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Abstract: Background: Pro-golfers are increasingly trained scientifically, but swing technique
characteristics have not yet been conclusively determined for golf performance. We investigated the
relationship between the player's thorax, pelvis and club based on a wireless biofeedback system.
We also determined whether thoracic and pelvic changes during different swing phases have
different effects on ball striking. Methods: Eight male professionals performed 10 successful full-
swing shots using a 5-iron and applied the K-vest wireless biofeedback system for analysis. Results:
Peak angular velocities between the pelvis, torso, and clubs were all significantly different (p<0.05)
in the men's professional players. All players deviated more from the PGA players range metrics
during the preparation stance. Excessive lateral pelvic bending angle, over-rotation, and
hyperextension of the trunk were prevalent at the top of the backswing. Conclusions: Most players
have an irrational sequence of pelvic, trunk and club rotation times, which is not conducive to
improving club head speed and distance. Excessive pelvic rotation in the closed direction at the apex
of the backswing is not conducive to maximizing the X-factor. At the moment of striking the ball,
maintain a moderate forward trunk lean and full trunk rotation to avoid sports injuries.

Keywords: golf; pro-player; full swing; biomechanics

1. Introduction

In golf, the key to swing technique is to produce faster club head speeds [1,2]. Faster club head
speed is a combination of limb speed and power, and the limbs tend to move from proximal to distal
links in a sequence of acceleration and braking, resulting in great speed at the end of the link, and the
use of the body's rotational mechanics to transfer this speed to the club to maximize power [3,4].
Studies have found the importance of relative or absolute pelvic and trunk rotation, translation, and
the generation of such free moments during the swing when the player hits the ball [5,6]. The X-factor
(shoulder-hip separation angle) is one of the commonly investigated indicators of athletic
performance in the game of golf [7], and rotational biomechanics is a key determinant of distance
from the ball [5,6,8].The ability of the more skilled golfer to obtain a large X-factor at the top of the
backswing increases club head speed and ball speed[9,10]; the baseline curves for the angle of rotation
and speed of rotation for the pelvis, upper torso, and X-factor are established throughout the golf
swing and have also been demonstrated in professional players[4]. Research has shown that that
pelvic rotation occurs prior to torso rotation, increasing the X-factor early in the downswing, and that
torso-pelvic separation contributes to both upper body rotation speed and torso-pelvic separation
speed, which ultimately contributes to increased ball speed[6,9].Other scholars, also through the
body joint rotation characteristics and stability, ground reaction force, center of gravity transfer,
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physical factors and other aspects also carried out extensive research, found that many aspects play
an important role in improving club head speed and hitting distance[4,11-13].

Mastery of long iron technology can allow players to play in the competition to play a more
excellent sports performance and strike a longer hitting distance, the current research on the analysis
of golfers' swing technology focuses on the driver[14-16]. Although there are studies on the technical
analysis of irons, most of the tested clubs are medium - long irons, and the research objects are mostly
amateur players[17-21], and there are very few studies on the analysis of professional players and
long irons[22,23]. Thus, this study applied the K-vest wireless biofeedback system to analyze the full
swing technique of male professional players to provide a theoretical basis for the development of
scientific training.

2. Methods

2.1. Participants

Eight right-handed professional golfers (all members of China Golf Collective Team, age=19 +
3 years; height= 177 + 4 cm; mass = 74 + 3 kg) gave their informed consent to take part in the study.
Ethical clearance was obtained from the University Ethical Advisory Committee which was in
accordance with ethical standards and principles of the 1964 Helsinki declaration.

2.2. Data Collection

The K-vest wireless biofeedback system (Figure 1) was applied to 8 players at the National Golf
Training Center in Nanshan, Shandong Province, China. The test clubs were 5-irons with steel shafts,
and the players were allowed to warm up and practice hitting the ball for 20 minutes prior to the start
of the test. At the beginning of the test, the sensors were placed on the top of the player's sacrum,
back and wrists, and ensure that the safety wristbands were in a locked state. After the equipment
was turned on and calibrated, the player was required to stand in a neutral aiming position, parallel
to the predetermined target line. At the same time to ensure that the surrounding signal stability, to
exclude undesirable radio interference, after successful debugging each player to complete 10 full
swing batting action, and collect relevant data.
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Figure 1. Schematic diagram of experimental equipment and acquisition (a) K-vest Wireless
Biofeedback System; (b) Schematic Diagram of Swing Action.

2.3. Defined

Axis of Motion: The athlete's anterior-posterior direction is set as the X-axis, the direction of a
vertical line perpendicular to the X-axis toward the flagpole is set as the Y-axis, and the direction
perpendicular to the plane formed by the X and Y is set as the Z-axis (Figure 1).
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Pelvic rotation angle: the angle formed by the transverse axis of the pelvis and the Y-axis. If the
transverse axis of the pelvis is parallel to the Y-axis, it is considered that the pelvis is in a neutral
position (0°), and the pelvis rotates away from the direction of the flagpole (closed position) in a
negative direction, and in the opposite direction (open position) in a positive direction.

Angle of rotation of the trunk: the angle formed by the transverse shoulder axis and the Y-axis.
If the transverse shoulder axis is parallel to the Y-axis, the trunk is considered to be in a neutral
position (0°), the angle of rotation of the transverse shoulder axis away from the flagpole (closed
position) is negative, and the angle of rotation in the opposite direction (open position) is positive.

2.4. Characteristic temporal phases and phasing

The full swing technique was divided into 4 characteristic temporal phases and 3 stages
according to the research needs. Aiming preparation ( Figure 2, a): the moment of changing from the
preparation position to the backward lead; top of the backswing (Figure 2, b): the moment when the
direction of the club head changes from moving backward to moving forward from the backswing
to the highest point; the point of impact (Figure 2, c): the moment when the club head makes contact
with the ball; and the ending point (Figure 2, d): the moment when the speed of the club head at the
end of the stroke becomes 0 behind the body. Backswing phase: from the aiming preparation to the
top of the backswing (Figure 2, a-b); Downswing phase: from the top of the backswing to the point
of impact (Figure 2, b-c); Follow-through phase: from the point of impact to the finish point (Figure
2, c-d).

(a) (b) (0) (d)

Figure 2. Phase Picture of Swing Characteristic (a) Aiming preparation; (b) Top of the backswing; (c)
The point of impact; (d) The ending point.

3. Results
3.1. Full Swing Sequence of Motion Characterization

3.1.1. Starting sequence

Full-swing technical movements in the form of human movement manifested in the torso twist
and upper limb whip, the backswing phase rely on the torso of the transverse axis of the shoulders
and the transverse axis of the hips around the spine of the spinal column of the rotation of the force,
the upper limbs to control the club to strike the target of the club first in the opposite direction of the
swing club, accompanied by the amplitude of the backswing increased, the torso to complete the
reversal of the torso. In the swing sequence chart measured by the K-vest Wireless Biofeedback
System (Figure 3). The ideal sequence of movement in the backswing phase is club-arms-torso-pelvis,
and the correct start sequence is conducive to the formation of the correct downswing sequence,
resulting in a more efficient swing. The wrong way to start the club will easily lead to delayed
extension of the hips and trunk at the beginning of the backswing, the study found that two of the
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players had their hips start more behind the trunk and the club and the upper limbs and trunk were
more involved in the backswing, which affects the club head speed; three players had their hips start
earlier than the club or the trunk, which will lead to the failure of the backswing to form the force,
and the formation of the club's "stuck in the inner end" of the swing.

© (9 @ b

Figure 3. Pelvis, Torso, and Club Angular Velocity Curves for the Full Swing (a-h are plotted for each
of the 8 players, Yellow lines = Club shaft, Green lines = Thoracic spine position and Red lines =
Pelvis.).

3.1.2. Transition sequence

Transition refers to the transition from the top of the backswing to the downswing, the
backswing completes the force storage, the torso and upper limbs control the club in the downswing
to twist the club towards the target direction, completing the whipping action from the proximal to
the distal limb sequential force generation process. The key to effective energy transfer in the
downswing lies in the transition sequence, each body link should have a proper sequence of
acceleration and deceleration, the ideal transition sequence is pelvis - thorax - club, in the early stage
of the downswing the pelvis rotates faster than the thoracic vertebrae, the proximal link of the body
moves more than the distal link, and the angle of rotation of the spine is constantly increased to
stretch the muscles into a centrifugal contraction state that can provide more power for the ball. The
second transition sequence is a downswing in which the pelvis and thoracic spine rotate at the same
rate, the muscles are in isometric contraction, and then the club rotates again. This provides power
for the downswing but makes it difficult to generate maximum power. The third transition sequence
is that the club rotates first in the downswing, the thoracic spine rotates faster than the pelvis, then
the pelvis rotates, the distal link of the body exceeds the proximal link, and the muscles rapidly enter
centripetal contraction, which fails to produce a whip, resulting in a lack of power in the stroke. The
swing is characterized by an early opening of the wrist flexion angle, a larger clubface angle at the
moment of impact, and a reduction in the distance of the stroke which in turn leads to inefficiency.
As seen in Figure 3, the transition sequence of most players was the ideal transition sequence, and
only 1 player had the wrong sequence which was characterized by club rotation first, then pelvic
rotation, and finally thoracic spine rotation.

3.1.3. Peak rotational angular velocity and time characteristics

The peak pelvic, trunk, and club angular velocities of the participants were 456.07 + 73.56%/s;
757.20 + 66.93%s; and 2014.94 + 116.99%/s, with coefficients of variation of 16.1%, 8.8%, and 5.8%,
respectively, and the mean ranges of the PGA's top players were 425 ~ 510%s; 650 ~ 720%/s; 1600
~1850%/s (Table 1). The range of peak pelvic angular velocity is consistent with that of the top players,
while peak upper trunk angular velocity and peak club angular velocity are higher than them. The
peak angular velocities of the pelvis, torso and club were significantly different (p<0.05), with the
peak angular velocities of the pelvis < peak angular velocities of the torso < peak angular velocities
of the club. With the assistance of K-vest wireless biofeedback system, the starting sequence of the


https://doi.org/10.20944/preprints202309.1774.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 September 2023 doi:10.20944/preprints202309.1774.v1

sensor curves at different positions can be observed to know the players' starting sequence, and the
analysis of the peak data of the curves corresponding to each position can be well derived from the
changes of the peak angular velocity of the pelvis, torso, and club in the process of swinging the golf
club (Figure 4). It has been found that the shoulders and wrists are more involved in the moment of
hitting the ball, and do not reflect well the whipping effect of the limbs as a means of accelerating
and braking. Once this angular momentum occurs during the swing, it causes resistance due to the
inertia of the player's body, preventing the body from moving forward and sideways. Players in the
early stage of the downswing hips take the lead in the rapid movement of the shoulders and hands
of the small muscle groups contraction force is insufficient, affecting the transfer of power, forcing
the right shoulder toward the ball position forward to move the club away from the player's body,
increasing the angular velocity of the club peaks, cannot be the body rotation of energy generated by
a good transfer of energy to the club head, the club head speed is reduced to produce a right curved
ball, through the strengthening of abdominal obliquity, wrist extensors related to the training can be
effectively Improve power transmission.

Table 1. List of Peak Parameters of Players' Pelvis, Trunk and Club Angular Velocity.

Pelvis (%/s) %CV Trunk (%/s) %CV Club (“/s) %CV

Na 574.27+8.15 1.4% 791.64+5.14 0.6% 2217.09+38.49 1.7%
Ns 510.40+10.61 2.1% 749.80+15.03 1.9% 1872.70+29.50 1.6%
Nc 486.64+16.17 3.3% 838.18+8.01 1.0% 2008.00+28.04 1.4%
Nb 423.75+15.87 3.7% 700.17+31.22 4.5% 2028.33+117.49 5.8%
NEe 415.75+27.50 6.6% 622.00+6.00 1.0% 2032.25+20.50 1.0%
Nr 489.92+9.47 1.9% 729.75+7.96 1.1% 2043.33+33.62 1.6%
Na 434.42+27.68 6.4% 830.08+16.61 2.0% 1867.92+29.94 1.6%
Nu 337.60+21.16 6.3% 692.80+39.46 5.7% 2046.20+49.85 2.4%
Total 456.07+73.56 16.1% 757.20+66.93 8.8% 2014.94+116.99 5.8%

PGA ranges 425~510 650~720 1600~1850

! Na- refers to participants and PGA ranges are the reference ranges given by the device, the same as below.
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Figure 4. Full Swing Pelvis, Torso, and Club Angular Velocity Comparison (*represents a significant
difference).

3.2. Preparatory posture characteristics

Reasonable preparation posture is the foundation of the full golf swing, as can be seen through
Table 2, do a good job of hitting the ball ready posture in hitting the ball ready posture in the anterior
pelvic tilt angle of 2 players angle average value is greater than the PGA players range of 12° ~ 27°. In
the comparison of anterior trunk tilt angle, there are 4 players with anterior trunk tilt angle greater
than the range of PGA players. Three players in the trunk lateral bending angle comparison had
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angles less than the PGA player range of 0.1° ~ 1.7 Pelvic rotation angle comparisons had 2 players
in the open position and 1 player in the closed position during the stroke preparation position. The
torso rotation angle had 1 player with an angle mean greater than the PGA player range and 2 players
below the PGA player range. Analysis of the data indicates that the body posture during the batting
preparation phase has yet to be standardized. The anterior pelvic tilt angle and anterior trunk tilt
angle in the preparation stance are an important part of providing good support for body rotation in
the full swing, which in turn produces maximum club head speed. There are 4 players whose anterior
trunk tilt angle exceeds the range of values for PGA players. Excessive anterior tilt angle is not
conducive to trunk rotation and tends to reduce club head speed affecting the distance of the stroke,
indicating that the hip flexion and extension is not enough and there are compensatory actions of the
body during the stance, and the training clock should be strengthened to address the related
problems. Pelvic lateral bending angle is smaller than the trunk lateral bending angle, this is due to
the usual golfers in the grip, the left hand on the top, the right hand in the bottom. The left shoulder
is slightly higher than the right shoulder after the shot has been prepared. The corresponding left hip
is higher than the right hip. Another important reason is that as the body rotates during the
downswing, the amplitude of the torso side bend angle increases further, which allows the club face
to be at a reasonable hitting angle at impact and maintains the ideal takeoff angle.

Table 2. List of Technical Parameters of Players 's Preparatory Posture (%/s).

Anterior pelvic  Lateral pelvic Anterior trunk Lateral trunk Hip axis  Shoulder axis

tilt curvature tilt curvature angle angle
Na 28.83+1.72 3.08+0.67 37.25+0.91 16.17+0.69 7.08+2.32 11.83+1.45
N 23.42+0.79 -0.25+0.30 51.42+1.43 7.58+0.84 -3.58+0.91 7.25+0.67
Nc 20.8+0.97 3.20+0.64 47.67+0.83 4.13+0.82 2.33+1.34 5.73+0.87
Nb 31.25+1.43 2.00+0.52 38.50+1.97 13.75+1.78 1.75+2.45 8.75+1.89
NEe 20.00+0.34 3.00+0.67 48.67+0.75 4.75+0.72 3.67+0.84 5.00+0.27
NE 23.19+0.29 1.36+0.73 39.28+0.61 14.81+0.72 4.09+0.45 17.63+0.61
Nc 21.82+1.96 0.00+0.00 41.91+£2.01 16.82+1.47 2.18+0.98 18.46+1.49
Nu 17.00+0.67 2.90+0.36 47.30+1.71 12.60+0.97 6.70+0.21 16.50+0.92
Total 22.29+46.63 1.91+2.73 44.17+6.12 11.33+2.68 3.03+1.37 11.39+4.16
PGA 12~27 -1~5 35~45 11~18 -2~6 7~17
ranges

3.3. Backswing Top Characteristics

From the biomechanical level analysis of the golf full swing in the human body in the form of
the basic movement of the torso twist, including the thoracic spine joints, lumbar spine joints and
ankle joints, high-level athletes in order to increase the distance of the ball as much as possible to
increase the separation of the hip-shoulder [24], so as to make most of the joints of the body to achieve
the maximum amplitude of rotation under the premise of maintaining a relatively stable for the
downswing phase of the accumulation of more energy to produce greater torque. The anterior pelvic
tilt angle at the top of the backswing was outside the PGA player range for 1 player, the lateral pelvic
curvature angle was too large and outside the average PGA range for 5 players, 2 players had less
than average anterior trunk tilt and lost their body position at the top of the swing, becoming
straighter. the lateral trunk curvature angle tended to be shifted in the opposite direction of the shot
for 1 player, and the pelvic rotation angle was turned by a greater angle in a closed direction for 3
players, averaging outside the PGA player range, and the torso rotation angle had 4 players who
averaged beyond the PGA player range in the closed direction. As can be seen from the results,
excessive lateral pelvic bending angles, over-rotation, and hyperextension of the torso were prevalent
at the apex of the backswing. The vertex position is the transition between the backswing and the
downswing, and to achieve a continuous and efficient swing, the correct vertex position is critical,
which will ensure that the swing plane is in the ideal position. Core stability training should be added
to daily physical training to avoid excessive pelvic curvature, over-rotation, and hyperextension of
the torso at the top of the backswing.
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Table 3. List of Technical Parameters of Players at the Top of the Swing (¥/s).

Anterior pelvic  Lateral pelvic Anterior trunk Lateral trunk Hip axis  Shoulder axis

tilt curvature tilt curvature angle angle
Na 16.75+2.27 -17.08+0.87 -0.50+1.23 -40.83+0.61 -45.67¢1.89  -87.67+2.03
Ns 12.00+0.73 -16.08+0.71 6.50+2.14 -43.33+0.43 -53.83+0.86  -95.67+1.49
Nc 17.33+0.93 -17.20+0.32 6.47+1.38 -39.60+0.63 -52.27+1.71  -92.53+1.72
Nb 26.25+1.81 -16.00+0.65 3.00£2.62 -43.50+0.16 -52.50+3.95  -103.25+5.47
NEe 11.08+0.64 -16.67+0.54 -3.41+1.54 -41.50+0.81 -53.17+0.87  -94.42+1.67
Nr 20.18+0.78 -12.09+0.71 7.09+1.12 -45.09+0.94 -36.27+0.81  -79.18+0.86
Nc 15.55+2.45 -12.64+0.65 5.00+0.36 -38.27+0.86 -42.18+3.87  -88.91+1.98
Nu 12.40+0.46 -11.90+0.91 5.40+0.62 -46.30+0.21 -42.10£0.23  -87.20+0.37
Total 16.44+4.71 -14.96+2.15 3.69+8.39 -42.30+4.17 -47.17+8.14  -91.10+7.48
PGA 11~23 -13~-4 2~15 -45~-39 -46~-30 -86~-74
ranges

3.4. Hitting Moment Characteristics

At the moment of hitting, 2 players had excessive anterior pelvic tilt beyond the PGA players'
range of 0°~ 9.0°. 4 players were less than the PGA players' range of 10° ~ 172 in the comparison of
lateral pelvic curvature angle. The problem was more prominent in the comparison of anterior trunk
inclination angle, 4 players were in the normal range of values, and the rest of the players exceeded
the range of the PGA players, indicating that most of the players lost their body postures at the
moment of hitting the ball, and tilted their torsos forward more, which tended to lead to unsound
hitting.4 players were less than the range of the PGA players in the comparison of the lateral angle of
trunk curvature, and 1 player was above the range of the PGA players.4 players were less than the
range of the PGA players in the comparison of the pelvis rotation angle, and 1 player was below the
range of the PGA players. PGA player range and 1 player was above the PGA player range. 5 players
had insufficient torso rotation and were below the PGA player range overall. The analysis concluded
that there were two major issues with a greater anterior trunk tilt angle and insufficient trunk rotation
at the point of impact in the full swing. Pelvic rotation angle and trunk rotation angle have a direct
effect on the club head speed when hitting the ball, the club head speed is an important condition of
the hitting distance, in the golf full swing hitting effect of the ball, the longer hitting distance can
reduce the distance between the ball and the target hole, for the player's next shot when the club
selection, tactical development to provide more possibilities. Pelvic flexion and extension exercises
should be added to the training program to ensure that the torso is able to reduce the forward tilt
angle and increase the rotation angle during the downswing.

Table 4. List of Technical Parameters of Players at the Moment of Hitting the Ball (%/s) .

Anterior pelvic  Lateral pelvic Anterior trunk Lateral trunk Hip axis  Shoulder axis

tilt curvature tilt curvature angle angle
Na 7.00£0.12 16.17+0.76 35.92+0.29 28.17+0.89 43.00+0.24 23.33+1.56
Ns 6.83+2.57 8.83+0.56 48.08+3.13 21.58+6.42 25.00£3.28 15.42+9.21
Nc 1.33+1.09 11.73+0.56 49.53+1.29 24.87+2.36 14.53+0.98 14.07+1.86
Nb 12.75+0.97 12.00+2.73 48.75+4.22 13.25+6.62 25.50+4.46 4.75+2.15
NEe 6.75+0.37 6.17+0.51 52.50+2.28 15.58+3.15 24.67+2.49 16.92+3.61
NFr 11.09+0.79 11.45+0.79 41.00+0.84 35.91£1.65 46.00+1.75 36.00+1.26
Nc 6.00£2.65 8.00+0.48 39.55+1.75 31.82+2.78 64.27+2.49 33.46+3.45
Nu 4.60+1.56 16.60+2.14 40.20+0.67 23.80+3.18 46.00+2.18 29.00£1.20
Total 7.04+5.20 11.37+3.65 44.44+6.25 24.37+2.38 36.12+4.73 21.62+5.67
PGA 0~9 10~17 29~42 24~33 35~50 26~34

ranges
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4. Discussion

This study was conducted to understand the technical characteristics of the general professional
players at the moment of swing and to compare them with the parameter ranges of the top
professional players. Analyzing the common technical characteristics of professional players at
critical moments and exploring the causes of movements that deviate significantly from the
parameter range are the objectives of this study. By observing the start-up sequence of the sensor
curves at different positions of the calibration, the player's launch sequence can be known, and the
peak data analysis of the curves corresponding to each position can be derived from the peak changes
of the angular velocity of the pelvis, torso, and club during the swing process (Figure 3). For the right-
handed player, at the beginning of the downswing, the large muscle groups at the proximal end of
the body contract, the center of gravity of the body is shifted to the front side (left side), and the front
knee (left knee) is placed directly above the front foot (left foot), which encourages the lower
extremities to be the easiest to launch [25,26]. When placing the knee directly above the foot, the
quadriceps are able to work to straighten the knee, and the gluteus maximus and tendon muscles are
able to create tension in the hips and pelvis through contraction. With this tension movement
working together, the front foot applies a force to the ground, which then applies a reaction force to
the player. This reaction force is easily transmitted through the legs to the pelvis and torso, which in
turn creates a better transfer of power and contributes to stroke efficiency.

Scholars believe that the hip and shoulder axes should be aligned with the target line in the
ready stance [27]. The shoulder axis pointing in the ready stance of the participants in this study was
moderately shifted from the target line, which was mainly related to the clubface pointing, shoulder
axis pointing, and hip pointing during the aiming of the ball. The participants' pelvic flexion and
extension ability and lumbar spine flexibility during the downswing were insufficient, resulting in
the presence of a compensatory movement of the trunk to increase the angle of forward tilt [28,29].
This affected their rotational amplitude, with trunk rotation angles below the range of PGA players.
Pelvic rotation angle and trunk rotation angle had a direct effect on club head speed during the stroke
[30], with restricted pelvic and trunk rotation angles resulting in reduced club head speed and loss
of distance to the ball.

Based on the results of the study, the following recommendations were made to characterize the
full-swing technical movements of Chinese national team golfers: (a)Enhance the standardization of
swing movements, compared with PGA players, our men's golf national team players in the shot
preparation and top of the backswing phase of the body angle parameter deviation is larger, resulting
in different technical movements between players. Through the establishment of a new scientific
training concept and the development of a perfect scientific training program to standardize the
players' technical movements at critical moments. (b)Strengthening physical training is
recommended to stabilize the performance of body parts, form stable technical movements and
improve sports performance through scientific physical training. (c)Prevention of sports injuries, in
the golf swing process, the torso and pelvis large-scale twisting will cause damage to the muscles of
the waist, if there is an irregular technical movement in the swing process will increase the occurrence
of low back injury. It is recommended to establish correct, complete and standardized technical
movements, and imitate according to the structure and sequence of technical movements, so that
athletes can recognize the correct technical movements and deepen their understanding of the
concepts of technical movements, thus establishing a correct representation of the movements and
avoiding the occurrence of sports injuries.

5. Conclusions

In terms of start-up sequence and peak angular velocity, most players experienced an ill-timed
sequence of pelvis, torso and club rotation, which was not conducive to improving club head speed
and distance.

Most players have excessive pelvic rotation toward closure at the top of the backswing, which
is not conducive to maximizing the hip-shoulder separation angle.
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At the point of impact, most players have two major problems: too large anterior tilt angle of the
torso and insufficient rotation of the torso, which will put a greater load on the lower back and even
trigger the risk of sports injuries.
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