-old males.
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Figure 3.12 Arm Joint Angles (Degrees), 4-year-old subjects.
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Figure 3.13 Hip Joint Angles (Degrees), 4-year-old females.
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Figure 3.14 Hip Joint Angles (Degrees), 4-year-old males.
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Figure 3.15 Hip Joint Angles (Degrees), 4-year-old subjects.
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Figure 3.16 Knee Joint Angles (Degrees), 4-year-old females.
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Figure 3.17 Knee Joint Angles (Degrees), 4-year-old males.
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Figure 3.18 Knee Joint Angles (Degrees), 4-year-old subjects.
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Figure 3.19 Ankle Joint Angles (Degrees), 4-year-old females.
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Figure 3.20 Ankle Joint Angles (Degrees), 4-year-old mades.
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Figure 3.21 Ankle Joint Angles (Degrees), 4-year-old subjects.

3.3 Kinetics

The kinetic data of females and males of nine ages were examined separately.
Kinetic data included the forces and moments formed at hip, knee, and ankle joints of both
lower extremities in three planes or a movements of abduction/adduction,
flexion/extension and rotation. Powers were also calculated for joint movements in sagittal
plane. Mean, standard deviations, and ranges were calculated for each parameter at foot
strike and toe off, for maximum and minimum values in stance and swing phases and for
the times of the maximum and minimum values. The tables of four-year-old age group are

presented in this section, and of other age groupsin Appendix C.

Figures in each age group’s section included the kinetic data plotted as graphs.
Curves of females and males in each age group were plotted separately (males as dashed
lines for separation) in the same graph with a gray band representing the gait analysis
system’s current normal band. This band has one standard deviation. Additionally, kinetic
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data of four-year-old ages were shown in a more detailed way: Curves of four-year-old
females and males were shown in separate graphs, and in the same graph, again with a
normal band with one standard deviation. The figures of four-year-old age group are

presented in this section, and of other age groupsin Appendix C.

For better understanding of the tables, it is useful to state that:

St. = Stance, Sw. = Swing, Max. = Maximum, Min. = Minimum, SD = One
Standard Deviation, R = Right, L = Left, Rot = Rotation, Abd = Abduction, Flex =
Flexion, Ank = Ankle, Shl = Shoulder, Lat = Lateral, Vrt = Vertical, Fwd = Forward, Frc =

Force, GRF = Ground Reaction Force, Mom = Moment, Pwr = Power.

For better understanding of the figures, it is useful to date that:

x-axis represents 0-100 % of the gait cycle.

The gray bands represent norm data of Orthotrak software (Motion Analysis Corp.)
with one standard deviation.

RHS = Right Heel Strike and LHS = L eft Heel Strike.

Kinetic data of four-year-old subjects were presented in the tables and as graphs.
For only this age, curves of four-year-old females and males were shown in separate
graphs, and in the same graph, again with a normal band, representing system’s current
normative data, with one standard deviation.
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Table 3.6 Stance Phase Kinetics of 4-year-old Female Subjects.

Foot M aximum Time of Minimum Time of
Strike Stance Max. St. Stance Min. St.
Men SD Mean SO Mean SD Men SD Mean SD
0.13 007 106 008 19.11 1059 0.08 0.09 4111 31.01
014 009 105 014 1489 232 0.09 0.08 1322 26.24
-0.07 0.04 024 0.08 4722 139 -024 009 1156 240
-0.08 0.04 025 0.08 4711 242 -021 010 978 3.15
001 001 016 003 1967 240 0.00 0.01 3322 31.60
001 001 015 003 2556 1240 0.00 0.01 38.33 28.49
020 007 111 008 1478 148 012 0.08 5433 20.66
021 010 110 013 1422 254 014 0.08 3300 3131
-0.05 0.02 036 0.05 4333 1361 -005 002 078 120
-0.04 0.03 036 0.03 46.22 11.82 -004 003 122 120
0.00 0.01 021 0.08 20.67 889 -001 001 2044 2874
-0.01 001 021 013 21.22 11.26 -002 002 6.89 17.00
0.22 007 118 0.09 19.00 1098 0.15 0.08 54.44 20.76
024 010 117 0.16 1800 1152 0.17 0.08 33.00 3131
-0.05 0.03 023 0.05 54.67 158 -007 005 922 1353
-0.06 0.03 021 0.05 5533 235 -009 003 7.33 1195
000 001 005 002 2067 574 -002 0.01 5678 222
-0.01 0.02 0.04 0.02 2500 559 -004 003 3544 26.39
-0.01 0.03 020 0.03 5400 100 -020 003 978 139
-0.02 0.06 019 0.04 5333 158 -020 004 967 112
000 000 009 002 2144 994 -002 0.01 2822 31.15
001 002 008 002 1556 477 -0.02 0.02 2211 28.95
005 014 122 010 2233 1379 0.02 0.05 6.67 20.00
006 012 121 017 1833 1173 0.02 0.04 1322 26.24
-0.01 0.01 011 0.04 29.11 1888 -0.07 0.03 3244 15.75
-0.02 0.03 012 0.07 2333 1778 -0.10 0.05 40.67 1281
0.02 0.06 051 0.06 1844 159 -0.03 0.04 40.11 30.12
0.01 0.04 046 0.06 21.89 958 -001 0.04 3289 30.83
032 010 046 017 644 354 -048 0.16 5100 194
030 011 040 014 533 150 -048 0.11 5067 2.00
000 002 006 003 3278 2157 -0.08 0.04 26.33 18.43
0.00 0.03 0.07 0.05 2567 2112 -011 0.05 3944 17.71
-0.02 0.02 020 0.05 1678 083 -0.02 0.02 1811 27.89
-0.03 0.03 0.24 012 2056 1082 -0.04 003 478 13.25
-0.11 0.04 0.22 010 3011 2168 -0.18 0.06 36.33 13.79
-0.09 0.04 016 0.04 3811 2254 -019 0.07 33.78 13.20
0.00 0.02 0.08 0.04 2844 1636 -0.06 0.03 3522 2216
0.00 0.03 009 0.05 3778 1711 -0.09 0.08 25.78 20.48
0.00 0.01 009 0.05 5311 285 -003 002 16.00 893
0.02 0.02 013 0.06 4367 1614 000 0.02 2711 2552
0.03 0.02 091 012 4144 1030 002 003 178 211
0.04 0.04 093 041 4356 979 002 006 844 19.11
021 015 078 023 2867 2420 -0.70 0.20 4533 2.78
039 020 079 033 2556 2543 -063 0.16 4511 3.02
002 010 033 023 1778 1353 -1.09 0.32 5889 1.05
-0.11 012 0418 014 26.22 2081 -099 024 5922 179
-0.01 0.03 187 049 5200 100 -079 064 20.56 10.20
-0.01 0.03 18 036 5256 300 -067 040 2489 11.27
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Table 3.7 Swing Phase Kinetics of 4-year-old Female Subjects.

Maxi mum Time of Minimum
Swing Max. Sw. Swing
Mean SO Mean SD Mean SD

005 0.05 6274 6.45 -011 0.01
0.10 0.07 60.72 128 -0.11 0.01
0.02 000 73.62 1011 0.00 0.01
002 0.01 678 886 000 0.01
0.01 000 6818 821 -0.01 0.00
0.01 0.01 6827 1115 0.00 0.00
009 005 6251 579 -0.04 0.00
013 006 60.72 128 -0.04 0.00
0.07 004 6240 546 -0.03 0.01
010 0.03 60.72 128 -0.03 0.01
0.01 0.02 66.8 1337 -0.01 0.01
0.04 003 64.61 1169 -0.01 0.01
011 005 6274 6.45 -0.03 0.01
0.16 0.07 60.72 128 -0.03 0.01
0.09 004 6240 546 -0.02 0.00
010 0.03 60.72 128 -0.01 0.00
0.00 000 7840 881 -0.01 0.01
0.00 0.00 8216 1375 -0.01 0.01
0.04 003 6240 546 0.00 0.00
0.06 005 60.72 128 0.00 0.00
000 0.00 6451 491 0.00 0.01
000 0.00 6416 275 -0.01 0.01
010 0.06 6240 546 0.00 0.00
018 015 60.83 131 0.00 0.00
0.02 0.01 69.18 1044 -0.01 0.00
0.01 001 7194 1064 -0.02 0.02
0.02 0.02 76.40 1114 -0.02 0.02
0.02 0.02 7438 1585 -0.01 0.01
008 004 97.07 134 -016 0.07
0.06 0.03 9838 045 -0.18 0.03
001 0.01 64.07 555 0.00 0.00
0.00 0.00 66.38 346 -0.02 0.02
0.03 0.03 6874 971 -002 0.01
005 0.03 64.61 1169 -0.02 0.01
011 005 6262 6.12 -0.06 0.02
011 0.02 60.72 128 -0.04 0.01
0.00 0.00 68.07 855 -0.01 0.01
0.02 002 6150 243 0.00 0.00
0.02 0.01 639 1009 0.00 0.00
0.02 0.01 65.05 1264 0.00 0.00
008 004 628 6.78 -0.02 0.01
0.14 0.07 60.72 128 -0.02 0.01
045 024 6451 1138 -0.05 0.03
051 0.15 60.83 121 -0.03 0.02
0.10 0.05 7007 270 -0.86 0.34
0.11 0.06 6994 213 -087 0.21
019 010 6240 546 0.00 0.00
038 023 6150 226 0.00 0.00

Time of Toe Off
Min. Sw.

Mean SD Mean SD

7451 1373 005 0.06
70.27 748 010 0.07
78.18 16.46 0.01 0.01
85.83 1521 002 0.01
87.18 1499 0.00 0.01
84.38 1545 001 0.01
7296 1051 0.09 0.05
80.16 13.70 0.13 0.06
88.29 1141 007 0.04
9294 497 010 0.03
7529 11.18 001 0.02
68.05 325 004 0.03
7185 864 011 0.06
7116 599 016 0.07
7729 13.33 009 0.04
80.16 13.36 0.10 0.03
6251 545 -001 0.01
63.16 7.02 -0.01 0.01
65.18 444 004 0.03
64.61 256 006 0.05
6329 522 000 0.01
6150 118 -0.01 0.01
65.18 444 010 0.06
64.94 241 017 0.15
7440 1356 001 0.02
72.16 17.04 -0.01 0.02
76.62 16.81 0.00 0.03
7427 1690 001 0.03
6240 546 -0.16 0.07
60.72 128 -0.18 0.03
68.18 857 001 0.01
63.72 7.66 -0.02 0.02
73.07 1285 0.02 0.03
74.05 1020 0.05 0.03
91.85 882 011 0.05
9450 568 011 0.02
63.96 548 -001 0.01
67.72 319 002 0.02
6740 4.07 002 0.01
6750 373 002 0.01
6851 315 008 0.04
68.83 173 014 0.07
84.62 6.24 045 0.24
8283 739 051 0.15
63.96 10.09 -0.82 0.41
60.72 128 -087 0.21
9229 5338 019 0.0
9050 3.09 037 0.24
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Table 3.8 Stance Phase Kinetics of 4-year-old Male Subjects.

Foot Maximum Time of Minimum Time of
Strike Stance Max. St. Stance Min. St.
Mean SO Mean S Men SD Men S Mean 3D
015 013 091 036 1390 569 012 010 24.00 30.99
0.18 015 100 041 1360 527 014 015 2460 31.81
-0.06 005 024 011 4260 1515 -014 009 810 5.02
-0.07 006 023 011 4320 1549 -017 009 710 384
001 0.02 015 006 2790 1823 0.00 0.01 1830 28.80
001 0.02 015 006 2590 17.28 -0.01 0.02 23.00 29.88
020 015 094 038 17.00 1221 014 010 36.00 31.00
022 016 103 042 13.00 529 015 013 36.90 3181
-0.04 004 031 012 47.00 1681 -005 005 170 1.89
-0.06 003 031 012 4370 1953 -0.07 004 210 1.37
0.00 002 0415 0.08 1580 6.01 -001 0.02 1810 26.69
-0.01 002 018 009 1570 568 -001 002 1220 2381
021 015 098 039 19.80 1533 0.6 011 2990 31.53
023 016 106 044 1640 11.87 017 014 36.90 31.81
-0.05 005 022 012 51.00 18.09 -0.09 0.07 1470 17.11
-0.07 005 020 009 5160 1844 -011 0.07 920 12.40
0.00 001 008 0.04 2370 1372 -0.02 0.01 36.90 28.32
000 001 010 0.05 2230 1453 -001 0.01 24.00 30.39
-0.01 002 018 007 49.80 17.76 -0.20 008 860 5.04
0.00 001 021 0.09 4990 1789 -020 0.09 1020 3.99
000 001 006 003 1520 658 -004 005 460 3.72
000 0.01 007 004 2620 1849 -0.04 004 790 16.68
005 014 101 041 1600 1342 0.03 008 010 0.32
003 005 108 045 1980 1549 0.03 005 6.10 19.29
-0.02 003 0412 011 39.00 2384 -018 0.16 26.90 20.79
-0.02 004 009 009 3570 2510 -012 010 3270 20.61
0.00 011 045 023 2230 1724 -005 016 1240 24.63
001 007 050 022 2380 1658 -0.03 0.04 1840 29.69
027 019 035 024 400 200 -048 030 4750 17.00
032 019 044 024 490 285 -042 028 4820 17.55
-0.02 003 009 011 33.00 2552 -017 011 2220 19.64
-0.01 004 005 009 2840 2536 -013 0.10 2840 20.04
-0.01 005 019 009 3030 2256 -0.08 019 16,50 24.59
-0.02 004 025 013 2030 1242 -003 005 090 223
-0.13 010 023 0.17 4460 2388 -021 013 3140 18.11
-0.14 0.07 019 014 4520 2453 -023 014 2940 1851
0.02 002 0417 042 2240 1943 -009 010 3220 24.84
001 004 0413 0.0 2790 2045 -0.05 0.08 34.10 24.64
000 003 007 004 4520 1958 -012 017 2750 16.58
0.00 002 007 0.07 42.00 2456 -0.07 0.06 2530 17.90
005 005 075 033 3960 1705 004 007 7.60 1834
003 005 082 035 3980 1787 001 007 320 290
037 031 104 087 3090 2763 -066 041 4200 1541
041 031 086 046 29.20 28.02 -054 039 39.20 16.31
-0.11 032 040 035 2790 1863 -159 144 5420 19.15
-0.17 013 045 040 3410 1996 -1.21 098 5470 19.34
000 0.07 170 072 4750 16.88 -050 049 20.20 12.90
-0.01 005 151 062 4880 1733 -048 049 2540 15.23
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Table 3.9 Swing Phase Kinetics of 4-year-old Male Subjects.

Maxi mum Time of Minimum
Swing Max. Sw. Swing
Mean SO Mean SD Mean SD

0.17 013 6121 229 -0.07 0.04
0.16 0.17 6192 278 -0.07 0.05
0.03 002 63.01 556 -001 0.01
002 0.02 66.72 512 -0.01 0.01
0.01 001 6571 622 000 0.00
0.01 0.02 6882 1374 0.00 0.00
017 011 6121 229 -0.03 0.02
017 014 6192 278 -0.03 0.02
013 009 6121 229 -0.03 0.02
011 008 6192 278 -0.03 0.02
0.03 0.03 6891 1499 -0.01 0.01
003 0.03 6812 1325 -0.01 0.01
019 012 6121 229 -0.02 0.01
019 014 6192 278 -0.02 0.01
014 009 6121 229 -0.01 0.01
011 009 6192 278 -0.02 0.01
0.00 000 76.81 11.79 -0.01 0.01
001 0.02 76.02 1356 0.00 0.00
0.05 005 6121 229 0.00 0.01
0.05 006 6222 343 0.00 0.00
000 0.00 6511 586 0.00 0.01
000 0.01 67.92 11.34 -0.01 0.01
018 017 6121 229 0.00 0.00
0.18 0.19 65.02 1168 0.00 0.01
0.03 003 6731 922 -001 0.02
0.02 004 6892 1312 -0.02 0.02
0.06 0.07 66.91 9.08 -0.02 0.01
009 014 70.62 1512 -0.02 0.02
0.07 0.05 9341 1094 -026 0.20
0.04 004 87.92 1445 -0.19 0.19
002 002 6371 376 -0.01 0.02
001 001 70.62 1121 -0.02 0.02
0.06 0.06 67.01 1250 -0.01 0.01
008 012 6192 278 -0.02 0.01
018 015 6121 229 -0.05 0.03
014 012 6212 283 -0.03 0.02
0.01 002 6771 958 -0.02 0.02
0.02 0.02 69.92 1348 -0.01 0.01
004 003 6201 29 -0.01 0.01
0.04 006 6372 6.03 -0.02 0.03
011 0.07 6121 229 -0.02 0.01
012 009 6322 6.19 -0.03 0.04
086 0.90 6141 222 -0.04 0.02
058 054 6242 315 -0.03 0.02
0.08 0.07 7041 337 -152 135
015 016 7382 998 -1.14 1.06
027 027 6271 437 -001 0.01
028 020 6242 394 -0.02 0.04

Time of Toe Off
Min. Sw.

Mean SD Mean SD

7491 13.03 017 0.13
7222 1057 016 0.17
83.21 1504 002 0.03
80.02 14.73 0.02 0.02
73.61 1487 001 0.01
72,72 1095 001 0.02
7521 1248 017 0.11
7222 99 017 0.14
8341 1262 013 0.09
8222 1383 011 0.08
7161 990 002 0.03
6852 6.03 002 0.03
7271 872 019 0.12
7042 500 019 0.14
76.61 1279 014 0.09
7522 1237 011 0.09
62.01 339 -001 0.01
64.72 477 001 0.03
66.61 517 005 0.05
65.22 427 005 0.06
64.81 431 000 0.01
6322 326 000 0.01
6771 556 018 0.17
66.52 545 018 0.19
7041 11.90 002 0.04
7322 1346 001 0.05
6771 831 005 0.08
70.32 11.30 0.07 0.16
61.21 229 -026 0.20
61.92 278 -019 0.19
6851 976 001 0.03
69.72 1353 -0.01 0.02
7421 1382 006 0.07
7542 1224 008 0.12
85.71 1361 018 0.15
79.72 11.83 014 0.13
63.81 392 -001 0.03
7042 11.13 001 0.02
6891 6.43 003 0.04
72.62 11.73 004 0.07
69.71 551 011 0.07
7422 1328 012 0.09
7771 1013 085 0.90
81.62 1235 056 0.50
6131 224 -151 1.36
6222 298 -1.13 1.06
8391 1350 027 0.27
85.12 1470 028 0.20
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Figure 3.22 Hip Joint Forces (N), 4-year-old females.
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Figure 3.23.Hip Joint Forces (N), 4-year old males.
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Figure 3.24 Hip Joint Forces (N), 4-year-old subjects.
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Figure 3.25 Knee Joint Forces (N), 4-year-old females.
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Figure 3.26 Knee Joint Forces (N), 4-year old males.
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Figure 3.27 Knee Joint Forces (N), 4-year-old subjects.
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Figure 3.28 Ankle Joint Forces (N), 4-year-old females.
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Figure 3.29 Ankle Joint Forces (N), 4-year old males.
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Figure 3.30 Ankle Joint Forces (N), 4-year-old subjects.
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Figure 3.31 Ground Reaction Forces (N), 4-year-old females.
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Figure 3.32 Ground Reaction Forces (N), 4-year old males.

Up

Vertical
Dewn
Lateral
Lateral
Propulsion
Fromtal

Braking

Right (RHS to RHS)

1.504

Left (LHS to LHS)

0.15
0.10-

Figure 3.33 Ground Reaction Forces (N), 4-year-old subjects.
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Figure 3.34 Hip Joint Moments (Nnvkg), 4-year-old females.
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Figure 3.35 Hip Joint Moments (Nm/kg), 4-year-old males.
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Figure 3.36 Hip Joint Moments (Nm/Kg), 4-year-old subjects.
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Figure 3.37 Knee Joint Moments (Nnvkg), 4-year-old females.
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Figure 3.38 Knee Joint Moments (Nnvkg), 4-year-old males.
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Figure 3.39 Knee Joint Moments (NmM/Kg), 4-year-old subjects.
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Figure 3.40 Ankle Joint Moments (Nnvkg), 4-year-old females.
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Figure 3.41 Ankle Joint Moments (Nm/kg), 4-year-old males.
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Right (RHS to RHS) Left (LHS to LHS)

Figure 3.42 Ankle Joint Moments (Nm/Kg), 4-year-old subjects.
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Figure 3.43 Sagittal Joint Powers (Watts/Kg), 4-year-old femdes.
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Figure 3.44 Sagittal Joint Powers (Watts/kg), 4-year-old males.
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Figure 3.45 Sagittal Joint Powers (Watts/Kg), 4-year-old subjects.
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4. DISCUSSION AND CONCLUSION

The objective of this study was to form Turkish normsin gait analysis. Norm curves
of nine age groups were formed. Means, standard deviations and ranges were calculated
for 15 parameters in basic gait parameters, for 32 parameters in kinematics and for 48
parameters in kinetics. 86 graphs for each age group for trunk and for both lower
extremities were plotted as graphical outputs of the system. This allows a subjective
comparison, as an additional outcome of this study. The tables and graphs show the norms
of female and male subjects separately. All the parameters were presented in tables. A
huge number of data, each of which deserves detailed exploration, was obtained in this
study. It would be more convenient to examine each of these parameters individually. In
the literature, there have been quite a number of studies about normative data. In these
studies, parameters for each joint were examined separately, in different studies. For
example, in a study, basic gait parameters were examined according to sex, age, etc [34].
In another study, kinematics and kinetic data of any one joint were examined [37, 39].
Therefore, a better understanding of joint motions can be achieved by evaluating each joint

in amore detailed way. Such more detailed studies are indicated as future work.

It may be discussed that whether there was a need for norms of Turkish population.
While forming normal curves in this study, the curves for females and males in each age
group were plotted separately in the same graph with a gray band representing the gait
analysis system’s current normal band. By visua examination of the graphs, differences
were found between the curves formed by Turkish children and the system’s current
normal band in kinematics and kinetic data concerning al three planes of movement,
especialy in transverse plane. Moreover, there were differences between females and
males in the same age group. Even, some differences were found between gaits of nine-
year-old aged twin boys. Because minute differences can cause very different results in
gait analysis, the analysis of a person should be performed according to her/his population
normal values in order to get more accurate and more reliable results. Besides,
instrumented quantitative gait analyses have not been systematically adopted for the
evaluation of gait in other populations. The data from one laboratory may differ in content,

sensitivity to error, or reliability compared to the data from another. These differences
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could be attributed to different camera resolutions and calibration, different corrections for
lens non-linearities, different camera setups [36]. Therefore, for a gait laboratory, it should

be necessary to have its own normative database.

In comparison studies of gait normative data between populations, it has been
shown that there were statistically significant differences [33]. It was thought that a
statistical comparison should be performed between outputs of this study and the system’s
current normative data. Therefore, a comparison was done in the evaluation of the gait
analyses of twenty normal and ten children with Cerebral Palsy (Ten normal females, ten
normal males, five females with Cerebral Palsy and five males with Cerebral Palsy). All
the children included in this comparison were five-year-old age. The ten children with
Cerebral Palsy had had their diagnoses prior to their gait analyses. The comparison was
done by evaluating the kinematics data of hip, ankle and knee joints of the children
according to these two normative databases with two standard deviations. Sensitivity
values, specificity values, positive predictive values and negative predictive values of the
two databases were calculated for six hip movements, six knee movements and six ankle
movements. The tables of the results can be found in Appendix E. The comparative graphs

of this comparison study are shown below in this section (Figures 4.1-12).
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Figure 4.1 Comparative Sensitivity Graphs of Six Hip Movements
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Figure 4.2 Comparative Specificity Graphs of Six Hip Movements
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When datistical data of hip movements are examined (Figures 4.1-4), both
reference tests are quite sensitive, with the exception of hip rotational movements (h3 and
h6) for Turkish normative database. These low sensitivities in hip rotational movements
can be attributed to the large variation of Turkish children in hip rotation movements.
Although system’s current normative database (USA) seems more sensitive than the
Turkish normative database (TR), positive predictive values of USA are quite lower than
of TR. TR is more specific in all hip movements. These data can be interpreted as USA has
a greater tendency to predict norma hip movements as abnormal. This leads to greater

sensitivity, but less specificity and lower positive predictive values.

When gatistical data of knee movements are examined, USA is more sensitive but
much less specific than TR. Additionally, USA have much lower positive predictive values
than TR. In other words, USA has a greater tendency to predict normal knee movements as
abnormal. Even, USA should not be accepted as reference database in left knee tibial
torsion movement (k6), because it is not specific at all, has quite low positive predictive

value, and an indeterminate negative predictive value that was accepted as zero.
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Figure 4.3 Comparative Positive Predicti ve Vaue Graphs of Six Hip Movements
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When statistical data of ankle movements are examined (Figures 4.9-12), USA is
more sensitive than TR. However, USA is not specific at all for the ankle movements of
Turkish population, whereas TR is quite specific. TR has high positive predictive and high
negative predictive values in all ankle movements, but USA has quite low positive and
quite low negative predictive values in al ankle movements. Moreover, USA has
indeterminate negative predictive values for al ankle movements except right ankle
flexion/extension movement. This is a very important and valuable outcome of this
statigtical analysis.

When dl the statistical data for al the movements in hip, knee and ankle joints are
examined, USA can be accepted as more sensitive than TR. However, it is very useful to
state that all the joint movements of subjects with Cerebral Palsy in this study were
theoretically accepted as abnorma athough, most probably, not al of them were
abnormal. This should explain why USA seems more sensitive. Additionally, when the
graphs for positive and negative predictive values are examined, USA database cannot be
accepted as a proper reference data in the evaluation of hip, knee and ankle joint
movements of Turkish population. These results also suggest that precise evaluation of a

gait disorder needs to be done by comparing the patient with her/his own population.
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Figure 4.5 Comparative Sensitivity Graphs of Six Knee Movements

According to the results obtained from the statistical analysis in this section, it can
be inferred that the system’'s current normative database is not a proper and reliable
reference data for Turkish population. In addition, the results support the strong need for a

proper and reliable reference data.

When all the graphs of statistical analysis are examined, it can be interpreted that
Turkish normative database can serve as a sensitive, specific and reliable reference data for

Turkish population in hip, knee and ankle movements.

As a conclusion, it can safely be stated that this study achieved its main objective:
The database obtained presently can serve as a reference data of Turkish population in gait
analysis. Besides, this study will provide the data for many other required studies
concerning gait analysis in Turkish population. Further studies can be about influence of

age and sex, and comparison of Turkish population with other populations in gait analysis.
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Figure 4.6 Comparative Specificity Graphs of Six Knee Movements
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Figure 4.7 Comparative Positive Predictive Vaue Graphs of Six Knee Movements
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Figure 4.8 Comparative Negative Predictive Vaue Graphs of Six Knee Movements. Negative Predictive
Value of the reference database USA for k6 isindeterminate (0/0), and it was accepted as zero.
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Figure 4.9 Comparative Sensitivity Graphs of Six Ankle Movements
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Figure 4.10 Comparative Specificity Graphs of Six Ankle Movements
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Figure 4.11 Comparative Positive Predictive Va ue Graphs of Six Ankle Movements
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Figure 4.12 Comparative Negative Predictive Vaue Graphs of Six Ankle Movements. Negative Predictive
Values of the reference database USA for a2, a3, a4, ab and & were indeterminate (0/0), and they were
accepted as zero.



BASIC GAIT PARAMETERS

Table A.1 Basic Gait Parameters of 5-year-old Subjects

APPENDIX A

(SD: Standard Deviation, ‘R’ stands for right side, ‘L’ stands for left side, ‘Dbl’ standsfor double.)

Step Width (cm)

R_Veocity (cnvs)
R_Stride Length (cm)
R_Cadence (steps/min)

L_Velocity (cm/s)
L_Stride Length (cm)
L_Cadence (steps/min)

R_Stance Phase (%)
L_Stance Phase (%)
R_Swing Phase (%)
L_Swing Phase (%)

R_Step_Length (cm)
L_Step_Length (cm)

R_Dbl_Support Time (%)
L_Dbl_Support Time (%)
Right Heel Strike (%)
Left Hed Strike (%)
Right Toe Off (%)

Left Toe Off (%)

Females

Mean
7.79

116.66
93.10
150.12

116.51
93.09
149.76

60.38
60.30
39.62
39.70

46.27
46.74

10.20
10.21
0.00
0.00
60.38
60.30

S'D)

0.88

13.52
1.27
10.50

14.08
7.87
10.39

152
1.29
152
1.29

3.85
4.05

114
0.97
0.00
0.00
152
1.29

Males

Mean+SD Mean—-SD Mean
8.67 6.91 8.06
130.17 103.14 113.34
100.37 85.83 93.57
160.61 139.62 145.10
130.59 102.43 113.34
100.96 85.23 9354
160.15 139.37 145.25
61.90 58.85 60.95
61.59 59.02 60.55
41.15 38.10 39.05
40.98 38.41 39.45
50.12 4243 47.02
50.79 42.70 46.43
11.34 9.06 10.76
11.18 9.24 10.75
0.00 0.00 0.00
0.00 0.00 0.00
61.90 58.85 60.95
61.59 59.02 60.55

SO Meant+tSD Mean-SD

1.62

13.16
8.54
10.71

13.42
8.44
11.36

1.36
114
1.36
114

4.47
4.13

0.92
1.02
0.00
0.00
1.36
114

9.69

126.50
102.11
155.82

126.76
101.99
156.61

62.31
61.69
40.41
40.59

51.48
50.56

11.69
11.77
0.00
0.00
62.31
61.69

6.44

100.19
85.03
134.39

99.92
85.10
133.89

59.59
59.41
37.69
38.31

42.55
42.29

9.84
9.73
0.00
0.00
59.59
59.41
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Table A.2 Basic Gait Parameters of 7-year-old Subjects
(SD: Standard Deviation, ‘R’ stands for right side, ‘L’ stands for left side, ‘Dbl’ standsfor double.)

Females Males

Mean SD Mean+SD Mean-SD Mean SD Mean+SD Mean—-SD
Step Width (cm) 713 116 8.29 598 9.20 0.94 10.14 8.26
R_Veocity (cnvs) 117.79 10.72 128.51 107.07 115.76 9.08 124.84 106.67
R_Stride Length (cm) 99.30 9.35 108.65 89.95 99.54 6.27 105.80 93.27

R Cadence (steps/min) 14250 10.06 15256  132.44 13940 7.85  147.25 13155

L_Velocity (cm/s) 118.04 12.02  130.06 106.02 11564 880 12444  106.83
L_Stride Length (cm) 9962 976  109.38  89.87 99.49 592 10541  93.58
L_Cadence (stepgmin)  142.34 10.13 15247 13221 13951 7.80  147.41 13162
R_Stance Phase (%) 6003 121 6123 5882 60.64 1.10 6174  59.55
L_Stance Phase (%) 5073 120  60.94 5853 6114 1.08 6222  60.06
R_Swing Phase (%) 3997 121 4118 3877 39.36 1.10 4045  38.26
L_Swing Phase (%) 4027 120 4147 3906 3886 1.08 3994  37.78
R_Step_Length (cm) 4930 436  53.67 4494 4994 322 5316  46.71
L_Step_Length (cm) 4993 525 5518  44.69 4957 313 5270  46.44
R _Dbl_Support Time (%) 9.81 1.22 11.03 858 10.83 1.07  11.90 9.77
L_Dbl_Support Time(%)  9.79 1.31 11.10 848 1099 098  11.98 1001
Right Heel Strike (%) 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
Left Hed Strike (%) 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
Right Toe OFf (%) 6003 121 6123 5882 60.64 1.10 6174  59.55

Left Toe Off (%) 59.73 1.20 60.94 5853 61.14 1.08 62.22 60.06



Table A.3 Basic Gait Parameters of 8-year-old Subjects
(SD: Standard Deviation, ‘R’ stands for right side, ‘L’ stands for left side, ‘Dbl’ standsfor double.)

Females Males

Mean SD Mean+SD Mean-SD Mean SD Mean+SD Mean—-SD
Step Width (cm) 8.38 206 10.45 6.32 870 1.36 10.06 7.34
R_Veocity (cnvs) 113.05 13.65 126.70 99.40 115.17 6.79 121.96 108.39

R StrideLength (cm) 10414 10.54  114.68  93.61 102.32 483 10715  97.49
R_Cadence (steps/min) 13015 6.36 13651  123.79 13514 4.73  139.87  130.40

L_Velocity (cm/s) 114.06 13.76  127.83  100.30 11575 7.17  122.92  108.58
L _StrideLength (cm) 10458 10.99 11556  93.59 10249 543  107.92  97.05
L_Cadence (stepgmin)  130.65 6.06  136.72  124.59 13552 4.60 14021  130.82

R_Stance Phase (%) 6121 0091 62.13 6030 60.64 086 6151  59.78
L_Stance Phase (%) 60.80 1.22 6201 5958 60.83 095 6178  59.88
R_Swing Phase (%) 38.79 0091 39.70  37.87 39.36 086  40.22  38.49
L_Swing Phase (%) 3920 122 4042  37.99 3917 095 4012  38.22
R_Step_Length (cm) 5161 6.17 57.79 4544 5131 211 5342  49.20
L_Step_Length (cm) 52.74 4.9 5773 4775 5100 296 5396  48.04
R_Dbl_Support Time (%) 11.26 0.92 1218 1034 1074 089  11.63 9.85
L_Dbl_Support Time (%) 10.88 1.03 11.91 985 1066 077  11.43 9.89
Right Heel Strike (%) 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
Left Hed Strike (%) 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
Right Toe OFf (%) 6121 0091 62.13 6030 60.64 086 6151  59.78

Left Toe Off (%) 60.80 1.22 62.01 5958 60.83 0.95 61.78 59.88



Table A.4 Basic Gait Parameters of 9-year-old Subjects
(SD: Standard Deviation, ‘R’ stands for right side, ‘L’ stands for left side, ‘Dbl’ standsfor double.)

Females Males

Mean SD Mean+SD Mean-SD Mean SD Mean+SD Mean—-SD
Step Width (cm) 8.68 1.80 10.48 6.89 883 1.70 10.53 7.13
R_Veocity (cnvs) 112.30 14.28 126.59 98.02 115.17 6.66 121.83 108.51

R StrideLength (cm) ~ 104.60 811 11270  96.49 10581 565 11146  100.15
R Cadence (steps/min) 12867 12.13  140.80 11654 131.19 898 14017  122.20

L_Velocity (cm/s) 112.94 1491 127.85  98.03 11560 7.25 122.84  108.35
L _StrideLength (cm) 10495 869  113.64  96.26 10576 586 11162  99.90
L_Cadence (stepgmin)  120.09 12.11  141.20 11698 131.39 910 14050  122.29

R_Stance Phase (%) 6091 1.35 62.26 5956 60.87 0.99 6186  59.88
L_Stance Phase (%) 60.47 1.00 6147 5947 60.72 096 6168  59.76
R_Swing Phase (%) 39.09 1.35 4044 3774 3913 099 4012 3814
L_Swing Phase (%) 3953 1.00 4053 3853 3928 096 4024  38.32
R_Step_Length (cm) 52.15 3.96 56.11 4819 5272 267 5539  50.05
L_Step_Length (cm) 5253 4.75 57.28  47.78 53.00 343 5643 4957
R_Dbl_Support Time (%) 10.71  0.95 11.66 976 10.82 094 1175 9.88
L_Dbl_Support Time(%) 10.67 1.26 11.93 941 1090 1.11 12.00 9.79
Right Hedl Strike (%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Left Hedl Strike (%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Right Toe Off (%) 6091 1.35 62.26 5956 60.87 0.99 6186  59.88

Left Toe Off (%) 60.47 1.00 61.47 59.47 60.72 0.96 61.68 59.76



Table A.5 Basic Gait Parameters of 16-year-old Subjects
(SD: Standard Deviation, ‘R’ stands for right side, ‘L’ stands for left side, ‘Dbl’ standsfor double.)

Femaes Males

Mean SD Mean+SD Mean-SD Mean SD Mean+SD Mean—-SD
Step Width (cm) 8.74 207 10.81 6.67 1212 4.23 16.35 7.89
R_Veocity (cnvs) 114.74 15.87 130.61 98.88 112.29 7.3 119.59 104.98

R StrideLength (cm) 12521 11.04 13626  114.17 12679 7.01 13380  119.79
R_Cadence (steps/min)  109.30 7.34  116.64  101.96 106.33 572 11205  100.61

L_Velocity (cm/s) 11428 1582 13010  98.46 113.06 7.57 12063  105.49
L _StrideLength (cm) 12537 10.99  136.36  114.37 127.67 659 13426  121.09
L_Cadence (stepgmin)  109.07 7.29  116.36  101.79 10648 561 11209  100.87

R_Stance Phase (%) 61.66 1.49 63.14 6017 6127 080 6207  60.48
L_Stance Phase (%) 60.95 151 62.46 5944 6104 053 6156  60.51
R_Swing Phase (%) 38.34 1.49 39.83 3686 3873 083 3952  37.93
L_Swing Phase (%) 3905 151 4056 3754 3896 053 3049  38.44
R_Step_Length (cm) 63.06 559 68.65 5746 64.36 333  67.60  61.03
L_Step_Length (cm) 62.07 556 67.63 5651 6310 3.87  66.97  59.23
R_Dbl_Support Time (%) 11.31 1.32 12.64 999 1141 052  11.92  10.89
L_Dbl_Support Time (%) 11.06 1.33 12.39 973 1122 072 1194  10.49
Right Heel Strike (%) 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
Left Hed Strike (%) 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
Right Toe OFf (%) 61.66 1.49 63.14 6017 6127 0.83 6207  60.48

Left Toe Off (%) 60.95 1.51 62.46 5944 61.04 0.53 61.56 60.51



Table A.6 Basic Gait Parameters of 17-year-old Subjects
(SD: Standard Devidion, ‘R’ gandsfor right side, ‘L’ stands for left side, ‘Dbl stands for double.)

Femaes Males

Mean SD Mean+SD Mean-SD Mean SD MeantSD Mean-SD
Step Width (cm) 1099 1.63 12.62 936 1310 295 16.04 10.15
R_Veocity (cnvs) 116.06 121 128.17 103.96 115.69 11.61 127.3 104.08

R StrideLength (cm) ~ 124.83 9.37 1342 11546 129002 68 13582  122.22
R _Cadence (stepg/min)  111.02 7.73 11875  103.29 10695 6.47 11341  100.48

L_Velocity (cm/s) 11646 11.90 12836 10456 11536 1178  127.14 10358
L_StrideLength (cm) ~ 126.04 895  134.99  117.09 129.33 6.38 13572 12295
L_Cadence (stepgmin) 11059 7.53 11812  103.07 10667 6.36 11303  100.30

R_Stance Phase (%) 60.71 135 62.05 5936 6138 1.33 6271  60.06
L_Stance Phase (%) 60.73 1.16 61.89 5957 6115 1.28 6243  50.86
R_Swing Phase (%) 3929 135 4064 3795 3862 1.33 39.94  37.29
L_Swing Phase (%) 3927 116 4043 3811 3885 128 4014  37.57
R_Step_Length (cm) 63.42 464  68.06 5879 6517 3.45 68.62  6L72
L_Step_Length (cm) 61.99 4.91 66.80  57.08 64.18 351 67.60  60.67
R_Dbl_Support Time (%) 10.66 1.10 11.76 957 1112 1.60 12.73 9.52
L_Dbl_Support Time (%) 10.86 1.04 11.9 0.82 1144 147 12.91 9.9
Right Heel Strike (%) 0.00 0.00 0.00 000 000 0.00 0.00 0.00
Left Hed Strike (%) 0.00 0.00 0.00 000 000 0.00 0.00 0.00
Right Toe OFf (%) 60.71 135 62.05 5936 6138 1.33 6271  60.06

Left Toe Off (%) 60.73 1.16 61.89 5957 6115 1.28 62.43 59.86



Table A.7 Basic Gait Parameters of 18-year-old Subjects
(SD: Standard Deviation, ‘R’ stands for right side, ‘L’ stands for left side, ‘Dbl’ standsfor double.)

Femaes Males

Mean SD Mean+SD Mean—-SD Mean SD Mean+SD Mean—SD
Step Width (cm) 9.62 2.20 11.82 742 1270 3.24 15.94 9.46
R_Veocity (cnvs) 113.74 8.61 122.35 105.13 115.68 12.42 128.10 103.26

R StrideLength (cm) ~ 124.70 9.03 13373 11567 12546 998 13544 11547
R Cadence (steps/min)  109.14 575 11490  103.39 11015 596 11610  104.19

L_Velocity (cm/s) 11353 845 12198 10508 11572 1255 12827  103.17
L _StrideLength (cm) 12511 840 13351 11671 126.06 10.00 13606  116.06
L_Cadence (stepg/min) 10858 573 11431  102.85 109.86 582 11568  104.04

R_Stance Phase (%) 6095 0.72 6167 6023 6185 106 6291  60.79
L_Stance Phase (%) 6023 089 6112 5933 6163 081 6244  60.83
R_Swing Phase (%) 3905 072 3977 3833 3815 106 3921  37.09
L_Swing Phase (%) 39.77 089 4067 3888 3837 081 3917  37.56
R_Step_Length (cm) 6251 4.46 6697 5805 6302 525 6827  57.77
L_Step_Length (cm) 6231 469 6700 5762 6258 478  67.36  57.80
R_Dbl_Support Time (%) 1043 075 1117 968 1161 090 1250  10.71
L_Dbl_Support Time (%) 10.59 0.80  11.39 979 11690 133 1302  10.35
Right Heel Strike (%) 0.00 0.00 0.00 000 000 0.00 0.00 0.00
Left Hed Strike (%) 0.00 0.00 0.00 000 000 0.00 0.00 0.00
Right Toe OFf (%) 60.95 0.72 6167 6023 6185 106 6291  60.79

Left Toe Off (%) 60.23 0.89 61.12 59.33 61.63 0.81 62.44 60.83



Table A.8 Basic Gait Parameters of 20-year-old Subjects

(SD: Standard Deviation, ‘R’ stands for right side, ‘L’ stands for left side, ‘Dbl’ standsfor double.)

Step Width (cm)

R_Veocity (cnvs)
R_Stride Length (cm)
R_Cadence (steps/min)

L_Velocity (cm/s)
L_Stride Length (cm)
L_Cadence (steps/min)

R_Stance Phase (%)
L_Stance Phase (%)
R_Swing Phase (%)
L_Swing Phase (%)

R_Step_Length (cm)
L_Step_Length (cm)

R_Dbl_Support Time (%)
L_Dbl_Support Time (%)
Right Heel Strike (%)
Left Hed Strike (%)
Right Toe Off (%)

Left Toe Off (%)

Femaes Males
Mean SD Mean+SD Mean—-SD Mean
11.19 259 13.78 8.60 12.40
121.79 5.05 126.83 116.74 118.16
127.73 4.03 131.76 123.70 127.17
114.41 6.50 120.91 107.91 110.96
121.44 5.36 126.80 116.08 118.37
128.18 4.38 132.56 123.81 127.99
114.02 6.72 120.74 107.30 110.83
61.34 1.00 62.34 60.34 61.57
60.82 0.72 61.54 60.10 61.46
38.66 1.00 39.66 37.66 38.43
39.18 0.72 39.90 38.46 38.54
64.95 2.18 67.12 62.77 64.53
62.98 2.61 65.59 60.37 62.84
10.90 0.90 11.80 999 1131
11.21 1.22 1243 999 1155
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
61.34 1.00 62.34 60.34 61.57
60.82 0.72 61.54 60.10 61.46

SO Mean+SD Mean—SD

3.00

12.71
10.20
8.46

13.01
10.46
8.49

0.91
0.74
0.91
0.74

4.40
6.12

1.03
0.87
0.00
0.00
0.91
0.74

15.40

130.87
137.37
119.42

131.38
138.44
119.32

62.48
62.20
39.34
39.29

68.93
68.95

12.34
12.42
0.00
0.00
62.48
62.20

9.40

105.45
116.98
102.50

105.36
117.53
102.34

60.66
60.71
37.52
37.80

60.12
56.72

10.28
10.67
0.00
0.00
60.66
60.71
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APPENDIX B

KINEMATICS— Five-Year-Old Subjects

Table B.1 Sance Phase Kinematics of 5-year-old Female Subjects

79

(Max.= Maximum, St. = Stance, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

R_Hip_Rot_Ang
L_Hip Rot Ang
R_Hip_Abd_Ang
L_Hip Abd_Ang
R_Hip_Flex_Ang
L_Hip Flex_Ang
R_Knee Rot_Ang
L_Knee Rot_Ang
R_Knee Abd_Ang
L_Knee Abd_Ang
R_Knee Flex Ang
L_Knee Flex_Ang
R_Ank_Rot_Ang
L_Ank Rot_Ang
R_Ank_Abd Ang
L_Ank_Abd_Ang
R_Ank_Hex Ang
L_Ank _Flex Ang
R_Elbow_Ang
L_Elbow_Ang
R_Shl_Add Ang
L_Shl_Add_Ang
R_Shl_Flex_Ang
L_Shl_Flex Ang

R _Trunk_Lat_Tilt
L_Trunk_La_Tilt
R_Trunk_Fwd Tilt
L_Trunk_Fwd Tilt
R_Trunk_Rotation
L_Trunk_Rotation
R _Pevis Lat Tilt
L_Pevis La_Tilt
R_Pelvis Fwd Tilt
L_Pelvis Fwd Tilt
R_Pelvis Rotation
L_Pelvis Rotation
R_Foot_Orientation
L_Foot_Orientation

Foot
Strike
Mean SD
-8.71 8.10
-3.30 1221
219 39%4
-1.23  2.08
35.26 4.13
35.18 6.23
6.04 15.88
1.30 18.66
-3.83 187
-3.98 264
881 576
773 7.84
-15.43 10.21
-14.04 8.04
-1.97 147
-1.48 152
598 218
466 3.82
26.77 8.33
22.74 5.29
30.29 6.30
27.87 5.45
-68.91 9.73
-71.21 1217
-1.16  1.64
-1.16  1.64
-2.08 164
-208 164
-1.77 381
-1.77 381
298 264
298 264
10.70 3.92
10.70 3.92
9.07 249
9.07 249
-821 6.40
-11.48 6.54

M aximum Time of Minimum Time of
Stance Max. St. Stance Min. St.

Mean SO Mean SD Mean SO Mean SD
6.52 548 3867 17.67 -871 810 0.00 0.00
874 1214 2956 16,53 -3.30 1221 0.00 0.00
11.22 259 20.00 235 -2.02 3.07 5278 19.87
740 172 2033 166 -557 3.05 5322 19.97
3526 413 0.00 0.00 -1442 583 5278 148
3518 6.23 0.00 0.00 -1391 594 5211 1.05
14.26 16.48 4244 2591 0.62 14.87 22.89 1858
16.65 21.73 44.00 2331 -218 1935 21.67 20.94
0.29 387 40.67 21.06 -455 204 2422 2781
208 504 3833 19.89 -568 3.23 40.11 24.06
2929 410 5933 173 141 480 36.22 13.02
30.92 6.45 49.67 2051 -0.07 3.89 4044 224
-9.01 942 3411 1962 -27.69 1038 12.89 1.17
-8.41 6.46 37.89 1495 -2996 853 29.33 23.26
-0.38 162 5267 1982 -575 329 2322 1084
-0.34 119 4456 2466 -581 354 2567 11.91
1713 3.07 4122 657 -009 468 5289 19.16
1691 288 41.78 487 116 351 46.67 24.79
52.67 9.08 5344 213 2567 7.87 622 286
50.71 1258 5433 3.04 21.75 556 567 278
30.32 631 067 141 1915 328 36.22 1281
2818 543 7.78 17.04 1818 5.12 36.00 13.70
-4.01 19.34 4933 158 -6941 973 422 335
0.09 18.47 50.89 1.76 -72.08 1219 5.00 350
1.09 220 50.89 1870 -1.72 187 1511 6.15
1.09 223 51.11 1880 -1.72 187 1511 6.15
-1.26  2.04 3167 1824 -452 197 39.89 2296
-1.26  2.04 3167 1824 -453 195 3522 23.04
540 362 4978 821 -191 367 256 5.08
532 362 4922 750 -191 367 256 5.08
6.79 240 1622 1.72 -171 111 5933 1.73
6.79 240 1622 1.72 -175 120 59.44 1.42
11.33 425 3511 1524 870 4.10 29.00 22.44
11.33 425 3511 1524 869 4.07 2433 19.86
962 217 500 502 553 416 5489 4.83
962 217 500 502 554 417 5489 473
324 743 1722 277 -892 6.85 23.00 27.63
-6.36 721 3511 2136 -11.97 6.26 10.44 20.78
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Table B.2 Swing Phase Kinematics of 5-year-old Female Subjects
(Max = Maximum, Sw. = Swing, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Maximum Time of Minimum Time of Toe Off
Swing Max. Sw. Swing Min. Sw.
Mean SO Mean SD Mean SD Mean SD Mean SD
R_Hip Rot_Ang 363 643 6811 11.39 -930 7.85 9889 071 266 7.68
L_Hip_Rot_ Ang 6.68 13.14 7099 1142 -423 11.82 9288 11.62 458 13.79
R_Hip_Abd Ang 171 338 9733 543 -447 265 6844 290 -230 3.00
L_Hip_Abd Ang -202 199 9710 523 -7.90 266 6754 203 -595 3.07
R_Hip Flex Ang 3650 4.00 9255 334 -928 6.16 6044 160 -9.28 6.16
L_Hip_Flex_Ang 3638 6.76 9221 333 -768 7.02 6032 136 -7.68 7.02
R_Knee Rot_ Ang 2771 1218 7333 262 121 1610 87.22 1611 13.30 15.06
L_Knee Rot_Ang 3235 1793 7143 299 -141 1759 9421 331 17.32 2242
R_Knee Abd Ang 291 6.0 8511 552 -574 335 8355 1485 -144 547
L_Knee Abd_Ang 6.03 9.20 8310 853 -7.82 586 8343 147 -1.00 8.23

R Knee Flex Ang 6814 6.0 7455 126 845 570 9911 030 3271 4.15
L_Knee Flex_Ang 6766 674 7388 094 726 7.04 9888 020 3429 671

R_Ank_Rot_Ang 1302 1054 98.00 1.88 -37.58 945 77.00 1.87 -19.38 8.76
L_Ank_Rot_Ang 1273 849 97.88 165 -41.05 1309 74.65 211 -24.34 1254
R_Ank_Abd_Ang 103 181 6800 959 -644 284 8155 236 -005 168
L_Ank_Abd Ang 018 171 66.99 1056 -6.07 305 80.10 161 -046 1.46
R_Ank_Flex_Ang 923 147 8677 363 -318 445 6411 252 -112 478
L_Ank_Flex Ang 841 301 8643 499 -076 371 6343 178 067 3.46
R_Elbow_Ang 50.64 959 6044 160 2671 818 9911 030 5064 9.59
L_Elbow_Ang 4872 1176 60.32 136 2292 516 9888 020 48.72 11.76
R_Shl_Add_Ang 3021 619 9911 030 1927 280 7089 323 2130 222
L_shl_Add_Ang 28.03 543 9465 1269 17.84 514 7143 7.12 2045 6.39
R_Shl_Flex_Ang 1267 17.46 60.44 160 -69.12 937 9911 0.30 -12.67 17.46
L_Shl_Flex Ang 709 1872 60.32 1.36 -71.02 1150 97.88 290 -7.09 18.72
R_Trunk_Lat_Tilt 109 215 67.44 1262 -135 171 97.77 388 098 217
L_Trunk La_Tilt 110 214 6721 1240 -135 171 97.54 403 099 219
R_Trunk_Fwd_Tilt 146 172 9133 268 -463 188 6400 254 -443 1.92
L_Trunk_Fwd_Tilt 146 172 9110 278 -463 188 63.76 270 -442 184
R_Trunk_Rotation 441 374 6089 207 -232 390 9244 48 439 375
L_Trunk_Rotation 434 372 6132 137 -232 390 9221 476 425 371
R_Pelvis Lat_Tilt 245 229 9566 545 -321 142 6722 140 201 115
L_Pevis La_Tilt 245 229 9543 542 321 142 6699 138 204 1.23

R_Pelvis Fwd_Tilt 1087 426 8822 759 893 408 6455 342 918 4.10
L_Pelvis Fwd Tilt 10.87 426 8799 768 894 410 6465 298 921 4.09
R_Pelvis Rotation 868 284 9911 030 -476 340 6166 343 -472 343
L_Pelvis Rotation 8.68 284 9888 020 -4.77 344 6154 348 -473 347
R_Foot_QOrientation -6.31 752 7355 1925 -16.27 691 8111 956 -6.80 8.00
L_Foot_Orientation -7.75 691 6176 279 -17.73 605 8499 321 -813 7.37
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Table B.3 Sance Phase Kinematics of 5-year-old Male Subjects
(Max = Maximum, St. = Stance, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Foot M aximum Time of Minimum Time of
Strike Stance Max. St. Stance Min. St.
Men SD Mean SD Men SD Men SD Men SD

R_Hip Rot_Ang -9.15 918 502 920 4167 1521 -915 918 0.00 0.00
L_Hip_Rot_ Ang -5.68 967 749 889 36.78 1289 -568 9.67 0.00 0.00
R_Hip_Abd _Ang -0.73 328 801 282 23.00 335 -412 250 4656 26.42
L_Hip_Abd Ang -019 223 781 196 23.00 1.87 -426 411 5267 19.79
R_Hip Flex Ang 3309 576 3309 576 0.00 0.00 -1453 7.87 5344 113
L_Hip_Flex_Ang 31.80 6.73 3180 6.73 0.00 0.00 -1444 804 5300 132
R_Knee Rot_ Ang 757 1174 1656 9.18 37.78 26.92 0.77 7.28 40.00 7.60
L_Knee Rot_Ang 6.58 12.97 18.87 10.16 4200 2650 0.13 10.28 25.89 24.27

R Knee Abd Ang  -3.39 237 174 378 2700 1712 -399 232 17.00 23.81
L Knee Abd Ang  -3.31 207 198 286 3044 2146 -404 155 24.67 2854
R_Knee Flex Ang 898 582 3280 565 6000 132 334 562 3322 18.35
L_Knee Flex_Ang 607 547 3055 583 5944 133 214 639 3289 1844

R_Ank_Rot_Ang 1812 679 -1027 635 39.78 1526 -32.00 8.63 19.89 15.47
L_Ank_Rot_Ang 1499 1064 -7.69 757 31.11 2345 -3056 1354 19.67 15.17
R_Ank_Abd Ang 203 120 003 195 5833 480 -685 3.00 2600 10.95
L_Ank_Abd Ang 216 188 -011 179 51.89 19.06 -581 3.66 2500 9.23
R_Ank_Flex_Ang 841 223 1688 424 4133 532 040 577 53.89 18.00
L_Ank_Flex Ang 650 346 1545 3.76 40.33 433 -015 412 59.44 1.33
R_Elbow_Ang 2796 613 5359 7.92 5300 250 2635 543 7.44 347
L_Elbow_Ang 2081 614 5218 1214 5400 212 2868 555 7.11 3.30
R_Shl_Add_Ang 3053 345 3066 347 133 224 2061 456 3633 10.95
L_shl_Add_Ang 2980 501 3013 509 7.89 17.78 2169 435 3467 11.64
R_Shl_Flex_Ang -69.03 878 -802 3108 4956 3.05 -70.03 853 467 4.12
L_shl_Flex Ang -63.31 13.33 -4.80 2104 5067 260 -6390 1355 3.11 3.37
R_Trunk_Lat_Tilt 104 169 194 153 5644 697 -1.84 178 1244 698
L_Trunk_La_Tilt 104 169 192 152 5600 667 -1.84 178 1244 6.98

R_Trunk_Fwd_Tilt -067 178 -005 152 4122 286 -3.09 181 4533 21.66
L_Trunk_Fwd_Tilt -067 178 -005 152 4122 286 -3.07 181 4522 2157

R_Trunk_Rotation -037 239 564 154 5178 987 -055 227 367 495
L_Trunk_Rotation -037 239 565 154 5178 990 -055 227 367 495
R_Pevis Lat_Tilt 040 165 406 222 2056 11.14 -288 154 5322 20.00
L_Pelvis La_Tilt 040 165 406 222 2056 1114 -271 154 5267 19.79

R_Pevis Fwd_Tilt 919 506 961 492 2356 2239 6.89 495 3122 2152
L_Pelvis Fwd_Tilt 919 506 961 492 2356 2239 6.88 4.97 3122 2150
R_Pelvis Rotation 9.64 444 99 461 322 335 -547 411 5389 247
L_Pelvis Rotation 9.64 444 99 461 322 335 -547 411 5389 247
R_Foot_Orientation  -10.67 339 -758 376 1733 240 -11.75 343 21.00 25.60
L_Foot_Orientation -856 571 -589 547 1933 1301 917 6.06 2656 26.04
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Table B.4 Swing Phase Kinematics of 5-year-old Male Subjects
(Max = Maximum, Sw. = Swing, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Maximum Time of Minimum Time of T oe Off
Swing Max. Sw. Swing Min. Sw.
Mean SD Mean SO Mean SO Mean SO Mean SD
R_Hip Rot_Ang 305 907 6698 845 -969 989 9843 09 215 857
L_Hip_Rot_ Ang 521 7.07 7415 10.02 -679 999 9882 0.8 344 879
R_Hip_Abd _Ang -0.33 3.01 8965 12.79 -591 267 71.09 10.04 -3.80 3.38
L_Hip_Abd Ang -048 223 9582 6.36 -6.28 394 67.26 284 -463 4.26
R_Hip Flex Ang 3459 560 9320 397 -967 7.8 60.87 142 -967 7.86
L_Hip_Flex_Ang 3369 563 9360 375 -98 850 6049 119 -989 850
R_Knee Rot_ Ang 29.14 860 7476 209 580 1099 89.98 17.16 14.67 561
L_Knee Rot_Ang 36.13 12.62 7404 185 598 1154 89.71 1661 1891 9.24
R_Knee Abd Ang 394 711 7843 1099 -425 351 9043 1353 -0.26 4.19
L_Knee Abd_Ang 492 538 7649 965 -478 284 8460 1622 -051 394

R Knee Flex Ang 7053 481 7487 108 977 6.66 9887 027 3627 572
L_Knee Flex_Ang 68.00 327 7449 058 710 530 99.04 035 3397 588

R_Ank_Rot_Ang 16,70 538 94.31 13.79 -43.98 681 77.87 0.64 -24.28 4.86
L_Ank_Rot_Ang 1391 886 94.38 13.20 -44.35 14.03 76.60 1.16 -2349 9.63
R_Ank_Abd_Ang 107 297 6831 1143 -917 211 8287 154 011 246
L_Ank_Abd Ang 089 255 6371 146 -8.05 298 8204 133 017 1.90
R_Ank_Flex_Ang 1129 222 8943 287 -186 592 6409 179 -048 587
L_Ank_Flex Ang 1062 269 89.93 430 -199 400 6338 163 -096 4.10
R_Elbow_Ang 5095 7.5 60.87 142 2919 7.07 9887 027 5095 7.15
L_Elbow_Ang 4996 9.72 6049 119 30.39 509 99.04 035 49.96 9.72
R_Shl_Add_Ang 3093 3.38 9865 065 2167 4.06 6843 637 2368 3.24
L_shl_Add_Ang 2082 470 9426 1319 2268 441 7149 674 2519 512
R_Shl_Flex_Ang 1501 27.50 60.87 142 -68.36 9.13 98.87 0.27 -1591 27.50
L_shl_Flex Ang -10.90 20.36 6049 1.19 -62.15 1429 99.04 0.35 -10.90 20.36
R_Trunk_Lat_Tilt 195 147 6376 343 -097 168 97.908 249 190 151
L_Trunk La_Tilt 196 144 6382 372 -097 168 9815 258 189 147
R_Trunk_Fwd_Tilt 051 170 9265 292 -3.27 169 67.09 361 288 175
L_Trunk_Fwd_Tilt 051 170 9282 276 -3.27 169 67.26 348 280 165
R_Trunk_Rotation 518 199 6143 197 -048 233 9509 4.87 517 1.97
L_Trunk_Rotation 527 195 6104 179 -048 238 9526 479 525 1.94
R_Pelvis Lat_Tilt 030 145 9387 1218 -3.87 162 6843 358 -289 1.84
L_Pevis La_Tilt 030 145 9404 1232 -3.87 162 6860 347 272 1.80
R_Pelvis Fwd_Tilt 907 485 9431 312 680 517 6831 237 726 5.16
L_Pelvis Fwd Tilt 907 485 9449 308 680 517 6849 218 7.35 512
R_Pelvis_Rotation 912 447 9876 051 -471 394 6087 142 -471 3.94
L_Pelvis Rotation 912 447 9893 044 -476 398 6049 119 -476 3.98

R_Foot_QOrientation 973 341 7420 1762 -1843 4.81 8287 4.62 -10.79 3.69
L_Foot_Orientation -7.69 6.17 6249 345 -1421 562 8504 404 -788 6.23
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Figure B.1 Trunk Orientation Relative to Room (Degrees), 5-year-old subjects.
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Figure B.2 Pelvis Orientation Relative to Room (Degrees), 5-year old subjects.
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Figure B.3 Foot Orientation Relative to Room (Degrees), 5-year old subjects.
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Figure B.4 Arm Joint Angles (Degrees), 5-year-old subjects.
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Figure B.5 Hip Joint Angles (Degrees), 5-year-old subjects.

Right (RHS to RHS) Left (LHS to LHS)

Figure B.6 Knee Joint Angles (Degrees), 5-year-old subjects.
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Figure B.7 Ankle Joint Angles (Degrees), 5-year-old subjects.
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Seven-Year-Old Subjects

Table B.5 Sance Phase Kinematics of 7-year-old Female Subjects
(Max = Maximum, St. = Stance, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Foot M aximum Time of Minimum Time of
Strike Stance Max. St. Stance Min. St.
Men SO Mean S Mean SD Mean S Mean SD

R_Hip_Rot_Ang -10.34 1039 406 863 4850 792 -1034 1039 0.00 0.00
L_Hip_Rot_Ang -455 664 1186 7.73 3870 1216 -455 6.64 0.00 0.00
R_Hip_Abd_Ang 120 262 905 273 1850 158 -165 3.18 5310 18.69
L_Hip_Abd_Ang 299 272 979 357 1810 242 -1.74 196 53.00 18.66
R_Hip_Flex_Ang 39.07 636 3907 636 000 000 -966 621 5220 114
L_Hip_Flex_Ang 38.04 371 3804 371 000 000 -1014 544 5120 092
R_Knee_Rot_Ang 576 11.21 1545 17.33 3520 2317 -030 1414 3350 19.16
L_Knee Rot_Ang 334 1541 1416 11.73 30.90 2459 -468 1423 38.90 15.08
R_Knee Abd Ang 550 420 -056 414 5290 894 -620 425 2250 2642
L_Knee Abd_Ang 546 232 004 363 4520 2074 -561 221 6.00 13.86

R_Knee Flex Ang 913 590 3091 670 54.40 1494 315 7.37 3200 16.94
L_Knee Flex_Ang 716 491 3079 7.12 5880 123 072 693 3170 16.77

R_Ank_Rot_Ang 1172 1261 -6.78 1349 4140 1574 -27.61 1677 22.60 19.21
L_Ank_Rot_Ang 1351 825 -7.32 809 3920 14.10 -2886 7.51 18.70 14.55
R_Ank_Abd Ang 128 138 023 132 4920 17.94 -447 317 2720 13.22
L_Ank_Abd Ang 070 053 012 119 4120 2696 -420 240 2640 10.70
R_Ank_Flex Ang 431 170 1502 3.07 4180 253 -097 444 5370 16.80
L_Ank_Flex Ang 184 249 1456 226 4270 200 -0.88 3.60 36.70 29.44
R_Elbow_Ang 2674 960 4077 807 5100 429 2508 955 850 251
L_Elbow_Ang 2454 581 4069 7.30 5200 333 2358 583 690 088
R_Shl_Add_Ang 2363 465 2428 450 11.90 2042 1836 455 41.00 16.78
L_shl_Add_Ang 2483 516 2521 524 690 1606 1624 3.42 4440 12.00
R_Shl_Flex_Ang -56.80 13.07 -10.15 2640 5050 3.03 -57.19 1339 240 250
L_shl_Flex Ang -68.37 944 -7.72 2326 49.80 4.18 -6884 940 250 3.03
R_Trunk_Lat_Tilt 021 159 179 159 4270 2158 -0.79 146 16.00 20.16
L_Trunk_La_Tilt 021 159 178 157 4250 2143 -0.79 146 16.00 20.16

R_Trunk_Fwd_Tilt 121 389 153 362 2710 1888 -159 4.01 49.90 18.95
L_Trunk_Fwd_Tilt 121 389 153 362 2710 1888 -1.60 4.04 49.80 1891

R_Trunk_Rotation 268 330 309 264 4270 909 -309 348 660 3.95
L_Trunk_Rotation 268 330 307 267 4250 868 -309 348 660 3.95
R_Pelvis Lat_Tilt 110 164 436 163 1460 117 -327 253 59.00 115
L_Pdvis La_Tilt 110 164 436 163 1460 117 -318 237 5880 1.23

R_Pelvis Fwd_Tilt 1296 341 1378 332 3290 1092 1152 315 39.20 23.74
L_Pelvis Fwd Tilt 1296 341 1378 332 3290 1092 1150 3.13 39.30 23.83
R_Pelvis Rotation 817 28 849 266 350 490 -492 214 5410 314
L_Pelvis Rotation 817 28 849 266 350 490 -491 214 5400 3.06
R_Foot_QOrientation -794 262 -374 455 2320 1362 910 320 39.00 27.30
L_Foot_Orientation  -10.01 3.93 -436 519 26.70 16.71 -11.28 430 28.30 29.97
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Table B.6 Swing Phase Kinematics of 7-year-old Female Subjects
(Max = Maximum, Sw. = Swing, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Maximum Time of Minimum Time of T oe Off
Swing Max. Sw. Swing Min. Sw.
Mean SD Mean SO Mean SO Mean SO Mean SD
R_Hip Rot_Ang 283 869 6053 251 -10.62 10.35 9813 128 273 884
L_Hip_Rot_ Ang 925 842 6413 949 545 7.06 9783 125 860 7.71
R_Hip_Abd Ang 052 296 9053 1297 -406 324 6723 182 -212 321
L_Hip_Abd Ang 223 270 9593 6.16 -387 191 6643 193 -218 1.95
R_Hip Flex Ang 3895 6.23 9223 359 -449 574 60.03 121 -449 574
L_Hip_Flex_Ang 3780 368 9213 356 -405 545 59.73 120 -405 545
R_Knee Rot_ Ang 25.68 16.64 7353 344 123 11.69 8433 17.10 11.10 18.75
L_Knee Rot_Ang 28.01 14.47 7293 355 -0.17 15.09 88.23 1507 11.80 13.22
R_Knee Abd Ang 099 6.33 7363 1211 -6.56 433 90.03 1456 -155 548
L_Knee Abd_Ang 412 6.68 7423 819 -583 182 9253 1213 020 4.19

R_Knee Flex Ang 6541 442 7373 154 831 571 9903 021 3384 6.94
L_Knee Flex_Ang 6449 308 7283 186 596 402 9873 056 3406 6.93

R_Ank_Rot_Ang -9.72 1220 90.03 16.13 -38.83 16.88 7573 289 -19.69 19.62
L_Ank_Rot_Ang 1136 808 97.93 126 -41.67 1036 7543 276 -23.07 7.95
R_Ank_Abd_Ang 103 165 6843 1112 -501 =245 8213 107 -002 124
L_Ank_Abd Ang 142 204 6833 1095 -477 233 8113 195 012 181
R_Ank_Flex_Ang 812 162 8753 237 -328 450 6393 138 -179 466
L_Ank_Flex Ang 643 239 8563 221 -304 421 6373 105 -120 4.05
R_Elbow_Ang 38.88 7.46 6003 121 2653 1027 99.03 021 3888 7.46
L_Elbow_Ang 3848 703 5973 120 2511 742 9613 879 3848 7.03
R_Shl_Add_Ang 2352 434 9113 1619 17.73 3.96 69.63 7.70 1933 481
L_shl_Add_Ang 2412 405 9503 1204 1640 3.60 6823 7.87 1801 4.69
R_Shl_Flex_Ang -15.84 2660 60.03 1.21 -57.46 13.47 99.03 0.21 -15.84 26.60
L_shl_Flex Ang -15.80 2699 59.73 120 -68.87 960 97.63 4.06 -15.80 26.99
R_Trunk_Lat_Tilt 173 151 69.43 1591 -023 140 9053 1558 136 164
L_Trunk La_Tilt 172 150 6953 1598 -0.24 139 90.23 1584 133 162
R_Trunk_Fwd_Tilt 059 401 9053 184 -1.94 397 6473 290 -162 4.08
L_Trunk_Fwd Tilt 059 401 9043 197 -194 397 6453 310 -162 4.11
R_Trunk_Rotation 236 278 6063 156 -252 301 9063 692 235 278
L_Trunk_Rotation 236 277 6043 172 -252 301 9053 7.07 233 279
R_Pelvis Lat_Tilt 058 189 9653 533 -427 257 6563 157 -352 257
L_Pevis La_Tilt 058 189 9643 533 -427 257 6553 155 -343 241

R_Pelvis Fwd_Tilt 12.67 296 8343 1424 1108 310 78.03 1617 11.75 3.04
L_Pelvis Fwd Tilt 1268 295 83.33 1409 1108 310 7783 1631 1175 3.03
R_Pelvis Rotation 841 3.03 99.03 021 -418 170 6113 210 -413 172
L_Pelvis Rotation 841 3.03 9893 032 -429 177 6093 204 -422 179
R_Foot_QOrientation -6.77 4.96 80.03 20.12 -17.38 348 80.03 322 -7.71 544
L_Foot_Orientation -7.08 6.28 79.53 20.65 -1879 3.87 8L73 330 -819 6.83
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Table B.7 Sance Phase Kinematics of 7-year-old Male Subjects
(Max = Maximum, St. = Stance, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Foot M aximum Time of Minimum Time of
Strike Stance Max. St. Stance Min. St.

Men SD Mean SO Mean SD Men SO Men SD
R_Hip Rot_Ang -15633 495 042 561 51.20 1420 -1533 495 0.00 0.00
L_Hip_Rot_ Ang -743 740 612 825 3780 2020 -743 740 0.00 0.00
R_Hip_Abd Ang 252 439 990 368 2040 486 -053 333 5360 18.87
L_Hip_Abd Ang -1.65 3.05 593 216 2260 847 -426 262 5380 18.94
R_Hip Flex Ang 3329 942 3333 943 040 126 -1325 6.39 5330 0.67
L_Hip_Flex_Ang 3161 979 3164 979 030 095 -1484 6.35 5350 0.85
R_Knee Rot_ Ang 6.95 1293 1499 11.22 1690 1529 050 1164 31.00 17.11
L_Knee Rot_Ang 0.94 1822 1343 1562 40.80 24.82 -4.34 15.88 27.40 19.22
R_Knee Abd Ang 505 326 -1.98 234 4160 1655 -592 321 2360 28.69
L_Knee Abd Ang 408 282 129 426 4780 1720 -439 3.15 21.00 26.70
R_Knee Flex Ang 6.62 558 29.62 540 5960 117 260 3.80 33.10 17.50
L_Knee Flex_Ang 294 6.10 2666 530 59.80 114 -131 380 3240 17.23
R_Ank_Rot_ Ang -10.18 10.19 -450 10.93 31.60 22.09 -26.30 8.7 1290 0.74
L_Ank_Rot Ang -9.61 1041 -498 7.66 33.60 18.02 -26.28 10.00 1370 1.25
R_Ank_Abd Ang -1.17 1.02 050 083 4350 2381 -425 214 2440 1202
L_Ank_Abd Ang -1.04 137 048 165 4560 2225 -363 197 2550 13.50
R_Ank_Fex Ang 486 244 1500 285 4320 230 -043 294 59.60 1.17
L_Ank_Flex_Ang 367 308 1378 255 4390 307 -1.24 406 5480 16.13
R_Elbow_Ang 2553 825 4400 10.08 5290 381 2384 819 770 142
L_Elbow_Ang 20.66 578 41.88 723 5530 236 1930 541 690 1.66
R_Shl_Add Ang 26.33 535 2698 541 10.70 22.04 1840 2.62 33.20 10.69
L_Shl_Add_Ang 2445 412 2546 375 17.90 2478 1722 233 29.10 12.22
R_Shl_Flex_Ang -59.48 1341 -619 21.96 51.00 236 -6044 12.70 5.10 247
L_Shl_Flex Ang -57.85 1530 277 19.71 5230 327 -5892 1492 530 3.62
R_Trunk_Lat_Tilt -0.79 195 101 181 5930 142 -179 196 1490 6.94
L_Trunk La_Tilt -0.79 195 106 182 5970 134 -179 196 1490 6.94

R_Trunk_Fwd_Tilt -045 241 003 254 3290 1745 -294 253 3810 22.68
L_Trunk_Fwd_Tilt -045 241 003 254 3290 1745 -297 258 38.00 23.25

R_Trunk_Rotation 273 434 277 527 4720 1162 -311 461 660 7.01
L_Trunk_Rotation 273 434 278 527 4730 1174 -311 461 660 7.01
R_Pelvis Lat_Tilt 215 189 504 205 1620 210 -091 201 5960 1.17
L_Pevis La_Tilt 215 189 504 205 1620 210 -097 203 59.80 1.14

R_Pevis Fwd_Tilt 927 628 988 6.62 2610 2277 7.8 6.36 28.70 21.34
L_Pelvis Fwd_Tilt 927 628 988 6.62 2610 2277 7.82 6.35 2930 21.11
R_Pelvis Rotation 6.78 568 752 449 480 916 -6.67 193 5320 3.58
L_Pelvis Rotation 6.78 568 752 449 480 916 -6.67 193 5320 3.58
R_Foot_Orientation  -10.86 6.58 -7.08 6.65 16.60 1581 -1246 7.46 39.80 27.76
L_Foot_Orientation  -10.89 7.88 -5.83 7.92 2050 13.13 -1145 821 19.90 26.22
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Table B.8 Swing Phase Kinematics of 7-year-old Male Subjects
(Max = Maximum, Sw. = Swing, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Maximum Time of Minimum Time of T oe Off
Swing Max. Sw. Swing Min. Sw.
Mean SD Mean SO Mean SO Mean SO Mean SD
R_Hip Rot_Ang 0.01 598 6310 754 -1594 472 9810 109 -016 6.06
L_Hip_Rot_ Ang 512 851 6662 931 -839 7.68 9852 079 470 852
R_Hip_Abd Ang 264 389 9080 1245 -232 341 7010 9.69 -0.63 3.08
L_Hip_Abd Ang -216 335 8762 1856 -6.74 273 6932 263 -440 3.13
R_Hip Flex Ang 3439 936 9340 341 -853 6.5 6050 112 -853 6.56
L_Hip_Flex_Ang 31.98 937 9402 310 -10.22 6.49 60.92 105 -10.22 6.49
R_Knee Rot_ Ang 2445 952 7500 273 219 1311 8890 1506 10.17 11.96
L_Knee Rot_Ang 3040 1327 7442 308 -1.43 1861 9342 1155 10.89 17.16
R_Knee Abd Ang -0.75 365 7580 1058 -7.09 4.26 8470 1273 -343 352
L_Knee Abd_Ang 594 6.34 8132 9.07 -487 373 9382 1133 0.79 5.68

R Knee Flex Ang 6508 459 7430 114 608 546 9890 029 3288 5.49
L_Knee Flex_Ang 6338 6.1 7462 092 269 531 9912 030 3001 545

R_Ank_Rot_Ang -7.99 1119 9830 1.10 -36.63 7.50 7650 200 -18.69 8.67
L_Ank_Rot_Ang 825 904 9892 060 -3895 838 7632 254 2040 9.42
R_Ank_Abd_Ang 169 121 6850 1060 -541 155 8120 197 038 110
L_Ank_Abd Ang 156 201 67.82 1041 -591 210 81.02 096 049 162
R_Ank_Flex_Ang 853 169 8750 4.09 -359 357 6430 139 -154 3.03
L_Ank_Flex Ang 860 239 8562 370 -378 413 6402 123 -223 4.08
R_Elbow_Ang 4190 930 6050 112 2655 867 98.90 029 41.90 9.30
L_Elbow_Ang 4072 7.38 6092 105 2143 656 99.12 030 4072 7.38
R_Shl_Add_Ang 2623 447 9090 1589 1964 3.36 7150 7.57 2196 3.85
L_shl_Add_Ang 2463 326 9062 1610 17.90 3.05 7392 822 2068 3.95
R_Shl_Flex_Ang -12.36 2290 60.50 1.12 -57.94 11.47 98.90 0.29 -12.36 22.90
L_Shl_Flex Ang 266 2092 6092 1.05 -55.86 14.75 98.92 082 -2.66 20.92
R_Trunk_Lat_Tilt 138 182 6570 464 -060 193 9650 521 106 1.79
L_Trunk La_Tilt 138 183 6572 477 -060 193 9672 543 111 181
R_Trunk_Fwd_Tilt 007 226 9260 260 -3.06 255 6440 252 -2.88 257
L_Trunk_Fwd_Tilt 007 226 9282 247 -3.06 255 6462 248 290 2.59
R_Trunk_Rotation 209 541 6100 110 -357 482 9380 571 206 541
L_Trunk_Rotation 206 539 6162 107 -357 482 9402 580 203 540
R_Pelvis Lat_Tilt 192 184 9430 600 -1.93 18 6660 189 -115 198
L_Pevis La_Tilt 192 184 9452 588 -1.93 182 6682 179 -120 199
R_Pelvis Fwd_Tilt 943 632 8820 1261 772 6.42 7370 1427 815 630
L_Pelvis Fwd Tilt 943 632 8842 1290 772 642 7392 1425 812 629
R_Pelvis_Rotation 622 540 9510 1207 -600 273 6240 620 -561 2.08
L_Pelvis Rotation 622 540 9532 1201 -594 273 628 617 -555 2.06

R_Foot_QOrientation -1052 753 76.60 19.32 -1991 799 80.70 7.15 -11.96 844
L_Foot_Orientation -822 895 6372 364 -17.08 892 8622 268 -852 9.22
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Figure B.8 Trunk Orientation Relative to Room (Degrees), 7-year-old subjects.
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Figure B.9 Pelvis Orientation Relative to Room (Degrees), 7-year-old subjects.

91



Right (RHSto RHS) Left (LHStoLHY)
TowsIn 20,0 I 20.0 I ‘ I
0.0t —— | 008 —
Orientation -20.0- == | -20.0 D
-40.0 -40.0 |
TosOut g00-, , i 4] -60.0- i I

Figure B.10 Foot Orientation Relative to Room (Degrees), 7-year-old subjects.
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Figure B.11 Arm Joint Angles (Degrees), 7-year-old subjects.
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Figure B.12 Hip Joint Angles (Degrees), 7-year-old subjects.
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Figure B.13 Knee Joint Angles (Degrees), 7-year-old subjects.
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Figure B.14 Ankle Joint Angles (Degrees), 7-year-old subjects.
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Eight-Year-Old Subjects

Table B.9 Sance Phase Kinematics of 8-year-old Femae Subjects
(Max = Maximum, St. = Stance, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Foot M aximum Time of Minimum Time of
Strike Stance Max. St. Stance Min. St.
Men SO Mean S Mean SD Mean S Mean SD

R_Hip_Rot_Ang 542 773 922 828 3090 1988 -542 7.73 0.00 0.00
L_Hip_Rot_Ang -8.86 1216 520 1043 2270 1068 -889 1218 5.80 18.34
R_Hip_Abd_Ang 298 377 1042 332 1730 142 -340 359 60.20 0.92
L_Hip_Abd_Ang 076 230 840 3.08 1880 204 -462 372 59.70 1.16
R_Hip_Flex_Ang 3584 387 3599 38 120 199 -11.31 589 5390 1.29
L_Hip_Flex_Ang 36.15 504 3625 512 100 176 -1220 480 5320 148
R_Knee_Rot_Ang 287 11.77 1650 14.80 30.90 2373 -210 1280 2210 1991
L_Knee Rot_Ang 261 1678 1832 1835 4620 21.84 -1.42 1555 15.00 19.22

R Knee Abd Ang  -4.75 308 -1.07 490 4080 2139 -507 344 900 17.53
L Knee Abd Ang  -381 207 114 3.02 3710 1954 -502 254 24.00 29.36
R_Knee Flex Ang 789 2096 3062 595 51.00 19.26 3.12 401 3550 13.35
L_Knee Flex_Ang 685 582 3085 604 5050 1953 262 331 27.30 19.22

R_Ank_Rot_Ang 1277 692 -1001 6.88 28.10 24.47 -3343 1393 1420 1.69
L_Ank_Rot_Ang 1227 888 -10.37 9.06 2090 22.44 -3300 1176 1450 1.90
R_Ank_Abd Ang 065 085 092 087 6020 092 -58 349 27.30 11.58
L_Ank_Abd Ang 046 071 095 096 4860 2276 -570 344 33.80 14.01
R_Ank_Flex Ang 215 306 1441 266 4200 6.63 -322 303 49.30 23.36
L_Ank_Flex Ang 134 317 1437 258 4400 226 -303 257 4270 26.97
R_Elbow_Ang 2554 670 3714 967 5280 290 2349 631 1010 288
L_Elbow_Ang 2498 467 3996 929 5100 494 2332 417 880 199
R_Shl_Add_Ang 2246 528 2332 536 2070 2357 1666 3.60 4110 1554
L_shl_Add_Ang 2199 427 2223 427 690 1490 1495 371 3630 14.28
R_Shl_Flex_Ang -50.04 14.01 -813 1962 50.70 2.83 -50.76 1404 3.70 3.06
L_shl_Flex Ang 6517 1172 -153 1276 50.80 220 -6579 1212 3.60 3.50
R_Trunk_Lat_Tilt 070 270 104 229 4430 1845 -101 270 1030 14.14
L_Trunk_La_Tilt 070 270 103 231 4410 1825 -101 270 1030 14.14

R_Trunk_Fwd_Tilt 020 229 122 221 3840 13.63 -210 266 3270 23.97
L_Trunk_Fwd_Tilt 020 229 122 221 3840 13.63 -204 262 27.70 21.42

R_Trunk_Rotation -011 301 593 361 4600 956 -046 321 390 538
L_Trunk_Rotation -011 301 591 363 4590 939 -046 321 390 538
R_Pevis Lat_Tilt 192 252 570 284 1500 105 -430 273 60.20 0.92
L_Pelvis La_Tilt 192 252 570 284 1500 105 -415 275 59.70 1.16

R_Pelvis Fwd_Tilt 1113 257 1241 228 1950 17.88 10.07 2.64 3260 25.77
L_Pelvis Fwd Tilt 1113 257 1241 228 1950 17.88 1011 262 3240 2554
R_Pelvis Rotation 599 331 69 314 960 799 516 226 56.30 4.06
L_Pelvis Rotation 599 331 69 314 960 799 512 231 5570 3.33
R_Foot_QOrientation -866 396 -429 293 1660 593 -1023 328 29.10 30.74
L_Foot_Orientation  -13.54 6.15 -865 562 30.70 20.11 -1448 567 1430 23.77
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Table B.10 Swing Phase Kinematics of 8-year-old Female Subjects
(Max = Maximum, Sw. = Swing, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Maximum Time of Minimum Time of T oe Off
Swing Max. Sw. Swing Min. Sw.
Mean SD Mean SO Mean SO Mean SO Mean SD
R_Hip Rot_Ang 704 720 6751 1041 -6.09 7.49 9821 092 558 8.15
L_Hip_Rot_ Ang 224 10.72 7170 1048 -9.69 12.04 9470 12.34 -0.19 10.59
R_Hip_Abd Ang 304 357 9371 6.84 -500 355 6591 183 -386 3.60
L_Hip_Abd Ang 011 251 9250 7.08 -655 357 66.10 251 -512 372
R_Hip Flex Ang 3551 4.06 9341 419 -639 539 6121 091 -639 539
L_Hip_Flex_Ang 3563 498 9360 423 -7.09 440 60.80 122 -7.09 440
R_Knee Rot_ Ang 2712 1333 7391 271 -198 10.33 9221 1160 11.89 11.42
L_Knee Rot_Ang 31.35 17.80 7290 359 -1.98 16.35 9560 4.06 16.83 16.29
R_Knee Abd Ang 211 590 7471 1057 -6.13 478 8761 14.45 -1.32 533
L_Knee Abd_Ang 419 791 8730 874 -980 752 8310 1398 -239 5.10

R_Knee Flex Ang 6458 7.68 7481 098 674 272 9901 029 3292 6.43
L_Knee Flex_Ang 6393 7.61 7410 122 540 447 9900 054 3274 575

R_Ank_Rot_Ang 1062 602 9871 0.82 -4281 1295 7651 1.92 -23.31 10.07
L_Ank_Rot_Ang 918 851 9870 093 -43.93 1276 7580 185 -24.35 11.87
R_Ank_Abd_Ang 338 109 6651 131 -464 241 871 130 153 0.84
L_Ank_Abd Ang 323 220 69.60 1048 -466 298 8240 213 120 158
R_Ank_Flex_Ang 611 198 8731 298 -650 270 6481 140 -428 2.86
L_Ank_Flex Ang 588 297 8730 345 -594 381 6810 1093 -356 3.42
R_Elbow_Ang 3546 0983 6121 091 2508 653 9901 029 3546 9.83
L_Elbow_Ang 3726 944 6080 122 2461 479 9910 031 3726 9.44
R_Shl_Add_Ang 2228 4588 9531 1168 1634 279 7331 690 1862 3.78
L_shl_Add_Ang 2186 394 9520 1155 1423 353 7280 6.06 1596 3.98
R_Shl_Flex_Ang 1540 2154 6121 091 -59.29 1425 99.01 029 -1540 21.54
L_Shl_Flex Ang 935 10.42 60.80 1.22 -65.61 12.82 99.00 035 -9.35 10.42
R_Trunk_Lat_Tilt 081 223 6301 400 -090 241 9371 519 077 2.28
L_Trunk La_Tilt 082 225 6300 415 -090 241 9380 514 075 230
R_Trunk_Fwd_Tilt 026 193 9241 227 -197 244 7021 1042 -162 254
L_Trunk_Fwd Tilt 026 193 9250 245 -1.97 244 7030 1037 -155 250
R_Trunk_Rotation 491 394 6151 148 -0.73 345 9171 494 489 3.96
L_Trunk_Rotation 495 391 6120 176 -0.73 345 9180 485 492 3.94
R_Pelvis Lat_Tilt 146 206 97.01 4.02 -528 28 6591 137 -459 277
L_Pevis La_Tilt 146 206 97.10 4.09 -528 28 66.00 139 -444 280

R_Pelvis Fwd_Tilt 11.76 242 8361 1330 979 312 7981 1666 1081 2.67
L_Pelvis Fwd Tilt 1176 242 83.70 1341 980 313 8240 1521 10.83 2.66
R_Pelvis Rotation 586 356 99.01 029 -497 237 6521 508 -468 249
L_Pelvis Rotation 586 356 99.10 031 -499 233 6540 497 -465 248
R_Foot_QOrientation -7.79 422 7321 1802 -1985 6.84 8351 647 -9.07 412
L_Foot_Orientation -1043 519 65.80 11.77 -21.80 792 84.00 7.13 -10.89 524
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TableB.11 Stance Phase Kinematics of 8-year-old Mal e Subjects
(Max = Maximum, St. = Stance, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Foot M aximum Time of Minimum Time of
Strike Stance Max. St. Stance Min. St.
Men SD Mean SD Men SD Men SD Men SD

R_Hip Rot_Ang 476 920 9.68 11.09 51.40 13.70 -476 920 0.00 0.00
L_Hip_Rot_ Ang -835 13.06 7.24 1091 5160 7.18 -835 13.06 0.00 0.00
R_Hip_Abd _Ang -0.92 211 6.08 204 1950 212 -422 163 59.70 0.95
L_Hip_Abd Ang -041 272 728 272 2050 272 -259 145 41.80 28.86
R_Hip Flex Ang 28.18 10.33 28.18 1033 0.00 0.00 -1757 858 5280 1.03
L_Hip_Flex_Ang 28.75 1096 2875 1096 0.00 0.00 -1742 9.09 5280 1.23
R_Knee Rot_ Ang 353 11.30 1871 11.35 4590 2273 -0.35 1396 21.40 22.96
L_Knee Rot_Ang 1.04 16.42 1621 1460 4530 2265 -458 1266 25.00 22.15
R_Knee Abd Ang -1.80 161 3.02 420 49.90 1520 -3.03 297 2560 24.34
L_Knee Abd Ang -221 218 196 3.95 3820 21.17 -342 252 3160 27.53

R_Knee Flex Ang 416 364 3095 455 5970 095 113 375 2870 19.86
L_Knee Flex_Ang 496 411 3200 469 59.80 092 149 426 3270 17.29

R_Ank_Rot_Ang 1326 563 -10.16 805 26.60 2323 -34.15 805 23.00 19.78
L_Ank_Rot_Ang 890 1220 -4.86 868 2550 2229 -2832 1175 22.80 19.62
R_Ank_Abd Ang 105 087 012 120 4170 2696 -544 220 31.00 1555
L_Ank_Abd Ang 118 190 -003 101 3470 2918 -441 288 28.90 15.60
R_Ank_Flex_Ang 450 381 1596 370 4430 095 034 262 4320 26.87
L_Ank_Flex Ang 396 306 1730 277 4450 108 069 264 37.60 28.94
R_Elbow_Ang 2072 477 4294 650 50.70 306 1975 444 580 3.16
L_Elbow_Ang 2199 525 4050 11.88 5230 327 2099 519 670 313
R_Shl_Add_Ang 2532 434 2648 540 1580 2411 17.34 240 3190 10.93
L_shl_Add_Ang 2673 7.77 2769 841 1020 2055 17.13 429 3110 11.60
R_Shl_Flex_Ang 67.70 11.96 426 2392 49.00 294 -6807 1189 280 1.87
L_shl_Flex Ang 7125 1258 -0.06 29.98 49.10 160 -71.59 1278 250 201
R_Trunk_Lat_Tilt 070 270 104 229 4430 1845 -101 270 1030 14.14
L_Trunk_La_Tilt 070 270 103 231 4410 1825 -101 270 1030 14.14

R_Trunk_Fwd_Tilt 020 229 122 221 3840 13.63 -210 266 3270 23.97
L_Trunk_Fwd_Tilt 020 229 122 221 3840 13.63 -204 262 27.70 2142

R_Trunk_Rotation -011 301 593 361 4600 956 -046 321 390 538
L_Trunk_Rotation -011 301 591 363 4590 939 -046 321 390 538
R_Pevis Lat_Tilt 192 252 570 284 1500 105 -430 273 60.20 0.92
L_Pelvis La_Tilt 192 252 570 284 1500 105 -415 275 59.70 1.16

R_Pelvis Fwd_Tilt 1113 257 1241 228 1950 17.88 10.07 2.64 3260 25.77
L_Pelvis Fwd Tilt 1113 257 1241 228 1950 17.88 1011 262 3240 2554
R_Pelvis Rotation 599 331 69 314 960 799 516 226 56.30 4.06
L_Pelvis Rotation 599 331 69 314 960 799 512 231 5570 3.33
R_Foot_QOrientation -866 396 -429 293 1660 593 -1023 328 29.10 30.74
L_Foot_Orientation  -13.54 6.15 -865 562 30.70 20.11 -1448 567 1430 23.77
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Table B.12 Swing Phase Kinematics of 8-year-old Male Subjects
(Max = Maximum, Sw. = Swing, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Maximum Time of Minimum Time of T oe Off
Swing Max. Sw. Swing Min. Sw.
Mean SD Mean SO Mean SO Mean SO Mean SD
R_Hip Rot_Ang 960 10.87 66.44 856 -562 9.07 9834 078 9.03 1141
L_Hip_Rot_ Ang 6.27 10.74 6533 7.89 -949 1299 9843 0.8 5.71 10.67
R_Hip_Abd _Ang -0.61 191 8594 516 -525 173 6454 176 -455 164
L_Hip_Abd Ang -0.14 224 8813 7.68 -3.66 183 6873 1037 -2.74 1.48
R_Hip Flex Ang 28.16 10.00 91.94 224 -11.96 811 60.64 086 -11.96 8.11
L_Hip_Flex_Ang 28.73 10.45 9193 326 -11.67 823 60.83 095 -11.67 823
R_Knee Rot_ Ang 33.81 10.66 71.84 392 0.65 10.89 93.64 11.86 17.58 14.01
L_Knee Rot_Ang 30.39 14.12 70.73 4.05 -2.93 1445 9323 11.94 1570 15.97
R_Knee Abd Ang 780 581 8064 7.80 -355 377 8934 1523 216 6.61
L_Knee Abd_Ang 712 729 8293 566 -473 536 8553 1790 0.02 5.96

R Knee Flex Ang  64.99 247 7374 099 324 418 9894 030 3437 451
L_Knee Flex_Ang 66.06 276 73.93 112 359 430 9903 025 3544 4.69

R_Ank_Rot_Ang -10.83 586 9844 097 -4502 1369 7604 1.85 -27.22 11.95
L_Ank_Rot_Ang 614 11.09 9833 1.06 -40.33 11.02 75.63 192 2252 12.43
R_Ank_Abd_Ang 170 183 6854 1071 -633 199 8144 146 026 1.30
L_Ank_Abd Ang 098 138 7203 1412 -633 308 8093 134 -019 1.13
R_Ank_Flex_Ang 814 270 87.84 392 -251 268 6434 098 -046 275
L_Ank_Flex Ang 864 194 8673 386 -226 267 6463 107 -002 280
R_Elbow_Ang 3987 656 6064 086 2105 474 9874 071 3987 656
L_Elbow_Ang 38.76 10.89 62.83 689 2170 542 9543 10.95 3859 11.19
R_Shl_Add_Ang 2513 4.69 90.74 1607 1927 397 7264 503 2223 b5.44
L_shl_Add_Ang 2720 799 9423 1172 1791 546 7253 583 2139 8.14
R_Shl_Flex_Ang 523 2306 60.64 0.86 -66.90 12.89 98.94 030 -523 23.06
L_shl_Flex Ang 902 2755 60.83 0.95 -71.50 1218 99.03 025 -9.02 27.55
R_Trunk_Lat_Tilt 175 265 6354 315 -1.65 152 9804 273 168 267
L_Trunk La_Tilt 176 264 6343 338 -1.65 152 9813 299 170 267
R_Trunk_Fwd_Tilt 096 221 8824 1002 -319 270 66.74 559 -2.87 2.98
L_Trunk_Fwd_Tilt 097 219 9213 284 -319 270 66.83 560 -287 296
R_Trunk_Rotation 002 215 60.84 112 -413 371 8824 841 -003 215
L_Trunk_Rotation 004 214 6113 116 -413 371 8833 843 -005 213
R_Pelvis Lat_Tilt 004 140 9374 686 -3.97 123 6574 172 -332 114
L_Pelvis La_Tilt 004 140 9383 680 -3.97 123 6583 180 -335 131
R_Pelvis Fwd_Tilt 483 7.88 9094 921 337 7.65 6814 523 373 7.68
L_Pelvis Fwd Tilt 483 7.88 91.03 930 337 7.65 6823 535 371 7.68
R_Pelvis_Rotation 761 271 9894 030 -618 301 6084 126 -617 3.00
L_Pelvis Rotation 761 271 9903 025 -616 298 6103 140 -615 2.98

R_Foot_QOrientation -532 6.67 7384 1798 -1421 449 79.14 846 -624 751
L_Foot_Orientation -595 817 7013 1562 -1790 6.16 8493 6.88 -6.82 861
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Figure B.15 Trunk Orientation Relative to Room (Degrees), 8-year-old subjects.
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Figure B.16 Pdvis Orientation Relative to Room (Degrees), 8-year-old subjects.
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Figure B.17 Foot Orientation Relative to Room (Degrees), 8-year-old subjects.
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Figure B.18 Arm Joint Angles (Degrees), 8-year-old subjects.
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Figure B.19 Hip Joint Angles (Degrees), 8-year-old subjects.
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Figure B.20 Knee Joint Angles (Degrees), 8-year-old subjects.
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Figure B.21 Ankle Joint Angles (Degrees), 8-year-old subjects.
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Nine-Year-Old Subjects

Table B.13 Stance Phase Kinematics of 9-year-old Female Subjects
(Max = Maximum, St. = Stance, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Foot M aximum Time of Minimum Timeof
Strike Stance Max. St. Stance Min. St.
Men SD Mean S Men SD Mean S Men SD

R_Hip_Rot_Ang 991 686 6.02 650 4330 1476 -991 6.86 0.00 0.00
L_Hip_Rot Ang -883 403 7.05 4.07 3830 1467 -883 4.03 000 0.00
R_Hip_Abd_Ang 083 29 870 246 1810 120 -3.07 254 59.80 148
L_Hip_Abd_Ang 190 187 935 225 1750 151 -345 225 59.40 1.07
R_Hip_Flex_Ang 3455 353 3457 353 060 126 -11.06 429 5350 1.90
L_Hip Flex_Ang 3483 376 348 375 050 08 -950 371 5290 1.37
R_Knee Rot_Ang 0.07 11.77 1478 1190 44.90 21.82 -394 1111 2590 22.71
L_Knee Rot Ang 431 11.80 1920 866 49.20 1882 0.32 1164 19.70 20.01

R Knee Abd Ang  -323 223 072 309 4160 2314 -388 241 18.00 21.86
L Knee Abd Ang  -4.32 197 -047 281 3740 22.80 -457 205 24.90 24.79
R_Knee Flex Ang 394 4588 2943 555 5080 148 0.80 413 24.60 21.00
L_Knee Flex_Ang 475 560 3131 538 5940 107 181 446 2380 20.13

R_Ank_Rot_Ang 1097 1091 -929 1072 16.80 21.78 -31.87 1320 27.70 23.02
L_Ank_Rot_Ang 1270 686 -1018 592 17.60 2249 -31.65 534 2270 19.18
R_Ank_Abd Ang 102 130 027 112 4860 2300 -548 227 3400 15.45
L_Ank_Abd Ang 110 110 027 070 4820 2332 -587 154 33.80 14.68
R_Ank_Flex Ang 277 314 1528 401 4420 294 -176 277 4310 26.08
L_Ank_Flex Ang 361 341 1649 287 4370 236 -046 105 4810 23.54
R_Elbow_Ang 2646 429 4413 551 5070 622 2520 4.09 710 260
L_Elbow_Ang 2473 579 4680 7.31 5190 528 2380 557 620 239
R_Shl_Add_Ang 2242 460 2317 438 2110 2664 1672 441 3200 1572
L_shl_Add_Ang 2339 593 2378 574 1010 2057 1286 3.41 3910 16.22
R_Shl_Flex_Ang 5475 1472 218 2509 4650 1021 -5537 14.87 830 1871
L_shl_Flex Ang 67.91 1201 1106 2528 49.10 3.60 -68.33 1240 240 4.60
R_Trunk_Lat_Tilt 000 154 168 192 3880 2075 -058 1.82 16.80 1897
L_Trunk La_Tilt 000 154 166 193 3860 2052 -058 182 16.80 18.97

R_Trunk_Fwd_Tilt -057 157 -014 156 2820 1953 -371 183 55.00 14.82
L_Trunk_Fwd_Tilt -057 157 -014 156 2820 1953 -365 171 5470 14.69

R_Trunk_Rotation 011 435 515 453 4170 984 -032 429 1170 16.75
L_Trunk_Rotation 011 435 515 453 4170 984 -032 429 1170 16.75
R_Pelvis Lat_Tilt 133 090 504 125 1500 133 -394 176 59.80 1.48
L_Pevis La_Tilt 133 090 504 125 1500 133 -381 160 59.40 1.07

R_Pelvis Fwd_Tilt 11.81 330 1265 3.08 2040 1796 10.09 3.36 40.20 25.81
L_Pelvis Fwd Tilt 1181 330 1265 3.08 2040 1796 1013 336 39.90 2554
R_Pelvis Rotation 810 504 822 498 270 531 -443 129 5120 155
L_Pelvis Rotation 810 504 822 498 270 531 -443 129 5200 320
R_Foot_Orientation  -12.82 445 -832 420 2430 1257 -1361 444 2210 28.32
L_Foot_Orientation  -12.26 6.83 -7.85 558 2510 1943 -1313 561 21.30 27.73
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Table B.14 Swing Phase Kinematics of 9-year-old Female Subjects
(Max = Maximum, Sw. = Swing, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Maximum Time of Minimum Time of T oe Off
Swing Max. Sw. Swing Min. Sw.
Mean SD Mean SO Mean SO Mean SO Mean SD
R_Hip Rot_Ang 513 6,57 6201 203 -994 6.64 9861 100 5.02 6.59
L_Hip_Rot_ Ang 436 4.66 67.07 1052 -10.32 3.88 9847 09% 413 483
R_Hip_Abd Ang 050 284 9211 770 -524 241 6691 160 -357 252
L_Hip_Abd Ang 1.19 156 93.07 781 -549 169 66.07 191 -395 220
R_Hip Flex Ang 3432 297 9181 424 -611 430 6091 135 -611 430
L_Hip_Flex_Ang 3420 430 9327 470 -450 3.8 6047 100 -450 3.88
R_Knee Rot_ Ang 2845 1552 76.41 833 -354 1205 9561 743 1321 14.28
L_Knee Rot_Ang 3477 12.43 7247 287 111 1250 9547 411 19.00 10.89
R_Knee Abd Ang 288 4.00 7491 1022 -430 206 8861 1329 0.68 341
L_Knee Abd_Ang 189 321 7537 1049 -569 125 8517 1410 -1.18 3.21

R_Knee Flex Ang 6446 428 7431 093 294 49 9911 024 3271 553
L_Knee Flex_Ang 6570 512 7377 109 333 617 99.07 024 3456 558

R_Ank_Rot_Ang -8.84 10.87 9841 0.86 -42.99 1617 7671 237 -28.02 14.94
L_Ank_Rot_Ang 1023 7.42 9857 0.80 -4585 1146 7577 195 -28.15 7.22
R_Ank_Abd_Ang 226 205 6571 174 -569 306 8211 137 065 1.44
L_Ank_Abd Ang 280 222 6547 192 592 225 8147 172 073 115
R_Ank_Flex_Ang 708 234 8591 337 -530 432 6511 196 -244 292
L_Ank_Flex Ang 760 258 87.97 414 -425 323 6457 190 -133 1.64
R_Elbow_Ang 4014 7.30 6091 135 2601 559 9681 7.33 40.14 7.30
L_Elbow_Ang 4286 891 6047 100 2391 586 99.07 024 4286 891
R_Shl_Add_Ang 2264 371 8951 1576 1665 434 7291 570 1874 4.03
L_shl_Add_Ang 2269 491 9387 11.80 1294 3.00 7007 6.64 1599 573
R_Shl_Flex_Ang -8.87 2718 6091 135 -56.96 14.96 9621 556 -8.87 27.18
L_shl_Flex Ang 304 2617 6047 1.00 -70.39 10.25 97.77 199 -3.04 26.17
R_Trunk_Lat_Tilt 145 165 7091 1547 -0.31 122 90.31 1228 124 186
L_Trunk La_Tilt 144 165 70.87 1534 -0.30 122 90.37 1226 121 187
R_Trunk_Fwd_Tilt 092 117 9201 226 -3.88 168 6391 235 -371 181
L_Trunk_Fwd_Tilt 092 117 9197 239 -3.88 168 63.87 241 -366 1.72
R_Trunk_Rotation 412 441 6881 1600 -0.62 401 8921 654 3.97 458
L_Trunk_Rotation 412 443 6857 1613 -0.62 401 89.17 645 3.97 4.60
R_Pelvis Lat_Tilt 085 114 9601 501 -48 178 6561 101 -421 1.78
L_Pevis La_Tilt 085 114 9597 498 -485 178 6557 102 -409 1.64

R_Pelvis Fwd_Tilt 11.30 295 8521 1444 972 340 77.01 1554 1051 3.39
L_Pelvis Fwd Tilt 1131 296 8517 1443 972 340 7697 1558 1056 3.39
R_Pelvis Rotation 768 494 9911 024 -312 146 6281 434 -307 136
L_Pelvis Rotation 768 494 99.07 024 -324 134 6147 339 -319 125
R_Foot_QOrientation -11.35 452 7391 1751 -1887 464 8211 759 -12.04 461
L_Foot_Orientation -935 6.32 7297 1801 -1940 512 8167 535 -973 6.57



R_Hip_Rot_Ang
L_Hip Rot Ang
R_Hip_Abd_Ang
L_Hip Abd_Ang
R_Hip_Flex_Ang
L_Hip Flex_ Ang
R_Knee Rot_Ang
L_Knee Rot_Ang
R_Knee Abd_Ang
L_Knee Abd_Ang
R_Knee Flex Ang
L_Knee Flex_Ang
R_Ank_Rot_Ang
L_Ank _Rot_Ang
R_Ank_Abd Ang
L_Ank_Abd_Ang
R_Ank_Hex Ang
L_Ank _Flex Ang
R_Elbow_Ang
L_Elbow_Ang
R_Shl_Add Ang
L_Shl_Add_Ang
R_Shl_Flex_Ang
L_Shl_Flex Ang

R _Trunk_Lat_Tilt
L_Trunk_La_Tilt
R_Trunk_Fwd Tilt
L_Trunk_Fwd_Tilt
R_Trunk_Rotation
L_Trunk_Rotation
R _Pevis Lat Tilt
L_Pevis La_Tilt
R_Pdvis Fwd Tilt
L_Pelvis Fwd Tilt
R_Pelvis Rotation
L_Pelvis Rotation
R_Foot_Orientation
L_Foot_Orientation

TableB.15 Stance Phase Kinematics of 9-year-old Mal e Subjects
(Max = Maximum, Sw. = Swing, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd
= Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd =Forward)

Foot
Strike
Mean SD
-8.79 572
-8.14 541
-1.29 242
-1.83 181
31.10 493
3267 531
4,19 10.19
-1.65 11.06
-1.96 2.28
-2.08 216
449 503
565 4.92
-12.30 6.70
-6.20 10.60
-0.63 1.15
-0.51 1.06
217 441
233 299
2460 6.52
21.74 841
25.11 5.29
2743 6.26
-64.17 14.15
-65.65 12.45
-1.05 217
-1.05 217
031 3.29
031 3.29
1.09 312
1.09 312
0.89 1.36
0.89 1.36
9.16 4.04
9.16 4.04
9.03 3.76
9.03 3.76
-8.22 5.83
-10.50 5.72

Maximum Time of Minimum Time of
Stance Max. St. Stance Min. St.

Mean SO Mean SD Mean SO Mean SD
725 717 4960 1283 -879 572 0.00 0.00
813 881 3510 1853 -814 541 0.00 0.00
6.47 338 2060 196 -331 253 5380 18.94
585 272 2050 201 -468 205 53.60 18.86
310 493 010 032 -11.86 4.32 5290 197
3268 531 020 063 -11.35 499 5250 151
1735 949 36,50 25.00 -0.67 10.34 30.80 21.93
1419 960 5510 15.18 -4.07 11.70 14.60 19.47
227 480 3880 2391 -238 255 1270 23.67
273 244 3330 23.01 -247 225 17.00 26.09
30.73 4.83 5980 114 117 454 2450 20.93
3263 489 5970 116 222 430 28.60 19.80
-9.34 443 27.00 2354 -3021 7.73 23.30 19.36
-4.26 10.11 2520 21.72 -26.48 9.22 23.20 19.69
0.83 161 4360 2576 -340 1.35 34.90 14.73
047 070 3950 26.06 -3.65 246 3520 18.14
13.37 385 4390 1.73 -212 3.22 4380 25.45
1439 355 4440 0.84 -123 281 4370 25.82
46.64 955 5130 512 2326 646 720 215
46.08 9.98 5180 483 2038 7.9 680 3.12
2580 5.82 1110 22.65 16.07 3.68 33.60 6.20
2863 6,59 11.70 2341 1569 391 36.00 11.61
-0.50 15.64 4920 181 -6479 1401 360 347
19.66 23.66 50.00 156 -66.18 1229 3.70 245
1.34 155 5860 255 -234 221 1480 7.97
1.33 156 5870 267 -234 221 1480 7.97
067 329 2020 21.35 -214 3.79 41.10 23.80
067 329 2020 21.35 -213 3.76 41.20 23.89
497 368 3640 2291 -038 321 2260 2431
497 368 3630 2280 -042 3.23 2280 24.65
443 205 1570 195 -238 1.62 59.80 1.14
443 205 1570 195 -235 143 59.70 1.16
990 374 3960 1541 803 385 26.10 2355
991 375 3970 1556 8.04 3.87 26.00 23.39
917 369 330 371 -634 224 5240 259
917 369 330 371 -637 224 5270 3.37
-5.44 597 2020 13.68 -10.33 6.76 3550 30.57
-7.08 595 2870 2218 -1246 572 33.60 29.27
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Table B.16 Swing Phase Kinematics of 9-year-old Male Subjects
(Max = Maximum, Sw. = Swing, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Maximum Time of Minimum Time of T oe Off
Swing Max. Sw. Swing Min. Sw.
Mean SD Mean SO Mean SO Mean SO Mean SD
R_Hip Rot_Ang 594 751 6498 876 -937 562 9868 039 568 7.85
L_Hip_Rot_ Ang 578 7.89 7094 10.82 -956 510 9854 070 3.80 8.32
R_Hip_Abd _Ang -0.87 2.03 8198 1249 -489 204 6648 298 -3.67 248
L_Hip_Abd Ang -1.40 191 8534 12.01 -6.01 211 6884 1031 -493 2.03
R_Hip Flex Ang 3138 498 9258 292 -659 505 60.88 104 -659 5.05
L_Hip_Flex_Ang 3277 531 9314 355 -5838 538 60.74 101 -588 5.38
R_Knee Rot_ Ang 3282 12.01 7288 168 223 1014 96.88 362 17.15 11.03
L_Knee Rot_Ang 29.27 895 7214 132 -341 1173 9634 432 1553 0971
R_Knee Abd Ang 576 6.18 8068 334 -256 252 8598 1494 167 5.77
L_Knee Abd_Ang 6.27 417 7924 619 -339 209 90.34 1378 1.00 3.63

R Knee Flex Ang 6242 490 7388 106 365 516 9908 027 3394 504
L_Knee Flex_Ang 6343 391 7344 115 48 533 9894 032 3589 508

R_Ank_Rot_Ang 1114 694 9898 0.33 -4621 1291 7548 178 -27.68 812
L_Ank_Rot_Ang 363 10.74 9884 056 -40.31 11.79 7454 179 -23.45 11.05
R_Ank_Abd_Ang 293 396 6878 1068 -530 281 8148 200 112 210
L_Ank_Abd Ang 200 231 7924 17.07 -500 244 8064 211 022 142
R_Ank_Flex_Ang 649 288 8698 473 -457 576 6428 090 -263 4.08
L_Ank_Flex Ang 742 296 8594 372 -298 497 67.94 1097 -114 422
R_Elbow_Ang 4429 1007 6328 7.5 2385 621 9598 967 44.27 10.08
L_Elbow_Ang 4332 1015 60.74 101 2124 839 96.34 872 4332 10.15
R_Shl_Add_Ang 2558 515 89.88 1500 17.16 349 6868 7.64 1957 5.64
L_shl_Add_Ang 2760 690 90.94 1552 1600 454 7164 902 2007 652
R_Shl_Flex_Ang 1116 1457 60.88 1.04 -64.96 1528 99.08 0.27 -11.16 14.57
L_shl_Flex Ang 814 21.36 6074 101 -6538 1294 99.04 030 814 21.36
R_Trunk_Lat_Tilt 170 172 6688 423 -1.00 193 9668 3.95 136 156
L_Trunk La_Tilt 171 172 6664 443 -1.00 193 9664 418 136 157
R_Trunk_Fwd_Tilt 008 306 9268 379 -246 3580 67.08 601 -205 3.80
L_Trunk_Fwd Tilt 008 306 9264 384 245 380 6724 602 201 3.79
R_Trunk_Rotation 454 401 7668 1911 025 412 8298 1423 3.04 4.65
L_Trunk_Rotation 456 398 7654 1917 023 412 8284 1428 301 4.68
R_Pelvis Lat_Tilt 064 123 9638 569 -357 152 6678 149 267 1.60
L_Pevis La_Tilt 064 123 9634 605 -357 152 6674 145 -264 1.44
R_Pelvis Fwd_Tilt 912 386 80.88 14.09 7.81 3.87 8538 1523 847 3.74
L_Pelvis Fwd Tilt 910 387 8104 1387 781 3.87 8534 1512 849 375
R_Pelvis_Rotation 955 432 99.08 027 -529 233 6158 164 -525 236
L_Pelvis Rotation 955 432 99.04 030 -537 240 6124 172 -536 240

R_Foot_QOrientation -7.57 6.14 87.68 1841 -1654 522 7768 9.06 -967 7.20
L_Foot_Orientation -0.18 5.88 8194 1834 -1757 493 8154 916 -11.03 6.61
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Figure B.22 Trunk Orientation Relative to Room (Degrees), 9-year-old subjects.

Raght (RHS to RHS) Left (LHS to LHS)

Figure B.23 Pdvis Orientation Relative to Room (Degrees), 9-year-old subjects.
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Figure B.24 Foot Orientation Relative to Room (Degrees), 9-year-old subjects.
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Figure B.25 Arm Joint Angles (Degrees), 9-year-old subjects.
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Figure B.26 Hip Joint Angles (Degrees), 9-year-old subjects.

Right (RHS to RHS) Left (LHS to LHS)

Figure B.27 Knee Joint Angles (Degrees), 9-year-old subjects.
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Right (RHS to RHS) Left (LHS to LHS)

Figure B.28 Ankle Joint Angles (Degrees), 9-year-old subjects.
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Sixteen-Year-Old Subjects

Table B.17 Stance Phase Kinemati cs of 16-year-old Female Subjects
(Max = Maximum, St. = Stance, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Foot M aximum Time of Minimum Timeof
Strike Stance Max. St. Stance Min. St.
Men SD Mean S Men SD Mean S Men SD

R_Hip_Rot_Ang -11.79 746 591 1134 5400 1341 -1184 749 022 0.67
L_Hip_Rot Ang -6.02 920 13.05 1180 37.00 1962 -6.02 920 0.00 0.00
R_Hip_Abd_Ang 127 247 978 259 1689 215 -286 256 4711 26.74
L_Hip_Abd_Ang 170 240 824 312 1589 183 -452 137 59.89 154
R_Hip_Flex_Ang 31.02 859 3102 859 0.00 000 -11.68 6.35 5433 194
L_Hip Flex_Ang 29.76 816 29.76 816 0.00 0.00 -1294 595 5389 2.03
R_Knee Rot_Ang -091 1222 10.77 1165 3256 25.01 -816 10.37 29.00 19.01
L_Knee Rot Ang 167 1433 10.04 1530 37.00 26.01 -572 13.03 36.78 19.42

R Knee Abd Ang  -2.05 345 138 355 41.67 2417 -327 332 27.22 27.45
L Knee Abd Ang  -0.65 333 307 415 31.89 2120 -143 3.36 19.78 2661
R_Knee Flex Ang 291 504 2971 274 60.78 156 171 396 20.22 19.63
L_Knee Flex_Ang 134 411 2503 272 59.89 154 -072 378 2856 17.33

R_Ank_Rot_Ang 585 872 -469 812 1644 2153 -2414 1017 24.00 22.14
L_Ank_Rot_Ang 633 645 -384 642 1989 2528 -22.85 7.58 2356 21.56
R_Ank_Abd Ang 012 051 116 089 3044 2758 -3.00 153 4256 11.01
L_Ank_Abd_Ang 001 029 077 053 2467 2678 -3.02 225 41.78 13.16
R_Ank_Flex Ang 015 267 1425 282 4544 410 -522 414 2956 2891
L_Ank_Flex Ang 039 228 1391 211 4556 181 -503 3.64 29.67 29.02
R_Elbow_Ang 2670 344 4286 690 5144 378 2514 310 7.67 332
L_Elbow_Ang 26.83 497 4954 672 5189 333 2533 487 7.78 259
R_Shl_Add Ang 2270 426 2275 422 544 1485 1354 3.97 4856 16.37
L_shl_Add_Ang 2425 491 2434 496 122 164 1239 345 39.33 1151
R_Shl_Flex_Ang -66.10 17.50 -11.79 26.00 49.00 141 -6658 17.37 500 4.39
L_shl_Flex Ang -70.80 11.37 881 3298 4956 3.05 -71.32 11.06 333 2.69
R_Trunk_Lat_Tilt 233 254 -019 172 5000 2053 -2.88 240 1211 15.76
L_Trunk _La_Tilt 233 254 -020 173 4978 2036 -2.88 240 1211 15.76

R Trunk_Fwd Tilt  -045 3.09 -015 305 3144 17.97 -292 319 4456 24.44
L Trunk Fwd Tilt ~ -045 3.09 -015 305 3144 17.97 -282 325 43.89 23.94

R_Trunk_Rotation -009 388 755 419 4211 962 -022 38 278 370
L_Trunk_Rotation -009 388 753 420 4178 896 -022 38 278 370
R_Pevis Lat_Tilt 165 085 646 145 1556 159 -467 247 60.78 1.56
L_Pelvis La_Tilt 165 085 646 145 1556 159 -435 235 59.89 154

R_Pevis Fwd_Tilt 859 560 914 577 3022 2760 690 580 2711 16.39
L_Pelvis Fwd_Tilt 859 560 913 577 3011 2747 690 580 2711 16.39
R_Pelvis Rotation 767 279 833 282 800 951 -28 229 5500 4.03
L_Pelvis Rotation 767 279 833 282 800 951 -284 231 5489 379
R_Foot_Orientation  -10.71 451 -7.48 417 3200 21.25 -11.52 439 2189 25.67
L_Foot_Orientation -806 569 -432 592 4989 1982 -895 585 24.67 2347
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Table B.18 Swing Phase Kinematics of 16-year-old Female Subjects
(Max = Maximum, St. = Stance, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Maximum Time of Minimum Time of T oe Off
Swing Max. Sw. Swing Min. Sw.
Mean SD Mean SO Mean SO Mean SO Mean SD
R_Hip Rot_Ang 576 9.78 6323 2380 -1229 7.12 9868 0.93 5.23 10.62
L_Hip_Rot_ Ang 12.32 1191 6545 6.89 -695 9.07 9878 0.75 11.00 13.09
R_Hip_Abd Ang 243 231 8790 6.18 -453 281 7290 138 -3.08 2.86
L_Hip_Abd Ang 247 128 8856 568 -615 153 6523 180 -500 141
R_Hip Flex Ang 3273 7.47 90.01 457 -6.46 549 6179 151 -6.46 549
L_Hip_Flex_Ang 3128 7.14 8834 223 -834 547 61.00 159 -834 547
R_Knee Rot_ Ang 2826 6.34 7323 331 -310 1024 89.12 1601 691 1243
L_Knee Rot_Ang 30.36 14.45 7423 400 -3.83 1531 8256 16.16 586 17.27
R_Knee Abd Ang 216 421 76.01 1513 -758 536 8290 1033 0.38 4.20
L_Knee Abd_Ang 497 445 7634 1276 -435 482 8378 1097 231 478

R Knee Flex Ang  68.04 373 7501 165 286 454 9890 050 3323 280
L_Knee Flex_Ang 66.39 362 7467 159 051 414 9889 069 2846 2091

R_Ank_Rot_Ang 508 888 9890 050 -41.93 679 7412 256 -19.91 13.49
L_Ank_Rot_Ang 459 661 9445 1274 -39.42 977 7578 381 -15.89 12.30
R_Ank_Abd_Ang 454 325 7112 1062 -3.32 161 8401 598 111 141
L_Ank_Abd Ang 488 388 7100 1084 -3.08 179 8311 647 064 101
R_Ank_Flex_Ang 441 212 8479 144 842 696 69.12 1133 515 5.70
L_Ank_Flex Ang 441 255 8378 251 -1010 7.59 69.00 1147 -541 557
R_Elbow_Ang 3884 679 6357 627 2689 351 9901 034 3879 6.87
L_Elbow_Ang 4500 7.68 61.00 159 26.89 537 9578 7.96 4500 7.68
R_Shl_Add_Ang 2269 442 9801 168 1396 439 6457 370 1416 4.45
L_shl_Add_Ang 2416 428 9823 167 1287 3.02 6845 7.56 1456 2.72
R_Shl_Flex_Ang 2443 2322 6179 151 -65.76 17.87 98.68 0.88 -24.43 2322
L_Shl_Flex Ang 578 3564 6100 159 -71.21 1228 9845 182 -578 35.64
R_Trunk_Lat_Tilt 008 176 70.34 1077 -2.33 225 9379 1232 -039 1.62
L_Trunk_La_Tilt 008 176 7045 1075 -2.37 221 9356 1332 -045 1.62
R_Trunk_Fwd_Tilt 058 332 9279 221 -3.06 320 63.90 127 297 321
L_Trunk_Fwd_Tilt 058 332 9289 250 -3.06 320 63.89 157 288 3.27
R_Trunk_Rotation 506 455 6190 152 -110 373 89.90 7.84 506 455
L_Trunk_Rotation 516 4.63 6145 125 -110 373 90.00 7.98 514 463
R_Pelvis Lat_Tilt 141 120 9357 548 -570 257 6623 181 -498 250
L_Pevis La_Tilt 141 120 9367 537 -570 257 6634 183 -470 239
R_Pelvis Fwd_Tilt 861 520 8545 1818 658 521 7923 1383 7.69 571
L_Pelvis Fwd Tilt 862 520 8711 1657 658 521 7923 1385 7.84 579
R_Pelvis_Rotation 776 237 9901 034 -247 285 6534 534 -203 257
L_Pelvis Rotation 776 237 9911 034 -259 264 6489 593 -212 237

R_Foot_QOrientation -803 459 69.01 14.09 -16.62 512 8379 773 -835 454
L_Foot_Orientation -341 523 6334 427 -1536 433 8511 647 -437 6.09
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Table B.19 Stance Phase Kinematics of 16-year-old Male Subjects
(Max = Maximum, St. = Stance, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Foot M aximum Time of Minimum Time of
Strike Stance Max. St. Stance Min. St.
Men SD Mean SD Men SD Men SD Men SD

R_Hip Rot_Ang -11.96 347 308 463 5990 129 -1196 347 0.00 0.00
L_Hip_Rot_ Ang -11.14 827 198 805 5320 7.36 -11.14 827 0.00 0.00
R_Hip_Abd _Ang -149 318 346 246 1690 152 -418 292 5440 19.13
L_Hip_Abd Ang -212 166 227 183 1700 231 -582 144 60.00 0.67
R_Hip Flex Ang 2794 646 2798 648 040 126 954 6.35 5370 164
L_Hip_Flex_Ang 2715 623 2716 623 030 095 -976 6.06 5320 140

R Knee Rot Ang  -19.36 10.96 -0.98 11.80 2650 23.64 -22.08 1294 1050 17.60
L_Knee Rot Ang  -14.70 11.42 3.77 1254 3550 2542 -1628 10.87 17.60 23.37
R_Knee Abd_Ang 249 385 546 456 4280 2529 162 354 3110 24.56
L_Knee Abd Ang 211 257 452 177 3970 2420 077 237 26.80 28.57
R Knee Flex Ang  -211 397 2720 6.38 6040 070 -288 4.05 18.30 20.31
L_Knee Flex Ang  -3.86 343 2819 574 6000 067 -412 314 800 16.87

R_Ank_Rot_Ang 207 7.75 259 7.95 400 1265 -1931 970 3130 25.18
L_Ank_Rot_Ang 387 794 414 780 350 1107 -1646 948 26.40 22.98
R_Ank_Abd Ang 023 034 078 082 2990 2607 -225 228 4630 14.02
L_Ank_Abd Ang 034 054 110 072 3430 2352 -193 171 3250 2375
R_Ank_Flex_Ang 010 383 1286 370 4670 195 -310 3.32 3340 2848
L_Ank_Flex Ang 175 279 1227 278 4710 173 -488 266 2750 28.21
R_Elbow_Ang 3067 1000 50.24 416 5230 457 2904 954 970 275
L_Elbow_Ang 2712 705 5382 696 5340 341 2641 7.09 670 350
R_Shl_Add_Ang 2592 386 2653 363 11.70 2330 1697 586 2070 552
L_shl_Add_Ang 2824 472 2836 459 590 1866 1590 4.28 2750 3.75
R_Shl_Flex_Ang 6328 1065 -2.76 3561 47.80 329 -6518 1021 6.90 3.03
L_shl_Flex Ang 67.00 1092 9.38 1846 4620 244 -67.94 1072 3.90 2.13
R_Trunk_Lat_Tilt 327 226 203 201 6040 070 -515 271 1470 177
L_Trunk_La_Tilt 327 226 199 199 6000 067 -515 271 1470 177

R_Trunk_Fwd_Tilt 213 215 271 217 2910 2084 040 213 36.90 24.68
L_Trunk_Fwd_Tilt 213 215 271 217 2910 2084 040 212 36.80 24.57

R_Trunk_Rotation 344 486 697 345 4180 981 -353 4.85 150 3.4
L_Trunk_Rotation 344 486 697 345 4180 981 -353 4.85 150 3.24
R Pelvis Lat_Tilt 140 179 430 157 1360 190 -212 147 6030 0.67
L_Pdvis La_Tilt 140 179 430 157 1360 190 -198 143 59.90 0.57

R_Pevis Fwd_Tilt 994 432 1053 443 3710 1984 814 451 2950 17.09
L_Pelvis Fwd_Tilt 994 432 1053 443 3710 1984 813 451 29.60 17.28
R_Pelvis Rotation 518 238 720 150 1370 830 -245 315 50.70 1811
L_Pelvis Rotation 518 238 720 150 1370 830 -248 314 50.10 17.86
R_Foot_Orientation  -23.94 529 -1835 511 39.60 2232 -2410 525 910 18.79
L_Foot_Orientation  -20.14 3.39 -1381 504 4120 2204 -2049 371 640 16.18
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Table B.20 Swing Phase Kinematics of 16-year-old Male Subjects
(Max = Maximum, St. = Stance, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Maximum Time of Minimum Time of T oe Off
Swing Max. Sw. Swing Min. Sw.
Mean SD Mean SO Mean SO Mean SO Mean SD
R_Hip Rot_Ang 342 437 6287 241 -1387 384 9747 104 310 453
L_Hip_Rot_ Ang 266 795 6734 862 -1257 816 9834 083 160 8.14
R_Hip_Abd _Ang -1.11 271 9147 6.02 -6.03 311 6957 1011 -446 3.01
L_Hip_Abd Ang -223 150 9264 465 -7.75 143 66.14 137 -637 142
R_Hip Flex Ang 29.44 583 9247 525 -411 735 6127 080 -411 7.35
L_Hip_Flex_Ang 29.10 568 8844 193 -420 6.88 61.04 053 -420 6.88
R_Knee Rot_ Ang 996 1236 7257 348 -21.59 9.89 9787 251 -414 12.95
L_Knee Rot_Ang 1859 16.83 71.34 3.89 -17.47 11.04 9584 319 312 15.19
R_Knee Abd Ang 774 330 7697 1350 059 320 9097 10.01 545 4.17
L_Knee Abd_Ang 6.98 3.07 8524 1135 -3.06 4.81 8424 1282 324 314

R_Knee Flex Ang 58.12 7.07 7357 104 -367 441 9857 053 30.64 6.52
L_Knee Flex_Ang 6173 492 7364 099 -485 346 9874 056 31.77 5.82

R_Ank_Rot_Ang 361 7.26 9837 055 -30.01 10.03 7207 222 -17.30 10.25
L_Ank_Rot_Ang 582 7.6 9844 072 -30.72 11.68 7344 354 -14.34 10.86
R_Ank_Abd_Ang 178 102 6547 073 -341 205 7957 094 052 087
L_Ank_Abd Ang 286 180 6634 146 -294 302 8224 627 073 113
R_Ank_Flex_Ang 6.98 325 8147 108 -457 3.00 6437 108 -292 3.39
L_Ank_Flex Ang 495 293 8214 214 -7.33 391 68.14 1086 -442 4.07
R_Elbow_Ang 4691 4.42 6127 080 29.89 951 98.87 018 4691 4.42
L_Elbow_Ang 5054 6.78 6104 053 2559 6.65 9694 359 5054 6.78
R_Shl_Add_Ang 2694 402 9157 1147 1986 549 70.67 1149 2175 4.08
L_shl_Add_Ang 2840 467 9414 11.88 2015 551 7244 6.83 2254 451
R_Shl_Flex_Ang -14.83 31.80 61.97 174 -64.33 10.36 98.87 0.18 -14.86 31.85
L_Shl_Flex Ang 498 1948 61.04 053 -66.64 11.26 99.04 027 -4.98 19.48
R_Trunk_Lat_Tilt 235 197 6557 153 -306 220 9887 018 213 200
L_Trunk La_Tilt 235 197 6574 154 -306 220 99.04 027 210 1.98
R_Trunk_Fwd_Tilt 208 230 9287 312 063 215 6537 510 075 218
L_Trunk_Fwd Tilt 208 230 9304 311 063 215 6554 499 077 218
R_Trunk_Rotation 406 424 6127 080 -391 453 9147 7.04 406 4.24
L_Trunk_Rotation 417 415 6104 053 -391 453 9164 7.07 417 415
R_Pelvis Lat_Tilt 181 184 8697 153 -257 173 6397 183 -229 154
L_Pevis La_Tilt 181 184 8714 150 -257 173 6414 195 -217 149

R_Pelvis Fwd_Tilt 1009 459 9367 1128 7.99 426 7337 654 879 456
L_Pelvis Fwd_Tilt 1009 459 9374 1174 799 426 7354 6.33 883 458
R_Pelvis Rotation 549 291 9517 1165 -286 275 67.07 599 -201 3.19
L_Pdvis Rotation 552 2.87 9524 1214 -2.87 272 6714 606 -202 3.22
R Foot_Orientation ~ -20.15 5.88 67.67 9.85 -28.79 625 90.87 6.64 -20.73 597
L_Foot_Orientation ~ -14.71 502 62.84 3.33 -2585 643 8624 877 -1505 505
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Right (RHS to RHS) Left (LHS to LHS)

Figure B.29 Trunk Orientation Relative to Room (Degrees), 16-year-old subjects.
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Figure B.30 Pelvis Orientation Relative to Room (Degrees), 16-year-old subjects.
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Figure B.31 Foot Orientation Relative to Room (Degrees), 16-year-old subjects.

Right (RHS to RHS) Left (LHS to LHS)

Shoulder Flexion

Figure B.32 Arm Joint Angles (Degrees), 16-year-old subjects.
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Left (LHS to LHS)

Figure B.33 Hip Joint Angles (Degrees), 16-year-old subjects.

Raght (RHS to RHS) Left (LHS to LHS)

Figure B.34 Knee Joint Angles (Degrees), 16-year-old subjects.
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Right (RHS to RHS) Left (LHS to LHS)

Figure B.35 Ankle Joint Angles (Degrees), 16-year-old subjects.
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Seventeen-Year-Old Subjects

Table B.21 Stance Phase Kinematics of 17-year-old Female Subjects
(Max = Maximum, St. = Stance, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Foot M aximum Time of Minimum Timeof
Strike Stance Max. St. Stance Min. St.
Men SD Mean S Men SD Mean S Men SD

R_Hip_Rot_Ang -1049 6.87 928 843 4850 1516 -1054 6.84 050 1.58
L_Hip_Rot_ Ang -711 243 953 365 3960 1427 -711 243 000 0.00
R_Hip_Abd_Ang 107 415 921 458 1590 0.88 -354 145 4790 2528
L_Hip_ Abd_Ang 076 227 764 319 1610 173 -493 209 59.80 114
R_Hip_Flex_Ang 31.39 653 3139 653 0.00 0.00 -1007 3.89 5330 2.00
L_Hip Flex_Ang 3044 655 3044 655 0.00 0.00 -1059 463 5350 1.72
R_Knee Rot_Ang -6.26 14.47 061 1359 31.70 26.79 -16.80 10.37 32.70 4.45
L_Knee Rot Ang 404 1431 222 1172 3890 2759 -1551 1121 39.30 12.26
R_Knee_ Abd_Ang -288 387 134 334 4460 2008 -361 375 37.10 24.82
L_Knee Abd_Ang -1.78 335 222 378 3730 2056 -2.77 3.06 37.00 26.50

R_Knee Flex Ang 064 603 2549 450 5970 142 -249 464 2660 14.87
L_Knee Flex Ang  -0.21 539 2397 482 59.80 114 -379 478 3330 6.0

R_Ank_Rot_Ang 329 764 -084 566 27.80 2563 -17.53 6.4 41.00 24.56
L_Ank_Rot_Ang 174 879 113 598 21.00 2654 -12.74 6.61 34.60 23.97
R_Ank_Abd Ang 023 057 130 084 3850 2694 -1.74 105 44.80 10.69
L_Ank_Abd Ang 035 033 096 046 3550 2586 -1.50 0.68 42.60 17.77
R_Ank_Flex_Ang 363 579 1086 242 4590 185 -832 351 37.50 28.43
L_Ank_Flex Ang 348 396 1084 270 4580 199 -873 277 38.10 27.87
R_Elbow_Ang 2858 696 4549 613 4970 556 2654 612 940 347
L_Elbow_Ang 2130 641 4835 830 5260 375 1949 605 810 269
R_Shl_Add_Ang 2403 273 2404 273 050 071 1462 198 49.90 11.63
L_shl_Add_Ang 2609 352 2617 353 110 145 1337 3.0 3590 11.45
R_Shl_Flex_Ang -69.28 12.80 -13.14 2673 50.30 258 -70.33 1228 4.90 2.88
L_shl_Flex Ang 7413 12.08 1663 2114 5060 212 -7545 1090 550 3.06
R_Trunk_Lat_Tilt 363 261 -101 274 5420 900 -429 245 1110 7.89
L_Trunk_La_Tilt 363 261 -1.00 276 5440 9.08 -429 245 1110 7.89

R_Trunk_Fwd_Tilt -068 309 011 274 3010 1640 -3.03 274 50.20 20.44
L_Trunk_Fwd_Tilt -068 309 011 274 3010 1640 -3.02 274 4560 23.66

R_Trunk_Rotation -1.35 263 928 268 4380 473 -136 263 030 095
L_Trunk_Rotation -1.35 263 928 268 4380 473 -136 263 030 095
R_Pevis Lat_Tilt 131 149 687 245 1490 110 -440 103 59.70 142
L_Pelvis La_Tilt 131 149 687 245 1490 110 -450 0.88 59.80 114

R_Pelvis Fwd_Tilt 1069 3.73 1155 376 2530 1974 911 331 30.30 18.65
L_Pelvis Fwd Tilt 1069 373 1155 376 2530 1974 911 331 30.30 18.65
R_Pelvis Rotation 6.92 388 833 364 1460 1133 -276 3.88 5550 3.24
L_Pelvis Rotation 6.92 388 833 364 1460 1133 -278 3.86 5560 341
R_Foot_Orientation  -12.78 6.98 -937 7.35 2340 1826 -13.85 6.98 35.00 25.17
L_Foot_Orientation  -10.82 6.96 -7.47 6.79 4650 20.84 -11.81 6.73 26.50 22.95
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Table B.22 Swing Phase Kinematics of 17-year-old Femae Subjects
(Max = Maximum, St. = Stance, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Maximum Time of Minimum Time of T oe Off
Swing Max. Sw. Swing Min. Sw.
Mean SD Mean SO Mean SO Mean SO Mean SD
R_Hip Rot_Ang 843 931 6381 3.00 -1093 7.47 9861 090 7.64 892
L_Hip_Rot_ Ang 9.06 463 6713 921 -837 251 9843 069 7.79 4.62
R_Hip_Abd Ang 227 400 8351 641 -587 161 6611 172 -394 151
L_Hip_Abd Ang 217 117 8853 441 -712 180 6553 112 -558 2.06
R_Hip Flex Ang 3362 6.65 8961 478 -515 381 60.71 135 -515 381
L_Hip_Flex_Ang 3294 634 8993 391 -58 411 60.73 116 -586 4.11
R_Knee Rot_ Ang 15.12 1384 7441 848 -12.72 1149 87.11 14.78 -4.62 13.18
L_Knee Rot_Ang 16.36 13.69 74.33 894 -12.62 14.11 81.33 1578 -2.10 13.94
R_Knee Abd Ang 38 491 7251 1163 -563 4.82 8371 923 123 383
L_Knee Abd_Ang 379 555 7863 1595 -529 299 8423 11.34 0.84 450

R_Knee Flex Ang 6120 685 7411 126 -015 535 9851 132 2869 4.70
L_Knee Flex_Ang 6149 612 7413 110 -0.82 456 9863 112 27.24 4.95

R_Ank_Rot_Ang 163 761 9431 1259 -3410 951 7371 420 -13.11 7.92
L_Ank_Rot_Ang 025 844 9053 1618 -29.33 7.99 7263 221 -860 6.09
R_Ank_Abd_Ang 435 172 6681 086 -215 155 8571 7.12 169 1.05
L_Ank_Abd Ang 516 165 67.83 084 -139 133 8883 866 127 0.70
R_Ank_Flex_Ang 386 254 8381 126 -1022 282 6391 131 -7.74 208
L_Ank_Flex Ang 233 349 8533 227 -1381 3.86 6463 128 -953 285
R_Elbow_Ang 4241 628 6071 135 2744 7.31 9901 020 4241 6.28
L_Elbow_Ang 4487 836 6093 109 1970 695 98.93 035 44.83 827
R_Shl_Add_Ang 23.92 288 9531 1123 1430 299 6871 1055 1529 2.40
L_shl_Add_Ang 2608 319 9863 108 1335 375 69.03 6.62 1563 3.47
R_Shl_Flex_Ang 2172 2753 6161 322 -6834 1397 9811 286 -21.84 27.57
L_shl_Flex Ang 365 2617 6073 116 -7564 11.93 9893 035 365 26.17
R_Trunk_Lat_Tilt 103 278 6701 501 -349 269 9801 217 -124 272
L_Trunk_La_Tilt 103 278 6693 484 -349 269 97.93 207 -122 274
R_Trunk_Fwd_Tilt 085 309 8871 605 -3.08 277 6261 132 -300 2.83
L_Trunk_Fwd_Tilt 085 309 8863 6.19 -3.08 277 6253 149 298 2.82
R_Trunk_Rotation 649 321 6071 135 -213 256 9411 494 649 321
L_Trunk_Rotation 649 327 6073 116 -213 256 9403 508 649 3.27
R_Pelvis Lat_Tilt 094 142 9391 448 591 096 6561 124 -480 0.99
L_Pevis La_Tilt 094 142 9383 458 591 096 6553 111 -490 0.88

R_Pelvis Fwd_Tilt 10.79 377 7971 1231 938 349 7951 1667 994 332
L_Pelvis Fwd Tilt 10.79 3.77 8123 1055 938 349 7943 16.63 10.00 3.34
R_Pelvis Rotation 6.12 348 99.01 020 -289 327 7011 584 -202 345
L_Pelvis Rotation 6.12 348 9893 035 -28 327 7013 585 -200 344
R_Foot_QOrientation -10.77 893 73.01 18.05 -2366 769 8161 6.37 -11.55 859
L_Foot_Orientation -7.36 737 6193 242 -21.03 821 8273 363 -769 6.98
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Table B.23 Stance Phase Kinematics of 17-year-old Male Subjects
(Max = Maximum, St. = Stance, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Foot M aximum Time of Minimum Time of
Strike Stance Max. St. Stance Min. St.
Men SD Mean SD Men SD Men SD Men SD

R_Hip Rot_Ang -16.22 6.46 -422 564 5870 533 -1622 646 0.00 0.00
L_Hip_Rot_ Ang -1257 825 -061 7.47 4730 1590 -1295 7.89 350 11.07
R_Hip_Abd _Ang -0.80 3.00 479 268 2130 10.95 -336 3.17 5460 19.23
L_Hip_Abd Ang -256 210 322 239 2840 1498 -540 230 48.10 25.38
R_Hip Flex Ang 3025 883 3040 897 050 158 -884 6.35 5350 1.72
L_Hip_Flex_Ang 3019 951 3027 959 060 135 -9.02 693 5330 149
R_Knee Rot_Ang -9.70 12.85 6.83 10.85 17.30 15.09 -12.36 13.00 23.40 20.04

L_Knee Rot_Ang -7.74 1350 882 14.16 2690 23.36 -11.79 1312 2540 22.65
R Knee Abd Ang  -0.81 288 151 335 5330 923 -1.93 305 3520 27.26
L Knee Abd Ang  -017 250 309 3.32 5280 1351 -1.07 244 2580 24.40
R Knee Flex Ang  -2.22 454 2749 561 6050 143 -412 321 23.90 20.71
L_Knee Flex Ang  -2.25 561 27.82 555 6020 140 -426 449 23.90 20.68

R_Ank_Rot_Ang 088 930 054 844 1900 2013 -19.73 7.77 1220 1.9
L_Ank_Rot_Ang 095 762 135 623 1630 2113 -1969 864 17.20 15.16
R_Ank_Abd Ang 015 039 156 069 31.10 2475 -1.88 179 39.00 15.19
L_Ank_Abd Ang 023 044 135 079 3240 2685 -219 163 29.60 23.67
R_Ank_Flex_Ang 251 323 1079 352 4720 249 -682 419 38.90 28.12
L_Ank_Flex Ang 218 294 1127 346 4760 212 -690 4.46 43.90 26.19
R_Elbow_Ang 3061 622 5075 9.43 5010 281 2866 581 910 403
L_Elbow_Ang 2453 521 5422 1185 5320 518 2313 484 820 382
R_Shl_Add_Ang 2500 551 2621 527 1280 2596 1751 356 3110 6.31
L_shl_Add_Ang 2621 585 2666 544 2160 27.61 1591 3.04 2690 517
R_Shl_Flex_Ang 5442 1275 -1321 693 47.90 173 -57.03 1176 6.90 453
L_shl_Flex Ang 5045 1128 9.77 2293 47.10 218 -61.00 1149 550 3.03
R_Trunk_Lat_Tilt 201 198 242 170 6050 143 -475 184 1470 241
L_Trunk_La_Tilt 291 198 239 167 6020 140 -475 184 1470 241

R_Trunk_Fwd_Tilt 193 243 263 233 2720 1895 020 253 40.20 26.31
L_Trunk_Fwd_Tilt 193 243 263 233 2720 1895 022 251 39.90 26.05

R_Trunk_Rotation 269 368 778 401 4170 7.5 -285 357 270 445
L_Trunk_Rotation 269 368 778 401 4170 7.5 -285 357 270 445
R Pelvis Lat_Tilt 093 177 388 148 1370 095 -181 216 57.60 9.45
L_Pdvis La_Tilt 093 177 388 148 1370 095 -175 212 57.30 9.35

R_Pelvis Fwd_Tilt 10.84 4.81 1140 492 2650 23.04 9.06 4.93 3150 2464
L_Pelvis Fwd Tilt 10.84 481 1140 492 2650 23.04 9.06 493 3140 2452
R_Pelvis Rotation 597 310 697 281 950 838 -312 299 5690 354
L_Pelvis Rotation 597 310 697 281 950 838 -312 3.00 5610 3.25
R_Foot_Orientation  -20.95 5.67 -1566 506 2340 1848 -21.15 566 940 19.84
L_Foot_Orientation  -19.16 5.23 -1381 516 4140 2370 -19.73 474 9.90 20.90
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Table B.24 Swing Phase Kinematics of 17-year-old Male Subjects
(Max = Maximum, St. = Stance, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Maximum Time of Minimum Time of T oe Off
Swing Max. Sw. Swing Min. Sw.
Mean SD Mean SO Mean SO Mean SO Mean SD
R_Hip Rot_Ang -266 559 66.38 6.83 -1843 6.57 9758 134 -409 5.67
L_Hip_Rot_ Ang -0.12 7.62 6885 879 -1402 7.93 9825 0.8 -1.39 7.60
R_Hip_Abd Ang 030 2.88 90.08 461 -548 315 66.68 178 -3.89 3.19
L_Hip_Abd Ang -1.90 221 8795 11.05 -753 294 6655 166 -572 268
R_Hip Flex Ang 31.03 7.70 90.78 528 -291 7.06 6138 133 -291 7.06
L_Hip_Flex_Ang 3092 7.71 9085 548 -337 732 6115 128 -337 732
R_Knee Rot_ Ang 1466 1252 71.08 1.85 -13.86 12.26 9478 352 148 10.95
L_Knee Rot_Ang 20.46 10.84 7215 354 -1235 1196 9435 306 477 12.09
R_Knee Abd Ang 3.02 451 7828 1316 -3.79 399 8228 11.63 046 431
L_Knee Abd_Ang 517 5.16 7835 1153 -228 311 8535 1268 277 4.26

R_Knee Flex Ang 58.18 5.80 7338 130 -460 3.80 9828 084 3090 571
L_Knee Flex_Ang 5097 2.87 7335 100 -441 464 9835 059 3129 541

R_Ank_Rot_Ang 127 930 97.98 099 -2099 7.61 7218 243 -1407 828
L_Ank_Rot_Ang 145 644 97.85 121 -31.83 599 7325 3.38 -13.79 913
R_Ank_Abd_Ang 416 286 6688 167 -159 143 8108 227 164 1.20
L_Ank_Abd Ang 471 282 6715 156 -154 122 8605 892 131 1.59
R_Ank_Flex_Ang 356 258 8378 465 -949 613 6488 145 -684 5.63
L_Ank_Flex Ang 313 299 8455 588 -11.39 6.48 6855 10.77 -7.35 6.26
R_Elbow_Ang 4623 921 6138 133 2953 6.89 9848 138 4623 0921
L_Elbow_Ang 50.07 1261 6115 128 2389 573 9505 7.23 50.07 1261
R_Shl_Add_Ang 2584 437 8878 1435 2075 374 7108 1262 2144 3.93
L_shl_Add_Ang 2600 522 8845 1517 2017 3.63 7255 617 2144 3.95
R_Shl_Flex_Ang 2309 7.8 61.38 1.33 -54.63 1313 98.38 1.07 -23.09 7.18
L_Shl_Flex Ang 647 1863 6115 128 -59.73 11.33 98.95 023 -6.47 18.63
R_Trunk_Lat_Tilt 277 162 6538 223 -272 19 9888 031 253 168
L_Trunk La_Tilt 277 162 6545 212 272 19 9895 023 250 1.66
R_Trunk_Fwd_Tilt 181 235 8598 830 033 262 6958 1562 039 262
L_Trunk_Fwd Tilt 181 235 8605 843 033 262 6965 1542 040 260
R_Trunk_Rotation 539 401 6138 133 -318 344 9008 749 539 401
L_Trunk_Rotation 547 403 6115 128 -318 344 9015 7.52 547 4.03
R_Pelvis Lat_Tilt 205 172 8608 197 -227 223 6748 1116 -198 220
L_Pevis La_Tilt 205 172 8615 211 -228 222 67.45 1115 -194 2.16

R_Pelvis Fwd_Tilt 10.88 5.01 9348 649 928 492 70.78 11.70 954 4.95
L_Pelvis Fwd Tilt 10.88 501 9355 652 927 492 7075 1175 954 4.96
R_Pelvis Rotation 589 353 9888 031 -328 262 6748 523 -263 265
L_Pelvis Rotation 589 353 9895 023 -330 264 6745 527 -263 267
R_Foot_QOrientation -1750 6.28 6548 6.25 -27.60 741 8928 7.48 -1836 5.60
L_Foot_Orientation -1436 574 6315 374 -26.05 675 8835 552 -1499 517
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Figure B.36 Trunk Orientation Relative to Room (Degrees), 17-year-old subjects.
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Figure B.37 Pelvis Orientation Relative to Room (Degrees), 17-year-old subjects.
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Figure B.38 Foot Orientation Rel ative to Room (Degrees), 17-year-old subjects.
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Figure B.39 Arm Joint Angles (Degrees), 17-year-old subjects.
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Figure B.40 Hip Joint Angles (Degrees), 17-year-old subjects.
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Figure B.41 Knee Joint Angles (Degrees), 17-year-old subjects.
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Figure B.42 Ankle Joint Angles (Degrees), 17-year-old subjects.
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Eighteen-Year-Old Subjects

Table B.25 Stance Phase Kinemati cs of 18-year-old Female Subjects
(Max = Maximum, St. = Stance, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Foot M aximum Time of Minimum Time of
Strike Stance Max. St. Stance Min. St
Meen SO Mean S Mean SD Mean S Men SD

R_Hip_Rot_Ang -7.37 554 1160 7.65 4590 1328 -7.37 554 0.00 0.00
L_Hip_Rot_Ang 998 49 782 559 4200 1309 -998 49 0.00 0.00
R_Hip_Abd_Ang 197 469 1026 447 1570 082 -388 271 5380 1893
L_Hip_Abd_Ang 012 197 844 29 1610 137 -440 271 5320 18.72
R_Hip_Flex_Ang 3354 668 3354 668 000 000 -966 437 5390 145
L_Hip_Flex_Ang 3316 653 3316 653 000 000 -895 563 53.80 148
R_Knee_Rot_Ang 921 1461 -381 1397 2850 2433 -1930 1188 36.60 885
L_Knee Rot_Ang -8.73 1217 -1.71 1025 3240 2925 -2026 9.53 36.50 11.18
R_Knee Abd Ang -198 349 277 248 39.80 21.11 -249 333 27.30 2860
L_Knee Abd_Ang -151 275 207 202 3240 2000 -216 258 3320 2827

R_Knee Flex Ang 139 500 2484 384 59.70 095 -147 4.02 3160 12.38
L_Knee Flex_Ang 109 445 2492 449 5920 103 -215 363 3210 5.97

R_Ank_Rot_Ang 214 787 062 638 3110 27.18 -1496 593 2150 20.03
L_Ank_Rot_Ang 096 7.47 253 517 1960 2540 -1159 552 2560 21.99
R_Ank_Abd Ang 025 052 115 076 3620 2513 -131 073 3360 17.34
L_Ank_Abd Ang 041 025 104 039 3620 2348 -116 063 30.00 23.07
R_Ank_Flex_Ang 231 502 1120 191 4540 126 -7.82 3.17 43.80 26.14
L_Ank_Flex Ang 251 413 1114 214 4540 107 -825 160 43.40 25.60
R_Elbow_Ang 2442 861 4707 978 5030 538 2295 771 820 3.46
L_Elbow_Ang 19.87 590 4966 1294 5250 395 1848 570 6.90 3.73
R_Shl_Add_Ang 2373 326 2395 340 570 1663 1297 2.86 4200 1219
L_shl_Add_Ang 2585 358 2617 394 640 1613 1085 353 3270 9.04
R_Shl_Flex_Ang 7295 1251 171 3297 4850 6.84 -7354 1226 330 3.23
L_shl_Flex Ang 7817 1068 3682 2579 50.90 3.07 -7953 932 6.10 3.63
R_Trunk_Lat_Tilt 216 359 010 268 4580 18.80 -2.89 3.10 18.40 21.00
L_Trunk_La_Tilt 216 359 007 267 4570 1873 -2.88 3.10 18.20 20.57

R_Trunk_Fwd_Tilt -140 319 -070 3.08 2560 1829 -399 321 40.60 24.84
L_Trunk_Fwd_Tilt -140 319 -070 3.08 2560 1829 -393 3.16 40.30 24.59

R_Trunk_Rotation 094 468 815 344 4250 859 -131 416 6.70 17.11
L_Trunk_Rotation 094 468 815 344 4250 859 -131 416 670 17.11
R_Pelvis Lat_Tilt 166 190 759 218 1480 092 -496 170 59.70 0.95
L_Pevis La_Tilt 166 190 759 218 14.80 092 -473 147 59.20 1.03

R_Pelvis Fwd_Tilt 11.83 539 1276 492 2090 1835 1026 515 3320 22.14
L_Pelvis Fwd Tilt 1183 539 1276 492 2090 1835 10.26 516 33.00 21.88
R_Pelvis Rotation 6.00 409 695 418 11.70 11.92 -499 4.13 53.00 3.71
L_Pelvis Rotation 6.00 409 695 418 11.70 11.92 -499 4.13 53.00 3.71
R_Foot_Orientation  -12.21 6.76 -938 795 2270 1845 -1394 7.15 37.00 20.15
L_Foot_Orientation  -13.11 5.25 -1020 6.16 3350 2242 -1472 559 39.80 14.23
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Table B.26 Swing Phase Kinematics of 18-year-old Female Subjects
(Max = Maximum, St. = Stance, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Maximum Time of Minimum Time of T oe Off
Swing Max. Sw. Swing Min. Sw.
Mean SD Mean SO Mean SO Mean SO Mean SD
R_Hip Rot_Ang 11.03 867 6448 279 -873 6.38 9828 103 10.04 8.38
L_Hip_Rot_ Ang 6.79 386 6552 753 -11.98 502 9772 118 523 457
R_Hip_Abd Ang 319 435 8708 468 -610 278 6558 126 -439 279
L_Hip_Abd Ang 217 216 8592 229 -699 218 6532 181 -502 277
R_Hip Flex Ang 3598 6.17 8888 405 -503 464 60.68 094 -503 464
L_Hip_Flex_Ang 36.04 6.45 8832 365 -48 572 6022 09 -486 572
R_Knee Rot_ Ang 1296 15.92 7418 849 -17.25 11.42 89.88 11.45 -8.96 13.77
L_Knee Rot_Ang 1191 821 7362 922 -16.03 6.98 7962 17.65 -6.73 10.07
R_Knee Abd Ang 579 432 6948 9.79 -467 426 8578 955 257 324
L_Knee Abd_Ang 306 257 7192 1449 -551 196 8302 872 0.63 230

R Knee Flex Ang 6272 545 7398 099 013 443 9818 136 2813 3.94
L_Knee Flex_Ang 6365 3.89 7372 097 021 343 9842 120 2822 463

R_Ank_Rot_Ang 061 7.75 9328 1237 -3142 1052 7298 430 -980 8.08
L_Ank_Rot_Ang 297 637 9352 1220 -27.72 451 7222 354 -7.14 329
R_Ank_Abd_Ang 413 209 6638 114 -211 181 8418 824 142 113
L_Ank_Abd Ang 470 151 6692 092 -1.39 105 8652 875 116 0.62
R_Ank_Flex_Ang 461 295 8268 113 -10.65 3.30 6358 081 -832 2.60
L_Ank_Flex Ang 379 326 8382 219 -1317 324 6402 103 -916 157
R_Elbow_Ang 4308 888 60.68 094 2311 887 9898 026 43.08 8.88
L_Elbow_Ang 4607 14.00 6042 094 1885 608 98.62 132 46.03 13.95
R_Shl_Add_Ang 2420 250 9898 026 1256 3.37 67.38 653 1498 3.86
L_shl_Add_Ang 2567 304 99.02 030 986 356 7102 522 1424 6.04
R_Shl_Flex_Ang -9.25 3368 6208 327 -74.33 1293 9748 284 -941 3381
L_shl_Flex Ang 2696 32.04 6022 090 -80.13 09.37 96.02 545 2696 32.04
R_Trunk_Lat_Tilt 008 283 7158 1438 -252 331 8958 1515 -051 2.64
L_Trunk_La_Tilt 007 284 7142 1454 -252 331 89.62 1511 -052 2.62
R_Trunk_Fwd_Tilt 143 314 8998 540 -404 325 6268 110 -3.95 3.29
L_Trunk_Fwd_Tilt 143 314 9002 551 -404 325 6272 115 -3.88 3.21
R_Trunk_Rotation 561 441 6098 127 -198 477 9318 6.77 559 438
L_Trunk_Rotation 565 438 6072 109 -198 477 9322 682 563 436
R_Pelvis Lat_Tilt 098 148 9338 491 -656 158 6578 112 -539 1.70
L_Pevis La_Tilt 098 148 9342 495 -656 158 6582 099 -519 1.48

R_Pelvis Fwd_Tilt 1213 531 8648 961 1056 520 7478 1616 1093 5.15
L_Pelvis Fwd Tilt 1213 531 8652 9.63 105 520 7482 16.04 1097 514
R_Pelvis Rotation 513 419 9818 238 -434 353 70.78 635 -353 393
L_Pelvis Rotation 513 419 9822 257 -434 353 7082 6.64 -355 393
R_Foot_QOrientation -10.72 9.07 7328 1790 -2222 789 8308 578 -11.38 849
L_Foot_Orientation -10.68 6.42 69.52 15.76 -22.10 642 8352 546 -11.29 597
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Table B.27 Sance Phase Kinematics of 18-year-old Male Subjects
(Max = Maximum, St. = Stance, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Foot M aximum Time of Minimum Time of
Strike Stance Max. St. Stance Min. St.
Men SD Mean SD Men SD Men SD Men SD

R_Hip Rot_Ang -1268 893 056 7.64 60.00 316 -1289 896 3.73 8.79
L_Hip_Rot_ Ang -15.73 551 -496 591 4291 2095 -1617 541 6.27 11.10
R_Hip_Abd _Ang -0.70 325 393 332 2436 1197 -487 292 5564 1847
L_Hip_Abd Ang 261 213 259 232 27.09 1434 -635 202 4991 2444
R_Hip Flex Ang 3082 797 3082 797 027 090 545 6.65 5327 127
L_Hip_Flex_Ang 3230 782 3231 781 018 060 -583 6.73 5318 125
R_Knee Rot_ Ang -12.76 1248 250 11.05 38.82 2550 -1579 1120 18.36 21.16
L_Knee Rot_Ang -549 12.89 1533 8.39 47.00 2258 -9.73 11.25 19.36 18.85
R_Knee Abd Ang 050 314 390 4.28 4964 16.73 015 3.30 20.27 25.75
L_Knee Abd_Ang 131 246 3.09 269 39.00 1828 0.28 266 34.73 2755

R Knee Flex Ang  -3.31 451 2892 502 6100 110 -4.68 3.67 17.91 20.46
L_Knee Flex Ang  -251 515 3089 326 6073 079 -420 355 1055 17.67

R_Ank_Rot_Ang 220 1112 403 984 1864 2155 -1443 895 29.73 24.81
L_Ank_Rot_Ang 018 7.38 228 580 17.18 19.97 -2090 6.03 3391 2501
R_Ank_Abd Ang 033 040 101 045 4155 2284 -140 171 2318 21.06
L_Ank_Abd_Ang 024 035 132 141 4609 2065 -197 0094 46.73 14.44
R_Ank_Flex Ang 195 271 1126 247 4736 143 -631 391 3145 2831
L_Ank_Flex Ang 196 284 1294 289 4809 170 -517 364 2564 27.47
R_Elbow_Ang 2821 665 5096 856 5300 290 2694 592 818 456
L_Elbow_Ang 2561 698 5242 6.80 5355 3.67 2409 654 7.55 487
R_Shl_Add Ang 2248 442 2261 433 1064 2308 1356 3.35 29.36 457
L_shl_Add_Ang 2251 412 2356 4.14 1800 2448 1244 325 2464 526
R_Shl_Flex_Ang -60.12 1289 844 1618 4755 3.17 -61.99 1170 545 3.1
L_shl_Flex Ang 6220 1330 1976 1857 4573 269 -63.63 1328 555 4.68
R_Trunk_Lat_Tilt 236 171 183 187 5964 465 -398 125 1518 4.33
L_Trunk La_Tilt 236 171 183 192 5945 452 -398 125 1518 4.33

R_Trunk_Fwd_Tilt 090 212 147 192 2582 2057 -095 222 5209 19.85
L_Trunk_Fwd_Tilt 090 212 147 192 2582 2057 -095 226 5182 19.70

R_Trunk_Rotation 403 262 542 327 4145 420 -406 260 064 211
L_Trunk_Rotation 403 262 542 327 4145 420 -406 260 064 211
R_Pelvis Lat_Tilt 132 161 394 192 1373 127 218 198 5873 7.62
L_Pevis La_Tilt 132 161 394 192 1373 127 221 206 5645 9.89

R_Pelvis Fwd_Tilt 1285 5.66 1375 546 4064 1421 1180 562 2573 23.32
L_Pelvis Fwd Tilt 1285 566 1375 546 4064 1421 1180 562 25.64 23.17
R_Pelvis Rotation 484 310 6.01 331 991 802 -441 189 5655 327
L_Pelvis Rotation 484 310 6.01 331 991 802 -442 190 5736 3.14
R_Foot_Orientation  -18.19 7.47 -1283 6.35 2336 18.00 -1824 7.38 3.82 1266
L_Foot_Orientation  -1843 6.87 -13.03 6.00 3518 2205 -1852 6.73 7.91 1761
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Table B.28 Swing Phase Kinematics of 18-year-old Male Subjects
(Max = Maximum, St. = Stance, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Maximum Time of Minimum Time of T oe Off
Swing Max. Sw. Swing Min. Sw.
Mean SD Mean SO Mean SO Mean SO Mean SD
R_Hip Rot_Ang 1.15 785 64.85 306 -1276 886 9821 155 060 7.68
L_Hip_Rot_ Ang 461 552 7036 9.27 -16.77 534 9827 093 -6.05 5.83
R_Hip_Abd _Ang -059 312 9312 461 -655 301 6676 19 -532 298
L_Hip_Abd Ang -240 197 9182 1127 -7.95 205 6682 220 -653 240
R_Hip Flex Ang 3194 694 9067 360 074 721 61.8 106 074 7.21
L_Hip_Flex_Ang 3369 6.39 9000 320 034 652 61.63 081 034 652
R_Knee Rot_ Ang 1062 10.69 7276 256 -15.26 12.36 9576 3.35 -0.15 10.24
L_Knee Rot_Ang 25,69 917 7354 221 -7.63 1213 96.72 256 1444 7.69
R_Knee Abd Ang 6.43 584 7767 835 -012 327 8830 11.82 391 485
L_Knee Abd_Ang 454 365 8491 959 -202 259 79.72 1250 168 3.19

R Knee Flex Ang 5710 531 7367 120 -380 3.85 9867 048 3218 5.10
L_Knee Flex_Ang 6054 456 7400 107 -282 434 9882 040 3426 332

R_Ank_Rot_Ang 335 1098 98.39 0.75 -2255 867 7403 338 -11.50 9.00
L_Ank_Rot_Ang 138 6.69 9818 127 -31.32 522 7472 293 -1873 397
R_Ank_Abd_Ang 284 192 6721 163 -163 140 8539 7.63 096 065
L_Ank_Abd Ang 358 360 6691 151 -265 1.69 8263 565 138 2.02
R_Ank_Flex_Ang 411 269 8412 494 946 753 6585 111 -613 4.81
L_Ank_Flex Ang 523 377 8454 413 -7.32 6.82 69.00 1008 -364 517
R_Elbow_Ang 4760 875 6185 106 2743 663 96.30 690 47.60 8.75
L_Elbow_Ang 4821 815 6163 081 2468 691 9536 7.14 4821 8.15
R_Shl_Add_Ang 2253 399 9494 1051 1585 295 7239 6.95 17.22 3.40
L_shl_Add_Ang 2263 369 9336 1094 1586 3.59 69.09 7.56 17.82 4.18
R_Shl_Flex_Ang -6.66 17.26 61.85 1.06 -60.53 1249 98.85 026 -6.66 17.26
L_shl_Flex Ang 145 20.18 6163 081 -6250 1258 9891 025 145 20.18
R_Trunk_Lat_Tilt 218 207 6621 264 -207 183 9857 104 191 1.92
L_Trunk La_Tilt 218 207 6627 263 -207 183 9863 102 191 1.96
R_Trunk_Fwd_Tilt 054 202 9176 280 -1.03 219 6685 10.73 -095 217
L_Trunk_Fwd Tilt 054 202 91.82 274 -1.03 219 6682 10.73 -096 2.19
R_Trunk_Rotation 210 293 6185 106 -448 243 9367 544 210 2.93
L_Trunk_Rotation 220 296 6163 081 -448 243 9372 541 220 296
R_Pelvis Lat_Tilt 175 129 8848 554 -263 206 67.67 1051 -234 202
L_Pevis La_Tilt 175 129 8854 559 -264 206 67.63 1052 -236 208

R_Pelvis Fwd_Tilt 1276 549 8239 1725 1142 579 8194 1198 1232 5.49
L_Pelvis Fwd Tilt 1278 550 79.00 17.67 1142 579 8200 1197 1236 5.49
R_Pelvis Rotation 377 270 9594 965 -434 184 6721 876 -406 179
L_Pelvis Rotation 377 270 96.00 972 -437 18 6691 887 -410 1.83
R_Foot_QOrientation -1435 659 6530 6.65 -2353 872 8957 6.18 -1497 6.97
L_Foot_Orientation -13.69 6.93 66.09 4.84 -23.20 824 88.00 4.86 -1448 6.84
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Figure B.43 Trunk Orientation Relative to Room (Degrees), 18-year-old subjects.
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Figure B.44 Pelvis Orientation Relative to Room (Degrees), 18-year-old subjects.
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Figure B.45 Foot Orientation Relative to Room (Degrees), 18-year-old subjects.
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Figure B.46 Arm Joint Angles (Degrees), 18-year-old subjects.
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Figure B.47 Hip Joint Angles (Degrees), 18-year-old subjects.
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Figure B.48 Knee Joint Angles (Degrees), 18-year-old subjects.
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Figure B.49 Ankle Joint Angles (Degrees), 18-year-old subjects.
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Twenty-Year-Old Subjects

Table B.29 Stance Phase Kinemati cs of 20-year-old Female Subjects
(Max = Maximum, St. = Stance, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Foot M aximum Timeof Minimum Timeof
Strike Stance Max. St. Stance Min. St.

Mean SD Mean SO Mean SD Mean S Mean SD
R_Hip_Rot_Ang -1271 732 117 831 4580 1198 -12.71 7.32 0.00 0.00
L_Hip_Rot_ Ang -6.68 837 612 588 3090 1271 -668 837 0.00 0.00
R_Hip_Abd_Ang 338 342 977 376 1390 213 -476 259 60.10 1.85
L_Hip_Abd_Ang 318 248 825 282 1310 166 -676 321 60.30 0.48
R_Hip_Flex_Ang 3270 279 3270 279 000 000 -7.75 3.06 4940 212
L_Hip Flex_Ang 3434 387 3434 387 000 0.00 -1012 345 4950 227
R_Knee Rot_Ang 111 16.84 17.01 1526 5250 16.54 -840 11.78 25.80 18.12
L_Knee Rot Ang -0.90 1195 1587 869 5230 1619 -14.11 7.71 29.70 15.74
R_Knee Abd_Ang -154 410 293 501 4080 1494 -435 5.06 44.00 24.83
L_Knee Abd_Ang -208 266 257 290 4690 1422 -258 297 33.00 27.19
R_Knee Flex_ Ang 494 568 4219 823 60.70 095 -114 480 3130 11.49
L_Knee Flex_Ang 707 884 40.88 854 6030 048 -046 318 29.70 15.72
R_Ank_Rot_Ang -310 631 221 585 2420 21.07 -2324 10.07 5590 15.45
L_Ank_Rot Ang -553 1043 291 967 3200 1696 -2359 10.85 47.00 20.89
R_Ank_Abd Ang -0.12 039 243 097 6070 095 -197 189 3760 16.04
L_Ank_Abd Ang -0.33 066 254 073 5260 1021 -215 1.00 27.70 15.96
R_Ank_Flex_Ang -167 169 1322 330 4320 215 -6.81 3.28 4930 23.36
L_Ank_Flex Ang -085 364 1371 250 4260 207 -641 248 60.30 0.48
R_Elbow_Ang 2459 595 5243 7.06 5170 291 2406 556 430 279
L_Elbow_Ang 21.86 6.31 5246 593 5420 549 2074 597 650 196
R_Shl_Add Ang 2529 191 2541 181 960 19.72 1351 481 3240 7.23
L_Shl_Add_Ang 2391 380 2401 392 100 133 1146 338 49.00 14.48
R_Shl_Flex_Ang -71.69 1216 161 2481 4730 157 -7252 1211 450 5.23
L_Shl_Flex Ang -72.24 551 1342 3512 4880 169 -7407 592 630 6.18
R_Trunk_Lat_Tilt -1.70 161 111 170 5510 441 -247 154 1140 3.66
L_Trunk_Lat_Tilt -170 161 111 170 5510 441 -247 154 1140 3.66
R_Trunk_Fwd_Tilt -1.86 149 -0.44 143 3400 1356 -278 149 1390 16.37
L_Trunk_Fwd Tilt -186 149 -0.44 143 3400 1356 -278 149 1390 16.37
R_Trunk_Rotation -179 228 722 363 3900 419 -179 228 0.00 0.00
L_Trunk_Rotation -1.79 228 722 363 3900 419 -179 228 0.00 0.00
R_Pdvis Lat_Tilt 357 134 753 163 1280 140 -534 100 59.70 2.06
L_Pevis La_Tilt 357 134 753 163 1280 140 -533 091 5950 1.90

R_Pelvis Fwd_Tilt 10.89 392 1236 412 3480 1411 1010 421 39.70 27.32
L_Pelvis Fwd Tilt 10.89 392 1236 412 3480 1411 1014 418 3940 27.06
R_Pelvis Rotation 502 174 633 307 1580 1413 -338 5.73 4650 19.86
L_Pelvis Rotation 502 174 633 307 1580 1413 -337 5.73 43.80 1807
R_Foot_QOrientation -800 6.75 -424 597 3470 2089 -827 6,51 18.00 23.94
L_Foot_Orientation -845 263 -404 330 4870 1839 974 233 4890 10.05
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Table B.30 Swing Phase Kinematics of 20-year-old Female Subjects
(Max = Maximum, St. = Stance, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Maximum Time of Minimum Time of T oe Off
Swing Max. Sw. Swing Min. Sw.
Mean SD Mean SO Mean SO Mean SO Mean SD
R_Hip Rot_Ang -0.96 7.92 6386 6.25 -1496 7.89 9736 066 -1.19 8.16
L_Hip_Rot_ Ang 506 6.18 6157 122 -942 837 9717 198 502 6.20
R_Hip_Abd Ang 321 311 8646 6.69 -490 239 6266 157 -479 249
L_Hip_Abd Ang 220 216 8927 746 -7.41 329 6307 170 -7.02 330
R_Hip Flex Ang 3350 263 8696 6.15 339 353 61.66 087 339 353
L_Hip_Flex_Ang 36.27 4.16 9037 591 184 371 6117 059 184 371
R_Knee Rot_ Ang 2293 1324 6786 166 -7.56 20.27 9326 268 17.87 15.59
L_Knee Rot_Ang 2595 894 6827 324 -923 13.00 91.97 468 1659 944
R_Knee Abd Ang 165 6.60 8256 1678 -881 7.81 79.36 10.77 -202 851
L_Knee Abd_Ang 143 430 7327 1396 -7.87 658 7877 1094 0.33 5.09

R_Knee Flex Ang 6111 7.15 7056 1.38 103 4.84 9676 106 4533 8.32
L_Knee Flex_Ang 6471 675 7097 179 439 7.25 9677 213 44.33 8.69

R_Ank_Rot_Ang 275 750 9566 081 -3418 11.13 7056 116 -24.65 10.27
L_Ank_Rot_Ang 098 12.04 9537 268 -37.81 1134 69.77 205 -24.80 11.39
R_Ank_Abd_Ang 333 133 6396 081 -265 174 7846 090 284 1.08
L_Ank_Abd Ang 355 086 6407 093 -319 142 8227 821 28 076
R_Ank_Flex_Ang 502 185 8136 232 -7.07 317 6236 099 -694 3.6
L_Ank_Flex Ang 520 178 8197 196 -695 236 6207 106 -682 243
R_Elbow_Ang 4816 7.61 61.66 087 2392 540 98.96 027 4816 7.61
L_Elbow_Ang 4735 977 6137 057 2165 604 9887 021 47.34 977
R_Shl_Add_Ang 2676 250 98.66 068 1468 4.08 6576 4.8 1498 4.37
L_shl_Add_Ang 2402 329 9767 186 1101 3.92 6867 444 1244 3.90
R_Shl_Flex_Ang -20.18 2324 61.66 0.87 -73.60 12.66 97.66 3.25 -20.18 23.24
L_shl_Flex Ang 215 31.10 6117 059 -7448 7.75 97.97 286 215 31.10
R_Trunk_Lat_Tilt 107 200 6316 368 -1.63 183 9446 741 096 187
L_Trunk La_Tilt 1.09 197 6267 370 -163 183 9437 717 099 184
R_Trunk_Fwd_Tilt 146 171 8436 915 -281 160 8506 17.77 -245 158
L_Trunk_Fwd_Tilt 146 171 8427 922 -2.80 161 8507 17.84 244 157
R_Trunk_Rotation 354 418 6166 087 -173 264 8936 953 354 4.18
L_Trunk_Rotation 370 415 6117 059 -173 264 8927 943 370 4.15
R_Pelvis Lat_Tilt 208 141 9746 457 -531 096 6206 092 -527 1.02
L_Pevis La_Tilt 2098 141 9737 475 -533 094 6177 066 -529 0.95

R_Pelvis Fwd_Tilt 10.79 426 7326 1210 988 4.20 8326 11.67 1047 4.06
L_Pelvis Fwd Tilt 10.78 426 73.27 1220 988 420 8317 1165 1050 4.04
R_Pelvis Rotation 597 255 9886 025 -301 450 7096 7.07 -196 559
L_Pelvis Rotation 597 255 9877 038 -300 449 7097 699 -194 557
R_Foot_QOrientation -769 6.84 6546 1194 -1914 943 8096 419 -7.73 6.90
L_Foot_Orientation -6.62 420 6117 059 -2017 371 7957 443 -6.62 420
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Table B.31 Sance Phase Kinematics of 20-year-old Male Subjects
(Max = Maximum, St. = Stance, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Foot M aximum Time of Minimum Time of
Strike Stance Max. St. Stance Min. St.
Men SD Mean SD Men SD Men SD Men SD

R_Hip Rot_Ang 1244 6.18 162 7.14 59.67 332 -1266 6.33 156 467
L_Hip_Rot_ Ang -1098 659 045 541 4989 13.85 -11.32 6.94 200 5.27
R_Hip_Abd _Ang -1.28 274 362 273 2378 1219 -468 242 6089 0.78
L_Hip_Abd Ang 224 164 167 232 1944 932 -7.06 147 6056 0.53
R_Hip Flex Ang 2756 721 2760 720 100 150 -730 6.91 5367 0.50
L_Hip_Flex_Ang 2853 699 2854 698 022 0.67 -869 722 5333 1.00

R Knee Rot Ang  -15.22 1320 101 1506 44.44 2460 -1958 875 2511 20.00
L_Knee Rot Ang  -10.58 9.99 1097 1015 48.89 2131 -12.76 9.23 1644 19.93
R_Knee Abd_Ang 260 249 586 329 4922 1819 235 248 911 18.74
L_Knee Abd Ang 276 104 553 289 3522 21.32 201 187 1944 29.26
R Knee Flex Ang  -454 316 2895 364 6089 078 -520 349 18.78 20.95
L_Knee Flex Ang  -4.84 340 2875 473 6056 053 -489 345 867 17.20

R_Ank_Rot_Ang 364 979 692 618 1922 2284 -1325 9.00 34.00 2586
L_Ank_Rot_Ang 358 7.26 532 631 1367 2050 -17.41 994 39.44 24.42
R_Ank_Abd Ang 005 059 119 060 3644 2327 -0.74 021 2111 22.18
L_Ank_Abd Ang 021 042 176 144 4133 2053 -140 0.88 38.00 24.53
R_Ank_Flex_Ang 315 224 1153 273 4722 130 -7.07 364 3022 29.25
L_Ank_Flex Ang 340 133 1262 279 4789 190 -573 312 23.33 28.05
R_Elbow_Ang 28.96 10.35 5548 1001 5178 4.87 2745 863 689 473
L_Elbow_Ang 2626 7.41 5273 7.08 5478 452 2336 648 1044 391
R_Shl_Add_Ang 2384 384 2387 387 578 1696 1586 3.94 3067 450
L_shl_Add_Ang 2366 4.08 2418 402 622 1757 1519 583 27.78 3.49
R_Shl_Flex_Ang 50.87 968 210 2477 4744 251 -6033 9.80 3.00 212
L_shl_Flex Ang 52.62 11.95 1834 1680 47.11 226 -5389 1236 500 2.40
R_Trunk_Lat_Tilt 239 187 122 132 5678 667 -347 191 1433 3.12
L_Trunk_La_Tilt 239 187 121 138 5656 648 -347 191 1433 3.12

R_Trunk_Fwd_Tilt 075 135 129 141 3067 1744 -116 160 60.89 0.78
L_Trunk_Fwd_Tilt 075 135 129 141 3067 1744 -115 163 6056 0.53

R_Trunk_Rotation -235 138 578 286 4289 560 -240 141 144 246
L_Trunk_Rotation -235 138 578 286 4289 560 -240 141 144 246
R_Pevis Lat_Tilt 172 090 446 169 1400 132 -202 215 5811 833
L_Pelvis La_Tilt 172 090 446 169 1400 132 -203 221 5533 10.69

R Pelvis Fwd_Tilt ~ 10.89 580 1206 556 44.89 344 961 594 1844 1659
L_Pelvis Fwd Tilt ~ 10.89 580 1206 556 44.89 344 962 594 18.33 16.26
R_Pelvis_Rotation 623 310 674 284 878 7.89 262 177 5544 3.05
L_Pelvis Rotation 623 310 674 284 878 7.89 262 177 56.33 3.08
R_Foot_Orientation  -17.33 6.75 -1251 6.33 30.67 2117 -17.76 6.63 1422 2134
L_Foot Orientation  -15.96 6.35 -10.65 5.13 3500 21.64 -1627 6.03 14.67 22.02
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Table B.32 Swing Phase Kinemati cs of 20-year-old Male Subjects
(Max = Maximum, St. = Stance, Min = Minimum, R = Right, L = Left, Rot = Rotation, Ang = Angle, Abd =
Abduction, Flex = Flexion, Ank = Ankle, Shl = Shoulder, Add = Adduction, Lat = Lateral, Fwd = Forward)

Maximum Time of Minimum Time of Toe Off
Swing Max. Sw. Swing Min. Sw.
Mean SO Mean SD Mean SD Mean SD Mean SD
R_Hip Rot_Ang 193 742 6387 227 -1270 548 9831 088 160 7.27
L_Hip_Rot_ Ang 240 764 7492 1121 -11.61 7.02 9859 033 -069 6.76
R_Hip_Abd _Ang -143 256 9531 502 -6.17 241 6653 146 -514 245
L_Hip_Abd Ang -257 175 9692 370 -869 150 6648 190 -754 1.49
R_Hip Flex Ang 2936 6.38 8853 164 -1.26 729 6176 074 -1.26 7.29
L_Hip_Flex_Ang 30.24 622 8870 211 -271 736 6159 065 -271 7.36
R_Knee Rot_ Ang 14.13 1885 73.31 257 -17.01 14.06 96.76 3.37 -1.01 15.44
L_Knee Rot_Ang 26.69 10.17 7281 174 -1237 968 9792 171 11.07 9.05
R_Knee Abd Ang 848 403 7642 986 198 271 89.98 1038 598 371
L_Knee Abd_Ang 852 481 8337 937 019 345 8170 1333 470 421

R Knee Flex Ang 6010 3.32 7387 041 -455 287 9876 044 3245 351
L_Knee Flex_Ang 6059 4.08 7426 064 -528 346 99.03 027 3221 471

R_Ank_Rot_Ang 505 1041 9820 0.76 -24.68 13.82 7431 323 -11.31 11.08
L_Ank_Rot_Ang 496 759 9848 053 -30.82 10.88 7359 272 -1653 8.36
R_Ank_Abd_Ang 278 230 6698 156 -208 190 8187 434 102 097
L_Ank_Abd Ang 361 380 6692 122 -247 169 8659 935 150 2.10
R_Ank_Flex_Ang 409 232 8387 568 -8.84 862 7287 1495 -559 559
L_Ank_Flex Ang 421 354 8326 131 -7.27 689 69.48 1115 -387 5.19
R_Elbow_Ang 51.72 1051 6620 896 27.70 9.77 90.98 14.26 51.28 10.95
L_Elbow_Ang 4937 928 6159 0.65 2445 678 9237 1250 49.37 9.28
R_Shl_Add_Ang 2419 333 9520 648 17.80 3.33 67.87 493 1888 3.59
L_shl_Add_Ang 2364 316 9181 1248 17.05 4.08 7015 820 1924 4.34
R_Shl_Flex_Ang 1205 2224 6176 074 -60.49 11.28 98.87 0.26 -12.05 22.24
L_shl_Flex Ang 369 17.38 6159 0.65 -52.42 12.46 99.03 027 3.60 17.38
R_Trunk_Lat_Tilt 134 150 64.76 289 -236 186 9853 115 118 1.39
L_Trunk La_Tilt 134 150 6492 303 -236 186 9870 117 117 144
R_Trunk_Fwd_Tilt 025 131 9220 297 -121 160 6309 137 -118 1.59
L_Trunk_Fwd Tilt 025 131 9237 276 -121 159 6315 134 -118 1.62
R_Trunk_Rotation 301 199 6176 074 -274 117 9465 634 301 1.99
L_Trunk_Rotation 313 207 6159 065 -274 117 9481 634 313 207
R_Pelvis Lat_Tilt 210 090 8853 410 -234 227 6387 111 217 219
L_Pevis La_Tilt 210 090 8870 409 -234 227 6403 129 -216 224

R_Pelvis Fwd_Tilt 1056 5.71 8387 1710 929 599 7798 937 1020 5.79
L_Pelvis Fwd Tilt 1058 572 7981 1799 929 599 7815 929 1023 5.79
R_Pelvis Rotation 525 3.07 9842 087 -281 186 6442 346 -252 177
L_Pelvis Rotation 525 3.07 9859 0.72 -2.83 187 6426 377 -255 182
R_Foot_QOrientation -13.39 5.87 6498 6.77 -20.83 7.13 90.65 7.05 -13.79 6.44
L_Foot_Orientation -10.90 5.87 67.03 4.03 -1860 7.82 91.03 584 -11.66 5.88
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Raght (RHS to RHS) Left (LHS to LHS)

Figure B.50 Trunk Orientation Relative to Room (Degrees), 20-year-old subjects.
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Figure B.51 Pelvis Orientation Relative to Room (Degrees), 20-year-old subjects.
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Right (RHSto RHS) Left (LHStoLHS)
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Figure B.52 Foot Orientation Rel ative to Room (Degrees), 20-year-old subjects.

Raght (RHS to RHS) Left (LHS to LHS)

Shoulder Flaxion

Figure B.53 Arm Joint Angles (Degrees), 20-year-old subjects.
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Figure B.54 Hip Joint Angles (Degrees), 20-year-old subjects.

Right (RHS to RHS) Left (LHS to LHS)

Figure B.55 Knee Joint Angles (Degrees), 20-year-old subjects.



Dorsiflaxion

Fost Prog (vs Tibia)

Right (RHS to RHES) Left (LHS to LHS)
20.0 30.0
20.0- | 20.0-
10.0- = 10.0-{
0.0~ 0.0-
-10.0 -10.0-
200 . 1] -20.0-
4,00
2,00
0.00-
| 2004
=400~
-6.19™ | | f | i 6197 | | | '
10.0 I 10.0
n.o-\—,iﬁ 71 0.0
-10.0- 3 -10.0-
-20,0=— \ _7 =20.0=
-30.0 N -30.0

-40.0-

=40.0 -

Figure B.56 Ankle Joint Angles (Degrees), 20-year-old subjects.
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APPENDIX C

KINETICS

In this section, kinetic data of subjects were presented in the tables and as graphs.
Curves of females and males were shown in the same graph with a norma band,

representing system'’s current normative data, with one sandard deviation.

For better understanding of the tables, it is useful to state that:

St. = Stance, Sw. = Swing, Max. = Maximum, Min. = Minimum, SD = One
Standard Deviation, R = Right, L = Left, Rot = Rotation, Abd = Abduction, Flex =
Flexion, Ank = Ankle, Shl = Shoulder, Lat = Lateral, Vrt = Vertical, Fwd = Forward, Frc =
Force, GRF = Ground Reaction Force, Mom = Moment, Pwr = Power.

For better understanding of the figures, it is useful to date that:

x-axis represents 0-100 % of the gait cycle.

The gray bands represent norm data of Orthotrak software (Motion Analysis Corp.)
with one standard deviation.

RHS = Right Heel Strike and LHS = L eft Heel Strike.
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L_GRF_Vrt_Frc
R_Hip_Rot_Mom
L_Hip_Rot_ Mom
R_Hip_Abd Mom
L_Hip_Abd Mom
R_Hip Flex Mom
L_Hip_FHex Mom
R_Knee Rot_Mom
L_Knee Rot_Mom
R_Knee Abd_Mom
L_Knee Abd Mom
R_Knee Flex Mom
L_Knee Flex Mom
R_Ank_Rot_Mom
L_Ank Rot_Mom
R_Ank_Abd_Mom
L_Ank_Abd _Mom
R_Ank_Flex_Mom
L_Ank Flex Mom
R_Hip Pwr
L_Hip_Pwr
R_Knee Pwr
L_Knee Pwr
R_Ank_Pwr
L_Ank_Pwr

Table C.1 Stance Phase Kinetics of 5-year-old Female Subjects.

Foot Maximum Time of Minimum Time of
Strike Stance Max. St. Stance Min. St.
Mean SO Mean SD Mean SO Mean SO Mean D
013 004 112 010 1833 9.81 0.08 008 2811 3150
0.17 003 112 011 1444 083 0.09 009 4778 2568
-0.07 002 027 0.07 4700 170 -022 0.07 1111 152
-0.07 002 027 0.07 4644 157 -021 0.08 1011 1.45
001 001 015 003 3433 1294 0.00 001 3922 3421
001 001 014 003 3289 11.09 0.00 0.01 49.00 26.28
020 004 118 0.0 1444 083 012 0.07 4833 2598
024 003 117 010 1367 067 012 0.08 60.89 273
-0.05 002 036 005 5022 175 -007 003 222 155
-0.07 002 034 005 4967 105 -008 003 233 133
-0.01 001 020 0.05 20.67 867 -001 0.01 1500 27.10
-0.01 001 020 0.07 1744 083 -002 0.02 1522 26.97
022 004 123 010 21.78 1297 0.5 0.08 4811 2593
026 003 122 011 1756 938 015 008 61.00 3.02
-0.08 002 021 004 5533 15 -012 0.03 422 0.63
-0.09 002 021 004 5467 125 -012 0.02 344 0.83
000 001 008 0.02 29.67 12.09 -0.02 0.01 5333 15.36
000 001 009 003 2422 890 -001 0.01 3922 27.78
-0.01 004 021 003 5356 083 -021 0.03 1033 1.05
000 000 022 003 5333 094 -020 004 967 0.82
000 0.00 0.07 002 4344 1235 -003 002 978 17.78
000 000 008 002 1933 1119 -0.01 001 889 18.15
002 005 129 012 1467 082 0.01 004 667 18.87
000 000 128 013 1400 0.82 0.00 000 000 0.00
-0.02 001 008 0.05 1711 1459 -012 0.03 4111 1273
000 002 012 0.07 1322 193 -015 0.05 4578 359
002 007 052 012 2156 807 -003 0.03 2800 3136
001 006 053 012 2489 10.84 -0.02 0.04 2022 28.62
036 007 052 016 6.22 175 -050 0.0 5056 1.50
038 008 054 013 6.00 094 -047 010 4933 0.82
-0.01 001 004 0.04 2067 2110 -014 0.03 3511 17.47
001 0.02 008 007 1000 316 -014 005 4678 355
-0.03 003 027 0.08 1656 142 -003 0.02 1233 2323
-0.03 003 028 011 2322 1291 -004 0.03 6.89 1812
-0.15 004 020 0.08 4411 2063 -028 0.0 40.67 3.09
-0.16 003 014 0.04 4833 1838 -029 0.12 3056 16.63
001 001 013 003 3867 1454 -0.05 004 2067 20.87
-0.01 002 014 0.05 4589 4.07 -008 0.07 1044 3.47
0.01 001 007 0.04 3744 1705 -002 0.02 2800 6.15
000 001 006 0.04 3633 1922 -0.04 0.04 17.78 10.65
003 001 102 010 4633 245 001 0.02 1033 20.80
002 001 100 010 4567 133 000 0.03 978 20.29
029 031 076 025 21.00 20.89 -0.83 025 46.00 1.41
025 026 081 019 967 340 -075 024 4511 1.37
-0.10 021 044 026 2733 1911 -116 0.37 5944 1.26
-001 019 044 025 2756 2247 -099 024 5889 0.74
002 001 198 038 5244 142 -050 022 2844 10.66
002 001 199 035 5178 132 -050 015 2489 9.27
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R_Hip Pwr
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L_Knee Pwr
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L_Ank_Pwr

Table C.2 Swing Phase Kinetics of 5-year-old Female Subjects.

Maxi mum Time of Minimum
Swing Max. Sw. Swing
Men SD Mean SD Mean SD

006 0.06 60.61 152 -0.10 0.03
005 0.04 6038 158 -0.10 0.04
0.03 002 6494 878 000 0.01
0.02 001 66.60 886 000 0.01
001 001 6816 1328 0.00 0.00
0.01 0.00 68.05 10.64 0.00 0.00
009 006 6061 152 -0.04 0.02
0.08 004 6038 158 -0.04 0.02
008 004 6061 152 -0.03 0.01
0.06 003 6038 158 -0.03 0.01
0.02 0.02 64.83 1238 -0.01 0.01
0.02 0.02 64.38 1219 -0.02 0.01
0.12 0.07 6061 152 -0.03 0.01
0.11 005 6038 158 -0.03 0.01
008 005 6061 152 -0.01 0.01
0.07 003 6038 158 -0.01 0.01
0.00 0.00 87.05 1294 -0.01 0.01
0.00 0.00 8394 1374 -0.01 0.01
0.04 003 6061 152 000 0.00
003 0.02 60.38 158 0.00 0.00
0.00 0.00 6438 464 000 0.00
000 000 6383 282 000 0.00
0.10 0.07 6094 219 0.00 0.00
009 0.06 6071 191 000 0.00
001 001 6805 975 -001 0.01
0.01 000 6838 11.60 -0.01 0.02
0.04 004 7116 1638 -0.02 0.02
0.02 0.02 7516 1545 -0.02 0.01
0.09 004 9738 119 -019 0.10
007 0.03 9783 130 -014 0.07
001 000 66.27 6.37 -001 0.01
0.01 0.00 6449 446 -001 0.02
0.03 002 7094 1645 -0.02 0.01
0.04 0.03 6038 158 -0.02 0.01
010 0.04 60.72 147 -006 0.02
009 0.04 6038 158 -0.04 0.01
0.01 0.01 70.83 14.07 -0.01 0.00
0.01 002 71.83 1397 -0.01 0.00
0.01 001 64.27 1147 0.00 0.00
001 001 6038 158 0.00 0.00
010 006 6061 152 -0.02 0.01
0.09 004 6038 158 -0.02 0.01
046 026 61.05 175 -0.05 0.06
034 019 6171 438 -0.04 0.03
009 0.05 7027 241 -084 0.40
0.08 0.04 6871 128 -0.70 0.35
020 013 60.61 152 000 0.00
0.17 011 6038 158 0.00 0.00

Time of T oe Off
Min. Sw.

Mean SD Mean SD

7438 1381 0.06 0.06
80.94 16.79 0.05 0.04
93.61 1155 0.02 0.02
9549 728 001 0.01
8249 1379 0.00 0.01
71.83 1261 0.00 0.00
80.94 1565 0.09 0.06
83.16 1529 0.08 0.04
9361 194 008 0.04
9371 237 006 0.03
68.83 173 002 0.02
70.27 693 002 0.02
7238 920 012 0.07
6838 1.10 0.11 0.05
80.49 14.18 0.08 0.05
80.05 15.05 0.07 0.03
61.83 229 -001 0.01
61.60 194 -001 0.01
6449 146 004 0.03
63.94 270 0.03 0.02
61.61 201 0.00 0.00
61.38 186 0.00 0.00
65.94 459 010 0.07
64.05 270 0.09 0.06
7738 1585 0.00 0.02
69.38 140 -0.01 0.02
75.94 1417 0.02 0.05
7549 1480 0.01 0.03
60.61 152 -019 0.10
60.38 158 -0.14 0.07
72.16 1490 0.00 0.01
7194 16.06 -0.01 0.02
80.16 1144 0.02 0.02
69.05 152 003 0.04
9583 139 010 0.04
93.60 377 0.09 0.04
65.94 6.47 000 0.01
64.27 4.06 001 0.02
68.61 584 001 0.01
68.60 340 001 0.01
68.94 358 0.10 0.06
6771 209 0.09 0.04
8538 165 045 0.25
84.60 760 034 0.19
60.94 167 -0.84 0.40
60.38 158 -0.70 0.35
86.72 832 020 0.13
8849 1028 0.17 0.11
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Table C.3 Stance Phase Kinetics of 5-year-old Male Subjects.

Foot Maximum Time of Minimum Time of
Strike Stance Max. St. Stance Min. St.
Mean SO Mean SD Mean SO Mean SO Mean D
0.13 004 112 011 1844 1036 0.09 0.08 2822 3354
0.17 003 112 011 1444 0.88 011 009 2789 33.15
-0.07 002 027 008 4733 150 -022 007 11.22 1.64
-0.07 002 027 008 4656 151 -021 0.08 10.67 158
001 001 015 003 3456 1346 0.00 001 2956 32.29
001 001 014 003 3300 12.06 0.00 001 4889 27.39
020 004 117 011 1456 083 014 0.08 2822 3354
024 004 117 011 1378 067 015 0.09 4789 27.32
-0.05 002 036 005 5056 207 -007 003 222 164
-0.07 002 034 005 5011 093 -008 003 233 141
-0.01 001 020 0.06 2089 912 -001 0.01 1500 28.73
-0.01 001 020 0.07 1789 093 -001 0.02 1533 28.83
022 004 123 011 2200 1391 0.7 0.08 2844 33.85
026 004 122 012 1778 1023 0.19 0.10 48.00 27.41
-0.08 002 021 004 5589 19 -012 0.03 422 0.67
-0.09 002 021 004 5556 142 -012 002 38 0.78
000 001 008 0.02 29.78 12.64 -0.02 0.01 5378 16.47
000 001 009 003 2456 919 -001 0.01 3944 29.61
-0.01 004 021 003 5411 093 -021 0.04 1067 1.32
000 000 022 003 5400 1.00 -020 004 1011 1.36
000 0.00 0.07 002 4389 1335 -0.03 002 989 18.80
000 0.00 008 002 1967 1211 -0.01 001 889 19.24
002 006 129 013 1467 0.87 0.02 005 6.67 20.00
000 000 128 013 1411 105 0.00 000 000 0.00
-0.02 001 008 0.05 1756 1569 -012 0.04 4156 13.33
000 002 012 0.07 1344 213 -015 0.06 46.22 3.96
002 007 052 012 21.78 889 -0.03 0.04 2811 33.39
001 006 053 013 2500 11.70 -0.01 0.05 1367 27.12
036 007 052 017 6.22 18 -050 0.10 50.89 1.83
038 008 053 013 6.00 1.00 -047 011 4989 1.17
-0.01 001 004 0.04 2067 2237 -014 0.04 3533 1843
001 0.02 007 008 989 372 -014 006 47.00 3.67
-0.03 003 027 0.08 1678 130 -003 0.02 1233 24.63
-0.03 003 028 012 2367 1399 -004 0.03 6.89 1921
-0.15 004 019 0.08 4433 22.03 -028 0.11 4111 3.69
-0.16 004 014 004 4889 1980 -0.29 0.13 3089 17.84
001 001 013 003 3889 1557 -0.05 004 2067 2212
-0.01 002 014 0.06 46.00 433 -008 0.07 1056 3.47
001 001 007 0.04 3756 1776 -0.02 0.02 2833 6.63
000 001 006 0.04 3656 2056 -0.04 0.04 17.89 11.35
003 001 101 0411 4678 277 001 0.03 1011 22.16
002 002 100 011 4633 187 000 0.03 989 2184
029 033 076 026 2122 2229 -083 027 4633 1.80
025 028 081 021 989 38 -075 026 4556 1.42
-0.10 022 044 027 2778 2046 -113 0.39 59.89 1.36
-001 020 044 026 2778 2379 -097 0.26 59.33 0.87
002 001 197 040 5289 154 -050 023 2878 11.48
002 001 198 037 5222 156 -049 0.16 2500 10.00
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Table C.4 Swing Phase Kinetics of 5-year-old Male Subjects.

Maxi mum Time of Minimum
Swing Max. Sw. Swing
Men SD Mean SD Mean SD

0.10 0.07 60.94 160 -0.10 0.04
0.08 0.06 60.61 113 -0.10 0.04
0.03 0.02 70.72 1324 0.00 0.01
0.02 001 69.05 997 000 0.01
001 001 7450 1177 0.00 0.00
0.01 0.00 7527 1267 0.00 0.00
012 008 6094 160 -0.04 0.02
0.11 006 6061 113 -0.04 0.02
009 005 6094 160 -0.03 0.01
0.08 004 6061 113 -0.03 0.01
0.03 0.02 64.83 1202 -0.01 0.01
0.03 0.02 64.38 1212 -0.02 0.01
015 008 6094 160 -0.03 0.01
0.14 007 6061 113 -0.03 0.01
010 005 6094 160 -0.01 0.01
009 004 6061 113 -001 0.01
0.00 0.00 8572 1001 -0.01 0.01
0.00 0.00 8116 1207 -0.01 0.01
005 003 6150 204 000 0.00
004 0.02 60.61 113 000 0.00
0.00 000 6205 226 0.00 0.00
0.00 000 6283 234 000 0.00
013 008 6116 144 0.00 0.00
0.11 0.06 60.61 113 0.00 0.00
001 001 7316 1069 -0.01 0.01
001 001 7283 1206 -0.02 0.02
0.04 005 76.61 1953 -0.02 0.02
0.03 0.03 74.16 1363 -0.02 0.01
0.09 005 9683 192 -021 0.12
007 0.03 9816 101 -0.16 0.09
001 000 6505 328 -001 0.01
0.01 0.00 6494 212 -0.02 0.02
0.03 0.02 65.05 1268 -0.02 0.01
0.04 0.04 64.05 1074 -0.02 0.01
011 004 6094 160 -0.06 0.02
009 0.04 6061 113 -004 0.01
001 0.01 7261 1366 -0.01 0.01
0.02 0.02 68.05 1510 -0.01 0.00
0.01 001 64.72 1088 0.00 0.00
001 001 67.83 1446 0.00 0.00
013 008 6094 160 -0.02 0.01
012 006 6061 113 -0.02 0.01
047 028 6116 161 -0.05 0.07
036 021 60.61 113 -0.04 0.04
008 0.05 7028 316 -0.88 0.43
0.08 0.05 6872 093 -075 0.37
029 018 6094 160 000 0.00
025 015 61.38 259 000 0.00

Time of T oe Off
Min. Sw.

Mean SD Mean SD

6783 131 010 0.07
67.05 073 0.08 0.06
86.83 1295 0.03 0.03
87.94 16.46 0.02 0.02
83.05 1552 0.01 0.01
7227 1265 0.00 0.01
6794 151 012 0.08
73.05 1198 0.11 0.06
93.72 226 0.09 0.05
9394 150 0.08 0.04
7250 805 002 0.02
67.83 083 003 0.02
69.16 1.13 0.15 0.08
68.27 071 014 0.07
76.61 1335 0.10 0.05
73.72 1216 0.09 0.04
61.05 135 -001 0.01
6349 501 -001 0.01
63.72 118 0.05 0.03
63.38 157 004 0.02
63.05 159 0.00 0.00
6149 137 0.00 0.00
6439 121 013 0.08
63.61 174 011 0.06
67.94 11.28 -0.01 0.02
69.27 11.30 -0.01 0.03
7328 1396 0.02 0.06
71.61 1487 0.02 0.04
60.94 160 -021 0.12
60.61 1.13 -0.16 0.09
72.72 1392 -0.01 0.02
67.72 1444 -0.01 0.02
75.72 11.04 0.03 0.03
69.49 570 004 0.04
9539 130 011 0.04
93.05 404 009 0.04
64.83 282 001 0.02
64.72 196 0.01 0.02
65.94 375 001 0.02
66.49 220 001 0.02
6783 131 013 0.08
67.27 071 012 0.06
86.39 205 046 0.26
87.05 480 036 0.21
61.05 152 -087 0.42
60.61 113 -075 0.37
9383 315 029 0.18
88.83 11.03 025 0.15
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Figure C.1 Hip Joint Forces (N), 5-year-old subjects.
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Figure C.2 Knee Joint Forces (N), 5-year-old subjects.
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Figure C.3 Ankle Joint Forces (N), 5-year-old subjects.
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Figure C.4 Ground Reaction Forces (N), 5-year-old subjects.
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Figure C.5 Hip Joint Moments (Nm/Kg), 5-year-old subjects.
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Figure C.6 Knee Joint Moments (NnVKg), 5-year-old subjects.
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Figure C.7 Ankle Joint Moments (Nm/Kg), 5-year-old subjects.
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Figure C.8 Sagittal Joint Powers (Watts/Kg), 5-year-old subjects.
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Table C.5 Stance Phase Kinetics of 7-year-old Female Subjects.

Foot Maximum Time of Minimum Time of
Strike Stance Max. St. Stance Min. St.
Mean SO Mean SD Mean SO Mean SO Mean D
020 006 102 006 3020 1773 0.7 006 5370 18.91
020 0.08 102 006 29.80 17.75 014 002 2940 31.01
-0.09 002 025 0.08 4700 115 -022 041 940 201
-0.09 003 025 009 4620 148 -022 008 980 274
002 003 018 006 29.70 1599 0.00 0.02 29.00 30.68
002 001 018 004 3280 1516 0.01 001 2360 30.48
027 007 109 0.07 2980 1773 019 0.06 59.70 1.25
027 009 110 0.06 2640 1756 018 0.03 47.30 24.95
-0.07 001 036 005 5000 125 -008 0.02 140 165
-0.07 002 034 004 5000 125 -008 003 150 172
-0.01 002 016 0.07 2640 16.11 -002 0.02 17.80 25.95
-0.01 001 015 0.05 2280 13.07 -001 0.02 6.60 16.78
030 0.07 115 007 3990 1420 0.23 007 59.70 1.25
030 009 115 006 3320 16.99 0.21 0.03 4140 2859
-0.08 002 023 003 548 123 -010 0.03 200 1.63
-0.07 002 021 004 5450 172 -0.09 0.03 1010 16.41
000 001 006 0.03 2640 947 -002 0.02 4200 2597
001 001 007 0.03 2750 11.13 -0.02 0.01 4550 24.33
-0.05 006 021 003 5330 082 -020 003 970 1.06
-0.04 004 021 004 5270 125 -021 0.04 880 1.93
-0.01 002 006 0.01 2880 1813 -003 0.02 250 172
000 0.02 006 001 21.70 13.09 -0.02 0.02 1890 26.79
027 024 120 009 3730 1657 013 0.12 3550 30.57
026 029 121 008 3370 1763 0.09 0.10 29.20 30.79
000 003 018 010 1260 135 -018 0.07 4770 3.97
-0.01 003 014 0.07 16.90 1215 -014 0.08 4210 13.95
003 008 050 0.09 2590 1344 -0.03 0.05 2380 30.73
0.02 007 052 005 3370 1509 0.01 006 17.70 2851
046 005 059 011 500 189 -053 0.14 5080 0.92
043 008 057 012 580 193 -046 012 5050 1.90
002 003 016 0.10 1560 1567 -017 0.07 4750 5.25
000 0.03 011 008 1520 1248 -0.14 0.08 4390 11.96
-003 004 020 010 1680 114 -008 0.06 3220 2771
-0.02 003 020 010 1910 812 -004 0.03 11.10 20.52
-0.16 005 022 014 36.80 2320 -027 0.4 37.60 13.28
-0.16 006 016 0.05 40.70 2281 -033 0.5 37.30 13.39
-0.02 003 018 0.08 46,70 6.78 -016 0.0 1550 1573
0.00 003 014 0.08 4360 1190 -011 0.08 14.60 12.88
-0.01 002 003 006 3520 21.76 -0.06 0.04 2320 18.00
-0.01 002 005 0.04 4150 1868 -0.05 0.04 19.10 1191
000 003 111 014 4690 110 -003 003 29 110
001 003 110 0.09 46580 155 -001 0.04 240 227
020 020 075 022 3110 2480 -0.70 026 41.00 13.05
020 026 080 024 1660 1496 -0.62 020 4580 2.66
000 017 045 015 36.70 1444 -111 022 5870 1.06
005 020 049 026 4200 11.86 -0.97 026 5870 1.42
-0.01 004 243 050 5200 125 -052 0.7 3020 1081
001 001 226 058 5210 160 -056 0.12 30.30 11.70
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Table C.6 Swing Phase Kinetics of 7-year-old Female Subjects.

Maxi mum Time of Minimum
Swing Max. Sw. Swing
Men SD Mean SD Mean SD

0.10 0.06 6030 126 -0.11 0.01
008 0.03 59.80 115 -0.11 0.01
0.02 001 6490 472 000 0.01
0.02 001 6670 748 0.00 0.00
001 001 6340 7.09 -0.01 0.00
001 0.01 6320 11.09 -0.01 0.00
013 005 6030 126 -0.05 0.00
0.11 002 59.80 115 -0.05 0.00
010 003 6030 126 -0.03 0.00
0.09 002 59.80 115 -0.03 0.00
003 003 7120 1782 -0.01 0.01
0.03 0.02 66.90 1548 -0.01 0.00
016 006 6030 126 -0.03 0.00
0.15 003 59.80 115 -0.03 0.00
010 003 6030 126 -0.02 0.00
0.10 001 59.80 115 -0.02 0.00
0.00 0.00 80.20 10.27 -0.01 0.01
0.00 0.00 86.10 1049 -0.01 0.01
0.04 001 6030 126 0.00 0.00
003 0.02 59.80 115 0.00 0.00
0.00 000 63.70 198 0.00 0.00
0.00 000 6260 217 0.00 0.00
012 005 6030 126 0.00 0.00
0.10 0.04 59.80 115 0.00 0.00
001 001 6650 6.89 -0.03 0.02
001 002 6420 719 -002 0.02
0.04 003 71.30 1842 -0.03 0.02
0.04 0.03 65.60 13.01 -0.03 0.01
011 002 9640 131 -023 0.04
008 0.01 9790 082 -0.19 0.04
0.01 000 64.40 275 -0.02 0.02
001 0.01 6340 262 -0.02 0.02
0.04 005 77.30 1848 -0.03 0.03
004 0.05 7020 17.17 -0.02 0.01
014 004 6030 126 -0.07 0.01
0.12 0.03 59.80 115 -0.05 0.00
0.02 0.03 67.10 1212 -0.01 0.00
0.02 0.02 6790 1337 -0.01 0.01
0.01 0.02 66.60 1015 -0.01 0.02
001 002 7310 1581 -0.01 0.00
014 005 6030 126 -0.03 0.00
0.14 003 59.80 115 -0.03 0.00
056 0.12 6050 089 -0.04 0.02
044 015 60.10 119 -0.03 0.01
0.07 0.04 7010 303 -1.00 0.19
009 0.05 6830 106 -0.88 0.21
030 014 6030 126 000 0.00
032 013 59.80 115 0.00 0.00

Time of T oe Off
Min. Sw.

Mean SD Mean SD

73.70 1314 0.10 0.06
73.10 1346 0.08 0.03
89.70 971 002 0.01
88.20 1386 0.02 0.01
81.90 1425 0.01 0.01
8220 1477 001 0.01
7030 7.87 013 0.05
69.60 884 011 0.02
9320 236 010 0.03
9340 162 0.09 0.02
68.10 657 0.02 0.03
66.90 241 0.03 0.02
68.80 063 0.16 0.06
68.10 086 0.15 0.03
75.70 1239 0.10 0.03
7320 1161 010 0.01
60.40 133 -001 0.01
60.50 160 -0.01 0.01
64.60 125 004 0.01
64.00 172 003 0.02
61.10 218 0.00 0.01
60.80 169 0.00 0.01
6490 126 012 0.05
6450 1.00 010 0.04
63.00 398 -0.02 0.04
70.90 13.32 -0.01 0.03
7050 11.68 0.02 0.06
77.00 1590 0.04 0.03
60.30 126 -023 0.04
50.80 1.15 -0.19 0.04
67.20 12.13 -0.02 0.03
67.40 1283 -0.01 0.02
7230 14.08 0.01 0.07
71.80 7.27 0.03 0.06
9460 105 014 0.04
94.00 302 012 0.03
6420 328 0.02 0.03
6330 255 001 0.02
64.00 383 000 0.03
63.10 348 001 0.02
6750 088 014 0.05
66.80 093 014 0.03
8490 188 056 0.13
85.60 317 044 0.5
60.30 126 -1.00 0.19
5080 1.15 -0.88 0.21
8770 804 030 0.14
83.90 1030 0.32 0.13
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Table C.7 Stance Phase Kinetics of 7-year-old Male Subjects.

Foot Maximum Time of Minimum Time of
Strike Stance Max. St. Stance Min. St.
Mean SO Mean SD Mean SO Mean SO Mean D
0.14 004 102 006 2110 1341 012 005 2420 31.24
0.16 0.06 101 005 2090 1354 013 0.06 3040 32.06
-0.07 002 026 003 4720 079 -020 0.07 11.20 0.92
-0.07 002 027 003 4750 108 -019 0.08 99 1.66
002 001 015 003 2440 1244 0.01 001 4150 28.69
001 002 016 004 3390 1412 0.00 001 2420 30.61
021 005 108 0.07 1750 1038 0.16 0.05 36.30 31.24
022 006 108 0.06 2030 1361 017 0.06 4240 29.28
-0.07 001 033 004 5020 140 -008 0.02 180 148
-0.07 002 030 003 5110 166 -009 0.03 230 149
000 002 016 0.04 2010 950 -0.01 0.01 2950 29.29
-0.01 002 016 0.04 2030 1018 -0.01 0.02 1220 2391
023 005 114 006 2420 1552 020 0.06 36.30 31.24
025 006 112 006 2390 1576 0.20 0.06 4240 29.28
-0.07 002 019 003 5570 125 -010 003 260 0.84
-0.08 002 018 0.03 5620 162 -010 003 270 0.82
000 001 007 0.03 21.00 478 -002 0.01 5190 18.29
000 001 009 0.03 26.00 1080 -0.02 0.01 30.10 29.88
-0.01 003 019 003 5400 133 -018 0.03 980 148
-003 008 019 002 5430 09 -019 0.04 910 338
000 001 006 001 31.20 1443 -003 003 870 17.72
-0.01 001 007 0.01 2220 1405 -003 0.02 19.90 27.01
008 019 118 007 2100 1374 005 011 010 0.32
019 032 116 006 21.00 14.02 0.08 0.13 18.00 28.98
-0.01 002 018 0.07 1810 1515 -018 0.06 49.00 1.94
000 003 015 0.06 1750 1428 -018 0.05 4830 3.09
007 005 058 0.09 1840 143 000 0.05 53.70 18.90
-0.02 005 052 009 21.30 881 -002 0.03 1200 2530
042 007 053 011 520 140 -056 0.09 5040 1.35
040 006 053 013 540 143 -048 008 5100 1.63
001 002 013 0.06 1640 1573 -018 0.07 4940 190
001 003 012 005 16.10 1547 -018 005 49.10 251
-001 005 026 0.08 1680 123 -005 0.05 3930 2722
-0.03 005 022 0.08 2010 1025 -0.06 0.06 27.70 28.79
-0.17 003 021 0.09 3280 2236 -025 0.07 418 220
-0.16 006 014 0.06 3730 2373 -037 010 4220 175
-0.01 002 018 0.07 4930 231 -013 0.06 16.30 1573
-0.01 003 018 0.04 4840 3.06 -012 0.05 16.00 1551
0.00 002 005 0.04 4620 1232 -0.04 0.04 2540 20.03
-0.01 002 003 0.04 49.00 1763 -0.06 0.03 2310 10.60
001 002 106 018 4710 120 -002 005 29 173
000 003 108 0.17 4740 158 -004 005 330 142
0.16 019 068 023 4160 2362 -0.74 008 4540 1.17
020 016 073 034 1110 247 -064 012 4660 1.65
000 009 038 019 2870 1955 -094 030 5950 0.97
004 014 050 021 3930 1776 -0.78 025 60.30 0.82
000 001 219 047 5340 1.07 -058 015 2750 1221
000 002 216 054 5380 148 -056 019 2670 11.71
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Table C.8 Swing Phase Kinetics of 7-year-old Male Subjects.

Maxi mum Time of Minimum
Swing Max. Sw. Swing
Men SD Mean SD Mean SD

0.11 0.08 60.61 117 -0.10 0.01
008 0.05 6111 119 -011 0.01
003 001 6351 783 0.00 0.00
003 001 6471 793 -001 0.01
001 001 6991 1333 0.00 0.00
001 0.01 74.01 1531 0.00 0.00
0.14 008 60.61 117 -0.05 0.00
011 005 6111 119 -0.05 0.00
010 0.04 6061 117 -0.03 0.00
0.09 002 6111 119 -0.03 0.00
001 001 7551 1861 -0.01 0.00
0.02 0.02 6821 1579 -0.01 0.00
0.17 008 60.61 117 -0.03 0.00
015 005 61.11 119 -0.03 0.00
010 0.04 6061 117 -0.02 0.00
009 002 6111 119 -0.02 0.00
0.00 000 8211 1146 -0.02 0.01
0.00 0.00 8541 1225 -0.01 0.01
005 003 6061 117 0.00 0.00
004 0.03 6111 119 000 0.00
0.00 000 6331 227 000 0.00
0.00 0.00 6461 206 -0.01 0.00
015 0.09 60.61 117 0.00 0.00
0.12 0.06 6111 119 000 0.00
001 001 7591 664 -004 0.04
000 001 7761 924 -002 0.01
0.03 001 87.31 1819 -0.03 0.03
0.03 0.02 7371 1434 -002 0.01
013 002 9781 103 -025 0.06
0.10 0.02 9821 052 -019 0.03
001 001 6551 191 -0.03 0.04
001 0.00 6521 212 -0.02 0.02
0.02 001 81.01 1636 -0.03 0.03
003 0.03 7871 1869 -0.02 0.01
013 003 60.71 101 -0.08 0.01
010 0.01 6111 119 -005 0.01
0.03 0.04 6331 6.66 -001 0.01
0.02 0.02 6581 1051 -0.01 0.00
0.01 001 7741 1564 -0.01 0.01
001 001 7071 1325 -0.01 0.00
016 0.09 60.61 117 -0.02 0.00
014 005 61.11 119 -0.02 0.00
058 0.14 60.81 080 -0.02 0.02
042 010 6131 117 -0.03 0.02
006 0.03 7081 270 -0.90 0.27
008 0.05 7041 132 -078 0.23
045 031 60.61 117 000 0.00
035 021 6111 119 000 0.00

Time of T oe Off
Min. Sw.

Mean SD Mean SD

7121 966 011 0.08
68.21 097 0.08 0.05
9391 924 003 0.01
9381 910 003 0.01
7871 1567 0.00 0.01
73.61 1295 0.00 0.01
7281 996 0.14 0.08
76.11 1285 0.11 0.05
9481 193 010 0.04
95.11 246 0.09 0.02
69.91 560 001 0.01
68.61 134 002 0.02
69.31 116 0.17 0.08
69.31 134 015 0.05
90.11 12.16 0.10 0.04
87.31 1322 0.09 0.02
61.11 159 -0.01 0.01
6231 272 -001 0.01
65.01 084 005 0.03
6551 120 0.04 0.03
61.71 153 0.00 0.01
6191 117 0.00 0.00
6531 095 015 0.09
65.61 125 012 0.06
67.21 1448 -0.03 0.05
63.31 343 -0.02 0.02
6731 807 000 0.04
7151 1223 0.02 0.03
60.61 1.17 -025 0.06
61.11 119 -019 0.03
6331 6.66 -0.03 0.04
64.11 9.38 -0.02 0.02
71.01 1320 -0.01 0.04
69.51 6.71 002 0.04
9641 132 013 0.03
9561 384 010 0.01
65,51 202 003 0.04
65.11 218 0.02 0.02
63.61 381 000 0.02
6491 438 0.00 0.02
6821 1.08 0.16 0.09
6831 134 014 0.05
8741 418 058 0.14
8831 303 042 0.10
60.71 101 -090 0.27
6131 117 -078 0.23
8941 376 045 031
8841 193 035 021
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Right (RHS to RHS) Left (LHS to LHS)

Figure C.9 Hip Joint Forces (N), 7-year-old subjects.

Raght (RHS to RHS) Left (LHS to LHS)

Figure C.10 Knee Joint Forces (N), 7-year-old subjects.

156



Right (RHS to RHS) Left (LHS to LHS)

Figure C.11 Ankle Joint Forces (N), 7-year-old subjects.

Raght (RHS to RHS) Left (LHS to LHS)

Vartical

Figure C.12 Ground Reaction Forces (N), 7-year-old subjects.
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Right (RHS to RHS)

Left (LHS to LHS)

Figure C.13 Hip Joint Moments (Nm/Kg), 7-year-old subjects.
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Figure C.14 Knee Joint Moments (Nm/Kg), 7-year-old subjects.
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Right (RHS to RHS)

Left (LHS to LHS)

Figure C.15 Ankle Joint Moments (Nm/K g), 7-year-old subjects.
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Figure C.16 Sagittal Joint Powers (Watts/K g), 7-year-old subjects.
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Table C.9 Stance Phase Kinetics of 8-year-old Female Subjects.

Foot Maximum Time of Minimum Time of
Strike Stance Max. St. Stance Min. St.
Mean SO Mean SD Mean SO Mean SO Mean D
0.10 0.03 106 007 2740 16.04 0.09 005 1830 29.47
0.10 0.04 104 008 2430 1548 0.09 005 2390 30.86
-0.05 002 023 005 4740 107 -022 0.09 1140 171
-005 002 025 004 4760 126 -020 0.09 11.00 141
001 001 017 004 3400 1464 0.00 001 2480 30.99
001 001 016 003 3180 1469 0.00 001 2350 30.05
017 004 111 0.07 2370 1518 0.13 0.04 4230 29.20
0.17 004 108 0.07 2390 1574 014 0.04 3580 30.82
-0.05 002 035 004 4980 140 -006 002 180 1.03
-0.06 001 034 005 5040 178 -007 002 19 120
-0.01 001 020 010 2290 1249 -001 0.01 160 1.43
0.00 001 020 011 20.00 965 -001 0.01 1290 24.36
020 004 117 008 2720 1621 016 005 36.30 31.25
020 0.04 115 009 2410 1585 0.7 005 29.90 3153
-0.05 002 021 004 5090 1265 -006 0.03 610 1231
-0.05 002 021 004 5520 175 -006 0.03 6.00 1271
000 001 006 0.03 29.20 10.76 -0.03 0.02 4380 22.85
001 001 007 0.03 2380 1323 -002 0.01 5410 14.19
-0.01 004 021 003 5360 052 -021 006 970 0.82
000 000 021 005 5320 169 -020 004 99 0.74
000 0.00 0.07 002 3450 1556 -0.02 001 300 1.25
000 0.00 006 002 19.80 11.00 -0.02 0.02 1420 23.36
003 009 122 009 2730 1698 0.02 006 010 0.32
000 000 119 011 2420 1623 0.00 000 000 0.00
-003 001 011 0.05 2680 1956 -012 0.06 3950 13.42
-0.02 001 011 007 2640 19.72 -013 0.04 3830 16.74
001 006 060 010 26.00 14.11 -001 0.06 24.70 31.06
001 008 058 009 2300 1285 -0.02 0.04 2400 31.00
035 009 050 016 650 08 -047 043 5110 1.29
034 007 047 012 610 145 -052 020 50.80 1.69
-0.01 001 006 0.05 3910 2339 -012 0.05 31.20 19.25
-0.02 002 007 0.06 3020 2262 -014 0.06 39.90 16.52
-0.02 003 028 014 1570 095 -0.04 0.04 20.10 26.26
-0.01 003 032 016 1630 226 -002 0.04 2150 28.36
-0.15 004 020 0.09 3230 2278 -028 0.05 4240 190
-0.15 004 019 013 36.80 238 -027 0.11 38.00 13.46
001 001 012 006 3050 19.03 -0.07 0.05 3890 22.63
0.02 002 013 0.07 3920 1629 -0.07 0.06 30.00 21.91
001 001 011 0.06 4830 11.62 -0.02 0.03 2050 14.45
001 001 010 0.07 38.00 2282 -002 0.03 19.40 14.18
001 001 120 016 4720 148 000 0.02 280 092
000 001 102 037 4280 1513 -002 0.02 280 132
009 021 064 033 2030 21.22 -0.63 034 4250 15.00
009 018 064 034 3010 2478 -065 036 41.60 14.82
004 019 035 026 31.70 1832 -0.73 0.39 5380 18.92
007 017 042 026 3370 21.18 -0.77 044 4860 23.86
001 001 215 094 4800 16.92 -065 0.32 2360 13.83
000 001 217 089 4820 17.03 -065 039 2670 15.37
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Table C.10 Swing Phase Kinetics of 8-year-old Female Subjects.

Maxi mum Time of Minimum
Swing Max. Sw. Swing
Men SD Mean SD Mean SD

004 004 6121 098 -011 0.01
007 005 6081 133 -011 0.01
0.02 001 69.01 865 0.00 0.00
0.02 001 73.01 1166 0.00 0.00
001 001 66.11 880 0.00 0.00
001 0.01 6351 542 000 0.00
0.08 003 61.21 098 -0.05 0.00
0.10 0.04 6081 133 -0.05 0.00
006 002 61.21 098 -0.03 0.00
0.07 003 6081 133 -0.03 0.00
001 002 7201 1769 -0.01 0.01
0.02 001 67.61 1429 -0.01 0.01
011 003 61.21 098 -0.03 0.00
0.13 004 6081 133 -0.03 0.00
0.07 002 6121 098 -0.02 0.00
009 003 6081 133 -0.02 0.00
0.00 000 87.71 11.19 -0.01 0.01
0.00 000 8931 867 -001 0.01
003 002 6121 098 0.00 0.00
004 0.02 6081 133 000 0.00
000 000 6331 183 000 0.00
000 000 6481 149 -0.01 0.00
0.09 003 6121 098 0.00 0.00
0.11 0.04 6091 143 000 0.00
001 001 6451 7.02 -001 0.01
001 002 6561 885 -001 0.01
0.03 002 7381 1801 -0.03 0.01
0.03 0.03 7461 1542 -0.02 0.01
010 001 9781 123 -017 0.05
008 0.02 9781 132 -017 0.05
001 001 6261 267 -001 0.01
001 0.01 6271 265 -001 0.01
0.03 0.02 6821 1246 -0.02 0.01
004 0.03 7231 16.64 -0.02 0.01
010 003 61.21 098 -0.07 0.01
0.10 0.03 60.81 133 -0.05 0.01
001 0.01 7191 1084 -0.01 0.01
0.01 001 7791 1613 -0.01 0.01
0.02 001 64.71 1090 0.00 0.00
003 002 6371 983 000 0.01
010 004 6121 098 -0.02 0.01
012 006 6081 133 -0.02 0.01
036 020 6131 09 -0.02 0.02
040 025 61.01 128 -0.03 0.04
009 005 6851 315 -064 0.35
0.10 0.05 6791 287 -0.63 034
029 017 6121 098 000 0.00
034 019 6081 133 000 0.00

Time of T oe Off
Min. Sw.

Mean SD Mean SD

70.21 10.00 0.04 0.04
7041 998 0.07 0.05
86.21 1350 0.01 0.01
88.31 1319 001 0.01
86.71 1260 0.00 0.01
79.91 1356 0.01 0.01
72,71 1184 0.08 0.03
6711 136 010 0.04
9511 172 006 0.02
9451 223 007 0.03
68.81 456 001 0.02
69.21 549 002 0.01
6851 111 011 0.03
6831 151 013 0.04
7341 1252 0.07 0.02
7871 1460 0.09 0.03
61.21 098 -0.01 0.01
61.21 098 -0.01 0.01
65.01 172 003 0.02
65.01 144 004 0.02
6241 155 0.00 0.00
61.61 206 -0.01 0.01
65.01 172 0.09 0.03
65.01 144 011 0.04
84.21 1453 0.01 0.02
70.31 1084 0.01 0.03
75.61 1410 0.02 0.04
8131 16.66 0.02 0.04
61.21 098 -0.17 0.05
60.81 133 -0.17 0.05
7471 1238 0.01 0.01
7761 1561 0.00 0.02
72.61 1086 0.02 0.03
7021 6.92 004 0.04
9651 146 0.10 0.03
9431 341 010 0.03
6251 269 -001 0.01
62.81 267 0.00 0.02
66.61 279 002 0.01
65.71 238 0.02 0.03
6721 136 010 0.04
66.81 249 012 0.06
8261 959 036 0.20
82.11 1055 0.39 0.26
61.21 098 -064 0.35
60.81 133 -063 0.34
8341 1061 029 0.17
84.41 1154 034 0.9
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Table C.11 Sance Phase Kinetics of 8-year-old Male Subjects.

Foot Maximum Time of Minimum Time of
Strike Stance Max. St. Stance Min. St.
Mean SO Mean SD Mean SO Mean SO Mean D
0.12 0.03 107 006 2390 1554 010 0.03 3010 3173
0.11 0.03 107 006 20.70 13.63 0.09 0.02 1840 29.63
-0.06 002 027 008 4690 099 -020 0.06 1150 1.96
-0.06 001 026 0.08 4740 097 -020 0.07 1140 117
000 001 015 003 3490 14.00 0.00 001 2360 29.71
000 001 015 003 3300 1535 0.00 001 3050 30.91
018 003 113 0.07 2330 1547 014 0.04 4230 29.19
0.17 003 112 0.06 2050 1372 015 0.03 36.40 3134
-0.07 002 034 005 5030 116 -008 002 240 1.26
-0.07 001 036 004 5050 071 -008 002 160 1.26
-0.01 001 019 0.04 2540 1477 -001 001 6.9 1731
0.00 002 017 0.04 1930 9.83 -001 0.01 1250 24.79
021 003 119 007 2350 1581 0.17 0.04 4230 29.19
020 0.03 117 007 2060 1393 0.8 0.03 1840 29.63
-0.08 002 019 003 5570 09 -010 003 29 0.99
-0.07 002 018 0.02 5620 042 -009 002 260 0.70
000 001 008 0.02 3460 1486 -0.01 0.01 5410 17.63
001 001 009 0.02 29.80 13.69 -0.01 0.01 4820 23.40
000 000 020 0.02 5380 092 -020 0.03 10.00 1.49
000 000 021 003 5420 0.79 -0.21 0.03 1000 0.94
000 0.00 007 001 3320 1583 -0.03 001 910 1755
000 0.00 006 001 2250 1356 -0.02 001 2580 28.81
000 000 124 008 2360 1595 0.00 000 000 0.00
000 000 124 008 2060 1420 0.00 000 000 0.00
-0.01 001 013 0.07 26.00 2050 -018 0.08 41.90 12.40
000 002 014 0.06 17.70 1354 -016 0.08 46.60 3.10
-0.01 006 057 012 26.20 1424 -002 0.05 1810 29.15
0.00 0.07 057 013 2890 14.67 -0.02 0.06 1810 28.47
041 008 058 012 620 249 -052 049 5040 2.07
036 006 051 012 580 204 -053 017 5010 1.37
000 001 008 0.07 2580 2228 -019 0.06 4340 1117
000 0.01 009 008 1730 15.09 -0.17 0.07 4770 231
-0.02 003 029 008 1600 125 -003 0.03 950 20.13
-0.01 005 029 0.08 1570 116 -0.02 0.04 11.60 24.46
-0.19 004 014 0.05 3780 2320 -035 0.1 4240 158
-0.16 004 019 010 3310 229 -029 0.13 3440 17.63
000 001 019 006 4280 1146 -0.09 007 2420 21.99
0.00 001 017 0.08 4690 269 -009 0.08 21.20 19.71
0.00 001 009 0.04 4220 1862 -0.02 0.03 20.20 14.09
000 001 008 0.06 44.70 1994 -0.04 0.02 26.90 9.43
002 002 117 0415 4720 092 000 0.03 230 183
001 002 114 0415 4780 042 -002 0.04 310 137
023 009 073 018 27.00 2211 -068 024 4580 215
0.17 0.09 068 024 2660 2246 -069 024 4580 1.87
008 015 055 026 3110 23.77 -091 029 56.10 10.28
008 014 048 018 3140 19.82 -091 025 5480 1543
001 002 241 053 5340 1.07 -064 023 2840 12.28
001 002 231 035 5360 070 -058 0.12 3450 9.80
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Table C.12 Swing Phase Kinetics of 8-year-old Male Subjects.

Maxi mum Time of Minimum
Swing Max. Sw. Swing
Men SD Mean SD Mean SD

0.08 0.07 60.61 095 -011 0.01
0.07 0.04 61.01 098 -0.11 0.00
002 001 6351 393 000 0.01
002 001 66.61 7.23 000 0.01
001 000 71.01 1311 0.00 0.00
001 0.01 7461 1019 -0.01 0.00
011 006 6061 095 -0.05 0.00
0.10 0.03 61.01 098 -0.05 0.00
0.08 0.03 60.61 095 -0.03 0.00
0.08 0.02 61.01 098 -0.03 0.00
0.03 001 6431 11.74 -0.02 0.00
0.02 0.01 68.01 1430 -0.02 0.01
0.14 007 60.61 095 -0.03 0.00
0.14 004 61.01 098 -0.03 0.00
0.09 003 6061 095 -0.02 0.00
0.08 002 61.01 098 -0.01 0.00
0.00 000 79.81 1258 -0.01 0.00
0.00 000 8291 1356 -0.01 0.01
0.04 003 6061 095 000 0.00
004 0.02 61.01 098 000 0.00
0.00 000 6341 204 -001 0.01
000 000 6431 134 -001 0.01
011 0.07 6061 095 0.00 0.00
0.11 0.03 61.01 098 0.00 0.00
0.02 002 6691 850 -0.01 0.01
001 002 7711 975 -002 0.01
0.05 004 67.71 1502 -0.03 0.01
0.03 0.02 7341 1291 -0.03 0.01
011 003 9741 114 -019 0.05
008 0.01 9791 083 -016 0.05
001 001 6331 284 -001 0.01
001 0.01 6511 202 -002 0.01
0.06 004 6591 1246 -0.02 0.01
0.04 0.03 67.61 1400 -0.02 0.01
010 0.03 60.61 095 -007 0.01
0.11 0.03 61.01 098 -0.04 0.01
001 0.01 7241 1525 -0.01 0.02
0.02 001 6461 844 -001 0.01
0.03 002 6061 095 000 0.00
0.02 0.02 66.11 10.89 0.00 0.00
013 0.07 60.61 095 -0.03 0.00
013 004 61.01 098 -0.02 0.00
044 017 6111 098 -0.03 0.03
041 020 61.01 098 -0.03 0.02
0.07 0.02 69.61 291 -082 0.27
0.10 0.03 69.01 097 -080 0.21
040 029 60.61 095 000 0.00
036 0.17 61.01 098 0.00 0.00

Time of T oe Off
Min. Sw.

Mean SD Mean SD

70.01 868 0.08 0.07
7051 991 007 0.04
86.21 1532 0.01 0.02
85,51 1355 0.01 0.01
7951 1791 0.00 0.01
76.01 16.15 0.00 0.01
7781 1321 011 0.06
7851 1455 0.10 0.03
90.91 833 0.08 0.03
90.91 837 0.08 0.02
6781 114 0.03 0.02
6781 093 002 0.02
6841 104 014 0.07
6881 080 014 0.04
76.01 1354 0.09 0.03
7881 1426 0.08 0.02
6141 155 -0.01 0.01
6191 157 -001 0.01
6421 135 004 0.03
64.71 111 004 0.02
61.71 180 0.00 0.01
61.61 177 -001 0.01
6441 123 011 0.07
6491 107 011 0.03
64.61 405 001 0.03
6341 427 -001 0.03
76.01 1435 0.04 0.05
76.81 1543 0.02 0.03
60.61 095 -0.19 0.05
61.01 098 -0.16 0.05
7231 1494 0.00 0.02
62.01 317 -001 0.02
7541 1182 0.05 0.05
69.31 581 003 0.03
9591 134 010 0.03
9381 377 011 0.03
6351 297 0.00 0.03
65.11 207 001 0.02
67.01 184 003 0.02
65.71 292 002 0.02
6741 104 013 0.07
6761 095 013 0.04
8771 192 043 0.8
84.71 597 041 0.20
63.81 945 -082 0.27
61.01 098 -0.80 0.21
8731 848 040 0.29
8641 751 036 0.17
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Figure C.17 Hip Joint Forces (N), 8-year-old subjects.
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Figure C.18 Knee Joint Forces (N), 8-year-old subjects.
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Figure C.19 Ankle Joint Forces (N), 8-year-old subjects.
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Figure C.20 Ground Reaction Forces (N), 8-year-old subjects.
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Figure C.21 Hip Joint Moments (Nm/Kg), 8-year-old subjects.
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Figure C.22 Knee Joint Moments (Nm/Kg), 8-year-old subjects.
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Figure C.23 Ankle Joint Moments (Nm/K g), 8-year-old subjects.
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Figure C.24 Sagittal Joint Powers (Watts/K g), 8-year-old subjects.
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Table C.13 Stance Phase Kinetics of 9-year-old Female Subjects.

0.03
0.05
0.08
0.07
0.21
0.16
0.03
0.05
0.08
0.07
0.07
0.08
0.03
0.05
0.03
0.03
0.04
0.03
0.36
0.35
0.33
0.33
0.03
0.03

Maximum Time of Minimum Time of
Stance Max. St. Stance Min. St.
Mean SO Mean SD Mean SD Mean SD

206 012 2060 1399 0.09 0.07 5440 19.15
203 017 26.80 16.61 0.15 0.06 4790 25.26
0.47 010 4650 118 -036 0.15 11.00 1.63
043 009 46.00 133 -037 012 1110 120
0.29 0.08 3040 1444 0.01 0.01 2410 3111
0.28 0.04 4090 728 0.00 0.02 36.20 31.16
217 013 2030 13.87 0.7 0.06 6050 1.18
214 018 17.10 10.63 0.22 0.07 53.90 18.96
0.64 010 4960 126 -014 0.04 200 133
0.66 010 4940 1.17 -012 0.04 140 0097
0.33 012 2550 1558 -0.01 0.02 1830 27.82
0.30 005 2570 1542 -002 0.02 150 135
228 013 3010 1722 0.23 0.06 6050 1.18
225 018 29.80 17.34 0.29 0.07 53.90 18.96
035 011 5490 1.79 -017 0.06 13.80 17.69
0.33 009 5520 148 -017 0.04 18.10 19.73
0.12 005 2060 11.13 -0.06 0.02 56.20 249
0.10 0.04 27.00 953 -005 0.03 5140 16.45
0.40 007 5270 116 -040 0.08 950 1.08
0.40 009 5260 117 -039 0.08 920 0.63
0.13 003 29.20 1712 -0.05 0.03 340 084
0.11 002 1660 959 -0.04 0.04 3020 29.12
235 017 27.00 17.06 0.00 0.00 0.00 0.00
232 022 2680 1744 0.00 0.00 0.00 0.00
032 019 1340 196 -035 0.13 4670 3.95
0.26 0.10 25.00 20.28 -0.30 0.10 4240 1347
1.217 020 1940 911 001 0.05 36.00 30.99
1.12 018 24.80 1310 -001 0.05 24.10 30.90
097 028 540 201 -093 024 5000 1.63
090 022 540 171 -083 0.17 4940 084
0.22 019 2060 19.73 -0.32 0.14 4700 4.16
020 011 2370 2142 -032 0.10 4040 16.97
056 022 1550 143 -012 0.11 4810 17.72
0.47 020 1580 1.62 -0.08 0.09 1590 24.94
034 015 2780 21.79 -065 0.22 3750 13.31
035 017 2750 2221 -060 0.17 4110 238
0.31 015 39.80 17.76 -0.23 0.19 20.60 19.22
0.30 0.12 39.70 16.91 -0.21 0.09 23.30 20.52
0.20 0.17 46.20 16.97 -0.05 0.09 3290 23.83
0.20 0.15 5260 3.60 -0.06 0.07 1640 1252
237 031 4660 165 -008 0.08 380 1.23
235 022 4640 165 -005 005 360 1.17
1.10 039 3240 2315 -1.22 051 4540 1.65
1.08 033 17.40 1443 -1.00 0.38 4540 1.96
0.79 032 4270 1238 -151 044 59.00 125
0.75 036 3460 17.83 -1.47 0.64 53.80 15.43
467 143 5250 184 -123 044 2950 11.41
482 122 5270 149 -131 040 36.60 6.50
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Table C.14 Swing Phase Kinetics of 9-year-old Female Subjects.

Maxi mum Time of Minimum
Swing Max. Sw. Swing
Mean SO Mean SD Men SD
-0.01 006 61.11 119 -0.22 0.02
0.03 0.06 6061 095 -0.22 0.02
0.03 0.01 7401 1097 0.00 o0.01
0.03 0.01 7211 1048 0.00 0.01
001 0.01 7861 1272 -0.01 0.01
0.01 0.01 6871 1205 -0.01 0.01
0.07 005 61.11 119 -0.10 0.01
0.11 005 6061 095 -0.10 0.01
008 003 61.11 119 -0.06 0.01
0.10 004 6061 095 -0.06 0.01
0.02 003 7751 1793 -0.02 0.01
0.03 001 6421 1142 -0.03 0.01
0.13 005 61.11 119 -0.05 0.01
0.18 0.06 6061 095 -0.05 0.01
009 004 61.11 119 -0.03 0.00
011 003 6061 095 -0.03 0.01
0.01 000 8741 1028 -0.02 0.01
001 000 8851 937 -0.02 0.01
003 001 6111 119 0.00 0.00
006 0.03 6061 095 0.00 0.00
0.00 0.00 6271 1.8 0.00 0.01
0.00 0.00 6281 205 0.00 0.00
0.11 005 61.11 119 0.00 0.00
0.15 0.08 6061 095 0.00 0.00
001 001 7211 888 -0.02 0.01
0.02 002 78.01 1027 -0.03 0.01
0.04 002 7841 1555 -0.03 0.01
0.04 005 7571 138 -0.04 0.02
021 005 9.31 1.8 -0.29 0.07
0.16 0.05 9781 079 -0.24 0.07
001 000 6341 226 -0.01 0.01
002 0.01 6361 28 -0.02 0.02
0.05 006 8491 16.15 -0.03 0.02
0.05 0.03 6361 988 -0.04 0.02
016 004 61.11 119 -0.14 0.02
0.16 0.06 6061 095 -0.09 0.01
0.01 0.01 7421 17.03 -0.01 0.01
0.02 002 71.01 1551 -0.02 0.02
0.02 002 6711 1224 -0.01 0.01
003 002 6061 095 -0.01 0.00
012 005 61.11 119 -0.05 0.01
017 005 6061 095 -0.05 0.01
076 024 6111 119 -0.04 0.04
0.58 0.27 6061 095 -0.03 0.04
0.16 0.08 6851 342 -1.12 0.30
020 011 6741 114 -117 050
035 024 6111 119 -0.01 0.01
050 0.27 6061 095 -0.02 0.01

Time of T oe Off
Min. Sw.

Mean SD Mean SD

69.31 10.35 -0.01 0.06
69.31 1035 0.03 0.06
87.31 1338 0.02 0.01
85,51 1394 0.02 0.01
84.11 1504 0.00 0.01
8141 14.13 0.00 0.01
6891 842 007 0.05
6841 754 011 0.05
90.31 9.00 0.08 0.03
91.31 935 010 0.04
68.11 585 002 0.04
67.01 097 003 0.01
66.91 126 0.13 0.05
67.01 135 0.18 0.06
8391 1475 0.09 0.04
7551 1436 011 0.03
61.11 119 -0.02 0.01
60.81 133 -0.02 0.01
63.71 130 003 0.01
6331 164 006 0.03
62.11 185 0.00 0.01
61.11 1.09 0.00 0.01
63.81 133 011 0.05
6331 164 015 0.08
7451 16.00 -0.01 0.02
6541 416 -001 0.04
6711 784 001 0.03
67.81 1093 0.02 0.06
61.11 119 -029 0.07
60.61 095 -024 0.07
75.61 1597 0.00 0.01
70.71 1498 -0.01 0.03
72.81 11.88 0.02 0.07
6891 470 005 0.04
9521 151 016 0.04
9231 949 016 0.06
63.11 213 0.00 0.02
6351 281 001 0.03
64.81 235 001 0.02
66.11 178 0.03 0.02
66.31 1.07 012 0.05
66.11 119 017 0.05
8491 378 076 0.24
8341 6.07 058 0.27
63.71 848 -1.11 0.33
6351 957 -1.16 0.50
8491 1173 035 0.24
82.81 1364 050 0.27
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Table C.15 Sance Phase Kinetics of 9-year-old Male Subjects.

Foot Maximum Time of Minimum Time of
Strike Stance Max. St. Stance Min. St.
Mean SO Mean SD Mean SO Mean SO Mean D
0.18 0.09 182 064 2580 17.80 0.2 0.09 4230 29.20
0.18 0.05 204 009 2080 1331 012 005 3650 31.42
-0.09 005 044 018 4190 1481 -030 014 960 3.89
-0.11 003 044 0.09 4670 082 -033 0.06 1070 1.16
000 002 023 011 3150 1753 -0.01 0.02 1850 28.68
001 001 022 008 3420 1342 -0.01 0.02 2480 30.98
029 013 191 0.68 2220 1660 0.18 0.09 4840 2553
031 006 212 0.09 17.00 1022 020 0.06 5450 19.17
-0.11 004 061 022 4500 1585 -014 006 250 1.84
-0.12 002 070 0.08 4980 079 -014 004 180 148
-0.01 001 026 011 20.80 14.09 -002 0.02 110 145
-0.01 002 031 0.09 2610 1543 -001 0.03 070 0.82
034 014 201 071 3220 1877 023 0.11 4840 2553
037 006 224 007 3010 16.79 0.27 0.06 4850 2557
-0.10 004 037 0413 4920 1733 -014 005 230 134
-0.11 003 040 005 5480 063 -014 005 200 125
000 001 013 0.09 2930 1502 -0.03 0.03 34.60 29.20
001 001 016 0.05 2150 931 -003 0.03 46.40 2455
000 000 034 012 4790 1688 -032 012 820 352
000 000 039 004 5320 0.79 -037 007 930 206
000 0.00 012 005 3370 19.07 -0.04 004 1460 24.23
000 0.00 012 002 2090 1458 -0.04 004 340 084
000 000 209 074 2230 1740 0.00 000 0.00 0.00
000 000 232 008 2350 16.01 0.00 000 0.00 0.00
-0.02 003 022 0419 20.70 1797 -028 0.19 36.90 17.23
-001 003 023 016 17.60 13.33 -028 0.12 4280 12.87
-0.02 010 093 0.38 2140 14.69 -0.04 0.07 2420 31.03
-0.03 008 094 017 2640 1314 -006 0.05 1840 29.40
068 028 090 037 500 262 -093 041 4490 1587
071 011 098 015 560 178 -094 028 4950 1.18
-0.01 002 016 018 2460 2222 -030 0.18 3440 19.63
000 002 016 018 1630 15.05 -0.31 0.11 4380 1248
-0.04 005 045 028 1830 1267 -008 0.1 930 1921
-0.04 007 048 019 1610 191 -008 0.1 1030 2173
-0.32 013 030 019 3950 2492 -055 0.28 37.60 13.39
-0.31 006 033 010 4050 2283 -051 0.9 3370 17.80
001 002 031 018 3400 1943 -017 0.18 2410 21.85
0.00 002 031 012 4620 329 -016 0.8 20.60 19.95
0.00 001 014 014 4420 1961 -0.09 0.06 23.70 18.77
-0.01 001 008 010 4940 17.82 -013 0.09 2390 16.84
001 004 215 0.77 4260 1501 -006 0.06 380 1.87
003 004 237 019 4730 067 -001 006 260 158
047 054 117 056 2340 25.14 -1.17 055 40.80 14.47
051 037 131 033 2460 2348 -1.22 039 4520 210
-006 044 085 050 3590 2035 -1.63 069 5020 20.74
004 031 073 033 3150 21.93 -1.88 053 5880 0.92
0.02 0.04 407 169 4760 16.74 -1.23 054 3250 13.36
001 0.04 445 122 5290 057 -142 018 3050 12.81
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Table C.16 Swing Phase Kinetics of 9-year-old Male Subjects.

Maxi mum Time of Minimum
Swing Max. Sw. Swing
Men SD Mean SD Mean SD

0.03 0.07 6091 107 -019 0.07
002 0.06 61.01 098 -021 0.01
003 002 6751 642 000 0.01
0.04 001 6861 816 000 0.01
001 001 7261 1240 0.00 0.01
001 0.00 7891 1567 -0.01 0.01
0.09 007 6091 107 -0.09 0.03
0.10 0.05 61.01 098 -0.09 0.01
010 005 6091 107 -0.06 0.02
0.10 0.03 61.01 098 -0.06 0.01
0.03 0.03 64.21 1002 -0.03 0.01
0.03 001 6471 1195 -0.03 0.01
015 008 6091 107 -0.05 0.02
0.16 005 61.01 098 -0.05 0.00
011 005 6091 107 -0.03 0.01
0.12 003 61.01 098 -0.03 0.01
0.01 000 8051 1506 -0.02 0.01
000 000 9171 612 -001 0.01
003 003 6131 18 -001 0.02
004 0.03 61.01 098 000 0.00
000 000 6221 190 000 0.00
000 000 6261 212 -001 0.01
010 0.07 61.01 118 0.00 0.00
0.14 0.07 61.01 098 0.00 0.00
0.02 001 6711 852 -0.02 0.02
001 001 8101 687 -003 0.01
005 004 7771 1655 -0.04 0.03
0.05 0.03 7941 1469 -0.04 0.02
0.22 009 9321 118 -0.30 0.14
0.18 0.04 9681 114 -026 0.09
002 001 6271 281 -001 0.01
001 0.00 6431 177 -002 0.01
0.06 006 66.21 1260 -0.03 0.03
0.04 0.02 6471 1195 -0.04 0.02
018 0.08 6091 107 -013 0.05
019 0.04 61.01 098 -010 0.01
0.01 0.01 6951 1281 -0.02 0.01
0.02 001 69.91 1480 -0.01 0.00
0.02 002 6471 11.05 -0.01 0.01
001 001 7311 1473 -001 0.01
015 0.09 6091 107 -0.05 0.02
016 005 61.01 098 -0.05 0.01
0.78 0.42 6091 107 -006 0.05
069 032 61.01 098 -006 0.05
0.11 010 69.71 559 -1.36 0.61
0.18 0.09 6791 142 -1.35 043
028 021 6091 107 -001 0.02
038 0.17 61.01 098 -0.01 0.01

Time of T oe Off
Min. Sw.

Mean SD Mean SD

7221 1413 0.03 0.07
7251 1379 0.02 0.06
91.11 1285 0.02 0.02
91.01 1212 0.02 0.02
7291 1697 0.00 0.01
69.91 1324 0.00 0.01
66.01 255 0.09 0.07
7471 1403 010 0.05
90.31 10.88 0.10 0.05
9391 149 010 0.03
6831 7.30 0.03 0.03
67.01 108 003 0.01
66.71 289 0.15 0.08
6741 114 016 0.05
80.21 16.21 0.11 0.05
86.51 1448 0.12 0.03
61.61 170 -0.01 0.02
6451 7.06 -0.01 0.01
63.21 202 003 0.03
63.61 125 004 0.03
6221 228 0.00 0.01
61.61 106 0.00 0.01
6341 216 010 0.07
63.61 125 014 0.07
64.11 291 0.00 0.03
66.41 10.70 -0.02 0.02
71.61 13.06 0.02 0.06
7051 1341 0.00 0.06
60.91 107 -030 0.14
61.01 098 -0.26 0.09
7221 1459 0.00 0.03
68.91 13.17 -0.01 0.02
76.71 1394 0.06 0.06
68.01 151 004 0.03
92.01 1143 0.18 0.08
9411 178 019 0.04
62.81 294 0.00 0.03
64.11 165 001 0.02
6451 273 001 0.02
63.11 272 000 0.02
6591 268 0.15 0.09
66.61 106 0.16 0.05
84.01 879 078 042
86.91 279 069 0.32
6391 9.08 -1.32 0.66
61.01 098 -1.35 043
79.81 1258 028 0.21
8711 860 038 0.17
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Figure C.25 Hip Joint Forces (N), 9-year-old subjects.

Right (RHS to RHS)

Left (LHS to LHS)

Figure C.26 Knee Joint Forces (N), 9-year-old subjects.

172



Right (RHS to RHS) Left (LHS to LHS)
Lateral .20 0.20
0.10- i T 0.10- I i T
nm-/wf—-— N
Medid g1p- [ i i i) =0.10- 1 [ i i
Antenior 0,40 0.40
0.20- 0.20- 1 1 T
Anterier/Posterior 0.00~ 0,00~ /“%._ﬂ.__
0,20 0,20 T 1 1
Postanor 0,40~ H \ 1 ' <0.40~ i 1 1 i
Compression 1,50 1.50 | |
1.00 /‘\—/"\——— 1001 N
Langitudinal 0.50- | ‘k, 0,50~ = 1,’
0.00 |L 0,00~ -
Distwaction -0.50 -} [ 1 [ [ i | -0.50- ]

Figure C.27 Ankle Joint Forces (N), 9-year-old subjects.
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Figure C.28 Ground Reaction Forces (N), 9-year-old subjects.

173



Right (RHS to RHS) Left (LHS to LHS)

Figure C.29 Hip Joint Moments (Nm/Kg), 9-year-old subjects.
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Figure C.30 Knee Joint Moments (Nm/Kg), 9-year-old subjects.
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Figure C.31 Ankle Joint Moments (NmV/K g), 9-year-old subjects.
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Figure C.32 Sagittal Joint Powers (Watts/K g), 9-year-old subjects.
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Table C.17 Stance Phase Kinetics of 16-year-old Female Subjects.

Foot Maximum Time of Minimum Time of
Strike Stance Max. St. Stance Min. St.
Mean SO Mean SO Mean SD Mean SD Mean SD
-0.05 003 091 0.04 40.67 14.02 -007 0.03 2711 3216
-0.05 004 090 0.04 36.22 1593 -0.05 0.03 19.89 29.84
-0.03 002 022 004 4800 141 -013 0.07 1144 368
-0.03 002 023 004 4767 132 -012 006 1044 413
-0.01 001 024 0.03 39.00 1393 -0.01 0.01 2056 29.64
000 001 021 0.02 4111 1025 0.00 0.01 21.33 29.05
007 003 100 004 4056 1423 003 0.04 4744 26.93
007 004 100 004 3256 1691 005 0.03 47.00 26.67
-0.08 002 033 004 5100 158 -008 002 156 0.73
-0.08 002 029 004 5056 113 -009 002 178 0.67
000 001 013 003 2400 1411 -001 0.01 2156 29.10
000 001 015 002 2733 1557 -001 0.01 2067 29.29
0.13 003 110 0.05 4422 11.00 0.09 0.04 4744 26.93
0.13 004 1.08 0.04 4022 1403 011 0.03 47.00 26.67
-0.06 001 018 0.03 50.89 1436 -007 002 111 0.78
-0.06 002 015 003 5556 133 -007 002 133 071
000 001 0.08 003 2800 12.01 -0.02 0.01 46.33 24.63
000 001 010 003 1856 265 -0.01 0.00 46.22 26.32
000 000 019 003 5444 124 -017 004 1000 1.32
000 000 019 003 5367 087 -017 0.04 1000 050
000 000 0.05 0.01 3500 1526 -0.04 0.02 300 0.00
000 000 0.06 0.01 1978 11.17 -0.03 0.01 1556 24.93
000 000 112 0.06 41.00 1449 0.00 0.00 0.00 0.00
000 000 111 0.04 3644 1636 000 0.00 0.00 0.00
-0.03 002 016 0214 2911 2048 -016 0.10 37.00 18.08
-0.01 001 0211 0.07 33.00 2309 -017 0.04 4033 1324
000 009 076 013 2811 1488 -0.04 0.07 2733 3219
-0.01 007 073 011 2411 1353 -0.02 0.05 20.33 30.26
049 013 054 017 18 183 -061 015 5100 1.80
047 011 054 010 467 522 -055 017 5044 201
-0.02 001 0210 0213 3778 2338 -017 010 37.78 18.36
-0.01 001 006 005 3744 2494 -018 0.03 4178 1273
001 006 039 010 1744 213 -003 0.04 3100 30.18
-0.01 005 042 009 1689 267 -002 0.04 2022 3034
-0.27 006 022 011 2511 19.03 -033 0.05 2878 21.72
-023 005 0214 009 39.78 24.02 -039 0.09 4189 247
002 001 017 011 3278 2084 -011 0.12 3744 2285
001 001 0.17 004 4067 1229 -006 0.06 3711 24.88
001 001 011 007 4378 2095 -0.02 0.04 3167 19.22
001 001 011 006 5289 341 -001 0.02 2133 19.09
000 002 139 012 4844 151 -006 005 333 071
-0.01 001 132 012 4756 113 -007 005 344 101
0.16 020 0.60 014 5556 1574 -050 0.14 47.00 296
020 015 051 023 1667 17.08 -049 017 4700 324
008 017 0.38 011 1867 1898 -0.79 0.26 59.67 1.87
007 020 039 016 3589 2136 -056 0.23 59.78 1.79
000 001 261 055 5444 174 -064 018 3811 434
-001 001 233 055 5422 156 -066 019 3689 326
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Table C.18 Swing Phase Kinetics of 16-year-old Femd e Subjects.

Maxi mum Time of Minimum
Swing Max. Sw. Swing
Mean SO Mean SD Men SD
-0.10 002 7129 904 -020 0.01
-0.09 002 6294 647 -020 0.01
0.04 0.01 7140 1038 0.00 0.01
0.04 0.01 7183 1055 0.00 0.01
0.00 0.01 7084 995 -0.01 0.01
0.01 0.01 7661 1544 -0.01 0.00
-0.01 002 69.29 713 -0.09 0.01
0.00 003 6417 722 -0.09 0.00
0.03 002 6184 141 -006 0.01
0.04 002 61.05 176 -0.06 0.01
0.01 001 8140 19.06 -0.01 0.00
0.01 001 70.83 16.28 -0.02 0.00
0.04 003 6184 141 -004 o0.01
0.06 0.03 61.05 176 -0.04 0.01
0.04 002 6184 141 -0.03 0.00
005 002 61.05 176 -0.03 0.00
0.01 000 9417 320 -0.010 0.00
0.00 0.00 9050 10.90 0.00 0.00
001 001 6184 141 0.00 0.00
002 0.01 6105 176 0.00 0.00
0.00 0.00 63.17 114 0.00 0.00
0.00 0.00 6328 1.89 0.00 0.00
005 002 6184 141 0.00 0.00
0.07 0.02 6105 176 0.00 0.00
001 001 76.95 1220 -0.02 0.01
0.02 001 6539 894 -0.02 0.01
0.06 003 8195 1860 -0.06 0.02
0.06 0.03 7217 1712 -0.05 0.02
0.27 005 9540 148 -0.25 0.07
023 0.06 96.05 0.88 -0.18 0.06
0.01 000 6406 405 -0.01 0.01
0.01 0.01 6405 49 -0.01 0.01
0.04 003 8306 1551 -0.03 0.01
0.03 0.02 70.17 1538 -0.03 0.01
009 004 6184 141 -019 0.03
007 0.03 6105 176 -0.12 0.03
0.01 0.01 8340 16.14 -0.01 0.01
0.01 001 86.61 1465 -0.01 0.01
0.01 001 6851 1238 -0.01 0.00
0.02 001 6428 1074 0.00 0.00
006 004 6184 141 -004 0.01
0.07 004 6105 176 -0.03 0.01
060 0.17 6440 265 -0.02 0.03
044 016 6872 1050 -0.02 0.02
0.08 0.08 74.17 1074 -0.99 0.18
0.11 011 7117 1069 -0.73 0.19
0.15 010 6251 203 -0.02 0.01
023 016 6105 176 -0.02 0.02

Time of T oe Off
Min. Sw.

Mean SD Mean SD

76.29 16.80 -0.11 0.03
76.05 16.95 -0.09 0.03
85.95 11.05 0.03 0.01
86.05 1150 0.02 0.01
83.17 1369 0.00 0.01
80.05 1193 0.01 0.01
76,51 1376 -0.02 0.03
76.61 13.87 0.00 0.03
9295 206 0.03 0.02
9361 100 004 0.02
7040 7.39 000 0.01
70.72 886 001 0.01
66.40 141 004 0.03
66.17 135 0.06 0.03
9440 110 004 0.02
9494 100 005 0.02
62.84 388 -0.01 0.00
65.05 6.35 0.00 0.00
64.06 168 001 0.01
63.72 185 002 0.01
61.95 159 0.00 0.00
61.28 220 0.00 0.00
64.06 168 005 0.02
63.83 187 007 0.02
78.06 1453 0.00 0.02
7128 581 001 0.02
7762 1329 0.00 0.05
78.61 1152 0.04 0.03
6251 203 -025 0.07
61.94 305 -017 0.07
83.06 1592 0.00 0.02
86.17 14.35 0.00 0.02
7751 1242 001 0.04
76.94 783 0.03 0.03
9440 1.09 0.09 0.04
9494 070 007 0.03
63.84 381 000 0.02
64.05 440 0.00 0.02
6451 221 001 0.01
66.17 201 002 0.01
65.95 174 006 0.04
65.72 163 007 0.04
85.06 401 056 0.18
86.50 423 034 0.16
87.62 1059 -056 0.28
8172 1291 -046 0.19
7417 1162 015 0.10
76.39 1151 023 0.16
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Table C.19 Stance Phase Kinetics of 16-year-old Male Subjects.

Foot Maximum Time of Minimum Time of
Strike Stance Max. St. Stance Min. St.
Mean SO Mean SD Mean SO Mean SO Mean D
-0.04 002 087 0.03 30.60 16.46 -0.07 0.03 2420 3125
-0.06 002 086 0.04 3670 1525 -0.09 0.02 4840 2551
-0.03 001 023 004 4760 097 -012 0.04 1030 3.27
-0.04 002 022 003 4690 110 -010 0.03 960 4.01
000 001 010 003 4420 230 0.00 001 1410 24.26
001 0.01 009 003 4060 867 0.00 001 3530 2856
008 002 097 0.03 3690 1559 0.03 0.03 4250 29.34
0.06 002 09 0.04 36.70 1525 0.01 0.03 54.60 19.20
-0.08 001 030 004 5080 123 -009 002 170 0.67
-0.08 001 029 004 5040 070 -009 0.02 200 0.67
003 001 012 0.04 2450 1545 -0.01 0.01 47.70 24.16
0.03 001 011 0.02 2520 1485 -001 0.01 59.70 1.25
0.13 0.02 105 004 4370 1049 0.09 0.03 4250 29.34
0.12 0.02 104 005 4650 1.08 0.07 003 5460 19.20
-0.07 001 016 0.04 51.20 1348 -0.07 0.02 140 0.70
-0.07 001 016 0.03 46.60 1775 -0.08 0.01 140 0.70
002 001 009 0.04 2820 14.09 -002 0.01 5810 1.45
001 001 009 0.03 2190 1052 -001 0.01 5890 1.91
000 000 016 0.02 5410 083 -015 0.02 880 225
000 000 018 002 5340 0.70 -013 001 850 227
000 000 008 002 4850 283 -006 001 29 0.32
000 0.00 006 002 3870 1457 -0.04 002 300 0.00
000 000 108 005 4080 1416 0.00 000 000 0.00
000 000 106 005 3700 1593 0.00 000 000 0.00
-0.01 002 007 0.06 16.20 1505 -015 0.05 46.20 257
001 001 006 0.04 1990 2067 -019 0.05 4510 4.28
002 004 064 009 3370 1526 -001 0.03 3650 3121
001 006 058 007 3720 1275 -0.03 0.05 3050 31.94
058 010 060 011 150 135 -064 045 5020 1.32
056 010 058 012 250 321 -059 016 4940 0.97
-0.03 001 004 0.03 3050 2500 -017 0.06 4280 12.38
-0.01 001 002 0.02 2960 2562 -021 0.04 4530 411
012 006 039 012 2330 1339 -004 0.05 59.00 275
008 003 035 010 1820 875 -0.03 0.07 5310 1891
-0.30 005 021 006 2770 2164 -041 0.0 30.60 21.20
-0.28 005 013 0.05 49.80 1890 -039 0.0 3330 17.67
003 001 016 005 4230 1222 -0.04 0.03 3050 24.58
0.01 001 021 0.04 4480 405 -002 0.02 29.40 25.38
001 001 013 0.04 5240 227 -003 0.03 2510 12.29
001 001 009 0.06 4390 19.75 -0.04 0.04 2110 12.60
-0.02 002 145 013 4830 106 -0.08 002 340 084
-0.01 001 140 045 4770 116 -007 0.02 320 042
008 027 069 012 4570 2353 -049 010 4640 1.26
0.18 0.17 060 020 3480 26.28 -044 0.09 4640 143
030 027 057 033 2990 2411 -0.72 028 5480 16.12
027 020 061 029 2580 2428 -065 030 5920 1.14
-0.01 001 229 049 5420 114 -059 019 3980 444
-001 001 232 055 5430 082 -066 016 37.20 4.26
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Table C.20 Swing Phase Kinetics of 16-year-old Male Subjects.

Maxi mum Time of Minimum
Swing Max. Sw. Swing
Mean SO Mean SD Men SD
-0.09 003 6551 727 -019 0.01
-0.11 001 7111 6.87 -0.19 0.00
0.04 0.01 6741 1015 0.00 0.01
0.03 0.01 66.81 1012 -0.01 0.01
002 001 9161 889 0.00 0.01
0.02 001 9471 830 0.00 o0.01
0.00 003 6501 622 -0.09 0.00
-0.02 001 6831 627 -0.09 0.00
0.04 002 6121 098 -0.05 0.01
0.02 001 6121 071 -0.05 0.00
0.03 001 9311 1146 -0.01 0.01
0.02 001 9701 107 -0.02 0.01
005 0.04 6121 098 -0.04 0.00
0.03 0.02 6231 369 -0.04 0.00
0.04 002 6121 098 -0.03 0.00
003 001 6121 071 -0.03 0.00
001 000 9.71 074 -0.010 0.00
001 000 9561 141 -0.01 0.00
0.02 002 6121 098 0.00 0.00
001 001 6181 123 0.00 0.00
0.00 0.00 6171 1.00 0.00 0.00
0.00 0.00 6271 1.00 0.00 0.00
005 0.03 6121 098 0.00 0.00
004 002 6121 071 0.00 0.00
001 001 8371 757 -0.02 0.01
001 000 8141 865 -0.02 0.01
010 003 9651 629 -0.03 0.02
0.08 0.03 9731 411 -0.03 0.03
036 006 9571 074 -030 0.06
029 0.05 9561 066 -0.18 0.04
001 000 6231 157 -0.01 0.00
0.01 0.00 6521 453 -0.01 0.00
011 003 9741 103 -0.04 0.02
006 0.02 9691 116 -0.04 0.01
010 003 61.21 098 -0.19 0.02
007 002 6121 071 -013 0.01
0.01 0.00 91.11 1050 -0.01 0.00
0.01 000 8761 1432 -0.01 0.00
0.01 001 7091 1616 0.00 0.00
0.01 000 7491 1805 0.00 0.00
0.08 006 61.21 098 -0.04 0.00
0.04 003 6481 1155 -0.04 0.01
066 016 6261 236 -0.04 0.08
047 014 6281 278 -0.02 0.03
0.05 0.04 7831 1150 -0.87 0.24
0.09 0.07 76.41 1547 -0.63 0.13
0.18 0.15 6181 254 -0.01 0.00
0.12 0.06 6171 1.8 -0.02 0.01

Time of T oe Off
Min. Sw.

Mean SD Mean SD

90.71 14.18 -0.10 0.03
88.31 1659 -0.13 0.02
90.11 9.88 0.03 0.01
8841 11.10 0.03 0.01
7431 1284 0.01 0.00
69.31 884 0.00 0.01
89.81 175 -001 0.03
90.21 1.07 -0.03 0.02
9321 171 004 0.02
9331 164 002 0.01
6721 774 -001 0.01
66.01 6.70 -0.01 0.01
6761 6.74 005 0.04
65.21 085 0.03 0.02
9491 082 004 0.02
9471 056 0.03 0.01
61.21 098 -0.01 0.00
64.21 472 -0.01 0.00
6351 138 002 0.02
6321 118 001 0.01
6251 167 0.00 0.00
61.81 123 0.00 0.00
63.71 100 005 0.03
63.61 094 004 0.02
7351 1529 -0.01 0.01
68.71 1056 -0.01 0.01
65.21 369 -001 0.02
7041 897 -0.02 0.04
61.21 098 -0.30 0.06
6341 7.13 -0.18 0.05
9381 148 001 0.01
90.41 1057 0.00 0.01
66.91 10.73 -0.03 0.03
7161 823 -0.02 0.02
9511 085 010 0.03
95.01 051 007 0.02
6241 140 -001 0.01
6711 460 0.00 0.01
6451 110 001 0.01
6431 068 0.01 0.00
6541 093 0.08 0.06
65.01 085 004 0.03
89.01 455 064 0.17
88.71 423 042 0.15
91.91 095 -059 0.23
90.81 132 -040 0.12
8391 6.85 018 0.16
7711 1164 012 0.07
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Figure C.33 Hip Joint Forces (N), 16-year-old subjects.
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Figure C.34 Knee Joint Forces (N), 16-year-old subjects.
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Vertical

Right (RHS to RHS) Left (LHS to LHS)

Figure C.35 Ankle Joint Forces (N), 16-year-old subjects.

Raght (RHS to RHS) Left (LHS to LHS)

Figure C.36 Ground Reaction Forces (N), 16-year-old subjects.
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Raght (RHS to RHS) Left (LHS to LHS)

Figure C.37 Hip Joint Moments (Nm/Kg), 16-year-old subjects.
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Figure C.38 Knee Joint Moments (Nm/K @), 16-year-old subjects.
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Right (RHS to RHS) Left (LHS to LHS)

Figure C.39 Ankle Joint Moments (NmV/Kg), 16-year-old subjects.
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Figure C.40 Sagittal Joint Powers (WattsKg), 16-year-old subjects.
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Table C.21 Stance Phase Kinetics of 17-year-old Female Subjects.

Foot Maximum Time of Minimum Time of
Strike Stance Max. St. Stance Min. St.
Mean SO Mean SD Men SO Mean SD Men D
-0.06 002 091 007 3730 1542 -0.08 0.03 1840 29.64
-0.06 003 092 0.07 4350 10.07 -0.07 0.02 2370 30.60
-0.03 002 023 005 4710 145 -010 006 750 465
-0.04 003 024 004 4740 143 -010 005 6.90 504
000 001 015 0.03 4110 970 000 0.01 1890 29.31
000 001 013 0.03 4140 908 000 0.01 2540 3026
0.07 002 1.02 0.07 3720 1558 0.03 0.04 30.30 31.96
0.06 003 1.03 0.07 4340 1005 003 0.01 4190 2893
-0.07 002 031 003 5010 110 -008 0.02 200 1.05
-0.08 002 029 004 5020 114 -009 0.02 18 1.23
0.01 001 042 0.02 2340 13.12 -001 0.01 36.60 2873
0.01 001 043 0.02 2350 13.05 -001 0.01 4150 27.79
0.13 0.02 111 0.07 4380 1017 0.09 0.04 36.40 3134
0.13 0.03 112 0.07 4390 1022 0.09 0.01 48.00 2532
-0.05 002 020 003 5440 151 -005 002 070 0.82
-0.06 001 019 005 5510 173 -006 001 060 0.84
0.01 001 010 0.04 1810 256 -0.02 0.01 46.30 2258
000 001 011 0.03 1840 222 -001 0.01 47.00 24.05
0.00 000 018 004 5330 082 -016 0.03 990 0.88
000 000 020 005 5330 116 -015 0.03 960 0.70
000 0.00 007 0.01 3880 1524 -003 0.01 38 1.03
000 0.00 007 0.01 2150 14.07 -0.02 0.01 1480 23.34
000 0.00 114 0.07 4400 1022 000 0.00 0.00 0.00
000 0.00 114 0.08 4420 1032 000 0.00 0.00 0.00
-0.02 001 010 008 2130 1832 -020 0.11 4150 1297
-0.01 001 0.09 010 2000 21.16 -0.22 0.08 46.20 249
0.00 009 076 013 2620 1468 -0.04 0.05 30.70 31.55
-0.01 006 0.76 013 2560 1435 -003 0.05 1880 28.69
051 011 056 015 220 374 -068 0.16 5060 3.06
051 013 057 011 370 533 -063 014 5000 176
-0.01 001 0.08 006 2130 1862 -020 0.11 4150 12.96
0.00 001 0.07 0.08 2590 2354 -022 0.08 47.00 245
0.02 005 037 010 1700 200 -0.07 0.04 4410 23.19
0.01 005 038 0.07 1730 295 -003 0.03 41.00 27.66
-0.27 005 021 010 4970 1911 -0.38 0.09 3750 13.31
-0.25 005 015 0.05 5410 1417 -041 010 41.00 3.30
001 001 020 011 4150 13.02 -0.08 0.06 21.00 1849
0.00 001 0.22 0.07 4670 267 -007 0.08 26.00 2348
000 001 005 0.05 4710 1715 -0.04 0.02 3240 1553
0.00 000 0.04 004 5330 442 -004 0.04 2360 1504
000 001 140 012 4730 116 -005 0.04 340 084
000 001 135 013 4750 143 -006 0.03 360 0.70
031 022 073 022 3810 2878 -059 0.20 46.00 343
043 028 066 022 1820 2270 -053 0.1 46.90 223
005 015 043 016 3700 1713 -080 0.9 59.10 1.20
-0.02 020 044 019 4710 375 -070 019 5930 1.34
000 001 259 030 5320 140 -072 0.6 39.10 296
000 001 263 068 5370 183 -074 0.22 3770 3.23
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Table C.22 Swing Phase Kinetics of 17-year-old Femd e Subjects.

Maxi mum Time of Minimum
Swing Max. Sw. Swing
Mean SO Mean SD Men SD
-0.08 0.04 6511 827 -020 0.01
-0.10 002 6241 611 -0.20 0.01
004 001 6731 765 -0.01 0.01
0.04 0.01 6841 1016 -0.02 0.02
001 001 7511 718 -0.01 0.01
0.01 0.01 8341 953 0.00 0.01
0.00 004 6581 787 -0.09 0.01
-0.01 002 6211 518 -0.09 0.01
0.04 002 6061 143 -0.06 0.01
0.04 002 6071 111 -0.06 0.00
0.01 001 84.11 1447 -0.01 0.00
0.02 001 8651 1383 -0.01 0.01
0.05 0.04 6061 143 -0.04 0.00
0.04 0.02 6071 111 -0.04 0.00
0.05 002 6061 143 -0.03 0.00
005 002 6071 111 -0.03 0.00
001 000 9091 29 -0.01 0.01
001 000 9221 292 -0.010 0.00
001 001 6091 190 0.00 0.00
001 0.01 6101 166 0.00 0.00
0.00 0.00 6151 220 0.00 0.00
0.00 0.00 6251 203 0.00 0.00
0.06 0.02 6061 143 0.00 0.00
005 0.02 6071 111 0.00 0.00
002 001 7461 731 -0.02 0.01
002 001 7801 587 -0.02 0.01
0.07 004 8531 1220 -0.04 0.02
0.06 0.02 8041 1156 -0.04 0.03
035 005 9521 052 -0.33 0.06
031 0.07 9571 088 -0.23 0.07
001 000 6321 38 -0.01 0.00
0.01 0.00 6491 509 -0.01 0.01
0.05 003 8341 869 -0.04 0.03
0.04 0.01 8261 1280 -0.03 0.01
013 004 6061 143 -021 0.01
0.10 0.03 60.71 111 -0.14 0.02
0.01 0.00 7831 1543 -0.01 0.00
0.01 001 8221 1489 -0.01 0.00
0.01 000 7321 16.01 0.00 0.00
0.01 000 69.31 1360 0.00 0.00
0.07 005 6061 143 -0.04 0.00
005 002 6071 111 -0.04 0.00
0.76 014 6461 337 -005 0.11
053 0.16 7091 1348 -0.04 0.04
0.04 0.05 79.61 1056 -0.94 0.16
0.07 006 6751 264 -0.75 0.15
021 016 6191 331 -0.01 0.01
0.18 0.10 60.71 111 -0.03 0.02

Time of T oe Off
Min. Sw.

Mean SD Mean SD

91.71 1455 -0.09 0.05
91.71 1455 -0.10 0.02
9381 6.60 003 0.01
93.71 6.67 003 0.01
89.51 984 001 0.01
7771 1269 001 0.00
7251 1331 0.00 0.05
75.11 1453 -0.01 0.02
9341 175 004 0.02
9351 129 004 0.02
65.01 7.75 -001 0.01
68,51 1061 -0.01 0.01
6541 080 005 0.04
65.31 117 004 0.02
9461 082 005 0.02
9481 132 005 0.02
6151 403 -001 0.01
6491 743 -001 0.01
6251 146 001 0.01
6281 163 001 0.01
6171 121 0.00 0.00
61.01 1.08 0.00 0.00
62.81 163 006 0.02
63.11 152 005 0.02
83.01 15.15 -0.01 0.01
6831 350 0.00 0.01
79.21 1520 0.01 0.05
77.01 13.08 0.01 0.03
60.61 143 -0.33 0.06
60.71 111 -0.23 0.07
79.11 1417 0.00 0.01
8221 1479 0.00 0.01
6451 935 -0.03 0.04
70.01 865 0.00 0.02
9431 068 013 0.04
9461 082 010 0.03
63.11 358 0.00 0.01
65.31 475 0.00 0.01
62.81 226 0.00 0.01
64.71 289 001 0.01
64.81 080 007 0.05
6491 126 005 0.02
8541 356 064 0.20
86.11 438 045 0.3
87.31 1025 -065 0.16
7851 1549 -055 0.18
8441 742 020 0.16
70.21 1140 0.18 0.10
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Table C.23 Stance Phase Kinetics of 17-year-old Male Subjects.

Foot Maximum Time of Minimum Time of
Strike Stance Max. St. Stance Min. St.
Mean SO Mean SD Mean SO Mean SO Mean D
-0.07 002 088 0.06 3410 16.48 -0.07 0.02 1850 29.80
-0.07 002 086 0.07 4040 1316 -0.09 0.03 3050 3216
-0.02 002 024 003 4740 151 -012 0.05 11.70 1.06
-003 001 023 004 4670 149 -011 0.07 99 398
001 000 012 003 3830 11.96 0.00 001 5420 18.09
001 001 010 003 36.00 13.75 0.00 001 3650 29.14
005 002 098 0.06 4050 1375 0.03 0.02 30.40 32.06
0.05 003 097 0.07 37.00 1522 002 0.05 3050 3216
-0.07 002 028 004 5130 142 -008 0.02 19 0.99
-0.07 001 028 005 5080 148 -008 001 170 1.06
002 001 011 0.02 2470 1454 -001 0.01 5470 18.27
0.01 001 012 0.03 2290 1385 -0.01 0.01 4240 27.67
0.11 0.03 107 008 4720 1.03 0.09 003 3650 3143
0.11 0.03 105 008 4690 129 0.08 005 3050 32.16
-0.06 001 017 0.04 4220 2040 -006 0.02 050 0.71
-0.06 001 017 0.04 5090 1342 -006 0.01 080 0.63
001 000 008 0.02 3140 1343 -002 0.01 5880 2.10
001 001 009 0.03 2610 1423 -002 0.02 5280 18.66
000 000 017 0.03 5400 125 -016 0.02 1040 1.07
000 000 019 002 5360 0.97 -014 003 1030 1.25
000 000 008 002 4870 211 -004 001 29 0.32
000 0.00 0.07 001 3810 1534 -0.03 001 860 1842
000 000 109 008 4050 1431 0.00 000 000 0.00
000 0.00 107 009 4060 1356 0.00 000 0.00 0.00
-0.02 001 008 0.07 2260 1848 -021 0.05 46.70 2.67
-0.01 001 007 0.09 19.70 2048 -022 0.08 4540 3.10
0.07 005 073 016 3040 1526 -0.05 0.06 54.60 19.22
003 004 061 011 3960 1248 -0.02 0.04 3040 31.86
049 011 050 011 110 145 -067 0.1 5010 1.45
045 010 048 010 280 355 -062 016 4940 171
-0.02 001 005 004 2670 2237 -021 0.06 4720 257
-0.01 001 004 0.08 29.20 26.72 -022 0.07 46.00 2.87
008 005 034 0.08 2890 1451 -006 0.05 5340 18.94
003 004 035 012 2330 1329 -0.03 0.07 40.90 28.03
-0.27 006 025 0.07 2750 2155 -043 0.09 3830 13.93
-023 004 017 0411 4540 2193 -043 006 4140 284
002 001 020 006 4710 285 -005 004 2660 2242
0.01 001 022 0.07 4570 298 -0.04 0.08 29.00 26.46
0.01 000 008 0.05 4710 16.87 -0.04 0.03 2030 13.32
000 001 007 006 5380 429 -005 0.06 239 1162
-0.02 001 138 019 4850 127 -009 002 350 0.71
-001 001 138 019 4780 148 -007 0.03 340 0.70
-006 022 070 015 6090 137 -050 011 4530 211
012 022 060 018 2940 26.83 -050 021 4590 191
039 021 062 019 2960 2472 -0.73 030 59.90 1.66
029 020 052 008 3460 2282 -0.73 030 5940 1.35
-001 001 232 050 5480 132 -065 0.27 4090 3.93
-001 001 249 072 5450 135 -078 0.31 36.10 9.0
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Table C.24 Swing Phase Kinetics of 17-year-old Male Subjects.

Maxi mum Time of Minimum
Swing Max. Sw. Swing
Mean SO Mean SD Men SD
-0.10 0.02 6762 849 -0.19 0.01
-0.09 003 69.81 806 -0.20 0.01
0.04 0.01 66.02 540 0.00 0.01
003 001 6741 821 -0.01 0.01
001 0.01 9112 764 -0.01 0.01
0.02 001 9431 703 -0.01 0.01
-0.01 002 66.72 732 -0.09 0.01
0.00 003 6721 7.08 -0.09 0.00
003 001 6152 138 -0.05 0.01
0.03 003 61.11 137 -0.05 0.01
0.02 001 9512 177 -0.02 0.00
0.02 001 9.21 177 -0.02 0.00
0.04 0.02 6152 138 -0.04 0.00
0.04 0.04 6221 420 -0.04 0.00
0.04 001 6152 138 -0.03 0.00
0.04 003 61.11 137 -0.03 0.01
0.01 000 9492 141 -0.01 0.00
001 000 9421 177 -0.01 0.01
002 001 6222 218 0.00 0.00
001 001 6241 200 0.00 0.00
0.00 0.00 6252 1.8 0.00 0.00
0.00 0.00 6271 174 0.00 0.00
005 0.02 6152 138 0.00 0.00
006 0.03 6131 126 0.00 0.00
0.01 000 8012 360 -0.02 0.01
001 000 8041 791 -0.04 0.02
011 002 9762 155 -0.07 0.04
009 0.03 9511 571 -005 0.04
035 007 9502 070 -0.29 0.05
028 0.05 9491 094 -0.21 0.07
0.01 000 6402 300 -0.010 o0.01
0.01 0.00 6551 475 -0.01 0.01
0.09 003 9612 117 -0.04 0.02
005 0.02 9511 389 -004 0.01
011 003 6152 138 -0.20 0.03
0.10 0.05 61.11 137 -013 0.02
0.01 0.01 8662 1324 -0.01 0.00
0.01 001 81.11 1653 -0.01 0.00
0.01 000 7482 16.87 0.00 0.00
001 001 7361 16.09 0.00 0.00
0.06 003 6152 138 -0.04 0.01
0.06 005 6441 11.04 -0.03 0.01
071 014 6252 224 -0.05 0.08
053 023 6191 241 -0.03 0.07
0.11 010 8132 1246 -0.92 0.19
0.09 0.08 7791 1467 -0.67 0.25
0.16 0.06 6152 1.38 -0.02 0.02
019 016 6171 274 -0.02 0.01

Time of T oe Off
Min. Sw.

Mean SD Mean SD

8452 16.67 -0.11 0.03
8151 18.05 -0.11 0.05
89.02 933 003 0.01
8251 1053 0.03 0.01
7042 742 000 0.01
6771 541 000 0.01
86.72 827 -0.02 0.02
86.71 821 -002 0.04
93.12 158 0.03 0.01
9291 177 003 0.03
65.02 233 -001 0.01
65.81 148 -001 0.01
68.12 659 004 0.02
6751 715 004 0.04
9482 078 004 0.01
9421 084 004 0.03
6342 452 -001 0.01
64.61 421 -001 0.01
63.82 156 001 0.01
6321 165 001 0.01
63.12 172 0.00 0.00
62.71 160 0.00 0.00
6432 143 005 0.02
6441 124 006 0.03
70.42 1422 -0.02 0.01
66.71 410 -0.01 0.02
64.62 371 -0.06 0.05
6791 472 -002 0.05
6152 138 -029 0.05
61.11 137 -021 0.07
90.42 1021 0.00 0.01
84.01 1499 0.00 0.01
6242 162 -004 0.03
6721 459 -0.01 0.02
9482 063 011 0.03
9451 073 010 0.05
64.12 311 000 0.01
6541 442 000 0.01
6432 196 001 0.01
6491 280 001 0.01
65.72 111 0.06 0.03
65.01 127 0.06 0.06
9312 711 071 0.15
88.61 548 051 0.24
88.32 10.13 -059 0.23
83.61 1221 -055 0.27
79.32 1042 0.16 0.06
68.11 9.28 019 0.17
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Figure C.41 Hip Joint Forces (N), 17-year-old subjects.
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Figure C.42 Knee Joint Forces (N), 17-year-old subjects.
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Figure C.44 Ground Reaction Forces (N), 17-year-old subjects.
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Figure C.45 Hip Joint Moments (NmVKg), 17-year-old subjects.
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Figure C.46 Knee Joint Moments (Nm/K @), 17-year-old subjects.
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Figure C.47 Ankle Joint Moments (NmVKg), 17-year-old subjects.
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Figure C.48 Sagittal Joint Powers (WattsKg), 17-year-old subjects.
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Table C.25 Stance Phase Kinetics of 18-year-old Female Subjects.

Foot Maximum Time of Minimum Time of
Strike Stance Max. St. Stance Min. St.
Mean SO Mean SD Men SO Mean SD Men D
-0.06 003 091 006 3750 1511 -006 0.03 6.00 18.97
-0.06 003 091 006 4340 967 -007 0.02 1790 28.82
-0.03 002 022 006 4740 117 -010 005 790 3.90
-0.03 002 022 004 4720 140 -010 0.04 840 430
000 001 015 0.04 4250 674 000 0.01 650 1849
000 001 014 0.03 4200 860 000 0.01 1830 2857
0.06 003 101 0.07 3750 1511 005 0.03 36.20 31.16
0.06 003 1.02 0.06 4340 969 004 0.02 3570 3073
-0.07 002 031 002 4990 088 -008 002 150 1.18
-0.07 002 031 004 4960 097 -008 0.02 140 1.07
0.01 002 014 003 2020 883 -002 0.02 4060 27.37
001 001 0413 0.02 1760 207 -001 0.01 4650 2378
0.13 0.03 110 0.07 4690 057 011 0.03 4230 29.20
0.13 0.03 111 0.07 4680 123 010 0.02 3570 30.73
-0.05 002 020 002 5460 097 -006 002 080 0.79
-0.05 001 020 003 5450 127 -006 0.01 040 0.70
001 001 042 0.03 1850 190 -0.02 0.01 5260 17.49
001 001 012 0.02 1880 239 -001 0.01 46.80 2337
0.00 000 019 004 5320 042 -016 0.02 1010 0.88
000 000 020 0.04 5300 105 -015 0.03 980 132
0.00 0.00 007 0.02 349 1563 -003 0.01 340 0097
000 0.00 007 0.02 3200 1590 -002 0.00 340 1.07
000 000 113 0.07 4710 057 000 0.00 0.00 0.00
000 0.00 113 0.07 4410 957 000 0.00 0.00 0.00
-0.02 001 0.08 007 2500 2142 -020 0.11 4390 5.00
-0.01 001 0.07 009 2420 2405 -021 0.08 4550 3.06
0.00 006 0.82 013 2610 1380 -0.01 0.06 24.10 30.70
0.00 005 0.78 013 2860 1544 -001 0.05 23.90 3043
048 011 053 013 340 519 -059 0.20 5190 3.07
043 012 048 011 410 513 -059 016 4970 157
-0.01 001 0.06 006 30.10 2428 -020 0.11 4410 5.07
0.00 001 005 0.08 3420 2650 -021 0.08 4590 311
0.03 006 044 008 1730 177 -006 0.04 4110 27.93
0.03 004 041 0.08 1750 292 -002 0.03 47.20 23.86
-0.25 005 016 0.07 4970 1962 -0.38 0.08 37.30 13.35
-0.21 005 014 004 4900 1932 -036 0.10 4000 3.77
001 001 020 011 4400 508 -006 0.06 29.80 2411
0.00 001 021 0.08 4550 317 -005 0.08 34.80 2555
000 001 0.07 004 5100 403 -003 0.02 2830 1435
0.00 001 006 004 5230 323 -004 0.04 1960 9.56
000 001 133 0.08 4730 095 -004 0.02 320 0.63
-0.01 001 131 014 4710 137 -006 0.03 350 053
032 018 073 022 3540 2648 -059 0.25 4760 3.69
030 024 060 020 29.00 26.12 -059 0.23 4710 197
014 012 042 010 4480 1038 -0.71 0.27 59.40 1.17
004 019 037 014 4660 366 -068 0.25 5620 822
-0.001 001 256 035 5320 063 -066 0.17 3640 548
-0.001 001 259 064 5340 117 -068 0.26 3560 7.86
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Table C.26 Swing Phase Kinetics of 18-year-old Femd e Subjects.

Maxi mum Time of Minimum
Swing Max. Sw. Swing
Mean SO Mean SD Men SD
-0.08 003 6061 106 -0.20 0.01
-0.08 003 61.80 527 -020 0.01
004 001 6791 766 -0.01 0.01
0.03 0.01 6750 880 -0.01 0.01
001 0.01 7251 862 -0.01 0.01
0.01 0.01 7550 10.05 -0.01 0.01
0.00 003 6341 674 -0.09 0.01
0.00 003 6160 465 -0.09 0.00
005 002 6061 106 -0.06 0.01
0.04 001 6020 0.8 -0.06 0.01
0.02 001 8431 1375 -0.01 0.00
0.02 000 9230 398 -0.01 0.00
0.06 0.03 6061 1.06 -0.04 0.00
0.06 0.03 6020 0.85 -0.04 0.00
0.05 002 6061 106 -0.03 0.00
005 001 6020 0.8 -0.03 0.01
001 000 9171 213 -0.01 0.01
001 000 9220 222 -0.010 0.00
002 001 6061 106 0.00 0.00
002 0.01 6020 0.8 0.00 0.00
000 0.00 6181 1.88 0.00 0.00
0.00 0.00 6200 144 0.00 0.00
0.06 0.02 6061 1.06 0.00 0.00
0.06 0.02 6020 085 0.00 0.00
002 001 7071 681 -0.02 0.01
0.02 001 7680 643 -0.02 0.01
0.06 003 79.21 1455 -0.04 0.02
0.05 0.02 77.00 1243 -0.04 0.03
034 006 9481 063 -031 0.07
026 0.07 9510 097 -0.21 0.05
001 000 6211 1.9 -0.01 0.00
0.01 0.00 6290 349 -0.01 0.01
0.06 003 8811 1225 -0.04 0.02
0.04 0.01 9000 593 -0.03 0.01
012 004 6061 106 -0.20 0.03
0.10 0.02 6020 0.85 -0.13 0.02
0.01 0.00 7871 1564 -0.01 0.00
0.01 001 77.80 1526 -0.01 0.00
0.01 001 73.01 1674 0.00 0.00
001 001 66.40 1333 0.00 0.00
0.07 004 6061 106 -0.04 0.00
0.07 003 6020 0.8 -0.03 0.00
0.74 018 6531 313 -0.05 0.11
054 0.13 6840 1021 -0.01 0.02
0.05 0.05 80.01 1357 -0.93 0.15
0.10 0.07 69.60 10.39 -0.69 0.13
020 012 6111 242 -0.01 0.01
021 010 6020 085 -0.02 0.02

Time of T oe Off
Min. Sw.

Mean SD Mean SD

85.11 17.44 -0.08 0.03
8150 18.04 -0.09 0.03
90.81 815 0.03 0.01
9290 6.31 003 0.01
87,51 1067 0.00 0.01
8250 1257 0.00 0.00
75.11 1370 0.00 0.03
7240 1359 0.00 0.03
9331 125 005 0.02
9290 116 004 0.01
6331 299 -001 0.01
64.20 458 -0.01 0.01
65.71 058 0.06 0.03
65.10 098 0.06 0.03
9401 070 005 0.02
9410 1.08 005 0.01
60.61 1.06 -0.01 0.01
62.10 6.21 -0.01 0.00
6281 141 002 0.01
62.60 106 002 0.01
61.61 157 0.00 0.00
60.50 1.00 0.00 0.00
6291 143 006 0.02
62.60 106 0.06 0.02
82.01 1404 0.00 0.01
69.10 592 0.00 0.01
77.01 1470 0.02 0.04
7450 1352 0.01 0.03
60.61 106 -031 0.07
61.00 280 -021 0.05
8221 1311 0.00 0.01
7820 1566 0.00 0.01
67.31 13.05 -0.03 0.04
66.80 492 -0.01 0.02
9391 082 012 0.04
9420 084 010 0.02
6231 195 0.00 0.01
62.70 269 000 0.01
6381 175 001 0.01
63.70 192 001 0.01
65.01 085 0.07 0.04
64.70 100 0.07 0.03
8591 365 060 0.25
84.80 405 042 0.15
87.01 10.09 -0.63 0.22
80.70 1398 -053 0.17
8531 860 019 0.12
7430 1197 021 0.10
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Table C.27 Stance Phase Kinetics of 18-year-old Male Subjects.

Foot Maximum Time of Minimum Time of
Strike Stance Max. St. Stance Min. St.
Mean SO Mean SD Mean SO Mean SO Mean D
-0.05 004 087 0.04 4045 1340 -0.08 0.03 28.09 32.28
-0.04 004 088 0.04 3509 16.78 -0.07 0.02 27.82 3197
-0.03 002 023 003 4755 121 -011 004 909 421
-0.04 002 022 004 4736 112 -011 005 855 470
001 001 010 004 4073 1025 -0.01 0.01 38.09 29.48
001 0.01 0.07 003 3427 11.89 -0.01 001 5336 17.10
0.07 004 098 0.04 3745 1554 0.02 0.03 50.09 24.79
0.07 004 098 0.05 3718 1585 0.04 0.03 3891 30.85
-0.08 001 029 004 5127 119 -009 0.02 218 0.75
-0.09 002 029 004 5127 110 -010 0.02 227 0.79
002 002 012 0.02 26.09 1562 -001 0.01 5545 1750
0.02 002 013 0.03 2545 1547 000 0.01 39.64 29.85
0.13 0.04 106 005 4064 13.71 0.08 0.04 50.09 24.79
0.13 0.04 106 006 4364 11.26 010 003 3336 319
-0.06 001 017 003 5155 1316 -0.07 001 091 054
-0.07 001 016 0.04 5618 133 -007 0.01 127 047
001 001 010 0.02 2518 1368 -0.02 0.01 59.64 1.96
001 001 011 0.03 2782 1441 -001 0.01 5445 18.13
000 000 016 0.03 5436 112 -017 003 864 211
000 000 017 003 5436 081 -016 003 845 234
000 0.00 008 003 4082 1380 -004 001 327 162
000 0.00 0.07 002 2700 16.10 -0.03 001 809 1755
000 000 108 006 4064 1397 0.00 000 000 0.00
000 000 108 006 3764 1649 0.00 000 000 0.00
-0.02 001 009 0.07 1545 1498 -019 0.04 46.73 2.87
000 001 009 0.08 19.64 1945 -019 0.07 46.82 4.42
003 007 070 012 3436 1511 -006 0.05 4445 2858
005 005 059 010 2655 14.77 -0.05 0.04 50.00 24.74
057 011 060 011 245 254 -063 015 51.09 324
057 013 060 011 245 151 -065 016 4973 135
-0.02 001 006 0.05 2500 2278 -020 0.05 4745 258
-0.01 001 007 0.08 34.00 2588 -022 0.06 47.27 4.47
009 009 039 0.07 2591 1390 -0.03 0.03 5536 18.38
005 0.07 038 012 20.18 11.34 -0.02 0.04 4391 27.92
-0.30 005 020 0.09 4264 2374 -042 0.08 3891 12.96
-0.28 007 018 011 3891 2383 -0.39 007 27.36 20.74
002 001 019 005 4673 320 -0.06 005 2491 2282
0.01 001 022 0.05 4691 428 -007 0.08 33.82 25.69
001 001 011 0.07 5273 269 -003 0.03 19.27 10.95
000 001 007 004 5436 291 -008 0.03 2091 10.37
-001 001 137 0415 4827 135 -007 002 373 0.5
-002 001 136 015 4864 112 -009 004 391 0.83
0.17 028 067 017 51.18 2152 -050 013 46.18 1.83
021 026 063 020 5055 21.10 -054 021 4536 1.96
021 027 059 013 3664 2234 -076 029 6009 1.70
013 029 054 010 3191 2280 -0.79 029 60.00 1.26
-0.01 001 226 060 5455 121 -070 0.27 4027 332
-0.02 001 232 079 5518 125 -081 0.23 4027 4.17
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Table C.28 Swing Phase Kinetics of 18-year-old Male Subjects.

Maxi mum Time of Minimum
Swing Max. Sw. Swing
Mean SO Mean SD Men SD
-0.10 0.02 6562 634 -019 0.01
-0.09 003 66.80 725 -0.19 0.01
0.03 0.01 6453 208 -0.01 0.01
0.04 001 6789 766 -0.01 0.01
0.02 001 9035 759 0.00 0.01
0.02 0.01 9398 627 0.00 0.01
-0.01 002 6407 513 -0.09 0.00
0.00 003 66.34 6.62 -0.09 0.00
003 002 6189 128 -0.05 0.01
0.04 002 6171 095 -0.06 0.01
0.02 001 9.07 181 -0.02 0.00
0.02 001 9662 190 -0.02 0.00
0.04 0.02 6189 128 -0.04 0.00
006 0.03 6171 095 -0.04 0.00
0.04 002 6189 128 -0.03 0.00
005 002 6171 095 -0.03 0.00
0.01 000 9353 359 -0.01 0.00
0.01 000 9189 1012 -0.01 0.00
001 001 6198 145 0.00 0.00
001 0.01 6216 122 0.00 0.00
000 001 6335 211 0.00 0.00
0.00 0.00 6362 149 0.00 0.00
005 0.02 6189 128 0.00 0.00
006 0.03 6171 095 0.00 0.00
001 001 8071 6.60 -0.03 0.01
001 001 8525 262 -0.04 0.01
0.10 004 9180 11.89 -0.07 0.04
0.09 0.03 9362 564 -0.07 0.03
0.36 006 9580 0.88 -0.30 0.08
030 0.08 9589 142 -0.24 0.07
001 000 6380 200 -0.01 0.00
0.01 0.00 6453 295 -0.01 0.01
0.08 005 9689 149 -0.04 0.02
0.05 0.02 89.62 1391 -0.04 0.01
011 005 6189 128 -0.20 0.03
011 0.04 6171 095 -014 0.02
0.01 0.00 86.16 1244 -0.01 0.00
0.01 001 79.89 16.94 -0.01 0.00
0.01 001 76.16 16.63 0.00 0.00
001 001 7116 1571 0.00 0.00
0.06 004 6516 10.84 -0.04 0.01
008 005 6171 095 -0.03 0.01
069 024 6307 231 -0.02 0.03
061 022 6253 203 0.00 o0.01
0.05 0.03 7444 456 -0.89 0.25
0.03 0.05 7653 1142 -079 0.24
0.16 0.12 6335 380 -0.02 0.03
023 016 6171 095 -0.02 0.02

Time of T oe Off
Min. Sw.

Mean SD Mean SD

94.07 1029 -0.11 0.03
94.62 1039 -0.10 0.04
9344 597 003 0.01
89.53 10.36 0.03 0.01
66.62 860 0.00 0.01
65.98 446 000 0.01
90.26 201 -0.02 0.02
90.62 185 0.00 0.03
9353 122 003 0.02
9353 122 004 0.02
64.44 205 -001 0.01
67.16 565 0.00 0.01
66.35 1.11 004 0.02
68.44 6.42 0.06 0.03
95.07 082 004 0.02
9544 061 005 0.02
63.07 3.14 -0.01 0.00
6325 401 -001 0.01
6426 144 001 0.01
64.44 098 001 0.01
6326 129 0.00 0.01
62.80 133 0.00 0.00
64.62 135 005 0.02
64.80 091 006 0.03
69.07 1279 -0.02 0.01
66.16 453 -0.02 0.02
66.80 10.19 -0.05 0.06
64.44 419 -0.05 0.05
61.89 128 -0.30 0.08
61.71 095 -024 0.07
83.71 1441 0.00 0.01
79.44 16.48 0.00 0.02
63.44 154 -0.03 0.02
69.07 6.35 -0.01 0.02
9526 051 011 0.05
9525 121 011 0.04
6398 187 0.00 0.01
64.44 299 0.00 0.02
64.80 156 001 0.01
65.16 235 001 0.01
66.07 1.14 0.06 0.04
66.07 094 0.08 0.05
8735 406 066 0.20
85890 127 059 0.20
8353 14.13 -061 0.27
82.34 1358 -0.62 0.25
7789 1095 015 0.12
75.07 11.70 023 0.16
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Figure C.49 Hip Joint Forces (N), 18-year-old subjects.

Raght (RHS to RHS) Left (LHS to LHS)

Figure C.50 Knee Joint Forces (N), 18-year-old subjects.
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Figure C.51 Ankle Joint Forces (N), 18-year-old subjects.
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Figure C.52 Ground Reaction Forces (N), 18-year-old subjects.
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Figure C.53 Hip Joint Moments (Nm/Kg), 18-year-old subjects.
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Figure C.54 Knee Joint Moments (Nm/K @), 18-year-old subjects.
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Figure C.55 Ankle Joint Moments (NmVKg), 18-year-old subjects.

Right (RHS to RHS)

Left (LHS to LHS)

Figure C.56 Sagittal Joint Powers (WattsKg), 18-year-old subjects.
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Table C.29 Stance Phase Kinetics of 20-year-old Female Subjects.

Foot Maximum Time of Minimum Time of
Strike Stance Max. St. Stance Min. St.
Mean SO Mean SD Mean SO Mean SO Mean D
-0.05 002 091 0.03 3830 1451 -006 0.02 36.90 3177
-0.05 002 093 002 4120 1225 -0.06 004 1240 26.14
-0.04 001 030 004 4600 094 -011 004 750 3.24
-0.04 002 029 004 4600 000 -011 0.04 900 200
000 001 012 003 30.10 1446 0.00 001 2530 30.53
000 001 012 002 3060 14.01 -001 001 720 1861
008 002 098 0.04 3460 1562 003 0.02 6110 1.10
0.08 003 100 0.03 3750 1418 005 0.05 4250 29.34
-0.06 001 042 008 5030 149 -007 001 030 048
-0.07 001 043 0.08 50.00 000 -007 001 060 0.97
000 001 016 0.04 2340 1328 0.00 0.01 19.10 28.49
0.00 001 013 0.03 2610 1475 -001 0.01 3270 27.39
0.15 0.02 109 004 4360 937 0.07 002 6110 1.10
0.14 003 112 004 4650 053 011 005 4850 2557
-0.04 001 035 008 5370 106 -004 0.01 0.00 0.00
-0.05 001 034 007 538 063 -005 001 020 042
000 000 012 003 21.30 732 -001 0.01 41.00 2832
000 000 009 0.01 2330 910 -001 0.01 5340 18.08
000 000 020 0.02 5410 057 -017 0.03 1020 1.14
000 001 021 000 5380 0.79 -015 003 1070 0.82
000 0.00 007 002 2770 1318 -0.03 001 310 0.74
000 000 007 002 1790 357 -002 001 370 0.82
000 000 114 005 3830 1451 0.00 000 000 0.00
001 004 116 005 4110 1271 0.01 003 6.00 18.97
-002 001 014 0411 2180 1761 -015 0.02 4240 217
-001 001 011 0.07 2690 21.02 -018 0.02 4290 1.97
004 005 087 0.02 2010 915 -004 0.03 43.00 29.69
-0.03 004 078 010 2080 893 -003 0.03 1200 2530
042 007 042 007 130 411 -117 0.26 4940 1.07
040 008 041 009 060 0.97 -118 027 4910 0.32
-0.01 002 007 0.08 2550 2222 -017 0.03 4490 3.07
-0.01 000 004 003 2550 2375 -019 0.02 4460 212
002 004 046 006 1650 118 0.00 0.03 1830 29.01
-0.01 003 035 006 1920 808 -001 003 010 0.32
-0.18 005 050 020 4750 1730 -025 0.13 1580 20.47
-0.18 006 052 023 51.20 1326 -024 0.4 15.00 19.37
001 002 017 005 4390 3.07 -0.07 008 2540 2253
0.01 000 020 0.03 4400 226 -004 0.03 2540 2359
001 001 010 0.07 3750 2451 -005 0.03 3550 12.25
000 000 006 0.04 5390 461 -005 0.03 21.90 6.52
-0.02 001 137 016 4710 129 -008 0.03 300 0.00
-0.02 002 137 013 4640 052 -007 004 350 0.85
0.13 007 161 065 5730 231 -087 023 4170 271
026 008 155 077 5760 250 -093 020 4240 272
022 011 053 020 2400 16.69 -2.78 147 5690 218
0.17 009 061 029 2590 1319 -301 147 5680 1.87
-001 001 320 083 5160 190 -067 0.0 3700 283
000 001 318 051 5130 125 -063 029 3240 825
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Table C.30 Swing Phase Kinetics of 20-year-old Femd e Subjects.

Maxi mum Time of Minimum
Swing Max. Sw. Swing
Mean SO Mean SD Men SD
-0.10 0.02 63.02 38 -0.20 0.01
-0.08 004 6391 671 -020 0.01
0.03 0.01 6482 161 -0.01 0.01
0.04 001 7071 824 0.00 0.01
001 0.01 8272 880 -0.01 0.01
001 001 7291 7.8 -0.01 0.01
-0.01 002 6172 111 -0.09 0.00
0.01 004 6331 545 -0.09 0.00
004 001 6172 111 -0.06 0.01
0.05 002 6111 086 -0.07 0.01
0.02 001 79.72 1584 -0.01 0.01
0.02 001 7841 1523 -0.01 0.01
003 0.01 6172 111 -0.04 0.00
005 004 6111 086 -0.04 0.00
006 001 61.72 111 -0.03 0.00
0.08 003 61.11 086 -0.03 0.00
0.01 000 8762 558 -0.01 0.00
001 000 8831 435 -0.01 0.00
0.00 000 6172 111 0.00 0.00
001 0.01 6151 167 0.00 0.00
0.00 0.00 6212 1.09 0.00 0.00
0.00 0.00 6251 074 0.00 0.00
003 001 6172 111 0.00 0.00
005 002 6111 08 0.00 0.00
0.02 001 7142 449 -0.01 o0.01
002 001 7981 391 -0.03 0.01
0.07 005 79.92 1495 -0.05 0.04
0.05 0.02 7811 946 -0.05 0.03
0.33 007 9332 09 -0.33 0.06
026 0.06 9311 1.08 -0.29 0.02
0.01 000 6392 310 -0.01 0.00
001 001 6291 150 -0.01 0.00
0.09 001 7412 1552 -0.01 0.01
0.05 0.02 7221 1416 -0.03 0.01
019 003 61.72 111 -020 0.02
021 0.07 6111 086 -0.15 0.02
0.01 0.00 80.22 1320 -0.01 0.00
0.00 000 8201 810 -0.01 0.01
0.01 000 6262 177 -0.01 0.00
001 001 6881 1298 0.00 0.00
0.02 001 6172 111 -0.04 0.01
0.05 003 67.71 1472 -0.04 0.01
098 0.10 6202 144 -0.02 0.02
1.01 024 6151 167 -0.05 0.05
0.12 0.07 96.12 791 -1.01 0.14
0.11 0.07 8691 1530 -1.33 0.30
0.07 0.03 6652 209 -0.01 0.00
0.10 0.05 6271 318 -0.01 0.00

Time of T oe Off
Min. Sw.

Mean SD Mean SD

98.12 053 -010 0.02
97.71 145 -0.08 0.05
91.82 790 0.02 0.02
9261 759 002 0.01
7772 1348 0.00 0.01
8141 1204 001 0.01
8832 142 -001 0.02
86.91 759 001 0.04
90.62 206 004 0.01
90.31 291 005 0.02
65.62 190 001 0.01
6731 366 001 0.01
66.42 093 003 0.01
66.41 042 005 0.04
91.62 170 0.06 0.01
92.01 151 0.08 0.03
62.02 118 -0.01 0.00
61.31 096 -0.01 0.00
6342 156 0.00 0.00
6321 084 001 0.01
63.12 172 0.00 0.00
6151 167 0.00 0.00
63.92 117 003 0.01
63.81 104 005 0.02
82.62 1098 0.00 0.01
65.21 158 -0.01 0.01
70.92 1248 -0.02 0.06
81.81 1420 0.00 0.03
61.72 111 -0.33 0.06
61.11 086 -029 0.02
79.12 1222 0.00 0.01
8351 851 000 0.01
81.02 1490 0.05 0.04
66.81 093 0.04 0.03
91.92 165 019 0.03
91.01 259 021 0.07
6322 178 0.00 0.01
6291 150 0.00 0.01
63.82 205 000 0.01
6541 176 001 0.01
65.72 111 002 0.01
65.61 047 005 0.03
84.82 6.27 097 0.09
8361 424 101 0.25
69.52 1322 -098 0.17
68,51 1277 -1.28 0.37
83.72 173 004 0.04
86.01 455 0.09 0.06
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Table C.31 Stance Phase Kinetics of 20-year-old Male Subjects.

Foot Maximum Time of Minimum Time of
Strike Stance Max. St. Stance Min. St.
Mean SO Mean SD Mean SO Mean SO Mean D
-0.05 004 089 0.03 3956 14.84 -0.08 0.03 20.67 31.00
-0.06 004 089 0.04 2911 1750 -0.08 0.02 2711 3215
-0.03 002 024 0.03 4744 073 -010 0.04 833 433
-0.04 002 024 004 4744 088 -009 004 833 320
001 001 008 003 39.89 11.32 -0.01 0.00 21.00 28.08
001 001 006 001 3911 925 -001 001 3367 28.63
006 004 099 0.04 3567 1679 002 0.03 41.00 30.76
0.06 004 099 0.05 3922 1529 0.03 0.02 47.67 27.03
-0.08 002 030 004 5111 093 -009 002 233 071
-0.09 002 029 004 5111 078 -010 0.02 244 0.73
002 002 013 0.03 1911 964 -002 0.01 4589 26.10
0.02 002 013 0.02 2378 1410 000 0.01 41.33 29.25
0.13 0.04 107 005 3967 1517 0.08 0.03 41.00 30.76
0.12 0.05 107 006 4311 1255 0.09 0.03 40.89 30.67
-0.06 001 017 0.02 5556 073 -007 001 089 0.60
-0.07 001 016 0.03 56.22 109 -007 001 133 050
001 001 012 0.03 2567 1378 -0.01 0.01 60.00 1.00
001 001 012 0.02 1933 984 -001 0.01 6078 1.20
000 000 016 0.02 5422 097 -017 003 933 212
000 0.00 017 002 5467 0.87 -015 002 922 277
000 0.00 0.07 002 4189 1290 -0.04 001 322 186
000 0.00 006 002 2244 1655 -0.04 001 300 0.00
000 000 110 005 3989 1558 0.00 000 0.00 0.00
000 000 110 006 3944 1640 0.00 000 000 0.00
-0.01 001 006 0.06 2200 2148 -016 0.04 4411 242
001 001 005 0.04 1256 1794 -020 0.05 4478 3.03
001 009 072 0.08 2933 1526 -005 0.06 27.22 32.29
001 007 065 010 26.78 1533 -0.05 0.03 3411 31.89
059 014 061 014 233 265 -069 010 5133 3.39
059 011 062 011 211 060 -061 015 4978 1.39
-0.03 001 003 0.04 4433 2501 -018 0.04 4511 242
-0.01 000 002 0.04 50.00 2215 -023 0.05 4556 3.09
010 009 049 013 2911 1423 -003 0.03 47.33 26.84
005 006 046 014 2211 1364 0.00 0.02 4078 30.34
-0.31 004 018 0.09 44.00 2377 -043 0.0 3256 1858
-0.29 005 013 0.04 4956 2046 -045 0.13 28.78 21.38
003 001 017 004 4411 3.02 -0.03 004 4433 2501
0.01 000 022 0.04 4489 306 -002 0.04 50.00 2218
001 001 011 0.06 5311 19 -002 0.02 2167 1174
000 001 010 0.06 5433 278 -005 0.04 19.67 15.04
-001 001 141 0.07 4811 093 -007 0.02 378 0.67
-001 001 142 0413 4867 100 -008 0.04 344 0.73
025 037 074 016 4256 2735 -055 012 4611 1.27
027 018 058 012 4356 2599 -044 012 4567 1.73
0.17 040 061 030 3356 2369 -0.76 011 6022 1.20
016 022 071 029 2867 2415 -0.72 017 6022 0.97
-0.01 001 223 051 5467 112 -072 0.29 4044 251
-001 001 233 061 5511 078 -081 0.7 4033 4.77
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Table C.32 Swing Phase Kinetics of 20-year-old Male Subjects.

Maxi mum Time of Minimum
Swing Max. Sw. Swing
Mean SO Mean SD Men SD
-0.10 001 69.73 729 -0.20 0.01
-0.10 003 6651 686 -0.19 0.01
0.04 0.01 6862 918 -0.01 0.01
0.03 0.01 6862 913 -0.01 0.01
0.02 0.01 9440 651 0.00 0.00
0.02 0.01 9851 034 0.00 o0.01
-0.02 001 6451 551 -0.09 0.00
-0.01 003 6851 655 -0.09 0.00
0.03 002 6184 084 -006 0.01
0.04 002 6184 067 -0.06 0.01
0.02 001 8840 1520 -0.02 0.00
0.02 001 9729 142 -0.02 0.00
0.04 0.02 6184 084 -004 0.00
0.05 0.04 6184 067 -0.04 0.00
0.04 001 6184 084 -0.03 0.00
0.04 002 6184 067 -0.03 0.00
0.01 000 9551 093 -0.010 0.00
001 000 9529 112 -0.010 0.00
001 001 6184 084 0.00 0.00
001 0.01 6206 053 0.00 0.00
0.00 0.00 63.17 159 0.00 0.00
0.00 0.00 6451 060 0.00 0.00
005 0.03 6184 084 0.00 0.00
005 0.01 6184 067 0.00 0.00
0.01 000 8451 859 -0.02 0.01
0.01 001 8462 187 -0.03 0.00
0.09 005 9040 1328 -0.05 0.03
0.08 0.03 9351 6.18 -0.04 0.03
0.37 007 9595 0.71 -0.30 0.07
031 005 9662 132 -0.22 0.06
001 000 6273 154 -0.01 0.00
0.01 0.00 63.06 088 -0.01 0.00
0.08 0.04 89.06 1557 -0.05 0.02
0.04 0.02 9229 1154 -0.04 0.01
0.10 003 6184 084 -020 0.03
009 0.03 6184 067 -013 0.03
0.01 0.00 9362 269 -0.01 0.00
0.01 000 9040 11.31 -0.01 0.01
0.01 001 8017 17.86 0.00 0.00
001 001 6573 11.21 0.00 0.00
0.06 003 6584 11.95 -0.04 0.00
0.07 004 6184 067 -0.04 0.00
069 022 6240 121 -0.01 0.03
057 019 6306 1.8 -0.01 0.01
0.07 004 7517 530 -09 0.13
0.03 0.06 77.06 1254 -0.74 0.21
0.14 0.09 6362 404 -0.03 0.03
0.17 0.08 61.84 067 -0.03 0.03

Time of T oe Off
Min. Sw.

Mean SD Mean SD

93.84 11.36 -0.11 0.02
93.73 1141 -0.10 0.04
9262 6.31 003 0.01
9340 7.63 003 0.01
6851 947 0.00 0.00
67.06 469 000 0.01
91.84 238 -0.02 0.02
91.62 250 -0.01 0.03
93.17 113 0.03 0.02
9395 158 0.04 0.02
66.84 853 -0.01 0.01
65.62 150 -0.01 0.00
66.17 089 0.04 0.02
66.51 078 005 0.04
9529 050 004 0.01
9595 071 004 0.02
63.29 320 -0.01 0.00
6251 106 -0.01 0.00
64.06 124 001 0.01
64.40 083 001 0.01
6295 159 0.00 0.00
62.06 053 0.00 0.00
6451 117 005 0.03
64.62 071 005 0.01
67.62 992 -001 0.01
67.06 270 -0.01 0.01
6451 252 -0.03 0.05
65.29 378 -0.03 0.03
61.84 084 -0.30 0.07
61.84 067 -022 0.06
9329 194 001 0.00
89.95 11.12 0.01 0.01
68.62 11.95 -0.03 0.04
67.84 531 000 0.02
9540 045 010 0.03
9595 133 0.09 0.03
62.73 146 -0.01 0.00
62.73 078 -0.01 0.01
65.17 073 001 0.01
65.84 165 001 0.01
65.84 098 0.05 0.03
66.17 073 007 0.04
86.29 100 067 0.16
8740 249 054 0.16
89.06 956 -0.60 0.18
7762 1473 -059 0.18
7840 1093 014 0.10
81.84 10.13 0.17 0.08
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Right (RHS to RHS) Left (LHS to LHS)

Figure C.57 Hip Joint Forces (N), 20-year-old subjects.

Right (RHS to RHS) Left (LHS to LHS)

Figure C.58 Knee Joint Forces (N), 20-year-old subjects.
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Vertical

Right (RHS to RHS)

Left (LHS to LHS)

Figure C.59 Ankle Joint Forces (N), 20-year-old subjects.

Raght (RHS to RHS)

Left (LHS to LHS)

0.10

0101
0,20 -

Figure C.60 Ground Reaction Forces (N), 20-year-old subjects.
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Figure C.61 Hip Joint Moments (Nm/Kg), 20-year-old subjects.

Right (RHS to RHS)
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Figure C.62 Knee Joint Moments (Nm/K @), 20-year-old subjects.



Right (RHS to RHS)

Left (LHS to LHS)

Plantar Flaxion

0,10+
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0.20
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Figure C.63 Ankle Joint Moments (Nm/Kg), 20-year-old subjects.

Right (RHS to RHS)

Left (LHS to LHS)

Figure C.64 Sagittal Joint Powers (WattsKg), 20-year-old subjects.
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APPENDIX D

NINE-YEAR-OLD MALE TWINS

In the graphs,
x-axis of the graphs represents 0-100% of the gait cycle,
The gray bands represent norm data of Orthotrak software (Motion Analysis
Corp.),
RHS = Right Heel Strike and LHS = Left Heel Strike.

Right (RHS to RHS) Left (LHS to LHS)

Figure D.1 Trunk Orientation Relative to Room (Degrees), 9-year-old male twins
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Right (RHS to RHS) Left (LHS to LHS)

15.0
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Posterior 5 - £.0- |
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Figure D.2 Pelvic Orientation Rel ative to Room, 9-year-old mal e twins
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Figure D.3 Foot Orientation Rel ative to Room, 9-year-old male twins



Right (RHS to RHS)
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Figure D.4 Arm Joint Angles (Degrees), 9-year-old male twins

Right (RHS to RHS)

Left (LHS to LHS)

Figure D.5 Hip Joint Angles (Degrees), 9-year-old mae twins




Right (RHS to RHS) Left (LHS to LHS)

Figure D.6 Knee Joint Angles (Degrees), 9-year-old male twins

Right (RHS to RHS) Left (LHS to LHS)

FigureD.7 Ankle Joint Angles (Degrees), 9-year-old male twins

211



Right (RHS to RHS) Left (LHS to LHS)

Figure D.8 Hip Joint Forces (N), 9-year-old mal e twins

Right (RHS to RHS) Left (LHS to LHS)

Figure D.9 Knee Joint Forces (N), 9-year-old male twins
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Raght (RHS to RHS) Left (LHS to LHS)

Figure D.10 Ankle Joint Forces (N), 9-year-old mal e twins

Right (RHS to RHS) Left (LHS to LHS)

Vertical

Figure D.11 Ground Reaction Forces (N), 9-year-old male twins



Right (RHS to RHS) Left (LHS to LHS)

Figure D.12 Hip Joint Moments (Nm/Kg), 9-year-old md e twins

Right (RHS to RHS) Left (LHS to LHS)

Figure D.13 Knee Joint Moments (Nm/Kg), 9-year-old made twins
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Right (RHS to RHS) Left (LHS to LHS)
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Figure D.14 Ankle Joint Moments (Nm/K g), 9-year-old ma e twins
Right (RHS to RHS) Left (LHS to LHS)
Ankle
Knee
Hip

Figure D.15 Sagittal Joint Powers (Nm/Kg), 9-year-old mae twins
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APPENDIX E

STATISTICAL ANALYSIS

Sensitivity is defined as the proportion of al abnormal movements that are
correctly defined as abnormal in the test. It is the number: (predicted abnormal and found
abnormal)/ (found abnormal).

Specificity is defined as the proportion of al normal movements that are correctly
defined as normal in the test. It is the number: (predicted norma and found normal)/

(found normal).

Positive Predictive Value is defined as the proportion of all abnorma movements
tested that are predicted as abnormal by the test under evaluation. It is the number:
(predicted abnormal and found abnormal)/ (predicted abnormal). As this value decreases,
the probability of norma movements predicted as abnormal by the test under evaluation

increases.

Negative Predictive Value is defined as the proportion of all normal movements
tested that are predicted as normal by the test under evaluation. It isthe number: (predicted
normal and found normal)/ (predicted normal). As this value decreases, the probability of

abnormal movements predicted as abnormal by the test under evaluation decreases.

In the following tables, TR stands for Turkish normative database, USA stands for
the system’s current normative database and ‘Ref.’ stands for the reference test. CP is the
abbreviation of Cerebral Palsy, which a neuromuscular disease characterized by gait

abnormalities.



Statistical Analysisfor Hip Joint Movements:

TableE.1 hl: Flexion/Extension movements for right hip
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REF.: TR REF.: USA
CP | Normd Total CP | Norma Tota
Abnormal 9 1 10 Abnorma 5 8 13
Normad 1 19 20 Norma 5 12 17
Tota 10 20 30 Total 10 20 30
Table E.2 h2: Abduction/Adduction movements for right hip
REF.: TR REF.: USA
CP | Normd Total CP | Norma Tota
Abnormal 8 1 9 Abnorma 9 10 19
Normd 2 19 21 Norma 1 10 11
Tota 10 20 30 Total 10 20 30
Table E.3 h3; Internal/External Rotation movements for right hip
REF.: TR REF.: USA
CP |Normad Total CP | Normal Total
Abnorma 5 2 7 Abnorma 7 7 14
Norma 5 18 23 Norma 3 13 16
Total 10 20 30 Tota 10 20 30
Table E.4.h4: Flexion/Extension movements for left hip
REF.: TR REF.: USA
CP |Normad Total CP | Normal Total
Abnorma 6 1 7 Abnorma 5 8 13
Norma 4 19 23 Norma 5 12 17
Total 10 20 30 Tota 10 20 30
Table E.5 h5: Abduction/Adduction movements for left hip
REF.: TR REF.: USA
CP |Normad Total CP | Normal Total
Abnorma 10 1 11 Abnorma 8 4 12
Norma 0 19 19 Norma 2 16 18
Total 10 20 30 Tota 10 20 30




Table E.6 h.6: Internal/External Rotation movements for left hip

REF.: TR
CP|Norma |Tota
Abnormal 4 1 5
Normal 6 19 25
Total 10 20 30
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REF.: USA
CP|Norma |Totd
Abnormal 9 10 19
Normal 1 10 11
Totd 10 20 30

Table E.7 Sensitivity vadues, specificity values, positive predictive values (PPV) and negative predictive
vaues (NPV) for hip movements.

Sensitivity Specificity PPV NPV
Hip| TR USA TR USA TR USA TR USA
hl 0.90 0.50 0.95 0.60 0.90 0.38 0.95 0.71
h2 0.80 0.90 0.95 0.50 0.89 0.47 0.90 0.91
h3 0.50 0.70 0.90 0.65 0.71 0.50 0.78 0.81
h4 0.60 0.50 0.95 0.60 0.86 0.38 0.83 0.71
h5 1.00 0.80 0.95 0.80 0.91 0.67 1.00 0.89
h6 0.40 0.90 0.95 0.50 0.80 0.47 0.76 0.91
Statistical Analysisfor Knee Joint Movements:
Table E.8 k1: Flexion/Extension movements for right knee
REF.: TR REF.: USA
CP |Normad Total CP [Normd Totd
Abnorma 9 0 9 Abnorma 9 6 15
Norma 1 20 21 Norma 1 14 15
Totd 10 20 30 Totd 10 20 30
Table E.9 k2: Varus/VValgus movements for right knee
REF.: TR REF.: USA
CP |Normad Total CP | Normal Total
Abnorma 6 1 7 Abnorma 7 12 19
Norma 4 19 23 Norma 3 8 11
Totd 10 20 30 Totd 10 20 30




Table E.10 k3: Interna /External Tibial Torsion movements for right knee
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REF.: TR REF.: USA
CP |Normad Total CP | Normal Total
Abnorma 5 1 6 Abnorma 9 19 28
Norma 5 19 24 Norma 1 1 2
Total 10 20 30 Tota 10 20 30
Table E.11 k4: Flexion/Extension movements for |eft knee
REF.: TR REF.: USA
CP |Normad Total CP | Normal Total
Abnorma 7 0 7 Abnorma 7 11 18
Norma 3 20 23 Norma 3 9 12
Total 10 20 30 Tota 10 20 30
Table E.12 k5: Varus/Vagus movements for |eft knee
REF.: TR REF.: USA
CP |Normad Total CP | Normal Total
Abnorma 7 2 9 Abnorma 7 12 19
Norma 3 18 21 Norma 3 8 11
Total 10 20 30 Tota 10 20 30
Table E.13 k6: Internal/External Tibial Torsion movements for | eft knee
REF.: TR REF.: USA
CP |Normad Total CP | Normal Total
Abnorma 4 2 6 Abnormal 10 20 30
Norma 6 18 24 Norma 0 0 0
Total 10 20 30 Tota 10 20 30
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Table E.14 Sensitivity vadues, specificity values, positive predictive values (PPV) and negative predictive
values (NPV) for knee movements. Negative Predictive Vaue of the reference test USA for k6 is
indeterminate (0/0), and it was accepted as 0.

Sensitivity Specificity PPV NPV
Knee| TR USA TR USA TR USA TR USA
kil 0.90 0.90 1.00 0.70 1.00 0.60 0.95 0.93
k2 0.60 0.70 0.95 0.40 0.86 0.37 0.83 0.73
k3 0.50 0.90 0.95 0.05 0.83 0.32 0.79 0.50
k4 0.70 0.70 1.00 0.45 1.00 0.39 0.87 0.75
k5 0.70 0.70 0.90 0.40 0.78 0.37 0.86 0.73
k6 0.40 1.00 0.90 0.00 0.67 0.33 0.75 0.00
Statistical Analysisfor Ankle Joint Movements:
Table E.15 al: Flexion/Extension movements for right ankle
REF.: TR REF.: USA
CP|Norma |Tota CP|Norma |Totd
Abnormal 9 1 10 Abnormal 10 19 29
Normal 1 19 20 Normal 0 1 1
Total 10 20 30 Total 10 20 30
Table E.16 a2: Pronation/Supination movements for right ankle
REF.: TR REF.: USA
CP|{Norma |Tota CP|Norma |Totd
Abnormal 9 2 11 Abnormal 10 20 30
Normal 1 18 19 Normal 0 0 0
Total 10 20 30 Total 10 20 30
Table E.17 a3: Internal/External Foot Progression movements for right ankle
REF.: TR REF.: USA
CP|Norma |Tota CP|Norma |Totd
Abnormal 9 1 10 Abnormal 10 20 30
Normal 1 19 20 Normal 0 0 0
Total 10 20 30 Total 10 20 30




Table E.18 a4: Flexion/Extension movements for left ankle

REF.: TR REF.: USA
CP |Normad Total CP | Normal Total
Abnorma 7 2 9 Abnormal 10 20 30
Normal 3 18 21 Norma 0 0 0
Total 10 20 30 Tota 10 20 30
Table E.19 &5: Pronati on/Supination movements for left ankle
REF.: TR REF.: USA
CP |Normad Total CP | Normal Total
Abnorma 5 3 8 Abnormal 10 20 30
Norma 5 17 22 Norma 0 0 0
Totd 10 20 30 Totd 10 20 30
Table E.20 a6: Internal/External Foot Progression movements for left ankle
REF.: TR REF.: USA
CP |Normad Total CP [Normd Totd
Abnorma 7 0 7 Abnormal 10 20 30
Normal 3 20 23 Normal 0 0 0
Total 10 20 30 Tota 10 20 30
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Table E.21 Sensitivity vadues, specificity values, positive predictive values (PPV) and negative predictive
values (NPV) for ankle movements. Negative Predictive Values of the reference test USA for a2, a3, a4, ab
and a6 were indeterminate (0/0), and they were accepted as 0.

Sensitivity Specificity PPV NPV
Ankle| TR USA TR USA TR USA TR USA
al 0.90 1.00 0.95 0.05 0.90 0.34 0.95 1.00
a2 0.90 1.00 0.90 0.00 0.82 0.33 0.95 0.00
a3 0.90 1.00 0.95 0.00 0.90 0.33 0.95 0.00
a4 0.70 1.00 0.90 0.00 0.78 0.33 0.86 0.00
ab 0.50 1.00 0.85 0.00 0.63 0.33 0.77 0.00
a6 0.70 1.00 1.00 0.00 1.00 0.33 0.87 0.00
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Table E.22 Differences in mean, standard deviation (SD) and lower and range for gait parameters when the
number of subjects was 10 or 12. All the subjects were 8-year-old females. % is the percentage of subjects
falling outside the range when the number was 10. It can be stated that there was no statisti cally significant
difference (Avg.: Average; R: Right; L: Left).

Mean SD Mean—2SD Mean+2SD %
Avg. Step Width (cm) 10 8.38 206 4.26 125
12 818 193 4.32 12.04
R_Védocity (cm/s) 10 113.05 13.65 85.75 140.35
12 11244 1243  87.58 137.30
R_StrideLength (cm) 10 104.14 10.54  83.06 125.22
12 104.16 9.57 85.02 123.30
R_Cadence (stegps/min) 10 130.15 6.06 118.03 142.27
12 129.34 6.09 117.16 141.52 0.04
L_Velocity (cm/s) 10 114.06 13.77  86.52 141.60
12 11341 1261  88.19 138.63
L_StrideLength (cm) 10 10458 1099  82.60 126.56
12 10453 10.01 8451 124.55
L_Cadence (stepgmin) 10 130.65 6.06  118.53 142.77
12 12988 579  118.30 141.46 0.01
Right Toe Off (%) 10 61.21 091 59.39 63.03
12 61.14 1.03 59.08 63.20 0.08 and 0.04
L eft Toe Off (%) 10 60.80 1.22 58.36 63.24

12 60.55 1.48 57.59 63.51 0.13 and 0.05
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