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ABSTRACT

Jump Elements in figure skating are an integral part of motor activity. One of the conditions
for their good performance is great height and length. Criteria for this are the indicators of
speed and power qualities.

The aim of this research work is to analyze the relationship between anthropometric indica-
tors and those for jumping takeoff of young female figure skaters of the basic level of training.
Seventeen female skaters aged 10-14 years old (prepuberty) from ice skating clubs in Bulgaria
voluntarily participated in the study. The age of the participants was 10 tol4 years old, which
is considered favorable for the development of speed and strength abilities. They were subjected
twice to 8 anthropometric measurements and 5 different types of takeoff, conducted in off-ice
conditions. To achieve the goal of the survey, the following research methods were used: theoret-
ical analysis and generalization of data in specialized scientific and methodological literature,
pedagogical observation, pedagogical testing, anthropometric research methods and methods
of mathematical statistics for processing the results of the study.

The results showed significant intragroup dependences for the anthropometric and biome-
chanical parameters for all types of jumps takeoff in the first study and a decrease in the correla-
tion coefficients in the second measurement. The maximum force in all types of jumps increases
with increasing indicators of height, weight, length of the lower limbs, chest circumference,
shoulder width, while the width of the pelvis does not affect the strength of the takeoff. The height
of the jumps with the help of the arms depends on the width of the shoulders —r = .497, and for
vertical jump with the hands on the hips —r = .664.

Key words: figure skating, anthropometric indicators, speed-force parameters.

INTRODUCTION The main trends in the development of

Modern figure skating has reached a very programs in the individual disciplines of fig-
high level of technical mastery. Victory in ure skating are the complexity of the jumps,
high-ranking competitions is achieved only by their combinations and series, the aspiration of
athletes whose arsenal includes the most tech- the skaters to diversity, balance and artistic de-
nically complex elements of figure skating. sign (Lysova, 1997). Jumping takes a leading
Achieving the desired result is possible only place in the programs of every highly quali-
if you demonstrate these elements during the fied figure skater, because they have the great-
competition. est impact on the final result in competitions.
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Nowadays, skaters learn the most complex
jumping elements in adolescence. Only 15-20
years ago, in top-level competitions, the triple
Axel and quadruple jumps were performed
only by the top five best skaters in the world.
Nowadays we are witnessing the performance
of quadruple jumps not only by men but also
by women. In order to achieve high results
when performing multi-turn jumps, the mod-
ern training process must be aimed at improv-
ing their quality and increasing the amount of
revolutions performed during the flight. This
can be achieved by increasing the height and
length of the jump, as well as the initial an-
gular velocity of the bounce, followed by the
rapid grouping of body parts in flight. All this,
above all, requires a high level of development
of speed and power qualities.

Figure skating is a sport that combines en-
durance, strength, flexibility and grace with a
touch of artistry. The high level of discipline
forces more and more young athletes to train
outside the standards considered safe for a
young, growing body (Porter, Young, Nied-
feldt, Gottschlich, 2007). As it is one of the ear-
ly specialized sports (American Academy of
Pediatrics (AAP), 2000); monitoring training
effects and physical development, performing
and evaluating anthropometric measurements
and physical fitness tests regularly in and out
of group comparisons can be useful for moni-
toring performance.

Physical morphology or physique, in-
cluding body mass or composition, size and
shape, is important to optimize athletic per-
formance in many sports (Slater, O’Connor, &
Kerr, 2018; Durakovic, 2012). The results of
some studies suggest that figure skating favors
lightness, leanness, higher mesomorphy and
lower endomorphy at more elite levels (Mon-
sma, & Malina, 2005). Mesomorphic type of
the figure is characterized by proportional bo-
dy size and harmonious development of the

musculoskeletal system. The higher degree of
mesomorphy is associated with good physical
capacity and greater development of the ex-
plosive force of the lower extremities (Toteva,
1992). The study of Paluchowska M. (2015)
found that female figure skaters are relative-
ly shorter and lighter than their non-sports
peers, which suggests a greater influence of
sports-training factor on growth than genet-
ic factors. The lower the athlete’s weight, the
less energy he or she has to put into perform-
ing certain elements (such as jumping). How-
ever, it is known that athletes with relatively
low body weight and height have better results
in figure skating. Elite sporting performance
is the result of the interaction between genetic
and training factors, with the result that both
talent identification and management systems
to facilitate optimal training are crucial to
sporting success (Tucker, & Collins, 2012).
The goal of the study is to analyze the re-
lationship between anthropometric indicators
and those of the jumping takeoff of skaters.

MATERIALS AND METHOD

To achieve the goal of the study, we set the
following tasks to solve:

& Measurement of anthropometric indica-

tors of the skaters.

& Measurement of speed and power indi-
cators with BTS G-sensor equipment.

# Calculation of body mass index.

+ Establishing a correlation between an-
thropometric parameters and those for
jumping abilities (takeofY).

The subject of the study is the dialectical re-
lationship between parameters of the anthropo-
metric features and speed-strength readiness in
the jump elements by the young figure skaters.

The object of the research are the mea-
surements of the anthropometric factors and
speed-power indicators of the skaters.

The following research methods were
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used to solve the set tasks:

& Analysis and summarization of the scien-
tific literature.

# Pedagogical supervision.

+ Sports-pedagogical testing: anthropo-
metric medical measurements; instru-
mental methods.

+ Math statistical methods.

Participants

Seventeen figure skaters with a basic level
of preparation aged 10 to 14 (before puberty)
from Ice Skating Clubs in the Republic of Bul-
garia voluntarily participated in the study. All
participants are competitive figure skaters who
annually participate at National Champion-
ships and International tournaments from the

Table 1. Measured parameters

ISU calendar in single categories from Basic
Novice to Juniors. All of them can execute all
double jumps (except double Axel).

Organization of the research

To solve the tasks, research was organized
and conducted between 2015 to 2017 in the
Center for Research and Applied Activity in
Sports, in the Department of “Anatomy and
biomechanics” of the National Sports Academy
“Vassil Levski” and in the Winter Sports Palace.

To obtain current and cumulative infor-
mation about the latent state and dynamics of
development of the individual signs and com-
ponents of the studied subjects’ motor abilities,
we used a test battery (Table 1).

Ne  Measured parameters

Measure units Measurement accuracy

Anthropometric indicators

1 Body height [cm] 0.1
2 Body weight kgl 0.1
3 Chest Volume [cm] 0.1
4,5 Length of right and left lower limbs [em] 0.1
6,7 Shoulder width, pelvis width [cm] 0.5
8  Foot length [cm] 0.5
Biomechanics indicators
9  Squat Jump [em, kN, m/s] 0.01
10 Counter Movement Jump [cm, kN, m/s] 0.01
11 Counter Movement Jump with arms rush [em, kKN, m/s] 0.01
12 Drop jump [em, kN, m/s] 0.01
13 20 repeated jumps [cm, kN, m/s] 0.01

The measurements were conducted twice:
July 2015 and August 2017. Participants were
wearing light clothing and no shoes during
measurements. To study the peculiarities of the
physical development of young skaters and an-
alyze the relationships between the individual
characteristics of body structure and athletic
success, we conducted anthropometric mea-
surements. The study of anthropometric fea-

tures is associated with sports typology. It in-
forms about the state of physical development
and the ergonomic anthropometric characteris-
tics of the athletes. The anthropometric profile
of athletes of a certain sport provides informa-
tion about the specific morphological selection,
as well as the impact of this sport on the mea-
surements and body development of the ath-
lete. We measured somatometric parameters:

55



ANALYSIS OF THE DEPENDENCE BETWEEN ...

Tatiana Yordanova

body height, body weight, chest volume, lower
limb length, shoulders width, pelvis width, foot
length (parameters 1-8). Body length (height
straight) — measure the distance from the floor
to the highest point of the head (vertex) in cm
to the nearest 1 mm with a Martin-type metal
anthropometer with a scale length of no less
than 2.1 meters by the method of MARTIN. To
measure the shoulder and pelvis width and foot
length a spreading caliper with an accuracy of
0,5 cm was used. Chest volume and length of
the lower limbs were measured to the nearest
0,1 cm with the Lufkin W606PM tape mea-
sure, which passes behind at the lower corner
of the shoulders, and beneath the chest in front.
Length of lower limb (“standing still”’) — mea-
sured by the distance from the back of the ili-
ac anterior superior to the floor with precision
up to 1 mm. The body weight was measured
with calibrated electronic weighing scale with
a precision of 0,1 kg. The measurement of the
larger dimensions of the body is presented in a
standing position. The body mass index (BMI)
is a value derived from a person’s weight and
height. BMI is defined as body mass divided
by squares of body height and is universally
expressed in units of kg/m?, resulting in weight
in kilograms and height in meters.

With the help of instrumental methods, we
researched on the explosive force of the lower
limbs and the jumping efficiency (tests 9-13),
for which we used the accelerometer equip-
ment “BTS G-sensor”. The equipment is a
methodology for studying various parameters
that can be realized and observed during a cer-
tain type of jump.

The BTS G-sensor is a wireless system con-
sisting of a device that has a built-in three-di-
mensional accelerometer, gyroscope and mag-
netometer, which is connected wirelessly to a
computer. Through them the device calculates
and records any change in the position of the
body of the examined person. The BTS G-sen-

sor is easy to use. The sensor is placed around
the athlete’s waist, attached to an ergonomic belt
that allows freedom of movement. The athlete
can jump freely, change direction and run short
distances. The sensor connects to the computer
via Bluetooth at a distance up to 20 meters.

When the test is completed, an automati-
cally generated report shows all recorded spa-
tial-temporal parameters: strength and power;
and allows comparison of experiments.

Jumping tests were performed to measure
the following parameters: jump height [cm];
maximum force [kN]; maximum velocity
[m/s]; takeoff speed [m/s], calculated time [s]
and acceleration [m/s?]. All data were recorded
in separate protocols for each competitor.

Data analysis

For analysis of the results we used mathemat-
ical-statistical methods: descriptive statistics,
correlation analysis and comparative analysis
using Student’s T-criterion for dependent sam-
ples with statistical the software package IBM
SPSS STATISTICS v22 and MS Office 2018.

A. Descriptive statistics — to establish the
variability of the studied indicators:

Calculation of sample’s mean (X). The
mean of the variable X is defined by the equali-
ty: X= ZTX , n is the number of studied objects.

Standard deviation S — an indicator that is
a function of all observed values of X in the
sample and carries the most complete infor-
mation about the degree of scattering of X in
the sample.

Calculated by the formula: S =

Coefficient of variation V' — in percent,
which characterizes the homogeneity of the
studied population and is calculated by the
formula: v =% +100(%) .

B. Correlation analysis is used to evaluate
the strength of the relationship between quan-
titative variables. The analysis compares the
correlation coefficients between one or more
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pairs of variables to establish statistical rela-
tionships between them.

C. Comparative analysis with Student’s
t-test — to accept or reject the null hypothesis,
regarding the observed differences between
the mean levels of the studied traits both be-
tween the two participating in the experiment
(at the beginning and end of the period) and
between the initial and final state of each of
these aggregates.

RESULTS AND DISCUSSION
The descriptive statistics of the anthropo-

metric indicators in the first and in the second
measurement (Tables 2 and 3) gave us low
values for the coefficients of variation, asym-
metry and excess. The coefficient of variation
of all indicators was up to 17%, which is an in-
dicator for a homogeneous sample and normal
distribution of data from the sample. The es-
tablished normal distribution gave us grounds
to make a comparative analysis of the studied
sample using Student’s T-criterion for the de-
pendent samples, due to the fact that the same
contingents of the research individuals were
compared.

Table 2. Descriptive statistics of the anthropometric variables — first measurement

Variables S V% As Ex Max Min Range
Body height [cm] 147.23  6.55 4.45 0.158  -1.021 158.40 138.00 20.40
Body weight [kg] 3738  6.02 16.11 0.509  -0.741  47.80 28.40 19.40
Chest vol. [cm] 64.69  4.27 6.60 0.270  -0.615  73.00 58.00 15.00
Length of right 1. [cm]  85.01 5.34 6.28 0.817  -0.021 95.60 77.10 18.50
Length of left I. [cm] 85.12 5.13 6.03 0.954 0.290 95.80 78.50 17.30
Shoulder width [cm] 3294  2.04 6.19 0.253  -0.968  36.50 29.50 7.00
Pelvis width [cm] 22.65 1.98 8.75 0.210 0.045 26.50 19.00 7.50
Foot length [cm] 2250 133 5.93 0.760 0.207 25.50 20.50 5.00
BMI [kg/m?] 17.17  1.87 10.90 0.533 0.136 21.31 14.15 7.16
Table 3. Descriptive statistics of the anthropometric variables — second measurement
Variables S V% As Ex Max Min  Range
Body height [cm] 155.66  6.11 3.92 -0.428 -1.353 163.40 146.00 17.40
Body weight [kg] 46.26 7.89 17.05 0.838 -0.206 64.00 37.50 26.50
Chest vol. [cm] 69.44 4.16 5.99 1.289 2.657 81.00  64.00 17.00
[Lcem“igth of right I 90.20 459 509 0286 -0.588 9720 81.00 1620
Length of left 1. [cm]  89.75 4.34 4.83 -0.101  -0.347 97.20  81.50 15.70
Shoulder width [cm] 35.47 2.31 6.51 0.012 -1.185 39.00 31.50 7.50
Pelvis width [cm] 23.74 1.96 8.26 0.444  -0.141  28.00 20.50 7.50
Foot length [cm] 23.35 1.07 4.59 0.261 -0.831 25.50  22.00 3.50
BMI [kg/m?] 19.01 2.40 12.63 1.096 1.664 25.25 15.34 9.91

All anthropometric data from the first and
second measurement are shown in Figure 1,
where we can clearly see an increase in all
factors, which is normal for adolescent girls.

The highest growth was in height, weight and
length of the lower limbs, and the lowest — in
the width of the pelvis, foot length and body
mass index.
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Figure 1. Dynamics of anthropometric variables

The empirical value of Student’s T-test ex-
ceeded the table-identified critical levels (Ta-
ble 4). An additional circumstance is the fact
that the guaranteed probability P [%] exceed-
ed the critical (95%) value. Thus, with con-
fidence, we should reject the null hypothesis
and accept the alternative for the presence of a
significant increase in data from the test sam-

ple, relating to the growth in the anthropomet-
ric variables. The data from the initial and final
measurement of the anthropometric indicators
are presented in Table 4, as well as the abso-
lute value of the increment and its percentage
equivalent. For clarity of the same line, the cal-
culated Student’s T-distribution and the guar-
antee probability P as shown.

Table 4. Comparative analysis of the anthropometric variables

Variables I meas. II meas. d d [%] t Pt [%]
Body height [cm] 147.23 155.66 8.43 5.73 -10.35 100
Body weight [kg] 37.38 46.26 8.88 23.76 -9.53 100
Chest vol. [cm] 64.69 69.44 4.75 7.34 -9.91 100
Length right leg [cm] 85.01 90.20 5.19 6.11 -7.55 100
Length left leg [cm] 85.12 89.75 4.63 5.44 -6.83 100
Shoulder width [cm] 32.94 35.47 2.53 7.68 -9.16 100
Pelvis width [cm] 22.65 23.74 1.09 4.81 -4.05 99.91
Foot length [cm] 22.50 23.35 0.85 3.78 -5.36 99.99
BMI [kg/m?] 17.17 19.01 1.84 10.72 -5.92 100

The movements ofthe figure skating athletes
are spatial and are performed in two-support
and one-support skating, as well as non-support
(when performing jumps) and depend on both
the dynamic parameters of the movement and
the anthropometric parameters of the athlete
(Vinogradova, 2013). In forecasting and orien-
tation, it is necessary to understand the require-
ments of a sport to the quality characteristics of

the athlete and how to change the indicators and
proportions of body height and body weight, as
well as physical qualities under the influence
of growth and training. According to several
authors — M. Matte, V. M. Zatsiorski and L. N.
Sergienko, the most conservative are the pecu-
liarities of the physique and speed-power qual-
ities. The practice of figure skating suggests
that among many dynamic and anthropometric
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parameters that affect the angular velocity o in
arc gliding, the most significant are the group-
ing of the skater by retracting the arms and legs
to the body. Research conducted by V. Vinogra-
dova shows that maintaining balanced skating
is better for skaters with a conical body shape.
To create the initial rotation in the jumps, the
cylindrical shape of the body is preferable. In
the cylindrical shape of the body, the angular
velocity o of the equilibrium sliding of the
skater is higher. The conversion of this speed
into a rotational speed when flying around its
longitudinal axis increases the rotations of the
jump.

The jumps in figure skating are an integral
part of motor activity. One of the conditions
for their good execution are great height and
length. Criteria for this are speed-power qual-
ities, the coordination capabilities and sus-
tainability of the vestibular system. A study
of differential development of speed-power
capability, regarding takeoff found that among
girls and junior girls the highest rate of devel-
opment was observed at the ages between 10
and 14 years old (Volkov, 1981; Goncharov,
1952; Grodzitska, 1983, etc.). Several stud-
ies show that despite jumping being an innate
ability of humans, by applying effective exer-
cises one can significantly increase the level
of speed-power readiness of the athletes (Ver-
hoshanskiy, 2013). In biomechanical aspects,
jumps represent an upward movement of the
body relative to the support surface by means
of the lower extremities followed by flight
with rotation and landing.

According to biomechanics this movement
is realized by the formula h =V _ .t
where h_ is the height of the jump, V__ is the
maximum speed of the takeoff from the base,
at . 1s the time that takes place through the
bounce by the leg in concentric action of the
extensor of the feet and also according to the
law on the impulse of power

_ m~Vmax .
ttakeoff o F >

=m.V

max'ttakeoff B

max’
max

If the athlete acquires linear speed by ac-
celeration, in the event of a sudden stop it caus-
es impact action and resistance from the base.
The impact counteraction causes acceleration
due to the reaction of the base. In the inter-
action, the law of conservation of momentum
m -V, =m-V, applies. The weight of the athlete
is marked with m. Thus, if there is no defor-
mation of the body and the basing surface, the
sliding speeds horizontally and the rebound
vertically V| = V. The abrupt stop reduces the
speed V, to 0 and if the amortization time ¢_
is small, acceleration occurs according to the
formulaa, =V /t andV,=a akeosr* Lakeo

The inertia when stopping causes a reac-
tion of the support and a deviation in the up-
ward direction.

The heighth =V? /2.g;

Vmax: Fmax'ttakeof/
Obviously, the maximum force occurs when
the amortization time is short. Without force,

/t

max takeoff *

m; Fmax = m.V

there is no heighth_ .

If the speed is 2 m/s, then the height be-
comes 0,2 meters, at 4 m/s — the height is 0,8
m, or it can be reached under ideal conditions.
If the athlete adds extra strength during the
push-up, it is added to the momentum of the
reinforcement. Obviously, the damping and
pushing times from the support must be as
short as possible in the range of 0,1 or 0,2 sec-
onds. If we imagine that we apply force for a
long interval, we lose the effect of the athlete’s
inertia. The force applied by the athlete must
be for a short period of time to cause a cumula-
tive effect on the inertia of movement. Weight
P =m . g ; the indicator g is the value of the
ground acceleration equal to 9,8 m/s%. Thus, it
is possible to determine what linear speed the
athlete must acquire to reach a given height to
perform the rotation. In the case of a curvilinear
movement of a skier or skater along a trajectory,
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an inertial force of the centrifugal type arises,
which gives great opportunities for changing
the direction, because it facilitates the relief
of skis or skates when reversing the direction
of movement. The rotation is performed by it-
self. In the training of athletes, standards can
be made defining mandatory requirements for
speed or curvature of the sliding trajectory to
achieve certain jumping indicators.

For the analyzes we consider the jump
height 4, the maximum force F, _during the
realized motor activity, the maximum speed
V . the takeoff time keost and the maximum
accelerationa, .

The comparative analysis by Student’s
T-test for dependent samples of indicators at
different jumps in the first and second mea-
surement are presented in Table 5.

Table 5. Comparative analysis of the biomechanics variables

Variables I meas. II meas. d d [%] t Pt [%]
hSJ [m] 0.34 0.38 0.04 11.76 -3.59 99.75
FSJmax [kN] 0.75 1.47 0.73 97.33 -8.07 100.00
VSJmax [m/s] 2.11 2.59 0.48 22.75 -6.19 100.00
tSJtakeoff [s] 0.16 0.15 -0.02 -12.50 5.89 100.00
aSJ [m/s?] 13.00 17.75 4.75 36.54 -7.11 100.00
hCMIJ [m] 0.37 0.39 0.02 5.41 -2.22 95.88
FCMJmax [kN] 0.72 1.40 0.68 94.44 -6.04 100.00
VCMImax [m/s] 2.12 2.59 0.47 22.17 -5.45 99.99
tCMJtakeoff [s] 0.17 0.15 -0.02 -11.76 5.02 99.99
aCMJ [m/s?] 12.43 17.51 5.08 40.87 -6.19 100.00
hCMIJA [m] 0.42 0.49 0.06 14.29 -4.70 99.98
FCMJAmax [kN] 1.18 2.12 0.94 79.66 -4.19 99.93
VCMJAmax [m/s] 2.40 2.96 0.56 23.33 -6.01 100.00
tCMJAtakeoff [s] 0.18 0.17 -0.01 -5.56 2.18 95.55
aCMJA [m/s?] 13.64 18.16 4.52 33.14 -4.64 99.97
hDJ [m] 0.29 0.40 0.11 37.93 -3.91 99.88
FDJmax [kN] 0.62 1.51 0.89 143.55 -4.82 99.98
VDJmax [m/s] 1.70 2.72 1.01 59.41 -6.65 100.00
tDJtakeoff [s] 0.17 0.15 -0.02 -11.76 4.66 99.97
aDJ [m/s?] 10.01 18.35 8.33 83.22 -8.74 100.00
hRCMIJ [cm] 0.33 0.37 0.03 9.09 -3.80 99.84
FRCMJmax [kN] 0.72 1.08 0.36 50.00 -4.23 99.94
VRCMJmax [m/s] 2.05 2.41 0.36 17.56 -7.23 100.00
tRCMJtakeoff [s] 0.16 0.15 -0.01 -6.25 2.29 96.40
aRCMJ [m/s?] 12.81 16.14 3.32 25.92 -5.51 100.00

SJ — Squat Jump, CMJ — Counter Movement Jump, CMJA — Counter Movement Jump with Arms, DJ — Drop Jump,

RCMJ — Repeated Counter Movement Jump.

There was an increase in all indicators, be-
ing especially significant at the maximum re-

bound force for all types of tested jumps, reach-
ing 143.55% in the Drop Jump (Figure 2).
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Figure 2. Growth of maximum force at different jumps

The increase in the reported rebound height
in drop jump (Figure 3) was higher compared
to other types of jumps —37.93%, which is due
to the specific abilities of skaters to perform
jumps with good amortization when stepping

into depth, followed by a rebound, of the abili-
ty to perform combinations of jumps, where it
is important to maintain the momentum of the
first jump.

The jump height h [cm]

=
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Figure 3. The jump height

In second place for the height of the jump —
14.29% was a jump with the help of the hands,
which is an indicator of good coordination of
the competitors. The increase in maximum
speed was also the highest in drop jump DJ

— VDJmax = 59.41% (Figure 4). There was
a large increase in acceleration in all jumps
and especially in the rebound after falling into
depth — 83.22%. The repulsion time was neg-
ative.

61



ANALYSIS OF THE DEPENDENCE BETWEEN ...

Tatiana Yordanova

Maximum speed V. [m/s]
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Figure 4. The maximum speed

The correlation analysis in the two mea-
surements (Tables 6 and 7) of the indicators
from the studied sample includes analysis
by Pearson’s multiple correlation. The indi-
cators can be divided into two groups. One
of them groups the results of anthropometric
measurements, and the second forms the bio-
mechanical variables, composed of kinematic
and dynamic indicators. Intragroup correla-
tion coefficients for anthropometric indica-
tors in the first measurement are significant
in nature — for the example height / weight
(.758), height / chest circumference (.672),
height / length of right leg (.896), height /
length of left leg (.911), height / width of the
shoulders (.880), height / width of the pel-
vis (.607), height / length of the foot (.917).
The significant correlation coefficients of
body weight to chest circumference (.848),
weight / width of the shoulders (.756), weight
/ width of the pelvis (.693), weight / length of
the foot (.679), body weight / BMI (.846). In-
tra-group correlations are also present in the
biomechanical characteristics of kinematic
and dynamic type — jump height / maximum
force hSJ / FSJmax (.528), jump height /

maximum speed hSJ / VSJmax (.741), jump
height / time hSJ / tSJ .534), maximum speed
/ acceleration VSJmax / aSJ (.826). The cor-
relation coefficients quoted so far are posi-
tive and in nature express the proportional
relationship between the indicators presented
in the study. This circumstance means that
as one of them grows, so will the other. Be-
tween time and acceleration tSJ / aSJ is ob-
tained (-.688), a value which has a negative
sign and certifies that an increase in one of
them will lead to a decrease in the other. In-
tergroup significant correlation coefficients
of interest for the study are height and force
of the jump with the help of the arms depend-
ing on the width of the shoulders hCMJAmax
(.638) and FCMJAmax (.582) and the length
of the foot (.514 and .593), maximum speed
depending from the length of the legs and the
foot FCMJAmax (.594, .530 and .612). De-
pendencies in rebound of the drop jump have
a negative sign to the width of the pelvis —
hDJ —-.588, FDJ —-.513, VDJ — -.633. When
performing 20 jumps, there is a dependence
of the height of the bounce to the height » =
.543, to the length of the legs » = .540 and
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.513, to the width of the shoulders » = .661 dence between the time and the width of the
and the length of the foot » = .592. The time shoulders is significant » = .723.
depends on the same indicators, as the depen-

Table 6. Correlations between anthropometric and biomechanics indicators — I test
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Body height [cm] 1 Squad Jump (SJ)

Body weight [kg] 758 1

Chest vol. [ecm] 672" 848" 1

Length of right . [cm] .896™ .543"  .550" 1

Length of leftl. [ecm]  .911™ .596" .604" .981™ 1

Shoulder width [ecm] ~ .880™ .756™ .670™ .780 .783™ 1

Pelvis width [cm] 6077 693" 492" 471 495" 579" 1

Foot length [cm] 917" 679" .651" .894™ 878" 839" .549" 1

BMI [kg/m2] 296 .846 .704™ .056  .125 382 .509" 251 1

hSJ [m] 423 217 173 480 413 4917 -039 .508" -.025 1

FSJmax [kN] 458 566" 496" 409 384 549" 403 550" 447 528" 1

VSJImax [m/s] 189 .039 078 253 170 .152 -214 296 -.088 .741" 555" 1

tSJtakeoff [s] 347 242 118 361 361 497 200 319 056 534" 061 -.167 1

aSJ [m/s?] -067 -106 -.017 -.027 -.08 -184 -286 .011 -088 .236 .352 .826™ -.688" 1

Body height [cm] 1 Counter Movement Jump (CMJ)

Body weight [kg] 758 1

Chest vol. [cm] 6727 848 1

Length of right 1. [cm] .896™ .543" .550" 1

Length of left I. [cm]  .911" .596" .604" .981" 1

Shoulder width [ecm] ~ .880™ .756 .670™ .780™ .783™ 1

Pelvis width [cm] 6077 693" 492" 471 495" 579 1

Foot length [cm] 9177 679" 651" .894™ 878" .839" .549" 1

BMI [kg/m2] 296  .846™ .704"  .056 125 382 .509° 251 1

hCMJ [m] 299 .048 -021 395 381 354 -119 370 -.181 1

FCMlJmax [kN] 456 468 283 341 355 502" 463 5417 312 .180 1

VCMImax [m/s] 161 -150  -.165 266 213 082 -195 300 -342 .652" 316 1

tCMJtakeoff [s] 199 168 .080 229 259 350 .030 .143 .064 .694" -.088 -.087 1

aSMJ [m/s?] -039 -211 -172 .003 -047 -.196 ~-149 .075 -259 -055 253 719" -751" 1

Body height [cm] 1 Counter Movement Jump Arms (CMJA)

Body weight [kg] 758" 1

Chest vol. [cm] 6727 848" 1

Length of right 1. [cm] .896™ .543"  .550" 1

Length of leftl. [cm] 911" .596" .604" .981" 1

Shoulder width [ecm] ~ .880™ .756™ .670” .780™" .783™ 1

Pelvis width [cm] 607,693 4927 471 495 579" 1

Foot length [cm] 917" 679" 651" .894™ 878" .839™ 549" 1

BMI [kg/m2] 296  .846™ 704" 056 125 382 .509° 251 1

hCMIJA [m] 469 284 169 437 360 .638" -045 514 .036 1

FCMJAmax [kN] 426 357 400 412 367 582" -009 593" 177 .566 1

VCMJAmax [m/s] 459 149 348 594" 5307 443 -207 .612" -137 .635" .661" 1

tCMJAtakeoff [s] 255 265 -.044 105 .058 480 .132 .177 .168 779" 167 .014 1

aSMIJA [m/s?] 124 -082 284 331 336 -.085 -186 .253 -203 -245 208 .591" -.789" 1

Body height [cm] 1 Drop Jump (DJ)

Body weight [kg] 758 1

Chest vol. [cm] 672" 848" 1

Length of right I. [cm] .896™ .543"  .550" 1

Length of leftl. [cm] 911" .596" .604" .981" 1

Shoulder width [cm] ~ .880™ .756™ .670™ .780™ .783™ 1

Pelvis width [cm] 6077 693" 492" 471 495" 579" 1

Foot length [cm] 917" 679" .651" .894™ 878" 839" .549" 1

BMI [kg/m2] 296 .846™ 704" 056  .125 382 .509° 251 1

hDJ [m] -039 -254 014 .048 .043 077 -588" .035 -335 1

FDJmax [kN] .087 -059 176 116  .099 208 -513° .132 -146 911 1

VDJmax [m/s] -135 -310 -.034 -052 -071 -.033 -.633" -.086 -344 .963" .905" 1

tDJtakeoff [s] .08 -.117 .082 .186 218 .195 -288 .194 -221 .698" .514" .493" 1

63



ANALYSIS OF THE DEPENDENCE BETWEEN ...

Tatiana Yordanova

aDJ [m/s?] -226  -330 -.083 -.159 -.194 -161 -611" -211 -308 .804™ .798" .934™  .158 1
Body height [cm] 1 Repeated Counter Movement Jump (RCMJ)

Body weight [kg] 758" 1

Chest vol. [cm] 6727 848" 1

Length of right . [cm] .896™ .543"  .550" 1

Length of left I. [cm] ~ .911™ .596" .604" .981" 1

Shoulder width [em] ~ .880™ .756™ .670” .780™ .783" 1

Pelvis width [cm] 607,693 492" 471 495 579" 1

Foot length [cm] 917 .679" .651™ .894" 878" 839" .549" 1

BMI [kg/m2] 296 846 704 056 125 382 .509° 251 1

hRCMJ [m] 5437 381 279 5400 5137 6617 243 592 105 1

FRCMJmax [kN] 319 419 405 245 225 421 367 364 355 320 1

VRCMIJmax [m/s] 206 -.076 .046 341 252 256 -203 316 -277 .703" 242 1

tRCMIJtakeoff [s] 585" 5360 332 5060 5197 7237 436 5747 291 926 287 386 1
aRCMJ [m/s?] -458  -.604" -314 -291 -362 -.584" -612" -391 -491" -514" -168 244 -797" 1

** Correlation is significant at the 0,01 level (2-tailed). * Correlation is significant at the 0,05 level (2-tailed).

The critical values of the Pearson coefficientatn = 17: r,

In the second measurement, Pearson’s in-
tragroup coefficients for anthropometric indi-
cators were again significant in nature but are
slightly lower than in the first measurement.
The intergroup significant correlation co-
efficients that are of interest for the study is
the significant dependence of the maximum
strength of all types of jumps on the growth of
the athletes. There is a significant dependence
of strength on weight and chest volume in all
jumps except semi-squat takeoff. Interestingly,

05 = 0.48 and Toor = 0.61

the height of all jumps depends on the width
of the shoulders, the highest is the Pearson co-
efficient r = .644 and .663 in the takeoff with-
out the help of the arms and in 20 consecutive
jumps. The maximum force is significantly
dependent on all anthropometric indicators.
Only the width of the pelvis does not affect this
indicator. Indicator of maximum speed when
jumping with the arms and after rebounding
from height to shoulder width, respectively
r=.535 and .488.

Table 7. Correlations between anthropometric and biomechanics indicators — II test
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Body height [cm] 1 Squad Jump (SJ)
Body weight [kg] 686" 1
Chest vol. [cm] 548" .892™ 1
Length of right 1. [cm]  .860™ .543" 440 1
Length of left 1. [cm] 865 516" 413 983" 1
Shoulder width [cm] 7337 736 6217 .603°  .589" 1
Pelvis width [cm] 463 6417 402 294 283 357 1
Foot length [cm] 8427 .659" 552" 798 777 .699" 478 1
BMI [kg/m2] 314 906" .844™ 201 162 538" 571" 365 1
hSJ [m] 267 -.031 -.143 221 247 546" -229 283  -.190 1
FSJmax [kN] 694" 473 295 542" 5757 731" 250 587" 214 .624™ 1
VSJmax [m/s] 275 012 -.079 262 284 471 -260 244 -142 .881" .718" 1
tSJtakeoff [s] .083 -087 -.183 -014 .000 .333 .009 .160 -.154 .556" .078 .101 1
aSJ [m/s?] 226 .074 032 256 269 258 -205 .148 -.037 487" .623" .842" -449 1
Body height [cm] 1 Counter Movement Jump (CMJ)
Body weight [kg] 686" 1
Chest vol. [em] 548" 892 1
Length of right 1. [cm]  .860™ .543" 440 1
Length of left 1. [cm] 865" .516° 413 .983" 1
Shoulder width [cm] 733" 736" .621"  .603"  .589" 1
Pelvis width [cm] 463 6417 402 294 283 357 1
Foot length [cm] 842" 659 .552° .798" 777 .699" 478 1
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BMI [kg/m2] 314 906 .844™ 201 .162 .538° .571° 365 1

hCMJ [m] 313 178 .071 287 327 .664™ -.038 425 .047 1

FCMJmax [kN] 606 .602" .557° 470 478 .819" .093 .585" 432 .766" 1

VCMJmax [m/s] 276 156 147 259 278 522" -239 272 .043 792" .810™ 1
tCMJtakeoff [s] .040 .055 -.095 -016 .001 .127 401 .195 .044 A12 -204 -511° 1
aSMJ [m/s?] 213 123 178 200 200 315 -302  .132 .038 469  .662 910" -.813" 1
Body height [cm] 1 Counter Movement Jump Arms (CMJA)

Body weight [kg] 686 1

Chest vol. [cm] 548 .892* 1

Length of right 1. [cm]  .860" .543" .440 1

Length of left I. [cm] 865" 516" 413 .983" 1

Shoulder width [cm] U733 736 6217 603" .589" 1

Pelvis width [cm] 463 641 402 294 283 357 1

Foot length [cm] 8427 .659 552" 798 777 699" 478 1

BMI [kg/m2] 314 906" .844™ 201 .162 .538" .571° 365 1

hCMJA [m] 399 244 104 364 412 497" 150 465 .087 1

FCMJAmax [kN] 675 707" 608" .580" .645 .691" 403 .561" .526" .508" 1

VCMJAmax [m/s] 476 391 320 405 484" 535" 135 412 230 .659" .868" 1
tCMJAtakeoff [s] -132 -195 -270 -.089 -.138 -.133 062 .008 -.174 266 -.519° -.546" 1
aSMJA [m/s?] 392 376 362 321 396 409 112 281 259 267  .828"  .900" -.851" 1
Body height [cm] 1 Drop Jump (DJ)

Body weight [kg] 686 1

Chest vol. [cm] 548" 892 1

Length of right 1. [cm]  .860"" .543" .440 1

Length of left L. [cm] 865 516" 413 983" 1

Shoulder width [cm] U733 736 621" 603" .589" 1

Pelvis width [cm] 463 641" 402 294 283 357 1

Foot length [cm] 8427 659 .552° .798" 7777 .6997 478 1

BMI [kg/m2] 314 906 .844™ 201 .162 .538" .571° 365 1

hDJ [m] 275 219 152 184 230 .573° -.028 230 129 1

FDJmax [kN] 622" 597" 487 469 522" .686" .167 411 414 705" 1

VDJmax [m/s] 365 274 214 274 333 488" -.029 266 .149 909" 773" 1
tDJtakeoff [s] -111 -.046 -.087 -.140 -147 351 -007 -.033 .004 .505° .092 .100 1
aDJ [m/s?] 393 285 246 325 383 300 -.022 255 147 .629"  .693" .896" -350 1
Body height [cm] 1 Repeated Counter Movement Jump (RCMJ)

Body weight [kg] 686 1

Chest vol. [cm] 548 .892* 1

Length of right 1. [cm]  .860" .543" .440 1

Length of left I. [cm] 865" 516" 413 .983" 1

Shoulder width [cm] U733 736 6217 603" .589" 1

Pelvis width [cm] 463 641 402 294 283 357 1

Foot length [cm] 8427 .659" 552" 798 777 699" 478 1

BMI [kg/m2] 314 906" .844™ 201 .162 .538" .571° 365 1

hRCMJ [m] 411 500 243 350 355 .663 .483° 418 407 1

FRCMJmax [kN] 813" 708" .585° 561" .553° .799" 458 .636" 456  .514° 1

VRCMIJmax [m/s] 426 085 -.103 421 472 450 122 334 -.142 498" 5247 1
tRCMJtakeoff [s] .089 494" 393 015 -020 .334 433 184 .589° .627" .109  -.360 1
aRCMJ [m/s?] 221 -241 -274 246 303  .040 -.174 104 -443 -144 252 785" -854" 1

** Correlation is significant at the .01 level (2-tailed). * Correlation is significant at the .05 level (2-tailed).

CONCLUSION

The analysis of the biomechanical charac-
teristics of different types of jumping takeoff
shows a significant increase in the maximum
force, which allows to increase the height of
the jumps. The increase in jump height in Drop
Jump is the highest compared to other jumping
indicators, which is probably due to the good
amortization when stepping to a depth of 30
cm, followed by a rebound, and the ability to

The critical values of the Pearson coefficient atn = 17:r,, = .48 andr,, = .61

perform combinations of jumps while main-
taining the inertia of the first jump. In second
place is the increase in height when jumping
with the help of the arms, which is an indica-
tor of good coordination, while the increase in
maximum speed is highest in rebounding with
prior amortization.

The increase in body mass index is very
low in the second measurement compared to
all other anthropometric indicators, which
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confirms the effect of training on body weight.

Significant intragroup dependences for the
anthropometric and biomechanical indicators
for all types of jumping takeoff were estab-
lished and the decrease of the correlation coef-
ficients was observed in the second measure-
ment. At the same time, the maximum force
in all types of jumps increases with increasing
indicators of height, weight, length of the low-
er limbs, chest circumference, shoulder width,
while the width of the pelvis does not affect
the force of the takeoff. The height of the jump
depends on the width of the shoulders. The de-
pendence ranges from moderate » = .497 when
jumping with the arms to significant » = .664
when jumping vertically with the hands on the
hips. Pearson coefficients of intragroup bio-
mechanical parameters range from significant
force r = .508 to very strong r = .911 between
height and maximum jumping force.

We can make some pedagogical recom-
mendations. The increase in sports results in
figure skating requires the use of progressive
teaching technologies to improve the technique
of complex multi-rotational jumps. First of all,
this implies knowledge of theories, rules that
help to properly understand the complex ki-
nematic and dynamic characteristics of move-
ments. Having the basics of biomechanical
analysis, a complex movement can be broken
down into a number of its components and thus
to understand its structure, to see the errors,
to outline the prospects for the development
of movement techniques, to select and define
a set of special exercises aimed at mastering
the technique of motor action, and to choose
appropriate training methods. In figure skaters’
jumps, swinging movements contribute to the
movement of the General center of gravity of
the body in the direction of takeoff, improve
the coordination of movements during repul-
sion, provide a stable movement of the axis
of rotation in flight phase, and increase the

aesthetic impression of the jump. The move-
ment of the free limbs and the skater’s body
during the jump change the magnitude of the
base reaction. They are effective only when
there is coordination of flexion and extension
of the pushing leg. The coordinated execution
of swinging movements and extension of the
repulsive leg, the effective interaction of the
skate with the ice make it possible to perform
the required number of revolutions in flight
with a stable movement of the axis of rotation.
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