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Abstract

Introduction. The aim of this case study was to compare selected kinematic parameters that characterise the back handspring
technique performed by advanced artistic gymnasts. Material and methods. Three elite gymnasts with varied training experi-
ence were examined in the study. The athletes performed back handsprings video-recorded at a frequency of 120 Hz. The values
of selected kinematic parameters were determined using SkillSpector v.1.3.2 computer software. Results. The most substantial
differences between athletes were found in the values of the horizontal velocity of the centre of mass (CoM) at the end of the
back handspring. The athlete with the longest training experience achieved values which were three times higher (1.04 m/s)
than those obtained by the other two athletes with shorter experience (Gymnast 2: 0.36 m/s; Gymnast 3: 0.37 m/s). The hori-
zontal CoM velocity at the end of the back handspring declined for all the gymnasts, with the smallest decrease observed for
the athlete with the longest training experience (two-fold decrease from 1.95 to 1.04 m/s) and the biggest one found for the
athlete with the shortest training experience (six-fold decrease from 2.18 to 0.37 m/s). The vertical CoM velocity increased in
all the athletes in the consecutive phases of the back handspring; this increase was the biggest for the athlete with the longest
training experience (five-fold increase from 0.71 to 3.42 m/s) and the lowest for the athlete with the shortest training experience
(three-fold increase from 1.08 to 3.24 m/s). Conclusions. The results obtained in this study demonstrated both similarities and
substantial differences in the technique of performing the back handspring in artistic gymnasts with many years of training
experience. In most cases, the directions of linear CoM velocities and angular velocities were similar in the joints analysed. Very
similar values of angular positions were also obtained. Furthermore, the values which turned out to be the most varied were
those recorded for angular velocity.
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Introduction

In artistic gymnastics, attaining a high level of achievement
involves the performance of many technically complex acrobatic
elements. Learning to perform particularly challenging moves
takes from several to more than ten years of training. The indi-
vidual exercises learnt in this period are later refined through
repetition and combination with other elements so that they
can be incorporated into the routines performed during com-
petitions.

One exercise which is of essential importance to artistic
gymnastics is the back handspring. It belongs to the group of
backward acrobatic moves [1], which are followed by a variety
of acrobatic jumps [2, 3]. Arkaev and Suchilin [4] indicate that
for elite gymnasts, the back handspring is an element included
in gymnastic warm-up routines (using basic acrobatic moves).
The technique used for the performance of the back handspring
should be learnt relatively quickly in order for athletes to be able
to focus on much more challenging acrobatic elements. It can
be assumed that longer training experience, which is conducive
to improving the move, should also contribute to improving the
repeatability and correctness of the exercises. As noted by re-

searchers in other sports, more experienced athletes are char-
acterised by improved repeatability when performing specific
motor tasks [5, 6].

The technique of performing gymnastic exercises is affected
by various factors, such as the athlete’s training experience, so-
matic build, level of motor skills, and flexibility; the sports ex-
perience of the coach and their skills of verbal communication;
and many others [7, 8, 9]. Learning, followed by regular work
on the improvement of the acquired move, should involve regu-
lar verification of the performance level of each athlete. Apart
from observation by coaches, detailed biomechanical analyses
based on video recording are also utilised [10]. Such tools al-
low for a quantitative description of movement technique and
a comparison between athletes based on the values of kinematic
parameters obtained from the analysis.

The back handspring technique has been attracting much
interest from researchers. One study [11] compared the results
of a kinematic analysis of the back handspring performed by an
acrobat and a ju-jitsu athlete. The authors focused on compar-
ing the changes in the vertical position of the CoM in individual
phases of the handspring and angular changes in selected joints
of the lower and upper limbs. Penitente et al. [12] also carried
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out a kinematic analysis of the back handspring performed by
artistic gymnastics athletes at various levels of performance.

The aim of this case study was to compare selected kine-
matic parameters that characterise the back handspring tech-
nique performed by advanced artistic gymnasts with varied
training experience. Apart from the assessment commonly used
by coaches (or judges), the achievement of the study aim was
also supported by video recording, which, used together with
the SkillSpector computer software, made it possible to perform
biomechanical analyses. The authors attempted to answer the
question of how the training experience of advanced gymnasts
affects kinematic parameters and how much these parameters
differ between athletes with varying training experience.

Material and methods

The examinations involved three elite athletes practising ar-
tistic gymnastics. The characteristics of the gymnasts are shown
in Table 1. Each subject performed eight back handsprings
(starting the move in a position with the arms stretched up),
and the analysis was based on five items with the best level of
technical performance. The technique was evaluated by three
artistic gymnastics coaches who were also certified judges.

Table 1. Characteristics of the gymnasts

Training experience Height Weight
Gymnast (years) em | (k)
G1 18 172.0 62.0
G2 16 173.0 63.2
G3 13 170.0 68.5

The exercises were video-recorded at a frequency of 120 Hz
using a Casio Exilim EX-FH25 digital camera. The values of
selected kinematic parameters were determined using the
10-point two-dimension body model and SkillSpector v.1.3.2
computer software. These values were determined at nodal
points (A, B, C, D, E, and F), i.e. at boundaries between each
back handspring phase. The following phases of the back hand-
spring were adopted (with their boundaries):

- first lower limb support phase (support on lower limbs;
from A - beginning of arm swing - to B - taking toes off
free exercise floor),

- first flight phase (from B to C - finger contact with free
exercise floor),

- upper limb support phase (from C to D - taking fingers
off free exercise floor),

- second flight phase (from D to E - toe contact with free
exercise floor),
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- second lower limb support phase (from E to F - taking
fingers off free exercise floor).

The following kinematic parameters of the back handspring
were determined:

- horizontal velocity of the centre of mass (CoM) [m/s],

- vertical velocity of the centre of mass [m/s],

- angular position of the knee joint [°],

- angular position of the hip joint [°],

- angular position of the shoulder joint [°],

- angular velocity of the knee joint [°/s],

- angular velocity of the hip joint [°/s],

- angular velocity of the shoulder joint [°/s].

Basic descriptive statistics were calculated, that is arithme-
tic means (X) and standard deviations (SD).

Results

Table 2 presents the horizontal and vertical velocities of the
CoM at the boundaries between the back handspring phases.

At the moment of toe take-off (B) that completes the lower
limb take-off phase, the gymnast with the shortest training ex-
perience (G3) obtained the highest CoM velocities in both the
horizontal (2.18 m/s) and vertical (1.08 m/s) directions. How-
ever, at the moment adopted as the final point of the back hand-
spring in this study (F), the vertical velocity for this athlete rose
(to 3.24 m/s), but it was lower than in the case of the other two
athletes, whereas it decreased nearly six times in the horizontal
direction (to 0.37 m/s). The highest values of the CoM veloci-
ties at the instant F were observed in the athlete GI (1.04 m/s
in the horizontal direction; 3.42 m/s in the vertical direction).
CoM horizontal velocities at the instant F for the gymnast Gl
were substantially greater than in the other two gymnasts (G2:
0.36 m/s; G3: 0.37 m/s).

In the consecutive instants of the back handspring (from
B to F), the values of the CoM horizontal velocity declined for
each gymnast. One exception was gymnast Gl, for whom the
velocity at the instant D was higher (2.22 m/s) compared to the
previous instant (C: 1.53 m/s).

The directions of the CoM in the vertical axis were the same
in all instants denoted by the symbols B, C, E and F. The CoM
moved downwards only in the point D for gymnasts Gl and G3
whereas in gymnast G2, it moved upwards.

Maximum values of the standard deviation (SD) for CoM
velocities in the horizontal axis were obtained for individual
athletes at different instants of the back handspring. The gym-
nast Gl obtained this value at the instant E (SD = 0.75 m/s), the
gymnast G2 achieved it at the instant D (SD = 0.14 m/s), and the
gymnast G3 obtained it at the instant F (SD = 0.53 m/s). In the
case of the vertical velocity of the CoM, the maximum standard

Table 2. Horizontal and vertical velocity of the CoM at the boundaries between the back handspring phases (X + SD)

Boundaries between back handspring phases
Parameter Gymnast
A B c D E F

, , Gl 195 £ 0.56 153027 222%015 184075 104 £040
HO”Z‘(’:?,‘;“/: E’;}‘S’]C'ty of 2 155£0.03 1524004 136£0.14 075%0.11 036%0.10
a3 2182030 149021 120£0.14 1102031 0372053
, , Gl 071%016 060014 ~049%045 216023 342£021
Ve“g’g:vl"ﬁf/‘;']ty of 2 1012012 060009 0.09%0.20 1732007 3402012
a3 108 £ 0.40 059022 020%043 213033 3241006




88 Pol. J. Sport Tourism 2017, 24, 86-90

deviation was found in each athlete for the instant D, with its
values being 0.45 m/s (Gl), 0.20 m/s (G2), and 0.43 m/s (G3).

Table 3 shows the angular positions of the knee, hip, and
shoulder joints at the boundaries between the back handspring
phases.

At the boundary between the take-off and the first flight
phase (B), the gymnast G2 had the most flexed knee joints. The
value of this flexion (angle between the thigh and lower leg) was
136°, whereas in gymnasts Gl and G3, these values were 148°
and 146°, respectively. At the instant C, the value of the angular
position in the knee joint in the gymnast G2 increased to 143°,
whereas it decreased for the gymnasts Gl and G3 (by 116° and
126°, respectively). As far as the moment of hand take-off (D) is
concerned, the values observed in Gl and G2 were similar to ex-
tended knee joints (178° and 181°), whereas in G3, insignificant
flexion was found (173°).

At the end of the leg take-off (B) and in the beginning of up-
per limb support phase (C), the gymnast GI obtained the high-
est values of extension (angle between the trunk and thighs) in
the hip joint (B: 153°% C: 136°). The same athlete was character-
ised by the lowest flexion of the hip joint at the instant D (212°).
As for the instants E and F, this flexion was similar in the three
gymnasts studied.
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Maximum SD values for the angular positions of the knee
joint occurred at the instant C in all the gymnasts (SD = 5°, 4°,
and 10°, respectively). The gymnast G2 also obtained the same
value of SD (4°) at the instant E. Maximum SD values for the
angular position of the hip joint were observed at the instant D
(SD = 6°, 5°, and 6°, respectively). However, maximum SD val-
ues for the angular position of the shoulder joint were recorded
at different instants of the move: at the instants C and F for G1
(7°), at the instant E for G2 (4°), and at the instant D for G3 (8°).

Table 4 contains the results obtained for the angular veloc-
ity of the knee, hip, and shoulder joints.

The + or - signs for the angular velocity of the knee joint
showed that the motion of extension occurred at the instants
B and C and flexion was observed for the instant E for all the
athletes. At the instant D (during hand take-off), Gl and G3 ex-
tended their knee joints at the velocity of 224°/s (G1) and 66°/s
(G3), whereas G2 bent the knees at this moment with an insig-
nificant velocity of -2°/s. Similarly, no similarities were found
for the instant F, where, after the toe take-off, the gymnasts
Gl and G3 bent their knees at the velocity of -225°/s (Gl) and
-86°/s (G3), whereas G2 extended the leg in this joint at 77°/s.

The extension or bending of the hip joint was similar in
the athletes at all the analysed instants except for F. At this mo-

Table 3. Angular position of the knee, hip, and shoulder joints at the boundaries between the back handspring phases (X + SD)

Boundaries between back handspring phases
Parameter Gymnast
A B C D E F
G1 183+3 148 + 4 1M16+5 178+ 2 155+ 4 188+ 3
Angular position of
knee joint [°] G2 190 + 1 136 + 1 143+4 181 +1 162+4 1832
G3 18712 146+ 3 126 £ 10 173 £1 170+ 3 182+ 3
G1 170+ 3 153+ 4 136 +4 212+6 249+3 212+3
A”QU'arj(‘)’i‘r’]f'[tl‘]’” of hip G2 168 + 2 163 + 4 148 +2 235+5 248 +2 208 + 1
G3 166 + 3 166 + 5 149+ 3 241+6 247+ 3 2105
G1 192+3 1725 1777 223+3 272+3 245+7
Angular position of G2 192 £ 0 188+ 1 163+ 2 2102 257 +4 208 + 2
shoulder joint [°]
G3 188 +4 182+ 4 1595 215+ 8 275+ 6 241+5

Table 4. Angular velocity of the knee, hip, and shoulder joints at the boundaries between the back handspring phases (X + SD)

Boundaries between back handspring phases
Parameter Gymnast
A B c D E F
G1 - 366 + 247 201 + 334 224 + 132 =242 + 299 225 + 208
Angular velocity of G2 - 402+ 69 329 % 60 2 %24 305 % 62 77 £163
knee joint [°/s]
G3 - 303 + 164 166 + 249 66 + 180 =051+ 87 -86 + 60
G1 - -641+133 204 + 149 318 + 214 200 + 244 128 + 94
A”QU"’J{);’n‘i'?f/gi’ of hip G2 - 661 + 25 223 +25 407 £ 19 ~437 + 43 -57 + 69
G3 - -580 + 101 120 + 82 431+83 =220 + 117 98 + 95
G1 - ~437 129 325 + 152 222 + 111 ~51+ 272 175 + 187
Angular velocity of G2 - 260 + 26 272+ 33 192 43 11 £ 36 94+ 73
shoulder joint [°/s]
G3 - 924 + 473 168 + 86 335 + 80 -205 + 195 -3+ 247
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ment of the move, Gl an G3 extended their hip joints (G1: 128°/s;
G3: 98°/s), and G2 bent the hip joint at the angular velocity of
-57°/s. In the case of the upper limbs, the same type of motion
(flexion or extension) was recorded for the shoulder joint for all
instants and all athletes.

At the beginning of the back handspring (at the instant B),
the greatest values of angular velocity in the knee joint (402°/s)
and the hip joint (-661°/s) were obtained by the athlete G2,
whereas the highest values for the shoulder joint were achieved
by G3 (-924°/s).

In contrast to the other gymnasts, G2 was characterised by
maximum SD values for angular velocity in all three joints at the
instant F. This value was 163°/s for the knee joint, 69°/s for the
hip joint, and 73°/s for the shoulder joint.

Furthermore, maximum SD values in the Gl and G3 athletes
forangular velocity in the knee joint were recorded at the instant
C (Gl and G3: SD = 334 and 249°/s, respectively), and those for
angular velocity in the hip joint were obtained at the instant E
(Gl and G3: SD = 244 and 117°/s, respectively). The maximum
value of standard deviation for angular velocity in the arm joint
occurred at the instant E in the athlete G1 (SD = 272°/s) and at
the instant B in G3 (SD = 473°/s).

Discussion

This study compared the back handspring technique per-
formed by advanced artistic gymnasts. This comparison was
made based on selected kinematic parameters with their values
determined at the instants adopted as boundaries for individual
phases.

CoM horizontal velocity decreased for all the instants of the
move in all athletes. One exception was found for the gymnast
with the longest training experience (Gl) at the instant D. High-
er CoM velocity at this instant of the move compared to the pre-
vious instant (C) is likely to have been caused by knee extension
in the upper limb support phase (C-D). As far as the beginning
of this phase (the instant C) is concerned, the greatest knee flex-
ion was found for the gymnast Gl. However, at the instant D, the
value of the angular position of the knee joint in this athlete was
similar to extended knees (178°). Furthermore, the difference in
the angular velocities of the knee joint between the instants C
and D was the smallest in Gl (67°/s), which caused the highest
angular velocity in this joint to be maintained at the instant re-
garded as the final point for the upper limb support phase (D). It
is remarkable that shoulder take-off also occurred in this phase,
affecting the quality of performing the second phase of the flight
and the quality of the take-off that started the acrobatic jump.

However, it should be emphasised that, except for the lower
limb support phases, knee flexion during the back handspring
is regarded as an error by judges [1]. Research previously con-
ducted by the current authors [9, 13] and by other authors [11]
has demonstrated that athletes bend their knees as early as in
the first phase of flight. Therefore, it seems that maintaining
extended knees would have an adverse effect on the parameters
of the move which determine the quality of the elements per-
formed after the back handspring.

Although the CoM vertical velocities were similar in the
gymnasts at the final instant of the back handspring (F), a sub-
stantially higher velocity in the horizontal direction was ob-
served for the gymnast with the longest training experience
(G1). The study by Penitente et al. [12] also showed that at the
final instant of the back handspring, female gymnasts at vari-
ous levels of sports performance obtained similar CoM vertical
values (the instant E in this study) and more varied values for
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the horizontal direction. The results of the present study also
indicate that despite obtaining the highest CoM vertical veloc-
ity at the instant B, the athlete with the shortest training expe-
rience (G3) did not sustain this advantage at the final take-off
that completed the back handspring (F). Maintaining specific
biomechanical parameters during the performance of the back
handspring is also likely to determine the level of performance
of a technically complex acrobatic jump.

The analysis of angular position in the knee joint carried
out in this study revealed that at the end of the leg take-off
phase (B), this position was greater (136° to 148°) than in the
study by Ambrozy et al. [11], compared to the position of both
an acrobat (110° to 115°) and a ju-jitsu athlete (103° to 109°). For
the same moment of the move, lower values of angular position
were found for the hip joint in the present study (153° to 166°)
compared to the results presented by the above authors both
for the acrobat (196° to 199°) and the ju-jitsu athlete (202° to
205°). The greater flexion in the knee joint and lower flexion in
the hip joint meant that the athletes in our study took off more
backwards than upwards compared to the two athletes cited in
the above study. It is remarkable that the greatest upward take-
off was observed for the ju-jitsu athlete, followed by the acrobat
and that the greatest backward take-off was found for the three
artistic gymnasts analysed in this study (even with hyperexten-
sion in the hip joints ranging from 14° to 27°).

The shoulder joint flexion at the end of the hand take-off
(D) recorded for the gymnast with the longest training experi-
ence (223°) was similar to that of the ju-jitsu athlete (221° to
230°) from Ambrozy et al’s study [11] and greater than those of
the other artistic gymnasts in the current study (210° to 215°)
and of the acrobat in the study cited (193° to 196°). The bigger
flexion in the arm joint pointed to greater body inclination in
this phase of the move. However, a comparison of the value of
flexion in all the athletes did not show the effect of training ex-
perience on this parameter.

In terms of the angular velocities of the three joints ana-
lysed, the biggest variation of the results was found for the
shoulder joint at the instant that completed the lower limb take-
off (B). The biggest angular velocity in this joint was obtained by
the G3 athlete, and the lowest value was found for G2 (the dif-
ference between them was 664°/s). However, at each analysed
instant of the back handspring, the direction of shoulder work
(flexion and extension) was the same in all the athletes.

Sforzaetal. [6, 14] have used the obtained values of standard
deviations to interpret movement repeatability. Standard devia-
tions calculated for the CoM vertical and horizontal velocities
pointed to the best repeatability of these parameters in G2. This
gymnast obtained the lowest SD values of all the three athletes.
A lower SD value was only found for the gymnast G3, who had
a two times lower standard deviation of CoM vertical velocity
recorded at the instant F compared to G2. With respect to an-
gular positions, the values of standard deviations for the three
analysed joints were small for all the athletes. The maximum
SD value was found for the angular position in the knee joint at
the instant C in the athlete with the shortest training experience
(G3). The biggest repeatability of these parameters was also ob-
served for the athlete with 16 years of training experience (G2);
another gymnast obtained smaller SD values only in two cases
at the instant E: for the angular positions of the knee joint and
shoulder joint. The best repeatability of angular velocities was
also found for G2 at each instant of the move. Only the repeat-
ability of angular velocity in the knee joint at the instant F was
found to be better for G3. The fact that more favourable results
in terms of standard deviation were found for the gymnast G2
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and the gymnast G3 compared to the gymnast with the long-
est training experience suggests that it is likely that, at a certain
stage of training, the level of repeatability of the move is affected
by factors other than the years of training.

For artistic gymnasts with many years of training experi-
ence, the back handspring is a relatively easy move which they
perform repeatedly. However, the results obtained in this study
demonstrated both similarities and substantial differences in
the technique of performing the back handspring. In most of
the cases, the directions of linear CoM velocities and angular
velocities were similar in the joints analysed. Very similar val-
ues were also obtained for angular positions (particularly at the
instants A for all joints, E for the hip joint, and F for the knee
and hip joints). Furthermore, the values which turned out to be
more varied in the athletes concerned angular velocities (par-
ticularly at the instant B for the shoulder joint).

Conclusions

1. According to the coaches (judges) and based on a compari-
son of the values of kinematic parameters, all the athletes
who participated in the study had a similarly high technical
level.

2. The most substantial differences between athletes were fo-
und in the values of the horizontal velocity of the CoM at
the end of back handspring. The athlete with the longest
training experience achieved values which were three times
higher than those obtained by the other two athletes with
shorter experience.

3. Horizontal CoM velocity at the end of the back handspring
declined for all the gymnasts, with the smallest decrease
observed for the athlete with the longest training experien-
ce and the biggest one found for the athlete with the shor-
test training experience.

4. Vertical CoM velocity increased in the consecutive phases
of the back handspring in all the athletes and was the big-
gest for the athlete with the longest training experience and
the lowest for the athlete with the shortest training expe-
rience.

5. Angular position in the knee, hip, and shoulder joints at the
boundaries of the back handspring phases showed small
standard deviations in all the athletes (0° < SD < 10°), which
suggests high repeatability of the move in these terms.

6. Angular velocity in the knee, hip, and shoulder joints at the
boundaries of the back handspring phases obtained during
flexion and extension showed high standard deviations in
all the athletes (19°/s < SD < 473°/s), which suggests high
variability among the kinematic parameters.
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