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SUMMARY
The purpose of this study is to investigate the relationship
between the BCH angles and relative barbell mass (RBM=
barbell mass/ lifter’s body weight) for the young lifters during
snatch. The BCH angle is defined as the angle between the
projection vector of 7th cervical spinous process to barbell and
the projection vector of 7th cervical spinous process to hip
joint in the sagittal plane. The snatch movements of ten young
weightlifters were filmed and analyzed with a high speed
camera. Six events are defined as following: the barbell lifting
off the floor (LO), the barbell clearing the knee of the lifter
(CK), the lifter extending his hip joints to push the bar away
from his body (PB), the barbell reaching the maximum
forward position (MF), the barbell reaching its maximum
vertical height (MH), and the lifter catching the bar overhead
(CB). The results showed that the subjects who lifted greater
RBM have showed smaller BCH angles at the MF and the MH
events. This study suggests that reducing the BCH angle as the
barbell reaching the maximum forward position and the
maximum vertical height has been critical for the lifters to
snatch the heavier barbell successfully.

INTRODUCTION
The barbell kinematics during the snatch for elite weightlifters
have been investigated in previous studies [1,2,3]. Most
studies captured the kinematics of the barbell or the
weightlifter’s lower extremity joints and eventually concluded
that there was no parameter that was significantly different
between successful and unsuccessful lifts [4]. Furthermore,
elite weightlifters seemed to have no one standard bar
trajectory of successful snatch [5]. From the above studies,
investigating the relative movement between the bar and the
body of the lifter seemed to be more adequate to evaluate the
technique of the snatch than analyzing the barbell trajectory or
the kinematics of the body movement alone.

The BCH angle, a new single parameter which represents the
relative movement of the lifter’s body and the barbell, has
been validated to compare the snatch technique of the young
female lifters [6]. This study involved filming the snatch
movement of ten young weightlifters and attempted to use the
BCH angle to compare their snatch techniques.

METHODS
The snatch movements of ten young weightlifters (males: n=5,
age=16.6±1.1yrs, height=1.66±0.06m, weight=73.4±11.3kg ;

females: n=5, age=18.4 ± 0.5yrs, height=1.57 ± 0.08m,
weight=69.8±14.2kg ) were filmed on different days. A total
of 29 and 52 successful lifts were analyzed for male and
female weightlifters, respectively. This investigation was
approved by the Human Experiment and Ethics Committee of
the National Cheng Kung University Hospital. The subjects
were informed of the experimental risks and signed an
informed consent before participation.

A high speed camera (Mega speed MS1000, sampling
rate=120 Hz) was set on the left side of the lifters to capture
the snatch movement in the sagittal plane. The two
dimensional spatial coordinates of the selected points were
calculated using a direct linear transformation procedure by
Kwon 3D motion analysis software. The reconstruction errors
were less than 0.25cm for the film analysis on the different
days. The raw data were smoothed using a 4th-order
butterworth low-pass filter at a cut frequency of 6Hz. The
barbell mass lifted was determined by the coach’s instruction
and the order was similar to that adopted in competitions.

The six events defined in this study included: lifting the
barbell off the floor (LO), clearing the barbell past the knee of
the lifter (CK), extension of the lifter’s hip joints to push the
bar away from his body (PB), the barbell reaching its
maximum forward position (MF), the barbell reaching its
maximum vertical height (MH), and the lifter catching the bar
overhead (CB) (Figure1). The BCH angle defined as the angle
between the projection vector of the 7th cervical spinous
process to the barbell and the projection vector of the 7th

cervical spinous process to the hip joint in the sagittal plane
was calculated (Figure 2).

Figure 1: The six events included: LO, CK, PB, MF, MH and
CB (from left to right in order).

Figure 2: The BCH angle.



RESULTS AND DISCUSSION
The relative barbell mass (RBM, is the ratio of the barbell
mass to the lifter’s body weight)that can represent the skill
level of the lifters [5] were measured in this study. The
averaged RBM was 1.34±0.14 and 1.18±0.24 for the male and
female lifters, respectively. The averaged RBM of the male
lifters in this study was greater than those of the collegiate
male lifters in America [7]. Table 1 shows the lifters had
greater variations of the BCH angles at the MF and MH events.

Table 1: The RBM and BCH angles at the six events.
Males (n=5) Females (n=5)

RBM 1.34±0.14 1.18±0.24
BCH Angles (deg) at:
LO 37.8±3.1 41.4±3.7
CK 34.5±2.7 34.7±3.5
PB 12.3±3.5 7.3±4.8
MF 52.2±21.7 42.3±14.5
MH 148.2±13.9 140.3±20.4
CB 202.1±13.9 202.8±10.3

RBM: Relative Barbell Mass = barbell mass/ body weight.

The relationships of the BCH angles and RBM showed that
the BCH angles of the male lifters at the MH (r=-0.63,
p=0.0002) and of the female lifters at the MH (r=-0.75,
p<0.0001) and the MF (r=0.53, p<0.0001) events were all
negatively correlated with the RBM (Figure 3 and Figure 4).
To exclude the data of the one of the male subjects, the BCH
angles at the MF of the other four male lifters also had
negative correlation with the RBM (r=-0.57, p=0.0033).

The results indicate that the BCH angles of the lifters at the
MF and the MH events seemed to be critical for the lifters to
snatch the heavier barbell successfully. The more lifters who
had the lifts of greater RBM have performed smaller BCH
angles at the MF and the MH events. As the barbell reaching
the maximum forward position, performing greater BCH angle
implied that the barbell has been far away from the lifter. The
greater BCH angle at the MH event may showed that the lifter
has squatted down under the bar too early. These above
inadequate movements perhaps increase the difficulty to catch
the bar successfully.

CONCLUSIONS
The results of this study show that the BCH angles of the
lifters at the MH and MF events had higher correlation with
the relative barbell mass. To reduce the BCH angle as the
barbell reaching the maximum forward position and the
maximum vertical height has been critical for the lifters to
snatch the heavier barbell successfully. In future, the three
dimensional analysis of the BCH angles should be carried out
to identify the validation of the BCH angle to evaluate the

snatch technique.

Figure 3: Relationship between BCH angles at MF event and
RBM for female weightlifters.

Figure 4: Relationship between BCH angles at MH event and
RBM for female weightlifters.
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