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Because a suspended aid – a usual training aid for practicing circles on pommel horse – 
applies forces at the distal part of the legs, we hypothesized that it has a large influence 
on the hip moment profiles during circles. This study was conducted to test the 
hypothesis. Eighteen gymnasts performed three sets of 10 circles with and without a 
suspended aid, and 3-D coordinates were acquired using a Qualisys motion capture 
system. The force applied from the aid was determined based on the cable tension 
measured with a load transducer. Hip joint moments were computed with the assumption 
that the total leg was a single rigid body. The results confirmed that the aid altered the hip 
flexion-extension and lateral flexion-extension moments. Understanding such an 
influence will be important whenever a suspended aid is used for training. 
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INTRODUCTION: A suspended aid is a popular training aid for practicing ―circles,‖ the most 
basic skill in pommel horse exercises (Figure 1). With such an aid, a gymnast’s legs are 
suspended from above, so his legs are supported. The use of a suspended aid is 
recommended not only for a beginner to experience the overall motion of circles but also for 
a more advanced gymnast to refine his technique (Karácsony & Čuk, 1998).  

 
Even though a suspended aid helps a gymnast perform circles in a kinematic sense, having 
an additional external force on the legs could largely alter the dynamics of circles. Because 
the distal end of the legs is usually suspended, the moment arm relative to the hip joints is 
almost as long as an individual’s legs. This long moment arm may cause a substantial 
change in the hip joint moment profiles.  
The aim of this study was to investigate the influence of a suspended aid on the hip joint 
moment profiles during circles. Fujihara and Gervais (2009) presented hip joint moments 
during circles with no aid. Considering that gymnasts keep their legs straight and together, 
they assumed all segments of the lower extremities to be a single rigid body. Under such an 
assumption, moments at each side of the hips cannot be determined. Nevertheless, it was 
useful to analyze overall hip motions and therefore can be applied to test our hypothesis.  
 
METHODS: Data collection: A suspended aid was constructed with a rotator twisting belt. 
The inside of the ring frame was arranged so that it fitted to the various sizes of gymnasts’ 
legs. The cable suspending the aid was attached to a swivel on a beam running 4.1 m above 
the surface of the pommel horse.  
After general and event-specific warm-ups, the gymnasts were fitted with lightweight retro-
reflective makers as shown in Figure 2, and the anatomical calibrations were conducted prior 
to the main trials. The anatomical landmarks selected were based on the adjusted Zatsiorsky 
and Seluyanov’s data (de Leva, 1996) for estimating body segment parameters. 

Figure 1: Circles performed with the suspended aid. 

“guide” a gymnast, it helps them experience a desired motion or free attention for focusing on 
any specific aspect of circles in the process of learning.  
Several limitations of this study should be addressed here. First of all, the actual influence of 
a suspended aid on motor learning was beyond the intended scope of this study. Second, 
the results were based on only one type of a suspended aid. With a different variation of 
suspended aids, the motion of circles might vary. Especially, the height of the aid might have 
a large influence on the kinematics because it almost solely determines the height of the 
ankles during circles. Consequently, gymnasts would accommodate the body and shoulder 
angles to the prescribed positions of the legs. Finally, the influence of expertise was not 
considered in this study. It is possible that circles performed by an expert would be different 
from circles performed by a developing gymnast even if both use the aid.  
 
CONCLUSIONS: When circles were performed with the suspended aid, the amplitude of 
circles increased in terms of the ankle diameter, the body extension, and the shoulder 
extension. This means that the aid functioned as spotting, which is often used by a 
gymnastics coach to let gymnasts experience a more desirable motion of a skill. Together 
with the following study focusing on a kinetic comparison, the effects of a suspended aid on 
circles technique should be more thoroughly understood. 
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tension (Fcable), and the force applied from the 
legs (Fleg), gravity for the aid mass (Fg), and the 
centrifugal force acting on the aid (Fcent).  
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The right side of the equation was zero 
because there was no motion of the aid in the 
local reference system. The Fleg was the only 
unknown variable in the equation, and its 
reaction force was computed as the aid reaction 
force. The point of force application for the Fleg 
was assumed to lie on a circle that has the 
radius of d in the plane of the twisting belt. The 
value of d was determined based on the direct 
measurement during the experiment. Then, the 
point of force application (P) for Fleg was 
computed as:  

leg

leg

F

FdP   

The free moment (M’) was calculated by 
subtracting the moments caused by the cable tension and the forces applied from the legs 
from the total moments. That is:  

cable44#legPFA FPFPIM    
where I is the inertia of moment, α is the angular acceleration of the aid, PPFA and P#44 were 
the position vectors of the point of force application for Fleg and marker #44 in the local 
reference system, respectively.  
For each set of 10 circles, 7 circles (3rd - 9th) were used so that the mean data for each 
variable were computed from the data of 21 Circles (7×3 sets). 
 
RESULTS AND DISCUSSION: The results of this study confirmed that the aid had a large 
influence on the hip joint moment. When the gymnasts performed circles without the aid, the 
net moment for the flexion-extension motion was very small throughout a circle (Figure 4). 
This suggested that the gymnasts exerted a similar amount of flexion and extension moment 
at the hip joint, possibly with an intention to keep their bodies straight. However, a net 
moment never tells us how strongly the agonists and antagonists co-contracted (Winter, 
2009). The greater co-contraction increases the joint stability. On the other hand, when the 
gymnasts performed circles with the aid, we found the flexion moment during the double-
hand front support phase, the leftward lateral-flexion moment during the left-hand support 
phase, the extension moment during the double-hand rear support phase, and the rightward 
lateral-flexion moment during the right-hand support phase. In short, the gymnasts pushed 
down on the aid throughout a circle. In the coaching literature, circles with a suspended aid 
(so-called ―bucket-circles‖) are recommended to refine circles technique (Karácsony & Čuk, 
1998). However, it is anecdotally known that apparently nice circles with a bucket cannot be 
directly transferred to circles without it. The difference in the net hip joint moment can 
partially explain how bucket-circles are different from circles with no aid.  
 
CONCLUSIONS: A suspended aid could be used for a variety of purposes, and how to 
incorporate such training into a learning protocol is left to gymnasts and coaches. However, it 
is beneficial to know how a suspended aid influences the mechanics of circles. In this paper, 
we showed that the use of the aid had a large influence on the hip moment profiles during 
circles. The gymnasts pushed down on the aid throughout a circle, and such moment profiles 
would not be appropriate for circles without the aid. When the intended purpose of training 

Figure 3: The definitions of the local 
reference systems for joint moment 
computations. 

Eighteen gymnasts (mass = 47.7 ± 10.8 kg, height = 1.55 ± 0.11 m) performed three sets of 
10 circles on the pommel horse in two conditions: with and without the suspended aid. They 
had 9.4 ± 2.9 years of experience in competitive gymnastics, trained 20.3 ± 3.5 hours per 
week at the time of data collection, and were capable of performing 20 consecutive circles on 
a pommel horse. Either condition was randomly assigned for the first three sets of 10 circles, 
and then the gymnasts performed another three sets of 10 circles in the other condition. 
Three-dimensional (3-D) coordinates of the markers were captured using 13 Qualisys 
Proreflex cameras operating at 100 Hz. The cable tension was measured with a single-axis 
load transducer (LCCB-500, Omega engineering inc.) embedded between the cable and the 
twisting belt. The load transducer was calibrated by suspending known weights (from 5 to 
100 pounds), and the obtained regression equation showed a high linearity (R2 = 0.9996). 
The force data were recorded with the motion capture system via an analog board (USB-
1616FS, Measurement Computing) at 1000 Hz. Our local ethics committee approved all 
experimental protocols, and each gymnast provided written informed consent.   
Data analysis: The 3-D coordinates data were smoothed using a fourth-order Butterworth 
digital filter at the optimal cut-off frequencies (2.4 Hz - 11.6 Hz) determined by automatic 
algorithm of Yokoi and McNitt-Gray (1990). The 3-D coordinates of the anatomical landmarks 
on the lower extremities were reconstructed based on the coordinates of the cluster markers 
using the least square method (Cappozzo et al., 1997). Hip joint centres were estimated 
using Halvorsen’s algorithm (2003), and all other joint centres were estimated as the centres 
of two markers attached on the surface of each joint.  
To compute hip joint moments, all segments of the lower extremities—feet, shanks and 
thighs—were assumed to be a single rigid body (Fujihara & Gervais, 2009). The moments of 
inertia of the total legs were computed using the parallel axis theorem based on the six 
segments. Note that under this assumption, hip joint moment for adduction at each side of 
the hip, which was probably present to keep two legs together, was not taken into account. 
The hip joint moments were estimated by solving Euler’s equations with two rigid bodies: the 
total leg and the lower trunk. Three local reference systems, two for the segments and one 
for the joint, were defined using a vector product (Figure 3). In addition to the joint moments, 
the joint power was computed as the product of the joint moment and the joint angular 
velocity, which was defined as the relative angular velocity of the distal segment with respect 
to the proximal segment. The joint moments and powers were normalized by the product of 
each gymnast’s body weight and height.  
To determine the aid reaction force, the Newton’s equation of motion was formed in the local 
reference system that was embedded in the suspended aid involving four forces: the cable 

Figure 2: Marker placements. The markers from 24 to 37 (filled circles) were removed after 
anatomical calibrations. 
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3D KINEMATICS APPLIED TO THE STUDY OF INDIVIDUAL BMX
GATE START TECHNIQUE 
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Even if the BMX modality has been included in the schedule of the Olympic Games since 
Beijing 2008, there is a lack of scientific studies concerning this sport. According to the 
opinion of many trainers and experts, the start of the race is very important and both 
neuromuscular potential and sport technique are very relevant aspects of sport 
performance. The purpose of this study was to analyze the technique of three top young 
athletes of BMX during the starting gate in order to obtain relevant information to support 
their trainer’s decisions.  
  
KEYWORDS: biomechanical analysis, sport technique, BMX. 

  
INTRODUCTION: Despite of its well-recognized professional status, the Motocross Bicycle 
(BMX) riding has only recently been included in the schedule of the Olympic Games, on 
Beijing 2008. Accordingly to the opinion of the coaches, the gate start is very important for 
the performance because in addition to the shorter time in the start, the cyclist who is ahead 
of the race from the beginning has a certain advantage over the opponents. Nevertheless, to 
the best of our knowledge there is a lack of scientific information concerning BMX gate start 
technique. Thus, the purpose of this work is the evaluation of the individual technique of 
three Spanish top athletes during the gate start of the race and how this technique is 
influenced by individual characteristics. 

METHODS: Two S-VHS videocameras (Panasonic AG-DP800H, AG-DP200E) were used to 
record at sampling rate of 50 Hz the gate start of the subjects in a training track simulating 
race conditions, including a ramp with a slope of 20º. The recorded videos were then 
processed by the Kinescan/IBV 3D video photogrammetry system (Instituto de Biomecánica 
de Valencia, Valencia, Spain) in order to calculate the 3D coordinates of the digitized points. 
A biomechanical model defined by 28 digitized points upon the system of cyclist-bike (cyclist: 
3 points on helmet, 7th cervical, xiphoid, left and right: glenohumeral joint centers, elbows, 
wrists, 3rd metacarpal,  knees, ankles, heels, toes and hips. BMX: wheel hubs, seat post 
bolt, headset) was used, plus 4 digitized points on the gate ramp.  A metallic cube 
(4m×2m×2m) was used as reference object (Fig. 1). 

Figure 1: Experimental set up showing the global reference system location and the link 
segment model that was used in the study.   

with a suspended aid is to refine circle technique, understanding the difference in the hip 
moment profiles will be critical. 
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Figure 4: Angular velocities, moments, and powers at the hip joint during circles without the 
aid (grey) and with the aid (black). The solid lines indicate average of 378 circles (18 
gymnasts × 21 circles) and the broken lines indicate the ± 1 standard deviation from the 
average. The standard deviation was shown only for circles with the aid for the graph clarity.  




