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CHAPTER I 
INTRODUCTION 

 
1.1 Background 

Golf is a globally popular sport enjoyed by people of various professions and 
ages. It features both amateur and professional competitions, with the player achieving 
the lowest score (fewest strokes) emerging as the winner. One of the most crucial skills 
in golf is the swing, a complex bodily movement utilizing the kinetic chain principle to 
transfer force, enhancing club head momentum and speed while controlling the 
clubface angle before impact, ensuring accurate ball trajectory towards the target 
(Bradshaw et al., 2009). Weight transfer during the golf swing is a mechanical concept 
that golf coaches consider a key indicator in golf swing training (Norman, 1995). The 
concept of weight transfer was first introduced as a buzzword among players and 
coaches in a Golf Digest magazine article (Nelson, 1980). This concept has been 
extensively studied, primarily through variables derived from force platforms, such as 
vertical force distribution (Chu et al., 2010), center of pressure (Ball and Best, 2011), 
and torque (Han et al., 2019). Developing a more efficient golf swing is vital for players 
to succeed in competitions. However, there is a lack of data regarding weight transfer 
based on pressure measurements between the feet and shoes. This gap in knowledge 
highlights the need for further research to understand the intricacies of weight transfer 
and its impact on golf swing performance. 

Worsfold et al. (2009) investigated plantar pressure distribution in golfers, 
focusing on peak pressure rather than pressure fluctuations throughout the swing. Ball 
and Best (2007) identified two distinct weight transfer patterns ("Front Foot" and 
"Reverse Pivot") using center of pressure (CoP) analysis. The "Front Foot" pattern 
involves backward CoP movement during the backswing and forward movement during 
the downswing, while the "Reverse Pivot" pattern involves backward CoP movement 
during the backswing and maintaining that position throughout the downswing. 
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However, Pataky (2015) highlighted. The limitations of relying solely on CoP 
analysis, emphasizing the importance of considering foot pressure distribution for a 
comprehensive understanding of force transmission during the golf swing. 

A key aspect of golf performance lies in the relationship between 
biomechanical variables. Chu et al. (2010) analyzed kinematic data and ground reaction 
forces in 308 golfers, revealing that upper body-pelvis separation (X-Factor), delayed 
arm and wrist release, forward and lateral body tilting, and weight transfer during the 
swing significantly correlated with ball speed. Ball and Best (2011) observed a 
connection between greater CoP displacement and higher club head speed in a 
sample of 5 players. Their earlier study (2007) found that increased distance and speed 
of CoP movement during the downswing correlated with higher club head speed in a 
"forefoot" stance. Pataky (2015) further explored the relationship between foot 
pressure and club head speed in 32 players with varying handicaps. The study 
discovered that players with higher club head speeds also generated higher pressure 
values on the lead foot's lateral side. These findings underscore the importance of 
biomechanical factors in optimizing golf performance, offering valuable insights for 
players and coaches seeking to improve their game. 

Several studies have investigated the relationship between foot pressure and 
golf club type. Barrentine et al. (1994) found that ground reaction forces were greater 
when golfers used a driver compared to other clubs, while vertical torque remained 
similar (Worsfold et al., 2021). Ball and Best (2011) noted that the pattern of center of 
pressure (CoP) movement was similar between driver and iron swings. Navarro et al. 
(2022) observed significant differences in pressure distribution between the left and 
right feet for both driver and 5-iron swings, but this distribution remained consistent 
when switching between club types. Additionally, they found differences in foot 
pressure patterns between professional and amateur golfers, particularly in the medial 
and lateral areas of the foot throughout the swing. 

The study of energy flow is crucial for understanding efficient golf swing 
mechanics and injury prevention. Takagi (2018) highlighted the importance of 
coordinated joint movements in transferring energy to the golf club. Proximal joints, 
like the lumbar and shoulder, play a key role in power generation, and the timing of 
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their movement is essential for optimal energy transfer. Kenny et al. (2008) investigated 
kinetic energy (KE) transfer in golf swings, finding a strong correlation between peak KE 
and its timing for both driver and iron shots. This suggests similar trunk and arm 
velocities for both types of shots. Peak KE consistently increases from proximal to 
distal body segments during the swing, but the timing of peak KE does not follow this 
sequence. The arms peak first, followed by the hips, torso, and club, indicating 
coordinated movement for optimal energy transfer. These findings contribute to 
understanding KE transfer in golf and can inform swing technique development and 
equipment design. Nesbit and Serrano (2005) examined the relationship between work 
and energy in golf swings, revealing that the primary factors influencing club head 
kinetic energy are the work done by the golfer, club head speed, and club head mass. 
An efficient swing maximizes energy transfer from the golfer to the club head, and 
regular practice can help golfers develop a more efficient swing. 

Investigating foot pressure patterns in professional and amateur golfers to 
reveal their correlation with energy flow during the golf swing. This research aims to 
enhance golf instruction and training methodologies, enabling the development of 
tailored teaching techniques, drills, and equipment that cater to golfers of all levels. 
By understanding the intricacies of foot pressure and energy transfer, we can empower 
players to refine their skills and elevate their overall performance on the course. 

 

1.2  Research objective 
1.2.1 To investigate how foot pressure patterns vary during the golf swing when 

using different club head 
1.2.2 To compare foot pressure distribution patterns during the golf swing between 

professional and amateur golfers. 
1.2.3 To analyze the correlation between foot pressure distribution and energy 

transfer during the golf swing. 
1.2.4 To utilize data collected from studying foot pressure and energy flow to 

develop advanced golf swing analysis tools. 
 

 



 
 

CHAPTER II 
LITERATURE REVIEW 

 
In this research, the researcher studied relevant documents and research 

papers and presented the findings under the following topics: 
1. The golf swing movement  
2. Biomechanics in Golf Analysis 
3. Related Research 

 
2.1 The golf swing movement 

Golf is a sport enjoyed worldwide, with a growing number of players each year 
regardless of gender and age. It can be played for fun, challenge, or competition, and 
it also promotes good health. Players use golf clubs to hit a golf ball from a starting 
point into a hole according to the rules. Golf courses feature various obstacles, such 
as sand traps or water hazards, to add to the challenge of the game. 

2.1.1 Golf equipment 
A golfer's bag typically contains no more than 14 golf clubs and golf balls. 

Each club has unique characteristics, including head size, loft angle, and shaft length, 
to suit various playing situations. The longest clubs are called woods, traditionally 
made of wood but now commonly made of steel or composite materials. Woods are 
used for long-distance shots. The driver is the largest and longest wood, designed for 
tee shots. Fairway woods are smaller and have various loft angles, often referred to 
by odd numbers like 3-wood, 5-wood, etc. Irons are used for shorter shots, such as 
approaching the green, while putters have the lowest loft angle and are used for rolling 
the ball on the green. Modern golf balls have small dimples around them to reduce 
drag and improve flight stability. Golf shoes have spikes on the sole for better traction 
on the course.
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2.1.2 Golf course 
A golf course is an area designed for playing and competing in the sport 

of golf. The course typically consists of the following elements: 
Putting Green is a finely mowed grass surface where the golf ball can roll 

smoothly. The green contains a hole that is 108 millimeters in diameter and at least 
100 millimeters deep. Players use a "putter" (a club with a flat face) to roll the ball 
into the hole. 

Fairway is a well-maintained grassy area where the ball typically lands 
after being hit from the teeing ground. The fairway is usually around 32 yards wide. 

Par on each hole on the course is the number of strokes a skilled golfer 
is expected to take to complete the hole. A typical golf course has 18 holes and a par 
of 72 or higher. 

Teeing Ground is the starting point for each hole. Players can use plastic 
or wooden tees to elevate the ball for their first stroke. 

Hazards are two types, water hazards and bunkers (sand traps). Hazards 
make it more difficult for players to hit their shots. If a ball lands in a hazard, the player 
can usually play it from where it lies without penalty. If the player cannot play the 
ball from the hazard, they can choose to play from another location but will incur a 
one-stroke penalty. 

Out of Bounds (OB) refers to areas outside the boundaries of the golf 
course. If a ball lands out of bounds, the player must replay the shot from the original 
location with a one-stroke penalty. 

2.1.3 Golf techniques 
Golf is an individual sport with two main swing styles, the Classic swing 

and the Modern swing. 
Classic Swing This swing involves a similar rotation of the shoulder and 

hip axes during the backswing. It is characterized by digging in the toes and opening 
the heel of the front foot, allowing for a wider hip angle after a forceful swing. The 
classic swing maintains an upright posture, which places more stress on the shoulders 
and can lead to injury. Golfers who can reduce shoulder tension can minimize lateral 
tilting in their stance. With less bending, there's reduced pressure on the spine, 
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preventing potential lower back injuries (Gluck et al., 2008). Injuries occur frequently 
and are often a result of incorrect swing technique or overuse (Zouzias et al., 2018). 

Modern swing The modern golf swing is characterized by a greater twisting 
of the shoulder joint compared to the hip joint during the backswing. The front foot 
remains flat on the ground, unlike the traditional swing, where the heel is lifted. This 
enhances the control and stability of the club as it's brought back to its starting 
position. During the downswing and follow-through, the modern swing involves a 
pronounced tilt of the body, along with a deeper back arch. This twisting motion 
between the shoulder and hip axes, known as the X-Factor, generates increased 
clubhead speed and, consequently, greater power on impact. However, this increased 
rotation can put stress on the lower back and spine, potentially leading to pain and 
injury. The repeated arching of the back during the swing can exacerbate this issue. 
Therefore, while the modern swing offers power advantages, it's crucial to be mindful 
of the potential risks to the back and spine. 

2.1.4 Basic golf swing techniques 
The Address or Pre-Swing is the setup phase where the golfer positions 

themselves for the swing. The ball is placed in the center between the feet, with the 
toes forming a 35-degree angle to the target line. The hands grip the club, the body 
leans forward about 30 degrees without arching or rounding the back, and the knees 
are slightly flexed to allow for a full range of motion during the swing. (Broer and 
Houtz, 1967) 

The backswing begins with the arms moving upward and backward, 
parallel to the target line. It culminates when the arms reach full extension, parallel 
to the ground." (Cole and Grimshaw, 2016) 

The downswing is initiated by the rotation of the hips, leading the motion 
from the top of the backswing. Skilled golfers transition from the top of the backswing 
to impact in approximately 0.1 seconds, generating hip rotation power of around 2.5 
hp (1864 W). (Carlsoo, 1967) 

The follow-through is the final phase of the golf swing, occurring after 
impact with the ball as the clubhead decelerates. It represents the finishing position 
of the swing. 
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2.2 Biomechanics in golf analysis 
Golf is a competitive sport that requires physical fitness. It not only demands 

precision in swinging but also explosive power in the muscles to achieve faster, 
stronger, and longer swings (Wells et al., 2009). Physical fitness is a crucial component 
in almost all sports. However, golf is a sport where players need to focus on tactics, 
skills, techniques, and mental state alongside muscle strength and power (Gordon et 
al., 2009). 

The biomechanical foundation of a golf swing lies in the generation of kinetic 
energy and its transfer from the golf club to the golf ball at the moment of impact. 
The forces and torques produced during the backswing determine and control the 
trajectory of the club, accelerating its movement (Nesbit, 2005). As the velocity of the 
clubhead increases, more kinetic energy is transferred to the golf ball (Fletcher and 
Hartwell, 2004; Nesbit, 2005). In addition to strength and power, flexibility is crucial in 
golf to enable efficient body movement (Baechle and Earle, 2008). This aligns with the 
concept proposed by (Myers et al., 2008) that the most critical factor in a golfer's ability 
is the clubhead speed at the point of pelvic-torso separation. 

Biomechanics is a scientific field that studies the relationship between force, 
velocity, acceleration, time, mass, angles of movement, and balance in order to 
analyze posture, skills, and techniques in golf. This information can be used to correct 
flaws and improve performance. 

2.2.1 Kinematics  
Kinematics is the study of the motion of objects or body segments, 

encompassing both linear and angular motion. It focuses on the characteristics and 
components of motion that change over time, such as distance, velocity, and 
acceleration, without considering the causes of the motion. 

2.2.2 Kinetics  
Kinetics is the study of the motion of objects in relation to the forces 

acting on them and the resulting moments. It takes into account the forces that cause 
movement, which can be external forces (such as reaction forces, gravitational force, 
or friction) or internal forces (such as muscle forces that generate movement or 
maintain balance and posture). 
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2.2.3 Kinetic chain  
The movement patterns during sports or exercise involve the coordinated 

contraction of muscles, orchestrated by the nervous system. The kinetic chain 
mechanism defines the sequential activation of body segments, unique to each 
individual and based on the transfer of force between muscles and joints. This 
considers the interconnectedness of body parts and muscles that form joints. 
Coordinated muscle contractions generate force, combining internal forces and 
transferring them as angular momentum through lines of action along bones and 
muscles. This momentum is transmitted sequentially and precisely through 
interconnected joints in the body, creating a chain-like effect. This coordination 
controls movement by selecting and combining degrees of freedom (DOF) at joints 
and muscles, which act as coordinating units. 

2.2.4 Inverse dynamics technique  
The study of measuring internal forces within the body is limited due to 

the inability to directly measure individual muscle forces because of the lack of tools 
and measurement techniques, similar to finding reaction forces at joints. Therefore, 
the measurement and calculation of muscle forces and joint moments are commonly 
done using an indirect biomechanical method called the Inverse Dynamics Technique. 
This technique involves calculating the reaction forces occurring at joints based on 
Newton's second and third laws and is more popular than direct measurement 
techniques (Direct Dynamic Technique). The measurement and calculation of forces 
using this method require data sources consisting of anthropometric measurements, 
body segment parameters, information about external forces (especially reaction 
forces), and kinematic data. Biomechanics researchers are interested in developing 
models using this technique to explain and provide information about the mechanisms 
of muscle and joint function in the body related to the forces that cause movement. 
Additionally, they study the mechanical energy generated in each movement activity. 
The Inverse Dynamic Model has specific agreements for calculating joint reaction 
forces, as follows: 
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1. Each body segment has a fixed center of mass (COM) or center of 
gravity (COG) that remains constant throughout movement and represents the total 
mass of that body segment. 

2. Joints in each segment are considered either hinge joints or ball-and-
socket joints. 

3. The length of each body segment remains constant throughout 
movement. 

4. Friction between joint surfaces is neglected. 
5. Air resistance is neglected. 
6. The estimation of body segment parameters from tables is considered 

highly accurate. 
7. The location of the joint center coincides with the location of the skin 

marker attached to the skin. 
The calculation starts from the point where the exact force value is 

known, which is the area of the foot acted upon by the ground reaction force. This 
can be measured using a force plate, and then the force acting on the ankle, knee, 
and hip joints can be calculated in sequence. The formula used for calculating 
movement in 3 dimensions comes from the equation Ftotal = ma in each axis. 

Ankle force: 
Ax=mFaFx-GRFx 

       Ay=mFaFy-GRFy 
       Az=mFaFz-GRFz 
       A=√ Ax

2+Ay
2+Az

2 

Knee force: 
Kx=mSaSx-Ax 
Ky=mSaSy-Ay          

Kz=mSaSz-Az-mSg          

K=√ Kx
2+Ky

2+Kz
2   

The X-axis represents the medial-lateral (inside-outside) direction. 
The Y-axis represents the anterior-posterior (front-back) direction. 
The Z-axis represents the vertical (up-down) direction. 
Positive values indicate forces directed to the right or upwards. 
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Negative values indicate forces directed to the left or downwards. 
GRFx  GRFy  and GRFz are the ground reaction forces at the foot in the 

X, Y, and Z axes, respectively. 
Ax  Ay and Azare the forces at the ankle joint in the X, Y, and Z axes, 

respectively. 
A is the resultant force at the ankle joint from all 3 axes. 
Kx  Ky and Kz are the forces at the knee joint in the X, Y, and Z axes, 

respectively. 
K is the resultant force at the knee joint from all 3 axes. 
aFx aFy and aFz are the accelerations of the foot in the X, Y, and Z axes, 

respectively. 
aSx aSy and aSz are the accelerations of the shank (lower leg) in the X, Y, 

and Z axes, respectively. 
g is the acceleration due to gravity, which has a value of 9.81 meters per 

second squared. 
MF and MS are the masses of the foot and lower leg, respectively. These 

are calculated by multiplying the body mass with the respective segment proportions, 
which are constants derived from the Body Segment Parameter (BSP) table. These 
values are estimated from cadaver dissections, and the data from Dampster is widely 
accepted. 

2.2.5 Energy flow  
Energy flow refers to the movement of energy within the body, 

encompassing energy generation, absorption in joints, and transfer between body 
segments. This concept is crucial in understanding sports performance and injuries 
(Martin, 2014). The generation and transfer of mechanical energy in human movement 
are evaluated using rigid body linkage models and inverse dynamics. Mechanical 
energy can be transferred through forces and torques between adjacent body 
segments. Joint torque transmits energy from the proximal to the distal segment when 
both segments rotate in the same direction, and joint torque acts to accelerate the 
distal segment. Joint force transfers energy when there is movement at the joint center. 
In this study of energy flow, the relevant variables are derived from the resultant joint 
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reaction forces and torques using joint power analysis. The variables include Joint Force 
Power (JFP), Segment Torque Power (STP), Joint Torque Power (JTP), and Segment 
Power (SP) (Martin et al., 2014). 

2.2.5.1 Joint force power (JFP) is the rate of energy transfer by joint 
forces, resulting from the product of the joint force vector (Fj) and the linear velocity 
of the joint center (Vj). It can be calculated using the equation: 

JFP = (𝐹𝑗) • (𝑉𝑗)  
The rate of energy transfer between body segments via joint 

forces depends on joint center velocity. When one segment loses mechanical energy, 
the adjacent segment gains an equal amount. Joint forces with greater linear velocity 
of the joint center produce higher joint power, leading to faster energy transfer rates. 

2.2.5.2 Segment torque power (STP) is the rate of energy transfer by 
torque at a joint of a body segment. It is calculated from the resultant joint torque (Tj) 
and the angular velocity of the body segment (𝜃𝑆) using the equation: 

STP = (𝑇𝑗) • (𝜃𝑆) 
2.2.5.3 Joint torque power (JTP) is the rate of energy absorption or 

generation by torque at a joint. It is calculated from the hypothetical line of joint 

torque (Tj) and the angular velocity (α) of the joint. It can be calculated using the 
equation: 

    JTP = (Tj) • (θd − θp)  
= (Tj) • (α) 

The characteristics of power in joint torque reveal its ability to 
create, absorb, and move energy within the body. When body parts rotate in opposite 
directions, energy is either produced or consumed but doesn't travel between them. 
Same-direction rotation enables energy transfer due to torque power, which is also 
known as the rate of energy absorption, generation, or transfer by joint torque. 

2.2.5.4 Segment power (SP) is the rate of energy transfer into or out of 
a body segment. It is the sum of the joint power and segment torque power for each 
body segment. It can be calculated using the equation: 

SP =  𝐽𝐹𝑃𝑑 + 𝐽𝐹𝑃𝑝 + 𝑆𝑇𝑃𝑑 + 𝑆𝑇𝑃𝑝 
where d and p refer to the proximal and distal joints of the body 

segment (Caroline et al., 2014). 
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2.2.6 Sensor insoles  
Sensor insoles are tools used to measure pressure and force distribution 

under the foot. There are two main types: force platforms and insole systems. Force 
platforms are biomechanical tools used to measure ground reaction forces during 
walking, running, or jumping. They are used in motion analysis and gait posture analysis, 
providing data on the ground reaction force acting on the foot. These platforms offer 
comprehensive and highly accurate measurements across the entire foot area, 
capturing data in three axes (X, Y, and Z). However, force platforms are expensive and 
primarily used in research settings and some hospitals. On the other hand, insole 
systems are smaller, more affordable, and offer a convenient way to detect foot 
abnormalities quickly. 

 

2.3 Related research 
Navarro et al. (2022) investigated the pressure distribution on the soles of 

golfers' shoes during swings with driver and 5-iron clubs. The study involved 55 golfers 
of varying skill levels, each performing five swings per club. Pressure sensors with high 
spatial resolution (4 sensors/cm²) captured data at 100 Hz, while a video camera 
recorded key swing moments. Statistical analysis revealed significant differences in 
pressure distribution between the left and right feet, regardless of club type. However, 
the pressure patterns remained consistent across different swings. Notably, 
professional golfers exhibited distinct pressure distribution patterns compared to 
medium and high handicap golfers, particularly when transitioning from a 5-iron to a 
driver. The findings align with the established principle of weight transfer in golf swings, 
highlighting variations in pressure between the inner and outer areas of the foot.  

Worsfold et al. (2009) investigated the relationship between golf shoe outsole 
design and human kinematics during the golf swing. Using pressure-measuring insoles 
and force platforms, they analyzed both in-shoe pressure and ground reaction forces 
while participants wore three different outsole types (metal spikes, alternative spikes, 
and flat soles). The study found that while the forefoot generated more force and 
torque than the rearfoot, this was not significantly affected by outsole type. However, 
metal spike outsoles were associated with increased rearfoot torque compared to flat 
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soles. Additionally, in-shoe pressure distribution varied considerably depending on 
outsole design. These results highlight the importance of outsole design in influencing 
both golfer performance and comfort. By understanding the impact of different outsole 
features on ground reaction forces and pressure distribution, researchers and 
manufacturers can develop shoes that optimize traction, stability, and overall 
performance. The study's use of two simultaneous measurement methods allowed for 
a comprehensive assessment of the interaction between the foot, shoe, and ground. 
This integrated approach could inform future research and design efforts aimed at 
creating golf shoes that cater to the specific needs of individual golfers and playing 
conditions. 

Ball and Best (2012) investigated the relationship between weight transfer and 
club head speed in professional and amateur golfers. Their study involved analyzing 
the center of pressure (CP) position and speed, along with club head speed at impact, 
for 50 driver swings by each golfer. The research revealed that weight transfer plays a 
crucial role in club head speed for all golfers. However, the specific relationship 
between CP and club head speed varied for each individual, highlighting the influence 
of individual styles and factors. Professional golfers exhibited faster forward weight 
transfer during the downswing and a wider overall range of weight transfer, which 
correlated with higher club head speeds. Conversely, amateur golfers tended to have 
a wider range of weight transfer, particularly shifting more weight backward, and a faster 
rate of weight transfer during the top of the backswing and mid-follow-through. This 
distinct pattern also related to higher club head speed in amateurs. These findings 
underscore the significance of weight transfer in the golf swing and emphasize the 
need for personalized analysis to comprehend the unique factors influencing each 
golfer's performance. 

Pataky (2015) investigated the relationship between foot pressure distribution 
and clubhead speed in 32 amateur golfers. Using a Pedar-X insole system to measure 
plantar pressure (PP) and a Doppler radar system to track clubhead speed during driver 
swings, the study found a significant positive correlation (p < 0.05) between maximum 
PP on the lateral forefoot of the target foot (closest to the target) and clubhead speed. 
This suggests that weight distribution towards the outside of the front foot is crucial 
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for generating clubhead speed in amateur golfers. The research also employed 
statistical parametric mapping (SPM) to analyze pressure distribution across the entire 
foot, providing a deeper understanding of the relationship between pressure and 
clubhead speed. 

Ball and Best (2007) studied weight transfer during the golf swing using cluster 
analysis to classify different weight transfer styles. Weight transfer in the golf swing 
refers to the movement of weight between the feet during the swing. In general, Weight 
starts with an even distribution. It then moves to the back foot during the backswing 
and to the front foot during the downswing. Researchers have found that there are 
two main patterns of weight transfer: the "Front Foot" and the "Reverse" Front Foot 
groups. Will continuously move weight towards the front foot until it hits the ball. 
While the Reverse group has a characteristic of moving the weight back to the back 
foot before the point of impact. Both of these weight transfer styles are found in golfers 
of all skill levels. This indicates that none of the patterns were a technical error. These 
findings highlight the importance of consideration. Different swing patterns in statistical 
analysis This is to avoid misinterpretation of the research results. and to understand 
the various mechanisms of the swing correctly. 

Han et al. (2019) studied how a golfer's interaction with the ground affects their 
clubhead speed. By measuring ground reaction forces and moments using motion 
capture and force plates, they found a strong link between maximum clubhead speed 
and two specific interaction moments: the ground reaction force moment about the 
front/back axis and the rotation moment about the vertical axis. The lead foot mainly 
produced the ground reaction force moment, while the trail foot played a bigger role 
in the rotation moment. The moment of maximum angular force happened when the 
leading arm was parallel to the ground, emphasizing the importance of shifting weight 
to the lead foot around this point to maximize both moments and ultimately achieve 
optimal clubhead speed. 

Chu et al. (2010) investigated the relationship between biomechanical variables 
and driving performance in golf. Analyzing swing kinematics and ground reaction force 
data from 308 golfers, their study identified key factors significantly related to ball 
velocity. These factors included X-Factor (angle separation between the upper torso 
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and pelvis), delayed release of the arms and wrists, trunk tilting (forward and lateral), 
and weight-shifting during the swing. The study's findings validated several established 
golf coaching principles for increasing ball speed and may provide valuable guidance 
for skill and strength training in golfers. 

Takagi (2018) investigated the effect of joint movement on force and torque 
applied to a golf club during a swing, aiming to understand how energy is transferred 
from the golfer to the club. The study involved 16 skilled golfers, whose movements 
were captured using 3D motion capture technology. The power of wrist joint force and 
torque power of the golf club segment were analyzed in relation to the velocity of 
the pelvis's center of gravity and the angular velocity of the pelvis, waist, shoulder, 
and wrist joints. The study revealed that the angular velocity of the pelvis plays a 
crucial role in generating power at the wrist joint. Moreover, the force associated with 
the pelvis and the angular velocity of joints near the body's center reach their 
maximum simultaneously. These findings suggest that synchronizing peak power might 
be a key strategy for golfers to maximize energy transfer and achieve a more powerful 
swing. 

Kenny et al. (2008) investigated the proximal-to-distal transfer of kinetic energy 
in the human body during a golf swing. Utilizing a computer model driven by 3D 
kinematic data from an elite male golfer, and employing combined inverse and forward 
dynamics analyses, the study examined kinetic energy changes in rigid body segments 
including the torso, hips, arms, and club head. Results confirmed a sequential increase 
in peak kinetic energy magnitude from proximal to distal segments for both driver and 
7-iron swings, supporting the principle of summation of speed. However, the timing of 
peak kinetic energy did not follow this sequential pattern. Instead, the arms peaked 
first, followed by the hips, torso, and finally the club, suggesting a specific coordination 
sequence rather than simultaneous peak energy transfer. 

Nesbit and Serrano (2005) investigated the mechanics of the golf swing by 
analyzing the work and power involved.  They used two computer models to track 
how energy is generated, transferred, and transformed within both the golfer's body 
and the golf club throughout the swing.  Their research specifically focused on the 
downswing, measuring the internal work done by the body and the energy changes 
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within the club.  By studying four amateur golfers, they found that this energy-based 
approach revealed new insights into swing mechanics, such as identifying which body 
segments contribute most to power generation, pinpointing the forces that accelerate 
the club, and demonstrating the importance of both force and range of motion for 
clubhead speed. 

 
 
 
 

 

 



 
 

CHAPTER III 
MATERIALS AND METHODS 

 
This experimental research aimed to investigate the differences in foot pressure 

patterns and energy flow during the golf swing between professional and amateur 
golfers. The research involved the following steps: 

1. Population and samplings 
2. Data Collection Design 
3. Data collection 
4. Data Analysis 
 

3.1 Population and samplings 
3.1.1 Population 

The population for this research was selected using purposive sampling. 
It consisted of right-handed golfers aged between 18-35 years, divided into two groups: 

Group 1: Professional golfers (Pro) 
Group 2: High handicap amateur golfers (handicap >15) (High)  

3.1.2 Sample 
Thirty golfers were divided into two groups based on their performance 

level: professional players and amateur players with a handicap higher than 15. These 
classes were named Pro and High, with 15 participants in each group. 

Sample size determination using G*Power software. Following Cohen's 
(1988) recommendations, the effect size was set as large, medium, and small 
with values of 0.2, 0.5, and 0.8, respectively. 
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Given: 
Effect size f = 0.8 

β/α ratio = 1 
Total sample size = 30 
Group 1 size = 15 
Group 2 size = 15 

The resulting Power (1- β err prob) = 0.8607720 
3.1.3 Sampling 

Fifteen professional golfers and fifteen amateur golfers with handicaps 
exceeding 15 were categorized into two groups designated as "Pro" and "High" 
respectively. 

3.1.3.1 Inclusion Criteria: 
1. Professional golfers: Individuals who primarily play golf for 

income and have passed the qualification exam to become professional golfers. 
2.  Amateur golfers: Individuals who play golf for personal 

enjoyment and challenge. 
3.  Right-handed dominance in golf practice and competition. 
4.  Consistent practice of more than 3 times per week. 
5.  No history of severe injuries or surgeries in the core muscles, 

spine, wrists, elbows, shoulders, torso, knees, or ankles that would hinder participation 
in the research, within 6 months prior to joining the study. 

6.  Willingness to participate in the research. 
7. All research participants can withdraw from the study 

immediately if they experience any potential risks to their health. 
3.1.3.2 Exclusion Criteria: 

1.  Participants experience unforeseen events that prevent them 
from continuing in the research, such as injuries from accidents, illness, etc. 

2.  Participants no longer wish to participate in the study. 
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3.2 Instrumentation 
1. One computer with 3D motion capture and analysis software. 
2. Six Qualisys Camera Oqus (Oqus 7+ series, Qualisys AB, Sweden). 
3. Visual 3D Motion Analysis software (C-Motion, Germantown, MD). 
4. Two Kistler force platforms (Model 9286BA, Kistler Group, Switzerland). 
5. One calibration set (wand and L frame) for defining reference coordinates in 

the research area (Qualisys AB, Sweden). 
6. Retro-reflective markers (15 mm diameter) with flat bases (B&L Engineering, 

Tustin, CA, USA). 
7. SuraSole Pro 8 sensor insoles (Surasole Pro 8, Suratec Co., Ltd., Nakhon 

Ratchasima, Thailand). 
8. Documentation forms for recording experimental results 

 

3.3 Construction and efficiency of the instrument 
This research study analyzed the differences in pressure distribution on the 

sole of the foot and energy flow during a golf swing. The swing was recorded using 
video, and the recorded video was then transferred to a computer for playback and 
frame-by-frame analysis. The video was paused at specific points in the swing to 
capture still images for further data analysis. 

3.3.1 Steps in designing data collection methods: 
1. Study documents, principles, concepts, theories, documents, 

textbooks, articles, related research. and suggestions from experts and experienced 
people. 

2. Determine methods for studying and analyzing differences in pressure 
distribution on the soles. and energy flow during the golf swing of golfers in the two 
sample groups. 

3.3.2 Testing of research tools includes: 
1. Testing reliability using the proposed data collection method. Thesis 

advisors will consider suitability and provide data collection methods to experts. Two 
people in the area of sports biomechanics performed the inspection. After that, the 
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revised data collection method was presented to the thesis advisor to apply the 
validated data collection method to the sample group. 

2. Conduct a pilot study using data collection methods that have been 
passed. Check and then try to find the variable value of the distribution of pressure 
on the sole. and energy flow during the virtual golf swing studied in a sample group. 

 

3.4 Data collection 
3.4.1 Protection of research participants' rights 

In this research, the researcher has protected the rights of the participants 
by obtaining permission from the Ethics Committee of Suranaree University of 
Technology (EC-67-152). The researcher has prepared informed consent forms for data 
collection, explaining the research objectives, and ensuring the confidentiality of the 
participants. The researcher will not disclose any individual information and will only 
analyze and present the data in aggregate form. 

3.4.2 Equipment setup 
1. Six sets of computer equipment with motion analysis software, 

recording devices, and 3D motion capture cameras. These are to be arranged to cover 
an analysis area of 6 x 6 x 8 meters. Marker position data and motion capture footage 
will be processed using Qualisys motion analysis software. Data synchronization will 
be implemented to ensure simultaneous data recording across all sources. The motion 
capture cameras will be connected to computers equipped with Visual 3D Motion 
Analysis software and configured to record at a frequency of 200 frames per second. 

2. The cameras are positioned at a 45-degree angle in front of and behind 
the athlete. The image recording frequency is 200 Hz, and continuous recording is used 
with automatic light adjustment. The cameras are set up to cover the sample area and 
the golf swing cycle, along with the force plate, which records data at a frequency of 
1,500 Hz. Both devices record data simultaneously (Synchronization). 

3. Calibrate the accuracy of the motion analysis cameras by recording a 
1-meter reference rod for 3 seconds. The calibration kit consists of a 300mm carbon 
fiber rod and an L-frame. After calibration, do not move or disturb the cameras from 
their original positions. Align the camera's coordinate system with the real-world 
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distances (Camera Calibration) using dynamic calibration. Set a reference point (0, 0, 0) 
to represent the X, Y, and Z positions of objects within the study area (Global 
Reference System). The X-axis points from left to right, the Y-axis points from back to 
front, and the Z-axis points from bottom to top. Then, record the motion by flashing 
a light towards all 6 motion analysis cameras simultaneously. The calibration process 
will be conducted on the day of equipment setup and before each participant's serving 
test, prior to data recording. 

3.4.3 Basic data collection 
1. On the day of basic data collection and golf swing testing, participants 

will receive documents explaining the details of the data collection process and 
instructions for proper practice. They will then be asked to sign a consent form to 
participate in the research. 

2. Participants in the research will complete a basic information form. 
Additional notes recorded by the researcher include age, playing experience, and 
competition experience. After that, body measurements including weight and height 
will be taken. 

3. After collecting the basic information, participants will wear 1.5-
centimeter retro-reflective markers to identify the coordinates of various body joints 
based on physiological principles, using a standard skin marker set. Participants will 
wear shorts, skin-tight clothing, and sneakers without colored or reflective materials. 
The skin at the marker placement sites will be cleaned using an alcohol-moistened 
cotton swab before attaching the markers to the designated positions. The entire 
marker attachment process will take approximately 45 minutes. 

4. Subjects performed a warm-up to familiarize themselves with the 
markers attached to their bodies and golf clubs. By being given time to become familiar 
with Test environment and as many locators as needed (Caroline et al., 2012). 

5. Body Segment Model Parameter in this study, there were 15 body 
segments, consisting of 14 body segments, namely the head, torso, upper arms, distal 
arms, hands, upper legs, lower legs, and both feet. side and 1 part of the golf club. 
Attaching 42 fluorescent markers according to the body part and position on the golf 
club. 
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Table 3.1 All 42 location points. 
Number Marker Location on the body 

1 HeadFront Forehead 
2 HeadL, HeadR Just above the ear center 
3 LShoulderTop, RShoulderTop On the outside of the elbow (bony prominence) 
4 LElbowOut, RElbowOut On the outside of the elbow (bony prominence) 
5 LElbowIn, RElbowIn On the inside of the elbow (bony prominence) 
6 LWristIn, RWristIn On the inside of the wrist (bony prominence on the thumb 

side) 
7 LWristOut, RWristOut On the outside of the wrist (bony prominence on the pinky 

side) 
8 Chest Upper part of the sternum 
9 WaistLFront, WaistRFront On the front of the pelvis (bony prominence) 
10 LThighFrontLow, RThighFrontLow Above the kneecap 
11 LKneeOut, RKneeOut On the outside of the knee (bony prominence) 
12 LKneeIn, RKneeIn On the inside of the knee (bony prominence) 
13 LShinFrontHigh, RShinFrontHigh Front of the shin 
14 LAnkleOut, RAnkleOut On the outside of the ankle 
15 LForefoot5, RForefoot5 On the base of the fifth toe 
16 LForefoot2, RForefoot2 On the base of the second toe 
17 SpineThoracic2 On the 2nd prominence below the biggest prominence on 

the top of the spine 
18 LArm, RArm On the back of the upper arm 
19 LHand2, RHand2 On the back of the hand at the base of the index finger 
20 SpineThoracic12 A few cm below the midpoint of the lower tip of the 

shoulder blades 
21 WaistBack On the midpoint between the two prominences on the 

back of the pelvis 
22 WaistL, WaistR On the sides of the pelvis (bony prominence) 
23 LHeelBack, RHeelBack Back of the heel 
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Figure 3.1 Color Atlas of Skeletal Landmark Definitions: Guidelines for Reproducible 
Manual and Virtual Palpations. (Jan and Van, 2007) 

3.4.4 Golf swing test 
The researcher explained the details and procedures for collecting data 

to the participants. The researcher and research assistant will attach reflective markers 
for marking points on various positions on the participants' bodies, totaling 42 positions 
(as shown in Table 3.1). Then, the researcher and research assistant will take the plates. 
The sensor insoles were for participants to wear inside their own shoes. Once the 
equipment was installed, the participants had to warm up for about 10 minutes to get 
used to the equipment attached to their bodies. Then it will be time to collect test 
data. The participants performed golf swings and movements similar to a real 
competition situation with each swing. To achieve the best total of 5 swings with each 
different golf club head. There is a 1 minute rest period after each swing and 
movement. When the participants completed the test, they were asked to stretch their 
muscles for at least 10 minutes after the test to relax the muscles after being used. 
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Figure 3.2 Key moments of the swing: Stand (ST), The golfer stands in position and 
ready to start the swing; Middle Backswing (MB), The club is moved backward and 
upward until the shaft is parallel to the ground; Top of backswing (TB), The club 
reaches its highest point in the backswing and starts to move downward; Ball Impact 
(IM), The clubface strikes the ball; Early finish (EF), The golfer continues the swing, with 
the shaft moving past the vertical axis.  

 
Figure 3.3 Eight Foot plantar areas defined for the statistical analysis: great toe (GT), 
lesser toe (LT), medial metatarsal (MEDmet), central metatarsal (CENmet), lateral 
metatarsal (LATmet), medial arc (MEDarc), lateral arc (LATarc), heel (HEEL). 
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3.4.5 Data analysis 
1. The recorded images were analyzed for kinematic and kinetic data using 

a motion analysis program (Visual 3D Motion Analysis). The analysis was divided into 
five phases: Stand (ST), Middle Backswing (MB), Top of Backswing (TB), Ball Impact (IM), 
and Early Finish (EF). The image data were then imported into a computer to convert 
the recorded frames into marker positions over time (digitization), followed by 
processing to calculate linear velocity, angular velocity, and joint/body segment 
motion. In particular, for the kinetic data, Visual 3D’s “Normalize using default 
normalization” option was employed, which automatically normalizes variables such 
as joint moments and joint powers by dividing them by the subject’s body mass. This 
allows for meaningful comparison of biomechanical parameters across individuals with 
different body sizes. 

2. Kinematic data analysis includes the analysis of force, resultant joint 
force, and joint torque, with calculations following the Cardan sequence (Z-X-Y) in 
flexion-extension, abduction-adduction, and internal-external rotation of body 
segments. 

3. Analyze kinetic data to determine energy flow from the kinetic chain, 
including joint force power, segment torque power, joint torque power, and segment 
power during the golf swing between the two groups of subjects. Signal processing to 
manage noise will involve filtering with a Butterworth low-pass filter with a cutoff 
frequency of 6 Hertz. 

4. Plantar pressure analysis was performed using data collected from 
smart insole sensors. Each foot had eight sensor positions, and the pressure values 
were initially recorded in kilopascals (kPa). These values were then converted into a 
percentage of total foot loading per foot. Specifically, the total pressure across all eight 
sensors on a given foot was normalized to 100%, and the pressure at each individual 
sensor location was expressed as a percentage of this total. 
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Figure 3.4 Illustrates the energy flow at the lumbosacral junction (L5S1), the 
connection point between the 5th lumbar vertebra (L5) and the 1st sacral vertebra 
(S1). 
 

3.5 Statistics used to analyze data  
This study aims to investigate foot pressure patterns and energy flow in the 

golf swing. The research process involves data collection and analysis using both 
kinematic and kinetic calculations. Statistical analysis was performed using SPSS 26.0 
software (IBM Corporation, Somers, NY, USA). 

1. Preliminary data analysis to understand the characteristics of the sample 
group and the distribution of variables used in the research by calculating basic 
statistics, including mean and standard deviation.  

2. Comparison of foot pressure differences between different golf clubs within 
a group of professional golfers using Paired T-Test analysis. 

2.1 Quantitative data measured on a ratio scale, from a single population. 
2.2 Repeated measures taken twice: before and after. 
2.3 Data distribution is normal, and data collection is randomized. 
 
 

L5S1 
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3. Compare the difference in foot pressure between the two sample groups 
using a T-Test analysis. 

3.1 The data is measured on a ratio scale. 
3.2 The data distribution is normal (Normal distribution). 
3.3 The data is randomly sampled (Randomized data) from two 

independent populations. 
3.4 The population variance is unknown, and the sample size is small. 

4. Determine the relationship between foot pressure and energy flow values 
using Pearson Correlation Coefficient analysis. 

4.1 Data must be quantitative. 
4.2 The relationship must be linear. 
4.3 Data should be normally distributed. 

 
 

 

 



 

 

CHAPTER IV 
RESULTS AND DISCUSSIONS  

 
This study examines the differences in plantar pressure distribution and its 

variations during the golf swing between professional and amateur golfers. The findings 
are presented in tables and visual representations, structured into three main sections. 

1. Demographic Characteristics and Basic Variables 
The study presents demographic and basic variables of participants, including 

age, weight, height, and body mass index (BMI). These variables contextualize 
differences in foot pressure patterns during golf swings. Descriptive statistics summarize 
these characteristics, highlighting average values and standard deviations for each 
golfer group. 

2. Plantar Pressure Changes during the Golf Swing 
This section analyzes plantar pressure variations at key swing phases: Stand 

(ST), Middle Backswing (MB), Top of Backswing (TB), Ball Impact (IM), and Early Finish 
(EF). Pressure data from eight foot regions (Great Toe, Lesser Toe, Medial Metatarsal, 
Central Metatarsal, Lateral Metatarsal, Medial Arch, Lateral Arch, and Heel) illustrates 
differences in weight distribution and center of pressure (CoP) between skill levels, 
providing insights into swing mechanics. 

3. Correlation between Plantar Pressure and Energy Transfer 
The final section explores correlations between plantar pressure distribution 

and energy transfer within the kinetic chain, emphasizing segment power transmission 
at the lumbosacral joint (L5S1), which is essential for generating torque and angular 
momentum during the golf swing.
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4.1 Demographic characteristics and basic variables 
Table 4.1 Statistical description of individual characteristics. 

Variables 
PRO 

M ± SD 
HIGHT 
M ± SD 

P 

Age (years) 24.27 ± 4.47 25.47 ± 3.20 0.424 
Weight (kg) 75.00 ± 20.00 70.00 ± 10.06 0.394 
Height (cm) 169.87 ± 5.41 168.73 ± 4.86 0.551 

BMI (kg/m2 ) 25.83 ± 5.96 24.56 ± 3.24 0.474 

M: Mean; SD: Standard Deviation; BMI: Body Mass Index. 
The statistical summary of the basic characteristics of the two sample groups, 

namely professional golfers (PRO) and high-handicap golfers (High Handicap), is 
presented in Table 4.1. Each group consisted of 15 participants, comprising 8 males 
and 7 females. The professional golfer group had an average age of 24.27 ± 4.47 years, 
an average body weight of 75.00 ± 20.00 kg, an average height of 169.87 ± 5.41 cm, 
and an average body mass index (BMI) of 25.83 ± 5.96 kg/m². The high-handicap golfer 
group had an average age of 25.47 ± 3.20 years, an average body weight of 70.00 ± 
10.06 kg, an average height of 168.73 ± 4.86 cm, and an average BMI of 24.56 ± 3.24 
kg/m². Statistical analysis using independent samples t-tests revealed no significant 
differences between the two groups in terms of age, weight, height, or BMI (p > 0.05 
for all variables). 
 

4.2 Plantar pressure and changes during the golf swing 

Table 4.2 Differences in normal pressure in the left foot between the driver and 7-iron 
golf clubs in professional player at the key moments of the swing. 

 ST MB TB IM EF 
AREAS MEAN (%) P MEAN (%) P MEAN (%) P MEAN (%) P MEAN (%) P 

GT 0 0.982 0 0.975 2 0.056 2 (*) 0.014 1 0.486 
LT 0 0.418 -1 0.123 2 (*) 0.001 1 0.089 1 0.221 

MEDmet 0 0.873 2 0.204 2 0.461 5 0.087 1 0.735 
CENmet -1 0.359 -4 (*) 0.000 0 0.794 2 0.194 3 0.149 
LATmet -2 0.096 -5 (*) 0.004 -3 0.208 -5 (*) 0.045 -3 0.220 
MEDarc 0 0.869 5 (*) 0.006 2 0.424 2 0.164 0 0.627 
LATarc -1 0.446 -2 0.164 -3 0.235 -6 (*) 0.044 -2 0.462 
HEEL 2 0.156 4 (*) 0.002 -2 0.180 -2 0.278 -1 0.605 
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ST: Stand; MB: Middle Backswing; TB: Top of Backswing; IM: Ball Impact; EF: Early Finish; 
GT: Great Toe; LT: Lesser Toe; MEDmet: Medial Metatarsal; CENmet: Central Metatarsal; 
LATmet: Lateral Metatarsal; MEDarc: Medial Arch; LATarc: Lateral Arch; HEEL: Heel; * 
significant differences at p < 0.05. 

The analysis of Table 4.2 reveals that during the Stand (ST) phase, there was 
no statistically significant difference (p > 0.05) in normal pressure between the driver 
and the 7-iron across all foot regions. During the Middle Backswing (MB) phase, 
significant differences (p < 0.05) were observed in the Central Metatarsal (CENmet), 
Lateral Metatarsal (LATmet), Medial Arch (MEDarc), and Heel (HEEL). Specifically, 
pressure at CENmet and LATmet was lower when using the driver, whereas pressure at 
MEDarc and HEEL was higher when using the driver. At the Top of Backswing (TB) phase, 
a statistically significant difference (p < 0.05) was found in the Lesser Toe (LT) region, 
where pressure was higher when using the 7-iron compared to the driver. During the 
Ball Impact (IM) phase, significant differences (p < 0.05) were detected in the Great Toe 
(GT), Lateral Metatarsal (LATmet), and Lateral Arch (LATarc). The GT region exhibited 
higher pressure when using the 7-iron, while pressure in the LATmet and LATarc regions 
was lower when using the 7-iron compared to the driver. In the Early Finish (EF) phase, 
no statistically significant differences (p > 0.05) were observed in normal pressure 
between the driver and the 7-iron across all foot regions. 

Table 4.3 Differences in normal pressure in the right foot between the driver and 7-
iron golf clubs in professional player at the key moments of the swing. 

 ST MB TB IM EF 
AREAS MEAN (%) P MEAN (%) P MEAN (%) P MEAN (%) P MEAN (%) P 

GT -1 0.329 -1 0.554 -2 0.204 -1 0.604 -2 0.548 
LT 0 0.902 -1 0.290 0 0.638 1 0.514 2 0.160 

MEDmet -1 0.327 -3 0.081 1 0.463 9 (*) 0.012 5 0.241 
CENmet -2 (*) 0.010 0 0.805 -1 0.610 -2 0.286 0 0.947 
LATmet -2 (*) 0.013 -1 0.587 -2 0.404 -3 (*) 0.041 0 0.781 
MEDarc 0 0.718 0 0.992 1 0.348 1 0.542 1 0.690 
LATarc -1 0.409 1 0.647 0 0.877 -4 (*) 0.018 -2 (*) 0.047 
HEEL 7 (*) 0.014 5 (*) 0.014 2 0.441 -1 0.634 -3 0.370 

ST: Stand; MB: Middle Backswing; TB: Top of Backswing; IM: Ball Impact; EF: Early Finish; 
GT: Great Toe; LT: Lesser Toe; MEDmet: Medial Metatarsal; CENmet: Central Metatarsal; 
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LATmet: Lateral Metatarsal; MEDarc: Medial Arch; LATarc: Lateral Arch; HEEL: Heel; * 
significant differences at p < 0.05. 

The analysis of Table 4.3 reveals that during the Stand (ST) phase, there were 
statistically significant differences (p < 0.05) in normal pressure in the right foot 
between using the driver and the 7-iron at the Central Metatarsal (CENmet), Lateral 
Metatarsal (LATmet), and Heel (HEEL) regions. Specifically, pressure at CENmet and 
LATmet was lower when using the driver, while pressure at HEEL was higher when using 
the driver. During the Middle Backswing (MB) phase, a significant difference (p < 0.05) 
was observed in the Heel (HEEL) region, where pressure was higher when using the 
driver compared to the 7-iron. At the Top of Backswing (TB) phase, there were no 
statistically significant differences (p > 0.05) in normal pressure in the right foot 
between the driver and the 7-iron across all foot regions. During the Ball Impact (IM) 
phase, significant differences (p < 0.05) were detected in the Medial Metatarsal 
(MEDmet), Lateral Metatarsal (LATmet), and Lateral Arch (LATarc) regions. The MEDmet 
region exhibited higher pressure when using the 7-iron, whereas pressure at LATmet 
and LATarc was lower when using the 7-iron compared to the driver. In the Early Finish 
(EF) phase, a statistically significant difference (p < 0.05) was found in the Lateral Arch 
(LATarc) region, where pressure was lower when using the 7-iron compared to the 
driver. 

 

Figure 4.1 Average maximum plantar pressure distribution across different foot areas 
between the driver and 7-iron golf clubs in professional player at the key moments of 
the swing 
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Figure 4.2 Mean normalized segment power (SP) in professional players using a driver, 
indicating the rates of energy transfer in the lumbosacral (L5S1). 

 
Figure 4.3 Mean normalized segment power (SP) in professional players using a 7-Iron, 
indicating the rates of energy transfer in the lumbosacral (L5S1). 
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Figure 4.4 Mean normalized segment power (SP) in professional players using a driver 
(solid line) and 7-iron (dashed line), indicating the rates of energy transfer in the 
lumbosacral (L5S1). 

The analysis of Figure 4.4 indicates that during the Stand (ST) phase, golfers 
have not yet initiated their swing movement, resulting in a low level of energy transfer. 
The energy accumulated during this phase remains relatively stable, with no significant 
difference between the driver and the 7-iron, suggesting that weight distribution 
strategies are similar at this stage. In the Middle Backswing (MB) phase, the energy 
values for both the driver and the 7-iron are slightly positive, indicating the flow of 
energy into the upper body. Professional golfers utilize energy at this stage to control 
torso movement and begin the energy storage process. The driver exhibits slightly 
higher energy values than the 7-iron, reflecting the greater energy demand required to 
manage the larger swing arc of the driver. As the swing progresses to the Top of 
Backswing (TB) phase, energy values drop to their lowest negative levels, signifying the 
transfer of weight to the lower body in preparation for the transition from the 
backswing to the downswing. The driver reaches a similar minimum negative energy 
level as the 7-iron, though the shift occurs more gradually, reflecting the greater force 
and weight transfer required to control the larger and longer club. This phase highlights 
the increased effort needed to maintain balance in the swing when using a driver. 
During the Impact (IM) phase, energy values surge into positive levels, representing the 
rapid transfer of energy back into the upper body to generate maximum clubhead 
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speed for impact. However, the comparison between the two clubs reveals a similar 
energy flow pattern at this stage, indicating that the mechanics of energy transfer during 
impact are consistent between the driver and the 7-iron. Finally, in the Early Finish (EF) 
phase, energy flow continues to rise, reaching its peak during the EF - FN transition, 
which represents the post-impact force transmission process. Professional golfers 
maintain positive energy levels, but the energy values for both the driver and 7-iron 
gradually decline toward equilibrium. At this stage, the two energy curves become 
increasingly similar, indicating a natural completion of the swing and a smooth 
transition into the finishing phase. 

 
Figure 4.5 Mean normalized segment power (SP) in high handicap players using a driver, 
indicating the rates of energy transfer in the lumbosacral (L5S1). 
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Figure 4.6 Mean normalized segment power (SP) in high handicap players using a 7-
iron, indicating the rates of energy transfer in the lumbosacral (L5S1). 

 
Figure 4.7 Mean normalized segment power (SP) in high handicap players using a driver 
(solid line) and 7-iron (dashed line), indicating the rates of energy transfer in the 
lumbosacral (L5S1). 

The analysis of Figure 4.7 indicates that during the Stand (ST) phase, amateur 
golfers have not yet initiated their swing movement, resulting in a low level of energy 
transfer. The energy accumulated during this phase remains relatively stable, with no 
significant difference between the driver and the 7-iron, suggesting that weight 
distribution strategies are similar at this stage. In the Middle Backswing (MB) phase, the 
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energy values for both the driver and the 7-iron are slightly positive, which may be 
due to differences in energy transfer control among high-handicap golfers. As the swing 
progresses to the Top of Backswing (TB) phase, energy levels slightly decrease before 
transitioning into the downswing. High-handicap golfers using the 7-iron are able to 
maintain energy levels better than those using the driver, indicating differences in 
energy control between the two clubs. During the Impact (IM) phase, energy values 
increase only slightly, suggesting that only a small amount of energy is transferred back 
into the upper body. However, the comparison between the driver and the 7-iron 
shows a similar pattern of energy flow in this phase. Finally, in the Early Finish (EF) 
phase, energy flow continues to increase, reaching its peak during the EF - FN transition, 
which represents the post-impact force transmission process. However, the energy 
levels of both the driver and the 7-iron gradually decline toward equilibrium, with both 
curves becoming more similar as the swing concludes. 

Table 4.4 Differences in normal pressure in the left foot between professional and 
high handicap players using a driver at the key moments of the swing. 

 ST MB TB IM EF 
AREAS MEAN 

(%) 
P MEAN (%) P MEAN (%) P MEAN (%) P MEAN (%) P 

GT -3 (*) 0.010 -3 0.091 -5 (*) 0.040 -10 (*) 0.001 -12 (*) 0.001 
LT 3 (*) 0.001 3 (*) 0.016 2 0.315 3 (*) 0.007 1 0.310 

MEDmet 2 0.322 7 (*) 0.013 4 (*) 0.042 4 0.282 -3 0.248 
CENmet 2 0.429 0 0.846 1 0.571 4 0.076 3 0.242 
LATmet 1 0.704 0 0.882 1 0.750 6 (*) 0.017 8 (*) 0.002 
MEDarc 2 0.393 5 0.055 3 0.343 -1 0.623 -2 0.406 
LATarc 1 0.626 0 0.935 1 0.660 3 0.313 7 (*) 0.013 
HEEL -8 0.085 -12 (*) 0.035 -7 (*) 0.035 -8 (*) 0.012 -2 0.375 

ST: Stand; MB: Middle Backswing; TB: Top of Backswing; IM: Ball Impact; EF: Early Finish; 
GT: Great Toe; LT: Lesser Toe; MEDmet: Medial Metatarsal; CENmet: Central Metatarsal; 
LATmet: Lateral Metatarsal; MEDarc: Medial Arch; LATarc: Lateral Arch; HEEL: Heel; * 
significant differences at p < 0.05. 

The analysis of Table 4.4 indicates that during the Stand (ST) phase, there were 
statistically significant differences (p < 0.05) in normal pressure in the left foot between 
professional golfers and high-handicap golfers when using the driver. Significant 
differences were found in the Great Toe (GT) and Lesser Toe (LT) regions, where 
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pressure at GT was lower in professional golfers, whereas pressure at LT was higher 
compared to the high-handicap group. During the Middle Backswing (MB) phase, 
significant differences (p < 0.05) were observed in the Lesser Toe (LT), Medial Metatarsal 
(MEDmet), and Heel (HEEL) regions. Pressure at LT and MEDmet was higher in 
professional golfers, while pressure at HEEL was lower compared to high-handicap 
golfers. At the Top of Backswing (TB) phase, significant differences (p < 0.05) were 
detected in the Great Toe (GT), Medial Metatarsal (MEDmet), and Heel (HEEL) regions. 
Pressure at GT and HEEL was lower in professional golfers, whereas pressure at MEDmet 
was higher compared to the high-handicap group. During the Ball Impact (IM) phase, 
significant differences (p < 0.05) were found in the Great Toe (GT), Lesser Toe (LT), 
Lateral Metatarsal (LATmet), and Heel (HEEL) regions. Pressure at GT and HEEL was 
lower in professional golfers, while pressure at LT and LATmet was higher compared 
to high-handicap golfers. In the Early Finish (EF) phase, statistically significant 
differences (p < 0.05) were observed in the Great Toe (GT), Lateral Metatarsal (LATmet), 
and Lateral Arch (LATarc) regions. Pressure at GT was lower in professional golfers, 
whereas pressure at LATmet and LATarc was higher compared to the high-handicap 
group. 

Table 4.5 Differences in normal pressure in the right foot between professional and 
high handicap players using a driver at the key moments of the swing. 

 ST MB TB IM EF 
AREAS MEAN 

(%) 
P MEAN (%) P MEAN (%) P MEAN (%) P MEAN (%) P 

GT 1 0.696 2 0.234 3 0.147 8 0.166 7 0.276 
LT 0 0.890 2 (*) 0.019 3 (*) 0.013 -5 0.072 -4 0.230 

MEDmet 3 0.137 3 (*) 0.012 3 0.225 11 (*) 0.005 7 0.074 
CENmet -1 0.562 1 0.519 -3 0.232 -16 (*) 0.000 -14 (*) 0.001 
LATmet -5 (*) 0.016 -4 0.067 -7 (*) 0.008 -13 (*) 0.000 -8 (*) 0.012 
MEDarc 6 (*) 0.001 4 (*) 0.009 6 (*) 0.002 6 (*) 0.020 7 (*) 0.020 
LATarc 2 0.259 1 0.582 -2 0.487 2 0.171 2 (*) 0.042 
HEEL -6 0.143 -10 (*) 0.037 -2 0.624 7 (*) 0.025 2 0.812 

ST: Stand; MB: Middle Backswing; TB: Top of Backswing; IM: Ball Impact; EF: Early Finish; 
GT: Great Toe; LT: Lesser Toe; MEDmet: Medial Metatarsal; CENmet: Central Metatarsal; 
LATmet: Lateral Metatarsal; MEDarc: Medial Arch; LATarc: Lateral Arch; HEEL: Heel; * 
significant differences at p < 0.05. 
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The analysis of Table 4.5 indicates that during the Stand (ST) phase, there were 

statistically significant differences (p < 0.05) in normal pressure in the right foot 
between professional golfers and high-handicap golfers when using the driver. 
Significant differences were observed in the Lateral Metatarsal (LATmet) and Medial 
Arch (MEDarc) regions, where pressure at LATmet was lower in professional golfers, 
whereas pressure at MEDarc was higher compared to the high-handicap group. During 
the Middle Backswing (MB) phase, significant differences (p < 0.05) were found in the 
Lesser Toe (LT), Medial Metatarsal (MEDmet), Medial Arch (MEDarc), and Heel (HEEL) 
regions. Pressure at LT, MEDmet, and MEDarc was higher in professional golfers, while 
pressure at HEEL was lower compared to high-handicap golfers. At the Top of 
Backswing (TB) phase, statistically significant differences (p < 0.05) were detected in 
the Lesser Toe (LT), Lateral Metatarsal (LATmet), and Medial Arch (MEDarc) regions. 
Pressure at LT and MEDarc was higher in professional golfers, whereas pressure at 
LATmet was lower compared to the high-handicap group. During the Ball Impact (IM) 
phase, significant differences (p < 0.05) were observed in the Medial Metatarsal 
(MEDmet), Central Metatarsal (CENmet), Lateral Metatarsal (LATmet), Medial Arch 
(MEDarc), and Heel (HEEL) regions. Pressure at MEDmet, MEDarc, and HEEL was higher 
in professional golfers, while pressure at CENmet and LATmet was lower compared to 
high-handicap golfers. In the Early Finish (EF) phase, statistically significant differences 
(p < 0.05) were found in the Central Metatarsal (CENmet), Lateral Metatarsal (LATmet), 
Medial Arch (MEDarc), and Lateral Arch (LATarc) regions. Pressure at CENmet and 
LATmet was lower in professional golfers, whereas pressure at MEDarc and LATarc was 
higher compared to the high-handicap group. 
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Figure 4.8 Average maximum plantar pressure distribution across different foot areas 
between professional and high handicap players using a driver at the key moments of 
the swing. 

 
Figure 4.9 Mean normalized segment power between professional and high handicap 
players using a driver, indicating the rates of energy transfer in the lumbosacral (L5S1). 

The analysis of Figure 4.9 reveals that during the Stand (ST) phase, energy levels 
remain low, with no significant difference between professional and amateur golfers. 
This indicates that both groups have not yet begun generating energy during the swing 
preparation phase. In the Middle Backswing (MB) phase, energy begins to accumulate 
progressively, with professional golfers storing more energy than amateur golfers. This 
difference may be attributed to more efficient pressure distribution and torso rotation, 
which enhances energy retention and transfer. As the swing progresses to the Top of 
Backswing (TB) phase, professional golfers exhibit significantly higher energy levels than 
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amateur golfers, indicating that they can store more energy in preparation for the 
downswing. In contrast, amateur golfers may experience energy loss due to suboptimal 
weight distribution techniques. During the Impact (IM) phase, where energy surges into 
the upper body, professional golfers achieve a more effective energy transfer to the 
golf club, resulting in a greater impact force on the ball. Conversely, amateur golfers 
may experience energy leakage, leading to a lower amount of energy being transferred 
to the club. Finally, in the Early Finish (EF) phase, energy flow continues to increase, 
reaching its peak during the EF - FN transition, which represents the post-impact force 
transmission process. Energy levels then decline to their lowest point as the swing 
concludes. Professional golfers maintain better body balance and control over residual 
force, whereas amateur golfers may exhibit greater fluctuations in energy values due 
to less refined postural control. 

Table 4.6 Differences in normal pressure in the left foot between professional and 
high handicap players using a 7-iron at the key moments of the swing. 

 ST MB TB IM EF 
AREAS MEAN (%) P MEAN (%) P MEAN (%) P MEAN (%) P MEAN (%) P 

GT -3 (*) 0.026 -2 0.399 -4 0.260 -6 (*) 0.033 -7 (*) 0.003 
LT 2 0.102 3 (*) 0.047 3 (*) 0.012 3 (*) 0.011 1 0.258 

MEDmet 2 0.305 6 (*) 0.007 5 0.250 0 0.912 -1 0.758 
CENmet 3 0.317 4 0.182 2 0.386 2 0.491 1 0.618 
LATmet 3 0.162 6 (*) 0.012 6 (*) 0.040 14 (*) 0.001 15 (*) 0.000 
MEDarc 2 0.463 1 0.753 2 0.550 -3 0.303 -2 0.296 
LATarc 2 0.409 3 0.446 5 0.101 9 (*) 0.008 8 (*) 0.020 
HEEL -9 0.051 -14 (*) 0.017 -6 0.182 -7 0.180 -3 0.433 

ST: Stand; MB: Middle Backswing; TB: Top of Backswing; IM: Ball Impact; EF: Early Finish; 
GT: Great Toe; LT: Lesser Toe; MEDmet: Medial Metatarsal; CENmet: Central Metatarsal; 
LATmet: Lateral Metatarsal; MEDarc: Medial Arch; LATarc: Lateral Arch; HEEL: Heel; * 
significant differences at p < 0.05. 

The analysis of Table 4.6 indicates that during the Stand (ST) phase, there was 
a statistically significant difference (p < 0.05) in normal pressure in the left foot 
between professional golfers and high-handicap golfers when using the 7-iron. A 
significant difference was observed in the Great Toe (GT) region, where pressure at GT 
was lower in professional golfers compared to the high-handicap group. During the 
Middle Backswing (MB) phase, significant differences (p < 0.05) were found in the Lesser 
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Toe (LT), Medial Metatarsal (MEDmet), Lateral Metatarsal (LATmet), and Heel (HEEL) 
regions. Pressure at LT, MEDmet, and LATmet was higher in professional golfers, 
whereas pressure at HEEL was lower compared to high-handicap golfers. At the Top of 
Backswing (TB) phase, statistically significant differences (p < 0.05) were detected in 
the Lesser Toe (LT) and Lateral Metatarsal (LATmet) regions, where pressure at LT and 
LATmet was higher in professional golfers compared to the high-handicap group. During 
the Ball Impact (IM) phase, significant differences (p < 0.05) were observed in the Great 
Toe (GT), Lesser Toe (LT), Lateral Metatarsal (LATmet), and Lateral Arch (LATarc) regions. 
Pressure at GT was lower in professional golfers, while pressure at LT, LATmet, and 
LATarc was higher compared to the high-handicap group. In the Early Finish (EF) phase, 
statistically significant differences (p < 0.05) were found in the Great Toe (GT), Lateral 
Metatarsal (LATmet), and Lateral Arch (LATarc) regions. Pressure at GT was lower in 
professional golfers, whereas pressure at LATmet and LATarc was higher compared to 
the high-handicap group. 

Table 4.7 Differences in normal pressure in the right foot between professional and 
high handicap players using a 7-iron at the key moments of the swing. 

 ST MB TB IM EF 
AREAS MEAN (%) P MEAN (%) P MEAN (%) P MEAN 

(%) 
P MEAN (%) P 

GT 3 0.162 5 0.083 6 (*) 0.007 11 0.072 10 0.134 
LT 2 0.075 3 (*) 0.001 3 (*) 0.005 0 0.904 -5 0.065 

MEDmet 4 (*) 0.027 7 (*) 0.008 4 (*) 0.004 6 0.139 7 0.141 
CENmet 1 0.631 3 0.187 2 0.479 -9 (*) 0.007 -10 (*) 0.006 
LATmet -2 0.382 0 0.993 0 0.938 -10 (*) 0.015 -6 0.053 
MEDarc 6 (*) 0.001 5 (*) 0.013 5 (*) 0.004 7 (*) 0.000 9 (*) 0.000 
LATarc 2 0.185 0 0.990 0 0.912 2 0.434 4 (*) 0.010 
HEEL -15 (*) 0.008 -17 (*) 0.002 -7 0.166 7 (*) 0.024 6 0.445 

ST: Stand; MB: Middle Backswing; TB: Top of Backswing; IM: Ball Impact; EF: Early Finish; 
GT: Great Toe; LT: Lesser Toe; MEDmet: Medial Metatarsal; CENmet: Central Metatarsal; 
LATmet: Lateral Metatarsal; MEDarc: Medial Arch; LATarc: Lateral Arch; HEEL: Heel; * 
significant differences at p < 0.05. 

The analysis of Table 4.7 indicates that during the Stand (ST) phase, there were 
statistically significant differences (p < 0.05) in normal pressure in the right foot 
between professional golfers and high-handicap golfers when using the 7-iron. 
Significant differences were observed in the Medial Metatarsal (MEDmet), Medial Arch 
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(MEDarc), and Heel (HEEL) regions. Pressure at MEDmet and MEDarc was higher in 
professional golfers, whereas pressure at HEEL was lower compared to the high-
handicap group. During the Middle Backswing (MB) phase, significant differences (p < 
0.05) were found in the Lesser Toe (LT), Medial Metatarsal (MEDmet), Medial Arch 
(MEDarc), and Heel (HEEL) regions. Pressure at LT, MEDmet, and MEDarc was higher in 
professional golfers, while pressure at HEEL was lower compared to high-handicap 
golfers. At the Top of Backswing (TB) phase, statistically significant differences (p < 0.05) 
were detected in the Great Toe (GT), Lesser Toe (LT), Medial Metatarsal (MEDmet), and 
Medial Arch (MEDarc) regions. Pressure at GT, LT, MEDmet, and MEDarc was higher in 
professional golfers compared to the high-handicap group. During the Ball Impact (IM) 
phase, significant differences (p < 0.05) were observed in the Central Metatarsal 
(CENmet), Lateral Metatarsal (LATmet), Medial Arch (MEDarc), and Heel (HEEL) regions. 
Pressure at CENmet and LATmet was lower in professional golfers, whereas pressure 
at MEDarc and HEEL was higher compared to the high-handicap group. In the Early 
Finish (EF) phase, statistically significant differences (p < 0.05) were found in the Central 
Metatarsal (CENmet), Medial Arch (MEDarc), and Lateral Arch (LATarc) regions. Pressure 
at CENmet was lower in professional golfers, while pressure at MEDarc and LATarc was 
higher compared to the high-handicap group. 

 
Figure 4.10 Average maximum plantar pressure distribution across different foot areas 
between professional and high handicap players using a 7-iron at the key moments of 
the swing. 
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Figure 4.11 Mean normalized segment power between professional and high handicap 
players using a 7-iron, indicating the rates of energy transfer in the lumbosacral (L5S1). 

The analysis of Figure 4.11 shows that during the Stand (ST) phase, energy levels 
remain low, with no noticeable difference between professional and amateur golfers. 
In the Middle Backswing (MB) phase, energy begins to accumulate progressively, with 
amateur golfers transferring more energy to the upper body than professional golfers. 
As the swing progresses to the Top of Backswing (TB) phase, professional golfers exhibit 
significantly higher energy levels than amateur golfers, indicating that they can store 
more energy in preparation for the downswing. In contrast, amateur golfers may 
experience some energy loss due to suboptimal weight distribution techniques. During 
the Impact (IM) phase, where energy surges rapidly into the upper body, professional 
golfers achieve an efficient energy transfer to the golf club, generating a greater impact 
force on the ball. Conversely, amateur golfers may experience energy leakage, leading 
to less energy being transferred to the club. Finally, in the Early Finish (EF) phase, 
energy flow continues to increase, reaching its peak during the EF - FN transition, which 
represents the post-impact force transmission process. Energy levels then decline to 
their lowest point as the swing concludes. Professional golfers maintain better body 
balance and control over residual forces, while amateur golfers may experience greater 
fluctuations in energy values due to less refined postural control. 
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4.3 Correlation between plantar pressure and energy transfer 

Table 4.8 Correlation between segment power and plantar pressure of the left foot in 
the professional group using a driver at the key moments of the swing. 

 ST MB TB IM EF 

AREAS 
PEARSON 

CORRELATION 
P 

PEARSON 
CORRELATION 

P 
PEARSON 

CORRELATION 
P 

PEARSON 
CORRELATION 

P 
PEARSON 

CORRELATION 
P 

GT -0.524* 0.045 0.299 0.280 -0.933* 0.000 -0.664* 0.007 0.101 0.720 
LT -0.709* 0.003 -0.133 0.636 -0.613* 0.015 -0.487 0.066 0.227 0.416 

MEDmet -0.618* 0.014 0.549* 0.034 -0.494 0.061 0.237 0.394 0.366 0.179 
CENmet -0.409 0.130 0.450 0.092 -0.646* 0.009 0.175 0.532 0.383 0.159 
LATmet 0.071 0.803 0.449 0.093 -0.660* 0.007 0.237 0.395 -0.132 0.639 
MEDarc 0.610* 0.016 0.502 0.057 -0.780* 0.001 -0.046 0.870 -0.172 0.540 
LATarc 0.690* 0.004 0.135 0.630 -0.840* 0.000 0.076 0.787 -0.285 0.303 
HEEL 0.660* 0.007 -0.466 0.080 0.005 0.986 -0.108 0.700 -0.325 0.237 

ST: Stand; MB: Middle Backswing; TB: Top of Backswing; IM: Ball Impact; EF: Early Finish; 
GT: Great Toe; LT: Lesser Toe; MEDmet: Medial Metatarsal; CENmet: Central Metatarsal; 
LATmet: Lateral Metatarsal; MEDarc: Medial Arch; LATarc: Lateral Arch; HEEL: Heel; * 
significant correlations at p < 0.05. 

The analysis of Table 4.8, which presents the correlation between normal 
pressure in the left foot and segmental body energy in professional golfers using a 
driver, reveals several key findings. During the Stand (ST) phase, pressure at the Great 
Toe (GT), Lesser Toe (LT), and Medial Metatarsal (MEDmet) exhibited a negative 
correlation with body energy, indicating that an increase in pressure in these regions 
corresponds to a decrease in body energy utilization. Conversely, pressure at the 
Medial Arch (MEDarc), Lateral Arch (LATarc), and Heel (HEEL) showed a positive 
correlation with body energy, meaning that higher pressure in these areas is associated 
with an increase in body energy. In the Middle Backswing (MB) phase, pressure at the 
Medial Metatarsal (MEDmet) had a positive correlation with body energy, suggesting 
that greater pressure in this region contributes to increased energy transfer within the 
body during the middle phase of the backswing. During the Top of Backswing (TB) 
phase, a negative correlation was observed between pressure at the Great Toe (GT), 
Lesser Toe (LT), Central Metatarsal (CENmet), Lateral Metatarsal (LATmet), Medial Arch 
(MEDarc), and Lateral Arch (LATarc) and body energy. This indicates that higher pressure 
in these areas tends to reduce body energy during the peak of the backswing. At the 
Ball Impact (IM) phase, a negative correlation was found between pressure at the Great 
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Toe (GT) and body energy, suggesting that an increase in pressure at this location is 
associated with a reduction in body energy at the moment of impact. In the Early 
Finish (EF) phase, no statistically significant correlations were observed (p > 0.05), 
indicating that pressure distribution in the left foot during this phase does not 
significantly influence body energy transfer. 

Table 4.9 Correlation between segment power and plantar pressure of the right foot 
in the professional group using a driver at the key moments of the swing. 

 ST MB TB IM EF 

AREAS 
PEARSON 

CORRELATION 
P 

PEARSON 
CORRELATION 

P 
PEARSON 

CORRELATION 
P 

PEARSON 
CORRELATION 

P 
PEARSON 

CORRELATION 
P 

GT -0.185 0.510 0.375 0.168 -0.859* 0.000 0.402 0.138 0.143 0.611 
LT -0.698* 0.004 0.311 0.259 -0.786* 0.001 0.339 0.216 -0.212 0.447 

MEDmet -0.392 0.149 0.420 0.119 -0.383 0.159 0.598* 0.019 0.566* 0.028 
CENmet -0.626* 0.013 0.471 0.076 -0.045 0.875 0.265 0.341 0.389 0.152 
LATmet -0.188 0.502 0.636* 0.011 -0.488 0.065 0.377 0.166 0.350 0.200 
MEDarc 0.754* 0.001 0.268 0.335 -0.734* 0.002 0.377 0.165 0.350 0.201 
LATarc 0.766* 0.001 0.566* 0.028 -0.709* 0.003 0.090 0.748 -0.262 0.345 
HEEL 0.492 0.062 -0.393 0.147 0.380 0.163 -0.329 0.231 -0.245 0.379 

ST: Stand; MB: Middle Backswing; TB: Top of Backswing; IM: Ball Impact; EF: Early Finish; 
GT: Great Toe; LT: Lesser Toe; MEDmet: Medial Metatarsal; CENmet: Central Metatarsal; 
LATmet: Lateral Metatarsal; MEDarc: Medial Arch; LATarc: Lateral Arch; HEEL: Heel; * 
significant correlations at p < 0.05. 

The analysis of Table 4.9, which presents the correlation between normal 
pressure in the right foot and segmental body energy in professional golfers using a 
driver, reveals several key findings. During the Stand (ST) phase, pressure at the Lesser 
Toe (LT) and Central Metatarsal (CENmet) exhibited a negative correlation with body 
energy, indicating that an increase in pressure in these regions corresponds to a 
decrease in body energy utilization. In contrast, pressure at the Medial Arch (MEDarc) 
and Lateral Arch (LATarc) showed a positive correlation with body energy, suggesting 
that higher pressure in these areas is associated with an increase in body energy. In the 
Middle Backswing (MB) phase, a positive correlation was observed between pressure 
at the Lateral Metatarsal (LATmet) and Lateral Arch (LATarc) and body energy, meaning 
that greater pressure in these regions may contribute to increased body energy during 
the middle phase of the backswing. During the Top of Backswing (TB) phase, a negative 
correlation was found between pressure at the Great Toe (GT), Lesser Toe (LT), Medial 
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Arch (MEDarc), and Lateral Arch (LATarc) and body energy, suggesting that higher 
pressure in these areas is associated with a reduction in body energy at the peak of 
the backswing. At the Ball Impact (IM) phase, pressure at the Medial Metatarsal 
(MEDmet) showed a positive correlation with body energy, indicating that an increase 
in pressure in this region may contribute to higher body energy during ball impact. In 
the Early Finish (EF) phase, pressure at the Medial Metatarsal (MEDmet) was positively 
correlated with body energy, suggesting that greater pressure in this region may 
contribute to an increase in body energy during the early stage of the follow-through. 

 

4.4 Stand (ST) 
4.4.1 Differences in plantar pressure when using the driver and 7-iron in 

professional golfers at the stand (ST) 
The stand Phase (ST) is a crucial period in which golfers adjust their body 

position to prepare for the initiation of the swing. The distribution of plantar pressure 
during this phase influences postural stability and the subsequent kinematic sequence 
in the backswing and downswing (Ball and Best, 2012). Previous studies have indicated 
that foot positioning and weight distribution directly affect the generation of torque in 
the trunk, which is a key factor in producing a powerful and accurate swing (Nesbit and 
Serrano, 2005; You et al., 2023). Recent research has demonstrated variations in plantar 
pressure between the left and right foot during the ST phase, which correlate with the 
type of club used and the golfer’s skill level (MacKenzie et al., 2020; Sheehan et al., 
2022) 

An analysis of professional golfers’ plantar pressure data revealed no 
significant differences in the left foot’s pressure between different club types, 
indicating that golfers maintain balance regardless of the club used (You et al., 2023). 
However, the right foot exhibits significant variations in pressure when using a driver 
compared to a 7-iron. Specifically, when using a driver, the pressure on the right heel 
was 7% higher (p=0.014) than when using a 7-iron (Pataky, 2015). This finding aligns 
with the trend that using a driver requires greater weight transfer towards the heel to 
generate more energy during the backswing (Han et al., 2019). Conversely, when using 
a 7-iron, pressure on the central metatarsal (CENmet) and lateral metatarsal (LATmet) 
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regions was approximately 2% higher (p=0.010 and p=0.013, respectively) than when 
using a driver. This shift in pressure towards the forefoot reflects a strategy for 
enhancing precision and control over the club’s direction (MacKenzie et al., 2020; You 
et al., 2023). 

Energy transfer analysis during the ST phase indicates that the energy 
transfer at the lumbosacral joint (L5S1) remains low and relatively stable, suggesting 
that at the beginning of the swing, golfers have not yet engaged significant lower-body 
force (Nesbit and Serrano, 2005). The energy distribution graph for both the driver and 
the 7-iron follows a similar trend during this phase, showing that professional golfers 
can effectively maintain energy balance regardless of the club used. However, the 
differences in plantar pressure distribution between the two clubs highlight distinct 
set-up strategies: golfers tend to exert greater pressure on the right heel when using a 
driver, whereas they distribute more weight to the forefoot and midfoot regions when 
using a 7-iron to enhance swing precision (Dong and Ikuno, 2023). 

Plantar pressure distribution during the ST phase directly influences 
energy transfer efficiency and swing stability. Professional golfers tend to adjust their 
foot pressure according to the club type: increasing heel pressure when using a driver 
to facilitate greater acceleration and power, while shifting weight towards the forefoot 
when using a 7-iron to enhance club control accuracy (Sheehan et al., 2022). A study 
by Quinn et al. (2022) found that golfers who optimally adjust their foot pressure during 
the ST phase can generate torque more effectively and minimize swing errors. 

The ST phase is a critical component in establishing body stability and 
determining the subsequent swing mechanics. Professional golfers tend to shift more 
weight onto their heels when using a driver to generate higher torque and increase 
swing power. In contrast, when using a 7-iron, they distribute weight more towards the 
forefoot and midfoot for improved accuracy. Amateur golfers may need to refine their 
set-up techniques according to club type, particularly in controlling foot pressure to 
optimize energy transfer during the backswing and downswing (Quinn et al., 2022; 
Worsfold et al., 2009). 
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4.4.2 Differences in plantar pressure between professional and amateur 
golfers at the stand (ST) 

The stand phase (ST) is a crucial moment when golfers align their body 
and prepare for the initiation of the swing. The distribution of plantar pressure during 
this phase plays a significant role in maintaining balance and facilitating weight transfer 
into the backswing and downswing (Ball and Best, 2012). Differences in plantar pressure 
between professional and amateur golfers can directly impact body stability and swing 
efficiency, particularly during the address position (MacKenzie et al., 2020; Sheehan et 
al., 2022). An analysis of plantar pressure data reveals significant differences between 
professional and amateur golfers during the ST phase, with distinct pressure distribution 
patterns depending on the type of golf club used (You et al., 2023). 

When using a Driver, professional golfers tend to reduce pressure on the 
left great toe (GT) by 3% (p = 0.010), potentially reflecting a weight distribution strategy 
that minimizes forward lean by alleviating pressure on the forefoot. At the same time, 
they exhibit a 3% increase (p = 0.001) in pressure on the lesser toe (LT), which may 
result from shifting weight laterally to balance left foot pressure. This pattern aligns 
with the tendency of professional golfers to maintain early swing stability by evenly 
distributing pressure to synchronize with torso movement. On the right foot, lateral 
metatarsal (LATmet) pressure is reduced by 5% (p = 0.016) compared to amateur 
golfers, indicating a strategy to offload pressure from the outer right foot and minimize 
unnecessary lateral movement. Conversely, pressure on the medial arch (MEDarc) 
increases by 6% (p = 0.001), suggesting an enhanced ability to stabilize the torso and 
hips by shifting weight to areas that contribute to torque generation during the 
backswing. These differences likely stem from the more refined weight-shifting 
techniques employed by professional golfers, which optimize swing efficiency while 
reducing unnecessary plantar loading. 

When using a 7-Iron, professional golfers maintain the same trend of 
reducing pressure on the left great toe (GT) by 3% (p = 0.026), with no significant 
changes in other left foot zones. This suggests a consistent weight distribution strategy 
that supports balance control without relying on the great toe for stability. In contrast, 
the right foot of professional golfers exhibits a distinct pressure adaptation, with a 4% 
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increase (p = 0.027) in medial metatarsal (MEDmet) pressure and a 6% increase (p = 
0.001) in medial arch (MEDarc) pressure, while heel (HEEL) pressure decreases by 15% 
(p = 0.008). The reduction in heel pressure may be a deliberate strategy to shift weight 
toward the forefoot, enhancing control over swing direction. These differences highlight 
the ability of professional golfers to fine-tune plantar pressure adjustments, ensuring 
optimal balance and precise club movement control. 

The distribution of plantar pressure during the ST phase directly 
influences energy transfer through the kinetic chain, a critical mechanism affecting 
body movement throughout the swing. Data from Figure 4.9 and Figure 4.11 indicate 
that energy transfer at the lumbosacral joint (L5S1) during the ST phase remains low 
and relatively stable, with no significant differences between the use of a Driver and a 
7-Iron or between professional and amateur golfers. Although energy levels in this 
region remain low, the contrasting energy control strategies between the two golfer 
groups suggest variations in balance maintenance and preparation for subsequent 
swing phases. Professional golfers exhibit more stable energy distribution, maintaining 
consistent energy values with higher stability. This suggests their ability to sustain a 
steady posture and minimize unnecessary movements during the ST phase, which 
facilitates smoother and more efficient energy transitions into the backswing. 
Conversely, amateur golfers tend to show slightly more energy fluctuation, likely due 
to compensatory balance adjustments or unstable positioning during address. These 
energy fluctuations may reflect uneven plantar pressure distribution, causing minor 
shifts in the body’s center of mass and potentially affecting swing performance in later 
phases. The ability of professional golfers to maintain stable L5S1 energy levels may 
result from better plantar pressure control, particularly increased medial arch pressure, 
which optimally engages hip and torso mechanics. Additionally, reduced heel pressure 
may minimize resistance and enhance energy transition from the lower body to the 
torso, supporting a more efficient backswing (MacKenzie et al., 2020; Dong and Ikuno, 
2023). 

Professional golfers demonstrate superior plantar pressure adjustments, 
reducing unnecessary loading and enhancing directional control of the swing more 
effectively than amateur golfers. Moreover, the energy flow generated by plantar 
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pressure influences hip rotation and body movement control, both of which are 
essential for swing performance. Amateur golfers can apply these insights in training to 
improve stability and correct plantar pressure distribution errors, ultimately refining 
their technique in alignment with optimal body mechanics (Quinn et al., 2022; Worsfold 
et al., 2009). 

4.4.3 Relationship between plantar pressure and energy flow in 
professional golfers at the stand (ST) 

Analyzing the relationship between plantar pressure and energy flow 
during stand phase (ST) is a crucial component in understanding the mechanics of 
movement and energy transfer at the initial stage of the golf swing. This phase is when 
the body establishes structural alignment and foot positioning to prepare for 
subsequent movement into the backswing. Data from Table 4.8 and Table 4.9, which 
present Pearson correlation coefficients, indicate varying relationships between plantar 
pressure and energy flow depending on the foot region. Professional golfers 
demonstrate greater control over plantar pressure at different foot zones, leading to 
more efficient energy flow, reflecting a complex mechanism of balance control and 
optimized energy transfer for the swing. 

For the left foot, a significant negative correlation was observed between 
pressure on the great toe (GT), lesser toe (LT), and medial metatarsal (MEDmet) with 
energy flow (GT: r = -0.524, p<0.05; LT: r = -0.709, p<0.01; MEDmet: r = -0.618, p<0.05). 
This suggests that increased pressure in these areas corresponds with reduced energy 
flow toward the torso. This trend indicates that professional golfers tend to avoid 
excessive loading on the forefoot during the set-up phase, instead distributing weight 
towards the midfoot and heel to maintain balance and support energy transfer into 
the hips and torso (Ball and Best, 2012). Conversely, significant positive correlations 
were found between pressure at the medial arch (MEDarc) and lateral arch (LATarc) 
with energy flow (MEDarc: r = 0.754, p<0.01; LATarc: r = 0.766, p<0.01), implying that 
increased pressure in these regions is associated with more stable energy flow. 
Professional golfers utilize pressure from the arches to enhance body stability and 
facilitate a more efficient energy transfer into the backswing (Dong and Ikuno, 2023). 
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For the right foot, a similar trend was observed. A significant negative 
correlation was found between pressure on the lesser toe (LT) (r = -0.698, p<0.01) and 
central metatarsal (CENmet) (r = -0.626, p<0.05) with energy flow. This suggests that 
increased pressure in these areas may be linked to reduced energy transfer at the 
beginning of the swing. This data reflects the tendency of professional golfers to avoid 
excessive forefoot pressure on the right foot during the set-up phase to prevent 
balance disruptions and minimize interference with energy transfer to the torso 
(Sheehan et al., 2022). Meanwhile, significant positive correlations were found between 
pressure at the lateral metatarsal (LATmet) and lateral arch (LATarc) with energy flow 
(LATmet: r = 0.636, p = 0.011; LATarc: r = 0.566, p = 0.028). This suggests that increasing 
pressure in these areas contributes to enhanced body stability and improved energy 
transfer efficiency. Professional golfers leverage pressure on the arches and lateral 
metatarsal regions to maintain balance and optimize energy transition from the lower 
body to the torso (Pataky, 2015; Chu, Sell, and Lephart, 2010). 

The findings indicate that the relationship between plantar pressure and 
energy flow is a key factor in determining a golfer’s weight distribution strategy. 
Professional golfers tend to reduce pressure on the forefoot and instead distribute it 
toward the arches and heels, which helps create a more stable and efficient energy 
flow. In contrast, amateur golfers may be more prone to applying pressure in ways 
that disrupt balance and reduce energy transfer efficiency toward the torso. Therefore, 
refining plantar pressure distribution is a crucial factor in improving energy transfer and 
optimizing overall swing mechanics (MacKenzie et al., 2020; You et al., 2023). 
 

4.5 Middle backswing (MB) 
4.5.1 Differences in plantar pressure when using the driver and 7-iron in 

professional golfers at the middle backswing (MB) 
The Middle Backswing (MB) is a critical phase where golfers begin shifting 

their weight onto the right foot (for right-handed golfers) and generating rotational 
torque to prepare for the Top of Backswing (TB). Differences in plantar pressure 
between the left and right foot at this stage play a significant role in maintaining 
balance and preparing for power generation in the downswing. Analyzing plantar 
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pressure patterns during this phase provides insights into efficient weight distribution 
strategies, which can contribute to refining swing techniques (You et al., 2023; Dong 
and Ikuno, 2023). Studies on plantar pressure during the MB phase indicate that 
professional golfers tend to increase pressure on the arches and metatarsals, 
enhancing rotational torque while maintaining stability. The pressure distribution 
between the left and right foot also varies depending on the type of golf club used 
(Belotti et al., 2024). 

When using a Driver, pressure on the medial metatarsal (MEDmet) of the 
left foot tends to increase by 2% compared to using a 7-Iron, while pressure on the 
lateral metatarsal (LATmet) and central metatarsal (CENmet) decreases by 5% and 4%, 
respectively (p < 0.05). This indicates that when using a Driver, golfers tend to shift 
weight toward the medial arch to reduce body sway and enhance stability for efficient 
torque generation (Ball and Best, 2012; Pataky, 2015). Conversely, when using a 7-Iron, 
pressure is more evenly distributed across the midfoot and lateral metatarsals, 
reflecting an attempt to maintain body stability and improve swing accuracy. Golfers 
who effectively distribute pressure toward the midfoot and lateral zones exhibit better 
club control, a characteristic commonly seen in high-performance golfers (Sheehan et 
al., 2022; Jones et al., 2024).  

For the right foot, significant differences in pressure between the Driver 
and 7-Iron are observed, particularly in the heel (HEEL) and arch regions (MEDarc, 
LATarc). When using a Driver, heel pressure increases by 5% (p < 0.05) compared to a 
7-Iron, indicating a tendency to shift more weight onto the right heel to support 
rotational torque and enhance backswing stability (Sheehan et al., 2022). Conversely, 
when using a 7-Iron, golfers distribute more pressure toward the midfoot and forefoot, 
leading to greater stability in the MB phase. These findings align with research by Nesbit 
and Serrano (2005) and Hiley et al. (2021), which suggest that heel and arch pressure 
play a crucial role in maintaining balance during the backswing. 

Data from Figure 4.4, which illustrates energy transfer at the Lumbosacral 
(L5S1) joint, indicates a slight increase in energy levels during the MB phase. However, 
overall energy remains low, as golfers are still in the torque generation phase, without 
fully accelerating the club. Energy values between the Driver and 7-Iron are 
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comparable in this phase, although the Driver may show briefly higher energy values 
due to its longer shaft and greater force requirements (Han et al., 2019). 

Studies by Burden et al. (2013) and Outram and Wheat (2021) emphasize 
that the MB phase marks the beginning of energy accumulation through body rotation 
and torque generation. Golfers who can effectively manage energy transfer in this 
phase can store energy efficiently and transfer it seamlessly into the club during the 
downswing. Plantar pressure in the MB phase plays a vital role in maintaining body 
balance and energy generation for club acceleration in the downswing. Professional 
golfers tend to distribute pressure evenly, with a tendency to increase pressure on the 
right heel and left arch, promoting a stable rotational movement and efficient energy 
storage. In contrast, amateur golfers often apply more pressure to the forefoot and 
midfoot, which may compromise balance and reduce torque efficiency necessary for 
the swing (Kenny et al., 2008; Jones et al., 2024). 

During the Middle Backswing (MB), professional and amateur golfers 
exhibit distinct plantar pressure patterns. Professional golfers tend to increase pressure 
on the left arch and right heel, aiding in torque generation and body stability, while 
amateur golfers often shift pressure toward the forefoot and midfoot, potentially 
leading to balance loss and less efficient energy transfer. Proper foot pressure 
management can enhance swing efficiency and reduce errors resulting from 
imbalanced weight distribution (Belotti et al., 2024). 

4.5.2 Differences in plantar pressure between professional and amateur 
golfers at the middle backswing (MB) 

During the Middle Backswing (MB), golfers must precisely control weight 
transfer and plantar pressure to maintain body balance and generate rotational torque, 
which enhances power and swing accuracy. Research by Ball and Best (2007) highlights 
that proper weight transfer during the backswing directly influences torso torque 
generation and overall stability. Additionally, Horan et al. (2010) found that golfers who 
effectively manage plantar pressure during the backswing tend to reduce transition 
errors leading to the Top of Backswing (TB). 

When using a Driver, professional golfers tend to shift weight more toward 
the midfoot and arch of the right foot, which helps maintain balance and generate 
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efficient torque for torso rotation. In contrast, amateur golfers often place excessive 
weight on the toes or heels, potentially leading to loss of control and reduced swing 
stability (Han et al., 2019). Table 4.4 reveals that in the left foot, professional golfers 
exhibit significantly higher pressure on the medial metatarsal (MEDmet) (+7, p=0.013). 
This aligns with findings by Nesbit and Serrano (2005), which suggest that increased 
medial metatarsal pressure plays a crucial role in maintaining balance and controlling 
torso rotation. Meanwhile, heel pressure decreases (-12, p=0.035), indicating a balance 
adjustment that facilitates smooth torso rotation by reducing excess load on the heel 
(McNitt-Gray et al., 2014). According to Table 4.5, for the right foot, professional golfers 
display higher pressure on the medial metatarsal (MEDmet) (+3, p=0.012) and medial 
arch (MEDarc) (+4, p=0.009). This pattern enhances body stability and prevents 
excessive leaning during torso rotation (Hume et al., 2005). In contrast, heel pressure 
decreases (-10, p=0.037), suggesting that professional golfers tend to minimize heel 
loading to maintain fluid body movement (Kwon et al., 2013). 

When using a 7-Iron, a club that emphasizes precision over power, 
professional golfers maintain a similar weight distribution strategy as with the Driver, 
but with more balance between both feet. Table 4.6 shows that in the left foot, 
pressure on the medial metatarsal (MEDmet) (+6, p=0.007) and lateral metatarsal 
(LATmet) (+6, p=0.012) is higher, supporting swing stability (Lindsay and Horton, 2006). 
Table 4.7 reveals that in the right foot, professional golfers exhibit higher medial 
metatarsal (MEDmet) (+7, p=0.008) and medial arch (MEDarc) (+5, p=0.013) pressure, 
contributing to swing control and movement continuity (Horan et al., 2010). Heel 
pressure decreases significantly (-17, p=0.002), demonstrating efficient weight transfer 
and improved body balance (McNitt-Gray et al., 2014). 

The MB phase marks the beginning of energy accumulation through 
weight transfer from the lead foot to the trail foot. Professional golfers control plantar 
pressure more effectively, ensuring smooth and efficient energy transfer. In contrast, 
amateur golfers experience rapid and inconsistent changes in plantar pressure, which 
may disrupt energy transfer to the core and hips at the end of the backswing (Dong 
and Ikuno, 2023). Figure 4.9 illustrates that when using a Driver, professional golfers 
efficiently accumulate energy during MB before significantly increasing energy output 
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in the Top Backswing (TB) and Downswing. Conversely, high-handicap amateur golfers 
exhibit lower energy values and less energy fluctuation in the MB phase, indicating 
limitations in energy transfer efficiency. The Driver requires greater torso-generated 
power, making the energy difference between professional and amateur golfers more 
pronounced (Belotti et al., 2024). On the other hand, Figure 4.11, which presents data 
from the 7-Iron, reveals that during MB, high-handicap amateur golfers surprisingly show 
higher energy levels than professionals. This may result from excessive but inefficient 
energy use. Professional golfers expend less energy during MB but can accumulate it 
more efficiently for TB and Downswing. The energy gap between professional and 
amateur golfers narrows when using a 7-Iron, as a shorter club requires less torso-
generated power (Jones et al., 2024). 

Professional golfers demonstrate systematic energy accumulation and 
transfer, leading to efficient energy utilization, while amateur golfers may overuse 
energy in MB but lack proper energy management, reducing Downswing efficiency. The 
Driver emphasizes performance differences between the two groups more than the 7-
Iron. Amateur golfers can enhance their performance by improving weight transfer 
control and swing timing for optimized energy use (You et al., 2023). 

Plantar pressure distribution during MB has a direct impact on body 
stability and rotational torque efficiency. Professional golfers maintain better balance 
by utilizing arch and heel pressure as primary support points, enabling efficient torque 
generation and smooth energy transfer into the club. In contrast, amateur golfers who 
place excessive pressure on the toes or forefoot may struggle with weight transfer, 
leading to energy loss and reduced swing accuracy. By refining weight transfer 
techniques, amateur golfers can enhance balance, minimize instability, and improve 
swing mechanics (Belotti et al., 2024). 

An analysis of plantar pressure between professional and amateur golfers 
during MB indicates that professional golfers strategically shift weight toward the heel 
and arch, improving body stability and reducing excessive forefoot pressure. In contrast, 
amateur golfers often place weight on the forefoot, which may cause balance loss and 
inefficient energy transfer. By focusing on controlled arch and heel pressure, amateur 
golfers can improve energy flow, maintain balance, and enhance swing precision. 
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Practicing optimal plantar pressure management can lead to smoother energy 
transitions and greater swing efficiency (Belotti et al., 2024). 

4.5.3 Relationship between plantar pressure and energy flow in 
professional golfers at the middle backswing (MB) 

The Middle Backswing (MB) is the phase where golfers initiate torso 
rotation and shift weight from the lead foot to the trail foot, preparing for the Top of 
Backswing (TB) and the subsequent energy transfer into the downswing. Plantar 
pressure during this phase plays a crucial role in maintaining balance and creating 
optimal conditions for efficient energy utilization. Analyzing data from Table 4.8 and 
Table 4.9, which present the correlation between plantar pressure and body energy in 
professional golfers using a Driver, provides deeper insight into this mechanism (Quinn 
et al., 2022; Worsfold et al., 2009). 

Table 4.8 reveals a significant positive correlation between medial 
metatarsal (MEDmet) pressure and body energy (r = 0.549, p = 0.034), indicating that 
increased pressure in this region tends to be associated with higher body energy during 
MB. However, other areas of the left foot, such as the heel (HEEL), exhibit a negative 
correlation with body energy (r = -0.466, p = 0.080). Although not statistically significant, 
this trend suggests a weight shift from the left to the right foot in preparation for the 
swing transition. Additional analysis shows that energy levels in the MB phase remain 
relatively low, with no significant differences between professional and amateur 
golfers, indicating that both groups are still in the process of energy buildup, and more 
pronounced differences in energy transfer may emerge in later phases, such as Top of 
Backswing (TB) or Impact (IM). 

Table 4.9 indicates that lateral metatarsal (LATmet) and lateral arch 
(LATarc) pressure show significant positive correlations with body energy (LATmet: r = 
0.636, p = 0.011; LATarc: r = 0.566, p = 0.028). This suggests that increasing pressure in 
these regions plays a crucial role in enhancing stability and supporting energy transfer 
during MB. In contrast, heel pressure (HEEL) exhibits a negative correlation with body 
energy (r = -0.393, p = 0.147), indicating that professional golfers may not rely heavily 
on heel pressure during this phase to avoid balance loss and facilitate more efficient 
torso rotation. Comparing previous research findings, professional golfers tend to 
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increase pressure on the arch and lateral metatarsal rather than relying solely on heel 
pressure, enabling better body movement control and effective energy transfer into 
the backswing (Pataky, 2015; Chu et al., 2010). 

Although the correlation values found in the MB phase are not as high as 
those observed in the Top of Backswing (TB) or Impact (IM) phases, the findings suggest 
that pressure on the lateral metatarsal and arch regions exhibits strong correlations 
with body energy. This indicates that golfers should focus on weight distribution toward 
the arch and lateral metatarsal instead of relying excessively on the heel. Amateur 
golfers should train to shift weight onto the arch and lateral foot regions, helping them 
maintain balance and increase body stability during MB. Enhancing pressure on the 
lateral arch may improve energy transfer efficiency into the backswing, whereas over-
reliance on heel pressure may lead to energy loss and reduced control over body 
movement. Developing appropriate weight transfer techniques for different clubs is 
another critical factor. Using a Driver requires greater right foot pressure, whereas a 7-
Iron may demand increased left foot pressure for directional control. Additionally, core 
strength training is essential, as core muscles play a crucial role in maintaining body 
balance and enabling efficient plantar pressure utilization. 

The Middle Backswing (MB) is a stabilization phase where golfers prepare 
for energy transfer into the backswing. While the correlation between plantar pressure 
and body energy is not yet at its peak, data from Table 4.8 and Table 4.9 suggest that 
increased lateral metatarsal and arch pressure is associated with higher body energy 
levels, which may enhance energy transfer into later swing phases. Amateur golfers 
can integrate these findings into training programs to develop optimal weight transfer 
techniques, which can improve energy generation efficiency and reduce errors caused 
by improper plantar pressure distribution (Quinn et al., 2022; Worsfold et al., 2009). 
 

4.6 Top of backswing (TB) 
4.6.1 Differences in plantar pressure when using the driver and 7-iron in 

professional golfers at the top of backswing (TB)  
The Top of Backswing (TB) represents the peak of the golfer's rotational 

movement, where maintaining balance and preparing for the downswing is crucial. At 
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this phase, the body regulates energy direction and weight transfer to maximize swing 
efficiency. Understanding the differences in plantar pressure between the Driver and 
the 7-Iron during TB is essential, as it significantly influences clubhead speed and shot 
accuracy, allowing golfers to refine their weight and energy transfer strategies for 
optimal performance (Ball and Best, 2012; Chu et al., 2010). 

Table 4.2 indicates that pressure on the left lesser toe (LT) increases 
significantly (+2%, p = 0.001) when using a Driver compared to a 7-Iron, suggesting that 
greater toe pressure is required for balance maintenance during TB. This difference in 
weight distribution reflects the distinct energy requirements between the two clubs, 
supporting the findings of Nesbit and Serrano (2005), who reported that longer clubs 
necessitate a forward weight shift to generate higher rotational force. Table 4.3 shows 
that right foot pressure does not differ significantly between Driver and 7-Iron usage, 
suggesting that the right foot primarily serves a stabilizing function rather than 
contributing directly to energy generation at TB. The ability to effectively transfer 
weight onto the right foot is a key characteristic of technically proficient golfers, aligning 
with Smith et al. (2017), who found that proper right foot weight transfer enhances hip 
torque and improves downswing efficiency. 

Figure 4.4 illustrates energy transfer variations between Driver and 7-Iron 
usage at TB. Professional golfers using a Driver exhibit less negative energy values in 
the Lumbosacral (L5S1) region, meaning energy remains more concentrated in the 
upper body rather than being transferred downward. This stored energy likely 
contributes to a more forceful downswing. Conversely, when using a 7-Iron, significantly 
more energy is transferred to the lower body and ground, resulting in greater stability 
and precision during the swing (MacKenzie et al., 2020; You et al., 2023). Plantar 
pressure at TB plays a pivotal role in balance and energy transfer for club acceleration 
in the downswing. Professional golfers demonstrate a well-balanced distribution of 
plantar pressure, with a tendency to increase pressure on the left lesser toe (LT), 
promoting stable rotation and effective energy transfer toward the upper body. In 
contrast, amateur golfers often shift weight toward the forefoot and midfoot, 
potentially compromising balance and reducing rotational force generation. 
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At the Top of Backswing (TB), professional and amateur golfers exhibit 
distinct plantar pressure patterns. Professional golfers tend to increase pressure on the 
left lesser toe, enhancing torque generation and body stability, while amateurs 
distribute more pressure across the forefoot and midfoot, which may lead to balance 
loss and inefficient energy transfer. Optimizing plantar pressure control can improve 
swing efficiency and reduce errors caused by improper weight distribution (Belotti et 
al., 2024). 

4.6.2 Differences in Plantar Pressure Between Professional and Amateur 
Golfers at the top of backswing (TB) 

The Top of Backswing (TB) represents the highest point of the backswing, 
where the golfer's body prepares for the energy transfer into the downswing. Plantar 
pressure distribution during this phase plays a crucial role in maintaining stability and 
generating clubhead speed. Professional golfers tend to exhibit more efficient weight 
transfer patterns compared to amateurs, allowing them to store and transfer energy 
more effectively into the downswing, ultimately resulting in greater clubhead speed 
and shot accuracy (Ball and Best, 2012; Nesbit and Serrano, 2005; Belotti et al., 2024). 

When using a Driver, professional golfers tend to distribute more weight 
toward the midfoot and inner foot arch, reducing pressure on the toes and heels. The 
difference in weight distribution between the left and right foot suggests a strategic 
approach by professionals to enhance stability and optimize weight shift into the 
downswing, minimizing balance loss and maximizing hip torque for efficient energy 
transfer (You et al., 2023). For the left foot, professional golfers exhibit lower pressure 
on the left great toe (GT) (-5%, p=0.040) and left heel (HEEL) (-7%, p=0.035) compared 
to amateurs. This indicates that professionals tend to reduce pressure on the toe and 
heel to maintain body balance, ensuring an optimal position for accelerating the club 
during the downswing. In contrast, amateur golfers place greater pressure on the toes 
and heels, which may lead to balance loss and reduced rotational efficiency (Dong 
and Ikuno, 2023). For the right foot, professional golfers show higher pressure on the 
medial metatarsal (MEDmet) (+4%, p=0.028) and medial arch (MEDarc) (+6%, p=0.001) 
compared to amateurs. This suggests that professionals tend to load more pressure 
onto the midfoot and arch to generate torque for weight transfer into the downswing, 
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while amateurs often overload the heel, which may compromise stability and reduce 
club acceleration efficiency (Pataky, 2015). 

When using a 7-Iron, professionals tend to distribute more weight toward 
the lateral metatarsal and arch rather than relying on toes or heels. This weight 
distribution helps maintain body stability and precise club control, improving swing 
rhythm and consistency (Quinn et al., 2022). For the left foot, professional golfers 
exhibit higher pressure on the left lesser toe (LT) (+3%, p=0.012) and lateral metatarsal 
(LATmet) (+6%, p=0.040) compared to amateurs, which enhances stability and precise 
swing control. In contrast, amateurs tend to place excessive weight on the toes, 
potentially leading to imbalance and reduced rotational control (Takagi, 2018). For the 
right foot, professionals continue to focus pressure on the medial metatarsal and arch 
to maintain balance and control club movement in the downswing. Amateur golfers, 
however, tend to shift weight toward the toes and heels, increasing instability and 
reducing club acceleration efficiency (Belotti et al., 2024). 

The Top of Backswing (TB) phase is where golfers begin transferring stored 
energy into the downswing. Professional golfers demonstrate superior foot pressure 
control, resulting in smooth and efficient energy flow. In contrast, amateurs often 
experience rapid and inconsistent pressure changes, which may hinder effective energy 
transfer to the hips and torso (Dong and Ikuno, 2023). Figure 4.9 (Driver) data shows 
that professional golfers using a Driver can store and transfer energy more effectively 
during TB, leading to higher efficiency in downswing power generation. In contrast, 
amateurs exhibit lower energy storage efficiency, possibly due to inadequate energy 
transfer to the legs or energy leakage, resulting in a less effective downswing (Takagi, 
2018). Figure 4.11 (7-Iron) data indicates that professional golfers continue to transfer 
more energy to the legs compared to amateurs. However, the performance gap 
between professionals and amateurs is less significant with a 7-Iron, as the shorter club 
requires less rotational force, making energy transfer patterns more similar between 
both groups. 

Plantar pressure distribution at the Top of Backswing phase (TB) directly 
impacts body stability and rotational torque efficiency. Professional golfers maintain 
better balance by utilizing midfoot and arch pressure as primary support points, 
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enabling efficient torque generation and optimal energy transfer into the club. In 
contrast, amateur golfers who place excessive pressure on the toes or heels may 
struggle with weight transfer, leading to energy loss and reduced swing accuracy (Belotti 
et al., 2024). An analysis of plantar pressure between professional and amateur golfers 
during TB indicates that professionals tend to shift weight toward the midfoot and arch, 
improving stability and reducing excessive toe pressure. In contrast, amateur golfers 
often place weight on the forefoot, which may compromise balance and reduce energy 
transfer efficiency. By focusing on midfoot and arch pressure control, amateur golfers 
can improve energy flow, maintain balance, and enhance swing precision. Practicing 
proper plantar pressure management can optimize energy transfer and improve overall 
swing performance (Belotti et al., 2024). 

4.6.3 Relationship between plantar pressure and energy flow in 
professional golfers at the top of backswing (TB) 

The Top of Backswing (TB) represents the peak of energy storage in the 
golfer’s body before it is transferred into the downswing to increase clubhead speed 
and impact force with the ball (Nesbit and Serrano, 2005). Plantar pressure distribution 
during this phase plays a crucial role in body balance and energy transfer efficiency. 
Professional golfers tend to optimize weight distribution to enhance stability and 
minimize energy loss, whereas amateur golfers may struggle with plantar pressure 
control, reducing energy transfer efficiency (Belotti et al., 2024). 

Analysis of Tables 9 and 10 reveals a negative correlation between toe 
and arch pressure and energy flow, indicating that increased pressure in these regions 
may reduce energy transfer to the torso (You et al., 2023). Professional golfers tend to 
adjust weight distribution to reduce excessive pressure in these areas, ensuring a more 
stable energy transfer process (Sheehan et al., 2022). For the left foot, there is a 
significant negative correlation between pressure on the great toe, lesser toe, central 
metatarsal, lateral metatarsal, medial arch, and lateral arch and energy transfer (p < 
0.05). The strongest negative correlations were found at the great toe (r = -0.933, p = 
0.000) and lateral arch (r = -0.840, p = 0.000), suggesting that increased pressure in 
these areas significantly reduces energy transfer to the torso (Ball and Best, 2012). 
Professional golfers tend to reduce pressure on the toes and arch while shifting weight 
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toward the midfoot and heel, which improves stability and enhances energy transfer 
efficiency (Hume et al., 2005). However, heel pressure (r = 0.005, p = 0.986) shows no 
significant correlation with energy flow, indicating that heel pressure is not a primary 
factor in energy transfer control (McNitt-Gray et al., 2022). For the right foot, there is 
also a significant negative correlation between pressure on the great toe, lesser toe, 
medial arch, and lateral arch and energy transfer (p < 0.05). The strongest negative 
correlations were at the great toe (r = -0.859, p = 0.000) and lesser toe (r = -0.786, p = 
0.001), suggesting that applying excessive pressure in these regions reduces energy 
transfer efficiency to the torso, decreasing swing effectiveness (Lindsay and Horton, 
2006). This trend indicates that professional golfers avoid excessive pressure on the 
toes and arches during TB to prevent balance loss and improve energy transfer 
efficiency to the torso and club (Sheehan et al., 2022). However, pressure on the 
medial metatarsal, central metatarsal, lateral metatarsal, and heel shows no significant 
correlation (p > 0.05), indicating that pressure control in these areas does not directly 
influence energy transfer during TB (Belotti et al., 2024). 

The findings demonstrate that plantar pressure significantly influences 
energy transfer efficiency at TB. Professional golfers tend to reduce pressure on the 
toes and arches, shifting weight toward the midfoot and heel, which ensures a 
smoother and more efficient energy transfer process. In contrast, amateur golfers often 
apply excessive pressure to unstable areas, reducing energy flow to the torso and 
diminishing swing power (Han et al., 2023). 

 

4.7 Ball Impact 
4.7.1 Differences in plantar pressure when using the driver and 7-iron in 

professional golfers at ball impact (IM) 
Analyzing plantar pressure at Ball Impact (IM) is crucial for understanding 

how energy is transferred from the body to the club and ultimately to the golf ball. 
The IM phase is characterized by maximum ground reaction forces and is a key moment 
that affects clubhead speed, ball direction, and shot distance (Ball and Best, 2011). 
Controlling plantar pressure during this phase directly impacts shot accuracy and 
power. Professional golfers demonstrate precise pressure adjustments, optimizing 
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energy transfer efficiency, while amateur golfers may struggle with pressure control, 
potentially reducing swing effectiveness (Belotti et al., 2024). 

Table 4.2 shows a significant difference in left foot pressure between using 
a Driver and a 7-Iron. Great toe (GT) pressure increases significantly (p = 0.014) when 
using a Driver, aligning with findings from Ball and Best (2012) that suggest increased 
great toe pressure correlates with higher clubhead speed. Conversely, lateral 
metatarsal (LATmet) and lateral arch (LATarc) pressure decrease significantly (p = 0.045 
and p = 0.044, respectively), indicating that golfers tend to shift weight toward the 
inner foot instead of relying on the outer edge, possibly reducing foot rotation and 
improving swing stability (Chu et al., 2010). 

Table 4.3 highlights that medial metatarsal (MEDmet) pressure increases 
significantly (p = 0.012) with a Driver, while lateral metatarsal (LATmet) and lateral arch 
(LATarc) pressure decrease significantly (p = 0.041 and p = 0.018, respectively). This 
suggests that using a Driver requires greater torque and more efficient energy transfer 
from the right foot to the left foot before impact (Pataky, 2015). Additionally, Chu et 
al. (2010) reported that increased medial foot pressure enhances hip rotation energy, 
a critical factor in maximizing clubhead speed. 

Figure 4.4 illustrates that energy transfer during IM is slightly higher when 
using a Driver compared to a 7-Iron. Energy distribution in the Lumbosacral (L5S1) 
region suggests that Drivers require more energy to generate higher impact forces, 
allowing the ball to travel greater distances (McNitt-Gray et al., 2022). Energy 
transmitted from the torso to L5S1 plays a critical role in torque generation and energy 
transfer through the legs to the ground. Golfers with well-structured body mechanics 
can utilize this stored energy efficiently (You et al., 2023). Dynamic analysis reveals that 
forces at IM directly influence hip torque and torso rotation, correlating with energy 
transmission efficiency to the golf club. Professional golfers with better plantar pressure 
control exhibit higher energy transfer rates and reduced energy loss during weight 
transitions. Efficient energy transfer from the torso to the legs enhances impact 
precision and swing power (You et al., 2023). 

Using a Driver and a 7-Iron results in significant differences in plantar 
pressure and energy transfer. Drivers require increased great toe pressure to generate 
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higher impact forces, while reduced lateral foot pressure on the right foot minimizes 
resistance. In contrast, 7-Irons exhibit greater medial foot pressure, emphasizing shot 
accuracy over raw power. Golfers can use these insights to optimize energy transfer 
strategies based on club selection, improving swing efficiency and reducing injury risks 
(Han et al., 2023). 

4.7.2 Differences in Plantar Pressure Between Professional and Amateur 
Golfers at ball impact (IM) 

The Ball Impact (IM) phase is a critical moment when force from the body 
is transferred to the golf club and subsequently to the ball. Differences in foot pressure 
patterns during IM between professional and amateur golfers reflect energy transfer 
efficiency and swing control ability. Professional golfers tend to exhibit optimal 
pressure distribution, allowing them to transfer energy more effectively, increasing 
clubhead speed and shot accuracy. In contrast, amateur golfers may have limitations 
in weight transfer, leading to less efficient energy transmission at impact (Nesbit and 
Serrano, 2005; Takagi, 2018). 

Table 4.4 indicates that professional golfers using a Driver exhibit 
significantly lower pressure (-10%, p = 0.001) on the left great toe (GT) compared to 
amateurs. This suggests that professionals reduce toe pressure and shift weight toward 
the medial forefoot, enhancing torque efficiency and clubface control. In contrast, 
amateur golfers tend to apply excessive pressure on the great toe, which may cause 
balance loss at impact. Meanwhile, pressure on the left lesser toe (LT) is higher in 
professionals (+3%, p = 0.007), indicating that they use the lateral forefoot for stability 
and rotational control. Additionally, heel pressure (HEEL) in professionals is 8% lower 
(p = 0.012) compared to amateurs, suggesting that professionals efficiently shift weight 
from the heel toward the midfoot and forefoot, optimizing force generation for club 
acceleration. Table 4.5 reveals that medial metatarsal (MEDmet) pressure on the right 
foot is 11% higher (p = 0.005) in professionals compared to amateurs, indicating a more 
effective transition of weight from the trail foot to the lead foot, which enhances hip 
torque and accelerates the clubhead. Conversely, central metatarsal (CENmet) and 
lateral metatarsal (LATmet) pressures are significantly lower (-16% and -13%, 
respectively, p < 0.001) in professionals, demonstrating their ability to minimize 
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unnecessary pressure and focus force on areas crucial for energy transfer to the golf 
ball (Pataky, 2015). Furthermore, medial arch (MEDarc) pressure is 6% higher in 
professionals (p = 0.020), suggesting greater weight stability during IM. 

Tables 7 and 8 show that significant plantar pressure differences persist 
between professional and amateur golfers when using a 7-Iron. Left lateral metatarsal 
(LATmet) pressure in professionals is 14% higher (p = 0.001), indicating better stability 
and posture control during impact. Meanwhile, left heel pressure (HEEL) in 
professionals is 7% lower (p = 0.180), suggesting that amateurs struggle with complete 
weight transfer, which may reduce impact efficiency. On the right foot, central 
metatarsal (CENmet) and lateral metatarsal (LATmet) pressures in professionals are 
significantly lower (-9%, p = 0.007; -10%, p = 0.015, respectively), showing that 
professionals focus energy transfer on key areas rather than distributing pressure 
inefficiently. 

Figure 4.9 indicates that segment power at IM is significantly higher in 
professionals than in amateurs when using a Driver, meaning that amateurs lose more 
energy into the ground rather than transferring it to the club. This energy loss is likely 
due to inefficient plantar pressure distribution or suboptimal weight transfer 
techniques, which reduce impact force and limit shot distance (Burden et al., 2013). 
Figure 4.11 (7-Iron) further demonstrates that professionals also transfer energy more 
efficiently than amateurs, though the difference is less pronounced compared to the 
Driver. This suggests that professionals utilize superior energy transfer mechanisms, 
leading to higher clubhead speed and impact efficiency, while amateurs may waste 
energy through unnecessary movements or flawed techniques (Quinn et al., 2022). 

Proper plantar pressure distribution directly influences impact efficiency. 
Professional golfers efficiently transfer weight from the right foot to the left foot, 
optimizing pressure distribution for maximum clubhead speed. In contrast, amateur 
golfers are more likely to misdirect weight transfer, leading to energy loss into the legs 
rather than the club. Amateurs may need to refine their weight transfer mechanics to 
improve swing efficiency and impact force (Takagi, 2018). 

The findings indicate that professional golfers distribute plantar pressure 
and transfer energy more effectively than amateurs, both with a Driver and a 7-Iron. 
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Optimal pressure distribution enables maximum clubhead speed and impact force. 
Amateur golfers may need to improve weight transfer mechanics to reduce energy loss 
in the legs and direct more energy to the club, which can be achieved through training 
focused on foot pressure control and proper biomechanical movement. 

4.7.3 Relationship between plantar pressure and energy flow in 
professional golfers at Ball Impact (IM) 

The Ball Impact (IM) phase is the moment when energy from the body is 
directly transferred to the golf club, significantly influencing clubhead speed and 
impact force. Golfers who efficiently transfer energy can increase ball distance and 
improve shot accuracy (Nesbit and Serrano, 2005). Plantar pressure distribution during 
IM plays a vital role in swing efficiency and serves as an indicator of energy transfer 
quality from the body to the club (Chu et al., 2010). 

Table 4.8 shows that pressure on the left great toe (GT) has a significant 
negative correlation with segment power (r = -0.664, p = 0.007). This suggests that 
reducing great toe pressure increases energy transfer to the golf club. Minimizing great 
toe pressure may help enhance torso rotation and reduce resistance from the left leg, 
leading to a more efficient club acceleration (Pataky, 2015). However, pressure on the 
left lesser toe (LT), medial metatarsal (MEDmet), central metatarsal (CENmet), lateral 
metatarsal (LATmet), medial arch (MEDarc), lateral arch (LATarc), and left heel (HEEL) 
does not show a significant correlation with energy transfer (p > 0.05). This suggests 
that pressure distribution in these areas does not directly impact energy generation. 

Table 4.9 reveals that pressure on the right medial metatarsal (MEDmet) 
has a significant positive correlation with segment power (r = 0.598, p = 0.019), meaning 
that increasing pressure in this area enhances energy transfer to the golf club. Increased 
medial foot pressure may play a crucial role in hip torque generation and ground 
reaction force (GRF) production, which contribute to greater clubhead speed at impact 
(Burden et al., 2013). However, pressure on the right great toe (GT), lesser toe (LT), 
central metatarsal (CENmet), lateral metatarsal (LATmet), medial arch (MEDarc), and 
lateral arch (LATarc) does not show a significant correlation with energy transfer (p > 
0.05). Interestingly, heel pressure on the right foot (HEEL) has a negative correlation 
with segment power (r = -0.329, p = 0.231). Although not statistically significant, this 
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suggests that excessive weight on the right heel may reduce energy transfer efficiency 
to the club. Han et al. (2019) found that excessive heel pressure can hinder hip 
rotation, leading to energy loss before impact. 

These results indicate that plantar pressure distribution directly affects 
energy transfer efficiency during IM. Golfers who can effectively control plantar 
pressure by reducing left great toe pressure and increasing right medial metatarsal 
pressure can optimize energy transfer to the club, enhancing impact efficiency. 
However, amateur golfers may struggle with proper pressure distribution, leading to 
energy loss into the legs or ground instead of transferring it to the club. Professional 
golfers leverage plantar pressure mechanics more effectively, ensuring better energy 
transfer. Amateur golfers who lack precise pressure control may need to develop swing 
techniques that enhance energy flow into the club, which can be achieved through 
training focused on foot pressure control and proper body positioning during IM. 

 

4.8 Early Finish (EF) 
4.8.1 Differences in plantar pressure distribution when using the driver and 

7-iron in professional golfers at the early finish (EF) 
The Early Finish (EF) phase occurs when the golf club moves past impact 

and enters the follow-through stage, where the body must reestablish balance after 
transferring energy to the golf ball. During this phase, golfers must maintain proper 
plantar pressure to control body posture and sustain swing stability. Foot pressure 
distribution in EF plays a crucial role in minimizing rotational impact forces and 
facilitating efficient weight transfer from the back foot to the front foot. Professional 
golfers typically exhibit more balanced pressure distribution compared to amateurs, 
allowing them to execute a smoother follow-through. 

Table 4.2 shows that left foot pressure during EF does not significantly 
differ between the Driver and 7-Iron (p > 0.05). Professional golfers effectively manage 
left foot pressure, distributing it evenly across the heel (HEEL), medial arch (MEDarc), 
and central metatarsal (CENmet). Although statistical values do not indicate major 
differences, data trends suggest that when using a Driver, golfers tend to apply more 
pressure on the lateral foot to support torso rotation in the follow-through phase (Ball 

 



68 

and Best, 2012). When using a 7-Iron, golfers tend to shift more weight to the heel, 
which enhances stability and directional control in the follow-through. Pataky (2015) 
found that left heel pressure plays a key role in preventing balance loss during the 
finish. 

Table 4.3 indicates a significant reduction in right foot lateral arch (LATarc) 
pressure by -2% (p = 0.047) when using a Driver compared to a 7-Iron, suggesting that 
Driver swings require faster weight transfer and a different balance strategy. Other 
pressure locations do not show significant differences (p > 0.05). In general, during EF, 
golfers shift weight from the right foot to the left foot, reducing right foot pressure 
significantly, particularly at the heel and medial arch. However, forefoot and midfoot 
pressure remain relatively high, helping to absorb body inertia. 

When using a Driver, professional golfers effectively balance plantar 
pressure, ensuring smooth torso movement in the follow-through (Sheehan et al., 
2022). When using a 7-Iron, right foot pressure remains higher, indicating that golfers 
rely more on the right foot for weight support compared to the Driver swing. This may 
be due to the 7-Iron’s focus on precision rather than power, meaning that the body 
does not need to accelerate weight transfer to the left foot as aggressively as with the 
Driver (Nesbit and Serrano, 2005). 

Figure 4.4 illustrates that energy levels in EF peak rapidly, as the body 
continues releasing energy from the torso into the club. While energy values for the 
Driver and 7-Iron remain similar, the Driver shows slightly higher energy output due to 
its longer shaft and greater control demands (Burden et al., 2013). Increased energy 
levels in EF result from inertia generated after energy transfer to the ball. Professional 
golfers regulate this energy efficiently by adjusting plantar pressure, ensuring a stable 
follow-through posture. Plantar pressure in EF is essential for body balance and energy 
stabilization. Professional golfers smoothly transition weight from the right foot to the 
left foot, particularly when using a Driver, which enables a complete follow-through 
and minimizes injury risks. Amateur golfers, however, tend to retain excessive right foot 
pressure, reducing their ability to shift weight effectively, which can lead to imbalance 
and an inconsistent follow-through (Kenny et al., 2008). 
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During Early Finish (EF), golfers must shift weight from the right foot to the 
left foot to maintain stability and counteract body inertia from the swing. Professional 
golfers execute this transition more efficiently than amateurs, exhibiting greater left 
foot pressure, particularly in the lateral and midfoot regions. Amateurs tend to retain 
excessive right foot pressure, which can cause balance loss. Energy levels in EF increase 
sharply, with the Driver requiring more energy than the 7-Iron due to greater control 
demands. Effective plantar pressure management in EF is crucial for executing a 
complete follow-through, reducing impact forces that could cause injury, and ensuring 
a smooth and continuous swing. 

4.8.2 Differences in Plantar Pressure Between Professional and Amateur 
Golfers at the early finish (EF) 

The Early Finish (EF) phase marks the final stage of energy transfer from 
the body to the golf club, influencing movement continuity, body balance, and shot 
direction control. Professional golfers typically demonstrate more efficient weight 
transfer patterns, allowing them to control foot pressure distribution more effectively 
than amateur golfers (Nesbit and Serrano, 2005). This study aims to analyze foot 
pressure differences between professionals and amateurs to compare their balance 
control strategies during this phase. 

When using a Driver, professional golfers exhibit significantly lower left 
great toe (GT) pressure (-12%, p = 0.001) than amateur golfers, suggesting that 
professionals shift more weight to the right foot to maintain balance after impact. 
Reducing great toe pressure enhances fluid body movement, enabling a smoother 
follow-through rotation. Additionally, professionals show higher lateral metatarsal 
(LATmet) and lateral arch (LATarc) pressure (+8%, p = 0.002 and +7%, p = 0.013, 
respectively), indicating their ability to utilize foot structures for balance support and 
weight transition, which is essential for a stable follow-through (Ball and Best, 2011). 
For the right foot, professionals display lower central metatarsal (CENmet) and lateral 
metatarsal (LATmet) pressure (-14%, p = 0.001 and -8%, p = 0.012, respectively), 
suggesting a more efficient weight transfer from the right foot to the left foot and upper 
body. This enables smoother momentum control, whereas amateurs tend to retain 
more weight on the back foot, which can result in energy loss that should have been 
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transferred to the golf club. However, professionals exhibit higher medial arch (MEDarc) 
and lateral arch (LATarc) pressure (+7%, p = 0.020 and +2%, p = 0.042, respectively), 
suggesting their reliance on foot arch structures to stabilize the body at the end of the 
swing (Cools et al., 2015). 

When using a 7-Iron, professional golfers demonstrate significantly lower 
left great toe (GT) pressure (-7%, p = 0.003) than amateurs, reflecting a more effective 
weight transfer to the right foot for balance control. Conversely, professionals exhibit 
higher lateral metatarsal (LATmet) and lateral arch (LATarc) pressure (+15%, p = 0.000 
and +8%, p = 0.020, respectively), improving swing stability and follow-through 
consistency. Regarding the right foot, professionals show lower CENmet and LATmet 
pressure (-10%, p = 0.006 and -6%, p = 0.053, respectively) than amateurs, indicating 
a more efficient weight transition forward for energy generation. Meanwhile, 
professionals exhibit higher MEDarc and LATarc pressure (+9%, p = 0.000 and +4%, p 
= 0.010, respectively), aiding in balance and torque control during the Early Finish 
phase. 

Figures 7 and 8 support these findings, showing that when using a Driver, 
professionals exhibit significantly higher segment power than amateurs, demonstrating 
their ability to retain and transfer more energy into the golf club. Amateurs tend to 
lose more energy due to improper plantar pressure distribution or balance loss. In 
contrast, when using a 7-Iron, the energy difference between professionals and 
amateurs is smaller, likely because the 7-Iron requires more control than raw power, 
allowing amateurs to retain more energy compared to the Driver (Takagi, 2018). 

These findings suggest that professional golfers exhibit superior foot 
pressure control and weight transfer mechanics, leading to better balance and more 
efficient energy generation during the Early Finish phase. Professionals successfully 
transfer weight from the right foot to the left foot, while amateurs tend to retain 
excessive back-foot pressure, leading to energy loss before swing completion. 
Improving follow-through techniques and training plantar pressure distribution may 
help amateur golfers optimize their swing efficiency and reduce energy loss (Nesbit 
and Serrano, 2005; Ball and Best, 2011). 
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4.8.3 Relationship Between Plantar Pressure and Energy Transfer at the 
Early Finish (EF) 

The Early Finish (EF) phase occurs after ball impact and marks the 
transition into the follow-through, where the body continues to move to dissipate 
residual inertia from the swing. Controlling foot pressure and energy transfer during this 
phase plays a crucial role in maintaining body balance and ensuring an effective follow-
through. Studying the relationship between plantar pressure and energy transfer during 
EF helps to understand the biomechanical differences between professional and 
amateur golfers, particularly in post-swing movement control. 

Analysis of left foot pressure and energy transfer in Table 4.8 reveals no 
statistically significant correlation (p > 0.05) between left foot pressure and energy 
transfer values during EF. Pearson correlation coefficients for different regions of the 
left foot, including central metatarsal (CENmet, r = 0.383, p = 0.159) and medial 
metatarsal (MEDmet, r = 0.366, p = 0.179), show a positive trend but lack statistical 
significance. This suggests that as plantar pressure increases, energy transfer in EF tends 
to rise, though not conclusively enough to determine the precise role of left foot 
pressure in energy transmission. Meanwhile, left heel pressure (HEEL, r = -0.325, p = 
0.237) exhibits a negative correlation, implying that as golfers shift more weight onto 
the left foot, heel pressure tends to decrease. This shift occurs because the body 
moves forward to balance the inertia generated by the follow-through (Nesbit and 
Serrano, 2005). 

Analysis of right foot pressure and energy transfer in Table 4.9 shows that 
medial metatarsal (MEDmet) pressure on the right foot has a statistically significant 
positive correlation with segment power (r = 0.566, p = 0.028, p < 0.05). This finding 
indicates that increasing medial metatarsal pressure enhances energy transfer to the 
upper body and golf club. Research by MacKenzie et al. (2020) highlights the 
importance of medial foot pressure in generating torque and facilitating energy 
transmission to the upper torso during the follow-through. Although central metatarsal 
(CENmet, r = 0.389, p = 0.152) and lateral metatarsal (LATmet, r = 0.350, p = 0.200) 
pressure show positive trends with energy transfer, they do not reach statistical 
significance. Right heel pressure (HEEL, r = -0.245, p = 0.379) exhibits a negative 
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correlation with segment power, although not statistically significant. This suggests that 
reducing right heel pressure during EF may contribute to more efficient energy transfer. 
Golfers who decrease heel pressure and shift weight toward the forefoot may be better 
able to maintain balance during the follow-through (Sheehan et al., 2022). 

The impact on swing technique highlights that the relationship between 
plantar pressure and energy transfer in EF demonstrates the crucial role of right medial 
metatarsal (MEDmet) pressure in effective energy transmission. Professional golfers 
distribute plantar pressure more efficiently, allowing them to transfer energy more 
effectively to the upper torso and golf club. In contrast, amateur golfers tend to retain 
excessive pressure on the right foot in inefficient locations, leading to energy loss and 
compromised balance in the follow-through. Golfers who can reduce right heel 
pressure while increasing pressure on the medial and central forefoot are more likely 
to control energy transfer effectively, ensuring a smoother follow-through. Training to 
optimize plantar pressure distribution during EF is a key factor in improving swing 
performance and maintaining stability (Kenny et al., 2008). 

During Early Finish (EF), increased pressure at the right medial metatarsal 
(MEDmet) positively correlates with efficient energy transfer to the upper body and 
club. Conversely, decreased right heel (HEEL) pressure correlates with improved energy 
flow. This indicates that effective foot pressure management enhances swing stability 
and energy transfer efficiency. 

 



 
 

CHAPTER V 
CONCLUSIONS 

 
This study focuses on analyzing foot pressure patterns that affect energy flow 

during the golf swing between professional and amateur golfers, as well as the impact 
of different types of golf clubs. The findings indicate that professional golfers exhibit a 
more balanced foot pressure distribution, leading to more efficient energy transfer, 
while amateur golfers tend to lose energy due to improper weight shifting. The use of 
different golf clubs also influences weight distribution; using a Driver tends to increase 
heel pressure, supporting greater energy buildup for powerful swings, whereas a 7-Iron 
allows for better anterior foot pressure control, enhancing shot accuracy. 

The study also found that professional golfers apply higher pressure in the 
Medial Metatarsal and Lateral Arch areas, which facilitates a smoother energy transfer 
to the upper body, optimizing power generation. In contrast, amateur golfers tend to 
exert excessive pressure on the toes and heels, leading to energy loss. Additionally, 
during different swing phases, professional golfers are more adept at maintaining weight 
balance, particularly during the backswing and ball impact phases, which contributes 
to improved energy transfer efficiency and reduced energy dissipation. 

Based on these findings, the results can be applied to developing training 
programs aimed at improving foot pressure distribution and weight shifting efficiency. 
Moreover, insights from this study could be used in designing golf shoes that enhance 
foot stability and prevent excessive pressure in critical areas. The development of 
smart insoles with real-time pressure sensors could also help golfers adjust their swing 
mechanics more effectively. Additionally, utilizing Motion Capture technology for swing 
analysis can assist golfers in refining their techniques with greater precision.
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Furthermore, the differences in foot pressure patterns between professional 
and amateur golfers identified in this study provide useful guidelines for defining 
optimal foot pressure distribution during the golf swing. These insights can be used to 
develop golf swing analysis applications that compare a user’s foot pressure with ideal 
patterns from professional golfers. This allows the app to provide real-time feedback 
to help users correct incorrect weight transfer and improve energy transfer during the 
swing. 

In terms of sensor design, the observed relationship between foot pressure and 
energy flow during each swing phase suggests that smart insole sensors should be 
strategically positioned. Key areas such as the heel during stance and the forefoot 
during impact and follow-through are critical for detecting weight shifts. This study also 
provides guidance on the appropriate number and placement of sensors to effectively 
capture energy flow, supporting the development of more accurate and personalized 
swing analysis systems. 

However, this study was conducted with a sample group of 30 right-handed 
golfers, which may limit the generalizability of the findings to left-handed players. 
Further longitudinal studies are recommended to assess the long-term effects of 
training interventions on swing mechanics. Additionally, other influencing factors, such 
as playing surface conditions, footwear design, and fatigue, should be investigated to 
provide a more comprehensive understanding of foot pressure dynamics in golf. 

The findings highlight that professional golfers have superior control over foot 
pressure, leading to more efficient weight shifting and improved swing performance. In 
contrast, amateur golfers often show inefficiencies that reduce energy transfer and 
impact power. These insights can inform the development of personalized training, 
optimized equipment, and advanced swing analysis tools that measure foot pressure 
and energy flow accurately. Such applications can help golfers of all levels enhance 
performance, prevent injuries, and achieve a more efficient and powerful swing. 
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APPENDIX A 
NORMAL FOOT PRESSURE DURING THE GOLF SWING 

 
Table 1 Normal pressure on the left foot during key moments of the golf swing when 
using a driver in professional players. 

 ST MB TB IM EF 

AREAS 
MEAN 
(%) 

SD 
MEAN 
(%) 

SD 
MEAN 
(%) 

SD 
MEAN 
(%) 

SD 
MEAN 
(%) 

SD 

GT 5.17 1.56 6.54 1.35 12.03 3.08 6.41 2.05 5.69 2.98 
LT 6.05 2.05 5.41 2.06 8.19 3.16 7.08 1.90 5.80 1.52 

MEDmet 14.23 6.94 19.98 6.86 23.67 5.87 14.37 10.30 7.30 6.57 
CENmet 12.42 3.90 10.88 1.83 11.01 3.42 15.13 5.07 13.67 5.91 
LATmet 15.18 3.16 11.63 1.51 11.99 3.97 22.35 5.64 28.14 3.41 
MEDarc 12.21 4.13 15.26 4.48 13.24 5.22 6.83 5.47 3.80 4.25 
LATarc 14.33 5.30 12.11 5.66 9.61 3.50 15.81 7.06 21.19 6.38 
HEEL 20.41 13.18 18.20 10.36 10.26 4.69 12.02 5.49 14.40 5.91 

ST: Stand; MB: Middle Backswing; TB: Top of Backswing; IM: Ball Impact; EF: Early Finish; 
GT: Great Toe; LT: Lesser Toe; MEDmet: Medial Metatarsal; CENmet: Central Metatarsal; 
LATmet: Lateral Metatarsal; MEDarc: Medial Arch; LATarc: Lateral Arch; HEEL: Heel. 

Table 2 Normal pressure on the right foot during key moments of the golf swing when 
using a driver in professional players. 

 ST MB TB IM EF 

AREAS 
MEAN 
(%) 

SD 
MEAN 
(%) 

SD 
MEAN 
(%) 

SD 
MEAN 
(%) 

SD 
MEAN 
(%) 

SD 

GT 12.05 4.43 11.70 4.30 12.14 4.77 27.29 10.81 32.20 7.74 
LT 5.66 1.68 6.81 1.31 7.25 1.74 7.91 4.80 8.08 5.84 

MEDmet 15.92 4.56 12.65 3.10 11.70 6.61 31.02 11.22 30.35 10.57 
CENmet 11.25 3.80 13.49 3.36 9.49 3.80 4.55 3.40 2.26 3.25 
LATmet 12.70 3.46 16.14 2.50 16.90 4.42 5.10 3.48 4.63 3.20 
MEDarc 10.34 3.47 7.73 3.49 7.78 4.95 9.17 3.52 9.19 3.69 
LATarc 14.16 5.16 15.77 2.94 16.35 4.26 5.02 3.87 2.91 3.28 
HEEL 17.93 12.91 15.71 12.10 18.38 13.56 9.95 9.59 10.37 8.59 
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ST: Stand; MB: Middle Backswing; TB: Top of Backswing; IM: Ball Impact; EF: Early Finish; 
GT: Great Toe; LT: Lesser Toe; MEDmet: Medial Metatarsal; CENmet: Central Metatarsal; 
LATmet: Lateral Metatarsal; MEDarc: Medial Arch; LATarc: Lateral Arch; HEEL: Heel. 

Table 3 Normal pressure on the left foot during key moments of the golf swing when 
using a 7-iron in professional players. 

 ST MB TB IM EF 

AREAS 
MEAN 
(%) 

SD 
MEAN 
(%) 

SD 
MEAN 
(%) 

SD 
MEAN 
(%) 

SD 
MEAN 
(%) 

SD 

GT 5.16 2.21 6.55 1.50 9.72 4.10 4.73 1.94 5.14 3.12 
LT 5.71 1.68 6.16 1.67 6.26 1.93 5.79 1.77 5.04 1.54 

MEDmet 14.13 6.77 17.48 4.45 21.43 9.86 9.08 8.32 6.55 6.26 
CENmet 13.19 2.72 14.68 3.41 11.36 3.78 12.74 5.79 10.64 6.07 
LATmet 16.93 3.15 16.53 5.93 15.26 8.39 27.77 6.07 30.74 5.35 
MEDarc 12.06 4.28 10.61 4.76 11.37 6.00 4.48 5.60 3.36 3.70 
LATarc 14.84 4.78 13.87 4.18 12.69 9.36 21.46 8.13 23.20 7.43 
HEEL 17.98 10.10 14.11 10.63 11.90 5.55 13.97 5.39 15.32 6.36 

ST: Stand; MB: Middle Backswing; TB: Top of Backswing; IM: Ball Impact; EF: Early Finish; 
GT: Great Toe; LT: Lesser Toe; MEDmet: Medial Metatarsal; CENmet: Central Metatarsal; 
LATmet: Lateral Metatarsal; MEDarc: Medial Arch; LATarc: Lateral Arch; HEEL: Heel. 

Table 4 Normal pressure on the right foot during key moments of the golf swing when 
using a 7-iron in professional players. 

 ST MB TB IM EF 

AREAS 
MEAN 
(%) 

SD 
MEAN 
(%) 

SD 
MEAN 
(%) 

SD 
MEAN 
(%) 

SD 
MEAN 
(%) 

SD 

GT 12.87 2.67 12.66 7.73 13.89 6.20 28.60 10.89 33.79 8.25 
LT 5.61 1.22 7.38 2.20 7.59 2.29 7.08 3.19 6.53 4.76 

MEDmet 17.35 2.74 15.69 8.39 10.65 3.37 21.57 10.57 25.42 11.14 
CENmet 13.49 2.78 13.90 4.94 10.38 5.83 6.07 5.04 2.35 3.74 
LATmet 14.65 3.13 17.01 4.91 18.53 5.07 8.11 5.29 4.98 3.45 
MEDarc 10.09 1.99 7.74 2.55 6.85 4.22 8.55 2.32 8.66 3.22 
LATarc 14.93 4.40 15.12 6.42 16.14 5.01 8.64 5.83 4.96 4.09 
HEEL 11.01 7.28 10.50 6.81 15.98 10.62 11.38 8.87 13.31 11.18 

ST: Stand; MB: Middle Backswing; TB: Top of Backswing; IM: Ball Impact; EF: Early Finish; 
GT: Great Toe; LT: Lesser Toe; MEDmet: Medial Metatarsal; CENmet: Central Metatarsal; 
LATmet: Lateral Metatarsal; MEDarc: Medial Arch; LATarc: Lateral Arch; HEEL: Heel. 
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Table 5 Normal pressure on the left foot during key moments of the golf swing when 
using a driver in high handicap players. 

 ST MB TB IM EF 

AREAS 
MEAN 
(%) 

SD 
MEAN 
(%) 

SD 
MEAN 
(%) 

SD 
MEAN 
(%) 

SD 
MEAN 
(%) 

SD 

GT 7.77 3.17 9.79 6.85 17.05 8.22 16.32 8.93 17.55 11.42 
LT 2.57 3.06 2.44 3.86 5.98 7.72 3.95 3.60 4.94 2.86 

MEDmet 12.13 4.07 13.39 6.67 19.23 5.57 10.86 6.84 10.09 6.36 
CENmet 10.79 6.86 10.46 7.92 9.82 7.26 10.83 7.51 10.96 6.47 
LATmet 14.42 6.96 11.89 6.71 11.36 6.44 16.65 6.57 19.68 8.67 
MEDarc 10.40 6.89 10.20 8.55 10.65 8.98 7.85 5.78 5.39 5.92 
LATarc 13.48 4.16 11.86 10.24 8.81 5.97 13.12 7.31 14.52 7.29 
HEEL 28.45 11.40 29.96 17.49 17.11 11.01 20.43 10.86 16.87 8.82 

ST: Stand; MB: Middle Backswing; TB: Top of Backswing; IM: Ball Impact; EF: Early Finish; 
GT: Great Toe; LT: Lesser Toe; MEDmet: Medial Metatarsal; CENmet: Central Metatarsal; 
LATmet: Lateral Metatarsal; MEDarc: Medial Arch; LATarc: Lateral Arch; HEEL: Heel. 

Table 6 Normal pressure on the right foot during key moments of the golf swing when 
using a driver in high handicap players. 

 ST MB TB IM EF 

AREAS 
MEAN 
(%) 

SD 
MEAN 
(%) 

SD 
MEAN 
(%) 

SD 
MEAN 
(%) 

SD 
MEAN 
(%) 

SD 

GT 11.21 6.92 9.20 6.67 9.36 5.42 19.39 18.57 25.20 22.84 
LT 5.54 2.64 5.07 2.37 4.75 3.14 12.85 8.88 11.66 9.68 

MEDmet 13.12 5.41 9.38 3.57 9.07 4.81 20.18 8.27 22.92 11.34 
CENmet 12.34 6.08 12.02 8.05 12.00 6.96 20.16 11.59 15.89 11.98 
LATmet 17.28 6.03 20.24 7.71 23.60 8.01 18.29 11.24 12.36 10.07 
MEDarc 4.07 5.47 3.38 4.90 2.26 3.67 2.91 9.15 2.52 9.76 
LATarc 12.23 3.96 14.95 4.90 18.29 9.80 2.93 4.29 0.77 2.03 
HEEL 24.22 9.73 25.76 13.06 20.67 11.59 3.30 4.62 8.69 25.73 

ST: Stand; MB: Middle Backswing; TB: Top of Backswing; IM: Ball Impact; EF: Early Finish; 
GT: Great Toe; LT: Lesser Toe; MEDmet: Medial Metatarsal; CENmet: Central Metatarsal; 
LATmet: Lateral Metatarsal; MEDarc: Medial Arch; LATarc: Lateral Arch; HEEL: Heel. 
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Table 7 Normal pressure on the left foot during key moments of the golf swing when 
using a 7-iron in high handicap players. 

 ST MB TB IM EF 

AREAS 
MEAN 
(%) 

SD 
MEAN 
(%) 

SD 
MEAN 
(%) 

SD 
MEAN 
(%) 

SD 
MEAN 
(%) 

SD 

GT 8.65 5.12 8.18 7.12 13.63 12.30 10.28 8.94 12.53 7.61 
LT 3.95 3.58 3.13 5.22 3.25 3.78 2.72 3.86 4.10 2.77 

MEDmet 12.02 3.83 11.52 6.55 16.74 11.90 8.77 6.51 7.19 4.77 
CENmet 10.63 9.21 11.00 9.66 9.09 9.18 10.52 10.87 9.22 9.01 
LATmet 14.40 5.97 10.45 6.40 9.30 6.63 14.24 11.56 15.60 10.54 
MEDarc 10.30 8.07 9.77 9.00 9.62 9.46 7.05 7.68 5.36 6.22 
LATarc 13.26 5.57 11.17 12.88 7.65 6.71 12.33 9.30 14.73 11.11 
HEEL 26.79 13.32 28.11 18.25 17.40 14.31 20.75 17.94 17.94 10.98 

ST: Stand; MB: Middle Backswing; TB: Top of Backswing; IM: Ball Impact; EF: Early Finish; 

GT: Great Toe; LT: Lesser Toe; MEDmet: Medial Metatarsal; CENmet: Central Metatarsal; 

LATmet: Lateral Metatarsal; MEDarc: Medial Arch; LATarc: Lateral Arch; HEEL: Heel. 

Table 8 Normal pressure on the right foot during key moments of the golf swing when 
using a 7-iron in high handicap players. 

 ST MB TB IM EF 

AREAS 
MEAN 
(%) 

SD 
MEAN 
(%) 

SD 
MEAN 
(%) 

SD 
MEAN 
(%) 

SD 
MEAN 
(%) 

SD 

GT 10.09 6.88 7.41 8.27 7.46 5.96 17.62 19.68 23.59 23.73 
LT 3.96 3.16 4.00 2.70 4.48 3.27 7.33 7.25 11.96 9.70 

MEDmet 13.46 5.83 8.89 3.87 6.39 4.13 15.68 10.62 18.88 12.44 
CENmet 12.45 7.70 10.57 8.16 8.69 7.04 15.48 11.10 12.26 11.62 
LATmet 16.72 8.36 16.99 7.66 18.31 9.32 17.97 13.26 11.07 10.80 
MEDarc 3.99 5.68 3.23 5.87 2.14 3.93 1.26 3.79 0.00 0.00 
LATarc 12.98 3.43 15.14 5.29 16.42 8.46 6.71 7.38 1.19 3.29 
HEEL 26.36 18.44 27.11 16.60 22.78 15.18 4.63 6.42 7.71 25.69 

ST: Stand; MB: Middle Backswing; TB: Top of Backswing; IM: Ball Impact; EF: Early Finish; 

GT: Great Toe; LT: Lesser Toe; MEDmet: Medial Metatarsal; CENmet: Central Metatarsal; 

LATmet: Lateral Metatarsal; MEDarc: Medial Arch; LATarc: Lateral Arch; HEEL: Heel.
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