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Abstract:

The primary purposes of this study were to 1) document the kinematics of a single toe loop and a single
loop as performed by novice figure skaters and to 2) determine significant differences in maximum
jump height, angular momentum during the flight phase and radial velocity of the right leg during
take-off Each jump consisted of three phases, the approach, take-off and flight phase. For all phases,
time duration, average joint range of motion, average maximum and average minimum position were
calculated for the following joint angles: shoulder adduction/abduction, shoulder flexion/extension,
elbow flexion/extension, hip abduction/adduction, hip flexion/extension, trunk flexion with the ice
surface, knee flexion/extension, ankle dorsiflexion/plantar flexion. Additionally, resultant take-off,
horizontal, vertical velocities, take-off angle and radial velocity of the right leg were calculated for the
takeoff phase. For the flight phase, maximum jump height, jump length, total moment of inertia,
segmental contribution to total moment of inertia, angular momentum and angular velocity were also
calculated.

The six novice female subjects of this study completed at least one single toe loop and one single loop
jump in the field of view of two cameras. The video data were synchronized using an algorithm
developed by Yeadon and King (1999) using Matlab (MathWorks, Inc., 1999). The kinematic data was
analyzed using the Peak Motus Motion Analysis system (Peak Performancs Technologies, Inc.,
Englewood, CO) to obtain the angular position of the elbow, trunk, knee, ankle as well as the linear
positions of all segment endpoints. Angular momenta was calculated, as outlined in Hay, Wilson and
Dapena (1977), using Jensen’s (1989) inertial data sets. Radial velocity was calculated as the time rate
of change of the distance between the right ankle and the right hip.

In this study, it was found that there were differences, between the two jumps, in the lower extremity
during take-off and flight. The left knee and ankle in the toe loop showed more range of motion than in
the loop. However, in the loop, the left leg tended to “wrap” around the right leg during flight. No
significant differences were found, in maximum jump length, angular momentum and radial velocity. It
was concluded that there are other more significant elements of the toe loop that show a distinct
advantage over the loop.
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ABSTRACT

. The primary purposes of this study were t0 1) document the kinematics of a
single toe loop and a single loop as performed by novice figure skaters and to 2)
determine significant differences in maximum jump height, angular momentum during
the flight phase and radial velocity of the right leg during take-off. Each jump consisted
of three phases, the approach, take-off and flight phase. For all phases, time duration,
average joint range of motion, average maximum and average minimum position were
calculated for the following joint angles: shoulder adduction/abduction, shoulder
flexion/extension, elbow flexion/extension, hip abduction/adduction; hip
flexion/extension, trunk flexion with the ice surface, knee flexion/extension, ankle
dorsiflexion/plantar flexion. Additionally, resultant take-off, horizontal, vertical
velocities, take-off angle and radial velocity of the right leg were calculated for the take-
off phase. For the flight phase, maximum jump height, jump length, total moment of
inertia, segmental contribution to total moment of inertia, angular momentum and
angular velocity were also calculated.

The six novice female subjects of this study completed at least one single toe
loop and one single loop jump in the field of view of two cameras. The video data were
synchronized using an algorithm developed by Yeadon and King (1999) using Matlab
(MathWorks, Inc., 1999). ‘' The kinematic data was analyzed using the Peak Motus
Motion Analysis system (Peak Performancs Technologies, Inc., Englewood, CO) to
obtain the angular position of the elbow, trunk, knee, ankle as well as the linear positions
of all segment endpoints. Angular momenta was calculated, as outlined in Hay, Wilson
and Dapena (1977), using Jensen’s (1989) inertial data sets. Radial velocity was
calculated as the time rate of change of the distance between the right ankle and the right
hip. _ .
In this study, it was found that there were differences, between the two jumps, in
the lower extremity during take-off and flight. The left knee and ankle in the toe loop
showed more range of motion than in the loop. However, in the loop, the left leg tended
to “wrap” around the right leg during flight. No significant differences were found, in
maximum jump length, angular momentum and radial velocity. It was concluded that
there are other more significant elements of the toe loop that show a.distinct advantage
over the loop.




CHAPTER ONE
INTRODUCTION

The technical details of figure skating have rapidly increased in difficulty
over the past twénty years. Over that time, ﬁgurg skaters have developed from
| graceful performers to stellar athletés (Aleshinsky 1987). Most of the current elite
male and female figure ékaters incorporate a variety of triple revolution jumps into
their programs. Even more amazingly, a few male figure skaters have Bee‘n able to
c,ompiete “quaci” jumps, quadruple revolutions, in competition. As more skaters '
perform outstanding feats, each skater must strive for innovative and more
impressive elements to outdo their compeﬁtion.'

| This pressure is also réalized by coaches. A typical jump lasts less than one

second, making it extremely hard for a coach to “see” the small details of any jump.
Correcting or emphasizing even the smallést of dgtailé may help the skater to achieve
greater accomplis.hment‘s on the ice. Therefore, elite coaches have expresséd a need
to have a compléte understanding of what is happening during a jump. In an effort
to assist coaches and athletes, biomechanists have been recruited to caréﬁllly.analyze
the finer details of figure skating jumps.

Aleshinsky (1987.) launched one of the first biomechanical studies of figure

skating jumps. He emphasized the waltz, Axel, Salchow, toe loop, and flip of two
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figure skaters. Takeoff velocity, mechanical energy, actual number of revolutions,

time of flight, and moment of inertia were reportéﬁ for each jump. From this study,
Aleshinsky revealed several interesting characteristics related to better jump |
techniques.

The first and foremost discovery was the importance of generating a ﬁigh
vertical take-off velocity. A high take-off velocity yields greater jump heights and
therefore more time for additional revolutions in the air. One of the training
recommendations suggested by Aleshinksky was that the skaters improve their :
adductor m.uscle strength.’ Strong adductor muscles are important for the skater to
- initiate large angular velocities in flight. Since a skater has constant angular
momentum after take-off; if the skater wants to increase angular velocity, s/he must
degrease her/his moment of inertia during flight. D.ecreasing one’s moment of
inertia can be done by quickly pulling in his/her limbs toward the body. A motion
. that requires strong adductor muscles. .Aleshinsky conéluded with a call for a more
detailed analyses of figure skating jumps, as well as understanding the differences
among no'vice, advanced and elite figure skaters.

King, Arnold & Smith (1994) developed a detailed kinematic study of the
Axel jump in figure skating, the most difficult of jumps. Five elite skaters |
performed single, double and triple Axels. The authors selected the following
variables to analyze the jumps; take-off lengths, skid lengths, skid widths, jﬁmp
lengths, hip flexion at take-off, take-off angle, Verticgl velocity at-take-off, horizontal
velocity at take-off, jump height, rotational velocity, time to.the rotating position and

tilt. It was determined that as the skaters increase their revolutions, they tended to
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have shorter horizontal jump distances and similar jump heights. The authors found

that as skaters increased their number of revolutions, the skaters increased their
rota’;ional velocities at take-off and decreased their moments of inertia.

Albert and Miller (1996) focused their research on take-off characteristics of |
single and double Axels. . These researchers emphasized the defining features of the
three phases of the take-off; the glide, the transition and the pivot. During the glide
phase, more than half of t'he angular momentum was generated. As the skater moved
into the transition phase, they changed from a horizontal direction to a vertical
direction of moti(;n. This resulted from the blocking-motion of the skaté where they
rotated over a fixed point, or the contact skate -with the ice surface. This was defined
as the tangential component of a skaters motion. A radial component was also
calculated for these skaters. The radial component was defined as the vertical length
rate of change betwéen the contact toe and the center of gravity of the skafter. The
sum of the vertical component of the tangential and the radial co‘mponent équ,aled
that of the vertical velocity of the center of gravity. Towards the end of the
transition phase, the radial component became positive and essentially the total
upward velocity. Angular momentum remained constant or dec.reased throughout
the transition phase. During the pivot phase, the skater tended to loose horizontal
and vertical speeds as well as angulaf momentum.

Little researéh has been conducted on the kinematics of toe pick jumps,
namely, flip, lutz and toe loop jumps. The toe. loop is perhaps the easiest of all the
toe-pick jumps. It is the first pick jump taught before the loop. Both jumps only

require a half of revolution for a sirigle jump. The approach for the toe'loop and the
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loop are very similar. The only difference is that the toe loop is performed with a toe

assist, hence a pick jump, whereas the loop uses the edge of the blade for take-off.

To perform a typ;ical toe loop, the skater uses the left toe to pick into the ice
and extend the right leg. ~The skéter thep spins cbtinterc_:lockwise. The loop jump is
executed by crossing the left'leg, or the free leg, over the right leg, The right leg is
extended allnd using t‘he long édge of the skate to push against the ice. Then, the
skater is able to propel themselves into the air. These two jumps are taught early in a
skater’s career, first learning the single toe lo-o‘p jump and followed by the single
loop jump. So, in the spirit of Aleshinsky’s recommendations, this study included a
novice figure skating sample performing both single loop jumps and single foe loop
jumps. | |

The main goal of this study was to compare the take-off of the toe loop with
that 9f tﬁe loop. The defining difference, as a;bove mentioned, is the use of an edge
versus the .use of a toe pick'. The pote_ntial differences 'b.etween these two jumps are
the resulting airborne angular momentum and the radial velocity on ice as wéll as
maximum vertical distance achieved in air. Thérefore, it is possible that the two
most critical parameters for successful jﬁmps are angular momentum and vertical
velocity.

The first hypothesis Was that angular momentum would be different between
the two jumps siﬁce the toe loop ‘app'ears to possess an advantage to allow the current
elite afhletcs in completing “The Quad”, actuallyla 3.5 revolution jump. The second
hypothesis stated tﬁat maximum jump heights of the toe loop would be greater than

the loop. Although, King et al (1994) found that jumps heights did not change as the
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number of revolutions increased for the Axel jumps, it was thought that this may not

be the case between two different jumps. Again, this was an attempt to discern -
between two jumps. The final hypothesis of this study concerned the radial
velocities of the skaters. The loop jump is essentially a one leg jumf) whereas the toe
loop uses both legs to send the skater into the air. Therefo‘re,l it seemed that the right
leg of the ioop would show a greater rate of hip and knee extension. The radial
" velocity in this study, ankle to hip, was not deﬁneq in the same way as Albért and
Miller (1996), toe to center of mass. |
The results of this study will help to understand some of the differences
between the take-off of the single toe loop jump with the combined extension of both
-the right ana left legs with the left toe assist and take-off on the right edge éf the
skate in the single loop jump. This information may eﬁd‘ coaches in finding
techniques to help a skater progreés to the next ability level and/or isolate techniqu'es
that have a distinct advantage to completing greater physical accomplishments. The
data from this study may also serve td understand ;che continuum of abilities and
techniques of a developing novice figure skater to the most accomplished elite ﬁgure. |

skaters.

Statement of Purpose

The primary purpose of this study was to describe selected kinematic and
kinetic differences between single toe loop jumps and single loop jumps of novice -

figure skaters, particularly limb joint angles, ranges of motion, whole body moments
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of inertia, angular momenta, and limb contribution to whole body angular

momentum.

Descriptive Goals

* The descriptive goals of this study were:
1. To describe s‘elected kinematic and kinetic variables of a singI'e
toe loop jump.
2.. To describe selected kinematic and kinetic variables of a single

loop jump.

Hypotheses.

The three hypotheses of this study were:

1. The take-off phase of the single loop jumps require
significantly faster radial extension velocities (RVy) of the
right leg (support leg) than the single toe loop (RVr) jumps
during the take-off phase.

Hoi RVL = RVTL
H.: RVL >RVt

2. Single toe loop jumps have significantly greater angular
momenta (AMry) about the, vertical axis in the flight phase
than single loop jumps (AMy).

H,: AM7 = AM,
" H,: AMr. > AML




3. Single toe loop jumps have significantly higher maximum
jump heights (JHry) during the flight phase than single+loop
jumps (JHy).

Hol JHTL = JHL
H,: JHry > JTH,

Limitations

The limitations of the study resulted from sample size, instrumentation, and
skater consistency. The sample size limitation in this study was due to the
availability and ability of the novice skaters. Limitations inherent to data collection
- included the inability to gen-lock the cameras and lighting. The sample frequency of
the data collection was 60 Hz. To place three cameras arcund the Great Falls’ rink,
some compromises were made in ’lieu of ideal camera angles for data collection:

Two sides of the rink were adjacent to walls. A third side was adjaéent to a set of
bleachers. The remaining fourth wall was sufficient to place two cameras. The third _
camera was placéd through a doorway to the rink. Manual digitizihg each video
frame created additional error in data 'gafhering as well as using surface markeré to.
locate jéint centers. An ddditioﬁal limitation may have beefn'introduced by the

skaters inability to perform both jumps with equal ability.
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Delimitations

The scope of this 'study was déiimited to novice skaters in the Great Falls,

Montana area. These skaters had learned both the single toe loop and the single Iloop

jump within the last two years and were able to complete these jumps prior to

filming.

LBI

COM:

ROM:

Definitions

Right back outside edge
Left back outside edge
Right back inside edge
Left t;ack inside edge
Center of Mass

Range of Motion

Angular Momentum: the product of an object’s moment of inertia and its angular

velocity, the rate change of angular position.

Center of mass: (COM) The point at which a body would balance if it were

supported at that point; the point at which the body’s mass is
assumed to be concentrated. (Krieghbaum & Smith,:1996).

Moment of Inertia: ~ (MOI) the measure of an-object’s resistance to change its

motion about an axis. Within the human body, the rotation is
specified to one of the three cardinal axes of the body. In this
study, mediolateral and longitudinal rotations of a limb were
referenced to the global vertical axis. The moment of inertia
is precisely defined as the product of an object’s mass and its
radius of gyration squared
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Radius of Gyration: A measure of the distribution of a body’s mass relative to an
axis of rotation around which it is being rotated. (Krieghbaum

& Smith, 1996).

Radial Velocity: the time rate of change in distance between the ankle and hip.

Tangential Velocity: forward motion of a-skater as they rotate over a fixed point.

Jumps
Flip: skating backward on the inside edge of the left leg, the right toe pick
is used to assist the take-off. “After flight, landing is backward on the -
right leg outside edge (USOC & IBM, 1998).
‘Lutz: skating backward on the outside edge of the left leg, the right toe pick.

is used to assist the take-off. After flight, landing is backward on the
right leg outside edge (USOC & IBM, 1998). -

Salchow: taking off from the left leg, skating backwards on the inside edge of
: the skate. After flight, landing is backward on the right leg, outside
edge (USOC & IBM, 1998).

Loop: taking off from the right leg on the outside edge, backwards. After
flight, the landing is backward on the right leg, outside edge (USOC
& IBM, 1998).

Toe Loop: taking off from the right leg on the outside edge, backwards, the left
leg is planted into the ice for the left toe assist. After flight, the
landing is backward on the right leg, outside edge (USOC & IBM,
1998).

Axel: taking off from the left leg, outside edge, skating forward. After
flight, the landing is on the right leg, outside edge (USOC & IBM,
1998).
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CHAPTER TWO
REVIEW OF LITERATURE
introduct‘ion

There are seven méjor jumps in figure skating: flip, lutz, toe-loop, loop,
Salchow, waltz and Axel. The general differences between all the jumps are
differences in the sﬁpport leg during take-off,. edge used for the approach, and how
landing is accomplished. The beginning s1<ater starts by‘learning each jump with a
single revolution. They can progress to triple revolutions but rérely to a quadruple
revolution. For those skaters willing to stay with the sport and compete, they muét
not only develop their skills through practice, but they must also understand the
technical details of the J:ump,s. Fitz & Postner recognized that,;this enables a skater to
develop cognitive skills which help develop‘better motor coordination necessary in
completing the séquential elements of a jump (FitSumway-Cook & Woollacott,
1995). This knowledge. usually comes from highly skilled ébaches. However, the ‘
jumps and the skills have become more advanced as the competitors themselves
have become more athletic. These coaches must grapple with several technical
details in less ’;haf one second ana make good judgements as to what transpired

throughout the jump. Therefore, a more sophisticated understanding of figure
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skating jumps is needed to help coaches and skaters make better adjustments to the

skater’s techniques. This requires biomechanists to perform detailed analyses of the
jumps and find ;che_essential elements. Over the last twenty years, a numbers of
studies have been conducted to reveal the hidden conditions that comprise a
successful jump (Albert & Miller (1996), Aleshinsky (1986), Aleshinsi«:y (1987),
King-(1997), King, Arnold & Smith (1994).

Despite the analyses performed over the last years, the comprehensive
understanding of the biomechanical aspects of figure skating is seemingly in its
‘infan'cy. Only-a few jumps of elite athletes have been studied. HoWever, ﬁumerous
biomechanical studies have been conducted on similar sports such as: gymnastics,
diving and pole vaulting. Notably, many elemeﬁts in gymnastics require similar
techniques to generate the neceésary angular moméntum to complete the desired
revolutions. In particular, the vault is~ an event in female gymnastics whereby the
gymnast must run forward along a track, spring off a board, block With their hands to
hurl themselves into the air, compléte_ the desired element in rotation and firmly land
onfo the mat.

The principle of the conservation of angular momentum is a mechanical‘
concept which is critical to the execution .of required elements in both sports. Since
angular momentum is the product of an object’é moment of inertia and the angular
velocity, to maximize theif angular rotation, éthletes must regulate their body
distribution such that it is in the “tightest” position about thé rotating axis. Angular

momentum is generated from an external torque or eccentric force, a force that does
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not act through an object’s center of mass. An applied torque induces an

acceleration or rotation about aln axis.

.Algorifchms have been developed to quantify a person’s angular momentum
in flight. For this study, the most appropriate was 6ne developed by Hay, Wiison
e}nd Dapena (1977) for a rigid, linked body system. These algorithms have been
supplemented with anthropometric data that are appropriate for certain population
types. In this study, it was necessary to use the data set from Jensen (1989) which
documented the inertial characteristics of a group of subjects between the ages of
four and tw_enty.

In this chaf)ter, some coaching techniques and published biomechanical
analyses of figure skating are presented. Certain gymnastic elements reveal some
technical aspects of arial perfofmances in athletics. Also, a discussion of calculating

angular momentum will be included and the current ideas and methods in

synchronizing video data. '

Coaching Techniques of Figure Skating Jumps

There are several coaching techniques available to skaters in perfecﬁng their
style and their jumps. This chapter doés not serve as a comprehensive collection of
. the various coaching styles for all jump's, but rather as to understand the general
progression of completing a single toe loop and a single loop jump. The skating
techniques are described in terms of counterclockwise rotations, although there are

skaters who rotate in a clockwise manner. The information was obtained from
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There are several jumps that the skater is capébie of learning after mastering
the three turn and the Mcl>hawk. Figure skating jump; are grouped by the take-off
edge (inside or outside), direction of the take-off edge (forwards or ba‘ckwards),
‘take-off foot (edge or toe-assisted), and number of revolutions. Theré are four main
parts to any jump; preparation (or approach), take-off, flight and landing.
Preparatioﬁ is the phase just prior to take-off where the body is balanced over the
skates and an optimum speed is developed. Take-off is the point at which the skater
must begin rotation and generate take-off velocity for optimal height and length of
the jumb. Jump height is determined by the vertical component of the total velocity,
jump length from the horizontal component an'd take-off angle as the relationship
between the vertical and horizontal c.bmponenﬁ. The support leg must rapidly
extend to lift the skater into the air. During flight, the skater must édjust their body
position such that they may 'éccomplish the number of required revolutions. The
skater can increase his/her angular VClOCit}" By drawing in his/he;r arms. For a

successful landing, the skater must extend his/her arms to slow the rotation speed.

. Once the skater makes contact with the ice, s/he must “check” the ice by stopping

the rotation, balance on the landing foot, hold the upper body in an upright position
and absorb tﬁe landing force with a well-bent knee (Keohane, 1978).

All figure skating jumps can be classified into two general typeé; toe assist
jumps and edge jumps. The edge jumps uses the blunt side of the skéte to push off
from the ice and into the. éir. A toe e;ssist jump places the toe pick of one skate into

the ice and uses the other leg to push up and over the planted skate. After the take-
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off, the skater’s rotating position is the same for all jumps. Some of the key features

toa prof)er rotating position are: left leg crosses over the right, legs 'straight, hands
are together in front of chest, elbows down and head looking over the left shoulder
(Petkevich, 1989).

When the skater is practicing any jump, s’/he must constantly consider -
posture. An erect postufe is one of the more aesthetic appeals to figure skating.
Solid positioning of the limbs throughout a skating program is essential to winning,
however aﬁ erect posture can use up to 20% more energy than easy standing (Woch, .
1977). While the skaters are mastering these jumps, they must find a way to be
poised but not exhaust all their energy. They have to be well-positioned prior to a.
jﬁmp and after completion. Beginn_er skaters have a tendéncy to relax after their
jump has been completed. Their body position becomes slumped which does not
look aesthetically pleasing (Weiner, 1999)..

The toe-loop jump is a toe assisted juﬁp aﬁd one of the easiest jumps to learn
since the upper body and hips rotate half a revolution the ice prior to take-off. One
of the first quadruple jumps completed by .elite skaters was the quadruple toe loop.
In preparing fo‘r this jump, the skater is on the left forward inside edge with the left
arm and shoulaer in front of the right arm and shoulder (Figure 2.2). As the skater
. steps onto the right forward inside edge, the upper body is square to the direction of
motion. By first positioning the left leg behind the skater, s/he swings the leg around
during the three 'turn of the right foot on the ice. This action generafes the initial
rotation of the jumb. The left leg is theﬁ placed on the ice behind and just to the side

of the skater as the upper body winds up in the clockwise direction. The take-off is a
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Biomechanical Analyses of Figure Skating

Tt has only been in the past twenty years that the undertaking of
biomechanical studies of ﬁguré skating began. Aleshinéky’s 1986 article in Skating
Magazine was one (;f the first studies conducted on the mechanics of a figures
skating jump. The author reported jumﬁ lehgths, mechanical energy, actual number
of revolutions, ﬂighf time, and moment of inertia throughout a nqmber of jumﬁs
performed‘by two skaters. Some of the major jumps used: in the analysis were
namely, the waltz, AX;EI, '2—Axel, Salchow, 2-Salchow, 3-Salchow, toe loop, 2-toe
loop, 3-toe loop énd 3-flip. Two other skaters pafticipated in the study, however,
they did not perform as'many jumps and were often excluded from the analysis. One
of the more surprising results was the technique with which elit'e skaters ipcrease
their angular momentum to complete more than one revolution. It was hypothesized
that to achieve multiple revolutions, a skater must be very open, increasing his/her
moment of inertia at the instant of take-off, and then quickly pulls his/her limbs into
a tight position to reach maximal angular velocity. However, as a result of
Aleshinsky’s study, it was fdund that an elite skater would start the rotation in a
more closed position on the ice. The author determined that the adductor muscles of
the skaters were relatively Wéak since the skaters were unable to quickly bring their
limbs to the longitudinal axis. In the concluding remarks, Aleshinsky emphasized
the importance of understanding the mechanics of not only the elite skater but also

the advanced and novice skaters. He also made a petition for further research to
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“...reveal...biomechanical essence of all key elements of figure skating:...jumps...” .

(Aleshinsky, 1986).

In a subsequent article by Aleshinsky (1987), a more detailed report was
made on junior elite skaters performing the s:ingle Axel, the double Axel and if they
could, the triplé Axel jump. The United States Figure Skatering Association Sﬁorts'
Medicine Committee recommended that scientific investigations should begin with
the analysis of jumps since “.. .théy are the most crucial, compli.cated and
appreciated part of skating” (Aleshinsky, 1987). In particular, the Axels were
chosen to be the first figure skating jumps studied since they are the most difficult to
complete.

A three-dimensional analysis was conducted on twenty-two junior elite
athletes. Twenty-one anatomical coordinétes were used for computations in moment
of inertia. Jump height, jump length, horizontal velocity, trajectory angle, support
leg knee angle, ﬂight. time, number of revolutions, and rotational velocity were
obtained from the video footage of the skaters. The information gathergd from this
study helped researchers and cqaches defermin_e the biomechanical characteristics
which have the greateét inﬂuence on the quality of figure skating jumps. The author
concluded that adductor muscles of the arms were the most influential compénent in
the radical change in degree of openness while in mid-flight. Therefore, upper arm
exercises are imperative for successful rotations in flight. He also ufged the reader
to consider the degree of difﬁcuity of gymnastics and track aﬁd field in cqmpaﬁson
to figure sk‘ating.v Alenshinksy believed that athletes in figure skating are capable of |

perforrhing more astonishing jumps. He believed that the athletes were not yet
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reaching the maximum jump height, jump length or number of revolutioné possible
(Aleshinsky, 1987).
Since the publication of the Alesﬁinsky articles, King, Arnold & Smith

(1994) completed a more detailed investigation of single, double, and triple Axels of
five elite male skaters. Their goal wés to determine' which parameters of a jump
were the most critical to the completion of a -t.riple Axel and to c'ompare
characteristics of a single, double and ;criple Axel jump. Ff;)m this study, they were
able to conclude tila“c these elite athletes increased the number of revolutions by
increa—si.ng their rotational velocity, not by increasing their time in the air. This was
accomplished by minimizing mass moment of inerﬁa, meaning that skaters quickly
+ drew their arms in towards their body. The authors also found differences among the
single, double and triple Axel. The horizontal distance (;f the triple Axel was 70%
the single Axeljump distance. The difference in jump distances was due to thé fact
that there is a greater skid prior to takeoff in a triple Axel, thereby decreasing their
horizontal velocity. It was also founci that the triple Axgl jump heights did not differ
from not only double Axels but also single Axels. They discovered that the skaters
would increase their rotations by generating éreater levels of angular velocity and
not by increasing their time in the air.- Therefore, the skater would increase angular
velocity about their longitudinal axis by greatly rﬁinimizing their moment of inertia
"~ (King et al., 1994).

| The next step in this. investigation of figure skating jumps was to investigate
héw angular momentum and Veftical velocities were generated. Albert and Miller

(1996) chose to further analyze takeoff characteristics of single and double Axel

AN
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.jumps. The authors determined the defining characteristics for each of the three

phases in takeoff, namely, glide, transition, and pivot. The glide was defined as free
running of the support leg on the forward outside edge. The pivot phase was defined
as the very end of the takeoff and characterized as a forward rocking onto tile toe
picks. The tranéiti_on phase was between the glide and the pivot phase and usually.
‘included a skidding of the blade on the ice surface. They marked the beginning of
the transition phase as the point where the skater’s center of gravity started an
ﬁpward motion. They discolvered that over half of the angular momentum for flight
was generated during the glide phase. During the transition. phase, the total vertical
velocity was composed of radial and fangential components. The tan.gential'
component was the forward motion of the skater as s/he rotated over the “fixed”
skate. The radial corﬂf)onent was the vertical length rate of change from the toe to
the center of gravity (cog) of the skater. At the beginning of the transition phase, the .
cog total vertical velocity was composed primarily of the Ver£ica1 tangential velocity.
Near the end of this phase, the total vertical velocity was compo'sed mainly of the
radial velocity, or the extension rate between the cg and the toe. During the pivot
phase, angular momentum, horizontal and vertical velocities were decreased.
In Tables 2.1 and 2.2, ch;clracteristics of single revolution figure skating

' jumps from the previously discussed studies are presented. Dashed lines indicate
/ tﬁat those Va;lues were not repor.ted in the specified article. The elite skaters in these
_ stufiies had jumps lengths greater than 2 meters, uf) to about 4 r.neters, and jumf)s

heights around 0.5 m, shown in Table 2.1. The skaters’ masses ranged from about
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Biomechanical Analyses in Gymnastics

Although some extensive research has been conducted on figure skating
jumps, vaulting events in gymnastics provide éddition’al information on the
characteristics which may be relevant to the toe loop. Therefore, methbds in similar
vaulting sporting events, such as gymnastics, were compiled to support this
seemingly vaulting technique of thé toe loop jump in figure skating. Aleshinsky
(1986) believed by looking at the accomplishments of gymnasts, figure skaters were
at the beginning qﬁtheir physical potential in jump height and rotations in the air. in
the toe loop jump of figure skating, for example, ‘ghe left leg is planted into the ice
and the skater is vaulted into the air. This action is potentially similar to blocking
techniques used in gymnastics.

Kwon, Fortney, & Shin (1990) conducted anélyses of the Yurchenko vaults.
The researchers found that the Yurchenko \'/aults with the full twist, as opposed to
the layout, resulted in higher performance scores. The full twist was accomplished
by shorter contact time with the board, therefore resulting in longer postflight times.
The athletes who achieved the full twist also minimized the vertical velocity loss
during horse coﬁtact. The figure skater may minimize his/her vertical velocity loss
~ as well so they may be able to achieve greater maximum jump heights.

Bruggemann (1994) moved beyond descriptive studies of gymnastics,
looking for specific principles, or general mechanisms of gymnastic techniques.
Bruggemann found that the authors Prassas (1985) and Prassas, Kelley, and Pike

(1986) reported that the limiting factor in the skill of the Schweizer handstand was




25

due to poor motor coordination and not lack of strength. Motor g;oordination as well
as strength .was quintessential in high achievements in si)oﬂ performance. So, it
seemed that an athlete may have the strength to successfully perform arial éventé but
may have lacked the motor coordination to sequenée the events. Therefore, it was
imperative that the athletes practice the sequence ‘of their performance to have
become more proficient in their skill. Determining the principles of figure skating is
the step beyond the kinematic study of figure skating jumps. However, compilation
of the descriptive gnalysié of gymnastics reveales some outlying considerations
relevant to this study. | |

The nexperienced athlete may be hindered by poor motor: coordination. The
old adage “Practice makes pérfect’* enforces the idea that perfecting a sequence of
steps in any maneuver requires diligent practice. Novice skaters may certainly find

that they have not had enough hours on ice to train their central nervous system in

physically mastering a jump. Figure skating seems especially difficult for motor

-

coordination. Not only must a skater balance on thin metal blades about 3-4 mm
wide, but the skater must also perform ariel feats and do this all on ice! The amazing

coordination and skill of the skater is heavily dependent upon motor coordination.

Angular Momentum and Moment of Inertia Calculations

Whilst in the air, the skater must carefully orchestrate their movements as to
take advantage of the conservation of angular momentum and complete their

specified number of revolutions. While, researchers have been able to quantify a
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skater’s angular momentum using a compilation of data sets involvihg moment of

inertia and protocols for segmented nén—rigid bodies, the methods are not entirely
accurate, especially pertaining to children. Therefore, it is necessary to use the most
relevent data set to a subject populatiqn. Therefore, in this study, the data set from '
Jensen (1989) was most appropriate for females between the ages of 9 and 16. »

The most important paraméter used to describe rotatiom.ll motion is angular
momentum. Angular mémentum is defined as the product of the angular velocity
and the moment of inertia of a rotating object. Angular‘momentum is generated
through a torqué which is a force applied to an object that aoes not pass through its
axis of rotation. Angular moménturh can be generated from a ground reaction force |
of a skater extending their leg on the ice. The momént of inertia is an object’s
tendency to resist chanée in motion about an axis for'a_ nén—rigid body. Ifthe mass is
constant, moment of inertia can also be cqnsidered an indication of how the mass is
distributed about that axis. The degree of mass distribution about an axis is known
as the radius of gyration. It is the radial distance from an axis where the mass of a
body could be concentrated without alterihg the rotational inertia of that body about
the axis. Moment 6f inertia is defined as the'.product of the object’ mass and the
radius of gyrations squared. The greater the object’s mass, the greater the moment
of inertia. Also, the greater an object’s distribution, such as optstretched arms of a
-skater, the greater the moment of inertia (Iﬁlliday and Resnick, 1988).

Angular momentum is conserved so long as no other external torques or
eccentric forces act on the obje(.:t. This is best demonstrated with the figure skater in

a spin. As s/he begins the rotation (angular velocity), the arms are greatly extended
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‘(large moment of inertia). The angular momentum is then a constant value. The

skater then brings.the arms towards their body, decreasing the moment o.f inertia, and
the angular velocity rapidly increases, therefore conserving the quantity of ahgular
momentum; assuming no influence of friction.

The angulér moment of the skater in the air is conserved and generated on the
ice immediately before the flight phase. Aleshinsky realized ‘Fhat stronger adductor
muscles would allow a skater to quickly minimize moment of inertia and give more
room for more revolutions in the air (Alesﬁinsky 1987).

In human mo"cion, there are géne\rally'thrée axes of rotation about which
angular momentum gﬂd moment of inertia is calc_ulated: ante.rior-postérior axis,
mediolateral axis and the longitudinal axis. Each axis has its own rédius of gyration
and thus moment of inertia, and will also have its own angular momentum. For
figure skaters, the prin'ciple a'xis of rotation that is of concern is rotation about the
longitudinal axié, since jumps and spins involve rotation about the longitudinal axis.

For a non-rigid body, the moment of inertia of the total body is the sum of the
individual segment moments of inertia. Therefore, to calculate the total body
moment of inertia, the inertial properties of eac’h segment must be calculated. These
inertial properties hgve been measured and estimated by a numbér of researchers.
Segment ineftial characteristics vary with génder, age, hefght and weighf. Therefore,
the propértions are not the same for everyone and are further complicated if appli;ad
to populations before they mature, such as the case in this study. Consider the

growth an infant to adolescence, the proportional mass changes at different times
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S'ynchronizing Video Data

[y

This final secﬁon reviews the problems and successes of synchronizing non
Gen-locked cameras. .Synchronizing is one important method to ensure accurate
data. If cameras are not synchronized, it is highly likely that each car_nera're'cofds at
different times in an activity. For instance, if two ;:ameras sample at the same rate,
but are half a frame out synch, when a direct linear transformation is applied to the
data to get 3-dimensional data, the two cameras would be matched at different points’
in time. This results in aﬁ erroneous three dimensional rec,onstruction of the data.

There are three ways to synchronize data.

The first method uses a Gen-locked system, in which all cameras are
physically linked to one another. A Gen-locked system of cameras is when one
camera is designafed as the “mastg:r” camera and the other cameras are hard wired
from the masters camera as “slaves”. The slave cameras receive the video signal of -
the mas£er camera, which is used to ensure the video images from each camera are
perfectly synchronized in time. This method is an excellent way to synchronize
cameras, however, there are some problems with this method. "If the camera set-up
encompasses a'large area, it maybe difficult énd expensive to obtain the large
footage of wire to link all cameras. If the filming is to happen at a public event, a |
spectator may unknowingly br‘eak the connection.

A second way to synchronize data is to use a timer and revolve it in the
calibrated space of the cameras. It Would then be possible to know how ’far off the

cameras are from one another.” The problem with this method is to find a high
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precision timer, capable of marking time faster than the recording rate of the

cameras, since a typical recording frequency may be 60-1000 Hz. _And similar to
methc;d one, if the filming is to take place at a public event, it may not be possible to
place a timer in a highly active area.

The third way to synchronize cameras is'to determine tl;e disparity between
the_different cameras using the DLT parameters. In a 1971 article by Abdel-Aziz
and Karara, the derivation of eleven DLT pafameters is outlined. Typically in
photogrammetry, a calibration object is filmed. The ﬁlmed..object is placed onto a
comparator plane such that the caliiaration points are digitized. For example, a
projection of the video onto a screen or monitor, marking the known calibration
points.is done using a comparator plane. The algorithm outlined in this article
relates the calibration points back to object (or three dimensional) space. From this
method, eleven DLT parameters are obtained and are unique for each camera. By
manieulating these parameters, any point in the camera’s field of view can be related
back to the object space (Abdel-Aziz and Karara, 1‘97 1).

Yeadon and King (1999) provide a method using the DLT parametere to
determine time offset of the cameras. The-eleven DLT pafameters of two cameras -
and the pixel twe~dimensional coordinates of a joint. center of each comparator.

image are used to find a common X, y, z coordinate.
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momentum is one of many characteristics, possibly the most difficult to measure,

used to catalog the defining features of a figure skating jump. New, innovative ways
have. been developed to calculate angular momentum, and it’s component of moment
of inertia, of a non-rigid, multi-segmented body, such as a human being. Additional

challenges arise with videotaping non-synchronized data. Algorithms have also been

developed to rectify .this problem,; although, there is much room for improvément.
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CHAPTER THREE
METHODOLOGY

The methodology used for this study was derived fr(_)rﬁ several sources.
Before any data was collected, a pilot study was conducted in an attempt to reduce
errors and to find an optimal methodology to collect valid and reliable data. In this
chapter, the subject characteristics, data collection and dat‘a analyses are presented.
Included in this cﬁapter are outlines of algorithms used to write computer brograms
in which some parameters were calculated. Firllal\ly, the statistical procedures for the

stated hypotheses of this study are documented.

Pilot Study

A pilot study was conducted on one skater from the Bozeman Valley Ice
Garden’s Figure Skating'Club in Bozeman, Mpntana. The pilot study was used to
develop the methodology for the actual study conducted in Great F alls? Montana. .
One female skater, age 8, was selected for analy_;.is. This skater was not included in
tﬁe overéll study because she had not yet mastered the single loop and single toe

loop jump.
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Joint markers were placed on the lateral side of each shoulder, elbow, Aknee,
and ankle joints as well as, the latergl heel and toe.. The subject was wearing dark
clothing so that the reflective markers would be visible in camera view. Black
electrical tépe was used to mark the ankle joint on the white boots. The skater was .
instructed to-perform any jump in the jump zone. 'The sﬁbj ect did her jurr;lps
continuqusly for te'rll minutes.

Upon reviewing the video tapes, it was found that bands of white tape would
help digitize the joint from more medial views of the joints. Additionally, there was
a problem with the white ice skates blending into the floor of the ice rink. This is
inherent to collec"cing ﬁgure skating data and no immediate solution was available.
During the video review, it was also found that numbering the trial and subject
quld help determine the correct jump for all three camera views. Lastly, it was not
possible to gen-lock the cameras in the ice rink thus, ;che cameras were not

synchronized for the pilot study.

Experimental Sessions

Subjects

Nine novice skaters volunteered to participate in the study. All skaters were
members of the Great Falls Skating Club in Great Falls, Montana. Those skaters
who could complete a single toe loop and single loop jumps-were selected to

perform three trials of each jump. Prior to data collection, an informed consent form
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and explanation of the study were sent to the participants. Written permission from

the skaters and their parents or guardians was obtained prior to their participation.
The consent forms were written in accordance with the Office of Regulétory
Compliance, Montana State University. Copies of the consent forms are located in -
the appendix.

One skater was removed from further analyéis be.cause she was well beyond
the age range of the other eight. Two of the remaining skaters were unable to
perform a single loop jump in the field of view of all cameras. The reméining six
skaters averaged (+SD) 12.3 (+2.4) years with a height of 1.5 (+0.1) m and a mass of
42.5 (+14.0) kg. These skaters were able to perform at least one single toe loop and

one single loop in all three camera views. ’

Experimental Protocol

Prior to data coliectioh, skaters were prepared for the study. This consisted
of checking the skater’s clothing fdr color and fit as well as plaéing the markers on
anatomical landmarks. The skaters had been instructed to wear dark, form fitted
clothing. They were not allowed to participate unless they complied with this
request. |

Eighteen markers were placed on each skater. The locations of the markers
are represented in Figure 3.3. Bands of reflective tape were placed at the shoulder,

elbow; wrist, hip and knee joints. Black electrical tape was used to mark around -
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A calibration frame of eight rods, containing three, two inch diameter white

balls was placed into the jump zone prior to data collection of the jumps. The
calibration frame was set on a tripod whereby each rod extended from the corner of a
center cube (Figure 3.2). All three cameras were set to record the individual view of -
the calibration frame for o'ne minute prior to the jumps of the skaters. 'After the
calibration frame was removed from the ice, the cameras were not moved during the
entire data collection period. The resulting error after the calibrations was an

average volume percent error of 0.37% and an averagé mean square error of 0.012

meters. These were acceptable results of the calibration.

Data Analysis

Data Reduction

All video footage was digit.ized and analyzed with the Peak Motus Motion
Analysis System (Peak Performance Technoldgies, Inc., Englewood, CO), referred
to as PEAK throughout this study. Prior to digitizing the data, the calibration frame
was digitized so that the jump zone was correctly scaled in three—dﬁnensional space.
Afterward, each jump was manually digitized in all three cameras views. During the-
manual digitizing of the anatomical landmarks of each skater, if a particular
landmark was not visible in one camera view, the point was not digitized. Two
techniques were used to obtain the missing data which resulted from the non-

digitized landmarks. The first step was to plot the trajectory of each point and fill in
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the 'missing data points by manually digitizing. However, this method was not able
to fill in all gaps. Thus, the remaining gaps were interpolated in PEAK. The
position data obtained from the PEAK system were filtered with an 8 Hz
Butterworth Low Pass Filter. -~

Next, the cameras were synchronized using methods describes in Yeadon and
King (1999). The algorithm was written in Matlab v.5 Student Edition (MathWorks,
Inc., Natik, MA). Camera one (C1) V;IaS determined to be the master camera ‘

whereas camera two (C2) and three (C3) were chosen to be the slave cameras. It

“was found that C2 could be synchréni‘zed with C1. However, C3 could not be

* ‘'synchronized with C1 or C2. It was then decided that two cameras would be used |

for the transformation of the two-dimensional coordinates to three-dimensional
object space. Using direct linear transformation equations, the filtered data was
transformed from each of the two dimensional camera coordinates to the actual three

dimensional coordinates.

Calculation of Joint Angles

From the transformed, filtered data, trunk flexion/exténsion with the ice
surface, knee flexion/extension, ankle plantar ﬂéxic;n/dorsiﬂexiori and elbow
flexion/extension were calculated using PEAK. The knee- and elbow were
réferenced to 180 degree full extension. A trunk angle of 90 degrees was set for a
fully erect plositio'n and z;aro degrees would indicate the trunk as parallel with the ice.

surface. Ankle angle was computed as the included angle, between the foot and the
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Flexion was marked as a positive value and extension, negative. Absolute
increases in both values indicated a greater degree of either position. The whole
body center of mass (COM) was déetermined in a Matlab algorithm. Percent mass
and éenter pf mass location of each segment, was obtained from regressions
equations listed in: Jensen (1989). Jensen’s data is pertinent to subjects between the

ages of four and twénty and thus appropriate for the éubj ects selected for this study.

Linear Velocity Calculations

The displacement of the whole body COM was then used to determine
. vertical and horizontal velocities at take-off. The whole body COM location was

determined by Equation 10.

12

3
> > Massi * COMj

Coordinate Total COM = =22 (Equation 10)
_ Total Mass

Equation 11 & 12 demonstrate how these velocities were calculated whereas

Figure 3.8 pictorially represents the results of the calculations.

, 1 _AY (Equation 11)-
Vertical Velocity = Vv = /A fime .

time

Horizontal Velocz’ly = Vg = VAX P +AY % (Equation 12)
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Airborne Rotational Calculations

The transformed three-dimensional positién data was also used in a computer
program, created in Matlab, to calculate the skaters moment of inértia, angular
velocities, angular momentum and segmental contribution of inertia to whole body
moment of inertia. The data was truncated to only accéunt for the flight phase of
each jump. Anthropometric and inertial characteristics were obtained from J enseﬁ
(1988, 1989) to deterrﬁine segment center of mass, moments of inertia of all
segments in all three anatomical axis systems and segment mass. All parameters
were a function of an individual’s age. |

Angular momentum and moment of inertia was calculated using the
following algorithms. Angular momentum (H) was deﬁnéd as the product of
moment of inertia and angular velocity. The moment of inertia was .deﬁned as the
product of the mass (m) of an object with its radius of gyration (k) squared. The
radius of gyration is a measure of how spread out the object it. For a rigid, non-
linked body, angular momentum is calculated us'ing Equation 15. |

H=m *k* *o " (Equation 15)
~ The human segment model is a linked, non-rigid system. A procedure
derived from Hay, Wilson and D.apena (1977) was used to obtain angular momentum
and moments of inertia for a human, or alinked, subjeét. ‘Modiﬁcatio‘ns of the
program were made to calculate along the longitudinal axis of an athlete as opposed
to the transverse axis in the article. Adjustments were also made with respect to the

authors’ assumption that there was no motion out of the plane of rotation.
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Within the method developed by Hay et al. (1977), the total angular

momentum is derived from the sum of a local and transfer term of all segments. The
local ;cerm (Equation 16) is the calculation of the moment of inertia of a segment

_ through its center of gravity that is parallel to the vertical axis. Jensen’s (1989)
calculated inertial characteristics in each of the cardinal axes (anteroposterior,

mediolateral, longitudinal) for each segment of the human body were used in these

analyses.

12 . . )
Hy (1ocaty = Z (Zsr )i * (Isr )iz sin 6/ St (Equation 16)
i=l

local angular momentum

segment number ,

moment of inertia of individual

segment’s com

vertical axis g
angular position of segment onto x-z plane
time step between frames

g@%mHH'm

In this study, the segments did not necessarily remain in one cardinal plane
throughout thg jump. Therefore, an adjﬁstment was made to each segment, whereby
the re;tio of the segment’s projected length onto the x-z, or horizontal, plane to the
actual length was calcﬁlated. .This resulted in an angle from which a segment was
separated from the vertical line through the total center of mass. The mediolateral
(MMOI) and longitudinal (LMOI) moments of inertia were cal.culated to help
acquire a more precise moment of inertia about each segment. For example, when
the projected len\gth\was equal toithe actual length, the quotient would equal one, and

the longitudinal axis of a segment was parallel to the horizdntai plane. Therefore,
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the local moment of inertia would be about the mediolateral axis. In another

example, when the segment’s longitudinal axis was éompletely in line with the
vertical axis,.the quotient would equal zero. Here, the local moment of inertia would
be about the longitudinal axis of rotation. So, when a segment was at an angle with
both the horizontal arid vertical axis, the appropriate proportion of both the
mediolateral and longitudinal axis of rotation of the segment, as it related to the
vertical axis, was célculated. The angular displacement, theta, was that of the

rotation of a-segment projected onto the x-z or horizontal plane.

. , | N .
SEGMOkertica = LMQOeg + (WO];:_,g — LMO ]Seg)* (Leng thmfecfedJ ~(Equation 17)

Lengthactual

The transfer term of the angular momentum was calculated using Equation
18. Here, the distance of a segment’s center of gravity with the total center of |
gravity were used to account for the positioning of all segments about the vertical
axis through the total center of gravity. Phi was the rate change of the line between a

segment’s center of gravity and the total center of gravity.

3 ; . tion 18
Hy transfery =. Z |_mz' ¥(rsr)n * (rsr)iz* sin ¢h _’/ ot (Equation 18)

i=1

transfer angular momentum -

segment number

mass of individual segments

distance between segment’s com and the whole body com
segment’s-com ,

vertical axis

change in angular position of the vector r

time step between frames ‘

= I v

-
g-e—'«: ]
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The basic design of the angular momentum algorithm was to calculate
individual segmental rotation about the longitudinal axis, orthe local term of the

segment, and the rotation about the center of the body, or the transfer term. Then,

the two terms were combined to produce the total moment of inertia or gngular.

Jump Phases

‘Each jump was partitioned iI'ltO four stages; the approach, takeoff, flight, and
“landing. The approach is defined as the skater traveling backwards with their entire
body fully in view of the camera until the point at which the skater turns
perpendiéular to the general approach and flight path. This phase was fixed to
contain only 0.10 seconds p;ior to the approach endpoint. The takeoff was defined
as the point at which the skater was perpendicular to their approach and flight path to
the instant in tir.ne where the last skate leave the ice surface. The flight phase was
defined as the instant the last skate leaves the ice to the instant the first skate touchés
the ice surface. Landing was the instant in time where the first skate touches the ice
surface to the point where the free leg leads the body in motion. The phases are
illustrated in Figure 3.9 with a representative single loop jump. It should be noted

that both jump phases were partitioned, by using the same phase definitions.
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Statistical Analysis

Summary or descriptive statistics were computed for trunk angles, shoulder

angles, elbow angles, hip angles, knee angles, and ankle angles for each phase of

“each jump. Means and standard deviations of all joint angle’s range of motion,

maximﬁm and minimum position were tabulatéd in the results and discussion
chapter. Mean age, weight and height of the six skaters were reported along with
st‘andard deviations.

The hypotheses were tested with a paired T-test. The radial velocity ofthe
right leg during take-off was théught to be greater in the single loop than the single
tc;e loop. Angular momentum throughout the flight phase anticipated to be greater
for the single toe loop than fpr the single loop. Maximum jump h‘eight during flight
was Hypothesized to be greater for the sihgle toe loop than the single loop. The
signi'ﬁcance. level of theses tests were chosen to be at an alpha of 0.05, with the
correspoﬁding Bonferroni adjustmer{t, 0.05/3 =0.0167.

Another adjustment made to the data set was to average the trials of each

.jump of one skater. Every skater selected for analysis completed at least one of each

jump in the field of view of all cameras. Therefore, some skaters were ablé to
complete only 6ne jump whefeas'others' could _complete two or three. In all there
were 14 completed loop jumps and 19 completed toe loop jumps. Table 1 shows the
number of jumps available for analysis for each skater. All parameters were
calculated acroés all trials. Then, averages of the parameters were. obtained by each

skater therefore, resulting in six values for each variable in each jump.
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. CHAPTER FOUR
RESULTS AND DISCUSSION

Subiject Characteristics

Initially nine femal.e individuals, seven senior level and two junior level as
defined by the Great Falls Skating Club, participated in this study. They were all
able to complete both the siﬁgle toe loop and single loop jump. One senior level
sﬁbject was several years older than the other eight and t‘he'refore completely
eiiminated from further analysis. Two other subjects were not included in the results
because they were unable to perform their single loop jumps in the jump zone. The -
remaining six éubjects were able to perform at least one single loop and one single
toe loop jump in the jump zone. All skaters were counterclockwise rotétors and used
similar approaches into all jumps. Their right leg was the support leg, they rotated |
. counterclockwise, tﬁe left leg was used for the toe assist in the toe loop and all
landings were on the right leg. Descriptive statistics of the six subjectsqar'e presented -

- in Table 4.1.
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Table 4.1. Subject Summary (n=6)

Age (yrs) Height (m) Mass (kg)
Mean 123 1.49 42 .48
Standard Deviation 2.4 0.10 13.97

In the fbllowing discussions, most joint positions and ranges of motion were
not different from one another. This study was not designed to test for significant
differences in these particular qualities of the jumps. Large standard deviations
illustrated the wide range of techniques used by the novice skaters. Thus, while
many of the unique individual characteristics were lost by averaging' the data,
general trends were observable ip the data and are discussed in this sectioﬂ.

Both jumps were broken into thre.e phases. The approach phase was 0.1 s
prior to the skater rotating their hips perpepdicular to the line of motion. The second |
phase, take-off, was from the end of the approach phase until the skater left the ice.
The third phase,flight, was the time the skater was in the air until the very instant of
Ianding when the skater touched the ice surface. In Table 4.2 the average time
elapsed for all pthSes is reported as well as the percent time of the entire jump
sequen(;e. The flight phase of the single loop was a slightly greater percentage than
the loop, whereas the take-off phase of the toe loop was slightly greater percentage.
During the toe loop, the skaters must take more time for the left toe pick during the

take-off phase which may account for the greater time period during the jump
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