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ABSTRACT

Introduction: The purpose of this study was to evaluate whether kinematic assessments
help to improve golf putting accuracy and precision, and increase the success rate of
golf putts. Specifically, this study also investigated the differences in club head velocity
and putter face angle at impact (°) between elite and amateur golfers.

Methods: A total of 25 articles were used in this review. An initial, broad search of
electronic databases including PubMed, SPORT discus, Scopus, Science Direct and
Google Scholar was conducted for literature using the keywords “biomechanics” AND
“golf putting”. The total number of studies screened for this review was n =897. Among
these articles, only n = 63 were assessed for eligibility. The number of articles were
reduced further to n = 25 and included in the qualitative and quantitative synthesis.

Results: Out of the initial n = 897, n = 834 records were excluded. After the articles
were assessed for eligibility, n = 17 articles were excluded for not meeting the inclusion
criteria. The studies included demonstrated that kinematic approaches can help
improve accuracy and precision of golf putts which help to increase the success rate of
putts and reduce overall scoring. Elite golfers have a more accurate direction and face
angle when compared to amateur golfers.

Conclusion: This systematic review and meta-analysis suggests that kinematic
assessments of face angle at impact, putter path, the vertical spot and backswing are
critical determinants of a golfer’s success and are useful indicators to help improve
accuracy and precision of golf putts. This study also noted that elite golfers had slightly
less velocity but more precise putter face angles at impact which increased their
accuracy in completing more successful putts than amateur golfers.
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INTRODUCTION

Golf is a sport that is continuously increasing in popularity and is played by millions of golfers,
of all skill levels, all over the world. The overwhelming majority of golfers are amateurs, with
just a small percentage considered elite and even fewer considered professional golfers. No
matter the skill level, the aim of golf is the same: to complete a round of golf in as few strokes
(shots) as possible. The game of golf originated in the 15™ century in Scotland and the first
18-hole round was established at the renowned St. Andrews golf course in 1764 (R&A, 2019).
Since then, golf has become one of the most popular sports across the world and has changed
dramatically. Fast forward to the beginning of the 21t century, there are now 38,864 golf
courses in 209 of the world’s 249 countries according to the golf (R&A, 2019). The analysis
and purpose of this study is paramount, due to the rapid rise in popularity of golf and many
golfers are now aiming to improve their technique while achieving lower scores. Especially for
elite and professional players, where the success of a single putt could win the player large
sums of money.

Modern day technology permits sport scientists to critically evaluate a golfer’s fundamental
skills using biomechanical analysis of the golf swing. Biomechanics is a scientific principle that
explores movements using mechanical principles. To enhance golf technique and performance,
golf biomechanics applies mechanical concepts and techniques to the structure and function
of the golfer. The golf swing has been the subject of extensive biomechanical studies, a golfer’s
technique has a significant impact on golf success, which is measured by the number of
strokes required to hit the ball into a predetermined hole. However, putting is arguably the
most important aspect of golfing technique. Putting accounts for roughly 43% of swings made
and ultimately the golfer must be able to putt the ball into the hole to score well in a golf
round (Richardson et al., 2012). The primary goal of putting is to be able to putt the ball as
accurately and precisely as possible and to try and hit the ball in the hole. A secondary goal is
to putt the ball with suitable power and skill to ensure the ball comes to a stop near the hole.
Despite various studies investigating factors related to successful putts, there is a noticeable
gap examining the biomechanical analysis of golf putting.

According to MacKenzie & Sprigings (2005), two main ability factors are required to hit a good
putt: first, the ability to read the green correctly, and secondly, the ability to perform a putting
stroke with the putter face perpendicular to the target line (MacKenzie and Sprigings, 2005).
A stable posture is required for a consistent pivot point (Hurrion, 2009). A more stable stance,
based on these recommendations, should make for a more consistent putter face angle at
impact, increasing the number of effective putts. There are differences between elite and
amateur golfers in relation to golf putting. Elite golfers have a slower putter head velocity
at impact in comparison to amateur golfers (Hasegawa et al., 2020, Land and Tenenbaum,
2012, Pelleck and Passmore, 2017, Richardson et al., 2018, Sim and Kim, 2010, Wu et al.,
2020). Elite golfers are thought to strike the ball using techniques that transfers more kinetic
energy from the putter to the ball at impact, whereas amateur golfers lose more energy at
impact (Delay et al.,, 1997). This is possibly due to the fact that elite golfers have less miss-
hits. Delphinus and Sayers (2012) propose that in elite golfers, the centre of mass primarily
travels through the frontal plane around the mediolateral axis, levelling the swing arc and
improving the effective impact area and precision of the putt (Delphinus and Sayers, 2012).
Therefore, information relating to accuracy and precision of golf putting is crucial to players
and coaches in relation to successful execution and increased putting performance.

The purpose of this study was to evaluate whether kinematic assessments help to improve golf
putting accuracy and precision, and increase the success rate of golf putts. Specifically, this
study also simultaneously investigated the differences in club head velocity and putter face
angle at impact (°) between elite and amateur golfers.

METHODS

An initial, broad search using electronic databases including PubMed, SPORT discus, Scopus,
Science Direct and Google Scholar was conducted using the keywords “biomechanics”
AND “golf putting”. The search included journal articles only in English across all years.
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This initial search was refined due to excessive and irrelevant studies. A further refined
systematic search of the existing literature was conducted using the combined keywords
“biomechanics” OR “kinematics” AND “golf putting” AND “accuracy and precision” on studies
published between 2010 and 2020, using the same electronic databases PubMed, SPORT
discus, Scopus, Science Direct and Google Scholar. This search also only included English
journal articles. The inclusion criteria were: (1) Containing kinematic approaches on golf
putting including accuracy and precision; (2) skill levels from novice to professional (inclusive
of all handicaps), ages, and a population with no injuries; (3) Only journal articles in English.
The exclusion criteria were: (1) studies not including kinematic approaches on golf putting;
(2) studies not focussing on accuracy or precision; (3) publications that were not journal
articles written in English.

The PRISMA flow chart shows the process of the refined systematic searches (Figure 1). Titles
and abstracts of articles were screened for relevance for this systematic review and articles that
did not make the criteria were removed. The remaining articles were read in full and articles
that did not make the criteria were removed in addition to duplicate papers. The risk of bias
was used to assess the cumulative evidence of the results. This was performed by evaluating
the study design, including the 25 articles used for the review. The recommended tool used
to assess the risk of bias involved assessing and presenting the risk of bias for each article.
The outcomes of this assessment were then used to conclude the outcomes. Table 1 provides
a summary table of all 25 journal articles that made the criteria and were selected for this
systematic review. This table includes the purpose of each paper, kinematic methodology, and
all relevant variables of each approach. These variables include: number and average age of
participants, average skill level of participants determined by handicaps (Professional = <0,
Expert = 1-6, High = 6-10, Amateur = 10-20, Novice = >20), Putt distance from strike to hole
measured in metres, putter and golf ball used, stimpmeter reading to indicate the speed of the
greens, and finally if the participant was right or left-handed.
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Figure 1 PRISMA Flow Chart.
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RESULTS
STUDY SELECTION

The total number of studies screened for this review equalled n = 897. Among these articles,
only n = 63 were assessed for eligibility. The number of articles was reduced further to n = 25.
These 25 articles were included in the qualitative and quantitative synthesis (Figure 1). Out of
n =897, n=834records were excluded. After the articles had been assessed for eligibility, n = 17
articles were excluded. The main reason for the exclusion of n =834 articles was due to the lack
of relevance to the given qualitative and quantitative analysis. The outcome evaluations for the
articles were very different compared to the desired results. In some articles, the full texts were
missing and were eliminated to avoid presenting incomplete data. A further n = 63 involved
articles that were also excluded. This was mostly due to the repetitive nature of some articles.

Different aspects of articles were included in more than two reports. The studies were also not
eligible in relation to the context of the study. An overview of the results from the individual
studies are displayed in Table 2.

RECORDS PROPORTION PERCENTAGE OF
THE PROPORTION
Records excluded 834/897 92.98%
Full-text articles assessed for eligibility 63/847 7.44%
Full-text articles excluded, with reasons 17/847 2%
Records after duplicates removed 25/847 3%
Studies included in qualitative synthesis 25/847 3%
Studies included in quantitative synthesis (meta-analysis) 25/847 3%
STUDY CHARACTERISTICS

All the articles used in the review were selected based on the relevance to the topic being
discussed. The main inclusion criteria included participants who were gauged based on their
average skills (Professional < 0, Elite = 1-6, High = 6-10, Amateur = 10-20, Novice > 20). The
type of intervention was classical, and all the outcomes were assessed based on the level
of experience and age. The primary outcome indicated limited changes in the results. The
secondary outcomes, on the other hand, showed a prevalence of eligible data. The timing of
the outcomes was categorised, and every evaluation recorded. Table 3 shows the risk of bias
in each study.

SYNTHESIS OF RESULTS

Elite vs Amateur data were available for only 25 articles from the 847 reports that were initially
chosen. Seventeen articles were excluded from the reports due to lack of eligibility. In the
pooled analysis, the relative risk was 0.7 while the confidence level was 95%, P = 0.05, the data
showed no evidence of heterogeneity (0%). The meta-analysis based on the Elite vs Amateur
Club Head Impact Velocity is displayed in Figure 2 while details of the Club Head Impact Velocity
outputs are presented in Figure 3. There was strong evidence of heterogeneity in the data, and
to explore this, a forest plot was created. The plot showed significant evidence of heterogeneity
(confidence intervals: 95%, P < 0.05). Specifically, 27 of the articles were excluded without
reason. The omission represents about 3% of the original 847 articles. The purpose of using
the data was to avoid publication bias hence the need for referencing. The report, therefore,
consisted only of the articles approved to be eligible for the systematic review.

The benefits of using the reports and the assessed results of 95% confidence intervals were
clear in articles with adequate concealment of allocation compared to those excluded for
lack of eligibility (P for interaction = 0.025) and (P = 0.009) for the data excluded without
reason. When compared, the interaction was (P = 0.034). Subgroups analysis after removal of
duplicated reports showed no differences in the results.
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Table 2 Overview of search
results from selected
individual studies.



Table 3 Risk of Bias display from each study.

AUTHOR PURPOSE OF THE STUDY STUDY BIAS
Cooke (2011) To examine the performance of expert golfers and their psychological, physiological, and kinematic low
responses to competitive pressure.
Delphinus & Sayers To present detailed 3D kinematic profiles of pelvis and trunk during the putting motion and, second, to determine  high
(2012) if differences in 3D kinematics of the pelvis and trunk exists between proficient and non-proficient putters.
Dias et al,, (2014) To understand the adaptation to external constraints and the effects of kinematic variability in a golf putting task.  high
Dias et al,, (2014) This study aimed to investigate how a player responds to external constraints (slope and angle) in a golf low
putting task.
Gray et al., (2015) This study studied the relationship between attentional focus, perceived hole size, and radial putting error in unclear
a golf task. They examined the effects of pressure on the golf putting kinematics and accuracy.
Hasegawa et al., The purpose of this study was to compare the degree of resolution in motor control during golf putting high
(2017) between professionals and high-level amateurs by comparing the kinematics of the club head.
Hasegawa, Koyama  This study investigated how a practice motion in the preparation phase of golf putting would affect the high
& Inomata (2013) accuracy of motor control in the execution phase and how proficiency would influence this relationship. They
also examined the impacts on kinematics and final ball position, the velocities of practice strokes made by
the tour professional and amateur golfers.
Land & Tenenbaum  This study examined a golf-specific secondary the task to prevent choking under pressure during golf putting  low
(2012) as well as examining kinematic variabilities are inputting.
Mackenzie et al., This study evaluated the traditional method, of visually focusing on the ball, in comparison to focus on the high
(2011) hole during the putting stroke as well as evaluating the kinematics of the putting stroke.
McLaughlin & Best This study investigated the use of cluster analysis to determine if different putting techniques existed in a high
(2013) group of club level golfers by using kinematics.
Moore et al., (2012)  This study evaluated the kinematics of golf putting using quiet eye training interventions and evaluated low
performance under heightened anxiety of novice participants in a golf putting task.
Moore et al,, (2012)  This study assessed the threat states on golf putting performance and several possible mechanisms, unclear
including kinematics.
Munzert, Maurer & This study examined how varying the content of verbal-motor instructions and requesting an internal versus  high
Reiser (2014) external focus influenced the kinematics and outcome of a golf putting task.
Pataky & Lamb The purpose of this study was to test whether physical randomness training can improve putting low
(2018) performance in novices. The authors measured putter face kinematics.
Pelleck & Passmore  This study assessed the implications of changing the attentional focus of novice and skilled golfers by high
(2017) measuring behavioral, neurophysiological and kinematic changes during golf putting task.
Richardson, Hughes  This study evaluated pressure excursion in low, mid, and high handicap golfers about the mediolateral axis low
& Mitchell (2012) and anterior-posterior axis.
Richardson, Hughes  This study aimed to assess whether variability of body segment rotations influence putting performance low
& Mitchell (2018) (ball kinematic measures).
Sim & Kim (2010) This study aimed to identify differences in kinematics and accuracy between expert and novice golfers. low
Tanaka & Iwami This study investigated the sense-of-distance for skill differences between experts and novice golfers in both  high
(2018) putting-swing consistency and accuracy of outcome estimation using kinematics.
Tanaka & Sekiya The study examined relationships between psychological/physiological and behavioral variables when low
(2010) participants are placed under pressure in a golf-putting task. As well as examining the relationships between
psychological/physiological variables and performance.
Tanaka & Sekiya This study examined kinematically characteristics and force control during a golf-putting task under a high
(2011) pressure condition. The authors also investigated the relationship between changes in behaviour (kinematics
and force control) and performance on the one hand, and psychological (attention and affect) and
physiological (arousal level) changes on the other.
Toner & Moran This study split their investigation into 2 experiments. Experiment 1: The aim was to examine the influence low
(2011) of conscious processing (in the form of making technical adjustments to a skill) on expert golfers’ putting
proficiency and key kinematic aspects of their putting strokes (as measured by a motion analysis system).
Vine et al., (2017) The aim of the study was to explore the significance of the ‘timing’ of the quiet eye, and the relative high
importance of late (online control) or early (pre-programming) visual information for accuracy. Kinematic
variables were assessed by kinematic measures.
Wu et al,, (2020) This study aimed to assess the putting performance and kinematics across three skill levels of female golfers.  unclear




1 Elite vs Amateur Club Head Impact Velocity

1.1 Club Head Impact Velocity

Elite Amateur Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Hasegawa 2020 0.84 0.04 10 087 02 11 16.5% -0.20 [-1.05, 0.66] -
Land 2012 1.19 0.05 20 125 04 24 209% -0.20 [-0.79, 0.40] -
Pelleck 2017 1.15 0.09 13 116 0.09 11 174% -0.11[-0.91,0.70] -
Richardson 2012 1.62 0.09 7 1.7 005 12 142% -1.14 [-2.16, -0.12] =
Sim 2010 1.03 0.07 10 14 013 5 6.4% -3.76 [-5.66, -1.86] —
Wu 2020 14 006 110 142 0.07 39 247% -0.32[-0.68, 0.05] -
Total (95% CI) 170 102 100.0% -0.57 [-1.12, -0.03] L J

L . . !

Heterogeneity: Tau? = 0.28; Chi2 = 15 40, df =5 (P =0.009); 1> = 68%

Test for overall effect: Z =2.05 (P = 0.04) 4 -2 0 2 4

Higher in Elite Higher in Amateur

Club Head Impact Velocity (m/s)

0 I‘ I

e
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Club Head Velocity (m/s)
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Hasegawa (2020) Land & Pelleck & Richardson, Sim & Kim (2010) Wu et al., (2020)
Tenenbaum (2012) Passmore (2017) Hughes & Mitchell
(2012)

M Elite ™ Amateur

Within the study designs and the interventions, and the reported outcome measures, the focus
was to create a description of the studies. This description involved their results as well as the
applicability and limitations of the data obtained. Additional analyses on the face angle (°) at
impact is reported in Table 4 where the three studies displayed analyse the putter face angle
at impact (°). Land & Tenenbaum (2012) and Wu et al., (2020) compared the putter face angle
at impact (°) between elite and amateur golfers whereas Mackenzie, Foley & Adamczyk (2011)
compared the Putter Face Angle at Impact (°) of amateur golfers over two putting distances
(1.22 mand 4 m).

Merry et al. 118
Physical Activity and
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DOI: 10.5334/paah.159

Figure 2 Meta-analysis - Elite
vs Amateur Club Head Impact
Velocity. The Forest plot shows
6 studies that compared elite
vs amateur golfers club head
velocity at impact (when
striking the ball to the hole).
The mean shows the velocity
of the putter at impact in m/s
and the standard deviation
(SD) shows the variation of
velocity at impact in m/s. The
standard mean difference
reports the efficacy, in terms of
the continuous measurement
of the 6 studies.

Figure 3 Elite vs Amateur -
Club Head Impact Velocity
comparison showing a bar
chart display of the Club Head
Velocity at Impact (m/s) from
6 studies among elite and
amateur golfers.

Table & Face angle at
impact (°).

AUTHOR PARTICIPANTS AGE (YEARS) SKILL LEVEL PUTT DISTANCE (M) FACE ANGLE AT
(YEAR) (HANDICAP) IMPACT (°)
Land & Tenenbaum Amateur: 19 F & 5 M (26.58 £ 7.51) Elite (2.13 £2.71) 3.05m 0.50 +0.42
(2012) Elite: 15 F & 5M (21.20 + 3.24) Amateur (>20) 0.76 +0.88
Mackenzie, Foley & 31 M (22.30 £ 4.10) Amateur 20 putts at 1.22 m & 4 m (5 putts 1.22 m: 0.75
Adamczyk (2011) (18.7 +10.4) at each distance x 2) 4 m: 0.99
Wu et al., (2020) 149 F Elite (<5) 3m 0.75+1.30

Pro: 64 (26.55 #+ 3.90) Amateur (>20) 0.79+1.37

Elite: 46 (21.02 £ 2.07)
Amateur: 39 (19.92 £ 2.13)

DISCUSSION

The results of this study showed that there was a significant difference in the putting
performance and kinematics between elite and amateur golfers. The holing success was
highest for elite golfers. (Hasegawa et al., 2020, Land and Tenenbaum, 2012, Pelleck and
Passmore, 2017, Richardson et al., 2018, Sim and Kim, 2010, Wu et al., 2020). Therefore, the
results were used to conclude that the holing success rate could be used as a determinant for
establishing the skill level of individuals.

The purpose of this study was to evaluate whether kinematic assessments help to improve
golf putting accuracy and precision, and increase the success rate of golf putts. Thus, reducing



the golfer’s number of putting strokes and overall strokes to improve performances. This study
also investigated whether there were any differences in club head velocity and club head angle
at impact between elite and amateur golfers. Therefore, the holing success can be used as a
determinant for future experiments regarding this topic (Wu et al., 2020).

It would be worth evaluating future studies to determine the performance in various distances
and breaks (Cooke et al, 2011). Research indicated that the putter face angle was not
significant in determining the skill level between elite and the amateur golfers. Based on the
articles used in this review, the face angle was the most crucial determinant for direction. It
was also concluded that the elite players have a better technique at controlling their face angle
during the backswing and impact during golf performance (Dias et al., 2014). The rise of initial
deviation during the study was to have a variance of 0.03 degrees between the amateur and
elite players. According to the study, elite golfers have better control of the face angle with a
slight deviation in the stroke (Richardson et al., 2012, Wu et al., 2020). The second determinant
was the stroke path, which was 0.04 degrees for professionals and 0.23 degrees for elite
golfers. The impact spot for the three groups was negligible for the missed putts and had a 10
m variation for the direction deviation. All groups showed a similar accuracy compared to the
correct target accuracy (Dias et al., 2014). Generally, elite golfers have a precise face of impact
for the face angle. They also have a high holing rate which is relative to the target line.

Table 4 analysed the putter face angle at impact (°) where two studies (Land and Tenenbaum,
2012, Wu et al., 2020) compared the putter face angle at impact (°) between elite and amateur
golfers. While Mackenzie, Foley & Adamczyk (2011) compared the putter face angle at impact
(°) of amateur golfers over two putting distances (1.22 m and 4 m); Land & Tenenbaum (2012)
analysed various kinematic variables of each individual putt of the participants 120 putts from
3.05 m from aim at address, rhythm of putt and club face angle at impact. However, this study
focussed on the putter face angle at impact (°) and the relationship this has with the accuracy
and precision of the putt with respect to increasing the success rate of putts. Their study found
the putter face angle at impact (°) to be more accurate for elite golfers with an impact angle of
0.50° £ 0.42° than 0.76° £ 0.88° of the amateur golfers who holed less putts. Elite golfers putter
face angles at impact were more accurate and precise as their angle at impact was closer to 0°,
which represents a flush impact with the ball and straighter putt towards the hole. Additionally,
the elite golfers face angle was more consistent, as shown by a lower standard deviation
indicating less variation. Therefore, illustrating that elite golfers were able to hole more putts
than amateurs. Wu et al.’s, (2020) study also compared elite vs amateurs putter face angle at
impact (°) and found similar results to Land & Tenenbaum (2012). Their agreement states that
elite golfers putter face angles were lower than those of amateur golfers with less variation,
they found elite golfers to have a putter angle of 0.75° + 1.30° whereas amateurs had a putter
angle of 0.79° + 1.37° at impact for a 3 m putt. Therefore, the elite golfers were more accurate
and precise and holed more putts than the amateur golfers.

Several other studies analysed putter face angle at impact (°) using various 3D and high-speed
cameras, such as SAM Putlab, OptiTrack Prime 13 & TOMI1 system (Mackenzie et al., 2011,
Pataky and Lamb, 2018, Richardson et al.,, 2018, Tanaka and Sekiya, 2011, Toner and Moran,
2011). However, these studies did not compare elite vs amateur golfers, instead the studies
analysed putter face angle at impact (°) in relation to accuracy and precision to determine
if face angles would impact the success rate of putts. Mackenzie, Foley & Adamczyk (2011)
analysed 20 putts for 31 amateur golfers across 4 m and 1.22 m putts and found the golfers to
have a more accurate face angle at 1.22 min comparison to the 4 m putt as the average putter
face angle at impact for the 1.22 m putt was 0.75° in comparison to 0.99° at the 4 m putt.
These results suggest that the golfers were more accurate from the shorter putt of 1.22 m and
holed more putts than the further putt at 4 m, due to a shorter and more precise backswing
of the putter path. All studies agree with one another and conclude that the closer the putter
face angle at impact (°) is to 0 °, the more accurate and precise the putt is (which increase the
success rate of putts being holed).

However, the studies used different kinematic approaches to analyse the golfers putting
accuracy. Pataky & Lamb (2018) and Richardson, Hughes & Mitchell (2018) analysed putter
face angle at impact (°) where a negative angle meant the golfers putt was left of the target
(hole) and a high positive angle meant the putt was right of the target. Richardson, Hughes &
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Mitchell (2018) analysed 10 putts of 8 participants at 3.2 m which averaged to be just left of
the target at -0.10°. Pataky & Lamb (2018) found similar results as they tested 32 participants
who accumulated 14,755 putts over 7 days at a putt distance of 5 m and found an average of
the putts to be left of the target at -0.17°.

Furthermore, many studies used different kinematic approaches to analyse the accuracy and
precision of golf putts to determine the success rate of putts. Tanaka & Sekiya (2011) used a
digital high-speed camera (DKH B cam), with a sampling frequency of 100 Hz to record putting
movements. Whereas Toner & Moran (2011), used a 3D kinematic ultrasound system called
SAM PuttLab to examine putting actions but both studies did use a point scoring system to
analyse the accuracy of their participants putts. Tanaka & Sekiya’s (2011) scoring system for
accuracy was conducted by nine concentric circles making up each goal for a 1.5 m putt. The
outermost circle was 90 cm in diameter, and each subsequent circle was 10 cm smaller, until
the innermost circle was 10 cm in diameter. Areas within one circle and the next were given
values of 9, 8,7, 6, 5, 4, 3, 2, and 1 point for scoring purposes (from inner to outer circle). Toner
& Moran (2011) scoring system for accuracy was assessed in putts that finished in the hole
received 5 points, 3 points if they reached the lip of the hole but did not go in (with some control
over their pace), 2 points if they went past the hole (again, with some control over their pace),
and 1 point if they finished short of the hole.

Figure 2 shows a meta-analysis, in the form of a Forest plot, for 6 studies (Hasegawa et al., 2020,
Land and Tenenbaum, 2012, Pelleck and Passmore, 2017, Richardson et al., 2018, Sim and Kim,
2010, Wu et al,, 2020) that compared elite vs amateur golfers club head velocity at impact
(when striking the ball to the hole). Figure 3 displays a bar chart comparing Club Head Velocity
at Impact (m/s) for Elite vs Amateur golfers. From the meta-analysis & bar chart it is shown that
elite golfers have a slightly lower club head velocity at impact in comparison to the amateur
golfers in all 6 studies. All 6 studies agree with one another’s findings that elite golfers have a
marginally slower, yet more controlled face angle at impact which enables them to putt more
accurately and precisely which results in more putts being holed. However, despite this, there
was no significant difference between elite and amateur golfers club head velocity at impact.

The findings suggest no significant difference between the velocities of the skill levels of the
two groups of individuals and this needs further scientific research. Past research indicates that
the optimal energy required to hit the 3 m putt is 1.42 m/s (Wu et al.,, 2020). Previous studies
also show that elite golfers have less impact velocity than amateurs (Hasegawa et al., 2020,
Land and Tenenbaum, 2012, Pelleck and Passmore, 2017, Richardson et al., 2018, Sim and
Kim, 2010, Wu et al., 2020). It has, however, been suggested that these elite golfers have less
skidding and a better ball roll when they hit the ball by an upward stroke. Thus, the study showed
no difference in the impact velocity but indicated a difference in the upward stroke of how elite
golfers hit the ball. The upward stroke can increase the topspin while reducing skidding and
increasing the ball roll’s general efficiency (Hasegawa et al., 2020). The rising angle determines
the ball rolls at impact and the vertical impact shot. Research has shown that the upward rise
of the ball and the vertical impact spot is likely to generate a better ball roll. The results on
the impact of gravity were however, not collected. The elite golfer had the highest rise at the
angle of impact. Both the professional and the elite players have a neutral angle lean, but the
professional golfers were more experienced with putting techniques. Comparing various past
studies indicated that the three types of golfers had different shafts at impact (Richardson
etal.,, 2012, Wu et al., 2020). The amateur golfer in the study did not show significant velocity
atimpact. Hence it was possible to conclude that the elite golfers were the most efficient whilst
the amateur golfers showed less efficiency. The differences were due to the low vertical point,
the rise in angle and the shaft angle. The amateurs had a low vertical spot, less rise angle, and
increased shaft angle - which increases the backspin, limiting the ball roll’s efficiency.

The findings suggested that the backswing, the impact, and the downswing were the topmost
essential skills. According to the articles, the professional has the shortest backswing and
impact duration with the most extended downswing. Past research also shows that expert
golfers have shorter backswing and more extended downswing displacement. Golf putting
instruction emphasises the need for a neutral face angle.

The statistical analysis of the results displayed that from the 25 articles that were included,
there was no significant difference between elite and amateur players and was indicated at the
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95% confidence level. Putting requires a forward sense of actions between the putting actions
and the outcomes to decide the most appropriate intensity. This study aimed to quantify
cognitive ability based on the importance of putting skill between elite and amateur golfers.
The outcome stimulation accuracy was then assessed for these golfers by determining the
estimated positions of the balls. The putter head swings were also evaluated together with
the head swing movements as mentioned above (Moore et al., 2012b). A two-way analysis
of the data revealed that elite golfers had a lower variability in the head kinematics and
higher accuracy when analysed in terms of the outcome estimation. There was no significant
correlation between the elite and amateur golfers. Therefore, it was possible to conclude
that the sense of distance and the swing consistency were the most important factors that
determined the independent skills of the individual (Moore et al., 2012b, Moore et al., 2012a).

This study aimed at analysing the kinematics of the professional, elite and the amateur
golfers. This was done by comparing their skill levels as defined in the 25 articles used for the
study. Therefore, these findings will help promote the understanding of the development of
skill required to achieve a certain kind of professionalism (Munzert et al., 2014). This is one
of the first studies to analyse golf in terms of proficiency and the kinematics involved. It was
used to compare the professional, elite, and amateur golfers’ various skill levels (Pataky and
Lamb, 2018). The study also established the face angle at impact, putter path, the vertical
spot, backswing as the critical determinants of golfers. Professional golfers have the most
accurate direction and face angle of the effect of the putt stroke. These findings can provide
coaches with guidelines that can improve putting performance at different skill levels (Tanaka
and Iwami, 2018). Professional golfers have a more accurate putting stroke and optimize this
technique better than amateur golfers (Pelleck and Passmore, 2017). The studies included in
this study showed that kinematic approaches can help to improve accuracy and precision of
golf putts, increase the success rate of putts and help to reduce the overall scoring during golf
matches. However, further exploration of these studies should be considered to consolidate
these evaluations (Richardson et al., 2012).

LIMITATIONS

There is a noticeable research gap in the kinematics of golf putting. The putter characteristics,
the ball parameters, and the putting styles and techniques were not considered, and may
influence the variability of the different kinds of kinematics across various groups (Toner and
Moran, 2011). Future studies relating to this topic should include ball parameters, such as
the ball’s velocity, launch direction, the roll ratio and various other means for further analysis
(Richardson et al., 2018). It is also essential to include multiple distances, and adjusting the
various slopes to determine if slope settings could help in replicating golfing results for better
performances in the future (Sim and Kim, 2010). Additionally, there was a limitation of the
homogenous nature of the selected groups: the elite and the amateur golfers, which could
limit the justification obtained (Tanaka and Sekiya, 2010). Furthermore, the data collection
was conducted in a controlled environment, therefore meaning that this did not accurately
represent situations in a competitive environment (Vine et al., 2017).

The analysis is also generalised; therefore, it may not reflect the actual skill level of an individual.
The study assumed that the elite golfers were more competent than the amateur golfers. This
appears to be a reasonable claim, but this may not always be the case. To improve the basis of
this study, a scoring system could be incorporated to monitor the outcome at individual trials.

CONCLUSION

The analysed and evaluated studies included in this systematic review and meta-analysis
indicate that kinematic approaches can help improve accuracy and precision of golf putts; and
that these outcomes could help increase the success rate of putts and reduce overall scoring
in golf. Furthermore, the results from these studies suggest that the face angle at impact,
putter path, the vertical spot and backswing are critical determinants of the golfer’s success.
Throughout the analysis and evaluation of studies, it became apparent that elite golfers have
a more accurate direction and face angle as well as a more efficient putting stroke. These
findings could provide coaches with guidelines that can improve putting performance at
different skill levels.
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Also investigated were differences in club head velocity and putter face angle at impact (°) Merry etal. 122
between elite and amateur skilled golfers. In comparison to amateur golfers, it was found that szgsl't;al Activity and

elite golfers have slightly less velocity but a more precise putter face angle at impact, which DOI: 10.5334/paah.159
increased their accuracy and led to more holed putts. It has, however, been suggested that

elite golfers have less skidding and a better ball roll when they hit the ball by an upward stroke.

Thus, the study found no significant difference in the impact velocity but indicated a difference

in the upward stroke of how elite golfers hit the ball. The upward stroke was discovered to

increase the topspin while reducing skidding and increasing the ball roll’s general efficiency.

Afew limitations to this study were identified. The study concludes that (a) from a biomechanical
perspective, improvements in golf putting can be achieved through kinematic assessments
and in-depth analysis of the golf putting stroke; (b) the systematic review and meta-analysis
show that elite golfers are more competent than amateur golfers. Further research in this
area is needed, including biomechanical investigations to provide better understanding of the
kinematics of golf performance.
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