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ABSTRACT

Traditional Arctic Sports have been an important pathefNorthern culture for
as long as Northern inhabitants have existed on Earthe&were played to build the
strength, the endurance, and the resistance to paitinéhlaarsh winters would test. Two
of the most extraordinary games played are the orieafabtwo foot high kick. Both
high kicks require the athlete to jump and kick a hangirgetamaking them a very
difficult and physically demanding skill to perform at gtnievel. Neither of the two has
been biomechanically analyzed, and thus, the purpose attitig was to provide a
biomechanical analysis of the one foot and two foot higk, lAdditionally, the study
compares the kinematics of male and female athletées® events. Nine males and four
females were videotaped (60 Hz) performing the one footkdhand 12 males and six
females were videotaped (60Hz) performing the two foot higth k The Dartfish
analysis system was used for kinematic analysis odmieeand two foot high kick for
both genders. Fifty seven independent variables were cethpatween subjects for the
one foot high kick and 47 variables for the two foot higlkki¥ertical velocity of the
center of mass at takeoff was used as a criterioweitical jump performance. The male
subject group showed significantly greater vertical vélesiat takeoff in both the one
and two foot high kick (p < 0.01). Several additional défeces between variables
measured were found to be significant between groups. &rored and a stepwise
regression analysis were also performed on the datarssdch of the subject groups in
order to determine the variables that best relate tgeedict vertical velocity. The male
two foot high kick showed that trunk extension angularaigiaat takeoff was the best

predictor of vertical velocity at takeoff. The analysigshe remaining three groups all



concluded that the horizontal approach velocity wasrthim predictor of vertical
velocity at takeoff, thus confirming the importance @& #pproach phase in the outcome

of a successful kick.
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“Traditional Arctic Sports:
A Biomechanical Analysis of the
One Foot and Two Foot High Kicks”

CHAPTER 1

INTRODUCTION

Traditional arctic sports have been an important datteoNorthern culture for as
long as the Inuit inhabitants have existed on Earth.\Widethe games are played today
closely resembles the description given in traditioraies of the early Inuit (Heine,
2002). In this study, the term ‘Inuit’ is used as a gerterah for individuals living in the
Arctic region. It must be noted that not all the indigehgroups of the Arctic region are
referred to as ‘Inuit”.

The games played by the Inuit are not merely reanealtiactivities. To the Inuit,
they served a greater purpose than fun. According toittecASports Resource Manual
(Heine, 2002) the games served three different purposesofFall, the games prepared
the Inuit for survival on the land. The harsh wintgéesnanded much physical strength of
the Inuit. Games were played to build the strength, emtberand resistance to pain that
these harsh winters would test. From these attribstesgival skills were maintained and
honed. The second purpose games served, was for the edwatdifie on the land. The
Inuit were taught traditional games at a young age solaster prepare them to battle
with the demanding northern environment as well as beintad@. The games
developed discipline and respect for not only the elderfobtite land as well. The final
purpose traditional games served was for sharing and agtets. The Inuit, historically,

were known for their many gatherings of tribes. Theyld gather together for several



weeks or even months in a celebration of their cultunck play these traditional games. It
was a form of friendly competition and a way to shhaegrtculture with other tribes.

The Arctic Winter Games, Northern Games, and Workdras Olympics now
carry on the tradition of gathering, sharing, celebgatamd friendly competition. The
Arctic Winter Games were actually a result of poor pennce at the Canada Winter
Games, where the southerners often outperformedottieenn athletes. Representatives
from the northern regions decided to organize a competitieere the northern athletes
could compete at a high level without being overpowereing] 2002ywww.awg.ca. In
1970 the first Arctic Winter Games were held in YellowknNWT, but traditional
games were only demonstrations and not yet part of the gdimese demonstrations
became quite popular at the games as was seen by thieatattten Prime Minister Pierre
Trudeau attended the games and asked specifically to wasehttaditional games
(Heine, 2002). The demonstrations then became part éirthie Winter Games and are
now known as arctic sports. Since then, the arcticspave become a major part of the
games and tend to attract a large number of spectatars.dwg.cd. Today, at the
Arctic Winter Games, the values of the traditionaletih(e.g. overall athleticism) can
still be seen, as competitors must participate in ditondé of arctic sports events. For
example, a male in the “open” category (> 17 yrs oldistrparticipate in a minimum of
six events. Along with the arctic sports, the shaahtgaditions through cultural
performances has been quite central to the gatherimgAfdtic Winter Games, like the
traditional gatherings, are more than just about winningealtthey provide a display of
the traditional culture as well as a meeting placdrfendly exchange and sharing by

athletes and cultural delegates” (Heine, 2002, p. 3-7). Tieg#go, three interlocking



rings, serves as a symbol for these three functg&resing, cultural exchange and

friendly meetingsWww.awg.ca (Figure 1-1).

s

ARCTIC
WINTER
5

oG A ME

Figure 1-1 Arctic Winter Games logo
(www.awg.ca

A quote from the World Eskimo Indian Olympics websiteeddfthis explanation

for the games:

“To better appreciate the background of these games, envision yaoragfbmmunity
village hut three hundred years ago with the temperature outside at 6Gddgrew zero, and
everybody in attendance celebrating a successful seal hunt. Whyleuthg men are
demonstrating their athletic prowess and strength, the umialiks, ormwghediptains, are on the
perimeter of the hut looking with great interest at the young adults erom®re of these young
men would be incorporated into their whaling and hunting crews - the fastesttrongest, the

one showing great balance and endurance to pain would be the top piekviv.weio.org)

The Inuit competed in a variety of interesting ways, feerhaps two of the most

extraordinary games played by the Inuit are the oneaiodttwo foot high kick. These



games were played traditionally indoors during the longexgndf the north and often
during large gatherings. These two contests were ofteredies the most important
games of a celebration in the western regions ofthgc. Competitors in these events
were young men in the prime of their strength who wgeiite anxious to perform well

(www.weio.org. In these events, a target, often in the shapeseéh is hung from a

string that is attached to a support stand. The athlgtsa@ to kick the target according
to the various rules of the two events. Today, thesats\are still quite popular at the
Arctic Winter Games and continue to keep the traditedive@. The one foot version of
the high kick is considered one of the most difficultrafiitional games, whereas the two
foot kick is considered to be one of the most demandimgn@; 2002). In the one foot
version, the competitor is required to kick the target with foot only and to land on the
same leg that performed the kick. It is because of tidirlg that it is considered among
the most difficult. The two foot kick is much like theeofoot kick, however, the
competitor is required to kick the target with both fewet eeturn to a landing position on
both feet. It is a very demanding skill, as it requiresathlete to be very flexible and
strong enough to bring both legs up and place the bodpikegosition to kick the
target.

The one foot high kick begins with the athlete choosisgat within the
designated playing area for an appropriate approach. Theeatde uses a walking or
running approach toward the target, consisting of approximatglgteps (Figure 1-
2a&b). The feet are firmly planted close to each otirethe final step of the approach
(Figure 1-2c) and the athlete jumps off both feet (Figu2el&e). It is noted that the high

kick may be played using no approach at all, but this dhoeia separate competition as



the heights achieved will be lower. Once airborne dtilete attempts to kick the
hanging target with one foot (Figuresl1-2f-i). Following taah with the target, the athlete
must land only on the leg that contacted the target (F3gLi®-I). A successful attempt
in this event is characterized by the athlete contg¢hie target and by demonstrating a

controlled landing on the kicking leg.



Figure 1-2 (a)&(b) approach phase, (c) backswing phase, (d) force pgragpbase of the jump, (e)
critical instant of the jump, (f)—(h) force producing phas the kick, (i) critical instant of the kick,
()—(!) follow through (Heine, 2002)



The two foot high kick displays the same approach asrédamt high kick
(Figures 1-3a-e), but differs in the kicking portion of $kél. A version of this event
utilizing only a standing jump is not played due to the compéure of the skill. Once
the athlete leaves the ground in the two foot high kicky ateempt to kick the target
using both feet simultaneously as opposed to only footiagle one foot version of the
high kick (Figures 1-3f-i). After contact has been madé wie target, the athlete must
then land with both feet together (Figures 1-3j-1). Tthdete contacting the target with
both feet together and demonstrating a controlled larahngpth feet characterizes a
successful attempt. As well, the athlete’s feet musane together or very close (within

the judges discretion) throughout the duration of thepjukitk and landing.



Figure 1-3(a)&(b) approach phase, (c) backswing phase, (d) foadupimg phase of the jump,
(e) Critical instant of the jump, (f)—(h) force producing ghakthe kick, (i) critical instant of the
kick, (j)—(I) follow through. (Heine, 2002)




The games are judged based on the height of a succaskfullke competitor
with the greatest height of a successful kick is dedléhe winner. The world records for
open male and female one foot high kick are 2.95m (9'&1)2284m (7°'4”) respectively.
Typically, for the one-foot high kick, an elite makhlate will spend approximately 0.6-
0.8sec in the air. The world records for the two foot kigk are 2.64m (8'8”) and
1.96m (6'5”) for males and females respectively. The two Hagt kick records are
slightly lower than those of the one foot versionaaese of the more demanding position
the athlete must achieve to kick the target. An eliteeratillete in the two foot high kick
will spend approximately 0.6 - 0.8sec in the air, as wellthe approach and jump
between the two kicks are the same, the verticatitglat takeoff and the time spent in
the air are almost identical.

As there is no previous literature on the subject obtbmechanics of high kicks,
there is a need for some comparison of the high keksilar sports skills. As
previously mentioned the high kicks are complex and uniqgueements, therefore there
may be several skills that are required for compari$ba.approach and jump of this
skill was compared to the volleyball spike approach. diefoot kick was compared to
martial arts kicks, both standing and jumping. The tvat kick airborne position was
compared to the pike position that is common in diving.

The approach and jump of the high kicks are very sinoléhat of the volleyball
spike approach and jump. They both consist of a feps$te an approach and a two foot
jump with an arm swing. The topic of the volleyball spgigroach and jump has been a
topic of interest of many research articles and wasetbre a strong comparison for the

high kicks.
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The one foot high kick technique is very unique in the regpatthe athlete
must land on the same leg as he/she has kicked thewattyedVith this in mind, there
are very few skills that are similar to the one foigh kick. The martial arts do however,
have skills in which the athlete performs a jump withick, but the take off is from one
foot, the landing is on two feet and it does not empkaseght. Although not as strong

of a comparison as the volleyball approach and jumpntréial arts kicks were used in

order to draw some comparisons with the one foot high(Kidure 1-4).

Figure 1-4a comparison of the one foot high kicker with martial trtfa) One foot high kick
(Heine, 2002), (b) & (c) martial arts high snap kick (wwwagdkwondo.co.uk?005)

The two foot high kick is a very unique skill and possiligre more unique than
the one foot version of the kicks. The uniqueness of tileceknes from the fact that the
athlete must touch the target with both feet togethérdamd together as well. It is
because of these characteristics; that finding atskdbmpare it to is quite difficult. The
position that a high kicker is in, upon impact of th@earis a similar position to that of

the pike position in diving (Figure 1-5). Both skills requireuge amount of trunk and
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hip flexibility. Abdominal strength is a requirement in artie bend the body into the

pike position. Although the skills are used in differeohtexts, some comparisons were

made.

Figure 1-5a comparison of a two foot high kicker with an elite di{grpike position of the two foot high kick
(Heine, 2002) (b) pike position of a diver (Alexander, 2005)

Both high kicks are very difficult and require many pbgsattributes to perform
at a high level. Power, flexibility, body control atiching are all key factors in the
success of the skill. These attributes make performieggetbkills an amazing feat, and
worthy of greater understanding. Yet, they have never $&entifically analyzed or

researched in detail.

Purpose of the Study

The purpose of this study was to provide a biomechanicalsasalthe one foot
and two foot high kicks from the Arctic Winter Games #melWorld Eskimo Indian
Olympics using film analysis techniques. An additional purpdskis study was to
compare the kinematics of male and female athletdsese events to determine possible

gender differences in technique and strategies used indhests.
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Hypothesis
1. An optimal technique for the one foot and two foot higlk&iwill be obtained

from the results of the study.
2. Males will have higher values for the measured angldsaagular velocities as

well as linear velocities throughout the skill.

Rationale for the Study

The analysis of the one foot and two foot high kick i@luseful in many
situations, such as coaching strategies and use in the sporunity in general. When
training a beginning athlete, coaches often comparedtidetes to elite competitors to
identify similarities and differences in technique. Aptimal technique for the one foot
and two foot high kicks would be beneficial for arcticgp@oaches, as it would serve as
a basis of comparison for competing athletes. This stuldlglso provide insight into the
mechanics of the kicks and suggest differential trainiogrtigues. By knowing the most
important joint movements to emphasize and the velsatssociated with the joints,
coaches will be able to use this information to aid tappropriately. A basis for further
biomechanical research on the one foot and two footkidghis another outcome of this
study. By creating a base knowledge of the biomechanit®d¥vo kicks, researchers
can continue to build on what has already been forond this study. From a technical
standpoint, the differences in physical attributes adldnigues between genders are also
important features. “Males are, on average, 10 cm taliédrlO kg heavier than the
average female; males are 30 percent stronger in the lmalg and up to 50 percent
stronger in the upper body than females; males hawer fastvement time and reaction

time; males have only one-third to one-half of the paroébody fat of females; males
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have wider shoulders and a higher center of gravity thaales” (Alexander, 2001, p.
A9). The skill level of males and females may nofedjfbut the bodies of the two may
lead to differing outcomes in the skill. Gaining more exgppedo the traditional arctic
sports and perhaps traditional games of any culture in gdsaf great importance.
Traditional games are often the basis of many of ouomsgorts and all too often major
sports are the topic of interest for biomechanicalareteand lesser-known games are
overlooked.

From a biomechanical perspective, the value of gathenibgnation on
performance in these skills is very important. It eahas archival data to be examined
later for reference and review of these events. ifegrnation may be transferable to
other similar sports skills or even across genders.eédevy possibly the most important
aspect is that because these athletes can perfornmsitiksat challenges our

understanding of human limits.

Limitations

1. Selection of athletes is limited to those competindpa@tArctic Winter Games and
World Eskimo Indian Olympics, which limits the numbéisabjects and may
decrease the generalizability of the results.

2. Due to the lack of literature on the high kicks, themeoiglata available in which
to base the results. Therefore, comparisons must be dir@amipast research

conducted on similar skills.
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Definition of Terms
Anatomical reference position erect standing position with all body parts, including t
palms of the hands facing forward; considered the stgvbosgion for body segments.
(Hall, 2003)
Angular displacement change in angular position (Hall, 2003)
Angular impulse: change in angular momentum equal to the product of tompiéha
time interval over which the torque acts (Hall, 2003)
Angular momentum: quantity of angular motion possessed by a body tlejual to the
product of moment of inertia and angular velocity (H2U03)
Angular velocity: rate of change of angular position (Hall, 2003)
Axis of rotation: imaginary line perpendicular to the plane of rotatiod passing
through the center of rotation (Hall, 2003)
Balance: ability to control equilibrium (Hall, 2003)
Displacement change in position (Hall, 2003)
Impulse: the product of an applied force and the time over wthieHorce is applied
(Hall, 2003)
Momentum: the product of the mass of a body or object and tleeir at which the
body or object is traveling (Hall, 2003)
Moment of inertia: inertial property for rotating bodies that increase$ Wwith mass
and the distance the mass is distributed from theodxaation (Hall, 2003)
Torque: rotary effect of a force (Hall, 2003)

Velocity: change in position with respect to time (Hall, 2003)
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CHAPTER 2

REVIEW OF LITERATURE

Skill Analysis

Skill analysis is the basis for many biomechanicaaesh studies. When
analyzing athletes or any skill, there are five basicetan which the movements are
categorized (Hay, 1993). Each phase has its unique chasacseaind its own set of
variables to be analyzed. In complex skills, such adith kicks, there may be multiples
of a particular phase, or possibly an overlapping of ghasewever, these phases are the
basis for most skill analyses. The five phases of gkillysis along with a brief

description of the phases are displayed in Table 2-1.

Table 2-1.Skill analysis phases and descriptions

Phase Description

Preparation/ApproachMovements that occur before the Backswing phase, usuallistohs

Phase focusing on the target or movements for approaching the tasget a

Backswing Phase These movements are used to preparkléte & optimal force
producing movements. (e.g. flexing of the hips, knees and gukies
to a jump)

Force Producing These movements are performed to produce force fokihges.g.

Phase extension of the hips, knees and ankles during a jump)

Critical Instant This is the instant that is purelseault of previous phases. It is the

moment in which the movements of the skill can no longer be ctlange
(e.g. the instant an athlete leaves the ground in p,jbeishe can no
longer change their path of flight)

Follow-Through The follow-through is any movement following the critical argt

Phase These movements serve mainly to slow down the body to prevent
injury. However, they can also be quite important asrd@hants of
success in a controlled landing of the high kicks. THeoaire and
landing phases act as the follow through in these skills.

(Hay, 1993)
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The high kicks are complex movements and thereforeldio® broken down
beyond the five basic phases of analysis. For theskilig, there are actually two force
producing phases and two critical instants. The skill shthén be divided as follows:
Approach, Force Producing (jump), Critical Instant ofitep (occurs the instant the
feet leave the ground), Force Producing (kick), Critinatdnt of the Kick (occurs the
instant the foot strikes the target) and the Follow Tigho(landing of the jump).
However for the purpose of ease in discussing the skilisfollowing phases will be

used for this study; approach, backswing, takeoff, touch dlavfthrough

High Kick Approach and Jump
The approach and jump for both the one foot and two fgbt kicks are exactly
the same and will therefore be described together. iltiisties between the approach
and jump of the kicks and the volleyball spike approachwng are very strong and

will serve as a good basis for comparison.

Preparatory Movements - Approach
The athlete will first identify an appropriate startingpion to begin the skill.
This position is usually marked out ahead of time, as tiomstraints become an issue
during the competition. Once in the starting position dtifdete uses a running or
walking approach to the target. This approach is usuallyte® steps and its purpose is
to generate horizontal velocity (Figure 2-1). This horizbwvetocity will aid in
increasing the vertical velocity at take-off. Dapena (198&}es that, at the end of the

run up, the planting leg tries to resist flexion, butftrevard momentum of the body
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forces it into flexion. This causes the knee extensossretch and produce a stimulation
of the muscle that will aid in forceful extension bétknee.

As the athlete moves forward, it is suggested by manyrasa that lowering
the center of gravity gradually during the approach will dyeatrease the distance over
which force can be a applied during the jump (Colemaal.etl993, Sampson and Roy,
1976). By gradually lowering the center of gravity, the aghtetluces the amount of
work that he/she must do to minimize the downward vénelacity at foot plant. Prior

to the last step of the approach the athlete’s arms bagixtend.

Figure 2-1Frontal view of the approach phase
(Heine, 2002)

Backswing Phase
After the last step of the approach, the athlete cetapla hop onto both feet,
with the feet no greater than shoulder width apare. Aips and knees flex while the
ankles dorsiflex to lower the center of gravity; in fhasition it appears as if the athlete
is sitting in an imaginary chair (Figure 2-2). Along witiese movements, the arms are
extended back behind the athlete and slight trunk flexionidest. Alexander &

Seaborn (1980) suggest that the hips and knees should betfladedlly 90 degrees
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from the anatomical (Figure 2-2b). As well, the movemm@ifthese joints are controlled
by the eccentric contractions of the hip and knee extermsw the ankle plantar flexors.
These eccentric contractions will put the muscles sinedch and produce a stretch reflex
in the muscle that will ultimately generate greatecéooutput. The athlete is now in a

position to produce a greater upward vertical force andhlibgijump phase of the skill.

(b)

Figure 2-2(a) Sagittal view of the backswing movements. (b) Sagitew of max knee
(103.9degrees) and hip (108.2degrees) angles. (Heine, 2002)
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Force Producing Phase of the Jump - Takeoff

The force producing movements of the jumps are initiateelvthe backswing
phase has ended. In order to create maximal height gumtipe the upward vertical
velocity must be maximized during the force-producing phase critical that the force
producing movements be initiated immediately after batigwn order to utilize the
stretch reflex in the legs. In this skill the athl&etecefully extends their hips and knees,
and plantarflexes the ankles (Figure 2-3) in order to gém@nore force to increase their
upward vertical velocity. This is an application of thgpulse momentum relationship,
which states that when an impulse acts on a syshemmesult is a change in the system’s
total momentum. Or in other words, an impulse (Jjjisgéto the change in momentum
(mvi — mu). An impulse (J) is described as a force (f) mulktiglby the time over which
it is applied (t). Momentum (M) is the product of tHgext's mass (m) multiplied by the
velocity (v) of the object. When an athlete performveuical jump, the greater the
impulse applied to the floor, the greater the momertiamge and therefore, a higher
resulting jump. During the jump it has been proposedthiese is a summation of forces
from larger muscle joint movements to smaller oneadrease velocity of the limb.
Therefore, there would be an adding of forces genefaigdthe hip extension to the
knee extension and then to the ankle plantar flexiarghbesen et. al., 1982). This
summation of forces would also serve to increasentpelse applied to the ground.

The arms may also have an effect on the outcortleegimp. As the arms
forcefully flex from behind the body to a position abdlkie head (Figure 2-3), they
create a vertical force downward which helps creatatgrground reaction forces,

which push the athlete off the ground (Hall, 2003). This is@liog to Newton’s third
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law that states, when a body exerts a force on@nddaody, the second body exerts a
reaction force that is equal in magnitude and opposii@eaation on the first body (Hall,
2003). The athlete continues to watch the target in ordeake any corrections needed

before the critical instant.

Figure 2-3Sagittal view of force producing phase
(Heine, 2002)

Critical Instant of the Jump - Takeoff
The critical instant is the point during the jump wheriwal velocity is maximal
and it is this velocity that will determine the heighithe jump. At this instant, the body
is almost completely vertical (Figure 2-4a). The hipsgkrend elbows are in maximum
extension (anatomical position), the ankles are pifdexad, and the shoulders are flexed
to approximately 150 —170 degrees (Figure 2-4b). This position sudlgaistise athlete

has extended their joints maximally and has produced anmabforce from all the limbs.
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(a) (b)
Figure 2-4(a) Sagittal view at critical instant. (b) Max hip exd®n is 18.6 degrees in a flexed
position, max shoulder flexion is 156.9 degrees.  (Heine, 2002)

Once the athlete is airborne, they become a prageatidl are therefore subject to
the laws of gravity. Their center of gravity will folloa parabolic path that is
predetermined by the vertical and horizontal velocitidala off (Hall, 2003). The
vertical velocity of the athlete is maximal at takeofit will decrease during flight by the
downward acceleration of gravity. At the peak of the juthp,athlete’s velocity will be
zero and then begin to continually increase with tloelacation of gravity in a
downward direction. Nothing the athlete does while airbaritidoe able to change their
set path, and it is therefore important for the athietereate as much vertical velocity as

possible and minimize the horizontal velocity to obtagher kicks.

The One Foot High Kick
As previously mentioned, the one foot high kick is a retdyiunique skill. The
martial arts jumping kicks, along with grounded martiéd &icks, will be the closest
basis of comparison for the one foot high kick and nely to suggest any possible

conclusions about an optimal technique.
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Force Producing Phase of the Kick - Touch

At the time of toe off, the athlete must initiate Kek immediately (less than
0.04sec), in order to have enough time to kick the targelaaud on the same foot. In the
martial arts kick it is also essential to initiate Knek quickly, but in order to strike the
opponent (Healy, 2000, Hickey, 1997, Park & Seabourne, 1997, Shétdlace,
1976).

Angular momentum (H) is the quantity of angular motamd is the product of the
moment of inertia (I) multiplied by angular velocity)( Any change in either the
moment of inertia or the angular velocity will havedigect impact on the other in order
to keep angular momentum constant. The moment of in€rig@the inertial property for
rotating bodies that increases with both mass (m) andigiiance the mass is distributed
from the axis of rotation (k), (I=nfk For example, an increase in the moment of imerti
will lead to a decrease in the angular velocity. Thguéar analogy to Newton'’s first law
states that a rotating body will continue to turn alsuaxis of rotation with constant
angular momentum, unless an external couple or eacédmtce is exerted upon it (Hay,
1993). Therefore, with an airborne athlete, there arexternal forces being applied to
him/her, so the angular momentum of the body musbhstant.

In the one foot high kick the force producing movementd@kick begin with
hip and knee flexion of the kicking leg to about 90degreestiootof the arms in a
downward direction (shoulder flexion) and flexion of the&imethe non-kicking leg
(Figure 2-5). The flexion of the hips and knees are both dduseternal torques
produced by the hip and knee flexors about the hip and kimter@spectively. The

rotation of the arms is caused by a torque, which is produoedthe shoulder flexors. A
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torque (T) is defined as a rotary effect of a force amdjigal to a force (f) multiplied by
the moment arm (g, or, the perpendicular distance from the forceie bf action to the
axis of rotation. A Torque may also be described by Newtsatend law as being the
product of the moment of inertia (I) multiplied by angwdacelerationd), T = la.
According to the angular analogy of Newton’s third lawairborne bodies for every
torque exerted by one body on another, there is an agdalpposite torque exerted by
the second body on the first. In the airborne athktehe kicking leg is rotated in a
clockwise direction, the extension of the arms aegidin of the knees are rotated in a
counterclockwise direction. These actions are likalglto counterbalance the effects of
the kicking leg.
The high kicker will continue to flex the hips and kneesl timy have reached

90 degrees, at this point, they should be at, or just faridhe peak vertical height
(Heine, 2002). The hip of the kicking leg then flexes pastyitegrees and there is a
forceful extension of the knee and plantar flexiomhef ankle in order to reach the target.
As the lower leg is extended, the arms continue to rdtatsward and the trunk may
slightly flex to take up the angular momentum produced bkittkeng leg.

The flexion of the knee in the front snap kick in kaiatgreater than ninety degrees
in order to generate a greater range of motion foefproduction (Healy, 2000,
Shroeder &Wallace, 1976). This is again an applicatiohe@fnhgular impulse
momentum relationship (Tt =} — lo;), where the amount of time the torque is applied is
lengthened in order increase the momentum of the I@gein studies reported by
Sorenson et al. (1996), it was indicated that a flexeddeit cause faster kick velocities,

as it would decrease the moment of inertia. This infaonas beneficial to the high
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kick, as the athlete in the air has little time beftanding and must perform a high
velocity kick to reach the target. The initial kneexiban will aid in the foot reaching the

target faster.

The Chinese jumping front kick is supposed to be a striglgwing, but is often
illustrated and used by elite athletes as a flexed leggs\WiKan, 1991). In the study
conducted by Chen & Huang (1998), it was found that there avdgference in lower
leg velocities between the two styles of kick whesr¢hwas no target. However, Hwang
(1987) indicated that when kicking at a target, the veé&scf the toes of elite athletes

were faster than those of beginners due to the flexedrd decreased moment of inertia.

Figure 2-5A sagittal view of the force producing phase of the kid&ige, 2002)

Critical Instant of the Kick - Touch

As the target is contacted, the athlete’s hip is fudydd (approx. 160degrees),

knee fully extended (approx. 5degrees) and ankle fully gidietxed (Figure 2-6). The
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snap kick in karate also emphasizes pointing the knee tathet and forcefully
extending the knee, but the difference is that whileatiide is plantar flexed, the toes are
in an extended position for a better striking surfacéherball of the foot (Sorenson et

al., 1996). Peak velocity of the foot in a front kick isvixeen 9.9 —14.4m/s.

(b)

Figure 2-6(a) A sagittal/posterior view of the critical instai) Max hip flexion (159.4
degrees). (c) Max knee extension (5.2 degrees) (Heine, 2002)

Follow Through

Once contact has been made with the target, theaiblstquired to perform a
controlled landing on the kicking leg. In order to do tthe, hip of the kicking leg is
forcefully extended with slight flexion of the knee andsdilitexion of the ankle to
anatomical position. The arms begin to rotate upwardyusoulder flexion and
abduction and the hip of the non-kicking leg flexes whilekiiee extends (Figure 2-6).
These movements are, again, to counteract the rotzftitve kicking leg. Dissimilar to
that, in the snap kick and jumping snap kick, the kneedleieforceful contraction of

the knee flexors. This is taught for a quick recovery teaaly position (Healy, 2000,
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Hickey, 1997, Park & Seabourne, 1997, Shroeder &Wallace, 197&)e@gasing the
moment of inertia of the hip by flexing the knee, the hipukhextend faster than if the
knee was extended because there is less resistamtetion: With regard to the high
kick, the athlete may benefit from a flexed knee durirmgvery but it could also put
them in an awkward position for landing. Since the &thkeattempting to land on the
same leg as they kicked with, flexing the knee during regavary not be optimal, as

they would have to again extend the knee for landing.

Upon contact with the ground, the hip, knee, and ankleedkittking leg perform a
controlled flexion via eccentric contractions in thp &nd knee extensors as well as the
ankle dorsiflexors. These movements create an impuiseler to decrease the
downward momentum of the athlete. The arms continueuanterbalance the rotational
effects while the non-kicking leg is flexed at the hig &nee in order to avoid contact

with the ground (Heine, 2002) (Figure 2-7). The bouncing oéthkete during landing is

also considered part of the exercise.

Figure 2-7a sagittal/posterior view of the follow through (Heine, 2002)
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The Two Foot High Kick

Similar to the comparison of the one foot kick and mkaties kicks, the
comparison between a pike position in diving the two kick is not as valid as the
volleyball comparison. However, again, some comparisanst be drawn to help

understand this newly analyzed skill.

Force Producing Phase of the Kick - Touch

Just as in the one foot high kick, once the athletebsme, the path of the center of
gravity cannot be altered. The athlete must initiatkitiealmost immediately after the
jump, as the time that they are in the air, agaiguite minimal (approx. 0.8sec).
Similarly, the competitive diver initiates his/her pikespon immediately. However, the
diver flexes their trunk forward prior to the take offlg@en, 2003). This is done in
springboard diving to cause a torque for rotation. As thetatldans forward they move
the axis further from the force of the springboard (H£93).

To initiate the kick, the athlete must flex the kneesear maximum flexion
(Figure2-8a). It is noted that in divers, there is no diexaf the knees, the knees are fully
extended at take off and continue to stay in an extendatigqoo(O’brien, 2003). It is
possible that due to the fact that the skills have miffeoutcomes, the flexing of the
knees is beneficial for the kicker as they decreasentimaent of inertia of the hips in
order to flex faster. As the knees of the kicker fite hips begin to forcefully flex and
the arms rotate downward to oppose the rotation oetie (Heine, 2002). The hips

continue to flex to a position where the knees ar@stitouching the chest and pointing
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toward the target (Figure 2-8b). From here, the kneesxaeaded to reach the target and

the trunk is flexed to counterbalance the angular momeaftuhe kicking legs.

@) (b)

©

Figure 2-8(a) Max knee flexion (140.4degrees). (b) Hip flexion angle wkeee extension
begins (115.2degrees). (Heine, 2002)

Critical Instant of the Kick - Touch
When the target is contacted, the body is in a piké&iposlt is this position that is
very similar to the pike position of a diver (Figure 2-B)e position of a diver in a pike

position is characterized by a maximal flexion of theskand trunk, in which the chest of



29

the athlete is pressed against the legs of the diverkiiées are fully extended with the
ankles plantar flexed. The arms of the diver are us@all the legs closer to the body to
create what is called a “closed” pike (O’brien, 2003).

A major difference between the two skills in thisipos is that; whereas the kicker
is using the trunk flexion to oppose the rotation of thkikg legs, the diver is actually
trying to rotate, so this position is used for more aesthas well as to decrease moment
of inertia around an axis through the center of graviintoease the angular velocity

(Hall, 1999).

Figure 2-9sagittal views comparing the “tightness” of the pike
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Follow Through

After the target is contacted, the athlete must lanthemround with both feet
either touching, or very close to each other. To perftwerianding, the knees of the
athlete must flex and the arms rotate upward, using flexmainabduction, to
counterbalance. When the knees reach about ninety degnedips are then extended
and contact with the ground is ready to be made (Figure ZFii3)landing sequence is
quite different from both the one foot kick and the opewihg pike dive. In the latter
two skills, the knees stay extended as the hips extenen\ttile athlete contacts the

ground, the downward vertical forces are taken up by then&ac contractions of the

flexing hips and knees.

Figure 2-10Sagittal view of the follow through (Heine, 2002)
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Video Analysis

Digital video analysis will be used in this study to inigege the biomechanics of
the one foot and two foot high kick. Many researchers us=o\wr film as a main source
of insight in order to study athletes in motion. Many nmogats completed by athletes
during particular skills are very fast and observatwinne detail with the naked eye are
impractical. By recording the skill on video or filmgethesearcher is able to slow down
the video/film and observe the skill one frame atmet This is much more useful, as the
skill can be broken down into its components and analyree effectively.

Biomechanical research has used video for kinematic measote for many
years (Knudson & Morrison, 2002). This trend can be attribttdehe fact that video is
much more efficient than film. Video is less costlgsier to adjust filming procedures
and readily available to watch. By contrast, the di/queality of video is inferior to film,
and thus provides a disadvantage. However, the introdwtidigital video has
improved on this disadvantage significantly. Accordin@ptoRon Whittaker, digital
video has a much better quality than that of regular véshebhas been compared to the

guality of film under certain situationg/vw.cybercollege.com/filmtap.htyn

Unfortunately, the problem with video still lies in thigeed at which the video is
recorded. While digital video is recorded at 30 framespeond, high-speed film
cameras can record at speeds in excess of 200 framsscpad. There are in fact digital
video cameras with high-speed capabilities that providedahee benefits as regular
digital video cameras, but the cost is comparable tootitie high-speed film cameras.
However through the use Dartfish, the video can be entao®0 fields per second,

which is adequate for analysis of most sports skillsw@l, according to Knudson and
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Morrison (2002), the most important feature for movenagatlysis is the shutter speed.
Although a high shutter speed will not increase the nummbieames per second, it will
limit the exposure time that each field is scanned (KoadsMorrison, 2002). This will
create less blurred images, but still at a rate of 30esgmar second. Adequate light is
needed for higher shutter speed, as there is lessdimteef film to be exposed. A typical

shutter speed for a fast movement would between 1/500 and 1/1000.

Dartfish

“In 1997, after extensive research in image and video psoag SimulCam™
technology was created and developed at the Swiss Féugiralte of Technology in

Lausanne, SwitzerlandiMyvw.dartfish.com/en/company/history.)sg company called

InMotion Technologies Ltd. was formed and began to comialér develop digital
imaging applications. In 2001, the company quickly expanded arairi@known as
Dartfish, and continues to distribute software packaggsding, DartTrainer and
DartGolfer. Dartfish has been used by many sporting &d&ots around the world for
athlete analysis and has received many awards for dsanine technology

(www.dartfish.com/en/company/history.)spn a statement by Doug Beal, Head Coach,

USA Men’s National Volleyball Team, “The DartTrainerthe perfect training tool for
skill development and technical analysis in volleyb&# an invaluable tool for coaches

at all levels” (www.dartfish.com/en/sport_community/community/feedbapk.jat a

clinical level, Podiatrist Dr. Lou Pack believes thetidsh software helps patients
visualize and understand their progress, provides an impreasgdo study his patients

problems and progress and provides an efficient way of dextimy his work with
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patients to share with other physicians

(www.dartfish.com/en/sport_community/community/home.jsp

The Dartfish DartTrainer is software used for thelymia of sporting techniques,
but more accurately the comparison of athletes’ technidues software makes use of
many tools for the biomechanical analysis of sportssKkilhe SimulCaf' technology
that Dartfish was based on is the process of taking/iems and superimposing them
over each other and being able to compare the athletesnmtmal background
interference. The later technology developed by Dartfias the StroMotiot' analysis
tool. With this tool, the analyzer is able to selectairrportions of the skill throughout
the video and display them on the panoramic backgroureability to zoom in on the
image and draw on the film is also very useful. Theareber has the ability to draw
lines, circles, text, place markers, and use the splmetion when analyzing the video.
The spline tool is used to trace the path of a curvesXample, the path of a swinging
foot. Perhaps the two most valuable tools for this stuelylee angle measuring tool and
the frame counter. The angle tool is used for measunglgs on the video and can be
done in either acute or obtuse form. The frame cowwntgly displays the time on the
film and is accurate to 0.017sec. From these two itanglar displacement, and
velocity may be determined. A summary of the key tamlse utilized for this study is

shown in table 2-2.
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Table 2-2Summary of key Dartfish Analysis tools

Tool
SimulCam™

StroMotion™
Angle Tool
Zoom Tool
Drawing &

Spline Tool

Frame Count

Distance Tool

Function
Superimposes athletes over top of each other to compéaredgees.

Provides a single frame view of several key points @hdim the
sequence of video.

Allows the researcher to measure angles of variaotsjon the body.

Allows the researcher to view an enlarged inflageloser
investigation.

Allows the researcher to draw different shapesxirda the video as
well as trace the path of a curved line.

Displays the duration of time for certain segmentsheffiim.
(Hours:minutes:seconds:milliseconds/or number of frames

Measures distances accurately with its@atic calibration
measurement. For example: if one actual distanceokmon the
video it can convert the length of any other distancesared on the
film.
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CHAPTER 3

METHODS

One and Two Foot High Kick Analysis

The main purpose of this study was to determine an opt@oahique and
compare gender differences for the one and two foot hajh k order to accomplish
these goals, three-dimensional filming of the athletesagaducted in competition at the
Arctic Winter Games (AWG) as well as the World Eskimdian Olympics (WEIO) and
later analyzed through video analysis. The athletes alsoeobserved in competition at
both the Arctic Winter Games as well as the Wordtilho Indian Olympics. The
biomechanics of the athletes’ technique was investigated ungriggh kick film
analysis. The data from this analysis was used a metasavaluate the effectiveness of
the kicks as well as obtain an optimal technique foetlet. A comparison of gender
data was also used to obtain comparison of the ditféeehniques and strategies

between the male and female athletes.

Subjects
This study included 12 male and 6 female skilled athletethéotwo foot high
kick and 9 male and 4 female skilled athletes for thefooiehigh kick. The athletes were
of various ages and from various countries, including Camsldaka, Greenland, and
parts of Russia. The first filming session took place dutte Arctic Winter Games
competition at the Fort McMurray Composite High Schadtort McMurray, Alberta.
The second filming session took place during the World Eskntian Olympics at the

Big Dipper Ice Arena in Fairbanks, Alaska.



36

While filming these competitions the placement of the&a was directly at the
side of the athlete for a sagittal view. The athletehis study were considered elite as
they were competing at the highest level in their eviertise Arctic Winter Games as
well as the World Eskimo Indian Olympics. All athlefes which ideal camera angles
were obtained were used as the subjects for this studly.lMdited entrants into the
competitions and poor camera angles, ten subjects weexaitable for both female
events. The athletes included were free of any medicalitons that could affect skill
performance. Prior to the filming of the competitiomjtign informed consent from each
participant was obtained. The University of Manitoba's Edoeé@ursing Research

Ethics Board provided the ethical approval for this study.

Filming Technique

Two Canon digital video cameras (Canon Optura 20Bsi@ Canon GLY)
were used for the filming of the competition, each filghat 3/4ips (18.8mm/sec). As
both male and female competitions occured at the samedne camera was used to
film the female competition, while the other was useditn the male competition. The
cameras were set outside the desighated competitiarsaras to not interfere with the
competition. The cameras were placed in a position gathduring the approach and
jump, the camera had a direct sagittal view of theetghIThis view was chosen as the
primary view because most of the movements performed athiete occur in the
sagittal plane.

Camera 1 was secured to a tripod approximately 3 - 4.5m frotathet and
facing perpendicular to the approach of the female atli&tmera 2 was perpendicular

the approach of the male athlete and secured to a tripooxapptely 3 — 4.5m from the
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target as well (Figure 3-1). The researcher adjustedregmositions when needed, to
obtain a sagittal view, as different competitors prdffferent starting positions and
approach paths. The cameras were manually focused slitlitger speed set to 1/500 to
ensure that there are no blurred images on the filmshiier speed for each camera
was set the same but the dependency on poor availaiiédiged lower shutter speeds

of 1/300 for some portions of the competition at the vaskimo Indian Olympics.

L4

Camera #1 or !

j%\~ Athlete
Direction of Approach—

\ Designated

Competition Area

Figure 3-1 Overhead view of the camera set-up

Prior to competition, a piece of white tape was placethershaft of the target
stand 1m from the base at the Arctic Winter Gameslad3m from the base at the World
Eskimo Indian Olympics. This tape was used as a knowarttis for calibrating

measurements from the film during analysis

Filming Protocol
During filming of the athletes, no instructions were gite them at any time.

They were observed only in competition. Athletes wdneefl on all of their trials for the
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two events being analyzed. Due to variations in the sggptositions and approach angles
of each athlete, the cameras were repositioned acgtydior each individual. This was
done by moving the camera in a line perpendicular to thegiaheir approach in order
to observe a sagittal view. The tape on the shaftirmdan the same position and was

always used as a known distance for calibration.

Video Analysis

As the one foot and two foot high kicks are poorly descrdbdts, the key
variables that determine their effectiveness areivelgtunknown. However, the high
kicks are similar to other sports skills and the knowsa da these skills were used to
identify some of these key variables. For exampig,khown that a greater vertical
velocity at the instant of takeoff in high jump orarvolleyball spike will yield a greater
height jumped by the athlete. It was from these compasiand several other
measurements that the key variables were determined:afiables measured have been

broken up and divided into the basic phases previously dedcrib

Preparation/Approach Phase

Footwork and step pattern

- Horizontal velocity of the athlete prior to the lapsand at take-off
- Length of last step

- Foot position in the forward/backward direction

- Shoulder position

Trunk and head position
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Backswing Phase
- Arm position

- Maximum Knee/Hip/Ankle flexion angles
- Trunk/Head flexion angles
Force Producing Phase (jump) - Takeoff
- Arm angular velocity
- Knee/Hip/Ankle angular velocity
- Trunk angular velocity
Critical Instant of the Jump (instant feet leave the ground) - Takeof
- Maximum Knee/Hip/Ankle extension angles
- Angular velocities of Knee/Hip/Ankle during takeoff
- Arm Position and angular velocity about the shoulder
- Trunk/Head position
- Vertical and horizontal velocity at takeoff
- Height of Jump
Force Producing Phase (kick) - Touch
- Knee/Hip/Ankle angular velocity
- Arm position
- Trunk position and movement description
Critical Instant of the Kick (when foot/feet contact targetpudh
- Maximum Knee/Hip/Ankle angles
- Angular velocities of Knee/Hip/Ankle

- Arm position description
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- Trunk and head position and movement description

Follow Through
- Knee/Hip/Ankle angular velocity

- Arm position description

- Trunk position and movement description

The film analysis for this study was conducted using thefiSka DartTrainef
software that was installed on a Sony Vaiaptop computer. The software as well as the
data was transferred and the analysis was completedoshiba QosmiBlaptop
computer due to technical problems with the Sony ¥aidnly one trial for each athlete
in each of the competitions was selected for analysis trial chosen was determined by
the kick that produced the greatest height for each athiethe case where the camera
angle was not ideal for the trial that produced the sgkiek, the trial containing the
best camera view was used even if the athlete did noéssitlly kick the target. The
best camera view was determined as the video with an waotest sagittal view of the
athlete

Each trial was copied into the Dartfish program andyasmaivas conducted.
Measurement of the angles of joint movements wasrded by manual placement of the
cursor. The entire body was not completely digitizad, rather selected joints were used
as a marking system where one mark was placed atithegmter of the axis of rotation,
one mark at the joint center of the distal portiothef segment and one mark in line with
the joint segment’s anatomical position (Figure 3-2)sT$iconsistent with the

anatomical reference method of joint angle measurerkienvever, the measurement of
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the trunk angle was measured using a point at the hip, aghdiveé shoulder and then
referenced to a directly vertical line (Figure 3-3). Thklaangle was measured as the
angle between anatomical position of the ankle angdiséion it was currently in.
Anatomical position for the ankle is a line 90degreespgaticular) to the line of the
lower leg.

With this, the angle tool from the Dartfish softwavas used to connect the
points and graphically display the angle (Figure 3-2). THeovivas advanced to the next
phase of the skill and the angle measurement was pedbagain in the same manner.
From these two measurements the range of motion (argjsfdacement) was be found
by subtracting the minimum value from the maximum vallune segment was
measured and then moved through a range past the anatposit®@in, the two angles
were added together to obtain the accurate range of mdtertime between the two
events was measured using the time indicator in theifragbftware. The video is
viewed at 60 fields per second and therefore the time wasumed in 0.017 second
increments. Angular velocities of the joint segmewtse derived from dividing the
angular displacement (), measured from the subtracti@ddition of joint angles

between phases, over the change in time (t), meaBoradhe time indicator as the time

between each phase.

Figure 3-2 Measurement of angles usi Figure 3-3 Measurement drunk angle
anatomical reference method referenced to vertical
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The horizontal and vertical velocities as well ashibght of the jump are three of
the most important variables of the high kicks. Thisasause the higher the athlete is
able to jump, the higher the target the athlete will be t@blkéck. Throughout the skill,
linear displacement of the athlete in the horizoata vertical direction was determined
by marking a point on the hip joint and using the calibratealsoméng tool from the
Dartfish program to measure its displacement. Linelacitg of the athlete was derived
from dividing the linear displacement (d), in the vextior horizontal direction, measured
using the measurement tool in Dartfish, over the changme (t), measured using the
time indicator from the software. The length of kst step is also an important part of
the skill, as this step will help create a “braking’deto slow the athlete during the
approach. The measurement tool from Dartfish was usedeodee the length of the

last step during the approach phase, by meastidntistance from toe off of the trail leg, to the

heel strike of the lead leg. (Figure 3-5)

Figure 3-5 Measurement of step length



43

The measured variables were then taken and used to obtajrtiaal technique
for the two skills. Calculation of descriptive statistwas performed on selected
variables by measuring and recording the angles, angutanitves, linear displacements
and linear velocities. Qualitative analysis was useanfmvement descriptions such as
approach path. This data was measured and recorded, andhijeates] to statistical

analysis for further description of these unique skills.

Statistical Analysis

For all the measured variables of the athletes, me&hstandard deviations were
calculated. Male and female data was also compared &etive high kick variables to
determine any gender differences in physical attributescbntques. A t-test was used to
compare the differences in means between the maleearadef participants, jump height
and biomechanical attributes. Correlation analysiswsas to identify any correlations
between the measured variables and the jump heightdarhole group and for males
and females separately. Forward stepwise regressioysanahs used determine
independence and relative importance of kinematic prediofqrsrformance. The
stepwise regression analysis itself not only detersnihe relationships between the
independent variables and the dependent variable, it takescacount interrelationships
between independent variables and eliminates them acglyrdiine analysis gives you a
regression equation that consists of the most impovtarbles in order to predict the

vertical velocity at takeoff.
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CHAPTER 4

RESULTS

The Dartfish Analysis system was used for video caftndevideo analysis of
the one foot and two foot high kick. Upon collection ofedfadom the Dartfish system,
over 50 individual variables were analyzed for 12 male afedn@le subjects of the two
foot high kick, and 9 male and 4 female subjects of tleefoot high kick.

All means and standard deviations of the variables wéealated to aid in the
determination of an optimal technique. Correlation analysis performed in order to
determine the effect of various independent variablesedependent variable (vertical
velocity at takeoff). Regression analysis was used term@te independence and relative
importance of kinematic predictors of performance dghlsiills.

Upon completion of the statistical analysis sevsighificant findings were
apparent. This chapter will report the findings of théitteal analysis conducted and
give insight into the optimal technique of both the nzald female, one foot and two foot
high kick.

Two Foot High Kick Analysis

Approach
Three variables were measured during the approach phaseskiltin order to
obtain optimal approach technique. The results of thablas measured along with
mean values and standard deviations are shown for bothamdlfemale athletes in table
4-1. Significant differences were found in both horizbwédocity and foot position in

the approach.
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Table 4-1Measured variables and comparison of the approach phabe tovo foot
high kick

Males Female p value
Variables N=11 N=6
Mean SD Mean SD

Horizontal
Velocity (m/s) 3.62 0.70 2.28 0.39 0.01**

Step length
(m) 1.34 0.45 0.79 0.11 0.01*

Foot position
(m) 0.15 0.11 0.08 0.05 0.14

* p<0.05
**p < 0.01

Ten males approached with a straight path towards tgett@ne approached
with curved path, and one athlete’s approach was not recordedeo. All six female
athletes observed in the two foot high kick approached tgettasing a straight path.

Table 4-2 shows a summary of the approach paths of balthand female athletes.

Table 4-2Number of athletes per approach path for the two foot kigh

Variable Male Female
N=12 N=6
Approach Path
Curved 10 0
Straight 2 6
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The t-test showed that there was a significant diffeesebetween the approach
horizontal velocities of male and female competit&iigyre 4-1). There was almost a

1m/s difference on the horizontal velocities betwwewmles and females.

4.500
4.000
3.500
3.000

2.500 O Male

B Female

2.000

1.500

Horizontal Velocity

1.000

0.500

0.000
Gender

Figure 4-1 Mean horizontal velocities of male and female athletes during apf
of the two foot high kick **p <0.01

When comparing the male athletes to the female athketggnificant difference
was found between the step lengths, as males had a mgehdtep length than females

(Figure 4-2). The value for males was 1.34m and 0.79m forlésma

O Male
B Female

Meters

Gender

Figure 4-2 Mear step lengtr of male and female athletes during apprc
of the two foot high kick  *p <0.05
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Shown in table 4-3, nine of the male athletes enterefindlestep of the approach
with the left foot forward, whereas only one entered|ist step with the right foot. For
the females, only two athletes entered the last stéptihe left foot forward and four

entered the last step with the right foot forward.

Table 4-3Foot placement preference for the two foot high kick

Variable Male Female
N=10 N=6
Foot Placement
Right forward 1 4
Left forward 9 2
Backswing

The results for the variables measured for the baoigsare detailed in table 4-4
along with the means and standard deviations.

Significant differences were found for two variableshis phase of the skill
between male and female athletes. The mean maximurtekiprf by males was 99.68
degrees compared to 86.13 degrees for females (Figure 4-3).eBlmefon maximum
trunk flexion attained by males was also significantlgéarthan females measuring

30.06 degrees and 23.6 degrees respectively (Figure 4-4).

120

100 A

O Male
| Female

Degrees

Gender

Figure 4-3 Mear max hip flexion ang of male and female athletes duri
backswing of the two foot high kick  *p < 0.05
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Table 4-4Measured variables and comparison for the backswing pfidise two foot

high kick

Variables
Mean
Max Shoulder

Extension (degrees)
91.06

Max Hip
Flexion
(degrees) 99.68

Max Knee Flexion
(degrees)
85.29

Max Ankle
Dorsiflexion
(degrees) 19.23

Max Trunk Flexion
(degrees) 30.06

*p < 0.05

Males

N=12

SD

12.63

13.30

10.40

7.48

6.36

Mean

85.75

86.13

85.48

18.10

23.60

Female

N=12

SD

9.24

7.59

11.08

9.52

4.27

p value

0.38

0.04*

0.97

0.79

0.04*
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35

30

25

@ Male
m Female

Degrees

Gender

Figure 4-4 Mear trunk flexion angle of male and female athletes duribackswing
of the two foot high kick *p <0.05

Takeoff
A summary of the means and standard deviations of tasured variables are
shown in table 4-5. Standard t-tests did not reveal amyfis@nt differences for
shoulder, knee, ankle, trunk or neck takeoff angles. Wekyenales recorded a
significantly larger hip angle at takeoff, 9.35 degrees (hypension), when compared
to females, 4.117 degrees (hyperextension), suggesting thatmadl@ greater hip

extension at takeoff (Figure 4-5).

12

104

@ Male
| Female

Degrees

Gender

Figure 4-5 Mear hip hyperextension ang of male and female athletes duritakeoff of
the two foot high kick *n < 0.05
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The angular velocities of shoulder, hip, knee and anki@at produce any
significant difference. The trunk velocity at takeoff foales, however, was significantly

larger than for females, 139.45 deg/sec compared to 62.24 ddgj(pae @-6).

160

140

120

100

@ Male
80

B Female

60

Degrees/second

40

20

Gender

Figure 4-6 Mear trunk velocit' of male and female athletes duritakedf
of the two foot high kick **p < 0.01
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Table 4-5Measured variables and comparison for the takeoff pHabse two foot high

kick

Variables

Shoulder Flexion
(degrees)

Hip
Hyperextension
(degrees)

Knee Flexion
(degrees)

Ankle
Plantarflexion
(degrees)

Trunk
Hyperextension
(degrees)

Neck Flexion
(degrees)

Shoulder Angular
Velocity

(deg/s)

Hip Angular
Velocity

(deg/s)

Knee Angular
Velocity (deg/s)

Ankle Angular
Velocity (deg/s)

Trunk Angular
Velocity (deg/s)

Vertical Velocity
(m/s)

*p<0.05
**p <0.01

Males
Mean

135.83

9.35

7.53

34.61

7.06

24.92

655.60

396.11

488.45

498.40

139.45

3.66

SD

30.00

5.58

5.39

24.13

9.96

11.17

118.74

60.49

87.82

103.52

34.48

0.24

Female
Mean

126.97

4.12

11.53

52.93

6.60

19.65

569.95

347.15

494.11

524.36

62.24

2.69

SD

20.03

251

4.78

7.96

6.48

13.57

102.23

18.37

55.91

119.82

30.24

0.21

p value

0.53

0.05*

0.14

0.09

0.92

0.39

0.15

0.07

0.89

0.64

0.01**

0.01**
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As vertical velocity is the main determinant of jumpgttiand one of the most
important variables, the vertical velocities of eatlete for both males and females are
displayed in Figure 4-7. The most significant differenetmeen male and female

athletes in this phase of the skill was seen in theced¢welocity at takeoff.

45

4.0 1

as \.———o\,\ e /\
> ~. —*

3.0 1

as /\-\'/-\_

2.0 —=— Female

—e— Male

Meters/sec

15
1.0

0.5

0.0 T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12
Subjects

Figure 4-7 Vertical velocities of male and female athletes at také«
the two foot high kick

Males recorded a mean vertical velocity of 3.66 m/s vdsefemales recorded a
mean vertical velocity of 2.69 m/s. This equals a metiardnce of 0.966m/sec which

was significant to a p-value of <0.0001 (Figure 4-8).

4.0

H

3.5

**

3.0 1

2.5

@ Male
B Female

2.0 1

meters/sec

1.5

1.0 A

0.5 1

0.0

Gender

Figure 4-8 Mear vertical velocities of male and female athletes atdtke
the two foot high kick **p <0.01
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Touch

The touch phase of the two foot high kick is the positi@nathlete obtains when
the knee is in full extension/hyperextension. The athdbbuld make contact with the
target in this position. The angular velocities ofbbely segments were measured from
the takeoff position up to the touch position. Resultthefangles and velocities
measured from this position are shown in Table 4-6.

When comparing the angles achieved by male to femaldeslaetouch, hip
flexion, knee extension, ankle flexion, and neck flexieided no significant
differences. Females obtained a significantly grestieulder flexion than male athletes,
122.12 degrees versus 91.37 degrees (Figure 4-9). Figure 4-10 showal¢lsabmhained

a significantly greater knee flexion angle of 138.86 degreewpared to 121.52 degrees.

140

120 +
* %
100 +

——

80
@ Male

Degrees

60 1 B Female

40

20 A

Gender

Figure 4-9 Mear shoulder flexion of male and female athletes at t
of the two foot high kick * p<0.01
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Figure 4-10 Mear knee flexion of male and female athletes during
flexion phase of the two foot high kick  * p <, 0.01

As well, the trunk flexion angle at touch was signifitatarger for females,

52.72 degrees, than for males, 43.03 degrees (Figure 4-11).

O Male
B Female

Degrees

Gender

Figure 4-11 Mear trunk flexion of male and female athletes during tc
of the two foot high kick *p<0.05
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Table 4-6 Measured variables and comparison for the touch phake o6 foot high

kick

Variables

Shoulder Flexion
(degrees)

Hip Flexion
(degrees)

Knee Flexion
(degrees)

Knee Extension
(degrees)

Ankle Flexion
(degrees)

Trunk Flexion
(degrees)

Neck Flexion
(degrees)

Shoulder Angular
Velocity (deg/s)

Hip Angular
Velocity (deg/s)

Knee Flexion
Angular Velocity
(deg/s)

Knee Extension
Angular Velocity
(deg/s)

Trunk Angular
Velocity

(deg/s)

*p value <0.05
**p value <0.01
"hyperextension
" Dorsiflexion

Mean

91.37

164.40

138.86

-0.18

-6.277

43.03

33.28

130.72

452.86

681.85

829.82

137.25

Males

N=12
SD

22.28

10.72

9.11

10.91

12.84

5.43

13.20

82.67

65.43

63.08

120.34

41.65

Female

Mean

122.12

163.10

121.52

1.45

1.63

52.72

29.02

78.69

466.60

608.85

715.94

132.53

N=6

SD

16.93

6.65

10.80

7.63

9.35

9.82

26.40

48.97

18.35

53.48

64.37

29.22

p value

0.01**

0.79

0.01**

0.75

0.18

0.01*

0.65

0.32

0.63

0.03*

0.05*

0.81
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Angular velocities for shoulder, hip and trunk yielded mmiSicant differences
between male and female athletes during the touch phasevdr, both knee movement
velocities, knee flexion and knee extension, yielded segmt differences. A velocity of
681.85 deg/sec was measured for males and 608.86 deg/sec for thimalg&nee

flexion (Figure 4-12).

720

700

——
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Gender

Figure 4-12 Mear knee flexion velocity of male and female athl
during knee flexion phase of the two foot high kick * p50.

As well, males had a significantly higher knee extams®locity, 829.82 deg/sec,

when compared to the female knee extension velotify,935 deg/sec (Figure 4-13).
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100 -

Gender

Figure 4-13 Mear knee extension velocity of male and female ath
during touch of the two foot high kick *p <0.01
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Follow through

The follow through is the phase of the skill thatiudes all movement after the
touch, up to the point of contact with the ground. Anglesewneasured at point of
contact with the ground, whereas angular velocitiegwsrasured from the position of
touch to contact with the ground. The variables measur@édhe results of the follow
through are shown in Table 4-7.

Of the twelve variables measured in this phase, fiseeviound to be not
different. These five variables include; shoulder areyi)e angle, shoulder velocity, hip
velocity, and trunk velocity. During this phase of thél skales had a significantly

greater knee flexion angle (114.0 deg vs. 80.68 deg). Figure 4-14 giewgignificance.

140

**
120

——

100

80 1

O Male
| Female)|

Degrees

60 1

40 q

20

Gender

Figure 4-14 Meankneeflexion of male and female athle’
during knee flexion phasgf the two foot high kick
*p<0.01

Mean trunk angle for males, 23.19 deg, was significantfjetathan the females’

trunk angle of 0.62 deg (Figure 4-15.)
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o Male
| Female

Degrees

Figure 4-15 Mear trunk extensic of male and femal
athletes during follow througbf the two foot high kick
*p<0.05

Mean knee flexion velocity (526.73 deg/sec vs. 388.40 deg/sec) amdkmee

extension velocity (507.46 deg/sec vs. 192.42 deg/sec) wereafmbtb be significantly

different (Figures 4-16 and 4-17).

o Male o Male
o Female| = Female|

Degrees/sec
Degrees/sec

Gender Gender

Figure 4-16 Meankneeflexionvelocity of Figure 4-17 Mean knee extension velo: of
male and female athletes during knee flexion male and female athletes during follow
phaseof the two foot high kick throughof the two foot high kick

** p <0.01 *p<0.01
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Table 4-7Measured variables and comparison for the follow througsebf the two

foot high kick

Variables

Shoulder
(degrees)

Hip Flexion
(degrees)

Knee Flexion
(degrees)

Knee Extension
(degrees)

Ankle Flexion
(degrees)

Trunk
Hyperextension
(degrees)

Neck Flexion
(degrees)

Shoulder Angular
Velocity
(deg/s)

Hip Angular
Velocity (deg/s)

Knee Flexion
Angular Velocity
(deg/s)

Knee Extension
Angular Velocity
(deg/s)

Trunk Angular
Velocity

(deg/s)

*p value <0.05
**p value <0.01
"hyperextension

Mean

90.80

1.67

114.70

37.73

21.85

23.19

-5.53

476.31

437.41

526.73

507.46

189.86

SD

26.41

12.11

20.11

9.89

10.58

16.86

16.04

51.26

49.04

93.30

105.09

22.12

Female

Mean

74.30

50.18

80.68

64.30

30.43

0.62

22.16

396.07

407.52

388.40

192.42

188.27

SD

96.81

32.92

15.89

21.20

13.701

21.67

24.49

176.72

116.83

80.66

300.76

44.01

p value

0.58

0.01**

0.01**

0.01**

0.16

0.02*

0.02*

0.16

0.45

0.01**

0.01**

0.92
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Conversely, females had a significantly greaterfleidon angle (50.18 deg vs. 1.67
deg), knee extension angle (64.30 deg vs. 37.73 deg) at coittatitewground, and neck
flexion angle (22.16 deg vs. -5.53 deg). Figures 4-18 through 4-20tBbignificant

differences of the variables.
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Figure 4-18 Mear hip flexior of male anc Figure 4-19 Mear knex extensio of male
female athletes during follow througtf the and female athletes during follow through
two foot high kick ** p < 0.01 the two foot high kick ** p <0.01
. . I
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Figure 4-20 Mear neclflexion of male an
female athletes during follow througi the
two foot high kick * p <0.05
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One Foot High Kick Analysis

Approach

The approach for the one foot high kick is almost idaht the two foot high
kick and therefore the same variables were measurecteodled in order to find
optimal technique. Table 4-8 shows the three quantitativablas along with their
means and standard deviations, and the significanceféteveklle and female athletes.

During the approach, five of the male subjects approachitbchweurved path
whereas three approached straight on. As for the éanall measured approaches were
from straight on. Table 4-9 summarizes the approach fatiheth male and female

athletes.

Table 4-8Measured variables and comparison of the approach phtmeone foot high kick

Males Female p value

Variables N=8 N=3

Mean SD Mean SD
Horizontal
Velocity (m/s) 3.04 0.36 1.99 0.26 0.01**
Step length
(m) 1.08 0.20 0.66 0.06 0.01%*
Foot position
(m) 0.14 0.12 0.07 0.09 0.36

**p value<0.01



Table 4-9Number of athletes per approach path for the two foot kigh

Variable Male Female
N=8 N=3
Approach Path
Curved 5 0
Straight 3 3

A standard t-test revealed that both horizontal velpduring the approach, and

step length of the last step were significantly diffétgetween males and females. Figure

4-21 shows the horizontal velocities to be 3.04 m/s fde mhnletes and 1.99 m/s for

females. This is over a 1m/s difference in vertiedbcity at takeoff.
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Figure 4-21 horizontal velocit of male and female athletes during-
approach of the one foot high kick p < 0.01

Figure 4-22 displays the significance between step lengthadles and females.

Males recorded a mean value of 1.08 m whereas femaleonwgre.66 m
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Figure 4-22 Step length of male and female athletes during
approach of the one foot high kick ** p < 0.01

No significant differences were found for the foot plaeahdistance during the
approach. However, athletes did have a preference fohvidit was planted ahead of
the other. Of the male subjects, seven planted thotgfiahead of the right, compared
the one that preferred the right foot ahead. All fensalbjects planted with the right foot

forward. Table 4-10 shows a summary of the foot placesrfenthe one foot high kick.

Table 4-10Foot placement preference

Variable Male Female
N=8 N=3
Foot Placement

Right forward 1 3
Left forward 7 0
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Backswing
The variables for the backswing phase of the one fobtkiak are the same as
for the two foot high kick. However, the results of theasured variables were quite
different. The recorded means and standard deviatiorshaven in Table 4-11.
The t-tests for the gender comparison yielded signifiddfgrences in maximum
hip flexion and maximum ankle dorsiflexion. Males had aificantly higher hip flexion
angle during the backswing phase, 96.68 degrees compared to 80.&% degre

(Figure 4-23).
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Figure 4-23 Max hip flexion angle of male and female athletes duri
the backswing phase of the one foot high ki¢p value<0.05
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Table 4-11Measured variables and comparison for the backswingepbfahe one foot high kick

Variables

Max Shoulder
Extension (degrees)

Max Hip
Flexion
(degrees)

Max Knee Flexion
(degrees)

Max Ankle
Dorsiflexion
(degrees)

Max Trunk Flexion
(degrees)

* pvalue <0.05

Mean

91.67

96.68

96.01

32.69

33.23

Males
N=9

SD

17.43

10.08

12.19

5.91

11.39

Mean

88.13

80.83

87.13

23.55

21.75

Female
N =4

SD

9.85

10.81

8.56

7.55

5.08

p value

0.75

0.03*

0.22

0.04*

0.08
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Maximum ankle dorsiflexion also produced significant déferes between males

(32.69 degrees) and females (23.55 degrees) (Figure 4-24).

@ Male
B Female

Gender

Figure 4-24 Max ankle dorsiflexion angle of male and female athlet:
during the backswing phase of the one foot high ki¢p value<0.05

Takeoff
The results of the measured angles and angular vetogitthe one foot high kick
are listed in table 4-12. The results of the comparissis teetween males and females for
this phase of the skill indicated that of the twelveaseed variables only one was found
to have a significant difference. Vertical velocitytateoff for males was recorded at

3.45 m/s compared to the female mean takeoff verticatirglof 2.83 m/s (Figure 4-25).
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@ Male
| Female

Meters/sec

Gender

Figure 4-25 Vertical velocity of male and female athletes during take
phase of the one foot high kick**p value<0.01

Just as in the two foot high kickertical velocity is the main determinant of jump
height and the most important variable, the vertieddaities of each athlete for both

male and female are charted in figure 4-26.

4.50
4.00
3.50
3.00

2.50 —e— Male

—a— Female

2.00

Meters/sec

1.50
1.00
0.50

0.00

1 2 3 4 5 6 7 8 9
Subject

Figure 4-26 Vertical velocities of male and female athletes at tal
of the one foot high kick



Table 4-12Measured variables and comparison for the takeoff phfabe one foot high kick

Variables

Shoulder Flexion
(degrees)

Hip
Hyperextension
(degrees)

Knee Flexion
(degrees)
Ankle
Plantarflexion
(degrees)
Trunk
Hyperextension
(degrees)

Neck Flexion
(degrees)

Shoulder Angular
Velocity (deg/s)

Hip Angular
Velocity (deg/s)

Knee Angular
Velocity (deg/s)

Ankle Angular

Velocity (deg/s)
Trunk Angular
Velocity (deg/s)

Vertical Velocity
(m/s)

**p value <0.01

Males

N=9
Mean
140.51

5.41

6.79

41.44

-8.58

33.22

592.39

411.93

607.62

535.89

140.99

3.45

SD
16.61

6.38

5.50

4.39

5.30

10.21

88.58

58.73

96.82

127.98

43.87

0.31

Female

N=4
Mean
128.63

1.98

13.08

44.78

-7.05

20.33

558.80

374.19

560.47

578.01

132.53

2.83

SD
31.83

11.51

11.21

7.28

8.48

20.23

119.98

39.473

69.35

117.50

30.03

0.10

p value

0.39

0.50

0.19

0.32

0.15

0.58

0.27

0.40

0.57

0.74

0.01**
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Touch
The touch phase of the one foot high kick included 18 unedsvariables. The
results of these measurements, means and standardatesyiate given in Table 4-13.
The variables identified as being significantly differim joint position during
the touch phase were; right shoulder flexion and right Ke&®n during the knee
flexion phase of the skill. Figures 4-27 and 4-28 show therdiitees in these two

variables.
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| Female

60 -

Degrees

40

20 A

Gender

Figure 4-27 Right shoulder flexion angle of male and female athlet
during the touch phase of the one foot high kickp value<0.01
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Figure 4-28 Right Knee flexion angle of male and female athletes duri
the knee flexion phase of the one foot high ki¢k value<0.05
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Table 4-13Measured variables and comparison for the touch ptalse one foot high kick

Males Female p value

Variables N=9 N=4
Mean SD Mean SD

Left Shoulder Flexion 78.83 3573 100.35 8.16 0.23
(degrees)
Right Shoulder Flexion 41.22 23 53 96.40 12.79 0.01**
(degrees) ' ' ' . .
Left Hip Flexion 33.83 19.03 48.60 3.02 0.16
(degrees)
Right Hip Flexion 14838  20.72 154.60 9.59 0.58
(degrees)
Right Knee Flexion 132.22 7.98 118.30 8.28 0.02*
(degrees)
Left Knee Extension 64.95 18.53 89.65 27.41 0.09
(degrees)
Right Knee Extension 724 9.47 4.20 8.29 0.59
(degrees) ' ' ' ' .
Left Ankle Plantarflexion 34.08 9.47 40.15 16.26 0.42
(degrees) ' ' ' . .
Right Ankle Flexion 24.90 26.16 13.35 21.42 0.46
(degrees)
Trunk Flexion 14.24 13.22 22.30 7.58 0.29
(degrees)
Neck Flexion 14.02 18.05 19.70 13.42 0.59
(degrees)
Left Shoulder
Angular Velocity (deg/s) 163.08 105.634 84.41 105.16 0.24
Right Shoulder *x
Angular Velocity (deg/s) 266.74 72.33 97.06 06.79 001
Left Hip *
Angular Velocity (deg/s) 90.59 53.50 153.53 28.47 0.05
Right Hip
Angular Velocity (deg/s) 412.25 57.35 474.83 52.86 0.09
Right Knee Flexion
Angular Velocity (deg/s) 673.03 88.49 587.14 84.21 0.13
Knee Extension -
Angular Velocity (deg/s) 638.22 56.53 777.04 94.39 0.01
Trunk Angular Velocity 60.25 37.77 88.87 39.06 0.24
(deg/s) ' ' ' ' '

*p value <0.05
**p value <0.01
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Significant differences in angular velocities forstphase were found in the right
shoulder angular velocity, left hip angular velocity aigdht hip extension angular
velocity. Males had a much larger right shoulder angud&city, 266.74 deg/sec, versus

97.06 deg/sec for females (Figure 4-29).
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Figure 4-29 Right shoulder angular velocity of male and female athlet:
during the touch phase of the one foot high kictp value<0.01
However, females recorded a significantly higher leftamgular velocity (Figure
4-30), 153.53degrees/sec versus 90.59 degrees/sec, and knee extendarvalocity

(Figure 4-31), 777.04 degrees/sec compared to 638.22degrees/sec.
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Figure 4-30 Left hip angular velocity of male and feiale athletes during touc
phase of the one foot high kick*p value<0.05
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Figure 4-31 Right knee extension angular velocity of male and female athlet

during the touch phase of the one foot high kickp value<0.01

Follow through
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The follow through results, including the means and stdndiaviations of all the

variables for this phase are listed in Table 4-14. The ggtes for this phase of the skill

had a large number of differences between males andefeniBoth left and right hip
flexion resulted in significant differences with malesving a larger left hip flexion

angle, 123.27 deg vs. 91.38 deg, (Figure 4-32) and females having ai@gngbip

flexion angle, 55.30 deg vs. 21.59 deg (Figure 4-33).
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Figure 4-32 Left hip flexion angle of male and female athletes during the foll
through phase of the one foot high kickp value<0.05
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Table 4-14Measured variables and comparison for the follow througsebf the one

foot high kick

Variables

Left Shoulder Flexion

(degrees)

Right Shoulder Flexion

(degrees)

Left Hip Flexion
(degrees)

Right Hip Flexion
(degrees)

Left Knee Flexion
(degrees)

Right Knee Flexion
(degrees)

Left Ankle Flexion
(degrees)

Right Ankle Flexion
(degrees)

Trunk Flexion
(degrees)

Neck Flexion
(degrees)

Left Shoulder
Angular Velocity
(deg/s)

Right Shoulder
Angular Velocity
(deg/s)

Left Hip
Angular Velocity
(deg/s)

Right Hip
Angular Velocity
(deg/s)

Left Knee Extension

Angular Velocity (deg/s)

Right Knee Extension
Angular Velocity (deg/s)

Trunk Velocity (deg/s)

*p value <0.05
**p value <0.01

Males
N=9

Mean

85.25

136.214

123.27

21.59

37.43

26.19

8.56

35.20

2.72

12.89

615.16

595.00

290.25

407.54

85.46

58.58

31.72

SD

31.72

20.29

22.25

17.96

17.41

6.38

9.29

10.16

12.95

21.52

109.65

142.20

107.21

123.38

82.46

24.84

64.12

Female
N =4

Mean

100.10

n/a

91.38

55.30

47.23

41.38

11.70

29.05

20.75

23.58

651.59

n/a

178.053

400.15

n/a

153.75

3.47

SD

33.04

n/a

12.83

20.33

53.10

10.54

24.09

7.13

12.07

21.13

134.50

n/a

67.95

52.92

n/a

58.28

39.62

p value

0.47

n/a

0.02*

0.01~*

0.61

0.01**

0.73

0.30

0.04*

0.43

0.62

n/a

0.08

0.91

n/a

0.01**

0.44
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@ Male
B Female

Gender

Figure 4-33 Right hip flexion angle of male and female athletes during-
follow through phase of the one foot high kickp value<0.05

Females also had a significantly greater right kneéeadd.38 degrees versus
26.19 degrees (Figure 4-34), and trunk angle, 20.75 degrees compar&idedtees for

males (Figure 4-35), during the follow through.
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Figure 4-34 Right knee angle of male and female athletes during the foll
through phase of the one foot high kick*p value<0.01
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Figure 4-35 Trunk angle of male and female athletes during the follow thro
phase of the one foot high kick*p value<0.05
With regard to the angular velocities in this phase, dglyt knee extension
angular velocity recorded a significant difference. Tdradle athletes recorded a mean
angular velocity of 153.75 degrees/sec whereas male athéstes mean angular velocity

of 58.58 degrees/sec (Figure 4-36).
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Figure 4-36 Right knee extension angular velocity of male and female athlet
during the follow through phase of the one foot high ki¢kp value<0.01
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Kinematic Predictors of Vertical Velocity of
the One and Two Foot High Kick

As comparison between male and female subjects waspaablem, it was
important to find the variables that had a significant immpache outcome of the skill in
order to describe an ideal technigue. A listwise correldest was done to find
relationships between variables and vertical velogitpleeoff. After correlations were
completed, a stepwise multiple regression analysisus@d to determine the most
important variables that would predict vertical veloatyakeoff.

Correlation Analysis

Table 4-15 shows a list of variables that had a stronglatioreto male/female
takeoff vertical velocities of the one foot high kidkhe variables showing the strongest
correlations for the male one foot high kick were (Fegu4-37 and 4-38); horizontal
velocity of the approach (r = 0.764, p value = 0.024) aktbdaakeoff velocity (r =
0.708, p value = 0.031). There were no statistically significasults for the correlation

data of the female one foot high kick.
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Figure «37 Correlation betwee _ Figure 38 Correlation betwee
approach horizontal velocity and vertical ankle takeoff velocity and vertical
takeoff velocity for male one foot high takeoff velocity for male one foot

kick r=0.76 *p value <0.( high kick r=0.71 *p value < 0.05
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Although not statistically significant but still cora¢éd, horizontal velocity for
approach, step length, foot position, max hip flexion, kr@ee flexion, shoulder flexion
at takeoff, hip extension at takeoff, shoulder takedficity, knee takeoff velocity and
trunk takeoff velocity all had relationships with vertigalocity for female one foot
kickers. Foot position, max knee flexion, max ankle iflexson, knee flexion at takeoff
and ankle plantarflexion at takeoff were correlatedhwértical takeoff velocity for male
one foot high kick athletes, but not significantly.

The correlations of various variables and takeoff vdriieocity for the two foot
high kick are listed in table 4-16. The variables witbrggrcorrelations and significance
for male athletes were; knee takeoff velocity (r = 0.¢44alue = 0.022) and trunk
takeoff velocity (r = 0.647, p value = 0.021). The plotstifi@se two significant variables

are shown in figures 4-39 and 4-40.

i T T T T T
300 350 400 450 500 550 600 650 80 100 120 140 160 180 200

Knee TO Velocity Trunk TO Velocity
Figure <39 Correlation between kn Figure 40 Correlatin between trun
takeoff velocity and vertical takeoff takeoff velocity and vertical takeoff
velocity for male two foot high kick velocity for male two foot high kick

r=0.64 *pvalue <.0t r=0.65 *p value < 0.05
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Table 4-15 Correlation of selected variables to vdrtiekocity at takeoff for male/female one foot high
kick *p <0.05

Male
(N=8 for Approach, N=9 for Backswing and Takeoff)
Approach/Backswing

Variable Correlation (r value) p value
Horizontal velocity 0.76 0.02
Foot position -0.53 0.19
Max knee flexion 0.57 0.11
Max ankle dorsiflexion 0.54 0.14

Takeoff
Knee flexion -0.56 0.12
Ankle plantarflexion 0.60 0.09
Ankle angular velocity 0.71 0.63

Female

(N=3 for Approach, N=4 for Backswing and Takeoff)

Approach/Backswing
Horizontal velocity 1.00 n/a
Foot position -0.81 n/a
Max hip flexion 0.76 0.32
Max knee flexion 0.53 0.56
Takeoff
Shoulder flexion 0.94 0.08
Hip extension 0.62 0.47
Shoulder angular velocity 0.93 0.09

Knee angular velocity 0.66 0.43
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Table 4-16 Correlation of selected variables to vdrtiekocity at takeoff for male/female two foot high
kick *p <0.05

(N=11 for Approach, Nziﬂzaflgr Backswing and Takeoff)
Approach/Backswing

Variable Correlation (r value) p value
Max shoulder extension -0.53 0.07
Max knee flexion 0.53 0.08

Takeoff
Knee angular velocity 0.64 0.02*
Trunk angular velocity 0.65 0.02*

Female

(N=6)
Approach/Backswing

Horizontal velocity 0.87 0.02*
Step length 0.69 0.15
Foot position 0.67 0.16
Max shoulder extension 0.58 0.25
Max hip flexion 0.68 0.16
Max trunk flexion 0.75 0.09

Takeoff
Shoulder flexion 0.66 0.17
Hip extension 0.64 0.19
Knee flexion 0.51 0.33
Ankle plantarflexion -0.50 0.34
Trunk extension 0.55 0.28
Shoulder angular velocity 0.52 0.32
Hip angular velocity 0.86 0.02*
Knee angular velocity 0.52 0.32
Trunk angular velocity 0.81 0.05
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As for the female two foot high kick, horizontal approaelocity (r = 0.869, p

value = 0.021) and hip takeoff velocity (r = 0.862, p value 0.024 Wweth significantly

correlated (Figures 4-41 and 4-42).
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Figure ¢«41 Correlation between horizon
approach velocity and vertical takeoff
velocity for female two foot high kick
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Stepwise Multiple Regression

The final step of this statistical analysis was tlepwise multiple regression.

The analysis was used to determine the variables foundnom$&eimportant in predicting

vertical velocity at takeoff.

The stepwise regression model for the male two foot kigghshowed that the

four most important variables useful in predicting vaitieelocity include; trunk takeoff

velocity, max shoulder extension, max knee flexion apddleoff velocity respectively.

The regression equation along with the summary of tbideins shown in Table 4-17.



Table 4-17 Stepwise regression results for male tebHgh kick

Coefficient Std. Error Std. Coeff. F-to-Remove
Intercept 3.573 0.256 3.573 194.053
Trunk velocity at takeoff 0.007 0.001 0.998 27.656
(TV)
Max shoulder extension
(MSE) -0.010 0.002 -0.518 24.752
Max knee flexion
(MKF) 0.012 0.003 0.536 23.364
Hip angular velocity at
takeoff -0.003 0.001 -0.572 7.613
(HVT)

Predictive Equation: y = 3.573+20.007TV-0.1OMSE+O.012MKF-O.003HV
r-=0.943

For the female two foot high kick, the stepwise regoesmdicated that the most
important variables to predict vertical velocity at tdkecere; horizontal approach
velocity, max trunk flexion, max knee flexion and ankddocity at takeoff, respectively

(Figure 4-18).

Table 4-18 Stepwise regression results for femalddaabhigh kick

Coefficient Std. Error Sts. Coeff. F-to-Remove
Intercept 1.657 0.007 1.657 59985.644
Max knee flexion
(MKF) -0.007 6.564E-5 -0.372 11948.880
Max trunk flexion
(MTF) 0.026 1.265E-4 0.522 42525.239
Ankle angular velocity at
takeoff -1.148E-4 5.136E-6 -0.064 499.508
(AV)
(HHO\r/')ZO”ta' approach velocity ) 479 0.002 0.866 73058.414

Predictive Equation: y = 1.657+0.4279HV+O.026MTF-O.OO7MKF-1.128E-4AV
r-=1.00




Turning to the one foot high kick, results of the stepwsalysis conducted on
the male one foot high kick are located in table 4-19.tlMoevariables that were selected
for the male one foot high kick model were horizontdbery of the approach and step

length of the approach.

Table 4-19 Stepwise regression results for male astenfgh kick

Coefficient Std. Error Sts. Coeff. F-to-Remove
Intercept 2.115 0.550 2.115 14.804
Horizontal approach velocity 0.729 0.163 0.841 20.022
(HV)
Step Length (SL) -0.790 0.298 -0.499 7.042
Predictive Equation: y = 2.115+0.729HV-0.79SL
r’=0.827

Stepwise regression for females of the one foot highdhowed only one
variable as being the most important, horizontal velaxi the approach. The summary

of the model along with the equation are shown in t4#16.

Table 4-20 Stepwise regression results for femaldamtenigh kick

Coefficient Std. Error Sts. Coeff. F-to-Remove
Intercept 1.939 0.020 1.939 9106.545
Horizontal approach velocity ) 47 0.010 1.000 2019.343

(HVT)
Predictive Equation: y = 1.939+0.457HVT
r’=1.00
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CHAPTER 5
DISCUSSION

Arctic sports are an uncommon topic in the field of lehanics research with
no known studies completed. The movement skills invoiretde one and two foot high
kick are similar to other skills, yet very unique in th@ivn right. The movements
involved the one and two foot high kick are very dynamicraqdire a high degree of
skill to perform correctly. A running approach, followed bymp and an intricate series
of airborne movements make up these unique sport skilésetore, it is incorrect to
assume that these skills could be compared to othdasskills like volleyball, diving
and matrtial arts. The purpose of this study was to provimieraechanical analysis of the
one foot and two foot high kicks of elite athletes fribva Arctic Winter Games and
World Eskimo Indian Olympics using video analysis technigdesadditional purpose
of this study was to compare the kinematics of male andléeathletes in these events to
determine possible gender differences in technique and steatesgid in these events.

It was the researcher’s intent to design a studywbatd allow for the
understanding of the high kick skill as well as investighteugh the use of kinematics
the difference in genders performing the skills. In otdemderstand this unique skill,
video footage was filmed and imported into the Dartfishyamakystem. Multiple
variables were measured in the Dartfish analysis syate the values were recorded for
later statistical analysis. Statistical analysiswanducted in order to obtain mean values
of these variables from elite athletes, then to idekefy variables as predictors of
vertical velocity and finally to compare variables betwe®le and female athletes to

identify mechanical differences.
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One and Two Foot High Kick Analysis
Vertical Velocity at Takeoff

In order for an athlete to succeed in the two kicksagimmum height must be
achieved with the kicking leg(s). This height achieved,ikggheight, is the determinant
of great kickers. However, due to inadequate camera atigiefeight could not be
measured. Although this is a limitation, vertical vettlpes almost an equivalent.
Therefore, for this study’s purposes, the current reseahose vertical velocity as the
determinant of jump performance. This was done becausealeelocity at takeoff is
closely related to jump height of the center of masss is described by the following
relationship{s = 1/2g(f)}, where the height jumped by the athlete (s) is equahe half
of gravity (g) multiplied by the square of the time (these time is equal to (Vv/g),
vertical velocity (Vv) divided by gravity (g). So for exple, if the vertical velocity of
an athlete is equal to 3m/s the athlete will in turn jurdG i according to the
relationship.

s = 1/2(9.81)(3/9.8%)
s =0.46m

According to the equation, the higher you jump, the higberwill be able to
kick, assuming your jump technique is adequate, thus, verticalityeat takeoff is used
here as the determinant of jump performance. It isthioéee that the highest vertical
velocity at takeoff does not always produce the highe&theight.

When measuring the vertical velocity of these dlitdetes, the mean result for
the male and female one foot high kick were, 3.45 m/2a88®Iim/s, respectively. There

was also a significant difference between male amélie vertical velocity at takeoff.
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Figure 5-1 shows the two highest vertical velocitieseaadd for the one foot high kick.
The two foot high kick yielded similar results to the ometthigh kick with male vertical
velocities recorded at 3.66m/s and females at 2.69méseTitesults also showed

significance in the mean difference of 0.97m/s.

"'\ u‘;l/ A ".
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Vertical Velocity 2.98m/s

R

Figure 5-1Highest vertical velocities for one foot high kick
Approach

For the approach phase, the one and two foot high kiekalauost identical and
serve the same purpose, create an ideal sequence ahexasdor an optimal jump.
Figure 5-2 shows the movements associated with the approlae male athletes
approached the target with two different styles, tle being the straight approach and
the second, a curved approach. Of the 12 male athletgz eshah the two foot high
kick, 10 utilized a curved approach and only 2 used a straighdagprFor the one foot
high kick, 5 used curved approaches and 3 of the athletes sgaiyht path. Contrary to
these approaches, the females all used a straight apgoodoth events. The similarity
between the female approaches may be due to the &¢héhmajority of females

observed were from the same region and trained together.
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The use of the straight run up (Figure 5-3) suggests thatwhkkibe a greater
chance of having no rotation about the long axis of timegjuring the airborne phase of
the skill. This is because the body is moving in a lin#@ction toward the target with
the body segments all moving linearly as well. Howeaestraight approach limits the
length of the run up due to the size of the competitrea.dn turn, this small distance

will affect the horizontal velocity that athlete cachieve.
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Straight Path

Figure 5-3Straight path approach

A curved approach much like that of the high jump is belaéfior a few reasons.
First of all, the curved path enables the athlete torcageeater approach distance in a
smaller area. If the competition area is limited gpacific size, the athlete using a
curved approach is able to utilize more of the area dunmgun up to create a greater
horizontal velocity. A curved path for a right footedKeac also focuses the weight of the
body on the left side (Figure 5-4). This will aid in kegpihe right side un-weighted into

the plant phase.
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Figure 5-4The curved path focuses the weight on the left side
As well, an athlete using a curved path will tend to |eam the inside of the arc
created by the curved path. This is beneficial as itesesm more vertical position at
takeoff (Figure 5-5). In the high jump study conducted by DapE®@8) it is suggested
that with the inward lean toward the center of thee Hire center of mass of the athlete
moves through a larger vertical range of motion tharstiaght run up, thus permitting a
greater lift. This being said, the athlete with too muchkdean may not be able to

recover from this leaning position and vertical velowrpuld suffer as a result.

Figure 5-5The curved path creates a more vertical takeoff position
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As the athlete approaches the target, he/she takeg &akirstep into the plant to
with a fairly high of horizontal velocity. Males emed this last step with a horizontal
velocity of 3.04m/s and 3.62m/s for the one and two fasgeetively. Whereas, females
had a lower velocity entering the plant with a vellpoif 1.99m/s and 2.28m/s for the one
and two foot high kicks respectively.

The horizontal velocity of the athlete is importasittawill enable a larger force
on the ground (Figure 5-6). This is explained in Dapena’s (1988)avho states that as
the athlete plants the front foot out in front of Hoely the knee extensors try and resist
flexion but cannot due to the forward momentum of the ahlétis forced flexion
creates a stretch on the quadriceps that stimulatesukeles causing a forceful
extension of the takeoff leg. This stretch reflex @acentric contraction of a muscle
that is stretched at a given rate. The rate at whiohscle is stretched determines the
magnitude of the contraction. The faster the musd&adched, the faster the
contraction and the greater the force output (Chu, 19%@xefore, a faster stretch of
knee extensor muscles during this the plant will causeaggr contraction to force the

athlete upwards during the force production phase of the jump.

Horizontal
Mormenituan

A

Horizonia!

Vomentum

Knee Extensors

\ o Foreed Flexion

Figure 5-6The momentum of the athlete forces knee flexion causstigetch in the knee extensors
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As a result of greater horizontal velocity, the lengtihe last step for males of
the one foot high kick were found to be 1.08m for the oneHah kick and 1.34m for
the two foot high kick. These lengths were significardhgér than those found for
female athletes 0.66m and 0.79m for the one and two fooklughThe females were
found to have less horizontal velocity and conseqyeatsmaller last step length. As
mentioned in the previous paragraph, the planting of tm foot causes a “braking”
force for the athlete that elicits the stretcheeflAs well, the longer this last step is, the
greater this “braking” force will be. As the foot is foet out in front of the body, the
horizontal component of the ground reaction force besolarger and the horizontal
velocity can be decreased more effectively.

During the plant, the distance between the feet iridtveard/backward direction,
foot position, will have an impact on the verticaldes during the takeoff. The further
the feet are apart in this forward/backward directibe,léss vertical and symmetrical the
upward forces will be. If the feet are staggered sliglitly,resultant force of the takeoff
for each leg will be at different angles. As a resfithese angled forces, there is not only
a vertical component, but also a horizontal comporiétite resultant force stays the
same and a horizontal component is added, the vertiogd@nent is decreased. Figure
5-7 shows the effects of a staggered plant. Both malecamalé athletes in these events
showed only small separation in the foot position, randrom 0.07m for female one
foot and 0.15m for male two foot. It is also noted thataggered stance is not allowed

according to the rules of the game.
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The final portion of the approach for this discussiotihéschoice of plant foot for
the athletes. Right handed/footed volleyball playedsiadividuals jumping for height,
tend to lead into the last step of the approach witin tigit foot. However, the majority
of the male athletes observed in these two skills edtire last step with the left foot,
whereas none of the females entered left foot forwind.females entered right foot
forward producing the plant with a hop rather than a detapight foot plant.

Using the left foot forward approach along with a curapgroach is actually
more effective than the regular foot approach in thataasier to kick with the right foot
if the left foot is planted first. During the force produgiportion of the jump, the body
may be leaning to the left; this means the right ldgss weighted than the left again.
This will cause the right leg to leave the ground first effectively have a quicker
initiation of the kick. If the right leg were to leado the last step, it would be weighted
by the body and cause a later kick as it would be contnpumiore to the jump takeoff
than the left leg.

It is common among the females that although the fayt is forward, a hop is
used instead of one foot planting then the other. Thii® than likely due to the
coaching and mimicking of other successful female athlétestop Alaskan kicker uses
a hop and trains younger athletes, therefore teachingttieetwo foot hop. Another
factor for the use of the two foot hop would be quadricapsgth. As the athlete
possesses a certain amount of momentum into the therathlete must be able to
support the body as it moves into deep flexion preparinth@®jump. A two foot hop
rather than a one foot plant should help the decelerafithe athlete into deep flexion as

there is twice the strength compared to a one foot.glowever, in the one foot kick,
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the athlete must land on one foot, bearing the weibthteobody accelerating downward.
This would then suggest that the females would have enorggigst in the quadriceps to
utilize a one foot plant in the approach. Figure 5-8 shoegngarison of left foot

forward and the hop approach.

Ve & pal
. K 4
.~
Left Foot Forward

Plant

Figure5-8(a) The hop approach (b) Left foot forward approach

Backswing
Backswing movements occur at the end of the approachrard anovements
directed away from the direction of the force produti{Figure 5-9). The backswing
serves the purpose to prepare the body for an exploste ffooduction. It aids in
creating a large range motion through which the body setgean move. It also serves

the purpose of creating a stretch on the musclestmatact during force production.
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Five variables were measured for the backswing phases# the skills;
maximum shoulder extension, maximum trunk flexion, maxinmipgrflexion, maximum
knee flexion, and maximum ankle dosrsiflexion.

Maximum shoulder extension for males and femalestf bkills were quite
similar and ranged from 85.75 degrees (female two foot hik) kn 91.67 degrees
(male one foot high kick). Having a higher amount of shoudatégnsion allows the arms
to move through a greater range of motion to aid in fproduction. As well, the
movements of the arm backward into hyperextension, tenidsce the trunk into more
flexion. According to Dapena (1988), the acceleration @fttms in the upward direction
exerts a force downward through the trunk that is tramesthio the takeoff legs.

Having a large amount of trunk flexion in the backswingrnipartant as it creates
a larger range of motion in which the trunk can acctedettaring force production. The
trunk in this study was measured referenced to a vertigal3ignificant differences
were found between males and females of the two fgbtkick, with males having a
higher trunk flexion with a mean difference of 6.46degrebs. Males and females had
similar trunk angle for the one foot high kick, 33.23degeewk21.75degrees
respectively and they were not significantly different.

In order to achieve maximum force production during jumpxaeler and
Seaborn (1980) suggest hip and knee angles of 90degreessilke fog hip and knee
angles of male athletes in this study showed that oelyrdan knee flexion angle in the
two foot high kick (85.29degrees) did not exceed the optimu®d alegrees. Contrary to
this, females did not exceed this ideal angle (90 degreelipfand knee flexion in

either event. Males had a significantly larger hip flexamgle in both the one and two
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foot events as well, 96.68degrees vs. 80.83degrees in theatregio kick and
99.68degrees vs. 86.13degrees in the two foot high kick. Theses dsulot seem
surprising to the current researcher as males are 30 pstaager in the lower body
than females on average (Alexander, 2001). It is notedt tvauld be quadriceps
strength that limits females from obtaining these deepah positions.

Ankle dorsiflexion is the most inferior pivot pointtihe deep crouch position.
The measured mean dorsiflexion angle ranged from 18.10detgeesq two foot high
kick) to 32.69degrees (male one foot high kick). Althoughesb for significance was
done between the one and two foot high kicks, the angéesded for the one foot high
kick were higher than the two foot high kick.

Takeoff

The two parts of this discussion include the takeofftmysof the athlete as well
as the angular velocities of the segments involvednk extension and shoulder flexion,
followed by hip, knee and ankle extension make up this explg®rtion of the skill
(Figure 5-10). The movements in this phase, also conslidleecforce producing phase of
the jump, are used in order to drive the athlete upwardrf@ffective takeoff. The
purpose of the phase is to apply as much force to the greymakaible in order to
increase the vertical velocity of the center of mass

With the one and two foot high kick all groups measuredchreenk angles past
the vertical into a hyperextended position (-8.58degreendds one foot, -7.05degrees
for female one foot, -7.06degrees for male two foot, ar@Deegrees for female two

foot).



Figure 5-10Sequence of takeoff movements for the one and two foot high kick
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The current researcher believes that this hyperextend#ibpas used in order to
allow for a higher kick. As mentioned previously, whileahlete is in the air, the total
angular momentum (H) of the system must be constéid.stated as the angular
analogy to Newton'’s first law states that a rotatindyowill continue to turn about it's
axis of rotation with constant angular momentum, urd@ssxternal force is exerted
upon it (Hay, 1993). In order for momentum to remain amsthere must be equal and
opposite reactions of the body segments. During there phase of the jump, the trunk
must take up most of the angular momentum of the legeRisn of the hip occurs in a
counter clockwise wise direction, the trunk must aler forward in a clockwise
direction keeping the total angular momentum of theylmmohstant, allowing the body to
stay in balance. With the trunk being extended past thieakat takeoff, it allows the
same amount of flexion of the hips and trunk at touch, vehilgher peak height of the
feet can be achieved. This is able to occur as the &uatihe is rotated back, so that the

line of the legs is more vertical rather than hantab (Figure 5-11)

HighlLeg Low g

B Position
Positien :

Figuret-11 (a) Hyperextended trunk and high leg position (b) Verticnk and low leg positio
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This hyperextended position may also benefit the kickanother way. The
purpose of the skill is a kick for height; thereforeespef the leg is very important as the
athlete must kick in the air and then land on eitheravrieo feet. The benefit in the
hyperextended trunk may come from the fact that as tiné& &xtends past a vertical
position, the hip flexors become stretched. When theseles become stretched it will
produce a faster contraction of the hip flexors, theeef@nefiting the athlete with a
faster kick overall.

However, as the athlete extends the trunk past vertieatenter of gravity
moves behind the point of force application, in this csefeet in contact with the
ground. By doing this, the athlete will create a momeatuathe center of gravity
causing the body to leave the ground with a certain anaduamigular momentum not

equal to zero, causing it to rotate in a counterclockwieetibn (Figure 5-12).

Center

of

Mass

Figuret-12 The center of mass is behind the upward force ciga
counterclockwise moment about the center of mass
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Once airborne, this angular momentum must be consahe@fore the athlete
will continue to rotate about an axis with the samewarhof angular momentum
throughout the airborne phase. The problem lies inatietihat if the athlete leans back
too far at takeoff, he/she will have a large amount glilar momentum and incur too
much backward (counterclockwise) rotation and thereforbéeaible to land on their
feet. Although the athlete can control the velocitywhich the body rotates by altering
the positions of body segments, and their momentgedtia, it could be quite counter
productive in this skill. The athlete must kick as fasthey can as they are in the air for
only a short period of time. Therefore, they must elase the moment of inertia of the
knee(s) to be able to flex the hips faster. As a reswlgcrease in the moment of inertia
of the entire body is observed, causing the systemaberbackward with a faster
angular velocity.

The shoulder position at takeoff is maximized towardvergical (180degrees of
shoulder flexion) in order to raise the center of gyawitthe body. Males recorded values
of 140.52degrees and 135.83degrees for one and two foot kicks redpeEtweale
values for the one and two foot kick were 128.63degrees and 126.¥&idgapena
(1988) suggests that a higher center of mass at takeofficmiive of more talented high
jumpers, and is related to greater shoulder flexion and éxmfi at takeoff.

The hip, knee and ankle positions of the jumpers shdiule @xtended as much
as possible in order to use the greatest range of maipassible. There were no
significant differences between any of these variafolemale and female one and two
foot kickers. All athletes mean hip extension was padbameal position and into a

hyperextended position. This hyperextension was noted to gezéwtended position of
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the trunk at takeoff as hip angles are referenced tauhk.tMean knee angle during
takeoff did not reach full extension for any of theugye observed. This indicates that the
fullest range of motion was not used to produce maximaéfdrbe mean angles for knee
extension ranged from 6.79degrees for male one foot to 13.08ddgrdemale one foot.
Ankle plantarflexion (extension), showed a large aagkakeoff with means for females
of the two foot measuring 52.93 degrees and the lowest measaegs being
34.61degrees for male two foot. The numbers shown fomdflesireflect by which that
the angle was measured. The angle was measured agkhdetween anatomical
position of the ankle and the position at takeoff. Anatal position for the ankle is a

line 90degrees (perpendicular) to the line of the lowe(Ragure 5-13).

\ Ankle Angle

Measurement

Figuret-12 Determination of ankle plantarflexic

In order to jump higher, the athlete must have higher angelocities of the
body segments in order to accelerate the body toaserthe ground reaction forces that
will help the athlete accelerate from the ground. Aceaydo Newton’'s second law,
F=ma, the athlete applies a force to the ground, the fven produces an acceleration of

the center of mass of the athlete. The bigger the ftineeggreater the acceleration. Also,
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Vergroesen et al. (1982) proposed that, there is a suomr@tiorces from larger muscle
joint movements to smaller ones to increase vejaxdithe limb. Therefore, an addition
of forces generated from the hip extension to knee extemsid then to ankle plantar
flexion would help in increasing the vertical velocity a@teoff.

Angular velocity of the shoulder joint is a very im@ort movement in creating a
larger vertical velocity. In a study done by Feltnegdéhetti and Crisp (1999), the arm
swing was found to slow the rate of counterclockwisektnotation during the force
production phase. As this trunk rotation was slowed, thesarimg placed the hip joint
into a favourable position for a large tension in thescfes.

The angular velocities for all body segments betwaale and female kickers
were not significantly different except for the trumigalar velocity of the two foot high
kick. The male athletes of this skill recorded a meaunevaf 139.45 deg/sec, whereas
females measured a mean value of 62.24 deg/sec. Malesoriglieot kick recorded a
higher mean value of trunk velocity with 140.99 deg/sec althooghested for
significance. Females of the one foot high kick, recom@similar mean value
(132.53deg/sec) to that of the male athletes. This findadsléhe current researcher to
believe that due to the larger sample size of the fetmad foot high kick, the mean value
of the female two foot high kick is representative of njospers, with a value of
approximately 6 feet. As the trunk accounts for fifty petaf the body’s overall mass,
being able to move the trunk faster is very beneficidhé athlete at takeoff. The more
force applied by the trunk extensors to accelerate timi tthe greater the force on the

ground to accelerate the body, F=ma.
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Although the angular velocities of all body segmentalaoff were not
significantly different between male and females,weical velocities at takeoff were
significantly different to a p value <0.0001. The curreatlgtiooked only at average
angular velocities of the body segments and not thie yacities or the accelerations of
these segments. The fact that the vertical ve&scitiere so different was more than
likely due to the difference in mass of the athleteyal as the accelerations of these
segments. As males tend to have more muscle mastethales do, the contractions of
the muscles would be more forceful and result in higleeelerations of the segments.
The greater force that is used to accelerate the largsses, the greater the force applied
to the ground to accelerate the body’s center of mass.

Touch

Although only vertical velocity was used as the deterntinhjump performance
in this study, it is very important to discuss the airbguina@se in order to fully understand
these unique and difficult skills.

Touch - One Foot High Kick

A total of eighteen variables were measured for thigqrodf the kick. The
sequence of movements is shown in Figure 5-14. This plidlse skill is begins with
knee flexion of the right knee in order to bring the ledaip position for kicking the
target. The right knee of the athletes should beeasdl as possible in order reduce the
moment of inertia for hip flexion. By reducing the momefninertia, the hip is able to
flex faster as angular momentum must remain congfgmire 5-15). Sorenson et al.
(1996) indicated that a flexed leg could cause faster kiclciigls, as it would decrease

the moment of inertia. In the study conducted by Hwang (198#@s indicated
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that when kicking at a target, the velocities of thestof elite athletes were faster than
those of beginners due to the flexed leg and decreased mohmegitia, thus suggesting
that the hip angular velocity should be greater foexefll kneeMales exhibited a
significantly larger knee flexion angle for this phaséhvaei mean difference of 13.92
degrees. However, the angular velocity of the rightfdrigemales was larger, this is a
contradiction to the point that more knee flexion &id in the velocity of the right hip.
This finding was not significantly different but it doesrveat some mention as the

female athletes did measure higher velocities of ti@ hip.

Figure5-15Reduction of the moment of inertia in order to flex tiyefaster

As the hip flexes to a maximal position the right knééextend and attempt to
contact the target. The position of the hip and knéension at touch is a crucial part of
the skill. Flexibility is a major part of this positi@s it will determine the amount of

flexion that the athlete will be able to achieve. Thearitexible the athlete is, the higher
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the leg can kick. Males measured mean values of hip fl@ndrknee extension to be
148.38degrees and 7.24degrees, whereas females recorded mear@0okefsdes and
4.20degrees for hip and knee angles. The implication of jesgons is that the more
flexion in the hip and the more extension of the kneathkete can obtain, the more
vertical the leg becomes, therefore the higher théyoerable to kick. Flexibility is a key
feature of highly skilled athletes in this sport as bwa# the hamstrings to be lengthened
and obtain these maximally flexed positions, especiatlyfovements in the touch
phase.

As this is an airborne skill, the athlete must be &bleut the leg in this position
quickly, as they are only in the air for less thae sacond. This is determined by the
velocity at which the hip flexes and the knee extendstaed earlier, the hip flexion
should be partially determined by the flexing of the kneethasknee flexes, the moment
of inertia about the hip decreases and the velocitiythgh increase. Females, however,
exhibited a larger, yet not significant, hip flexion velo@fyt74.83deg/sec compared to
412.25deg/sec. Females also had a significantly largerkmget extension angular
velocity compared to the males, 777.04deg/sec vs. 638.22deg/semurfént researcher
believes that this difference may be due to the thaethe athletes are in the air.
Females will spend less time in the air, approximaté€l$ 8ec less, due to the lower
vertical velocities at takeoff, therefore they wiive to produce much faster velocities of
the right hip and knee in order to kick the target and teeover for landing. As males
were found to have a much higher vertical velocity at tdkdwd need for such a high
velocity of these joints is much less as they woadehslightly more time in the air to

produce these movements and then recover. As welligisttidy conducted by Chen &
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Huang (1998), it was found that there was no differencawer leg velocities between
the straight leg and flexed knee kick when there waswrget present.

As the kicking leg moves into a position to touch #rget, the trunk and
shoulders along with the non kicking leg move accorgingbrder to take up the
angular momentum of the kicking leg (Figure 5-16). The trursitipo during the touch
is affected by the takeoff position of the trunk. As nmamd in the takeoff section of the
discussion, a hyperextended trunk at takeoff enables tHettrumove through the same
range of motion as a vertical trunk, however it alldkes trunk to remain more vertical at
touch, thus allowing the kicking leg to be more verticalva$i. Although not significant,
males had less trunk flexion at touch (14.24degrees vs. 22.30sbedreis implies that
males will be able to kick higher, even though hip flexionesgnd knee extension
angles are similar, the more vertical trunk allowskkig leg to be in a more vertical

position as well.

CCW=CW

-

Trunk

4 cw

s
>

Figuret-16 Clockwise and counterclockwise angular momentums
balance. The trunk, arms and non kicking leg balame@angular
momentum of the kicking leg
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The shoulder movements of this portion of the skdl\ary different for male
and female athletes. Female shoulder movements wesesymmetrical as the foot
contacted the target. As the trunk flexed forward, batisaxtended down together at
the same time. This was contrary to the movementseomale athletes. As the kicking
leg contacted the target, the right arm of the mdllets extended down past the hip of
the kicking leg whereas the left arm extended down, buiortbiat degree. Therefore,
there was a large asynchrony between the shouldempssitf the male athletes at
contact.

The non kicking leg of the athlete remains in a posibibinip and knee flexion in
order for the kicking leg to utilize full flexion of tHep and extension of the knee. If the
hip and knee of the non kicking leg extends at touch llitiwithe pelvis downward and
limit the range of motion of the kicking leg. The trumidaarm should take up as much of
the angular momentum of the kicking leg as possiblederoior the non kicking leg to
remain in this flexed position. Mean hip and knee flexioglesfor male athletes were
33.83degrees and 64.95degrees compared to 48.60degrees and 89.65degraakefor f

The right ankle, although only a small movement,ag an important role in
the outcome of the one foot high kick. The mean rigkteaplantarflexion angle was
24.90degrees for males and 13.35degrees for females. A positneenindicates a
plantarflexed angle, whereas, a negative number wouickiteda dorsiflexed position. In
this skill it is very important to ensure that a planéxéd angle is seen, as it may add
that extra length to the foot in order to touch the taigefact, the athlete that obtained
the world record had missed the target due to a dorsiflaxXdd, dut quickly

plantarflexed at the right instant in order to conthettarget.
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Touch - Two Foot High Kick

The two foot high kick is similar to the one foot highkibowever, movements
of the right and left sides are symmetrical. Figure 4-bivsithe movements associated
with the touch portion of the two foot high kick. As iretbne foot high kick, the first
movement going into the touch phase is the flexing oktiees into a tuck position.
Again, this will decrease the moment of inertia for ligejoint and allow a faster angular
velocity at the hips. Males again had a significantlgéaknee flexion angle
(138.86 degrees) and knee flexion velocity (681.85 deg/sec) duringhtss which
indicates a more tucked position and should imply a fagpeftexion velocity. However,
as in the one foot high kick females measured a largan i velocity, although not
significantly different from males (466.60 deg/sec vs. 452.86sdej/

Trunk flexion velocity of male and female athletestfos portion of the skill was
similar, 137.25deg/sec vs. 132.53deg/sec, however trunk positieredikignificantly.
The trunk angle at touch was significantly more verticainale athletes (43.03degrees
vs. 52.72degrees), suggesting that the legs were able to bewrmeertical at touch. As
trunk flexion increases, it limits the height that kbgs can achieve, even though the
same range of motion may be seen. Unlike the one igbtkitk where the non kicking
leg can take up some of the angular momentum of the dati the trunk and arms can

take up the kicking leg’s momentum (Figure 4-18)
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Figuret-1€ Clockwise and counterclockwise angular momentums
balance. Only trunk and arms balance the angular momeoitthe kicking
legs

Females in the two foot high kick event had similarusther movements to that of
the one foot high kick. However, during the two foot higtkkit was observed that the
females extended the shoulders to certain point andbdgan flexing them again as if
they were reaching out for their toes. This explainstgk shoulder flexion angles at
touch (122.12degrees) and the low shoulder velocity (78.69degrsecleft and right
shoulder movements of the male athletes were quiengjrical, as would be expected

due to the symmetry of the leg movements.
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Knee extension and hip flexion velocities of this porodthe skill indicate how
fast the athlete is able to touch the target. Fastegements in this phase will allow more
time for recovery as the time in the air is predeteech by the vertical velocity at
takeoff. Therefore the less time spent trying to tabhehtarget, the more time that can be
spent during recovery. Hip velocity between genders wasignificantly different with
females recording a mean value of 466.60deg/sec and males 452.86dHy5es
somewhat surprising to the current researcher as theathddées had a significantly
larger knee flexion velocity (681.85 deg/sec vs. 608.85 deg/seé@rahe, 138.86
degrees compared to 121.52 degrees, leading up to the touch. Tidsagiain suggest
that due to these greater angles and velocities of kederf, the moment of inertia
about the hip joint would decrease and therefore hip vglowtease, assuming torques
remain constant.

The angles of the hip and knee at touch are ratheestieg. Male athletes
measured a mean angle close to zero for knee extefsiznmplies that the knee
extension velocity of many male athletes at touch fibtbe knee into a hyperextended
position. This may be beneficial to the athlete agoitild increase the range of motion
and possibly the height achieved. However, forcing the kinees hyperextended
position could be damaging as it places the knee jointrindeeat deal of stress and
possible injury could occur to the surrounding structureébeknee. The mean knee
extension angle was 1.45degrees, which suggests that soale &hletes may enter this
position of hyperextension as well. The hip positionsathbnale and female athletes are
quite high, 164.40degrees and 163.10degrees respectively. Thededaaggles suggest

that the athletes are in a very tight position amib divers. O’Brien (2003) characterizes
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this “closed” pike position as full extension of legshwthe arms pulling the trunk closer
to the legs. The two foot high kick position is similar ifters in the fact that the arms
of the athlete are not used to pull the body closer. Tdhasged for extreme flexibility in

the extension of the hips is an asset to the ath|Eigsre 5-19).

E_igureE-lQ Athletes of the two foot high kick need to be extreniielyible at the
ips
Follow Through

The follow through movements of these two skills aedus order to place the
body in an optimal position for landing. From the pe&the jump to the landing, the
body is accelerating downward from gravity. This incregas®locity creates a larger
momentum, as momentum (M) is the product of the ma¥sud velocity (v). The legs
upon contact with the ground are important as they nmsttee body’'s downward
momentum to zero by producing an impulse equal to the chamgyementum.

Follow Through - One Foot High Kick
The most difficult task in the one foot high kick isitihe athlete must land on

the leg that they attempt to kick the target with. Thesans that the kicking leg that is

supposed to be fully flexed at the hip and extended & in an almost vertical



115

391 ybiy 1004 suo 8y} 10} sluawaAow ybnouyl mojjo4 Jo aduanbasgoz-g ainbi4




116

position at touch, must move through a range of motioh that it is in a position to
land on. The hip must therefore move through an angiosé 180 degrees in order to
be in a position to take the weight at landing. As wbé athlete is utilizing a one foot
landing which means that only one leg will be able to ptcte downward momentum
of the body. Figure 5-20 shows the sequence of followutiiranovements

During a snap kick martial artists will forcefully A¢heir knee to aid in quick
recovery to a ready position (Healy, 2000, Hickey, 1997, PaBe&bourne, 1997,
Shroeder &Wallace, 1976). By flexing the knee, the momeimtesfia is decreased and
the hip should be able to extend faster.

By comparison, the results of this study showed ti@athletes did not utilize
this flexed position during recovery. Instead, there waadranst straight leg recovery
using only hip extension (407.54deg/sec for males and 400.15deg/@etighhknee
flexion (58.58deg/sec for males and 153.75deg/sec for femalesguvdn this may be
optimal for high kickers as it may prove to be an aatdwposition to fully flex the knee
and then extend again for landing. Females competing ievhist landed on the right
leg with a mean right knee flexion angle of 41.38 degrBes.flexed position could
suggest that female athletes are trying to, although sonmembaccessfully, flex the
knee and extend during recovery.

The rest of the body, shoulders, trunk and left legealtt by rotating opposite to
that of the kicking leg to counterbalance the effechefrotation of the kicking leg
Figure 5-21. Focus during this phase should be directed towakekineg leg as it is the

limb that must accept all the body weight at landing.
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Figuret-21 Clockwise and counterclockwise angular momentums
balance. The trunk, left/right arms and non kickirggbalance the angular
momentum of the kicking leg

Follow Through - Two Foot High Kick

In diving, the athlete exits the pike position by extegdhe hips with straight
knees (O’Brien, 2003). This straight legged extension oliiigto exit a pike position is
used in diving as it is a sport based on aesthetics. datdigh kick is not based on
score and the main focus of the recovery is to ensbadaaced landing. It is in this
aspect that the two skills differ. The movement seqe@fthe follow through is
presented in Figure 5-22. During the recovery of this skidl,legs are flexed after touch
(114.17degrees for males and 80.68degrees) to decrease the wbimenmia to enable a
faster hip extension (Figure 5-23). Unlike the one foot higk, kitere the straight
approach to recovery was used, it would seem very benefidiais skill to flex the knee
for recovery. This is because after the touch thetthhust attempt to extend both legs,
rather than one leg, down underneath them to land. Wheadgd more mass away from
the axis of rotation of the hip joint the moment ofriizeis greater, therefore the velocity

will decrease as angular momentum must remain constant
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The athletes of this two footed skill have twice the massove, to reach the
floor, so they must increase the velocity by flexingkhees and decreasing moment of

inertia, in order for them to attain a balanced lagdin

Figure5-23Reduction of the moment of inertia in order to flex s faster

With this double legged recovery, more angular momentugarnisrated and must
be counterbalanced. This angular momentum is taken upel®xtension of the trunk
and the flexing of the arms according to Newton’s thivd ¢d angular motion (Figure 5-
24). There is more focus on trunk extension in this ghalh there is in the one foot
recovery. With the one foot high kick, the non kicklag is used to take up some of the
momentum along with the trunk. With the two foot highkkiboth legs are kicking,

creating more angular momentum that must be taken afy 41l the trunk and arms.
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Figuret-24 Clockwise and counterclockwise angular momentums
balance. The trunk and arms balance the angular momeaftthe kicking leg

Kinematic Predictors of Vertical Velocity
Correlation Analysis
One Foot High Kick — Male

Two variables were shown to have a statistically sigaifi correlation to the
vertical velocity at takeoff in male one foot high kethletes, horizontal approach
velocity and ankle velocity at takeoff.

Horizontal approach velocity showed a strong positiveetation to the vertical
velocity at takeoff (0.76). A strong correlation indesithat as horizontal approach
velocity increases so will vertical velocity at takedssentially, the faster you approach,
the higher you will be able to jump. This finding is supportethieystudy conducted by
Dapena (1988) on elite high jumpers. Dapena (1988) states thatimg a faster
approach a greater vertical force can be exerted ogrélumd. As the athlete carries a
certain amount of forward momentum into the plarg,ftbnt leg tries to resist flexion,

but is unable to. This forced flexion puts the leg extensochkesi®n a stretch which is
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believed to produce stimulation of the muscles causiogcaful extension at takeoff
into the jump.

The second correlation found for vertical velocityakeoff was ankle velocity at
takeoff. A strong positive relationship was found betweesdhwo variables (0.71)
indicating that as ankle velocity increases at takesrtical velocity of the center of mass
will increase at takeoff as well. This high velocityawikle is the last movement to occur
at takeoff. According to Vergroesen et al. (1982), duringuh®j there is a summation
of forces from larger muscle joint movements to semalhes to increase velocity of the
limb. Therefore, there would be an adding of forces gadedrfrom the hip extension to
the knee extension and then to the ankle plantar flexibwould appear that ankle
plantarflexion is an important movement in the two foigh kick.

One Foot High Kick —Female

Due to the small number of subjects for the one foot kiclty testing for
significance on some variables was not possible. Hewele two variables that could
not be tested for significance were shown to have kigyy correlations to vertical
velocity at takeoff.

The first variable, horizontal approach velocitysvaund to have a perfect
correlation, 1.00, to vertical velocity. This perfectretation is most likely not accurate
due to the small sample size. However, based on thén&tchorizontal velocity for male
one foot and female two foot was significantly correlatee current researcher believes
that it would be correlated and probably significant ffer female one foot high kick if

more subjects were tested.



122

The second variable found to be highly correlated butastéble for significance
was distance between the feet in the forward/badkwmection at takeoff. There was a
strong negative correlation (-0.81) between this variabtevertical velocity at takeoff.
As the distance increases between feet in the faiaackward direction, the lower
vertical velocity will be. With the feet closer toget in the forward/backward direction,
the forces in both legs will be acting in the samedtion, straight downward. As the feet
begin to separate, the direction of the forces ofepe become unequal. This inequality
in the line of force could possibly cause one or bothtiedmve a larger horizontal
component. If the amount of force produced by the body eetgis the same and there
is an increased distance between feet, vertical vgladli decrease as the resultant
velocity will have a greater horizontal component.

Two Foot High Kick — Male

Again, two variables were found to be significantly etated with vertical
velocity at takeoff. For the male athletes in the feat high kick, trunk angular velocity
and knee angular velocity at takeoff were the twoeatated variables.

Trunk angular velocity had a positive correlation of Qrébcating that as trunk
angular velocity at takeoff increases, vertical veloatttakeoff will increase as well.
Considering the trunk takes up 50 % of the body’'s massna surprise that there is a
high correlation. As more force is used by the backnsxtes to accelerate the trunk
upward, more force is applied to the ground to accelerateotiheupward. Although the
upward angular accelerations of the trunk are not presentbid study, it can be
assumed that higher velocities will yield higher accélena if the time is the same

between subjects because acceleration is the chang®oity divided by time.
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A high correlation (0.64) between knee angular velocitaleoff and vertical
velocity of the body at takeoff was also found to laistically significant. Therefore it
can be assumed that as knee angular velocity at fakeadases, vertical velocity will
increase as well. As the knees extend forcefully, #pmply a large force to the ground
which causes the body’s center of mass to accelepatard, F=ma. As well, as the
horizontal approach velocity increases, the amourtretich on the quadriceps increases.
This forceful eccentric contraction will cause atetneeflex in the muscle causing a
faster, more forceful contraction of the knee extengGhu, 1998). The faster, more
forceful contraction of the knee joint will ultimdyeaid in producing a larger vertical
velocity at takeoff.

Two Foot High Kick — Female

Correlation analysis for the female two foot high kibkwed two variables to be
statistically significant when correlated to vertigalocity at takeoff. The most highly
correlated variable was again horizontal approach \ugl¢@i87). Of the four high kick
groups, this is the third group to have horizontal velomityrelate significantly with
vertical velocity at takeoff. As the horizontal veityoof the female two foot high kick
increases, the vertical velocity will therefore m&se as well.

The second variable to be highly correlated to vertiemlotty is hip angular
velocity at takeoff (0.86). Thus, vertical velocity akeéoff will increase if the hip angular
velocity of the athlete is increased. The reasontiisris similar to that of trunk angular
velocity and knee velocity. As the hips extensors emntiorcefully they apply a force to

the ground causing the upward acceleration of the body.
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Stepwise Regression Analysis

The final statistical analysis performed on the dataHese skills was a forward
stepwise multiple regression. It was conducted in aaldetermine the most important
variables related to the vertical velocity of the etitilat takeoff. The analysis itself not
only determines the relationships between the independaables and the dependent
variable, it takes into account interrelationships leetwindependent variables and
eliminates them accordingly.

Although this forward stepwise regression analysis seeins the most
appropriate, it does have some limitations, which gshbaldiscussed. The analysis will
select one variable and eliminate another variabtasftoo closely related to the one
selected, this is called collinearity. Collinearity efided as the condition of relatively
high correlation between variables. Both variables arenddesqually important, and
therefore, the analysis sees them as holding the isdonmation as the other, and
eliminates one. This can have a dramatic effect omtigkel as choosing one variable
over the other will drastically change the model oleEssentially, there could be many
models that accurately predict vertical velocity &etHf. One way the current researcher
was aided in gaining the best model possible was to foragable into the equation.
This is a process that includes forcing a variable tHaglsly correlated and statistically
significant into the equation on the first step ofahalysis. It is noted that the variables
presented here in these models should not be considettesl @sly contributors to jump

height and that there may be other models that prpahigi height as accurate.
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Male One Foot High Kick Regression Analysis

The regression analysis performed on the male ondniglokick gave two key
predictors of the vertical velocity at takeoff. Of thieeteen possible variables, horizontal
velocity of the approach and the step length were tbevewiables deemed most
important in this model. The regression equation accoan&3%o of total variance and
is as follows:

y = 2.115+0.729HV-0.79SL {r= 0.827)
Where: y = Vertical velocity at takeoff (m/s)
HV = Horizontal velocity of the approach (m/s)
SL = Step length of the last step (m)

The regression analysis suggested that horizontal velwagythe most important
variable related to the one foot high kick and was posttiserrelated. Horizontal
velocity as the main predictor of vertical velocityggests that as the athlete increases the
horizontal velocity of the approach, the greater #ntical velocity at takeoff will be due
to the high positive correlation. Again, by increasinghbeazontal velocity during
approach, the athlete enters the plant with an exteedetiat tries to resist flexion but
cannot because of the forward momentum, causing adfflecaon of the knee (Dapena,
1988). This forced flexion causes a stretch in the quadribepseads to a forceful
concentric contraction of the knee extensors, whicheiases the force applied to the
ground and in turn a greater vertical velocity is achieved.

The second predictor of vertical velocity for the enahe foot high kick was step
length. Contrary to what the current researcher hypateisthe step length here actually

had a negative correlation. That is, as step lengtkasess, vertical velocity will
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decrease. This is contrary to what the current relseabelieved, as a longer step length
would cause a “braking” force to slow the horizontabegl. With a longer last step, the
foot contacts the ground further in front of the linggadvity of the athlete which
produces a large horizontal “braking” force back on thé&etd. It is this “braking” force
that causes the deep flexion of the knee putting the exteas a stretch. And according
to Chu (1991), the more forceful the eccentric contragidhe more powerful the
stretch reflex and ultimately a faster concentriatcaction.
Female One Foot High Kick Regression Analysis

As the subjects for the female one foot high kick wienged, the regression
model may be somewhat inadequate. As well, the regresgimation produce, accounted
is said to account for 100% of the total variance. Thismseeery unlikely and the current
researcher believes that the vertical velocityheffemale one foot high kick cannot be
solely dependent one variable. The regression anatyasfollows:

y = 1.939+0.457HV (= 1.00)

Where y = Vertical velocity of the center of mass at takeoff

Hv = horizontal approach velocity

The regression showed that horizontal approach vela@s/the most important
variable in predicting vertical velocity at takeoff. previously discussed, it has been
suggested that horizontal velocity is crucial in produciggeater vertical velocity at
takeoff (Dapena, 1988). However, it should be noted tleatrithdel may be inadequate as
there were very few subjects for this skill. The stispwesting procedure will not take

more steps than there are subjects and thereforegisedbdhe model can only be made
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on one or two steps and only one variable was statigtg&teong enough to enter the
equation.
Male Two Foot High Kick Regression Analysis

The regression analysis for the male two foot high kiektified four key
variables to best predict the vertical velocity of ¢keater of mass at takeoff. It should be
noted here that one variable was forced into the equasianhad the highest correlation
and smallest p value from the correlation analysig. first model that was given did not
include this variable, and the researcher believes thatpas ithe highest correlated
variable that it should logically be included in the regi@en model. The regression
model accounted for 94% of the variance and given here:

y = 3.573+0.007TV-0.10MSE+0.012MKF-0.003HVT 2(r: 0.943)
Where: vy = Vertical velocity of the center of mass at talteof
TV = Trunk angular velocity at takeoff

MSE = Maximum shoulder extension

MKF = Maximum knee flexion

HVT = Hip angular velocity at takeoff

The most important variable, trunk angular velocityasedff, was the variable
that was forced into the equation. This forcing of truntgudar velocity into the model is
justified as it was the highest correlated variable ferrtiale two foot high kick. Trunk
angular velocity is important to the vertical velo@tyit has such a large mass. The force
of the extensors to accelerate the trunk upward caudesravard force that is applied to
the ground. This large force acting on the ground producesptherd acceleration of the

body’s center of mass.



128

The second most important variable for predicting vartielocity in this model
is maximum shoulder extension. However, there isgatnee correlation of the shoulder
angle to vertical velocity. Thus, it is implied thabre shoulder extension during the
backswing will actually decrease the vertical velocitie&eoff. This result seems out of
place to the current researcher. As the arms swing ugheyctause a downward force
on the ground that increases the ground reaction fotaehwn turn accelerates the
center of mass upward. A greater backswing may be lesstanpor in fact, according
to this model, detrimental to vertical velocity, as ftwee from the arm swing is
contributed during the upswing. Starting the arm swing franoee backward position
does not provide a faster upswing.

Maximum knee flexion appeared in the equation as the st important
variable for predicting vertical velocity. The positivar@ation suggests that an increase
in knee flexion will increase vertical velocity. Astknee flexion increases it causes the
guadriceps to eccentrically contract and lengthen. Thascetwill cause a faster and
more forceful contraction which will produce a greatecé on the ground and in turn a
greater vertical velocity.

The final and most surprising portion of the multiplgression equation is that
hip velocity at takeoff was negatively related to vertiegocity. It would be expected
that a faster hip flexion would yield higher acceleratiang greater force on the ground.
However, according to this model as the hip angular velauitgases, vertical velocity
decreases. This may be related to the timing of the ppanvements during jumping. The
hip, knee and ankle joints should move in a sequence &gearlto smaller joints. Early

motion at the hip may disrupt the timing of the remaindéh® jump.
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Female Two Foot High Kick Regression Analysis

The regression model for the female two foot high kiak explained 100% of the
variance. This seemingly accurate ability to predict aktrelocity is again most likely
due to the low subject numbers. Four variables were sdléxtbest predict vertical
velocity with the following equation:

y = 1.657+0.479HV+0.026MTF-0.007MKF-1.128E-4AV {= 1.00)
Where vy = Vertical velocity of the center of mass at takeoff
HV = Horizontal approach velocity
MTF = Maximum trunk flexion
MKF = Maximum knee flexion
AV = Ankle velocity at takeoff

The first and most important variable produced by the emuatithe horizontal
approach velocity. The importance of this variable fstseen previously and
explained many times throughout the analyses of thewstypes of high kick, therefore
it is not surprising to see it as the most importantawée for the female two foot high
kick.

Trunk flexion was the second most important variablgfedicting the vertical
velocity at takeoff. By increasing the trunk flexion, yoe affectively increasing the
range of motion through which the trunk can move wheanehhg. As the range of
motion increases, greater accelerations of the trankbe reached as there is more space

to move through. And as was discussed previously, more fioockiced by the back



130

extensors creates higher accelerations, which causedonogedown, that will
accelerate the center of mass upward according to Nesxgenbnd law of motion.

Maximum knee flexion had a negative relationship wéftigal velocity in this
model, indicating that more knee flexion will cause lessical velocity. This
relationship may often be seen in females, as thed/teehave less quadriceps strength.
This implies that as the female athlete enters aipo®f deep knee flexion, they may
not be able to effectively recover from this positiod #me force provided from knee
extension will be decreased.

The final portion of the equation is explained by the negaelationship of the
ankle angular velocity at takeoff. This implies thatlae ankle angular velocity increases
vertical velocity decreases. This finding is questionabke lagh ankle angular velocity
would indicate a greater force applied to the ground and matuiaccelerated center of
mass upward. Much like male two foot athlete’s negatiaiogiship of hip angular
velocity and vertical velocity, the timing of the jbimovements during the jump may be

incorrect for the female two foot athletes



131

CHAPTER 6

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

SUMMARY

The purpose of this study was to provide a biomechanicalsasalthe one foot
and two foot high kicks from the analysis of elite a#den these sports. This purpose
was addressed by measuring and identifying the key variablesréhasponsible for
improving vertical velocity at takeoff. As well, identiition of the airborne movements
of elite athletes provided insight into optimal technigie.additional purpose of this
study was to compare the male and female athletes i ¢lvesits to determine possible
kinematic differences in technique and strategies usdtge tevents. It was
hypothesized that an optimal technique for the one footvemdoot high kicks would be
obtained from the results of the study. Additionaliyvas hypothesized that males would
have higher values for the measured angles and angudaities as well as the linear
velocities throughout the skill.

Data was collected from a total of 31 subjects fromdsejparate competitions, the
Arctic Winter Games in Fort McMurray, Alberta, Canadal the World Eskimo Indian
Olympics in Fairbanks, Alaska, USA. The one foot higtklgroup consisted of nine
males and 4 females and the two foot group consisted o&lEsand 6 females. All
athletes were considered to be elite, as they werpetimg at the highest level for their
sport.

There were a total of 57 variables measured for the anéigh kick and 47
variables measured for the two foot high kick. The vargablere measured using video

analysis with the Dartfish analysis system. Thes&bkes included: trunk, hip, knee and
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ankle angles and angular velocities, as well as ar@&locity at takeoff. The
measurement of these variables provided several resuttgefoptimal technique. As
well, when comparing the means between genders, seigndicant differences were
identified.

One Foot High Kick

The vertical velocity at takeoff was shown to be sigaiitly different between
male and female athletes. The difference betweetwih@elocities was almost 1m/s.
This finding is consistent with the hypothesis that thedr velocity would be greater in
males.

The approach phase yielded two variables with signifiddferences. Horizontal
velocity of male athletes was over 1m/s larger thartrizontal velocity of female
athletes. Step length was the second variable to slsmymiéicant difference, with males
again having the larger value. Five male athletes approacbedrget using a curved
path, and three used a straight approach. All three ¢ealaletes approached with a
straight approach.

Maximum hip flexion angle was the first variable to lgm#icantly different in
the backswing phase. Males had a larger hip flexion angdéntiyst 16 degrees. The
other variable significantly different in the backswingsamaximum ankle dorsiflexion
angle as males measured a mean value of 32.69 deg compared te23i@5S5female
athletes.

The takeoff phase of the skill did not produce any ficant differences in the
variables other than vertical velocity at takeoffl &tgles and angular velocities were

statistically similar. This may suggest that becauseatigular velocities were similar
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between genders and vertical velocity was differeetatigular accelerations, rather than
the angular velocities, of male athletes were higher.

The majority of differences came in the touch partod the skill. A total of five
variables differed between genders. Both right shouldgleaand right shoulder angular
velocity was larger for males. Males however usedssimmetrical arm swing causing
the right shoulder to flex more. The right knee flexangle was significantly larger in
males than females. However, right knee extension angelocity was higher in
females. Finally, left hip angular velocity was sigrafitly greater in females compared
to males.

As the follow through is more of a reaction type mueet than a planned
movement, many variables were found to be significahtfgrent. Females had a
significantly larger right hip flexion angle, right knééexion angle and trunk angle. This
suggests that females had a crouched position upon landingldsealso had a
significantly larger right knee extension angular viéod he lone variable that was
significantly larger for males was left hip flexion amgl
Two Foot High Kick

As seen in the one foot high kick, the vertical velpait takeoff was shown to be
significantly different between male and female atdde® he difference between the two
velocities was over 1m/s.

The approach phase showed the same results as tfeogneith horizontal
approach velocity and step length being significantly largenales when compared to
females. Ten of the 12 males approached the target usinged path and all six

females used a straight approach.
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Mean maximum hip flexion was significantly larger (99.68 @s. 86.13 deg) for
males compared to females. The maximum amount of truxikflevas significantly
larger in males as well.

At the takeoff phase, two variables, other than tinBca velocity, were found to
be significantly different. First of all, male hip hyp&tension angle was significantly
greater than the female’s measured angle. Secondhk &ngular velocity was
significantly larger in males (139.45 deg/s) compared to fesn@&?2.24 deg/sec).

During the touch portion of the kick, five variables evéyund to be significantly
different. Males were found to have a significantly higkreee flexion angle, knee
flexion angular velocity as well as knee extension &wgeelocity. Females during this
portion of the skill had a significantly larger shoulflexion angle as well as trunk
flexion angle.

The final portion of the skill, follow through, wasund to have seven variables
that were significantly different. Female athletes tveal significantly larger variables
than males, in hip flexion angle and knee extensioreaigles were found to have
significantly larger differences with regards to kneeaaldes. Knee flexion angle, knee
flexion angular velocity and knee extension angulararslavere all significantly larger
than females. Trunk hyperextension was also signifigdentjer in males. At the point of
contact with the ground neck angle differed significantih females having a flexion

angle and males having a hyperextension angle.
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Kinematic Predictors of Vertical Velocity at Takeoff

Correlation data was calculated on all variables lepdp to takeoff and the
vertical velocity. These correlations were calcudate show which variables had a
significant relationship with the vertical velocity akeoff.
Male One Foot High Kick

The results from the male one foot high kick showetltttere were two variables
that had a significant relationship with the verticalbeity at takeoff. Both horizontal
approach velocity and ankle angular velocity at taksladiwed a positive correlation to
the vertical velocity. Horizontal approach velocigdithe strongest relationship for the
male one foot high kick
Female One Foot High Kick

The female correlation data did not produce any significgationships between
any variables and vertical velocity. However, two Valea showed very high
correlations, but because of the small sample sistdor significance could not be
completed. Horizontal approach velocity, according todhalysis had a perfect
correlation of 1.00. Foot position in the forward/backwdirdction was second to
horizontal velocity with a strong negative correlatadr0.81.
Male Two Foot High Kick

Trunk angular velocity at takeoff had the strongesticglahip (0.65) with
vertical velocity for this group of athletes. The nexiselst relationship was knee angular
velocity with a correlation of 0.64. It is noted tHaistgroup was the only group to not

have horizontal approach velocity significantly redbte vertical velocity.
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Female Two Foot High Kick

Once again horizontal approach velocity had the mgstfiant relationship to
vertical velocity at takeoff. A strong positive re@aiship (0.87) between these variables
suggests that as the horizontal velocity increasewgtttieal velocity will increase also.
The second variable that was found to be significantyed to vertical velocity at
takeoff was hip angular velocity. A strong positive tielaship of 0.86 was found for this

variable.

Stepwise Multiple Regression Analysis

A forward stepwise regression was used to determine diséimportant
variables responsible for predicting changes in vertielicity. The analysis was
conducted individually on the four groups.
Male One Foot High Kick

Using this analysis, two variables were identified to ptedBrtical velocity. The
two variables in order of importance are horizontal apghnovelocity and step length.
These variables accounted for 83% of the variance ghhgimped.
Female One Foot High Kick

Prediction of vertical velocity for this skill cam Iperfectly related to horizontal
approach velocity. This model is inadequate as the anodsnibjects was not large
enough to accurately predict vertical velocity at takddffwever, the current researcher
still believes that horizontal approach velocity is thost important, but not the only,

predictor of vertical velocity.
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Male Two Foot High Kick

According to this analysis four variables were foundea@bgreatest importance
to vertical velocity. These four variables are listedrder of importance are, trunk
angular velocity at takeoff, maximum shoulder extensiwexximum knee flexion, and
hip angular velocity at takeoff. These variables accalfte94% of the variance.
Female Two Foot High Kick

The regression analysis for this group showed that there four important
variables in predicting vertical velocity at takeoff.drder of importance, they are
horizontal approach velocity, maximum trunk flexion, maxmmknee flexion, and ankle
angular velocity at takeoff. These variables accounteti@®®6 of that variance in height

jumped.

CONCLUSIONS
Based on the findings of the study, the following conolusiappear to be justified:
1. Males have higher heights of the target reached timalés.
2. Male athletes have higher vertical velocities than ferathletes in the one and
two foot high kick, which produce higher jump heights.
3. Male athletes have a larger horizontal approach velootypared to female
athletes in the one and two foot high kick.
4. The majority of male athletes use a curved approactettatbet for the one and
two foot high kick, which help to produce higher jump heightisereas females

use a straight approach.
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5. Males have longer step lengths than females for betlohe and two foot high
kick.

6. Maximum hip flexion during the approach was larger in maleshie one and
two foot high kicks, which implies possible leg strengfifedences.

7. During the takeoff phase of the one foot high kick, af/las and angular
velocities did not significantly differ between makasl females.

8. Knee movements and angular velocities throughout therale phase of the two
foot high were all significantly larger in male athkete

9. The majority of angular velocities for the airbopigase of the one foot high kick
were statistically the same between males and female

10. Horizontal approach velocity was the main predictoresfical velocity at takeoff

in all groups but male two foot high kick

RECOMMENDATIONS

The following recommendations are suggested for future stadiése one and

two foot high kick:

1. Further studies should utilize the kick height as the measyrerformance
along with the vertical velocity to investigate howesh two variables relate to
each other.

2. Tight fitting attire with contrasting colors should Wwern by the athletes on

their trunk and limbs when filming is performed.
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3. There is a need for more detailed studies to be perfoomdide accelerations
of body segments of the one and two foot high kick, avd thhese contribute
to height jumped.

4. As filming athletes in competition is quite difficuthere is a need for studies
to be performed in a controlled setting, in which cameras and angles are
not blocked.

5. The use of two camera data would be beneficial in megsurovements in
other planes not observed in this study, such as avimmtor an overhead
view.

6. Further studies of Arctic Sports need to include more subjeansure
significant results and better generalization to a midege of subjects.

7. Further studies are required to examine Arctic Sports likedtaskan high

kick, kneel jump or knuckle hop.

COACHING RECOMMENDATIONS

Arctic sports are valued tradition in the Northerrtund. As these sports grow
and get passed on to younger generations, the need forgleesibof coaches and
technical instruction increases. In order to help contihase traditions and ability to
train these unique athletes, some recommendations fonéhand two foot high kick
have been made:

1. A faster approach should be taught in order to increasartiount of forward

momentum of the athlete, and put the knee extensorsiweteh. This

approach velocity is relative to strength of the aghlebwever, as athletes
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with weaker quadriceps will not be able to control thepdenee flexion that
the athlete’s forward momentum produces.

. A left foot forward approach during the last step should ke usthe one
foot high kick in order keep the weight on the left sadéhe body so that the
right leg is less weighted and is able to flex fasteéaletoff.

. There should not be a stagger between the feet inghélfack direction
during the foot plant in order to maximize vertical forces.

. A curved approach should be used in order to move the cémtass
through a larger vertical range of motion, create semertical takeoff
position, and to keep the weight on the left side obtidy.

. As the trunk accounts for 50% of the body’s mass, largek range of
motion and angular velocity should be encouraged to cneate downward
forces on the ground.

. At takeoff, a hyperextended trunk should be evident. This aliv same
range of motion of the trunk and hips, but creates a neteal leg position
and ultimately a higher reach with the legs.

. Encouraging a more flexed knee position in the preliminasbpee portion
of both one and two foot kicks will allow for faster Higxion.

. The knees of the athlete during the force production phase é&ick should
not extend until the hips have brought the thighs up pastigdar

. Dynamic flexibility should be of great concern for$bethletes as they are
putting body segments into extreme positions at a higltcield his is of

special concern for the hamstring muscles, as theg bath the hip and knee
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joints. Improving this flexibility will result in higher &ks as it allows the
athlete to obtain these strenuous positions.

10. During follow through, the athlete should again flex theekas soon as
possible in order to allow the hip to extend faster.

11. At contact with the ground, the athlete should havghtly bent knee in
order to absorb the downward forces of the body. Quarisegength will be
of great importance during this portion of the skill as tfiuscle must
eccentrically contract in order to keep the athletenfoollapsing to the
ground.

12. A bouncing motion after contact with the ground will h¢glp athlete maintain
control of the body and allow for a longer time disgée the downward force

of the body.
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