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Abstract
Context: Golf requires effective movement patterns to produce an effective swing and
performance. Objectives: The study aimed to determine the relationship between the
Titleist Performance Institute golf specific functional movement screening (GSFMS)
composite and individual element scores and golf performance by assessing a player’s
handicap; clubhead speed; side accuracy; ball speed; peak pelvis rotation speed;
swing sequence and common swing faults. Design: Cohort study, clinical
measurement. Setting: English golf club. Participants: Eleven amateur golfers: 5
males (age: 37.2±18.7 years; height: 184.4±9.6cm; body mass: 89.5±13.4kg;
handicap: 9±6.6) and 6 females (age: 53.7±15.0 years; height: 166.8±5.5cm; body
mass: 67.9±16.6kg; handicap: 13±6.1).

Main outcome measures: GSFMS

composite and individual element scores and golf performance variables. Results:
Significant relationships existed between GSFMS composite scores and handicap (r=
-0.779, p=0.005); clubhead speed (r= 0.701, p=0.016); ball speed (r= 0.674, p=0.023);
and peak pelvis rotation speed (r= 0.687, p=0.019). Significant relationships existed
between 90°90° golf position and clubhead speed (r=0.716,p=0.013), ball speed
(r=0.777,p=0.005),

seated

trunk

rotation

and

peak

pelvis

rotation

speed

(r=0.606,p=0.048), single leg balance and handicap (r=-0.722,p=0.012), torso rotation
and handicap (r=-0.637,p=0.039) and peak pelvis rotation speed (r=0.741,p=0.009).
Single leg balance, overhead deep squat, and pelvic tilt were the GSFMS tests which
participants had most difficulty in performing. The most common swing faults identified
included loss of posture, slide, chicken winging and early hip extension. Conclusions:
The GSFMS may be used to identify movement limitations that relate to golfing
performance. These findings may potentially allow intervention to correct movement
patterns and potentially improve golf performance.
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Keywords: Clubhead speed, composite score, handicap, single leg balance,
movement

Introduction
Golf is played by an estimated 55 to 80 million people worldwide in 208 countries; with
over 4.1 million golfers registered in Europe, and over 660,000 registered in England
in 2015.1-4 Successful performance is determined by the player with the fewest shots
during the round5 and requires technical skills including the golf swing, chipping and
putting.5-7 The golf swing is a complex, dynamic, asymmetrical whole-body movement
which requires a coordinated sequence of muscle activation to produce and efficiently
transfer high amounts of explosive power with clubhead speeds often exceeding 160
km/hr.8-12 Muscular strength, mobility, coordination, flexibility and stability are
required7,13 for efficient performance and to minimise injury risk.5,7,14-16

The use of musculoskeletal screening has been advocated to investigate injury and
performance factors with one commonly used screen the Functional Movement
Screen17,18 which consists of seven movements namely the deep squat, in-line lunge,
hurdle step, active straight leg raise, shoulder mobility, trunk stability push up and
rotary stability scored from 0 to 3 producing a composite score of 21. Scores below
14 have been found to predict injury19-23 and therefore appropriate interventions can
be utilised to improve composite scores. In collegiate golfers, no significant correlation
existed between composite and individual element Functional Movement Screen
scores and performance variables while a one rep max squat demonstrated a
significant correlation to performance.24
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The use of activity specific screening has been identified as beneficial in determining
movements that may relate to injury.25 Within golf the Titleist Performance Institute
golf specific functional movement screening (GSFMS) has been developed26,27 which
assesses a golfer’s flexibility, strength and balance using 17 different tests in golf
specific postures to identify physical limitations which may influence swing
performance.27 Only one previous study has investigated the relationship between the
GSFMS and performance, Gulgin et al (2014)27 utilised 12 different tests of strength,
flexibility and balance to investigate the relationship between these movements and
14 different golf swing faults. Significant relationships existed between golf swing
faults, toe touch and early hip extension, right side bridge and early hip extension and
right side bridge and loss of posture. Golfers that could not perform an overhead deep
squat correctly or single leg balance on left side were 2-3 times more likely to exhibit
early hip extension, loss of posture, or slide during the golf swing in comparison to
those who could correctly perform an overhead deep squat. It was suggested that
common swing faults are linked to inconsistent ball striking and reduced performance27
however, no other performance factors were investigated. In this study cervical
rotation, forearm rotation, wrist extension, wrist flexion and wrist hinge were excluded
from the GSFMS. However these movements are important within the golf swing as
the hands maintain contact with the golf club throughout and enable the correct
position at the top of the backswing and influence the rest of the swing.28,29 Research
has shown an increased wrist hinge is positively correlated to increased ball velocity.28
Furthermore the study by Gulgin et al (2014)27 limited the measurement of
performance variables to golf swing faults and did not directly measure performance
utilising variables such as a player’s handicap, clubhead speed, side accuracy, ball
3

speed, peak pelvis rotation speed and swing sequence which may potentially increase
methodological rigor.

The aim of the current study was to investigate the relationship between the GSFMS
composite and individual element scores and the golf performance measures of
player’s handicap, clubhead speed, side accuracy, ball speed, peak pelvis rotation
speed, swing sequence and common swing faults in relation to implications for
performance and injury.

Methodology
Study design
A correlational study design was used to determine the relationship between GSFMS
composite and individual element scores and golf performance variables.
Participants
Eleven participants volunteered to participate in the study and their demographics are
outlined in table 1. Participants were recruited from an English golf club and had an
active handicap which required the submission of three or more qualifying cards for
their handicap within the previous year.30 The inclusion criteria specified a maximum
active Congu handicap of 28 for men and 36 for women;14,31 golf participation on a
weekly basis in the year prior to the study; a minimum of five years golf experience
and participants had to be aged between 18 and 70 years. Exclusion criteria included
any injury within the previous six months7 that prevented golf participation. Prior to the
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study commencing ethical approval was gained from the University Ethics Committee
in accordance with the declaration of Helsinki.
*Insert table 1 here*

Procedures
Descriptive data collected from all participants, included age (years), height (cm), body
mass (kg), current golf handicap, dominant side and the duration of golf participation.
All GSFMS scores and performance data collection was performed by a graduate
sport therapist trained in GSFMS and data collection using the K-vest and Trackman.
Screening was performed at a golf studio and participants performed a standardised
warm up32 led by the researcher prior to testing consisting of arm circles, overhead
extension, overhead side bends, golf rotations, modified side bends, partial squats
and side lunges.
GSFMS
Participants were screened using the GSFMS which consists of 17 individual tests
with a maximum composite score of 36 points (pts) achievable.26 If the participant
suffered pain or was unable to achieve the specific movement requirements they were
awarded 0pt. The researcher demonstrated the movement and provided standardised
instruction described by Rose (2013).26 The screening was conducted in the same
order described by Rose (2013)26 with 30 seconds rest in between movements and
participants performed each movement twice and the highest score was recorded.
Prior to conducting testing an intra-rater reliability intraclass correlation coefficient
(ICC3,1)33 was calculated by the researcher performing the GSFMS on seven injury
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free participants who were not part of the investigated population. Values of r=0.97
demonstrated excellent intra-rater reliability.33

Golf performance measurement
For all shots participants used their own five-iron and five warm-up shots were
performed34 followed by hitting four golf shots using their full swing from a golf mat to
a standardised target 200 yards away during which swing, clubhead speed, (mph) side
accuracy (meters), peak pelvis rotation speed (degrees per second), ball speed (mph)
and swing sequence were recorded.27,32 Side accuracy is the distance to the left or
right of the predetermined target line that the ball has travelled in meters.35 Accuracy
and distance are two of the most important performance factors.8 Clubhead speed is
the speed of the clubhead at impact with the golf ball.7 Ball speed is the speed of the
golf ball immediately after impact.7 Swing sequence is the order body parts move
during the golf swing within this study it refers to the order of motion of the pelvis,
trunk, arms and clubhead during the downswing.32 Peak pelvis rotation speed is the
maximum rotation speed the pelvis achieves during the downswing.32

Participants rested for 30 seconds between shots and received no feedback regarding
their performance. Clubhead speed, side accuracy and ball speed were calculated
using Trackman 3e (Vedbaek, Denmark) (figure 1) which is a portable wireless 3D golf
launch monitor using single radar technology to record ball flight and impact data.36,37
An Apple iPad Air 2 (Shenzhen, China) with trackman software loaded on it was used
to enable the data to be transferred automatically after each swing.37 The Trackman
device was placed on the ground mounted upon its stand facing the target three
6

meters behind the ball38 and was calibrated on the iPad creating a straight line on the
iPad screen which enabled the researcher to move the Trackman 3e device to ensure
a straight line went through both the ball and the specified target 200 yards away.38
The Trackman is recognised as a performance measure and is used by hundreds of
tour professionals and coaches.37,38 The researcher had used trackman as a
performance monitor for two years and was trained in the use of the Trackman by a
golf professional.
*Insert figure 1 here*

The participant’s four swings were recorded down the line using an Apple iPhone 6s
(Shenzhen, China) allowing the target line to be reviewed; the front view was recorded
using another Apple iPhone 6s (Shenzhen, China)27 and this view allowed the anterior
view of the body and golf swing posture to be observed. Both phones were mounted
on tripods (Manfrotto Compact, Cassola, Italy) four meters away from the ball at waist
height relative to the participant who was performing the swings and recordings were
uploaded via Trackman application software to allow analysis for any swing faults
outlined in table 3. Trackman allowed the researcher to play the swings in slow motion,
pause them and apply lines, boxes and angles.27. Thirteen swing faults were described
as present or not present (table 2) which was determined by assessing if each
individual swing fault was present in two or more of the four swings completed.

The participants peak pelvis rotation speed and swing sequence was recorded using
a K-vest (Bentley Kinematics, Exton, Pennsylvania) (figure 1) which is a 3D motion
analysis system used to monitor the golf swing. The K-vest utilises four wireless
sensors, a receiver, hip, shoulder and lead arm garments, a phone with a video
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camera (iPhone 6s, Shenzhen, China) and a laptop with K-vest software (Bentley
Kinematics, Exton, Pennsylvania). The four sensors where placed in four different
locations important during the golf swing (figure 1).32 One sensor was located on the
central posterior aspect of the sacrum using the hip garment as illustrated in Callaway
et al, 2012.32 The hip garment was applied 1cm below the iliac crest. The shoulder
garment was worn so that the sensor was located between the shoulder blades on
spinous processes of T3-T5.32 The lead arm sensor was placed on the arm closest to
the target and located at the mid shaft of the humerus directly over the biceps brachii
muscle by measuring from the head of the humerus to the medial epicondyle of the
humerus belly of the biceps brachi muscle using a tape measure. The wrist sensor
was attached to the players golf glove on their lead hand and a strap was placed
around their wrist to keep it secure.

K-vest calibration was performed in accordance with the manufacturer guidelines
which required the participants to stand with an erect posture square to the target
holding their 5-iron longways with their elbows straight and their hands shoulder width
apart above their knees. Four swings were completed, and peak pelvis rotation speed
and the swing sequence were recorded via the K-vest software32. Reliability and
validity tests have shown the K-vest is equivalent to the gold standard method of 3dimentional video motion analysis.32
*Insert table 2 here*

Statistical analysis
Clubhead speed, handicap, peak pelvis rotation speed, side accuracy, GSFMS
composite score and ball speed were reported as means and standard deviations and
8

95% confidence intervals. Descriptive statistics were used to report the frequency of
individual test limitations within the GSFMS; swing faults and the association between
the two. An unpaired t-test was performed to compare differences between male and
female golfers for GSFMS composite score and clubhead speed, handicap, peak
pelvis rotation speed, side accuracy and ball speed and a Shapiro-Wilk test and
Levene’s test of homogeneity of variance were used to determine normal distribution
and homogeneity of variance. Pearson’s correlation coefficient (r) was used to
determine the relationship between GSFMS composite and individual element scores
and clubhead speed, handicap, peak pelvis rotation speed, side accuracy and ball
speed. Statistical analysis was performed using SPSS version 24.0 and statistical
significance was set at P<0.05.

Results
Table 3 reports golf performance data for clubhead speed, ball speed, side accuracy,
peak pelvis rotation speed and swing sequence. Data were normally distributed as
determined by the Shapiro-Wilk test and Levene’s test for equality of variances
revealed homogeneity of variance. An unpaired t-test revealed no significant
difference existed between handicap (p=0.326), side accuracy (p=0.754), peak pelvis
rotation (p=0.275). Significant differences existed for clubhead speed (p=0.004) and
ball speed (p=0.002). No significant difference existed for composite GSFMS score
(p=0.271). Table 4 reports GSFMS individual element scores.
*Insert table 3 here*
*Insert table 4 here*
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Table 5 reports the individual GSFMS components and the ability of participants to
perform the movements. Participants had greatest difficulty performing bilateral single
leg balance (100%), overhead deep squat (91%), and pelvic tilt (91%).
*Insert table 5 here*

Table 6 reports common swing faults; it highlights the most common swing faults that
participants presented with were the loss of posture (91%), slide (73%) and chicken
winging (55%).
*Insert table 6 here*

Table 7 reports the association between common swing faults and GSFMS limitations
and the number of participants with these elements. It demonstrates that loss of
posture and slide within the golf swing were the most frequently seen when the
participants had limitations in single leg balance; overhead deep squat; pelvic tilt and
the 90º/90º test in golf posture.
*Insert table 7 here*

A significant strong negative correlation existed between GSFMS composite score and
golf handicap (r= -0.779, p=0.005) (figure 2) as demonstrated by values between 0.60
and 0.80.39 The lowest handicap of 0 had the highest GSFMS composite score of 29.
*Insert figure 2 here*

A significant strong positive correlation existed between GSFMS composite score and
clubhead speed (r= 0.701, p=0.016) (figure 3). The lowest clubhead speed recorded
was associated with the lowest GSFMS composite score of 16.
*Insert figure 3 here*
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A significant strong positive correlation existed between ball speed and GSFMS
composite score (r= 0.674, p=0.023) (figure 4).
*Insert figure 4 here*

A significant strong positive correlation existed between peak pelvis rotation speed
and GSFMS composite score (r= 0.687, p=0.019). The four lowest peak pelvis rotation
speeds were also associated with the lowest GSFMS composite scores (figure 5).
*Insert figure 5 here*

Table 8 reports r values for GSFMS composite score and golf performance
variables. Significant values existed for handicap, clubhead speed, ball speed and
peak pelvis rotation speed. No significant relationship existed for side accuracy or
swing sequence.
*Insert table 8 here*

Table 9 reports r values between individual GSFMS elements and golf performance
variables. Significant findings existed for 90° 90° golf position and ball speed and
clubhead speed, seated trunk rotation and peak pelvis rotation speed, single leg
balance and handicap, torso rotation and handicap, torso rotation and peak pelvis
rotation speed.
*Insert table 9 here*
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Discussion
The aim of the current study was to investigate the relationship between the GSFMS
composite and individual element score and golf performance measures and common
swing faults in relation to implications for performance and injury. Significant findings
existed between GSFMS composite score and handicap, ball speed, clubhead speed
and peak pelvis rotation speed.
Handicap and GSFMS composite score
The significant strong negative correlation between the GSFMS composite score and
handicap suggests that effective functional movement may relate to performance and
agrees with previous findings that lower handicap golfers have greater physical
capabilities (strength, flexibility and balance) than higher handicaps.6,14,40,41 A lower
handicap is associated with increased strength, flexibility and balance40 and greater
shoulder, hip and torso flexibility. For practitioners working with golfers this is
significant as hip; pelvis and lower back strength is key for golf performance and the
transferal of energy.6,14
Clubhead speed and GSFMS composite score
The significant strong positive correlation between clubhead speed and GSFMS
composite score agrees with previous findings that have identified higher levels of
power and strength assessed through functional tests including medicine ball throws,
grip strength and countermovement jumps and a positive correlation to increases in
clubhead speed.42-44 Clubhead speed at impact is an important performance factor
used in many studies as increases in clubhead speed are positively correlated to
increases in driving distance.43,45,46 However, driving distance is not always increased
12

due to an increased clubhead speed as this depends on the quality of the strike
between the ball and clubface and therefore ball speed was measured as it provides
a more accurate measure for the distance the ball is hit.7
Ball speed and GSFMS composite score
The significant strong positive correlation between ball speed and GSFMS composite
score suggests that efficient movement patterns as determined by the GSFMS can
influence ball speed. Improvements in physical capabilities (power, flexibility, balance,
core stability and strength) through golf specific strength and conditioning programs
have resulted in increased clubhead speed.16,44,47-49 Gordon et al (2009)43 reported a
significant correlation between clubhead speed and total body rotational power and
chest strength and the rotational ability of the hips, spine and shoulders is related to
increased performance using clubhead speed.5
Peak pelvis rotation speed and GSFMS composite score
The significant strong positive correlation identified between peak pelvis rotation
speed and GSFMS composite score may encourage the implementation of exercises
that could potentially increase pelvis rotation speed and include gluteal exercise
programmes that combine strength and speed development. Lower handicaps are
correlated to greater peak pelvis rotation speed and gluteus medius and maximus
strength32 which are actively recruited throughout the golf swing to maintain pelvic
stability and a stable base to allow greater power generation. Pelvis rotation is
important to produce efficient ball striking and enable maximum power transfer from
the clubhead to the ball.50 The downswing should begin with rotation and lateral slide
of the pelvis due to the contraction of the knee and hip extensors of the trail leg.8,46,51,52
This enables sequential acceleration of the trunk, shoulders, arms and then clubhead
13

therefore increasing the power generated and control through the swing enabling
higher speeds and greater accuracy to be produced.52,53
Side accuracy and GSFMS composite score
No relationship was identified between side accuracy and GSFMS composite score
despite the importance of accuracy in golf. Lower handicap golfers have greater
physiological characteristics therefore allowing the correct positions to be obtained
during the golf swing.6,8,14,41 In the current study, participants only hit four golf shots,
whereas a round of golf requires approximately 30 to 40 full golf swings depending on
a player’s ability and the influence of accuracy may become more significant if a
greater number of swings are performed when fatigue and physiological restrictions
are more likely to occur.12 Therefore it is possible that fatigue effects may influence
side accuracy and were unlikely to be a factor in this study.
Swing sequence and GSFMS composite score
No significant relationship was identified between swing sequence and GSFMS
composite score despite previous research identifying that limitations in one
movement may cause limitations throughout the swing.32 Two main swings exist within
golf; the modern and the classic golf swing, however all golfers have their own unique
swings styles.54 The modern golf swing limits lumbopelvic rotation in the backswing
and produces greater rotation of the torso with a hyperextended lumbar spine during
the follow through.9 The classic golf swing produces equal amounts of shoulder and
lumbopelvic rotation and maintains a neutral spine position during the follow through.9
The modern golf swing is the most frequently seen today and has been linked to
increased clubhead speed, ball speed and distance due to the restriction in pelvic turn
which increases the angular displacement between the pelvis and shoulders creating
14

stored energy.

8,28,46,55

Prior to the downswing pelvic rotation commences further

increasing the stretch and muscle elastic recoil effect; this creates additional rotational
velocity and transferral of power at impact in an efficient golf swing.8,46,55 However, the
modern swing is considered to place greater torsional load on the body, especially the
lumbar spine; with lower back injuries highly prevalent among both amateur and
professional golfers.54,56,-59 Therefore there is a need to balance potential performance
benefits against injury risk.
GSFMS element score and golf performance variables
The finding of a negative correlation between torso rotation and handicap and a
positive correlation with peak pelvis rotation speed reflects thoracic spine movement.
Greater stability when performing a backswing enhances the base of support allowing
more power to be developed and greater peak pelvis rotation. A negative correlation
between single leg balance and handicap may relate to the importance of balance
during the golf swing to to enable effective weight transfer to create power and produce
a consistent repeatable swing. Reduced single leg balance is associated with swing
faults27 and reduced accuracy and consistency and ultimately higher handicaps.
Seated trunk rotation was identified as being positively correlated to peak pelvis
rotation speed. Limited torso rotation may contribute to swing faults including reverse
spine angle as the rest of the body compensates for reduced thoracic spine mobility.
This may prevent the adoption of an optimal position to commence the downswing
and therefore hip speed may reduce and compensation may occur through the kinetic
chain resulting in injury. The finding of a positive relationship between 90° 90° golf
position and ball speed and clubhead speed may represent the efficient adoption of
external rotation of the shoulder which allows the backswing to be performed without
15

excessive arching of the upper thoracic region which can potentially reduce power and
ball/clubhead speed.
Common physiological restrictions in the GSFMS
The most frequent physical restrictions in the GSFMS tests were single leg balance,
overhead deep squat and pelvic tilt which may provide areas for intervention. Previous
research has identified the single leg balance and overhead deep squat as the most
restricted movements.27 The overhead deep squat assesses bilateral mobility of the
hips, knees, ankles, shoulder, spine and core stability. It was reported that 67% of
golfers who could not perform a deep squat had early hip extension, 54% had loss of
posture and 29% had a slide.27 The current study found that 90% had loss of posture,
60% had early hip extension and 80% had slide. The overhead deep squat is an
important movement to assess for golf performance due the requirement for golfers to
adapt a squat like position to create a stable base to rotate around enabling power
creation and stability throughout the swing.5 Participants who were unable to perform
the deep squat most commonly presented with loss of posture; this means the golfer
has changed knee flexion angle, trunk flexion angle or head position between their
address posture and impact position.27 Movement compensations throughout the golf
swing can impact on swing plane, timing, balance and rhythm causing golfers to rely
on last minute hand compensations to square the clubface at impact and hit the ball
straight resulting in inconsistent performance.27 Consequently, improving deep
overhead squat may improve posture within the golf swing.

The single leg balance test assesses static balance and proprioception of the lower
limbs in addition to core stability.18 Studies have shown single leg balance is greater
16

in lower handicap golfers.14 A previous study reported that participants who could not
perform single leg balance on their lead side had a three times greater risk of early hip
extension, slide and loss of posture during the downswing.27 Weight is transferred to
the trail side during the backswing and the lead side during the downswing, therefore
the ability to maintain balance during this movement prevents swing adaptations.7,27
The current study found that participants who were unable to perform the single leg
balance test; 91% demonstrated loss of posture and 73% slide. Slide indicates
increased lateral hip movement during the downswing towards the target rather than
rotation resulting in the club to feel trapped behind the body. This results in reduced
power and speed generated from the upper body27 and potentially shot accuracy and
therefore, improving single leg balance may prevent a slide swing fault occurring. Golf
requires dynamic balance as weight is transferred during the golf swing to develop
power with weight finishing primarily on the lead leg and requires integration of the
kinetic chain whilst maintaining balance.14 The GSFMS tests static balance which is
not a specific requirement of golf60 and requires the participant to close both eyes
which would not occur during golf. Furthermore, the test is performed on a flat surface
whereas golf requires numerous uneven stances; including uphill; downhill and
stances requiring one foot in a bunker and one foot outside the bunker.7,14 The single
leg bridge may also provide an area for intervention as it has been reported to correlate
with slide as gluteal strength provides pelvic stability helping to prevent lateral side.27

The pelvic tilt test assesses the ability to control the position of the pelvis and mobility
of the lumbar spine and hips.61 The current study found of the participants presenting
with pelvic tilt; 90% had loss of posture; 50% had early hip extension and 70% had
slide. and 50% had chicken winging. Early hip extension is where the hips move closer
17

to the ball during the downswing causing a restriction in pelvis rotation. This alters
posture and causes the hands to become trapped behind the body due to the reduced
space.27 Lower handicap golfers have greater hip and torso flexibility and strength
which is required to maintain a stable base to rotate around and transfer energy.6,14
The golf swing requires a neutral spine angle throughout to reduce the pressure on
the lumbar spine especially during the repetitive rotation required. Future research
may wish to investigate the impact of spine angle especially due to the high level of
lower back injuries sustained during golf.62

Chicken winging was the third most common golf swing fault reported within the
current study and is where the lead arm flexes through impact reducing the width and
subsequently clubhead speed generated. Chicken winging occurred when numerous
GSFMS tests were restricted; 90º/90º golf posture (56%); pelvic tilt (50%); overhead
squat (60%) and single leg balance (55%). This suggests that lower body restrictions
lead to compensations within the kinetic chain impacting the upper body during the
golf swing. The kinematic swing sequence is important during the golf swing to develop
movement efficiency, momentum and enhance golf performance.8,63,64 Sequential
acceleration within the golf swing creates a smooth acceleration.65 Whereas incorrect
downswing sequence which is frequently seen in amateur golfers can lead to jerk
which is a change in acceleration65 and the associated inefficient power transfer
potentially increase the injury risk especially at impact.12,65

The optimal kinematic swing sequence for efficient energy transfer and power
generation involves the legs producing ground reaction forces which then transfers
18

energy to the pelvis, trunk, arms and then the clubhead.32,46,63,64 This coordinated
sequence involves the kinetic chain as movement of one joint affects the movement
of another. If one movement within the kinetic chain is dysfunctional the whole golf
swing is affected potentially leading to injuries and reduced performance through
reduced ball and clubhead speed.32,46,63,66,67 Therefore, the correct kinematic
sequence is important to prevent compensation and increased stress on other areas
of the body which can lead to overuse injuries.68 Poor swing mechanics have been
related to an increased injury risk due to the repetitive, forceful, asymmetrical nature
of the sport with over 45% of golf-related lower back injuries due to poor swing
mechanics.11-13,56,62,69 Therefore, potential improvement in swing mechanics could
lead to reduced injury risk56,70 especially in amateurs who often suffer injuries due to
poor swing mechanics with these occurring more in mid to high handicap players
(above 9 handicap).56,59,70 Swing sequence depends on the effective engagement and
sequencing of muscles to transfer power and appropriate range of motion to perform
the desired movement.71

Limitations and future research
Potential limitations within the study included that participants used their own five-iron
which resulted in participants using five-irons made by different equipment
manufacturers which may potentially influence clubhead speed.27,72 However, this
improves the ecological validity of the study as golfers frequently play specific clubs
and it therefore provides a greater replication of the sport.73 The small sample size
presents a limited representation of the golfing population and the majority of the
GSFMS have a mobility element (15/17) and a greater consideration of strength is
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required as only the bridge with leg extension measures this component and no
specific power test is included. Furthermore, there is no test specific to golf which
assesses the ability of the body to perform numerous rotational, weightbearing and
high-speed movements together. Therefore, future research could look to develop
tests which assess the kinetic chain movements a golfer requires.

Conclusion
This study was the first to investigate the relationship between GSFMS composite and
individual element scores and golf performance. The study demonstrated that GSFMS
composite scores were correlated with lower handicaps, greater ball speed, clubhead
speed and peak pelvis rotation speed which have been linked to increased golf
performance.8 The GSFMS could potentially be used as an assessment tool to aid the
development of strength and conditioning programs which could aid the correction of
movement deficiencies and potentially improve golf performance by developing
certain physiological characteristics. Golf specific training programs focusing on
power, strength and flexibility performed by amateur golfers have demonstrated an
increase in clubhead speed and driving distance.6,44,48,49 Physical conditioning aids
muscle recruitment to allow the correct sequencing for optimal performance.46
GSFMS individual element scores identified the 90° 90°golf position, seated trunk
rotation, single leg balance and torso rotation as important elements to consider. The
most common GSFMS restrictions were single leg balance, overhead deep squat and
pelvic tilt. The most common swing faults golfers presented with included loss of
posture, slide, chicken winging and early hip extension. Golfers most commonly
presenting with slide and loss of posture displayed the most prevalent restrictions in
20

single leg balance, overhead squat, 90º/90º test in golf posture and pelvic tilt.
Therefore, emphasis could be placed on assessing these movements if limited time
was available to improve swing mechanics, increase performance and potentially
reduce injury risk.

Acknowledgements
The authors wish to thank Gareth Benson who provided the Trackman and K-vest
equipment utilised during this study and the golfers who kindly gave their time.
References
1. Klynveld Peat Marwick Goerdeler (KPMG). 2016. Golf participation report for
Europe

2016

[online].

Available

from:

https://assets.kpmg.com/content/dam/kpmg/pdf/2016/07/golf-participation-report-foreurope-2016.pdf [Accessed 20 February 2018].
2. Royal and Ancient. 2017. Golf around the world 2017 [online]. Available from:
file:///C:/Users/User/AppData/Local/Packages/Microsoft.MicrosoftEdge_8wekyb3d8b
bwe/TempState/Downloads/Golf%20around%20the%20world%202017%20(1).pdf
[Accessed 20 February 2018].
3. HSBC 2012. Golfs 2020 vision: the HSBC report [online]. Available from:
http://www.golf.org.au/site/_content/document/00017543-source.pdf [Accessed 20
February 2018].
4. Farrally MR, Cochran AJ, Crews DJ, Hurdzan MJ, Price RI, Snow JT, Thomas PR.
Golf science research at the beginning of the twenty-first century. J Sports Sci. 2003;
21 (9): 753-765.
21

5. Smith MF. The Role of Physiology in the Development of Golf Performance. Sports
Med. 2010; 40 (8); 635-655.
6. Keogh JW, Marnewick MC, Maulder PS, Nortje JP, Hume PA, Bradshaw EJ. Are
Anthropometric, Flexibility, Muscular Strength, and Endurance Variables Related To
Clubhead Velocity in Low- And High-Handicap Golfers? J Strength Cond Res. 2009;
23 (6): 1841-1850.
7. Wells GD, Elmi M, Thomas S. Physiological Correlates of Golf Performance. J
Strength Conditioning Res. 2009; 23 (3): 741-750.
8. Cole MH, Grimshaw PN. The Biomechanics of the Modern Golf Swing: Implications
for Lower Back Injuries. Sports Med. 2016; 46 (3): 339-351.
9. McHardy A, Pollard H. Muscle activity during the golf swing. Commentary. BJSM.
2005; 39 (11): 799-804.
10. Lee AD. Golf-related stress fractures: a structured review of the literature. J Can
Chiroprac Assoc. 2009; 53 (4): 290- 299.
11. Bayes MC, Wadsworth LT. Upper extremity injuries in golf. Phys Sports Med.
2009; 37 (1): 92-96.
12. McHardy A, Pollard H, Luo K. Golf injuries. Sports Med. 2006; 36 (2): 171-187.
13. Kim DH, Millett PJ, Warner JJ, Jobe FW. Shoulder Injuries in Golf. American J
Sports Med. 2004; 32 (5): 1324-1330.
14. Sell TC, Tsai Y, Smoliga JM, Myers JB, Lephart SM. Strength, flexibility, and
balance characteristics of highly proficient golfers. Journal Strength Cond Res. 2007;
21 (4): 1166-1171.

22

15. Booth LA. Physiotherapy perspective on improving swing technique in a
professional golfer: a case study. Phys Ther Sport. 2005; 6 (2): 97-102.
16. Fletcher IM, Hartwell M. Effect of an 8-week combined weights and plyometrics
training program on golf drive performance. J Strength Cond Res. 2004; 18 (1): 5962.
17. Cook G, Burton L, Hoogenboom B. Pre-participation screening: the use of
fundamental movements as an assessment of function - part 1. N American J Sports
Phys Ther. 2006; 1 (2): 62-72.
18. Cook G, Burton L, Hoogenboom BJ, Voight M. Functional movement screening:
the use of fundamental movements as an assessment of function - part 1. IJSPT.
2014; 9 (3): 396- 409.
19. Letafatkar A, Hadadnezhad M, Shojaedin S, Mohamadi E. Relationship between
functional movement screening score and history of injury. IJSPT. 2014; 9 (1): 21- 27.
20. Kiesel KB, Butler RJ, Plisky PJ. Prediction of injury by limited and asymmetrical
fundamental movement patterns in American football players. J Sport Rehabil. 2014;
23 (2): 88-94.
21. Hatchett A, Allen C, Hilaire JS, Larochelle A. Functional Movement Screening and
Paddle-Sport Performance. Sports. 2017; 5 (2):37-44.
22. Chorba RS, Chorba DJ, Bouillon LE, Overmyer CA, Landis JA. Use of a functional
movement screening tool to determine injury risk in female collegiate athletes. North
American Journal of Sports Physical Therapy. 2010; 5 (2): 47-54.
23. Okada T, Huxe KC, Nesser TW. Relationship Between Core Stability, Functional
Movement, and Performance. J Strength Cond Res. 2011; 25 (1): 252-261.
23

24. Parchmann CJ, Mcbride JM. Relationship Between Functional Movement Screen
and Athletic Performance. J Strength Cond Res. 2011; 25 (12): 3378-3384.
25. Armstrong R, Relph N. Screening tools as a predictor of injury in Dance:
Systematic literature review and meta-analysis. Sports Medicine Open. 2018; 4:33.
26. Rose G 2013. Improve my game: screening. Titleist performance Institute [online].
Available from: http://www.mytpi.com/articles/screening [Accessed 20 February
2018].
27. Gulgin HR, Schulte BC, Crawley AA. Correlation of Titleist Performance Institute
(TPI) Level 1 Movement Screens and Golf Swing Faults. J Strength Cond Res. 2014;
28 (2): 534-539.
28. Chu Y, Sell TC, Lephart SM. The relationship between biomechanical variables
and driving performance during the golf swing. J Sports Sci. 2010; 28 (11): 1251-1259.
29. Fedorcik GG, Queen RM, Abbey AN, Moorma CT, Ruch DS. Differences in wrist
mechanics during the golf swing based on golf handicap. J Science Medicine Sport.
2012; 15 (3): 250-254.
30. ENGLAND GOLF 2016. Competition handicaps [online]. Available from:
http://www.englandgolf.org/page.aspx?sitesectionid=132 [Accessed 23 March 2017].
31.

CONGU

2017.

Club

handicaps

[online].

Available

from:

http://www.congu.co.uk/club-handicaps/ [Accessed 23 March 2017].
32. Callaway S, Glaws K, Mitchell M, Scerbo H, Voight M, Sells P. An analysis of peak
pelvis rotation speed, gluteus maximus and medius strength in high versus low
handicap golfers during the golf swing. IJSPT. 2012; 7 (3): 288-295.

24

33. Koo TK, Li MY, A Guideline of Selecting and Reporting Intraclass Correlation
Coefficients for Reliability Research. J Chiroprac Med. 15 (2): 155-163.
34. Hegedus EJ, Hardesty KW, Sunderland KL, Hegedus RJ, Smoliga JM. A
randomized trial of traditional and golf-specific resistance training in amateur female
golfers: Benefits beyond golf performance. Phys Ther Sport. 2016; 22: 41-53.
35. Gergley JC. Acute Effects of Passive Static Stretching During Warm-up on Driver
Clubhead Speed, Distance, Accuracy, and Consistent Ball Contact in Young Male
Competitive Golfers. J Strength Cond Res. 2009; 23 (3): 863-867.
36. Mackenzie SJ, Ryan B, Rice A. The Influence of Clubhead Mass on Clubhead and
Golf Ball Kinematics. International Journal of Golf Science. 2015; 4 (2):136-146.
37. Trackman 2016. Trackman 3e: The leader in single radar technology [online].
Available from: https://trackmangolf.com/products/trackman-3e [Accessed 11 January
2017].
38. Robertson SJ, Burnett AF, Newton RU, Knight PW. Development of the Nine-Ball
Skills Test to discriminate elite and high-level amateur golfers. J Sports Sci. 2012; 30
(5): 431- 437.
39. Hall S, Getchell N. Research methods in kinesiology and the health sciences.
Philadelphia; Wolters Kluwer Health. 2014.
40. Lephart SM, Smoliga JM, Myers JB, Sell TC, Tsai Y. An eight-week golf-specific
exercise program improves physical characteristics, swing mechanics, and golf
performance in recreational golfers. J Strength Cond Res. 2007; 21 (3): 860-869.
41. Torres-Ronda L, Sanchez-Medina L, Gonzalez-Badillo J. Muscle strength and golf
performance: A critical review. J Sports Science Medi. 2011; 10 (1): 9-18.
25

42. Read PJ, Llloyd RS, Croix MDS, Oliver JL. Relationships Between Field-Based
Measures of Strength and Power and Golf Club Head Speed. J Strength Cond Res.
2013; 27 (10): 2708-2713.
43. Gordon BS, Moir GL, Davis SE, Witmer CA, Cummings DM. An Investigation into
the Relationship of Flexibility, Power, and Strength to Club Head Speed in Male
Golfers. J Strength Cond Res. 2009; 23 (5): 1606-1610.
44. Alvarez M, Sedano S, Cuadrado G, Redondo. Effects of an 18-Week Strength
Training Program on Low-Handicap Golfersʼ Performance. J Strength Cond Res.
2012; 26 (4): 1110-1121.
45. Joyce C, Burnett A, Cochrane J, Ball K. Three-dimensional trunk kinematics in
golf: between-club differences and relationships to clubhead speed. Sports Biomech.
2013; 12 (2): 108-120.
46. Hume PA, Keogh J, Reid D. The role of biomechanics in maximising distance and
accuracy of golf shots. Sports Med. 2005; 35 (5): 429-449.
47. Kim KJ. Effects of Core Muscle Strengthening Training on Flexibility, Muscular
Strength and Driver Shot Performance in Female Professional Golfers. IJASS. 2010;
22 (1): 111-127.
48. Doan BK, Newton RU, Kwon Y, Kraemer WI. Effects of physical conditioning on
intercollegiate golfer performance. J Strength Cond Res. 2006; 20 (1): 62-72.
49. Thompson CJ, Cobb KM, Blackwell J. Functional training improves club head
speed and functional fitness in older golfers. J Strength Cond Res. 2007; 21 (1): 131137.

26

50. Lynn S, Frazier B, New K, Wu WW, Cheetham P, Noffal G. Rotational Kinematics
of the Pelvis During the Golf Swing: Skill Level Differences and Relationship to Club
and Ball Impact Conditions. International Journal of Golf Science. 2013; 2 (2): 116125.
51. Gryc T, Zahalka F, Maly T, Mala I, Hrasky P. Movement's analysis and weight
transfer during the golf swing. JPES. 2015; 15 (4): 781-787.
52. Tinmark F, Hellström J, Halvorsen K, Thorstensson A. Elite golfers' kinematic
sequence in full-swing and partial-swing shots. Sports Biomech. 2010; 9 (4): 236-244.
53. Okuda I, Gribble P, Armstrong C. Trunk Rotation and Weight Transfer Patterns
between Skilled and Low Skilled Golfers. J Sports Science Medicine. 2010; 9 (1): 127133.
54. Gluck GS, Bendo JA, Spivak JM. The lumbar spine and low back pain in golf: a
literature review of swing biomechanics and injury prevention. The Spine Journal.
2008; 8 (5): 778-788.
55. Myers J, Lephart S, Tsai Y, Sell T, Smoliga J, Jolly J. The role of upper torso and
pelvis rotation in driving performance during the golf swing. J Sports Sci. 2008; 26 (2):
181-188.
56. Sherman CA, Finch CF. Preventing injuries to competitive and recreational adult
golfers: What is the evidence? J Science Medicine Sport. 2000; 3 (1): 65-78.
57. McCarroll JR. The frequency of golf injuries. Clin Sports Medicine. 1996; 15 (1): 17.

27

58. Vad VB, Bhat AL, Basrai D, Gebeh A, Aspergren DD, Andrews JR. Low back pain
in professional golfers: the role of associated hip and low back range-of-motion
deficits. American J Sports Med. 2004; 32 (2): 494-497.
59. Cabri J, Sousa JP, Kots M, Barreiros J. Golf-related injuries: A systematic review.
Eur Journal Sport Sci. 2009; 9 (6): 353-366.
60. Tsang WWN, Hui-Chan CWY. Static and dynamic balance control in older golfers.
J Aging Phys Act. 2010; 18 (1): 1-13.
61. Rose G 2013. The pelvic tilt test. Titleist performance Institute [online]. Available
from:

http://www.mytpi.com/articles/screening/the_pelvic_tilt_test

[Accessed

22

February 2018].
62. Lindsay DM, Vandervoort AA. Golf-related low back pain: a review of causative
factors and prevention strategies. Asian J Sports Med. 2014; 5 (4): 1-8.
63. Bradshaw EJ, Keogh JWL, Hume PA, Maulder PS, Nortje J, Marnewick M. The
Effect of Biological Movement Variability on the Performance of the Golf Swing in Highand Low-Handicapped Players. Res Q Exerc Sport. 2009; 80 (2):185-196.
64. Meister D, Ladd A, Butler E, Zhao B, Rogers A, Ray C, Rose J. Rotational
Biomechanics of the Elite Golf Swing: Benchmarks for Amateurs. J Appl Biomech.
2011; 27 (3): 242-251.
65. Choi A, Joo S Oh E, Mun JH. Kinematic evaluation of movement smoothness in
golf: relationship between the normalized jerk cost of body joints and the clubhead.
Biomedical engineering online. 2014; 13 (1): 20-31.
66. Wadsworth LT. When golf hurts: musculoskeletal problems common to golfers.
Curr Sports Med Rep. 2007; (6): 362-365.
28

67. Sciascia A, Cromwell R. Kinetic chain rehabilitation: a theoretical framework.
Rehabilitation research and practice. 2012; 1-2.
68. Read PJ, Lloyd RS. Strength and Conditioning Considerations for Golf. Strength
Cond J. 2014; 36 (5): 24-33.
69. Gulgin H, Armstrong C, Gribble P. Weight-bearing hip rotation range of motion in
female golfers. N American J Sports Physical Ther. 2010; 5 (2): 55-62.
70. Zheng N, Barrentine SW, Fleisig GS, Andrews JR. Kinematic analysis of swing in
pro and amateur golfers. Int Journal Sports Med. 2008; 29 (6): 487-493.
71. Kim S, You JH, Kwon O, Vi C. Lumbopelvic Kinematic Characteristics of Golfers
with Limited Hip Rotation. American J Sports Med. 2015; 43 (1): 113-120.
72. Worobets J, Stefanyshyn D. The influence of golf club shaft stiffness on clubhead
kinematics at ball impact. Sports Biomech. 2012; 11 (2): 239-248.
73. Bertram CP, Guadagnoli MA. The Effects of Custom-Fitted Clubs versus “Placebo”
Clubs on Golf-Swing Characteristics. Int Journal Sports Sci Coach. 2008; 3 (1): 93-98.

29

