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INTRODUCTION
The technical execution of gymnastics elements 
plays a fundamental role in the progression and 
performance level of artistic gymnastics. Among 
the six apparatuses in men’s artistic gymnastics, the 
parallel bars offer a unique set of biomechanical 
challenges due to their symmetrical structure and 
the combination of swing and strength elements re-
quired. The historical progression and technological 
development of the apparatus have also influenced 
the evolution of skill complexity and performance 
opportunities (Bábela, 2025). Kinematic analysis 
has emerged as a key method for understanding and 
optimizing movement techniques, offering valuable 
insights for more effective and economical coaching 
and skill acquisition (Heng, 2007; Hiley & Yeadon, 
2007; Takei, 1998; Brüggemann et al., 1994).
A number of studies have contributed to our un-
derstanding of movement mechanics on the ap-
paratus. Linge et al. (2006) developed models of 
movement on the parallel bars, while Prassas and 
Ariel (2005), along with earlier works by Pras-
sas (1994), investigated the biomechanics of giant 
swings and back tosses. Similarly, Tsuchiya et al. 
(2004) and Prassas et al. (2004) examined key me-

chanical parameters of these fundamental skills. 
Gervais and Dunn (2003) focused on the double 
back salto dismount, highlighting release dynam-
ics and flight phase mechanics. Comparative anal-
yses have also been employed to study variations 
of similar elements; for instance, Kolar et al. (2002) 
compared biomechanical characteristics of support 
backward swings versus support swings leading 
into a 1¼ straddled piked forward salto. More re-
cent studies have also examined the kinematics of 
newly introduced elements on parallel bars, such 
as the analysis of the ‘Dimic’ element and its com-
parison with the “Bilozerchev” (Kolar et al., 2017).
Over time, elite gymnasts have continually aimed 
to increase the difficulty of their routines by incor-
porating more complex and dynamic elements, es-
pecially among the eight counted for the difficulty 
score. The initial phases of routines—particularly 
those that begin in the upper arm or support posi-
tion—play a critical role in setting up the momen-
tum and spatial configuration required for complex 
flight elements.
A noteworthy development in this context is the 
competitive performance of the backward uprise and 
forward salto to support on parallel bars, which has 
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been included in the Code of Points as a “D” value 
element in Group I (#52, EG I). Although the ele-
ment had been performed previously, it has not yet 
been the subject of targeted kinematic analysis, de-
spite being a common component in the routines of 
many elite gymnasts. Importantly, it serves as a log-

ical and technical precursor to the element analyzed 
in our previous study — the backward uprise and 5/4 
straddled forward salto to hang (Yanev & Stoimenov, 
2022) — providing a fundamental basis for under-
standing the mechanical structure and preparatory 
phases required for more advanced variations.

Figure 1. Backward uprise and forward salto to support on parallel bars.

The present study aims to address this gap by an-
alyzing the movement mechanics of the backward 
uprise and forward salto to support. By applying 2D 
video-based kinematic analysis of training footage 
recorded at the Bulgarian National Sports Academy, 
the study explores the key biomechanical phases and 
release conditions that enable the successful execu-
tion of this compositionally significant element.

METHODS 
We chose to investigate the element—backward up-
rise and forward salto to support. The studied per-
formance was recorded with a fixed Samsung video 

camera, operating at 50 fps, positioned perpendicu-
lar to the gymnast’s side axis at the level of the swing, 
in accordance with all biomechanical analysis re-
quirements. 2D video-based data was used to analyze 
the new element recorded under training conditions 
at the Bulgarian National Sports Academy training 
center. The Ariel Performance Analysis System was 
used for digitizing, and DLT techniques were ap-
plied (SkillSpector 2020, version v1.3.2). The space 
was calibrated with 8 points with previously known 
coordinates (Figure 2), and the movement was digi-
tized using 10 points (toe, ankle, knee, hip, shoulder, 
elbow, wrist, finger, chin, and forehead) (Figure 3).

Figure 2. The space calibration with 10 points.

Figure 3. Digitized with 10 points (toe, ankle, knee, hip, shoulder, elbow, wrist, finger, chin, and forehead).
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RESULTS    
Through video recording and pedagogical supervi-

sion, we identified the best performance to subject 
for kinematic analysis (Figure 4).

Figure 4. A sequence of images with mechanical axes and the CG of the backward uprise and 5/4 salto fwd 
straddled to hang on parallel bars.

The duration of the element execution is 1,86 sec. 
The foothold period, during which the preparato-
ry actions for the exercise are performed, is 1,01 
sec. The swing is performed for 0,44 sec, and a re-
peated hold of the apparatus follows. The starting 
position is picked upper arm support. The exercise 
starts with active forward and upward unfolding of 
the body in the pelvis joints and moves the shoul-

ders closer to the wrists. The configuration of the 
gymnast remains closed until passing the verti-
cal, where the swing is performed and the body 
stretches. The swing amplitude is 66° in the pelvis 
joints – Figure 6. The gymnast remains in an open 
configuration until the end of the support phase. 
The angle between the pelvis joints is 214°, respec-
tively, as shown in Figure 5.

Figure 5. Release body configuration during backward uprise and salto fwd to support.

After releasing the bars, the gymnast initiates an 
active hip flexion until reaching the highest point 
of the center of gravity (CG). This moment corre-
sponds to the most piked body position, where the 
angle between the torso and the thighs is 59°. At 
this point, the angular velocity of the torso reaches 
613 degrees per second. In coordination with the 
hip flexion, the arms move downward along the 

sides of the body.
Following the peak height of the CG, the gymnast 
begins the extension phase. During this phase, an-
gular velocity decreases, allowing for more effective 
body regrouping in preparation for regrasping the 
apparatus. The body configuration at the moment 
of regrasp is still piked, with an angle of 97° be-
tween the torso and thighs (Figure 7).

Figure 6. Swing actions backward, uprise, and salto forward to support.
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Figure 7. Regrasp body configuration during backward uprise and salto forward to support.

DISCUSSION
As we have already specified, the purpose of this 
study was to explain the mechanics of the back-
ward uprise and forward salto to support Parallel 
Bars, and to identify how the release conditions 
were created. 
The kinematic analysis of the technical actions re-
vealed that the trajectory of the gymnast’s center of 
gravity (CG) shifts in a forward direction during 
the flight (non-support) phase of the element. 
This forward displacement of the CG indicates a 
well-executed element with sufficient amplitude in 
the airborne phase. The extended arm position at 
the moment of regrasping the apparatus, followed 
by the successful execution of the subsequent skill 
without technical or judging deductions, further 
supports this conclusion from both a biomechan-
ical and evaluative standpoint. Based on this ob-

servation, we recommend the inclusion of similar 
swinging actions and transitions from support to 
non-support phases in training and routine com-
position. Similar conclusions were reported by Ko-
lar et al. (2017), who analyzed the “Dimic” element 
on parallel bars and highlighted the role of hip 
extension and trajectory control in the successful 
execution of innovative release-regrasp skills. This 
perspective also corresponds with the broader view 
of parallel bars development and dynamics (Bábe-
la, 2025) and is complemented by recent findings 
on dismount strategy preferences (Rodríguez-Re-
dondo et al., 2025). Building on these broader 
perspectives, our data further indicate that the di-
rection of takeoff in such elements is upward and 
forward. Following hip flexion, the angular velocity 
of the torso increases (Figure 8).

Figure 8. Torso angular velocity (deg/s) during the non-support phase.
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Figure 9. CG velocity during backward uprise and salto fwd to support.
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Figure 10. Angle between the thigh and torso during backward uprise and salto forward to support.

CONCLUSION
This pilot study examined the biomechanics of 
the backward uprise and forward salto to support 
on parallel bars. The kinematic analysis revealed 
three main findings:

1.	Hip extension produced two critical impulses 
that initiated and controlled the swing.

2.	Arm push before release contributed signifi-
cantly to the forward and upward displacement 
of the gymnast’s CG.

The CG trajectory was optimal for regrasping, sup-
porting effective technical execution without de-
ductions.
The study has some limitations, including the anal-
ysis of a single performance, 2D video conditions, 
and the absence of comparative data. Nevertheless, 
the results provide valuable insight into the me-
chanical requirements of the skill.
From a practical standpoint, coaches should em-
phasize:

•	 maintaining a closed configuration until verti-
cal,

•	 generating hip extension with sufficient ampli-
tude, and

•	 coordinating arm push for secure regrasping.
These recommendations may facilitate the acquisi-
tion of the element and prepare gymnasts for more 
advanced variations in competitive practice.
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