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The purpose of this study was to identify the differences between double and single leg 
takeoff on joint kinetics during a rebound-type jump. Twelve male track and field athletes 
performed repeated rebound-type jumps with double legs (DRJ) and a single leg (SRJ). 
Kinematics and kinetics data were recorded using a high-speed video camera (300 Hz) 
and force platforms (1000 Hz). The negative and the positive values of the joint torque 
power about the ankle joint were significantly lower in DRJ than in SRJ. However, the 
mean joint extension torque, and the negative value of the joint torque power about the 
hip joint was larger in SRJ than in DRJ. It is suggested that the joint kinetics 
characteristics, in SRJ as compared to DRJ, reveals a relatively large joint torque and 
torque power about the hip joint. 
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INTRODUCTION: High-power output at a low extremity is important for improving sports 
performance. Plyometric training (PT) is widely used for enhancing the neuromuscular ability 
related to high-power output since a stretch-shortening cycle (SSC) supplies elastic energy 
and elicits the stretch reflex for high-power output (Bosco et al., 1982). Many studies that 
investigated PT used rebound-type jumps in the vertical direction and double leg takeoff 
(DRJ) such as drop jumps as experimental tasks (Bobbert, 1990; Markovic, 2007; Yoon et al., 
2007; Villarreal et al., 2009, 2010). However, single leg takeoff is used in many sports such 
as running and jumping in athletics and ball sports. Hence, a rebound-type jump with single 
leg takeoff (SRJ) is often used as PT. However, little effort has been made to investigate the 
joint kinetics in SRJ. It is necessary to investigate the joint kinetics about the takeoff leg for 
understanding the training load and training objectives in SRJ. The purpose of this study was 
to clarify the differences between double and single leg takeoff on the joint kinetics about the 
takeoff leg during a rebound-type jump. 
 
METHODS: Twelve male track and field athletes (age, 22.0 ± 2.2 years; height, 175.0 ± 6.1 
cm; mass, 65.8 ± 4.0 kg) participated in this study as subjects. Written informed consent was 
obtained from all subjects prior to participation in this study. All procedures undertaken in the 
study were approved by the Ethics Committee for the Institute of Health and Sport Sciences, 
University of Tsukuba, Japan.  
Subjects performed repeated rebound-type jumps with double (DRJ) and a single leg (SRJ). 
Both jumps consisted of repeated jumps off the ground in a vertical direction from a standing 
posture. Subjects were orally instructed to shorten the contact time as much as possible and 
jump as much as possible. RJ-index that indicates the mechanical power per mass during 
takeoff (Tauchi et al., 2008), was calculated by dividing the jump height by the contact time. 
The trials of the highest RJ-index were selected for further analysis. 
Jumping motions in the sagittal plane were videotaped with a high-speed video camera (300 
Hz), and ground reaction force data (GRF) were recorded with a force platform (1000 Hz). 
Twenty three body points and four calibration markers were digitized; the digitized 
coordinates were converted into real coordinates using four reference markers placed on the 
ground. The joint angle and angular velocity data about the takeoff leg were calculated from 
the coordinates, and the joint torque and torque power of takeoff leg were calculated by 
inverse dynamics. The takeoff phase was divided into two parts: the eccentric phase (ECC), 
from the point at touchdown to the lowest point of the center of gravity of the body (CG), and 
the concentric phase (CON), from the lowest point of CG to toe-off. The mechanical power 

There was a trend for SR and v to decrease and SL to be approximately constant with 
increasing distances. The v depends on SR and SL. World-ranked swimmers already 
maintain a high SL since this variable is related to subject’s efficiency. Thus, the 
biomechanical strategy to increase v is to increase SR. Probably some swimmers have 
specific SR strategies throughout the event laps. This might be a research issue in the near 
future. For race time variables, shorter distances imposed lower SwT and TT. In short 
distance races, turning phase is more determinant for the performance than in longer events 
(Hay & Guimarães, 1983). As the v decreases with increasing distance, the SwT decreases 
as well. In this sense, not only the swim phase is important to enhance performance, in short 
distances events, but also turning and to some extend starting phases are. In the future it 
can be interesting to understand if there is any race time strategy, throughout the swimming 
event from lap to lap. 
Male swimmers presented a higher SL, v and SI with lower race times (SwT, StT, TT) than 
female swimmers. Male swimmers spend less time to travel a given distance than female 
ones. Hence, male swimmers have to spend also less time in each specific phase of the 
race, including the StT and TT. The lower SwT for male swimmers are related to their higher 
SL and SR, imposing a higher v than female swimmers. This is related to a 
kineanthropometrical gap based on gender. Male swimmers tend to be taller, presenting a 
higher arm span that will impose a higher SL. Male swimmers present also a higher muscle 
power leading to an improvement in the block start impulse, in the wall impulse during turning 
and even during stroking. 
 
CONCLUSION: There are different biomechanical and/or tactical strategies between 
medalists and non-medalists that were not possible to identify based on the selected 
variables. Although some speculation, major differences still exist in race time and stroke 
kinematics of world-ranked swimmers, according to their gender and swimming event. 
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Figure 3 shows the averaged patterns of the joint angular velocity, joint torque, and torque 
power about the ankle, knee, and hip joints in DRJ and SRJ. Notable differences were 
observed in the ankle and hip joint between DRJ and SRJ. In SRJ ascompared to DRJ, the 
joint angular velocity and the joint torque power about the ankle joint were lower for both the 
negative and the positive values during the takeoff phase. However, in SRJ as compared to 
DRJ about the hip joint, the negative value of the joint angular velocity was high during ECC, 
the joint torque was high during the takeoff phase, and the negative value of the joint torque 
power was high during ECC. Figure 4 shows a comparison of the mean joint extension 
torque and the mean joint torque power about the hip, knee, and ankle joints between DRJ 
and SRJ. Although there were no significantly differences in the mean joint torque about the 
ankle joint between DRJ and SRJ, the negative and positive values of the mean joint torque 
power about the ankle joint were significantly smaller in DRJ and SRJ. However, in SRJ as 
compared to DRJ, the mean joint torque about the hip joint was significantly larger in the 
cases of both ECC and CON, and the negative value of the mean joint torque power about 
the hip joint was significantly higher. 
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Figure 3: Averaged patterns of joint angular velocity, joint torque and joint torque power of hip, 
knee and ankle joints in DRJ and SRJ. 
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Figure 4: Mean joint extension torque and mean joint torque power of hip, knee and ankle 
joints in DRJ and SRJ. * represent a significant difference between DRJ and SRJ, p<0.05. 
 

(MP) was calculated from the impulse of vertical GRF divided by the contact time during ECC 
and CON, respectively, to evaluate the power output. The GRF in DRJ was divided into 
halves to evaluate the force output characteristics generated by a single leg. These data 
were used for calculating the impulse (DRJ/2) and joint torque. The impulse, joint torque, and 
torque power were divided by the body mass and then averaged. The time series data of all 
subjects were normalized to the time of ECC as 0%-50% and CON as 50%-100% and 
subsequently averaged. Two-tailed paired t-tests were used for determining the differences 
in each dependent measure between DRJ and SRJ. One-way multiple comparisons 
(repeated measure, Bonferroni) were used to compare the statistical differences between 
the jumps for impulse and MP. The significance was accepted at p < 0.05. 

 
Table 1 

Contact time and impulse in DRJ, DRJ/2 and SRJ. 
Variables DRJ DRJ/2 SRJ 

 Contact time (s) 0.147 ± 0.019 - 0.219 ± 0.022† 
  ECC (s) 0.061 ± 0.009 - 0.097 ± 0.010† 
  CON (s) 0.087 ± 0.012 - 0.122 ± 0.015† 
 Impulse (Ns/kg) 7.61  ± 0.39  3.81  ± 0.20  6.97  ± 0.34†* 
  ECC (Ns/kg) 3.61  ± 0.39  1.81  ± 0.20  3.39  ± 0.15†* 
  CON (Ns/kg) 4.00  ± 0.31  2.00  ± 0.16  3.58  ± 0.30†* 

                      †represent a significant difference between DRJ and SRJ, p<0.05.     
                   *represent a significant difference between DRJ/2 and SRJ, p<0.05. 
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Figure 1: Mechanical power in DRJ, DRJ/2 and SRJ. 
*represent a significant difference between DRJ/2 and SRJ, p<0.05. 

 
RESULTS: Table 1 shows the contact time and impulse in DRJ, DRJ/2, and SRJ. The 
contact time was significantly longer and the impulse was significantly smaller in SRJ than in 
DRJ. However, in SRJ as compared to DRJ/2, the impulse of both ECC and CON were 
significantly larger. Figure 1 shows a comparison of MP between DRJ, DRJ/2 and SRJ. 
Although MP was significantly smaller in SRJ than in DRJ, MP was significantly larger in SRJ 
than in DRJ/2 during both ECC and CON. Figure 2 shows that a comparison of a joint 
angular displacement about the ankle, knee, and hip joints during ECC and CON between 
DRJ and SRJ. The flexion angle about the ankle, knee, and hip joints were significantly 
larger and the extension angle about the ankle and the hip joints were significantly smaller in 
SRJ than in DRJ. 
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Figure 2: Joint angular displacement of hip, knee and ankle joints in DRJ and SRJ.  
* represent a significant difference between DRJ and SRJ, p<0.05. 
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Figure 3 shows the averaged patterns of the joint angular velocity, joint torque, and torque 
power about the ankle, knee, and hip joints in DRJ and SRJ. Notable differences were 
observed in the ankle and hip joint between DRJ and SRJ. In SRJ ascompared to DRJ, the 
joint angular velocity and the joint torque power about the ankle joint were lower for both the 
negative and the positive values during the takeoff phase. However, in SRJ as compared to 
DRJ about the hip joint, the negative value of the joint angular velocity was high during ECC, 
the joint torque was high during the takeoff phase, and the negative value of the joint torque 
power was high during ECC. Figure 4 shows a comparison of the mean joint extension 
torque and the mean joint torque power about the hip, knee, and ankle joints between DRJ 
and SRJ. Although there were no significantly differences in the mean joint torque about the 
ankle joint between DRJ and SRJ, the negative and positive values of the mean joint torque 
power about the ankle joint were significantly smaller in DRJ and SRJ. However, in SRJ as 
compared to DRJ, the mean joint torque about the hip joint was significantly larger in the 
cases of both ECC and CON, and the negative value of the mean joint torque power about 
the hip joint was significantly higher. 
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Figure 3: Averaged patterns of joint angular velocity, joint torque and joint torque power of hip, 
knee and ankle joints in DRJ and SRJ. 
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Figure 4: Mean joint extension torque and mean joint torque power of hip, knee and ankle 
joints in DRJ and SRJ. * represent a significant difference between DRJ and SRJ, p<0.05. 
 

(MP) was calculated from the impulse of vertical GRF divided by the contact time during ECC 
and CON, respectively, to evaluate the power output. The GRF in DRJ was divided into 
halves to evaluate the force output characteristics generated by a single leg. These data 
were used for calculating the impulse (DRJ/2) and joint torque. The impulse, joint torque, and 
torque power were divided by the body mass and then averaged. The time series data of all 
subjects were normalized to the time of ECC as 0%-50% and CON as 50%-100% and 
subsequently averaged. Two-tailed paired t-tests were used for determining the differences 
in each dependent measure between DRJ and SRJ. One-way multiple comparisons 
(repeated measure, Bonferroni) were used to compare the statistical differences between 
the jumps for impulse and MP. The significance was accepted at p < 0.05. 

 
Table 1 

Contact time and impulse in DRJ, DRJ/2 and SRJ. 
Variables DRJ DRJ/2 SRJ 

 Contact time (s) 0.147 ± 0.019 - 0.219 ± 0.022† 
  ECC (s) 0.061 ± 0.009 - 0.097 ± 0.010† 
  CON (s) 0.087 ± 0.012 - 0.122 ± 0.015† 
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  CON (Ns/kg) 4.00  ± 0.31  2.00  ± 0.16  3.58  ± 0.30†* 

                      †represent a significant difference between DRJ and SRJ, p<0.05.     
                   *represent a significant difference between DRJ/2 and SRJ, p<0.05. 

 

 

M
ec

ha
ni

ca
l p

ow
er

(W
/k

g)

0 

20 

40 

60 

80 

DRJ DRJSRJDRJ/2 SRJDRJ/2

CONECC
* *

 
Figure 1: Mechanical power in DRJ, DRJ/2 and SRJ. 
*represent a significant difference between DRJ/2 and SRJ, p<0.05. 

 
RESULTS: Table 1 shows the contact time and impulse in DRJ, DRJ/2, and SRJ. The 
contact time was significantly longer and the impulse was significantly smaller in SRJ than in 
DRJ. However, in SRJ as compared to DRJ/2, the impulse of both ECC and CON were 
significantly larger. Figure 1 shows a comparison of MP between DRJ, DRJ/2 and SRJ. 
Although MP was significantly smaller in SRJ than in DRJ, MP was significantly larger in SRJ 
than in DRJ/2 during both ECC and CON. Figure 2 shows that a comparison of a joint 
angular displacement about the ankle, knee, and hip joints during ECC and CON between 
DRJ and SRJ. The flexion angle about the ankle, knee, and hip joints were significantly 
larger and the extension angle about the ankle and the hip joints were significantly smaller in 
SRJ than in DRJ. 
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Figure 2: Joint angular displacement of hip, knee and ankle joints in DRJ and SRJ.  
* represent a significant difference between DRJ and SRJ, p<0.05. 
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KINETIC ANALYSIS OF TOE-ON TKACHEV ON UNEVEN BARS 
 

David G. Kerwin and Gareth Irwin 
 

Cardiff School of Sport, University of Wales Institute, Cardiff, Wales, UK 
 

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.  
 
KEYWORDS: women’s gymnastics, joint moments, power and work 
 

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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