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Abstract
In this paper, on the base of correlation analysis applied on the biomechanical parameters extracted from the execution 

of seven different types of backward somersaults, functional relations among kinematic and kinetic variables have 
been analysed. The obtained results showed, on the descriptive level, numerous interactions among selected variables, 
especially those concerning the touch-down and take-off parameters, parameters of the CG trajectory and values of the 
angular momentum.
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Introduction
A different type of backward somersaults assumes great varieties in the basic biomechanical parameters that define 

the take-off, flight phase and landing of a gymnast. At the same time, considering that all types of back somersaults are 
classified under the biomechanically very determined definition of the basic form of somersault, it is supposed that there are 
many similarities in these parameters, as well as in their mutual relations. The question is how gymnasts and coaches are 
dealing with these differences and similarities, which are changing from, e.g. a single layout somersault with triple rotation 
around the longitudinal axis to double back tucked somersault with double rotation around the longitudinal axis? This issue 
does not extend only to the competitive situation, but also on the procedure of learning and mastering these gymnastics 
elements. Thus, a relatively large number of authors have analyzed various characteristics of efficient execution of this 
gymnastic element (Bruggemann 1987., Hwang at al. 1990., Knoll 1993., Hong and Bruggemann 1993., Geiblinger at al. 
1995., Cuk and Ferkolj 2000., Hraski 2002., Hraski and Mejovsek 2004., King and Yeadon 2004., Mkaouer at al., 2013.).

As an attempt to contribute to a better understanding of this issue, the goal of this study was to determine the functional 
connectivity and the hierarchical structure of kinematic and kinetic variables relevant for the successful execution in 
seven most typical, but significantly different types (according to the number of rotations and the position of the body) 
of backward somersaults.

Methods
The subject of this study was a highly ranked, world-class gymnast. According to his basic anthropometric measures 

(height 164 cm, mass 57.5 kg), he can be considered as a typical morphologic type of the elite gymnasts. Acquisition of 
the video data was made on the training organized for the purpose of this research. Successful single executions of seven 
different types of backward somersault have been subjected to further analysis: tuck, pike, layout, layout with twist (360º), 
double tuck, double layout and double tuck with twist (360º). All types of backward somersault are executed from the 
typical preparatory tumbling series: approach, round off, and back handspring. The collected video images (60 Hz) were 
digitized and processed with APAS system. Selected parameters of touch-down, take-off, flight phase and landing of 
each type of somersault are extracted. Angular momentums were calculated by customized software program written in 
Statistica 6.0. Functional relationships among selected variables were examined on the descriptive level by correlational 
analysis. Hierarchical structure of selected variables based on correlation coefficients of their interdependence was 
explored by cluster analysis.

Results and discussion
When performing somersault, the shape of the gymnasts CG trajectory, his vertical (DY) and horizontal (Dx) transfer, 

is defined as a function of velocity (V), the take-off angle (α) and flight duration (T): 
Dx, Dy = f (V, α, T) (1)

As the velocity of the gymnasts CG is formed by two components, it can also be written as:
Dx, Dy = f (Vx, Vy, α, T) (2)
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The results of the correlation analysis are supporting both equations. According to them the maximum height of the 
flight is highly correlated with all biomechanical parameters that form the equation of the gymnasts CG trajectory (1, 2). 
It is important to note that, from the judges and coaches’ point of view, the flight height is the most interesting parameter 
of the CG trajectory. In the case of this study the flight height is related with vertical velocity ( .80), take-off angle ( .82) 
and duration of the flight ( .99) and negatively with horizontal velocity of take-off (- .81). In other words the trajectory of 
the gymnasts CG, while performing any type of backward somersault, will be higher with the greater vertical velocity of 
take-off, the greater take-off angle and, naturally, the longer duration of the flight. In the same time horizontal velocity 
of the take-off must be as low as possible. Since the vertical and horizontal component of the take-off velocity, generated 
through the last part of a back handspring, obtain their final values at the end of take-off, the transfer efficiency of the 
horizontal to the vertical impulse will depend on a number of factors, i.e., the angle of attack at touch down after back 
handspring and, of course, on the force of the take-off.

Furthermore, velocity of the gymnasts CG, represented through its horizontal and vertical component, depends on 
the velocity at touch-down (Vi) and change of the velocity during the take-off (∆V):

Vx Vy = f (Vi, ∆V) (3)
In this study the equation (3) is confirmed with high correlation coefficient values of the horizontal ( .89) and vertical 

(- .90) velocity of CG at the take-off with the CG velocity at the touch-down, as well as with the change of the CG velocity 
during the take-off. It should be noted that it primarily refers to the horizontal component of the initial velocity (- .91) 
and the change of the vertical component of velocity during the take-off ( .96). It can be concluded that with the higher 
velocity change during the take-off, the greater will be the vertical and lower the horizontal component of the velocity 
at the take-off.

Furthermore, the angle of the take-off (α) is defined by the vectors of the velocity components at the end of the take-
off (Vx, Vy):

α = f (Vx , Vy )  (4)
This equation (4) has its understandable stronghold, whereby it should be emphasized that the correlation of the take-

off angle with the vertical velocity (.99) dominates in regard to the horizontal velocity (.87) of the take-off.
Also, the angle of the take-off (α) is defined with all of the parameters responsible for the formation of the horizontal 

and vertical velocity components:
α = f (Vi, αi,    , Tk, m) (5)

Consequently, the correlation coefficient of take-off angle and touch-down velocity is - .92. As the touch down 
velocity is almost fully formed with its horizontal component, its high correlation with the take-off angle (- .90), is 
understandable. Correlation of the take-of angle with the average force is somewhat lower (.67), and mass and duration 
of the contact are constants.

Additionally, the duration of the flight is determined by the speed of take-off velocity components (Vx, Vy), take-off 
angle (α) and the gymnasts mass (m):

TCT = f (Vx, Vy, α, M) (6)
The results of the correlation analysis are confirming this equation (6). It is evident that the duration of the flight 

would be shorter with higher values   of horizontal (- .77) and lower values of vertical ( .72) velocity at the take-off.
Furthermore, since in everyday gymnastic practice, the most interesting and not enough examined question is: how 

to achieve the maximum height of the flight with sufficient rotation for successful execution of the specific somersault 
type, it is interesting to analyse the relations among basic values of angular momentum around the gymnast’s transverse 
axis and kinematic parameters that determine the gymnast’s CG trajectory. The basic values of angular momentum are 
considered as: angular momentum at touchdown, angular momentum at take-off and average angular momentum during 
the flight phase.

According to the results of the correlation analysis, the initial value of angular momentum (at touch-down) is related 
with CG height at touchdown ( .82) and landing (- .88). Obviously, the initial value of angular momentum will be greater 
with the higher position of the gymnast’s CG at the end of backward handspring, e.g. in the moment of the first foot 
contact with the floor. Also, the initial value of angular momentum is relatively highly related with horizontal speed at 
touch-down. The angular momentum around transverse axis at take-off is as well related with a series of variables which 
define the CG trajectory. It is also positively related with the CG velocity at the touch- down ( .86), with specific reference 
to its horizontal component ( .88). Afterwards, it is negatively related with velocity change during take-off (- .77) and 
take-off angle (- .80). Also, angular momentum at take-off is positively related with horizontal ( .83), and negatively with 
vertical (- .77) component of velocity at take-off. During the flight phase, which is very important from the competitive 
point of view – maximization of the height, angular momentum at take-off is negatively related with maximal height of 
CG trajectory (- .87). It proves the theory that the creation of a larger amount of angular momentum necessarily spends 
a certain amount of the flight height. Angular momentum at take-off will be greater with greater velocity at touch-down. 
Since it is primarily formed by its horizontal component, high value of this correlation coefficient was expected ( .88). 

F
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Furthermore, angular momentum at the end of take-off will be greater with the smaller change of velocity during take-
off, as well as with the lower take-off angle. Consequently, the duration of the flight (relative to CG height) is negatively 
related with the angular momentum at take-off. In other words, the duration of the flight will be longer with the lower 
value of the angular momentum at the take-off, which is closely related with the previously described velocity components 
and take-off angles.

As previously mentioned, the relationships between selected parameters of the CG trajectory and average angular 
momentum during the flight phase are specifically interesting for coaches and gymnasts.

Thus, average angular momentum during the flight phase is related ( .76) with angular momentum at touch-down. This 
means that greater angular momentum around the transverse axis of the gymnast’s body, generated through preparatory 
elements, will produce the greater amount of average angular momentum at the flight phase. Moreover, average angular 
momentum during the flight phase will be greater with greater horizontal velocity at touch-down. Especially interesting 
is the high positive relationship with angle of CG at touch-down ( .93). In other words average angular momentum during 
the flight phase will be greater with a higher position of CG at touch-down (attack angle). It can be presumed that high 
positioning of CG disables effective development of ground reaction forces necessary for the efficient transfer from 
horizontal to vertical take-off impulse. Changes of the values of selected parameters are also related with the average 
angular momentum registered through the flight phase. Furthermore, it is also related with the velocity change during 
the take-off (- .82), as well as with the take-off angle. The smaller the degree of the velocity loss during take-off, and the 
lower the take-off angle, the greater will be the average angular momentum during the flight. As it was the case with the 
angular momentum at take-off, average angular momentum during the flight phase is positively related with horizontal, 
and negatively with vertical take-off velocity, although, there was a stronger relationship with the vertical component 
(- .84). Average angular momentum during the flight will be greater with smaller vertical and greater horizontal CG 
velocity at take-off.

After analyzing the correlation of 23 selected kinematic and kinetic variables, it is interesting to look at their 
hierarchical structure, obtained by cluster analysis based on correlation coefficients of their interdependence (Figure 1).

Figure 1: Hierarchical clustering of kinematic and kinetic variables

Despite the fact that most of the relations among selected kinematic and kinetic variables are already explained in the 
previous discussion, results of cluster analysis presented in Figure 1 points to a completely new aspect in the approach 
to the analysis of biomechanical parameters of backward somersaults. Namely, based on hierarchical clustering of their 
relationship, it is apparent, on the descriptive level, that all of the parameters can be separated in two groups, i.e. two factors.
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The first factor consist parameters which, directly or indirectly, predominantly involve the vertical (y) component 
of movement, which is necessarily connected to the achievement of maximum flight height. In general, this group of 
parameters determines the vertical translation.

The second factor consist parameters in which dominates the horizontal component of motion (x), and in its formation a 
very significant role plays the angular momentum. Therefore, it can be concluded that this group of parameters determines 
the horizontal translation. As, however, the horizontal translation is not the goal of the performance, these parameters 
can be treated as parameters which are determining the rotation.

Obviously, in the case of the analysed somersault types, these two factors are in mutual contradiction. It can be 
concluded that their specific relationship defines the final characteristics of the biomechanical model of the backward 
somersault.

Conclusion
The results of correlation analysis applied on the biomechanical parameters extracted from the execution of seven 

different types of backward somersaults showed that the trajectory of the gymnasts CG will be higher with the greater 
vertical velocity of take-off and the greater take-off angle. The transfer efficiency of the horizontal to the vertical impulse 
will depend on a number of factors, i.e., the angle of attack at touch down after back handspring and, of course, on the force 
of take-off. Also it is concluded that the higher velocity change during the take-off, will produce the greater vertical and 
the lower horizontal component of the velocity at the take-off. The corellations with angular momentum showed that the 
average angular momentum during the flight depends on the smaller degree of the velocity loss during take-off, as well 
as on the lower take-off angle. Also, average angular momentum during the flight will be greater with smaller vertical 
and greater horizontal CG velocity at take-off. During the flight phase, which is very important from the competitive 
point of view – maximization of height, angular momentum at take-off is negatively related with maximal height of CG 
trajectory. It proves the theory that the creation of a larger amount of angular momentum necessarily spends a certain 
amount of the flight height.
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