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The purpose of this study was to explain the mechanics of the Toe-on Tkachev on 
Uneven Bars, and to identify how the release conditions were created. 3D video based 
data and inverse dynamics were used to analyze five different Toe-on Tkachevs recorded 
at the 2007 World Championships. Digitising and DLT techniques were combined with 
customised inertia modelling as input to standard inverse dynamics. Data were 
normalised to eliminate influences of height and mass. Hip action was characterised by a 
single large input which peaked close to the horizontal on the upswing, followed by a 
smaller negative shoulder power contribution as release was approached. The dominant 
role of positive hip extension was highlighted as a major factor contributing to the creation 
of the final body orientation and desirable release conditions.  
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INTRODUCTION: In the past we have reported kinetic data on two variants of the women’s 
Tkachev (Kerwin and Irwin, 2010) which highlighted different shoulder actions approaching 
release.  It appeared that the inward variant offered gymnasts greater potential to execute 
more advanced forms of the Tkachev.  A newer variant, the Toe-on Tkachev has been 
adopted by a number of leading international competitors and has enabled straight Tkachevs 
to be performed by women gymnasts. The new variant requires the gymnast to accentuate 
the piking action, seen in some traditional Tkachevs, to the point where the gymnast places 
her feet on the high bar as she swings past the horizontal on the downswing (Figure 1).  She 
holds the Toe-on piked position until close to the horizontal on the upswing and then opens 
hip and shoulder angles to prepare for release and flight backwards over the high bar. As 
with all Tkachevs, gymnasts are faced with the challenge of maintaining backward angular 
momentum around the high bar to ensure suitable release conditions for flight over the bar, 
whilst also reversing the direction of angular momentum close to release providing forward 
rotation in flight. A parallel study (Irwin, Manning and Kerwin, ISBS 2011) has shown that the 
Toe-on Tkachev enables gymnasts to generate higher vertical velocities and greater angular 
momentum at release. The aim of the current study is to determine the actions made by 
gymnasts in the Toe-on Tkachev which enables them to develop greater forward rotating 
angular momentum. This will be achieved by comparing the kinetic profiles of the hips and 
shoulders in executing the Toe-on Tkachev with the corresponding values for the Outward 
and Inward variants previously reported. 
 
METHOD: Data Collection: Data were collected at the 2007 Stuttgart World Gymnastics 
Championships using two 50 Hz digital video camcorders. The volume of interest was 
calibrated using two static  (1 m x 1 m x 3 m) frames containing 48 known coordinates. The 
origin was defined as the centre of the high bar in its neutral position with the calibrated 
volume encompassing the analysed preparatory longswing, release and flight for each 
gymnast. Images of five Toe-on straddle Tkachevs were recorded from the cameras which 
were positioned with their optical axes intersecting the high bar. One camera was aligned 
along the high bar with the other approximately at right angles and viewing over the low bar.  
Data Processing: Calibration and movement frames were digitised using PEAK Motus 
(Vicon Peak 9.0, UK) motion analysis system for both camera views. Movement data 
comprised images of the preceding Toe-on action, the release and flight phase of the 
straddle Tkachev. Digitising began once the gymnast had passed the handstand position at 
the start of the preparatory longswing, and continued throughout the longswing, release and 
flight. The centre of the high bar and the gymnast’s head, right and left wrists, elbows, 
shoulders, hips, knees, ankles, and toes were digitised. A 12-parameter three-dimensional 
direct linear transformation (Marzan and Karara, 1975) was used to reconstruct the coordinate 

DISCUSSION: MP was higher in SRJ than in DRJ/2 during both ECC and CON, although 
MP was lower in SRJ than in DRJ (Figure 1). This was caused by the fact that the impulse of 
SRJ was smaller than in DRJ but not in DRJ/2 (Table 1). These results indicate that the 
power output by a single leg was higher in SRJ than in DRJ.  
In a rebound-type jump with double legs, the joint torque and torque power about the ankle 
joint were substantially higher than those about the knee and hip joint (Bobbert et al., 1987). 
This is similar to that obtained in our study on DRJ, but not on SRJ (Figures 3 and 4). There 
is no difference between DRJ and SRJ in terms of the mean joint extension torque about the 
ankle. However, the negative value of the mean joint torque power about the ankle is lower in 
SRJ than in DRJ. This result is caused by the relatively low angular velocity about the ankle 
joint in SRJ (Figure 3). This relatively low angular velocity about the ankle joint was caused 
by the longer ECC time (Table 1) and the larger flexion angle (Figure 2). It has been reported 
that when the muscle prestretch speed is high, the effects of SSC is enhanced (Cavagna et 
al., 1965, 1968; Komi, 1986). It is expected that the muscle prestretch speed is nearly equal 
to the joint flexor velocity. These results indicate that the SSC function about the ankle joint 
decreases in SRJ as compared to DRJ. In contrast, about the hip joint in SRJ, the mean joint 
extension torque in both ECC and CON, and the negative value of the torque power were 
higher than those in DRJ (Figures 3 and 4). The joint kinetics characteristics, in SRJ as 
compared to DRJ, reveals a relatively small torque power about the ankle joint and relatively 
a large joint torque and torque power about the hip joint.  
 
CONCLUSION: In SRJ as compared to DRJ, the force and joint kinetics characteristics of 
are as follows: 1) the power output by a single leg was relatively high; 2) the mean joint 
torque power about the ankle was relatively low; and 3) the mean joint torque and the mean 
joint torque power about the hip were relatively high. Therefore, DRJ is more suitable to 
improve power output about the ankle joint and SRJ is more suitable to improve power 
output about the hip joint. Athletes and coaches should understand these differences when 
using DRJ and SRJ for PT. 
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the Inward variant of the Tkachev. The most striking difference between the joint power 
curves for this skill compared to the Outward and Inward variants is the later and larger 
single hip positive peak in the Toe-on rather than the smaller twin peaks reported for both 
previous variants. There was a small contribution from the shoulders throughout the circle 
until the very last part of the rotation. Tihis is in contrast to the positive shoulder contribution 
reported in the Outward Tkachev, particularly between 270˚ and 360˚ and to a lesser extend 
in the Inward. The almost fixed shoulder angles throughout the majority of the circle 
minimizes the need for a large contribution from shoulder power, but the dramatic single 
pulse of hip power around a circle angle of 360˚ facilitates the rapid extension of the body in 
preparation for release and coincides with the peak in angular velocity of the hip.  
 

Table 1 
Hip and Shoulder Work (Hof Normalised) for Outward, Inward and Toe-On straddle Tkachev on 

uneven bars. 

 Outward Inward Toe-on Outward Inward Toe-on 
Joint Work Hips Hips Hips Shoulders Shoulders Shoulders 
Positive 90% 82% 89% 71% 35% 29% 
Negative 10% 18% 11% 29% 65% 71% 
Total Work       
Positive 48% 44% 77% 70% 35% 29% 
Negative 5% 10% 10% 30% 65% 71% 
(Data sourced from Kerwin and Irwin, 2010).  

Figure 2: Joint angle (˚), normalised joint moments and normalised joint powers for the hips 
and shoulders during Toe-on Tkachev, from 180˚ (horizontal on the downswing) to release. 
Each graph shows a mean (bold) ±1 sd (feint) for 5 gymnasts. 
 
Knee joint work contributed about 2% to the total work and was not included in this analysis. 
The joint work contributions for the hips and shoulders are reported in Table 1. Initially each 
contribution is expressed as a percentage of the total at the joint work, split into positive and 
negative components. This is followed by a summation of the hips and shoulders to produce 

data using the TARGET high-resolution motion analysis system (Kerwin, 1995). Customized 
segmental inertia parameters for each gymnast were determined using the height and mass 
of each gymnast, Yeadon’s inertia model (1990), and limb lengths determined from the video 
data. Circle angle of the gymnast was defined by the vector formed between the mass 
centre, the neutral bar location and the right horizontal so that when the gymnast was in a 
handstand the circle angle was 90˚. All movement data were analysed throughout the 
reconstructed data and then cropped between a circle angle of 180° and the instant of 
release, to enable direct comparison with the previously published data (Kerwin and Irwin 
2010).    
Data Analysis: The reconstructed 3D coordinate data were processed with the ‘ksmooth’ 
function (MathCad14™, Adept Scientific, UK) with the parameter ‘s’ set to 0.10. This routine 
has similar characteristics to a Butterworth low-pass digital filter with the cut-off frequency set 
to 4.5 Hz (Kerwin and Irwin, 2006). The left and right sides of the body were averaged to 
produce a four segment planar representation of the gymnast, (arms, trunk, thighs and 
shanks). The instants of release and re-grasp were defined by quantifying ‘grip radius’ as the 
linear separation between the ‘mid-wrists’ and the centre of the high bar. Release was 
considered to have occurred once the grip radius exceeded 10% of the maximum value 
obtained during the preceding longswing. Release parameters and angular momentum were 
determined using the methods reported in Kerwin and Irwin (2010). Shoulder extension and 
hip flexion (joint angles closing) were regarded positive throughout the kinetic analyses. 
Inverse dynamics was used to determine joint moments (JM) and combined with joint 
angular velocities () to determine joint powers (JP). Integration of the power-time profiles 
was used to determine the respective joint work (JW) contributions. All values were 
normalised according to Hof’s (1996) recommendations with the exception that each 
gymnast's height rather than leg length, often preferred for gait analyses, was used as the 
linear scaling component.  

Figure 1: Outward, Inward and Toe-on Straddle Tkachevs (Stuttgart 2007) 

RESULTS & DISCUSSION: Increased vertical velocity at release, and hence longer flight 
time coupled with greater angular momentum was evident from the data reported by Irwin, 
Manning and Kerwin (ISBS 2011). The hip joint angle remained around 140˚ for the 
majority of the preparatory longswing, between the downswing and upswing horizontals and 
only opened as release was approached (Figure 2). The final hip angle varied across the five 
competitors from slightly dished, to slightly arched. The shoulder angle was constant for half 
the circle and then all the gymnasts opened up to full flexion at release.  The corresponding 
hip moments were close to zero until after the bottom of the circle and then peaked 
negatively at around -0.35 before rising rapidly to 0.2 at release (Figure 2). The shoulder 
moments peaked early in the circle, before the lower vertical, then dropped close to zero 
before rising slightly at release. The impact of these two interacting sets of variables revealed 
in the power profiles shows a dominant positive hip power peak close to a circle angle of 
360˚ and relatively low contributions from the shoulders throughout the circle until release 
when a small negative spike in power occurs (Figure 2). This latter characteristic was seen in 



285ISBS 2011 Porto, Portugal

Vilas-Boas, Machado, Kim, Veloso (eds.) 
Biomechanics in Sports 29

Portuguese Journal of Sport Sciences
11 (Suppl. 2), 2011 

 

the Inward variant of the Tkachev. The most striking difference between the joint power 
curves for this skill compared to the Outward and Inward variants is the later and larger 
single hip positive peak in the Toe-on rather than the smaller twin peaks reported for both 
previous variants. There was a small contribution from the shoulders throughout the circle 
until the very last part of the rotation. Tihis is in contrast to the positive shoulder contribution 
reported in the Outward Tkachev, particularly between 270˚ and 360˚ and to a lesser extend 
in the Inward. The almost fixed shoulder angles throughout the majority of the circle 
minimizes the need for a large contribution from shoulder power, but the dramatic single 
pulse of hip power around a circle angle of 360˚ facilitates the rapid extension of the body in 
preparation for release and coincides with the peak in angular velocity of the hip.  
 

Table 1 
Hip and Shoulder Work (Hof Normalised) for Outward, Inward and Toe-On straddle Tkachev on 

uneven bars. 

 Outward Inward Toe-on Outward Inward Toe-on 
Joint Work Hips Hips Hips Shoulders Shoulders Shoulders 
Positive 90% 82% 89% 71% 35% 29% 
Negative 10% 18% 11% 29% 65% 71% 
Total Work       
Positive 48% 44% 77% 70% 35% 29% 
Negative 5% 10% 10% 30% 65% 71% 
(Data sourced from Kerwin and Irwin, 2010).  

Figure 2: Joint angle (˚), normalised joint moments and normalised joint powers for the hips 
and shoulders during Toe-on Tkachev, from 180˚ (horizontal on the downswing) to release. 
Each graph shows a mean (bold) ±1 sd (feint) for 5 gymnasts. 
 
Knee joint work contributed about 2% to the total work and was not included in this analysis. 
The joint work contributions for the hips and shoulders are reported in Table 1. Initially each 
contribution is expressed as a percentage of the total at the joint work, split into positive and 
negative components. This is followed by a summation of the hips and shoulders to produce 

data using the TARGET high-resolution motion analysis system (Kerwin, 1995). Customized 
segmental inertia parameters for each gymnast were determined using the height and mass 
of each gymnast, Yeadon’s inertia model (1990), and limb lengths determined from the video 
data. Circle angle of the gymnast was defined by the vector formed between the mass 
centre, the neutral bar location and the right horizontal so that when the gymnast was in a 
handstand the circle angle was 90˚. All movement data were analysed throughout the 
reconstructed data and then cropped between a circle angle of 180° and the instant of 
release, to enable direct comparison with the previously published data (Kerwin and Irwin 
2010).    
Data Analysis: The reconstructed 3D coordinate data were processed with the ‘ksmooth’ 
function (MathCad14™, Adept Scientific, UK) with the parameter ‘s’ set to 0.10. This routine 
has similar characteristics to a Butterworth low-pass digital filter with the cut-off frequency set 
to 4.5 Hz (Kerwin and Irwin, 2006). The left and right sides of the body were averaged to 
produce a four segment planar representation of the gymnast, (arms, trunk, thighs and 
shanks). The instants of release and re-grasp were defined by quantifying ‘grip radius’ as the 
linear separation between the ‘mid-wrists’ and the centre of the high bar. Release was 
considered to have occurred once the grip radius exceeded 10% of the maximum value 
obtained during the preceding longswing. Release parameters and angular momentum were 
determined using the methods reported in Kerwin and Irwin (2010). Shoulder extension and 
hip flexion (joint angles closing) were regarded positive throughout the kinetic analyses. 
Inverse dynamics was used to determine joint moments (JM) and combined with joint 
angular velocities () to determine joint powers (JP). Integration of the power-time profiles 
was used to determine the respective joint work (JW) contributions. All values were 
normalised according to Hof’s (1996) recommendations with the exception that each 
gymnast's height rather than leg length, often preferred for gait analyses, was used as the 
linear scaling component.  

Figure 1: Outward, Inward and Toe-on Straddle Tkachevs (Stuttgart 2007) 

RESULTS & DISCUSSION: Increased vertical velocity at release, and hence longer flight 
time coupled with greater angular momentum was evident from the data reported by Irwin, 
Manning and Kerwin (ISBS 2011). The hip joint angle remained around 140˚ for the 
majority of the preparatory longswing, between the downswing and upswing horizontals and 
only opened as release was approached (Figure 2). The final hip angle varied across the five 
competitors from slightly dished, to slightly arched. The shoulder angle was constant for half 
the circle and then all the gymnasts opened up to full flexion at release.  The corresponding 
hip moments were close to zero until after the bottom of the circle and then peaked 
negatively at around -0.35 before rising rapidly to 0.2 at release (Figure 2). The shoulder 
moments peaked early in the circle, before the lower vertical, then dropped close to zero 
before rising slightly at release. The impact of these two interacting sets of variables revealed 
in the power profiles shows a dominant positive hip power peak close to a circle angle of 
360˚ and relatively low contributions from the shoulders throughout the circle until release 
when a small negative spike in power occurs (Figure 2). This latter characteristic was seen in 



286ISBS 2011 Porto, Portugal

Vilas-Boas, Machado, Kim, Veloso (eds.) 
Biomechanics in Sports 29

Portuguese Journal of Sport Sciences
11 (Suppl. 2), 2011

THE IMPACT OF DETRAINING ON PERFORMANCE AND SOME OF THE 
BIOMECHANICAL VARIABLES IN TAEKWONDO 

 
Hashem A. Kilani1 and Waleed S. Nasser2 

 
Sultan Qaboos University, College of Education, PHED, Muscat, Oman1 

Jordan University, Faculty of PE, Amman, Jordan2 

 
Twenty players (aged 9 – 13 yrs) were divided  into two equivalent  groups ( 10 each ) 
based on ( age , height , weight , training age  and the selected biomechanical  
variables).The 1st group ( fixed training) trained by  the round house kick from ready 
position (stance) while the 2nd group ( variant training ) trained using  different types of 
the skills’ execution. Both group trained there times a week (75 Minutes) for 6 weeks and 
measurements were taken for the post test, one week later of detraining and two weeks 
later of detraining, for fixed training and variant training. No significant differences were 
observed between the two groups in the posttest and first detraining. It is recommended 
that both training regimen are important to conserve the level of achieved performance 
after 2 weeks of detraining.  
 
KEY WORDS: fix training, variant training, detraining. 
 

INTRODUCTION:  Anyone in the world despite the gender and age variation is able to play 
Taekwondo without constrain of needing a neither space nor equipment. In Jordan, children 
are practicing it either in school or in private centers. However, most children quit their 
practice for one or two weeks due to mid or final semester exams. Therefore, their 
performance and technique may be negatively affected. Harrison and N. Keane (2007) 
analyzed the six week intervention effect and a retention test was conducted one week after 
the post test. Their results indicated that the variable practice group significantly improved 
their jumping skill compared to pre-test scores but the fixed practice group showed no 
improvements. Although, the effects of variable and fixed training on the development 
fundamental skills are not fully understood, the detraining effect needs further investigation. 
However, most previous studies employed biomechanical analyses on various kicks in 
Taekwondo were concern to determine kinetics or kinematics and reaction time (Vieten, 
Scholz , Kilani, & Kohloeffe,2007, Lee & Huang, 2006, Tsai, Lee, & Huang, 2004). Pieter 
(1995) used a heavy, water-filled bag with built-in pressure sensor to measure both the 
kicking force and kicking speed of the 1988 United States Olympic Taekwondo teams. 
Several studies assessed the isokinetic strength of the lower extremity in Taekwondo 
athletes (Pieter, 1991). Not only was there bio-mechanical research that focused on the 
kicking technique analysis, there were also some physiological studies that concentrated on 
the lower extremity characteristics of the Taekwondo athlete. In this study, the impact on 
censored jacket during Taekwondo kicking was investigated. Moreover, the reaction time of 
each kick was recorded in order to assess the kicking performance.  Nevetheless, studies on 
detraining effect were conducted on strength and endurance training, none of the analysis 
ran on the effect of detraining on the technical skill performance of the most kick used called 
Dollyo Chagi. Zahran, (2004) reported that 44.5% of the Dolly Chagi was executed as Pic 
Chagi, the kick that is used in this study (the round house kick). Therefore, the purpose of 
this study was to investigate the effect of detraining for one week and two weeks on the 
selected biomechanical variables related to round house kick and to compare between fixed 
and variable detraining effect. 
 
METHODS: Twenty players (aged 9 – 13 yrs) agreed to participate in   the study and were 
divided into two equivalent groups (10 each) based on  age , height , weight , training age. 
The selected biomechanical variables are shown in Table 1.   
 
 

 

 

total work and then the individual contributions are reported to highlight the major positive 
input from the hips and the negative work contribution from the shoulders used in the Toe-on 
technique. Considering each joint’s contribution as previously reported (Kerwin and Irwin, 
2010), and summarized in Table 1, the patterns for the hips are close to those seen for the 
Outward Tkachev, whilst the shoulder contributions are similar to those seen for the Inward 
variant.  If the values are reviewed with reference to the whole skill, with each positive and 
negative contribution expressed as a percentage of the total work by the gymnast, then 
dominance of the hip contribution over the previous variants is clear with 77% of the positive 
work coming from the hips. This compares to less than 50% for the Outward and Inward 
variants. The smaller positive contribution from the shoulders is similar to the Inward variant 
and less than half that seen for the Outward Tkachev. When negative work is considered, the 
hips contribute 10% or less in each of the three variants, but the shoulders make a 
substantial input to the Inward and Toe-on versions of this skill. It would appear that the 
adoption of the Toe-on action in the Tkachev, achieves the goal of attaining improved 
release conditions by extending the advantages previously attributed to the Inward variant 
over its Outward counterpart. The Toe-on technique also appears to make little 
musculoskeletal demand on the gymnast in the early part of the circle, but places the 
gymnast in an advantageous position to deliver high positive hip power and moderate 
negative shoulder power in preparation for release.  
 
CONCLUSION: The Toe-on Tkachev on Uneven bars appears to be an advancement of the 
Inward variant of this popular release and re-grasp skill in women’s artistic gymnastics. The 
Toe-on technique enables gymnasts to increase key release variables, particularly vertical 
velocity, (and hence flight time) and angular momentum. Gymnasts achieve these favourable 
release conditions through a single large positive hip power input coupled with a and smaller 
negative shoulder power contribution in the final part of the preparatory Toe-on longswing. 
The apparent ease with which female gymnasts appear to be able to perform this skill 
indicates that it is likely to grow in popularity as gymnasts attempt to increase their difficulty 
scores by performing piked and even straight version of the Tkachev. From this study 
coaches should consider training that specifically emphasizes the key role that the hips play 
in executing this skill. The final body position of the gymnast at release also appears to be 
less demanding than has been previously reported for the Outward or Inward variants and so 
provides the gymnast with more freedom to concentrate on working in the phase from a 
circle angle of 300 to 400˚. The current study provides an example of how the coaching-
biomechanics interface can use scientifically grounded data from an ecologically valid setting 
to inform technique development. Further research into the joint kinetics of gymnasts 
performing the Toe-on Tkachev where piked and straight version are included could help to 
further understanding of the individual joint contributions to this challenging skill. 
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