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Abstract

This study pioneered a new golf athletic training paradigm that emphasizes the proprioceptive and
propulsive function of the feet to enhance swing performance. Twenty-five experienced golf players
completed three separate swing sessions: the first before a specific foot proprioceptive intervention
(time to), the second immediately after the intervention (time t1), and the third three minutes after the
end of the second session (time t2). During the second and third sessions, participants were instructed
to change their swing technique integrating the sequence of foot actions practiced during the
proprioceptive intervention into their swing. The club and ball kinematics and the vertical ground
reaction exerted by each foot were recorded and compared across sessions. Lead foot pressure
increased from to to t1 but did not show further increments from ti to t2. Club speed increased from to
to t1 and continued to rise, albeit to a lesser extent, from t: to t2. Ball speed did not change significantly
from to to t1 but increased from ti to t2. The benefits of the intervention and the new swing technique
progressively propagated with practice from the feet to the club, and finally to the ball. Through the
proposed exercises, golfers appeared to progressively develop a refined swing technique that
optimizes foot function and enhances swing performance.

Keywords: golf; proprioception; swing; ball speed; club speed; ground reaction

1. Introduction

Golf has experienced a rapid transformation from an elite activity to a widely popular sport with
an ever-growing number of participants [1-4]. Traditionally considered a game for the privileged,
golf is now accessible to a broader demographic, leading to increased global engagement [5]. This
shift is evidenced by the rise in public golf courses [6], the proliferation of golf programs targeting
various age groups [6], and the inclusion of golf in educational curriculums [7]. The democratization
of golf signifies not only a change in participation but also a broader acceptance of the sport within
mainstream culture [8].

Despite its growing popularity, the technical aspect of golf continues to overshadow athletic
preparation. Mastery of swing mechanics, precision, and consistency remain paramount, with the
golf instructor being central throughout a golfer’s career [9,10]. From youth development programs
to professional training, the instructor's role is crucial, often at the expense of comprehensive athletic
conditioning [11]. This focus on technique over the physical conditioning reflects the traditional view
of golf as a skill-dominant sport, where meticulous practice and refinement of technique are
perceived as the keys to success [12,13]. Only in recent years, with an increased understanding of the
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physical demands and determinants of the game, strength and conditioning has become an integral
component of many elite players' practice [10,14-23].

In golf-specific athletic training, alongside general muscular strength and power exercises, there
is a strong emphasis on training leg-hip, trunk power and grip strength [10,15,16,21]. However, this
often overlooks the proprioceptive and propulsive functions of the feet, which are fundamental in
initiating and controlling movements, providing stability, and generating propulsive force [24-27].
In other sports, particularly those with complex, coordinated ground-based movements, training
programs place a significant importance on the role of the feet [24]. In golf, this oversight can lead to
suboptimal performance and potential injury, as the foundational support and movement efficiency
may be partially compromised [28].

In contrast, in many other sports, the integration of athletic preparation with technique training
is standard practice. From the outset, athletes are trained with a focus on multilateral development
and the conditioning of individual physical and coordinative capacities [29]. This comprehensive
approach is often advised to precede the progressive learning of specific technical skills [30,31]. In
athletics, the role of the feet has been extensively studied and is identified as crucial for performance,
fine motor control, and joint stability throughout the lower limb’s kinetic chain [32]. As a result,
specific exercises aimed at enhancing foot function are integral to training across all disciplines within
track and field [33].

The golf swing shares several biomechanical similarities with throwing motions in athletics,
such as javelin, shot put, and baseball pitching. These disciplines demonstrate the effectiveness of a
progressive bottom-up timing sequence, where movements are initiated from the ground with the
action of the feet and progress upwards through the body's kinetic chain [34-37]. This sequential
activation ensures efficient transfer of energy from the lower to the upper extremities, maximizing
the velocity at the chain's endpoint at the moment of release and enhancing throw distance, while
reducing the risk of injury. In golf, this principle may help maximize clubhead speed, resulting in an
efficient and powerful swing [38]. Understanding and applying this biomechanical principle could
significantly improve golf training and performance by emphasizing the importance of foot
mechanics.

The above literature review highlights that the proprioceptive and propulsive functions of the
feet—despite their critical role in providing stability, initiating movement, and ensuring efficient
energy transfer along the kinetic chain—are largely overlooked in traditional golf training.
Recognizing this gap, this study aimed to introduce a novel approach to golf athletic training and
swing technique that emphasizes foot mechanics as a fundamental component of performance.
Specifically, we developed a proprioceptive exercise sequence targeting foot mechanics, defined by
a rhythmic, sequential pattern of pressure and shear ground actions exerted by the rearfoot and
forefoot of both the lead and trail feet. After completing this conditioning phase, experienced golfers
were instructed to perform successive swing sessions on professional golf courses, integrating the
learned motor sequence into their swing technique. We hypothesized that this intervention, and its
continued application in subsequent swing sessions, would aid golfers in acquiring, consolidating,
and automating a refined swing technique, ultimately improving performance. Specifically, we
hypothesized that the most relevant performance-related swing parameters—namely, peak pressure
in the lead foot, club speed, and ball speed —would progressively increase during the swing sessions
performed with the modified swing technique acquired during the conditioning intervention.

The results of this study could offer valuable insights into the development of young golfers and
the optimization of athletic preparation and performance for professionals. The integration of foot-
focused exercises into golf training could help bridge the gap between technical mastery and athletic
prowess, leading to enhanced performance and injury prevention.
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2. Materials and Methods

2.1. Participants

Twenty-five healthy male golf players were recruited from Italian golf clubs. Participant
characteristics relevant to the study are summarized in Table 1. Only currently active golf players
aged between 18 and 65 years, with at least 5 consecutive years of competitive experience and 2 hours
of practice per week, were included in the study. All participants had previously used a launch
monitor to assess their swing performance parameters, at least the ball speed. Exclusion criteria
included musculoskeletal injuries, a history of limb and trunk pathologies, and the inability to
perform the golf swing without pain and with proper form and technique. The study was conducted
in accordance with ethical guidelines and international standards outlined in the Declaration of
Helsinki, and received approval from the ethics committee of the University of Perugia. All
participants provided written informed consent for their inclusion in the study prior to participation.

Table 1. Participants characteristics relevant to the study.

Participants characteristics

Number of participants 25

Age (mean + SD) 29 + 10 years
Height (mean + SD) 181 +8 cm
Body mass (mean + SD) 78 +9kg
Years of golf experience (mean + SD) 20 +10 years
Weekly hours of golf practice (mean + SD) 16 + 12 hours
Handicap index (mean + SD) 04+27
Percentage of participants downswing from right to left 100%
Percentage of participants using glasses 40%

2.2. Proprioceptive Intervention

All participants underwent a single specific foot proprioceptive intervention lasting 3 minutes.
Each player assumed his usual starting swing position. From this position, the feet performed a
rhythmic sequence of actions, structured in four phases. For golfers with a downswing from right to
left, the action begins with the left forefoot producing ground pressure and a shearing force
(horizontal push) directed laterally initiating a bottom-up chain of movement in the left lower limb—
eversion of the rear foot joints (subtalar and transverse tarsal joints), knee flexion, and hip external
rotation—followed by right pelvic rotation (phase 1). The left foot action also causes a partial shifts
of the body weight towards the right rear foot, promoting rear foot inversion, partial knee extension,
and internal hip rotation in the right lower limb, with further right pelvic rotation (phase 2). The
action then proceeds in the opposite direction in the next two phases. The right forefoot produces
ground pressure and a horizontal shearing force directed laterally, engendering rear foot eversion
and hip external rotation in the right lower limb, changing pelvic rotation from right to left (phase 3).
This right foot action simultaneously shifts the body weight towards the left rear foot, with rear foot
inversion, knee extension, and hip internal rotation in the left lower limb, promoting further left
pelvic rotation (phase 4). During the entire sequence, the exerciser was instructed to avoid lateral
trunk tilt, and strive to maintain knee alignment limiting varus/valgus and internal/external
rotations, thus protecting both the knee and lower back joints. Although no golfers with a downswing
from left to right participated in this study (as shown in Table 1), it is worth noting that, for such
golfers, the actions would be reversed, starting with the right forefoot.

The sequence of actions was first thoroughly explained to the participants by a professional
trainer, then demonstrated practically, and finally practiced by the participants under the trainer's
supervision. To help participants execute the pattern smoothly, we told them to imagine an X
between the foot support points. The first line of the X (for right-handed golfers) starts from the left
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forefoot (vertex 1) and ends at the right rear foot (vertex 2). The second line of the X (which intersects
the first in the center) starts from the right forefoot (vertex 3) and ends at the left rear foot (vertex 4).
Participants were instructed to rhythmically and sequentially exert ground actions with their feet
(pressure and shearing force) at points 1, 2, 3, and 4.

In the first minute of conditioning, the four phases were performed at a very slow pace to become
familiar with the exercise, gradually acquiring the movement pattern. In the second minute of
conditioning, the four phases were performed with a smoother and faster rhythm to consolidate and
then automate the pattern, creating a continuous sequence. In the third and final minute, the sequence
was performed by each golfer with the timing of their own swing. Throughout the intervention, a 5-
second pause was taken between each complete cycle (four phases). This exercises progression was
designed to acutely modify suboptimal foot automatisms ingrained over time.

The duration of the 3-minute foot proprioceptive conditioning intervention was considered
sufficient for enabling experienced golfers to voluntarily integrate the practiced foot motor sequence
into their swing technique during swing sessions conducted immediately after the intervention (refer
to the following "Testing Session" section). Extending the intervention duration could potentially
induce fatigue, which might negatively impact performance in these sessions. This new approach to
using the feet in golf training and swing technique was named the “ground-X-factor” to highlight its
novelty.

2.3. Training and Testing Sessions

The proprioceptive intervention and the testing swing sessions were conducted at the “Golf
della Montecchia” course (27 holes, Par 72, 6318 meters; Selvazzano dentro Padova, Italy) and the
“Golf Club Perugia” course (18 holes, Par 71, 5763 meters; Perugia, Italy). Participants were asked to
perform their usual pre-competition warm-up routine, which was supplemented by inviting each
golfer to freely execute swing shots monitored by a launch monitor (see Data Recording and Processing
section), until achieving ball speed values they perceived as stable and representative of their typical
performance. This procedure helped ensure a consistent performance baseline prior to the first testing
session. After the warm-up, participants performed three separate testing swing sessions, each
consisting of five swing shots using a 6-iron golf club: the first session occurred before the foot
proprioceptive intervention (time to), the second soon after the intervention (time t1), and the third
three minutes after the end of the second session (time t2). During the second and third sessions,
participants were instructed to change their swing technique by integrating the sequence of foot
actions practiced during the proprioceptive intervention into their swing. In the three minutes
between the second and third sessions, participants were asked to focus on the sensations
experienced in the second session with the new movement technique. In each session, participants
were free to choose the rest period (typically less than 1 minute) between one shot and the next.

2.4. Data Recording Ana Processing

The club and ball kinematics during the three swing sessions were recorded using the markerless
Trackman launch monitor (Vedbeek, Denmark), which is equipped with synchronized high-speed
(4,600 fps) dual cameras and 24 GHz dual Doppler radar technology. Although the Trackman system
captures dozens of parameters, only the speed of the club head at ball impact (club speed) and the
initial ball speed after the impact (ball speed) were analyzed in this study. This decision is
acknowledged in the discussion section. Notably, two recent research studies have demonstrated
excellent within- and between-session reliability for both club head speed and ball speed
measurements obtained using the Trackman launch monitor [39,40].

A Smart2Move Dual Force Plate system (Allschwil, Switzerland) equipped with a time-
synchronized camera capturing high-resolution images at a 240 fps sampling rate was used to record
independent left and right foot vertical ground reaction (vGR) forces and centers of pressure, global
VGR force and center of pressure, lateral weight distribution, foot flare, and stance width. The native
software of data analysis considers 7 reference positions (P1 to P7) during the swing action (see
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Appendix A). The Smart2Move Dual Force Plate system can integrate Trackman data, and its
technical specifications are available on the manufacturer's website [41].

In each session and for each participant, the five values of each parameter measured across the
five swing shots were averaged, and the resulting mean values were then used in the statistical
analysis. The integration of the Smart2Move and TrackMan data enables correlating the causes,
ground reaction forces measured by the force plates, and the consequences on club data and ball
flight kinematics measured with the launch monitor.

2.5. Statistical Analysis

An ANOVA design was employed to analyze the data samples. The ANOVA assumptions of
sphericity, normality, and homogeneity of variance were verified with the tests of Mauchly, Shapiro—
Wilk, and Levene, respectively. When necessary to meet these assumptions, probabilities were
estimated using the Greenhouse-Geisser and Huynh-Feldt corrections, and/or data were
transformed with the natural logarithm (In) function. Descriptive statistics, presented as mean + SD,
consistently refer to the untransformed data, even if the analysis was performed on transformed data.
Trackman and force plate data samples were analyzed using one-way repeated-measures ANOVA,
with time (before (to), soon after (ti1), and three minute after (ts) the proprioceptive training
intervention) as a 3-level within-subject factor. Post hoc analysis was run via the Scheffé test.

In addition to calculating the average performance at different stages of the treatment (to, t1, and
t2) for the entire group, it was also of interest to calculate the individual differences between the
performances at two different stages of the treatment for each athlete, average these differences over
the participants, and perform one-sample t-tests on these sets of data (null hypothesis mean=0,
alternative hypothesis mean#0). These tests could provide additional information to the ANOVA
analysis.

The statistical power was evaluated using the observed power (w), while the effect size was
measured by partial eta squared (13) for ANOVA tests and Cohen's d for t-tests. For all statistical
analyses, the significance level was set at p <0.05. The Origin software package was used for statistical
calculations.

3. Results

ANOVA outcomes revealed that the proprioceptive intervention and modified swing technique
had a significant effect on the peak vGR of the lead foot (p < 0.001, w > 0.99, n; = 0.35), club speed
(p<0.001, w = 1.00, n; = 0.58), and ball speed (p <0.001, w = 0.99, n; = 0.33). Values of n; of0.01,
0.06, and 0.14 are indicative of small, medium, and large effects, respectively [42], pp.284-287. Post-
hoc analysis highlighted that these dependent variables displayed different changes across the three
successive swing sessions. The peak vGR of lead foot increased from to to t1 (p < 0.001), but did not
show further increments from ti1 to t2 (Figure 1); club speed increased from to to t1 (p < 0.001) and
continued to increase, though to a lesser extent, from t1 to t2 (p = 0.002) (Figure 2a); ball speed did not
change significantly from to to t1, but increased from t1 to t2 (p = 0.001) (Figure 2b).

Contrary to the lead foot, the proprioceptive intervention and modified swing technique had no
significant effect on the peak vGR of the trail foot. The phase of the swing movement where the peak
VGR of the lead foot occur was also not affected by the treatment. This peak occurred shortly before
phase P6 of the swing action (see Appendix A).

Figures 3 and 4, along with Table 2, display the outcomes of the one-sample t-test performed on
the three sets of data obtained by calculating the individual differences between the performances at
two different stages of the treatment for each athlete and then averaging these differences across
participants. These tests provided additional information to the ANOVA analysis.
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Figure 1. Peak value of the vertical component of the ground reaction (vGR) for the lead foot (a) and trail foot
(b) recorded during three separate swing sessions: the first session before the foot proprioceptive intervention
(time to), the second soon after the intervention (time t1), and the third three minutes after the end of the second
session (time t2).* p < 0.05; ** p < 0.001.
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Figure 2. Club speed v¢ (a) and ball speed v}, (b) recorded during three separate swing sessions: the first
session before the foot proprioceptive intervention (time to), the second soon after the intervention (time t1), and
the third three minutes after the end of the second session (time t2). * p < 0.05; ** p < 0.001.
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Figure 3. Differences in the peak value of the vertical component of the ground reaction (vGR) for the lead foot
and trail foot between each pair of three swing sessions: the first session before the foot proprioceptive
intervention (time to), the second soon after the intervention (time t1), and the third three minutes after the end
of the second session (time t2). The differences were calculated by taking the individual differences between the
performances in two sessions for each athlete and then averaging these differences across participants. Mean #
0:* p<0.05; ** p < 0.001.

Table 2. One sample t-test outcomes (null hypothesis mean=0, alternative hypothesis mean=0) for the individual
differences between the performances at two different stages of the treatment for each athlete averaged over the
participants (BW=body weight, vGR=vertical ground reaction, 4 = Cohen’s effect size, with d = 0.2 indicating a
small effect, d = 0.5 a medium effect, and d = 0.8 a large effect [42, pp.24-27]).

confidence interval

Individual performance difference at two mean * J 1

stages of the treatment SD P power (?w?r upp?r
limit limit

Difference from t1 to to

Lead foot vGR (% BW) 7.4+8.4 0.88 <0.001 0.99 3.9 10.8

Club speed (m/s) 0.53+0.47 1.13 <0.001 >0.99 0.33 0.72

Ball speed (m/s) 0.18+t0.90 0.20 0.31 0.17 -0.18 0.55

Difference from t to t1

Lead foot vGR (% BW) -0.3t7.8  0.04 0.84 0.05 -3.6 2.9

Club speed (m/s) 0.27+0.40 0.67 0.003 0.90 0.10 0.43

Ball speed (m/s) 0.76+1.02 0.74 0.001 0.95 0.34 1.19

Difference from t: to to

Lead foot vGR (% BW) 7.14£8.3 0.86 <0.001 0.98 3.6 10.5

Club speed (m/s) 0.79+0.60 131 <0.001 >0.99 0.57 1.04

Ball speed (m/s) 0.95+1.17 0.81 <0.001 0.97 0.47 1.43
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Figure 4. Differences in club speed (a) and ball speed (b) between each pair of three swing sessions: the first
session before the foot proprioceptive intervention (time to), the second soon after the intervention (time t1), and
the third three minutes after the end of the second session (time t2). The differences were calculated by taking
the individual differences between the performances in two sessions for each athlete and then averaging these

differences across participants. Mean # 0: * p < 0.05; ** p < 0.001.

4., Discussion

In traditional golf training, the proprioceptive and propulsive functions of the feet are often
overlooked, despite their critical role in providing stability, initiating movement, and ensuring
efficient energy transfer along the kinetic chain. Recognizing this gap, this study aimed to introduce
foot-focused proprioceptive exercises into golf training, hypothesizing that this approach could
enhance swing mechanics and overall performance. To achieve this, we devised and administered a
targeted proprioceptive exercise for the feet to experienced golf players, instructing them to modify
their swing to incorporate the motor sequence learned during the conditioning phase. This approach
led to improvements in key performance-related swing parameters, suggesting that the integration
of foot-focused exercises into golf training could bridge the gap between technical mastery and
athletic prowess, ultimately leading to enhanced performance.

The data regarding lead foot VGR, club speed, and ball speed demonstrated distinct temporal
trends across the three successive swing sessions: before (to), soon after (t1), and three minutes after
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(t2) the proprioceptive training intervention. The peak vGR of the lead foot increased from to to t1 but
did not show further increments from ti to t2; club speed increased from to to t1 and continued to rise,
though to a lesser extent, from ti to tz; ball speed did not change significantly from to to t1 but increased
from t1 to t2. These changes can be interpreted in the light of the progressive acquisition and transfer
to the swing of the motor sequences proposed during the proprioceptive conditioning intervention.

At time t1, immediately after the intervention, participants were able to use their feet differently
during the swing compared to time to, consistent with what was learned during the proprioceptive
intervention, exerting a higher peak force on the ground with the lead foot. This increase translated
to higher club speed, but not to ball speed. Ball speed is mainly (about 75%) determined by clubhead
speed; however, centeredness of impact also has a considerable effect (about 7%) on ball speed [43].
Thus, acutely, the new foot technique integrated in the swing, while resulting in higher club speed,
likely induced less control and precision at the impact with the ball. This is understandable given the
change in the motor pattern adopted, compared to the one consolidated over years of practice.

At time t2, three minutes after the intervention, participants continued to use their feet as they
did at time t1 (at least regarding the peak vGR of the lead foot), but they transferred even more speed
to the club (greater than it was at time t1) and finally managed to increase the ball speed after impact.
In the second swing session after the conditioning intervention, and after three minutes of focusing
on the sensations provided by the new technique, participants seemed to be able to automate the new
foot motor pattern and harmonize it within the swing gesture, effectively transferring the effect to
the ball and regaining better shot precision. Ultimately, the benefits of the intervention and the new
swing technique, with practice, progressively propagated from the feet to the club and finally to the
ball.

The main limitation of the study relates to the selection of participants (Table 1) and the limited
duration of the proprioceptive conditioning intervention. The participants all demonstrated an
excellent perception of the quality of movements performed in the various phases of the swing, and
fully perceived the variations implemented in the swing and their effects. Most reported experiencing
greater freedom and fluidity of movement, with fewer constraints and less resistance. However,
novice and less experienced players may not yet have developed the same level of kinesthetic
awareness or movement quality as more seasoned golfers, which could impact the effectiveness of
the conditioning intervention. Therefore, the study should be extended to include golfers with
varying levels of experience, age, and skill, along with other factors that could influence the outcomes
of proprioceptive conditioning. Furthermore, interventions of different durations could be tested to
assess their effectiveness across diverse groups of golfers. Such an approach may enhance the
generalizability of the findings, providing a more comprehensive understanding of the impact of the
proprioceptive intervention and helping to tailor interventions more effectively for diverse player
profiles.

Another limitation arises from the limited number of parameters analyzed (peak vGR of the lead
foot and the trail foot, club head speed, and ball speed) despite the large number of parameters
recorded by the Trackman and the Smart2Move Dual Force Plate systems during the three swing
sessions. The selection of ball and club head speed among the Trackman parameters was justified by
the following considerations: (1) ball speed is a key indicator of both swing speed and the quality of
impact, making it fundamental to overall performance, and (2) club head speed is largely the primary
determinant of ball speed [40,43]. Additionally, these parameters are less susceptible to variations
from external environmental factors. For instance, ball flight data can be heavily influenced by
changes in wind speed and direction, which can differ significantly between sessions. Kwon and
colleagues [44] highlighted that among the parameters measured by force plate systems, the peak
VGR of the lead and trail foot are key factors for optimal swing mechanics. In particular, the peak
vGR of the lead foot has been shown to correlate strongly with maximum clubhead speed, with the
vertical component providing the dominant contribution [44].

During the measurement sessions, a 6-iron, which is an intermediate and frequently used club,
was intentionally utilized. This should reasonably ensure good generalizability of the obtained
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results to other types of clubs. However, this aspect should also be confirmed with further
investigations.

A further limitation concerns the force-plate data. The force plates used can only detect the
vertical component of the ground reaction force and have indeed revealed an increase in the peak
VGR of the lead foot with the modified swing technique. This technique involves intentional pressure
and shearing forces exerted rhythmically by the right and left forefeet. Therefore, the use of triaxial
platforms would likely have also detected an increase in the horizontal components of the ground
reaction force and its axial moment on the plane of the platform. However, the monoaxial platforms
used, due to their small size and portability, are particularly suitable for studying the typical golf
actions, avoiding potential interference with the club during the swing or even visual distractions
that could influence the player's movement.

A final potential limitation of this study concerns the possibility that the observed improvements
might have reflected a practice effect rather than the proprioceptive intervention and the new swing
technique. Several methodological precautions, however, were implemented to minimize this risk.
First, the participants were all experienced golfers with prior familiarity with launch monitor
assessments. This ensured that they were already accustomed to repeating swing shots under
standardized testing conditions and that performance variability due to unfamiliarity with the
equipment or procedures was minimized. Second, before the first testing session, all golfers
completed their usual pre-competition warm-up routine and performed additional monitored
swings until they reported having reached stable and representative ball speed values. This
procedure helped establish a consistent baseline. Crucially, a complementary ANOVA conducted on
the five swing shots within each session revealed no significant systematic trend across consecutive
shots in any of the dependent variables. In particular, no significant changes were found in lead foot
peak vGR (p = 0.54), club speed (p = 0.48), or ball speed (p = 0.57) across the five swings executed with
the traditional technique during the first session at time to. This finding supports the view that the
progressive improvements from to to t1 and t2 were attributable to the modified swing technique
learned through the foot-focused training intervention. As an exploratory investigation, the primary
objective of this study was to provide initial evidence for the effectiveness of the proposed “ground-
X-factor” paradigm. At this stage, conducting a larger controlled trial with a comparable control
group would have required substantial organizational effort, which would not have been justified
without first verifying the feasibility and potential impact of the technique, as supported by the
present findings. Nevertheless, these results provide a solid rationale for future research with larger
samples and controlled designs to further validate the foot-focused training intervention and the new
swing technique and to assess their long-term effects on golf swing performance.

Despite these limitations, the study’s results highlight that a training intervention featuring a
targeted sequence of foot actions and the integration of this sequence into the swing movement can
lead to increased peak vGR of lead foot, club speed, and ball speed, thereby improving swing
mechanics and enhancing swing performance. Previous research has highlighted the importance of
the rotation of the thoracic spine relative to the pelvis (X-factor) at the top of the backswing and
during the start of the downswing [45]. Wider X-factor has been correlated to higher clubhead speed
and driving distance, likely due to greater utilization of the SSC, more efficient proximal to distal
sequencing, and longer hand path [10,46-48]. The present study proposed another X scheme, that
defined by the devised rhythmic and sequential ground actions exerted by the rearfoot and forefoot
of the lead and trail foot. The new “ground-X-factor” has been designed to facilitate the bottom-up
timing sequence of the swing action and enhance the traditional X-factor. Future research may verify
our hypothesis.

Further studies are also necessary to assess the impact of the new swing technique on the
mechanical loading acting across the kinetic chain involved in the swing movement. However, this
requires advanced biomechanical modelling designed to calculate the shear and axial joint reaction
forces acing on multi-joint kinetic chain [49] during high velocity movements [50]. This information
is fundamental given the reported incidence of overuse injuries among golf players [51,52].
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5. Conclusion

In this study, we devised and administered a targeted proprioceptive exercise for the feet to
experienced golfers and subsequently guided them in adapting their swing to integrate the motor
sequence acquired during the conditioning phase. This approach, termed the “ground-X-factor,” led
to measurable improvements in the most relevant performance-related swing parameters: peak
pressure in the lead foot, club speed, and ball speed. Notably, the benefits of the intervention and the
new swing technique progressively propagated with practice, moving from the feet to the club and
ultimately to the ball. Through this innovative training method, golfers may progressively develop a
refined swing technique that optimizes foot mechanics and enhances overall performance.
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Appendix A

The seven reference positions of the Smart2Move Dual Force Plate system. P1: starting position,
P2: club parallel to the ground in the backswing ; P3: left arm parallel to the ground in the backswing;
P4: apex of backswing; P5: left arm parallel to the ground in the downswing, P6: club parallel to the
ground in the downswing, P7: impact of the club with the ball), and position (between P5 and P6)
where the peak value of the vertical ground reaction occurs. A sample of the Smart2Move output
parameters is displayed in each position.
P1: starting position
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< #Smart2Move June 22, 2024 - 12:19:05pm  No User  Iron &

3.3°

Stance

width

) Stance
alignment

Lead (%)

63

Trail (%)
Force a6

Total (%)

P2: club parallel to the ground in the backswing

< #Smart2Move June 22, 2024 - 12:19:05pm  NoUser  Iron 6

12:2°

Stance
width

Stance
alignment

Lead (%)
21
Trail (%)
Force 85
Total (%)
<

P3: left arm parallel to the ground in the backswing;
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< #Smart2Move June 22, 2024 - 12:19:05pm  NoUser  Iron 6

14.8°
Stance
width
Stance
alignment
eft foot
Right foat
larin:

Lead (%)
22
M Trail (%)
Force 78

Total (%)

P4: apex of backswing

< #Smart2Move June 22, 2024 - 12:19:06 pm  NoUser  lron 6

13.6°

Stance
width

Stance
alignment

Lead (%)
36
Trail (%)
Force 59
Total (%)
-

P5: left arm parallel to the ground in the downswing (descent, shot)
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< #Smart2Move June 22, 2024 - 12:19:05 pm  NoUser  Iron 6

-1.3*

Stance
width

Stance
alignment

Lead (%)
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f\,l Trail (%)
Force 31
Total (%)
<

Phase of the swing where the vertical component of the ground reaction reaches its peak value

June 22, 2024 - 12:19:05 pm No User Iron 6

-7.8°

Stance

'/___ . width

o Stance
f alignment

et

Lead (%)
152

< #Smart2Move

Trail ()
47

Force

Total (%)

P6: club parallel to the ground in the downswing
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< #Smart2Move June 22, 2024 - 12:19:05pm  NoUser  Iron6

-6.6°

Stance
width

Stance
alignment

Lead (%)
136

Trail ()
52

Force

Total (%)

P7: impact of the club with the ball.

< #Smart2Move June 22, 2024 - 12:19:05 pm  NoUser  Iron 6

-6.7°

Stance
width

Stance
alignment

Lead (%)
64
M Trail (%)
Force 43
Total (%)
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