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This study investigated the technical features of successful turn to handstand 
performance during giant swinging skills on the uneven bars in Women’s artistic 
competition. The uneven bar performances of the top five nations at the 2010 Pacific Rim 
Championships was videoed from the side. All giant and Stalder turn performances, 1800

‘blind change’ and 3600 ‘blind full’, were assessed post competition to identify the discrete 
angles at turn start, the first hand grip change, and turn end. The turn end position was 
also judged using Article 7.4.4 of the Code of Points to determine any execution 
deductions. The turn start position for the four skills analysed suggest that there may be 
an optimum angle window for the turn start of 50-600, with the position of the first hand 
release largely dependent on the swing skill and the turn displacement required. 
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INTRODUCTION: Uneven parallel bars require a natural flow pattern of swinging with 
precise timing between loading and unloading the bar. This is required in order to execute 
closed loop and flight skills on the low and high bar whilst maintaining tight, technical form 
and maximising amplitude (George, 2010).  Movement on the bars is predominantly 
executed using two planes; movement in the sagittal plane such as the giant swing where 
the axis is the horizontal bar, and turning (rotation ‘twisting’) movements that occur in the 
transverse plane where the axis extends through the centre of the gymnasts body from the 
top of the head through to their feet (Pidcoe et al., 2011). In the case of bar initiated turns 
where the gymnast is in contact with the bar during sagittal plane motion (e.g. giant swing 
circle where the gymnast travels around the high bar in a relatively extended, handstand-like 
body position), a turn can be initiated using a hip movement or tap swing and then by 
releasing and re-grasping the bar one hand at a time in a quick sequence.  
A blind change is one specific 1800 turn technique that is initiated from a forward (over) grip 
to a reverse (under) grip. Whereas a blind full is a 3600 turn technique from forward grip to a 
reverse grip and then back to a forward grip. Both skills allow the gymnast to maintain the 
same sagittal plane rotation throughout the skill. These challenging bar skills enable 
gymnasts to build their difficultly (D) score, therefore increasing the gymnasts start score. 
However, a difficult and potentially higher scoring routine must also be executed with 
sufficient amplitude and technical execution to avoid point deductions (E score). The giant 
and Stalder circle with turns, for example, is judged from vertical handstand to handstand on 
top of the high bar (Daniels, 1983). Technical success is credited when the handstand turn 
has been completed within 10 degrees of the vertical plane on the upper bar (FIG, 2009), 
which is judged subjectively during the live performance by a panel of judges. These skills 
can also be connected to flight skills such as the Tkatchev in order to further increase the 
difficulty of the routine. 
The purpose of this study was to investigate the technical features of successful turn to 
handstand performance during swinging skills on the uneven parallel bars in Women’s 
artistic international level competition. It was hypothesised that there would be an optimal 
angle range for turn commencement and first hand movement required to successfully 
perform a handstand pivot within 10 degrees of the vertical. 

METHODS: The uneven parallel bar performances of the top five nations during the first 
session of competition (combined all-round and team) were videoed during the 2010 Pacific 
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RESULTS AND DISCUSSION: The number of performances for each skill are summarised 
in Table 1. The simplest blind change skill that has a difficulty rating of B had the highest 
technical success rate of 92% and was performed by at least one competitor from each 
country. Whereas the blind full, a C skill, which was not performed by any of the competitors 
from China or Russia, was performed less frequently and had a 0% technical success rate. 
Interestingly, the two Stalder skills were not performed by any of the competitors from China. 
The Stalder blind change, a C skill, had a lower performance frequency, and had a 63% 
technical success rate. The Stalder blind full D skill was attempted by a higher number of 
competitors (n=13) but had a low technical success rate of 15%. 

Table 1 
The uneven parallel bar skills selected for analysis from the competition. All skill descriptions 
and illustrations are from Federation Internationale de Gymnastique Code of Points 2009. The 

difficulty ratings are graded from A (easiest) to G (hardest). A successful performance was 
identified when the turn was completed on top of the high bar within 10 degrees of the vertical 

plane. 

The execution (E) score penalty points (if any) for each skill and the discrete angular 
kinematic results are provided in Table 2. Both of the blind full skills (3600 turn) had high 
average E score deductions due to the turn (twist) ending in the handstand position 
approximately 200 degrees after the target zone (turn end – blind full: mean =-29+150, 
Stalder blind full: mean = -31+190). Across all of the skills there was a positive correlation 
between the turn start position and the first hand release position (r=0.42, p=0.010).  There 
was also a negative correlation between first hand release position and angular displacement 
(r=-0.67, p=0.001) and a positive correlation between angular displacement (turn start to 
end) and turn end angle (r=0.54, p=0.001). This suggested that the 1800 or 3600 turn should 
be initiated later in the upswing (closer to the vertical plane), with the turn occurring during a 
smaller angular range. However the turn start position data for the four skills suggest that 
there may be an optimum angle window for the turn start of approximately 50-600, with the 
position of the first hand release largely dependent on the swing skill (giant or Stalder circle) 
and the turn displacement required. Table 3 displays a breakdown of the different levels of 
performance (0.0 to 0.5 penalty points) for three of the skills (Blind Full skill excluded), which 
provides some insight on this performance aspect. 

Group Code Definition Illustration Difficulty

Blind 
Change

Giant 
Circles

3.201
Giant circle backward 

with 1/2 (1800) turn to 
handstand

B 12 5 92

Blind Full
Giant 

Circles
3.301

Giant circle backward 

with 1/1 (3600) turn to 
handstand

C 6 3 0

Stalder 
Blind 

Change

Stalder 
Circles

4.301
Stalder forward with 1/2 

(1800) turn to 
handstand

C 8 4 63

Stalder 
Blind Full

Stalder 
Circles

4.401
Stalder forward with 1/1 

(3600) turn to 
handstand

D 13 4 15

Skill   Successful 
(%)

Common 
Name

Competitors 
(n)

Countries 
Represented 

(n)

Rim Championships using one Samsung digital camera (VP-HMX20C, 50 fps, Japan, 1/500 
s) positioned in the grand stand, side-on to the apparatus. Due to filming restrictions from 
spectator seating sales, the uneven bar routines were filmed from the opposite side to the 
judging panels view. A total of 24 uneven bar performances by gymnasts whom represented 
Australia, Canada, China, Russia, and the United States of America (USA) were videoed.
Each team comprised of up to three junior and three senior gymnasts aged a minimum of 14 
and 16 years respectively (or becoming age eligible that calendar year). 
All video was assessed post competition using Swinger Motion Analysis Software (Websoft 
Technologies, Scoresby, Melbourne, Australia) to identify blind change and blind full pivots 
on the high bar during a giant or Stalder circle. Where an individual competitor performed the 
same skill twice, the first attempt during the routine was selected for kinematic analysis.  

Figure 1: The points of interest that was assessed for the turn skills. This example shows a 
gymnast executing a giant circle with a blind change (‘blind change’) at (a) turn start, (b) first 
hand release, and (c) turn end. 

Each of the four bar skills were analysed to determine the angle with reference to the vertical 
plane where the turn about the gymnasts long axis started (also known as a twist; Figure 1a), 
where the first hand was released (Figure 1b), and at the end of the turn (Figure 1c). Due to 
body position differences between swing circle skills (giant or Stalder swing) for the turn start, 
the hand grip to hip (greater trochanter) segment angle was analysed. The turn start 
commences with hip rotation. For the remaining positions the body was extended regardless 
of the skill being performed and therefore, the hand grip to toe angle was assessed. The 
analysis of the turn start (hand to hip) and remaining body positions (hand to toe) was 
consistent with judging methods of observation. To normalise the angles to account for swing 
direction, all angles for the upswing movement were converted to a positive angle with 
reference to the vertical. If the gymnast went over the top of the high bar before finishing the 
turn skill, the final angle was recorded as a negative value. Angular displacement was 
calculated as the difference between turn start and turn end. 
The turn end angle was used to judge whether performance of the turning skill was 
successful or unsuccessful, consistent with the Article 7.4.4 of the Federation Internationale 
de Gymnastique Code of Points 2009. Briefly, there is an execution score deduction (from a 
maximum of 10.0) if the turn is finished on the high bar in a handstand, outside of 100 either 
side of the vertical plane (deductions: >100-300 = 0.10 points, 300 – 450 = 0.30 points, >450 =
0.5 points).  Further technical execution deductions for body faults (e.g. feet crossed) and 
a lack of amplitude were not considered in this study. 
All discrete angular kinematic data for each skill was collated in an Excel spreadsheet (Office 
2007, Microsoft, California, U.S.A.) and then transferred to the Statistical Packages for the 
Social Sciences (Version 18.0, IBM, Somers, New York) for statistical analyses that included 
Pearson’s correlation analyses between turn start, first hand release, turn end, angular 
displacement, and E panel deductions. Statistical significance was set at an alpha level of 
0.05 for all analyses.
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The purpose of this study is to use three-dimensional (3D) motion capture data together 
with the computer software for analysis of the human body, Anybody Technology1, to 
perform inverse dynamics and quantify the biomechanical internal forces acting on the 
knee joints, particularly, the tibiofemoral and patellofemoral. The experiment will be 
conducted on-land, within a controlled environment. A customized hiking bench, designed 
and constructed to be identical to the deck of a Laser Standard dinghy will be used to 
simulate sailing conditions. From the results analysis, we can address deficiencies in the 
sailing techniques of sailors thereby minimizing the occurrence of knee injury during 
sailing. We have also investigate on the moment of inertia generated by the human body 
during the hiking action to explore the most effective sailing posture to be adopted. 
 
KEY WORDS: Laser sailing, hiking, Anybody Technology, C3D, force plate, inverse 
dynamics, biomechanics. 
 

INTRODUCTION: Sailing is a vigorous and dynamic sport that requires precise techniques 
and superior physical fitness. During upwind sailing, the aerodynamics forces acting on the 
sail will cause the deck to heel - the stronger the wind and the higher the sailing angle to the 
wind, the greater the heeling force. Water currents and waves can also contribute to the 
heeling force. Sailors perform many sporadic and sudden body movements to counteract 
these forces and prevent the vessel from capsizing. Such movements, together with poor 
hiking technique and insufficient physical strength can cause severe injuries to the spine and 
knees. Numerous studies have quantified the occurrence of injuries during sailing. According 
to a review by Moraes et al (2002)1, most injuries occurred in the lower back (52.9%), 
followed by other back areas (41.2%), knees (25–32%), right thigh (26.5%), neck (23.5%), 
right shoulder (23.5%), and forearm or elbow (20.6%). Another study by Legg et al (1997)2 
revealed that 57% of New Zealand Olympic sailors reported injury in the preceding three 
years, including the lower back (45%), knee (22%), shoulders (18%), and arms (15%).   
The objective of this research is to quantify the biomechanical internal forces acting on the 
knee joint during hiking and the moment of inertia generated by the human body during the 
hiking motion. Using the data, we hope to obtain the most effective hiking posture. We have 
defined effectiveness in terms of reducing the occurrence of knee injuries during sailing yet 
obtaining the maximum moment of inertia. 
In this preliminary study, we will base our experiment on the Laser Standard dinghy, a 
popular single handed dinghies accepted by the International Olympic Committee. The hiking 
trails will be conducted on a customized bench with dimensions identical to the Laser 
Standard dinghy called a “hiking bench”.  
 
METHODS: Using Anybody TechnologyTM, we first structured a modelling system that is 
similar to the hiking motion of a typical sailor while sailing. The modelling system consisted of 
the human body and simulated the hiking motion through the use of the hiking bench 
stimulator customized for this test. Using the Computer Aided Design, we will load the hiking 
bench environment and synchronize it with the human body. 
Using 3D motion capture data software, we will record two sets of kinematic data. The first 
set data will be used to investigate the moment of inertia while holding the hiking position of 
the sailor. The subject will go from rest to three different hiking positions, and hold the 

Table 2 
The discrete angular kinematic results for the four skills assessed on the uneven parallel bars 

and the execution (E) score penalty points. 

Table 3 
A comparison between E score deductions and discrete angular kinematics for the three skills 
that were successfully executed by at least two competitors in the competition. The blind full is 

excluded from this table due to its 0% performance success rate. 

CONCLUSION: This study identified a potential upswing turn start angle window that 
warrants further investigation using inverse dynamic modelling techniques (e.g. see Hiley & 
Yeadon, 2005). E score point deductions can compound over an uneven bars routine due to 
technical execution errors identified at turn completion, and therefore can have a significant 
impact on performance score. However this assumes that judges are able to accurately 
judge turn performance with reference to the vertical plane. Further research is warranted on 
the accuracy of this aspect of judging. 
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Mean SD Min Max Mean SD Min Max Mean SD Min Max Mean SD Min Max

Blind 
Change

53 19 25 84 37 9 15 48 -5 7 -19 8 0.08 0.03 0.0 0.1

Blind Full 70 8 63 85 41 6 32 51 -29 15 -51 -11 0.23 0.16 0.1 0.5
Stalder 
Blind 

Change
56 20 31 91 13 4 7 22 -8 6 -16 -2 0.04 0.05 0.0 0.1

Stalder 
Blind Full

37 10 19 51 13 5 2 21 -31 19 -59 1 0.25 0.18 0.0 0.5

Turn End (0) E Panel Deduction (pts)Common 
Name

Turn Start (0) First Hand Release (0)

Mean SD Mean SD Mean SD

0.0 11 50 17 38 9 -4 6
0.1 1 84 31 -19
0.0 5 46 14 14 6 -5 4
0.1 3 70 21 13 1 -13 2
0.0 2 49 2 12 6 -1 4
0.1 3 46 6 13 3 -19 3
0.3 4 27 6 12 7 -36 4
0.5 3 33 2 17 1 -56 2

Stalder Blind 
Change

Competitors 
(n)

Stalder Blind 
Full

Common Name
Turn Start (0)

First Hand 

Release (0)
Turn End (0)E Panel 

Deduction 
(pts)

Blind Change




