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Abstract

The purpose of this study was to evaluate the relationship of mechanical properties between vertical
squat jump (SJ) and the concentric isokinetic test (Isokinetic Shortening Cycle) in three angle isokinetic
dynamometer, where involved the total of kinematic chain of lower extremities (H-K-A), to check the possibility
of using deliberate training loads. The sample was 18 students of Department of Physical Education & Sport
Sciences (TEFAA, Serres), (age M=19,78years, sd=1,63, height M=178,06cm, sd=5,99 and weight M=74,42Kg,
sd=8,54) without problems of wounds. The research took place in the Laboratory of Sport Biomechanics of
TEFAA Serres of AUTh. For the methodology of measurement was used: a) Forceplate Kistler (type 928 1CA),
(frequency of sampling 1000Hz) B) Videocamera, type Panasonic AG-188 (frequency of sampling, 60f/sec). For
the evaluation of kinematic, dynamic characteristics used the APAS system (Ariel Performance Analysis
System). In order the results of correlation the test of ISSC could be considered as an appreciable test for the
measurement of dynamic and power variables. Another one important application could appear to present in the
process of training.
Keywords: Maximal force, Isokinetic, Concentric contraction, Squat jump (SJ), mechanical characteristics.

Introduction

Several researchers studied the reliability and validity of measurements in isokinetic dynamometers of
self-made constructions, as well as in standard machines of various companies. Also measured the reliability of
these devices through various parts of the body, such as i.e. upper & lower limbs, trunk, or several individual
muscles and joints (Caiozzo et al. 1981; Martin et al. 1993; Lands et al. 1994; Wilson et al. 1997; Dowson et al.
1998; Blazevich and Jenkins 1998; Walshe et al. 1998; Kubo et al. 1999; Li et al. 1999 Paasuke et al. 2001;
Gissis, 2003).

Vertical jump ability is an important and specialized form of training in many disciplines. Many
researchers have addressed the plyometrics (Drop Jumps) and their research results offered a lot to the
development of the coaching process (Bosco and Komi 1979). It has been shown the relationship of vertical
jump capacity with high explosive capability. Jumps are compound movements, where achieved high reaction
forces in conditions of high coordination of movement. The power is developed based on energy storage
mechanism in elastic items, during the eccentric contraction and release during concetric (Steben and Steben,
1981; Bosco and Pittera, 1982; Clutch et al. 1983).

Literature suggests a specific set of performance testers vertical jump, which is the indicator of the
jumping ability of the test (Garcia-lopez et al., 2005). This test package consists of the vertical jump from a
standing position without swinging arms and the knees flexed 90° [Squat Jump (SJ)], the vertical jump with
counter movement without swinging arms and upright [Counter Movement Jump (CMJ)] and the vertical jump
performed after the body drop from a specific height [Drop Jump (DJ)], (Bosco et al., 1982; Liu et al., 2009;
Pereira et al., 2009; Korff et al., 2009; Lazaridis et al., 2010). A stretch-shortening cycle (SSC) can be defined as
an active stretch (eccentric contraction) of a muscle followed by an immediate shortening (concentric
contraction) of that same muscle. In human skeletal muscle SSC gives unique possibilities to study normal and
fatigued muscle function and it’s found in most sports. Although explosive power has been extensively studied
in lower body activities such as vertical jumping (Bosco et al., 1982; Tsatalas et al., 2010).

All kind of exercise including individual and team sports, share one common feature, that is the natural
stretch and shortening cycle of eccentric-concentric, or concentric-eccentric contractions at sub maximal or
maximal intensity. It is well known that during the eccentric phase of SSC, produced larger forces than the
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concentric (Kues, Mayhew 1996, Enoka 1996). Although, experimental models of exercise with eccentric
contractions are well documented in terms of the time course, the muscle damage, soreness and stiffness
(Norrbrand 2008, Chapman 2007, Lavender 2006).or the protective effect against muscle damage (Chen 2007),
much less is known about how mechanical and neural factors interact during exercise training with high intensity
eccentric contractions close to 90% of the maximal eccentric force.

Eccentric programs are recognized as particularly effective in increasing maximal strength (Duclay et
al. 2008). The development of isokinetic dynamometers allowed for application of an accommodating resistance
to the muscles, resulting in eccentric exercise at a constant movement velocity. Schmidbleicher & Gollhofer
(1982), argue that the differentiation of jump height in relation to the height of drop is a result to a technique
modulation during performs the vertical jump. If the drop height increase and the technique of jumping is not
brought under control, the participants are likely to make more traffic down the moment of landing. Bosco et al.
(1979), argue that a depth of jump after falling height 20-40 cm high positive values observed in performance
during the concentric phase of contraction, and when the jump is executed from greater heights, such as after a
drop height of 40-60 cm, maximum values are observed both in the eccentric phase and in service during the
concentric phase of contraction. Through the study of jumps conclusions are drawn for the level of reactive
power. This provides information and for the SSC, but also for the use of elastic energy during this. Such
information is provided by the index of the reaction force (IRF), which is used to determine the capacity of the
muscular system to "react" with success on application requirements of KDB, which are activated in parallel for
this purpose tires and reflectors of muscle (Papadopoulos et al. 2000). Finally, according to a survey of Takarada
et al. (1997) the force developed during concentric contraction to jump with initial acceleration downward
(CMJ) is greater than in the jump (SJ).

The purpose of this study was to evaluate the relationship of mechanical properties between vertical
squat jump (SJ) and the concentric isokinetic test (Isokinetic Shortening Cycle) in three angle isokinetic
dynamometer, where involved the total of kinematic chain of lower extremities (H-K-A), to check the possibility
of using deliberate training loads.

Material & methods
Participants

The sample consisted of 18 students of physical education and sport sciences department of Serres,
from different years of study, with no history of neurological injuries or diseases, gave written consent to
participate in this study. Approval for the project was obtained from the committee on human research at the
Aristotle University of Thessaloniki. All procedures used in this study were in conformity with the Declaration
of Helsinki.
Table 1:. Characteristics of the sample

n=18 Age Height Weight
(M=£sd) (M=£sd) (M:sd)
19,78+1,63 178+6 74,4+£8,5

Isokinetic machine of lower limbs

For the realization of the Isokinetic — SSC (ISSC), i.e. the concentric contraction, used an isokinetic
construction, which is located in the Sports biomechanics Lab. Its function is based on the hydraulic pressure. It
uses an electric motor 15PS, an oil tank 200lit. and a piston which is linked to the platform. The force plate
fixated on this platform via two sliders, i.e. pressure regulator, which refers to the range of resistance that will
reach and supply regulator, which regulates the speed of the platform (the piston speed) are the basic functions of
ISSC. The complete hydraulic system is shown in figure 1.

Fig 1 : Multyjoint Isokinetic Dynamometer
1. Seat, 2. Bolt 3. Force plate, 4. Velocity control, 5. Resistance control, 6. Electric engine
Kinematic Analysis
A method of two-dimensional video analysis used, for kinematic analysis of vertical jump, through
kinematic analysis system APAS (Ariel Performance Analysis System). For the recording of motion of vertical
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jump used a video camera type Panasonic AG 188, NTCS 60ftr/sec, provided by the logging feature of motion
with sampling frequency 60 Hz. automatically had the Video camera custom shutter speed between 1/60, 1/250,
1/500, depending on the brightness of the object. The Video camera was placed on a stable tripod, so as not to be
subjected to vibration during capture and the optical axis was perpendicular to the drive shaft of the
investigational and at a height of 10 m above ground level. For the determination of the joints and the members
of the body were mounted reflectors (Lohmann et al., 1988) at the following locations: (a) the 5th metatarsal
tubercle), b) out malleolus, ¢) outside (dent) of the knee, d) greater trochanter, and e) shoulder.

Reflectors were placed on the left side of the body of each participant and on the skin (naked surface) to
minimize their movement because of the movement of clothes when performing jumps. On the classification of
the area used the gradient box with dimensions 180x180cm, to meet the dimensions of space where held the
movement (Ladin, 1995) Originally shot the cube gradient and then pulled away to take the vertical jump (DJ)
and measurement in ISSC while the Video camera remained stable (not moved from position, did not suffer
shocks and not attempted to enlarge (zoom), (Winters, 1990). Each motion capture looked at a list of the code
and the number of vertical jump. For the digitization of selected points on the body, ought in principle to transfer
the video file (.avi) in system analysis of APAS. Capture (capture) of motion of jumping was a period just before
(10 images) takeoff from each time a different height of drop, the total support phase and a period shortly after
the end of the support phase (10 images). Before starting the process of digitizing, registered the number of
checkpoints, their coordinates and their measurement units (cm). The digitization of checkpoints and fixed point
was in turn entered into the evaluation software of motion (APAS).

Dynamometer

For the measurement of ground reaction forces used a force plate KISTLER (9281CA). For the
measurements of ISSC, the same forceplate was placed in a rigid metal frame, which was positioned at an angle
of 75th, with the help of a metal shaft. To convert the analog signal into a digital signal used an analog-digital
conversion card (ARIEL 16 A/D Channels) and to record a PC. The recording of the forces involved as the
vertical component of the applied force, and both horizontal (x and y) to make possible the control of possible
loss forces in specific areas. The sampling frequency was set at 1000Hz. might have for some time and through
the forceplate recorded the course of reaction force of the ground in relation to time (manual Kistler).

From the graph of the change of power in relation to time, could then be calculated by integration of the
relative area, speed, distance, and work and CC power at specific intervals Evaluated the vertical reaction force
(Fz) of soil and then followed the process over time. Used specially adapted software program (Bioware for
Windows, Kistler) to evaluate the relative force-time curve, push, time, maximum power, average power,
maximum work, media work and the height of jumping (Papadopoulos et al., 2005).

Test protocol- Participants performed the following tests (Papadopoulos 2005) in forceplate (9281CA Kistler)
with the use of kinematic analysis (APAS) and EMG (motion control co.): a) maximum vertical jumping (SJ)
and b) three attempts in ISSC (speed of the platform: 0.74 m/sec). The duration of the concentric contraction is
shown in table 2.

Table 2: Linear velocity and duration of concentric contraction in SJ and ISSC

Concentric phase Velocity time

ISC 0,74 m/sec 189 msec

SJ 2,21 m/sec 289 msec
Procedure

During the vertical jump (SJ) hands of the participants was motionless. This position of the hands was
chosen in order to avoid the involvement of arms during jump (Bobbert & Van Ingen Schenau 1988; Van Soest
et al., 1985) and to exclude the possibility of transferring momentum from swinging of the arms. During the
course of conducting measurements each participant wore athletic pants (shorts) and track sneakers. To have a
heightened neuromuscular preparation as well as a minimizing of the probability of injury, was warming up (10
min) and stretching exercises of the lower limbs (5 min). The tests executed in the following order: d) Maximum
(3) vertical jumps (SJ), and b) Maximum (3) efforts in IKB.

Variables
Kinematic variables Symbol Unit of measurement
Acceleration displacement ob body 1 [IA SKBX cm
Angular displacement I[TKA ApITIK 0
Angular displacement AI' Aol 0
Angular displacement Al Aol 0
Angular velocity [IKA AeIIK o/sec
Angular velocity AT’ AgI’ o/sec
Angular velocity Al Aol o/sec
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Table 3: Kinematic variables

Dynamic variables Symbol Unit of measurement
Jump height Hmax cm
Take off velocity Van mrsec’!
Support time totnp sec
Maximal vertical force Fz-max N
Time of maximal force tFz-max N
Relative force Fz-max/XB index
Index of rate of force development (rfd) AF/At index
Time of rfd tAF/At index
Power mean PMO Watt
Maximal power Pmax Watt
Work mean WMO Nm
Maximal work Wovyk-max Nm

Table 4: Dynamic variables

Statistical analysis

This research used the design with a team, which was examined in two different tests (SJ & IKB). The
format of this survey characterized relational is a sort of descriptive research, with which we can conclude the
existence of relationships between two or more variables. Performance is composed so pairs of values. The
control of all Affairs, involving comparisons between tests conducted with the assistance of the statistical
program SPSS 10.0 for Windows. The statistical analysis of the data was divided into two sections. To
investigate the quantitative characteristics of the tests used the method of descriptive statistics, which calculated
the average, standard deviation and standard error of average and follows the method of inductive statistical for
calculating correlations between variables of individual tests. The correlations were made by using the Pearson
correlation coefficient (r). The correlations between the variables were calculated at significance level p < 0.05.

Results
The results showed statistically important correlations between the ISC and the vertical squat jump (DJ) in
kinematic, dynamic characteristics of the two movements (p<.05).

Kinematics characteristics

More concretely the maximal angular velocity of the FA (SJ) presented statistical important relation with the
maximal angular velocity of KA (r = 0,582, p = 0,014*) and the time of force in the maximal kurve of ISC (r =
0,503, p = 0,033*). The maximal angular velocity of KA (SJ) presented statistical important relation with the
maximal angular velocity of the KA (r = 0,500, p = 0,041%*) and the time of force in the maximal kurve of ISC (r
= 0,509, p = 0,031%*). The maximal angular velocity of the HA (SJ) presented statistical important relation with
the time of force in the maximal kurve of ISC (r = 0,557, p = 0,016*). Also, the lower place of CM (SJ)
presented statistical important relation with the force in the first 100msec (r = -0,563, p = 0,015%), the force in
the maximal kurve (r = -0,548, p = 0,019%*) and the maximal angular velocity of the FA of ISC (r = -0,515, p =
0,034%).

Dynamic characteristics

With regard to dynamic characteristics, the maximal force (SJ) presented statistical important relation with the
force in the first 100msec of ISC (r = 0,483, p = 0,042%). The take-off velocity (SJ) presented statistical
important relation with the mean EMG of GAS in ISC (r = 0,521, p = 0,027*) and the mean of Work (SJ)
presented statistical important relation with the index of RFD in the ISC (r = 0,551, p = 0,018%).

Discussion

The cinematic and dynamic variables of vertical jump (SJ) showed strong correlations with Cinematic
and dynamic variables of ISSC. The growing momentum in jumping is not simply the result of the action of
muscles of the lower limbs, but also of the upward acceleration of all joints, as well as contributes to the
acceleration of the CG body, depending on their mass and acceleration of MS (Miller 1990). The eccentric
(eccentric) workout seems to increase muscle strength and muscle hypertrophy (Fleck et al. 1997). There are also
recent data that the workout with concentric and eccentric resistances, larger cams loads, accomplishes specific
customizations for stronger and faster muscle using isokinetic protocols (Raue et al. 2005).With a few exceptions
(Westcott et al. 2001), the investigations relating to the determination of eccentric strength using isokinetic
devices. These studies show better results for the eccentric versus concentric isokinetic strength. It is not
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presently known application of these differences in dynamic exercises (jumping). If these values identify feasible
relevant training loads to improve coaching adjustments and protect from injury (Hortobagyi et al. 1996,;
Hollander et al. 2007).The relationships observed in the isokinetic SSC and vertical jump (SJ) concerning both
kinematics and dynamic characteristics of the movements. The increased power production capacity during the
concentric muscle contraction allows a more efficient control of muscle movement. This means a possible
protection to ' sensitive ' mechanisms of neuromuscular system from fatigue due to high impact forces or
repetitive smaller forces (Komi 1984). Besides, there are assumptions that the concentric muscle activation
requires specific operational strategies of the nervous system Hortobagyi et al. 1996). The causes of performance
rendered on elastic behavior of muscles during and after eccentric contraction, where through the distension,
change conditions in the muscles increasing the action of following concentric phase. The kinetic energy of the
body falls (DJ) is converted to active deformation of their musculotendinous system and in the short term is
saved. To the extent that follows through the concentric contraction takes place over a conversion into kinetic
energy, which is equivalent to an increase of pushing power, developed during concentric contraction (Biihrle
1989). The need for improving performance in SSC leads in finding the ideal height of fall and the ideal support
time to achieve maximum vertical jumps (DJ). So to determine the "ideal" height of fall, the sample performs
vertical jumps, where the drop height ranges between 20-100 cm. The "ideal" drop height is this, which the
sample will achieve the maximum vertical displacement of the CC (Katschajov et al. 1975).

Conclusion

Based on the results of correlation degree could the ordeal of ISSC be considered a worthwhile test
(test) for measuring dynamic and courier-dynamic variables, an important application of seems to be present in
the process of training.
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