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Abstract  

In competitive golf, the player’s ability to hit the ball a long distance affects the 
score in a positive way. Swing kinematics is considered an important factor in 
driver performance; one way of improving swing kinematics is through 
strength and power training. Subsequently, high-level golfers and their coaches 
often explore novel ways of increasing the distance of a shot, in particular driv-
er carry distance (CD). This licentiate thesis presents two studies with the over-
all aim of studying how swing kinematic and physical characteristics are asso-
ciated with driver performance among intercollegiate golf players. The studies 
report swing kinematics associated with driver performance (study 1) and the 
impact of isokinetic rotational training on driver performance and swing kine-
matic variables (study 2). 

The methods used were (1) a cross-sectional correlation study (n=15) and (2) 
an open trial intervention study (n=20). The studies investigated (1) the rela-
tionship between golf swing kinematics and driver performance, and (2) the 
impact of strength training on swing kinematics and driver performance varia-
ble. 

The results show variables that were distinctive for the club head speed (CHS) 
were mainly during the downswing: greater X-factor stretch; and higher pelvis 
peak speed. Whilst, factors distinctive to the regression model for CD were 
mainly at impact: reduced thorax rotation; and greater thorax lateral bend. Nine 
weeks of isokinetic training increased seated rotational force and power, peak 
arm speed and arm acceleration, ball speed, and CD more compared to isotonic 
training. Even though isokinetic training did not increase CHS, it did result in 
greater CD. 

This licentiate thesis contributes to the understanding of which variables influ-
ence driver performance, in particular CD, among high-level golfers. Segmen-
tal interactions (pelvis-thorax), lead arm speed and acceleration, isokinetic and 
isotonic training. These results may guide training interventions aiming to im-
prove driver and golf performance among high-level golfers, particularly those 
with a background of strength training. Future studies could investigate how 
the interaction between swing kinematics, clubhead trajectory, and driver per-
formance variables differ between male and female golfers. 



 

 
Keywords: Carry distance, clubhead speed, driver performance, golf kinemat-
ics, Sports performance, strength training, isokinetic training. 



 

Sammanfattning 

Tävlingsgolfarens förmåga att slå bollen långt kan påverka resultatet på ett 
positivt sätt. Swingkinematik anses vara en viktig faktor för driverprestation. 
Ett sätt att förbättra swingkinematiken är genom styrketräning. Golfare och 
deras tränare prövar ofta nya former för att öka slaglängd, och särskilt driver 
slaglängd. Denna licentiatuppsats presenterar två studier med syfte att studera 
hur swingkinematiska och fysiska egenskaper är kopplade till driverprestation 
hos tävlingsgolfare. Studierna visar att swingkinematik är associerat med dri-
verprestation (studie 1) och att isokinetisk rotationsstyrketräning påverkar dri-
verprestation och swingkinematiska variabler (studie 2).  

Metoderna som användes var en tvärsnitts korrelationsstudie (n = 15) och en 
open trial interventionsstudie (n = 20). Förhållandet mellan (1) golfswingkine-
matik och driverprestation undersöktes, och (2) påverkan av en styrketränings-
intervention på swingkinematik och driverprestation.  

Resultaten från regressionsmodellerna visade att variabler som var relevanta 
för klubbhuvudhastighet var huvudsakligen: större X-faktor sträckning och 
högre topphastighet i bäckenrörelsen. Variabler relevanta för slaglängd var 
huvudsakligen: minskad bröstrotation och större bröstlateral böjning. Nio 
veckors isokinetisk träning ökade sittande rotationskraft och effektutveckling, 
topphastighet och acceleration i armen, bollhastighet, och slaglängd mer jäm-
fört med isotonisk träning. Trots att isokinetisk träning inte ökade klubbhuvud-
hastighet resulterade det i ökad slaglängd.  
Denna licentiatavhandling bidrar till förståelsen för vilka variabler som påver-
kar driverprestation och slaglängd hos tävlingsgolfare, såsom segmentinterakt-
ioner (bäcken-bröstkorg), armshastighet och acceleration, isokinetisk och iso-
tonisk träning. Resultaten kan leda till insatser som syftar till att förbättra dri-
ver- och golfprestation hos tävlingsgolfare, särskilt hos de som har tidigare 
erfarenhet av styrketräning. Behov av framtida studier är att undersöka hur 
interaktionen mellan swingkinematik, klubbhuvudbana och driverprestation 
skiljer sig inom herr- och damgolf.  

 
Nyckelord: Driverprestation, golfbiomekanik, idrottsprestation, isokinetiskträ-
ning, klubbhuvudhastighet. 
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Introduction 

Health 
The concept of health is widely discussed in today’s society; however, de-
fining health is much more problematic. In the late 1940’s the World Health 
Organisation (WHO) (1948, p.1), defined health as “a state of complete 
physical, mental and social well-being and not merely the absence of dis-
ease or infirmity” and argues that health is “one of the fundamental rights of 
every human being without distinction….and the health of all people is fun-
damental to the attainment of peace and security”. Theories of health can be 
divided into four different monistic categories: 1) health as functional nor-
mality, 2) health as balance, 3) health as the ability (holistic theories) 4) 
health as well-being (Tengland, 2007). Tengland (2007) further developed 
the monistic category “health as the ability” and proposed a two-
dimensional theory of health consisting of ability and well-being. This theo-
ry has some similarities to a hedonistic view of well-being (e.g. satisfaction 
is achieved by the attainment of goals), however, Tengland (2007) clearly 
states his definition of health “focuses on abilities and disposition, and does 
not primarily take goals into consideration” (Tengland, 2007, p.10), and as 
such health and well-being is viewed from a more eudemonic perspective, 
that is: well-being is “concerned with activities and challenges people en-
gage in to develop and reach individual potential that is in line with im-
portant values and engagements rooted in the self”. The eudemonic perspec-
tive of well-being has been suggested to compromise private and personal 
aspects of positive functioning along with an individual's social function 
and perceived flourishing in social life. In a sporting context, athletes deal 
with the diverse challenges they face during their sporting career and devel-
op abilities and dispositions that impact on their health and well-being 
(Lundqvist, 2011). The eudemonic perspective of well-being can motivate 
why sports participation promotes positive social and personal functioning 
and well-being amongst athletes. For example, studies on high level athletes 
have indicated attributes including social actualization, a hopeful and posi-
tive view on the future, self-acceptance through high self-esteem, and well 
developed skills to cope with major and minor life challenges (Durand-
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Bush, & Salmela, 2002; Gould, Dieffenbach, & Moffett, 2002). Further-
more, sports participation develops social ties and networks which may 
impact positively on social coherence and social integration (Durand-Bush, 
2007).  

Physically active and sustainable lifestyle 
A healthy lifestyle is suggested to be associated with several different posi-
tive outcomes such as increased psychological and social well-being, im-
proved physiological and metabolic health, increased physical capacity as 
well as improvements in cognitive functioning (Physical Activities Guide-
lines Advisory, 2008; Powell, Paluch, & Blair, 2011; Ross, Abbiss, Laursen, 
Martin, & Burke, 2013). A healthy lifestyle or healthy behavioural patterns 
can be viewed from at least two perspectives; (1) the top-down driven mod-
el, and (2) the bottom-up driven model. A top-down driven model looks at 
the impact of social institutions on behaviour pattern of individuals. An 
example can be the effect social economic status has on numerous health 
outcomes, in particular, lower social economic status is linked to many 
poorer health outcomes (Cockerham, 2005). An individual driven bottom-up 
phenomenon focuses on how the individual takes decisions over their be-
haviour which have health associated benefits and/or risks. These actions, in 
turn, have a consequence on the individual and those close to the individual 
(group) and finally on society (e.g. health care cost, or reduction of it). In 
golf, for example, the direct consequences of an injury for an athlete include 
both immediate and long-term physical, psychological, and social detri-
ments in connection with both the trauma and the rehabilitation process 
(Johnson et al., 2016). 

To be physically active is one of the foundations of a healthy lifestyle, and 
physically active behaviours are strongly associated with positive health and 
well-being (Katzmarzyk, 2010). Strategies to improve global public health 
give physical activity a key role, and evidence-based interventions to pro-
mote physical activity are of the utmost importance (WHO, 2011). Physical 
activity and exercise offer multiple physical and psychological health bene-
fits including reducing the risk of developing diabetes, cardiovascular dis-
ease, depression, and age-related cognitive decline (Powell et al., 2011). 
Physical activity, as part of a therapeutic lifestyle change, enhances physical 
and psychological health, social well-being, and reduces costs of healthcare 
for local and national governments (Walsh, 2011). Many national govern-
mental and international bodies recommend that adults should be physically 
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active for at least 30 minutes of moderate activity every day or the equiva-
lent of approximately 10000 steps (Tangen et al., 2013; Haskell et al., 
2007). Participation in sports, such as golf, represents one mode to achieve 
these recommendations. Research has reported that golfers cover between 8-
11 km per round (Lane & Jarrett, 2005; Palank & Hargreaves, 1990) with an 
average heart rate of between 105-115 beats per minute (Murase, Kamei, & 
Hoshikawa, 1989; Tangen et al., 2013). One round of golf per week exceeds 
recommendations for an average of 30 minutes of moderate exercise each 
day which may in part explain the 40% reduction in mortality rates reported 
among Swedish golfers (Farahmand, Broman, De Faire, Vågerö, & Ahlbom, 
2009). Furthermore, participation in golf has been associated with psycho-
logical well-being and large positive mood states have been reported by 
elderly golfers, though an increase in negative mood states is common di-
rectly after a competitive round of golf for the same population (Lane & 
Jarrett, 2005). Although participation in golf can increase negative mood 
states, and the players’ ability to regulate unpleasant mood states should be 
considered, in general, golf participation can be considered part of a physi-
cally active lifestyle and there are a number of physical health benefits asso-
ciated with golf participation. 

Understanding factors which improve the performance experience and 
maintain motivation for participation in sport are important when building 
the foundations for a sustainable healthy lifestyle. Current research defines 
sports involvement as a multifaceted construct which defines the degree to 
which sports participation becomes central to a person’s lifestyle (Beaton, 
Funk, Ridinger & Jordan, 2011). Participation in a sport is an ingredient in 
an athlete's psychological and social well-being, and the satisfaction and 
skill that are generated and developed through particular activities, especial-
ly lifestyle activities (Roberts, 1996) such as golf, are considered an essen-
tial ingredient for a sustainable physically active lifestyle. 

Biopsychosocial models 
Health, well-being and sustainable physical activity are complex concepts 
and likely determined by the interplay of many factors. Bronfenbrenner’s 
(1977) ecological systems theory of human development describes an eco-
logical experiment as “an effort to investigate the progressive accommoda-
tion between the growing human organism and its environment” and, with 
the individual as the focal point, is a useful starting point when contemplat-
ing well-grounded scientific studies. Bronfenbrenner (1977) advocates that 
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if scientific studies are to have good ecological validity they should system-
atically contrast two or more environmental systems of their structural com-
ponents. It is this assessment of multiple indicators across multiple systems 
that will tolerate linkages between disciplines such as biological, psycholog-
ical and social factors. This perspective embraces biopsychosocial models 
(Suls & Rothman, 2004) and holds to the idea that biological, psychological, 
and social processes are integrally and interactively involved in physical 
health and well-being. The pragmatic and multi-disciplinary approach to 
study a phenomenon manifested at different levels is to apply the ontology, 
epistemology, and methodology which best answer the research question of 
interest. For example, methodologies for biological investigation are fre-
quently reductive in nature whilst methodologies for social investigations 
are often inductive. Typically the presence of evidence is built by a specific 
management of the absence of evidence: the elimination or intentional igno-
rance of those with counteractive prejudices. By following the pragmatist 
paradigm of ontology and epistemology it may be possible to effectively 
challenge common prior assumptions held by groups of scientists. Henrik-
sen (2010) applied a holistic ecological research perspective to athletic tal-
ent describing the context of athletic development within specific environ-
ments. For example at the micro-level Henriksen (2010) studied the impact 
of the relationship between groups of athletes and teams of coaches on ath-
letic development and at the macro-level the influence of sport-specific 
culture on athletic talent development environments. A similar approach can 
be used to study injury and illness, for example, Richardson et al. (2008) 
studied the influence of socio-cultural context, situational factors, interper-
sonal influences and athlete intrapersonal variables and the risk of overtrain-
ing (Figure 1). Richardson et al. (2008) highlighted the importance of psy-
chosocial issues to improve understanding how multiple systems and con-
texts interact and why athletes continue to overtraing despite knowledge and 
advice to the contrary. Ivarsson, Johnson, Andersen, Tranaeus, Stenling, & 
Lindwall (2017) have shown a number of psychosocial factors such as cog-
nitive and behavioural variables, emotions, and environmental factors asso-
ciated with injury. Their study describes how personality factors, such as 
anxiety, and life event stress, such as daily hassle, impact on injury suscep-
tibility. This licentiate thesis will focus on some intra-personal variables in 
golf, particularly swing kinematics and physical development, associated 
with golf performance. The focus on performance improvement is worthy of 
further investigation as it may improve participants experiences associated 
with golf and encourage sustainable physical activity. A continuation of this 
PhD project after the licentiate thesis could investigate injury prevention in 
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golf and focus on injury preventative behaviour whilst understanding golf-
specific culture.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 1.Overtraining risks and outcomes model (Richardson et al., 2008). 

 
 

Figure 2. The dynamic, recursive model of aetiology in sports injury (Meeuwisse, 
Tyreman, Hagel, & Emery 2007) 
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Theoretical Framework 
Within a golf context coaches and support staff strive continuously for im-
proved performance at an intra-personal level. Performance improvement is 
multi-factorial and the main instrument used to attain improved perfor-
mance is through manipulations in the training regimen. Figure 1 presents 
the multi-factorial nature of sports performance and illustrates how situa-
tional, interpersonal, and intra-personal factors influence performance and 
overtraining. The model presented in Figure 1 is nevertheless static and does 
not illustrate the continuous manipulation of the training regimen, a process 
which aims to increase the chance of improved performance whilst control-
ling for injury risk. A generic biopsychosocial model of the training process 
that compliments Figure 1 is the dynamic, recursive model of aetiology in 
sports injury shown in Figure 2 (Meeuwisse, Tyreman, Hagel, & Emery 
2007). This model describes how the recursive nature of training leads to 
either adaptations and performance improvement, or injury, and potential 
withdrawal from participation. Empirical studies support this theoretical 
model, where internal factors such as physiology (e.g., muscular power) 
(Cormie, McGuigan, & Newton, 2011b), sex (Hayslip & Petrie, 2014), and 
skill level (e.g., sport specific technique) (Robertson, Burnett, & Newton, 
2012), along with external factors including environment (e.g., heat stress) 
(Ross et al., 2013), and sports equipment (Lacy, Yu, Axe, & Luczak, 2012) 
can impact positively on sports performance. Hume, Keogh, & Reid (2005) 
constructed a hierarchical model describing how golf swing biomechanical 
factors are related to greater driving distance (Figure 3). Their model de-
scribes how final ball displacement is a function of the initial horizontal 
velocity of the ball and the club head’s linear velocity at impact. The model 
further describes how physical factors such as ground reaction forces, the 
sequential summation of forces principle, and utilisation of the stretch-
shortening cycle influence the angular velocity of the club head (Figure 3). 
This deterministic model may explain why most golf biomechanics research 
has investigated variables associated with club head velocity. Swing biome-
chanics contribute not only to club head velocity but also the orientation of 
the clubhead at impact. It is the combination of clubhead velocity and club-
head orientation which influence both carry distance and ball speed.  
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Figure 3. A model of swing biomechanical factors related driver carry distance 
(Hume et al., 2005). The columns and bold text are added to describe the areas of 
interest in this licentiate thesis. 

 

Driver performance 
A successful tee shot positions the ball in an advantageous position for sub-
sequent shots. Broadie (2010) found that the ten top performing players on 
the US PGA tour gained on average 0.6 strokes per round from their tee 
shots. The tee shot performance for par-4 and par-5 hole is important and a 
successful tee shot is a combination of distance and accuracy. For example, 
if a greater distance is gained at the cost of accuracy then the risk of a 1 
stroke penalty for lost ball increases. A long inaccurate drive which lands in 
the rough has been speculated to result in greater difficulty for the approach 
shot (James & Rees, 2008). This speculation is supported by recent research 
(Hellström, Nilsson, & Isberg, 2014) reporting a mean increase in score on 
par-4 and par-5 when the ball finishes in the semi-rough (+0.1 strokes) and 
rough (+0.3 strokes). However, Tiger Woods whilst ranked as the world’s 
best golfer in 2007 and eighth in strokes gained from the tee (0.62 strokes 
gained) had a driving accuracy of 59% and was ranked 112th on the PGA 
tour for accuracy and 12th for driving distance (276 m). In the case of Tiger 
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Woods, it seems driving distance or CD, is more influential than accuracy 
(PGA tour 2007, accessed 2016). Recent research (Hellström et al., 2014) 
found that, although a less accurate drive is costly for an individual, players 
with greater driving distance have lower scores from both fairway and 
rough than players with shorter driving distance on par-5 holes.  

Carry distance 
The final position (displacement) of the golf ball after each shot is what 
determines the success of the shot and the likelihood of an advantageous 
subsequent shot, hole, round, or tournament. Factors which can affect final 
ball displacement are initial ball trajectory, environmental conditions, and 
landing conditions. CD is the striking distance from impact to landing, ex-
cluding role (Hellström et al., 2014). Ball trajectory factors which impact on 
CD are initial ball linear velocity and angular velocity. Ball-club interac-
tions and their effects on ball trajectory can be divided up into three parts 1) 
vertical launch angle, 2) horizontal launch angle and 3) ball linear and angu-
lar velocity (Miura & Sato, 1998). Launch angle is the angle of the golf 
ball’s initial trajectory vector when projected on the x-y plane, and is a 
combination of the club head vertical vector and the original angle of the 
club face (Jorgensen & Adair, 1994). Launch angle, along with ball angular 
velocity and other external conditions, determines how long the ball will be 
airborne. Horizontal launch angle is the angle of the golf ball’s initial trajec-
tory vector when projected on the z-y plane. This horizontal launch angle is 
determined by a combination of the direction of the club face vector and 
horizontal swing plane vector (Jorgensen & Adair, 1994; Miura & Sato, 
1998). It is the combination of launch angle and initial ball speed that dic-
tates possible CD and driver performance, at any given launch angle it is 
initial ball speed that will dictate CD.  

Ball speed 
Ball speed is the speed of the golf ball immediately after separation from the 
clubface and maximising ball speed is an important factor for optimising 
CD. Optimal alignment and greatest clubhead-to-ball energy transfer are 
when the centre of restitution of the clubhead and the centre of restitution of 
the ball are aligned; this is often referred to as centeredness of impact in 
applied scientific literature and sometimes called the “sweet spot” by golf-
ers. The further away the ball is from the clubhead centre of restitution at 
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impact the greater resultant clubhead rotation and ball rotation. The conse-
quence of increased resultant clubhead rotation on ball speed is lower ener-
gy transference to the ball and thus relatively lowers CD (Betzler, Monk, 
Wallace, & Otto, 2012). The consequence of increased ball rotation on CD 
is a possible change in vertical and horizontal ball trajectory and ultimately 
a reduction in shot outcome consistency (Betzler, Monk, Wallace, & Otto, 
2012). To increase ball speed the player needs to increased impulse on the 
golf ball, and given that the centre of restitution between clubface and ball 
are already optimal, the golfer could: (1) decrease club mass that leads to an 
exponential increase in CHS; (2) increase club head mass that does not af-
fect club head speed or; (3) increase CHS by applying greater work to the 
club during the downswing. Consequently, assuming optimal alignment, a 
golfer has three choices to optimise CD and driver performance. The option 
to optimize clubhead mass is not allowed during a competitive round of golf 
so the only option left is to increase CHS by increasing energy applied to 
the club during the downswing. Despite the evidence that it is the final posi-
tion of the golf ball which determines the success of a drive (James et al., 
2008) the majority of golf biomechanics studies use CHS as an outcome 
variable and there is a scarcity of research investigating CD as a driver per-
formance outcome measure. 

Clubhead speed and golf biomechanics 
The ability to generate and coordinate force through hips, torso, and shoul-
der during the downswing impacts both swing kinematics and driver per-
formance. The golfer attempting to maximise distance must maximise CHS 
whilst maintaining outcome consistency. Based on the relationship between 
CHS, ball velocity, and CD, a large amount of biomechanical research 
on/in? kinetics and kinematics has focused on CHS as the one outcome var-
iable for driver performance in studies on (Bulbulian, Ball, & Seaman, 
2001; Fradkin, Sherman, & Finch, 2004; Hume et al., 2005; Joyce, Burnett, 
Cochrane, & Ball, 2013; Kwon, Han, Como, Lee, & Singhal, 2013; Read, 
Lloyd, De Ste Croix, & Oliver, 2013; White, 2006). Golf swing biomechan-
ics and maximising CHS are often described by the summation of speed 
principle in a kinetic chain of events, which state that a movement begins 
with the biggest, proximal, body segments and then proceed sequentially to 
the lighter distal segment (Hellström, 2009a). For the golf swing, the kinetic 
chain of events begins with the legs and hips followed by the trunk and 
shoulders and finally the hands and wrists (Cheetham et al., 2008; Hume et 
al., 2005). The segmental kinematic analysis is often separated into linear 
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and angular displacements, angular speed, and temporal variables. In golf 
research segmental speed and displacement is commonly divided into three 
phases: backswing, downswing, follow-through, and four positions; address, 
top of the backswing (TOB), ball impact and finish (Smith et al., 2015. Both 
correlational and intervention studies have reported relationships between 
swing kinematics and driver performance. Correlational studies have shown 
several biomechanical variables associated with variance in CHS, including 
thorax rotation speed (Joyce et al., 2013; Myers et al., 2008), pelvis-thorax 
separation (Healy et al., 2011; Myers et al., 2008), arm speed (Tinmark, 
Hellström, Halvorsen, & Thorstensson, 2009), and delayed arm and hand 
release (Sprigings & Neal, 2000). These correlational studies only measure 
associations between variables and give little information about which vari-
ables can be improved through training. Studies following changes in both 
physiological characteristics and driver performance in golf are better able 
to describe likely cause and effect relationships. One intervention study 
which investigated the change in swing kinematics and CHS in recreational 
golfers found a relationship between improved CHS and increase in pelvis-
thorax separation at the top of the backswing (X-factor) and increase in 
upper torso rotation velocity (Lephart et al., 2007). There is a paucity of 
literature using longitudinal and intervention study design to investigate the 
relationships between changes in swing kinematics, CHS, and driver per-
formance. Investigations which apply these study designs will help increase 
understanding of which kinematic variables impact on CHS and other driver 
performance variables (e.g., ball speed, CD) over time and thus may be able 
to describe a cause-effect relationship between swing kinematics and CHS. 

Upper body physical capacities 
In many sports, generation of maximal power is an essential ingredient in 
successful performance applied to sports performance, and maximal power 
is most important for sports movements where maximal velocity at take-off, 
release, and impact are critical (Cormie, McGuigan, & Newton, 2011a). The 
golf swing is an example where peak CHS at impact, particularly with the 
driver, is a critical determinant of performance and golfer who effectively 
increases the amount of work applied to the golf club will probably improve 
striking performance. Muscular power has been reported as an important 
factor in determining CHS and golf performance (Hellström, 2008; Hume et 
al., 2005; Read, Lloyd, Croix, & Oliver, 2013; Torres-Ronda, Sánchez-
Medina, & González-Badillo, 2011), and many studies have investigated the 
correlation between physical capacities and different measures of driver 
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performance including CHS, ball speed, and CD (Read et al., 2013; Yoon, 
1998). Both CD and ball speed have been reported (Torres-Rond et al., 
2011; Wells, Elmi, & Thomas, 2009) to correlate to similar physiological 
parameters as CHS and there is clearly a relationship between physiological 
measures, such as strength and power, and driver performance in golfers. 
This is supported by a number studies which have shown an improvement in 
driver performance variables after a strength training intervention among 
amateur (Fletcher, & Hartwell, 2004; Hetu, Christie, & Faigenbaum, 1998; 
Lephart, Smoliga, Myers, Sell, & Tsai, 2007) and high level golfers (Doan, 
Newton, Kwon, & Kraemer, 2006). Only a few training studies (Fletcher et 
al., 2004; Doan et al., 2006) have used specific rotational tests and exercis-
es, instead most studies have favoured general strength training exercises 
despite the rotational nature of golf (Hellström, 2009a;). Most of the train-
ing studies investigated training interventions among golfers with relatively 
little strength training experience, for example  Lephart et al. ( 2007) and 
Doan et al. (2006) did not report strength training experience among their 
samples whilst Fletcher et al. (2004) studied participants with a minimum of 
6 months strength training experience. There is a disparity between current 
habits of most elite golfers who participate regularly in strength training 
sessions and the participants in studies such as Fletcher et al. (2004) where 
the golfers had six months strength training experience and further investi-
gations among elite golfers with more than six months experience of 
strength training is warranted.  

The stretch-shortening cycle (SSC) is a natural phenomenon of muscular 
function which combines several neuromuscular properties to most effec-
tively achieve peak power (Komi, 2010). The SSC occurs when a muscle is 
eccentrically stretched and pre-activated prior to a braking phase that then 
gives over to a concentric phase (Komi, 2008; Komi, 2010). Force potentia-
tion from the SSC is largely dependent on two factors, stretch amplitude and 
stretch velocity (Cormie et al., 2011a; Komi, 2010). Pelvis-thorax separa-
tion (X-factor) is considered one possible area for the SSC to occur in the 
golf swing and some authors (Cheetham, Martin, Mottram, & St Laurent, 
2001) suggest that a critical action occurs when the pelvis begins to rotate 
forwards whilst the upper body continues to rotate backwards (X-factor 
stretch). A greater X-factor stretch is assumed to make use of the stretch-
shortening cycle (SSC), where a greater stretch of the torso musculature is 
assumed to allow for greater forces to be developed in the golf swing (Hell-
ström, 2009a; Jongseong, 2013). This is supported by electromyography 
(EMG) studies in golf which have reported that trunk muscles including 
erector spinae (Pink, Perry, & Jobe, 1993; Watkins, Uppal, Perry, Pink, & 
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Dinsay, 1996) and abdominal oblique (Cole & Grimshaw, 2008; Pink et al., 
1993) are active during the backswing and early forward swing. EMG stud-
ies have reported shoulder muscles including upper trapezius, mid trapezius, 
and subscapularis, to be active during both the backswing and early forward 
swing (Marta, Silva, Castro, Pezarat-Correia, & Cabri, 2012; McHardy & 
Pollard, 2005; Verikas, Parker, Bacauskiene, & Olsson, 2017). Despite the 
evidence that a SSC like action is present in both trunk and shoulder mus-
cles the majority of research has focussed on SSC like actions in the trunk 
(Bulbulian, Ball, & Seaman, 2001; Cheetham et al., 2001; Chu et al., 2010; 
Horan, Evans, Morris, & Kavanagh, 2010) and there is a paucity of research 
investigating the impact of the shoulders SSC on driver performance. 

Rationale 
Success in golf, particularly for high-level golfers, is dependent on many 
factors which include physiological, biomechanical, psychological, and 
environmental aspects. Driver performance, in particular, CHS and CD, is 
considered an essential component in golf performance. Physiological and 
biomechanical traits influence the ability to create CHS and CD and are -
therefore important factors in driver performance. Previous training inter-
ventions that improved driver performance among both recreational and 
high-level golfers have included general strength and power exercises (Do-
an et al., 2006; Fletcher, & Hartwell, 2004; Lephart et al., 2007). The opti-
misation, and training through well-designed training programs is critical to 
successful performance and only a few studies have included rotational 
exercises that to some degree mimic the golf swing and there is a paucity of 
studies that investigate kinematic changes after these strength training inter-
ventions.  
 

Aim 
The general aim of this licentiate thesis was to study how swing kinematic 
and physical characteristics are associated with driver performance among 
intercollegiate golf players. This thesis comprises two empirical studies, 
study 1 is a cross-sectional analysis establishing relationships between kin-
ematics and driver performance and study 2 is an open trial intervention 
study based on improving the important swing kinematic variable revealed  
in study 1. 
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The objectives of this thesis are:  
1. To investigate which kinematics variables of the pelvis, thorax, and 

upper arm are associated with (a) clubhead speed and (b) carry dis-
tance. 

2. To investigate if isokinetic strength training over nine weeks is 
more effective than isotonic strength training in improving rotation-
al power, swing kinematics, and driver performance evaluated by 
clubhead speed, ball speed and carry distance. 
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Method 

An overview of the methodological designs of the two studies included in 
this licentiate thesis is presented in Table 1. In the table participants, instru-
ments, procedures, and data analyses are briefly described. 

Participants 
In total, 35 intercollegiate golf players with a maximum handicap of -3.0 
participated in the two studies. Fifteen intercollegiate golfers were included 
in Study 1 (ten men and five women age 22±2), all were right-handed and 
had a maximum handicap of -2.0 registered with the Swedish golf associa-
tion. Twenty intercollegiate golfers (13 men and 7 women) age 22±4 years 
with a maximum handicap of -3.0 registered with the Swedish golf associa-
tion participated in Study 2. The majority of golfers participating in the 
studies were professional golfers competing on a satellite tour to the Euro-
pean-tour or highest tour in Scandinavia. Most of the participants who were 
amateur during the data collection process have subsequently become pro-
fessional golfers. 
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Table 1. Methods overview of the two studies in the licentiate thesis 
 Study 1 Study 2 

Design Cross-sectional  Open trial intervention 

Participants Fifteen intercollegiate 
golfers, (10 men and 5 
women age 22±2), all with 
a maximum handicap of -
2.0. 

Twenty intercollegiate golfers 
(13 men and 7 women) all 
competing at a national level or 
higher. Their age, height, and 
body mass were 22±4 years, 
177±14 cm and 73±19 kg re-
spectively. Each subject report-
ed a maximum handicap of -3.0. 

Instruments/measurements Swing kinematics was 
recorded using a 12 sensor 
electromagnetic motion 
capture system. Clubhead 
speed and carry distance 
were recorded using radar 
launch monitor system 
(Flightscope). 

Swing kinematics was recorded 
using a 12 sensor electromag-
netic motion capture system. 
Clubhead speed, ball speed and 
carry distance were recorded 
using radar launch monitor 
system (Trackman).  Power 
testing: Lower and upper body 
muscular power tests were 
assessed using countermove-
ment jump, loaded squat jumps, 
and sitting abdominal rotation.  

Procedures Participants were instruct-
ed to hit 5 balls with their 
driver, whilst swing kine-
matics, clubhead speed, 
and shot carry distance 
were recorded. 

Participants were divided into 
two groups, one group received 
isokinetic power training (IK) 
alongside their normal isotonic 
pre-season strength-training and 
the other group continued with 
their normal isotonic pre-season 
strength-training regime (IT). 
The IK group completed 12 
sessions of isokinetic power 
training on a standing rotation 
exercise (10% body weight at 1 
m/s) and barbell squat (25kg 
plus 10% body weight at 0.5 
m/s). 

Data analyses Multiple regression was 
conducted using either 
clubhead speed or carry 
distance as the outcome 
variable, and swing kine-
matics data of the pelvis, 
thorax and lead arms were 
predictor variables. 

Magnitude-based inference and 
effect size were used to assess 
physiologically, swing kinemat-
ic and driver performance 
changes over time within and 
between groups. 
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Data collection/measure 

Electromagnetic motion capture system (study 1 and 2) 
Swing kinematic data were collected using a four sensor electromagnetic 
motion capture system at 240Hz (Polhemus Inc. Colchester, VT, USA) to-
gether with Advanced Motion Measurement software (AMM 3D, Phoenix, 
Arizona, USA); equipment previously used in golf research (Cheetham, 
2014; Cheetham et al., 2001; Cheetham et al., 2008). The orientation of the 
right-handed orthogonal global coordinate system was such that the positive 
x-axis pointed parallel to the shot direction, the positive z-axis vertically 
upwards, and the positive y-axis forward from the right-handed golfer. 
Thorax and pelvis rotations were calculated using the joint coordinate sys-
tem method (Grood & Suntay, 1983). The lead arm segment was calculated 
using the humerus joint coordinate system (first option) (Wu et al., 2005) 
relative to the thorax (Table 3). A description of variables definitions and 
segment calculations are shown in Table 2 and Table 3. 

Doppler-radar Launch monitor (Study 1 and 2) 
Driver CHS, ball speed, and CD were recorded with a radar launch monitor 
system placed 2.5 meters behind the golf ball. In study one a Flightscope 
Doppler X2 launch monitor (Flightscope Stellenbosch, South Africa, soft-
ware V6.0.9) was used to record CHS and CD. For Study 2 a Trackman 
doppler radar system (Trackman3e, v.3.2, Trackman, Denmark) was pur-
chased and used to record CHS, ball speed and CD. Doppler radar devices 
and stereoscopic devices have been shown to have a mean offset of 0.12 m/s 
and an R2-value of 99.8 % between measurements for CHS (Betzler et al., 
2012). Doppler radars have been used to measure CHS and ball speed for 
diverse purposes in a number previous studies (Betzler et al., 2012; Chu, 
Sell, & Lephart, 2010; Robertson et al., 2012; Olivier, Horan, Evans, 
Keogh, 2016) 
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Table 2. A description of how swing kinematic variables were determined. 

 Definitions 
Transition Is determined as the point of lowest angular velocity for a seg-

ment, between initiation of the backswing and impact. 
 

X-factor 
 

The change in amplitude of spinal rotation (the difference be-
tween thorax and pelvis rotation) at pelvis transition 
 

X-factor stretch The maximum increase in X-factor during the downswing 
 

X-factor stretch rate The  average speed of X-factor stretch 
 

Shoulder stretch The change in amplitude of lead arm horizontal adduction be-
tween  thorax transition and lead arm transition 
 

Shoulder stretch rate The average speed of shoulder stretch  
 

Pelvis acceleration The average acceleration of the pelvis between pelvis transition 
and pelvis peak speed 
 

Thorax acceleration The average acceleration of the thorax between thorax transition 
and peak thorax speed 
 

Lead arm acceleration The average acceleration of the lead arm between lead arm tran-
sition and lead arm peak speed, measured around the local Z-axis 
at the shoulder joint 
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Table 3. Placement of magnetic sensors and description of landmarks used to create 
each segment. 

 

Procedures 

Swing kinematics and driver performance (Study 1 and 
2) 
All golf tests were performed in a studio hitting out onto an open air 300m 
long driving range. Each subject used their own golf club and premium 
Callaway range balls. All participants performed a golf specific warm-up of 
their choice for a maximum of 10 min. Participants were then instructed to 
hit 5 balls with their driver and use the swing that was as ‘normal‘ as possi-
ble, for example when playing from a tee on a standard par-4 hole. Partici-
pants were told to aim at a target set approximately 350m away from the 

Segment Sensor placement Landmarks used for segment digitization 

Club Below Grip Top of grip. 
Hozel. 
Club head, bottom groove at heel.  
Club head, bottom grove at toe. 
Club head, top groove at toe. 
 

Left arm 
 

Posterior upper arm 
 

Left acromion process. 
Lateral epicondyle 
Medial epicondyle. 
 

Thorax/  
Upper-body 

On T5 Left acromion process. 
 
Right acromion process. 
Right side mid thorax, high. 
Right side mid thorax, low 
 

Pelvis Sacrum Left greater trochanter. 
Right greater trochanter. 
The point above left greater trochanter. 
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striking zone. Information on CHS and CD was given directly after each 
shot, though participants were not given any information that suggested 
achieving higher than normal CHS was advantageous. Between each shot, 
participants were instructed to walk out of the tee (strike) area and wait for 
30 seconds before commencing their pre-shot routine for the subsequent 
trial. Such five trial procedures have been used in previous research (Farber, 
Smith, Kvitne, Mohr, & Shin, 2009; Horan et al., 2010). The procedures for 
driver performance testing are exactly the same as those for swing kinemat-
ics as the tests were performed simultaneously.  
 
 

Physical tests for strength and power (Study 2) 
Countermovement jumps (CMJ): These were performed indoors on a flat 
surface. Measurements of jump height were recorded with an infra-red con-
tact mat (Ivar jump and speed analyser, LN sports konsult, Sweden). The 
subjects were instructed to stand in an upright position with their feet in a 
shoulder-width stance. The jump was initiated with a countermovement 
motion and continued in an explosive upward motion with the assist of the 
arms. During the landing, the subjects aimed at finishing at the same posi-
tion as the jump was initiated from. Participants performed three repetitions 
with 3 min rest between repetitions; the repetition with the highest value 
was recorded. The exercise has previously been reported to have high test 
re-test reliability (ICC=0.98) among golfers (Read et al., 2013) and studies 
have reported statistically significant (p≤0.05) correlations between CHS 
and CMJ (r=0.45) (Hellström, 2008and between CMJ peak power and CHS 
r=0.55-0.61 (Hellström, 2008; Read et al., 2013) 

Jump squats: Were performed with 20, 40 and 60 kg loaded on the shoul-
ders. The subjects performed jump squats from a 90° knee angle to full ex-
tension. Quantification of the 90° angle was performed with visual standard-
ization. Participants performed three repetitions with 5 min rest between the 
repetitions and the repetition with the highest value at each weight was rec-
orded. For data analysis, only the 20 kg jump squat was used since some 
participants were unable to conduct a technically correct and safe loaded 
squat jump at the higher loads. A linear encoder (MuscleLab Model 4000, 
Ergotest technology, Norway) was used to measure peak power in the load-
ed squat jump exercise. Loaded squat jumps of up to 60% of 1RM have 
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been shown to have high levels of reliability (ICC=0.75-0.99) without the 
need for a familiarization trial (Moir, Sanders, Button, & Glaister, 2005). 

Seated rotation: The test consisted of a modified version of the test used by 
Andre et al. (2012). The subjects were instructed to sit on a bench (46 cm 
high, 100 cm long) and place their feet on the floor. The bench was placed 
125 cm from the handle of the robotic engine system (1080 Quantum syn-
chro, 1080 Motion AB, Lidingö, Sweden) and the handle was set at shoul-
der height. The subjects were instructed to grip the handle and rotate their 
torso forcefully, with straight arms, and then slowly return to the starting 
position. Three repetitions on the left side and three repetitions on the right 
side were performed using a resistance equal to 10% of body weight. The 
computerized robotic engine system was set to normal mode without a 
speed restriction. The highest peak force, power, and velocity values of the 
three repetitions on each side were used for later analyses. 

 

Training Intervention (Study 2) 
The participants were divided into two groups, one group (n=10, 6 men and 
4 women) received the isokinetic power training (IK) and the other group 
(n=10, 7 men and 3 women) continued with their normal isotonic pre-
season strength-training regime and served as the reference isotonic training 
group (IT). All participant performed tests for golf swing kinematics and 
physical tests for power within one week prior and post the nine-week inter-
vention period.  

The training period lasted nine weeks, with one week of cessation in the 
middle of the period to accommodate competition calendars. Both groups 
resistance trained on average three times a week and had individualised 
programs of isotonic and isometric exercises performed both with free 
weights and body weight resistance as well as plyometric exercises per-
formed during the nine-week period. For the IK group, two isokinetic exer-
cises replaced isotonic power exercises in their regular training program, 
where isokinetic power training was performed on average twice a week. 
The two isokinetic exercises, performed in 1080 Quantum robotic engine 
system, consisted of an isokinetic standing rotation exercise designed to 
replicate the golf swing and a loaded isokinetic squat. Both isokinetic exer-
cises consisted of three sets of five repetitions where the isokinetic rotation 
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exercise was performed with 10% body weight resistance and the speed set 
at 1m/s concentrically and 4m/s eccentrically. The loaded squat was per-
formed with 25kg barbell plus 10% body weight resistance and the speed set 
at 0.5m/s concentrically and 4 m/s eccentrically. A typical strength and con-
ditioning program for both the IT and IK group is described in Table 4. 

 

Table 4. Separate strength and conditioning programs for the IT group and the IK 
group. 
Isotonic training  (IT) group Isokinetic training (IK) group 
Session 1  
Warm-up 
Press ups in a suspension trainer 
Bodyweight row in a suspension trainer 
Main strength training 
Dumbbell chest press 
Seated row 
Power and plyometric training 
Power clean 
Standing rotational diagonal medicine ball 
throw 
Additional core strengthening 
Handstand pike exercise using a stability ball 
Russian twist 
 
Session 2 
Warm-up 
Press ups in a suspension trainer 
Bodyweight row in a suspension trainer 
Main strength training 
Barbell squat or barbell deadlift 
Pull-ups 
Power and plyometric training 
Box Jumps 
Standing rotational horizontal medicine ball 
throw 
Additional core strengthening 
Back extension  
Side-lying plank 

Session 1  
Warm-up 
Press ups in a suspension trainer 
Bodyweight row in a suspension trainer 
Main strength training 
Dumbbell chest press 
Seated row 
IK session 
Isokinetic squat  
Isokinetic standing rotation exercise  
Additional core strengthening 
Handstand pike exercise using a stability ball 
Russian twist 
 
 
Session 2 
Warm-up 
Press ups in a suspension trainer 
Bodyweight row in a suspension trainer 
Main strength training 
Barbell squat or barbell deadlift 
Pull-ups 
IK session 
Isokinetic squat  
Isokinetic standing rotation exercise  
 
Additional core strengthening 
Back extension  
Side-lying plank 
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Data analysis 

Kinematics, clubhead speed and carry distance (study 
1)  
All results are reported as the mean ± standard deviation (SD). A probability 
level of 0.05 was used in both studies (Study 1 and 2). Skewness and kurto-
sis were analysed for all data due to the sample size of 15 participants. The 
Shapiro-Wilks test for normal distribution was applied to the data series as 
well and showed that the data was normally distributed. Calculations of the 
standard error of the mean, Pearson’s correlation, and stepwise multiple 
linear regressions were performed in IBM SPSS 20 (IBM Corporation, New 
York, USA). Guidelines by Cohen (1988) and Hopkins, Marshall, Batter-
ham, & Hanin (2009) for correlation coefficient size were interpreted with 
following thresholds: <0.1, trivial; >0.1–0.3, small; >0.3–0.5, moderate; 
>0.5–0.7 large; >0.7–0.9 very large; >0.9 extremely large. The assumptions 
were checked by a normal P–P plot distribution, and random scatter-plots 
showing independent errors. Assumptions regarding normality, linearity, 
homoscedasticity, and independence of residuals, and influential cases were 
deemed normal for all biomechanical variables. A Pearson’s correlation 
matrix was generated to describe simple associations and to check for mul-
ticollinearity. Stepwise linear regressions were then conducted where pelvis, 
trunk, and arm kinematic variables were the independent variables and CHS 
or CD was the dependent variable. The entry significance level was P≤0.05, 
while the removal significance level was P≥0.10. 

The effects of Isokinetic power training on driver performance 
(study 2) 
All results are reported as the mean ± standard deviation (SD). An inde-
pendent t-test was used to check for pre-test differences between groups. 
Magnitude-based inference (MBI) was calculated using an online published 
spreadsheet (Hopkins, 2003), inferences were based on the disposition of 
the confidence limit for the mean difference to the smallest worthwhile 
change (0.2 between-subject SD). The probability that a change in testing 
score was beneficial, harmful or trivial was identified according to the mag-
nitude-based inferences approach (Batterham & Hopkins, 2006). De-
scriptors were assigned using the following scales: 0.5-4.9% very unlikely; 
5.0-24.9% unlikely; 25.0-74.9% possibly; 75.0-94.9% likely; 95.0-99.49% 
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very likely; >99.5% most likely (Hopkins et al., 2009). Within-group stand-
ardized mean difference effect size (ESw) was calculated by using the mean 
change of the group (∆ IT or ∆ IK) in the numerator of the equation and 
using the pre-test pooled standard deviation in the denominator. Pre-test 
pooled standard deviation was calculated using pre-test values from the 
sample as a whole (both IK and IT) (Durlak, 2009). Between-group stand-
ardized mean difference effect size (ESb) was calculated by using the differ-
ence between IK ESw and IT ESw. An effect size of 0.20-0.50 was consid-
ered ‘‘small’’ in magnitude, those >0.50-0.80 were ‘‘medium’’ and those 
above 0.80 were ‘‘large” as suggested by Cohen (1988). 

Ethical Considerations  
In Sweden, there are legal regulations that require researchers to apply for, 
and gain, ethical approval from the local or regional ethics committee for all 
research on human beings. The regulation 3: 615 (2003) on the ethical re-
view of research involving humans’ stipulates that all research dealing with 
human beings (dead or alive), biological material from humans, and sensi-
tive information must have approval from the local ethics committee. All 
participants were informed of their right to withdraw from the study at any 
time without penalty. This study was approved by the regional Swedish 
ethics committee (Lund, Dnr 2016/12) and all the participants gave written 
consent to participate in the study. 

Our research group took care to aligned our research intentions with the 
general principles of the Helsinki Declaration (2000), in particular: The 
health of the participant will be the researchers first consideration; The pri-
mary purpose of medical research involving human subjects is to understand 
and develop therapeutic interventions and it is the duty of researchers who 
are involved in medical research to protect the life, health, dignity, and in-
tegrity of the participant. Ethical consideration for participants involved in 
the present research project is a little more multifaceted. The most important 
areas are first that I hold dual positions, I am both researcher (PhD student) 
and the coach of many of the subjects participating in the two studies. This 
moral dilemma questions the individual participant’s autonomy over their 
participation in the research project and as such increases the vulnerability 
of the participants, primarily due to the power a coach has over the athlete 
where they can, or at least be perceived by the participant, force participa-
tion in the research. To reduce the risk for this, participants were ap-
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proached first by e-mail informing them of the research study, followed by a 
meeting at a neutral venue with an independent researcher/person. 

The project was partly funded by industry and three private companies have 
a vested interest in the research project. There are four actors in this project 
which increases the chance that a conflict of interest may occur. Such con-
flicts could occur by companies who do not want researchers to publish 
negative results that may harm their brand. A conflict could cause breach of 
two of Merton’s CUDOS norms (Merton, 1938) communalism and disinter-
estedness. As a researcher, I endeavour to work in an objective, a sceptical, 
honest, fastidious, and courageous manner that promotes good scientific 
practice and reduces the risk of such conflicts of interest to a minimum.   
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Results 

Kinematics, clubhead speed and carry distance (Study 
1) 
Study 1 investigated which kinematics variables of the pelvis, thorax, and 
upper arm are associated with driver performance among fifteen high-level 
golfers. The means and SD of all variables investigated in this study are 
reported in Table 5  

The first stepwise linear multiple regression analysis using CHS as the out-
come variable explained 85% (R2=0.85, P=0.01) of the variance (Table 6). 
The seven variables most strongly associated with CHS were: (a) X-factor; 
(b) pelvis rotation at impact; (c) thorax peak speed downswing (DS); (d) 
pelvis rotation TOB; (e) pelvis peak speed DS; (f) X-factor stretch; and (g) 
thorax lateral bend at TOB. Positive β-coefficients for pelvis rotation TOB 
(β=0.70), pelvis peak speed DS (β=0.88), thorax peak speed DS (β=0.59), 
and X-factor stretch (β=0.27), indicate that higher thorax and pelvis speeds, 
greater X-factor stretch and less pelvis rotation TOB are associated with 
increased CHS. The negative β-coefficient for pelvis rotation at impact (β=-
1.38), X-factor (β=-0. 24), and thorax lateral bend at TOB (β=-0.18) indi-
cate that less X-factor (at TOB), pelvis rotation at impact and thorax lateral 
bend at TOB are associated with higher CHS in elite golfers (Table 6).  
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Table 5. A summary of segmental kinematics, CHS, and CD.  

Variable Mean ± SD 

CHS ( m/s) 46.0 ± 4.3 

CD (m) 216.8 ± 28.2 

Pelps (ω) 475.0  ± 75.0 

Thops ( ω) 708.0  ± 70.0 

Armps (ω) 1054.0  ± 149.0 

PelRotTOB (°) -39.0 ± 8.9 

PelRotimp (°) 45.4 ± 13.3 

ThoRotTOB (°) -92.4 ± 25.3.0 

ThoRotimp (°) 25.1 ± 11.3 

 ThoLatTOB (°) -39.0 ± 6.4 

ThoLatimp (°) 27.5 ± 6.8 

SpiFleTOB (°) 9.2 ± 8.7 

SpiFleimp (°) -21.4 ± 10.2 

X-factor (°) 54.9 ± 7.9 

X-factor stretch(°) 2.9 ± 3.4 

ShoAddTOB (°) 40.7 ± 5.6 

Shoulder stretch (°) 3.2 ± 2.7 

CHS = Clubhead speed, CD=Carry distance,  Pelps = Pelvis peak speed DS , Thops 
= Thorax peak speed DS, Armps = Arm peak speed DS , PelRotTOB = Pelvis rotation 
TOB, PelRotimp = Pelvis rotation BI, ThoRotTOB = Thorax rotation TOB, ThoRotimp = 
Thorax rotation at impact, ThoLatTOB = Thorax lateral bend TOB, ThoLatimp = Thor-
ax lateral bend at impact, , SpiFleTOB = Spine flexion TOB, SpiFleimp = Spine flexion 
at impact, ShoAddTOB = Shoulder horizontal adduction TOB, TOB= Top of back-
swing, DS= Downswing. 
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Table 6. Stepwise linear regression models explaining carry distance and clubhead speed variance for the driver. 

Model Independent variables β Beta coefficient sig Model sig Model R2 
CHS      0.01 0.85 
 Constant 32,56  0.0   
 X-factor -0.13 -0.24 0.004   
 PelRotimp -0.46 -1.38 0.00   
 Thops 0.04 0.59 0.00   
 PelRotTOB 0.33 0.70 0.00   
 Pelps 0.05 0.88 0.00   
 X-factor stretch 0.34 0.27 0.00   
 ThoLatTOB -0.12 -0.18 0.001   
CD     0.012 0.80 
 Constant 154.7  0.00   
 ThoRotimp -2.45 -0.98 0.00   
 X-factor -1.66 -0.46 0.000   
 Thops 0.26 0.64 0.000   
 
 
 

PelRotTOB 0.84 0.27 0.001   

 ThoLatTOB -1.12 -0.26 0.00   
 ThoLatimp 0.77 0.19 0.012   

CHS = Clubhead speed, CD= Carry distance, TOB= Top of backswing, Imp= Impact, DS= Downswing, Pelps = Pelvis peak speed DS, Thops = 
Thorax peak speed DS, PelRotTOB = Pelvis rotation TOB, PelRotimp = Pelvis rotation Imp, ThoRotimp = Thorax rotation at impact, ThoLatTOB = Thorax 
lateral bend TOB, ThoLatimp = Thorax lateral bend at impact.  
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The second stepwise linear multiple regression analysis explained 80% 
(R2=0.80, P=0.01) of the variance in CD (Table 6). The six variables asso-
ciated with CD were: (a) thorax rotation at impact; (b) X-factor; (c) thorax 
peak speed DS; (d) pelvis rotation at TOB; (e) thorax lateral bend at TOB; 
and (f) thorax lateral bend at impact. Positive β-coefficients for thorax peak 
speed DS (β= 0.64), pelvis rotation at TOB (β=0.27), and thorax lateral 
bend at impact (β=0.19) indicate that greater thorax right lateral bend at 
impact, higher thorax speed and less pelvis rotation TOB are associated with 
greater CD. The negative β-coefficients for thorax rotation at impact (β=-
0.98), X-factor (β=-0.46), and thorax lateral bend at TOB (β=-0.26), indi-
cate that less thorax rotation at impact, less X-factor (at TOB) and more 
thorax lateral bend at TOB are associated with greater CD in elite golfers 
(Table 6). 

The effects of isokinetic power training on driver 
performance (Study 2) 
Study 2 investigated if isokinetic strength training over nine weeks is more 
effective than isotonic strength training in improving rotational power, 
swing kinematics, and driver performance. This was investigated by study-
ing twenty high-level golfers split into two groups, a reference group who 
continued with their normal isotonic strength training (IT) and an isokinetic 
group who replaced traditional ballistic training with isokinetic training 
(IK). Table 7 shows that mean age, height, weight and handicap between the 
two groups were not different at the start of the study. In addition, there was 
no statistically significant difference between groups before the training 
study began (t-test, p>0.1) for any of the intervention related variables as-
sessed, including rotational and lower body power, swing kinematics and 
driver performance variables (results not shown).  
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Table 7. Descriptive statistics for the IK and IT group at the start of the study. 

Values are mean ± standard deviation and p-values are from independent t-tests. 
IK= isokinetic training group, IT= isotonic training group. 

Rotational and lower body power 
In this study, both dominant and non-dominant side force, velocity, and 
power were measured in the seated abdominal rotation test. After the nine-
week-training period, both the IK and the IT groups increased their domi-
nant side rotational power to a large (ESw =0.82) and medium (ESw =0.50) 
amount respectively (Table 8). Between-group ES indicated a small (ESb 
=0.32) improvement in favour of the IK group compared to the IT, and MBI 
indicated that IK had a likely (85%) more beneficial increase in dominant 
side rotational power compared to the IT (Table 8). Similarly, both training 
modalities resulted in improvements in dominant side rotational force with a 
large effect (ESw =0.96) for the IK group and a medium effect (ESw =0.77) 
for the IT group. ESb statistics together with MBI demonstrated a near small 
(ESb=0.19) but likely (MBI=80%) more beneficial effect of isokinetic train-
ing on dominant side rotational force compared to isotonic strength training 
(Table 7). For dominant side rotational speed, both groups increased with a 
small (ESw =0.45, IK) to medium (ESw =0.5, IT) improvement. However, 
any difference between groups was considered none to small (Table 8).  

Results for force, velocity, and power in the non-dominant side rotations 
were less clear compared to the dominant side. Both the IK and IT groups 
had medium to large improvements in force and power, but velocity in the 
IT group increased more compared to the IK group (ESb=-0.45; Table 8). 
MBI statistics, on the other hand, indicated no clear advantages for either 
training modality in any of the non-dominant side rotational variables force, 
velocity or power (Table 8).  

 IK Group (n=10) IT Group (n=10) p-value 
Age (years) 22.0 ± 4.0 22.0 ± 4.0 0.45 

Height (cm) 175.0 ± 13.0 178.0 ± 14.0 0.26 

Weight (kg) 75.0 ± 22.0 71.0 ± 15.0 0.36 

handicap +0.4 ± 1.0 +0.4 ± 1.7 0.90 
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For lower body power, both groups responded similarly, where the nine-
week-training period had no effect on CMJ (ESw=-0.03 IK and 0.08 IT) and 
a small effect on 20 kg loaded squat jumps (ESw=0.22 IK and 0.20 IT) (Ta-
ble 8). 

Swing kinematics  
Results for all measured swing kinematic variables are presented in Table 9. 
For a number of variables, including shoulder stretch rate (ESw= 0.29 for IK 
and -0.34 for IT), the groups showed different directions of change. After 
the nine-week training period x-factor stretch (ESb=0.51), shoulder stretch 
rate (ESb=0.63), and arm acceleration (ESb=0.52) had a likely (≥80%) bene-
ficial impact from isokinetic training compared to isotonic strength training 
(Table 9). Furthermore, lead arm speed had a small increase in both IK 
(ESw=0.49) and IT (ESw=0.24) groups, whereas lead arm acceleration had a 
small increase only in the IK group (ESw=0.48). Comparisons of the two 
groups showed that isokinetic training had a likely more beneficial (>80%) 
improvement in lead arm speed and acceleration (ESb=0.24 and ESb=0.52, 
respectively) compared to isotonic strength training (Table 9). 

Driver performance variables  
After the nine-week training period, CHS showed no improvements in nei-
ther the IK (ESw=0.17) nor the IT (ESw=0.18) groups (Table 10). However, 
both IK and IT increased ball speed and CD with isokinetic training show-
ing a small (ESb=0.21) and possible (65%) more beneficial effect on ball 
speed when compared to IT and a medium (ESb=0.59) likely (78%) more 
beneficial effect on CD when compared to IT (Table 10).  
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Table 8. Upper body rotational force, power, and velocity and lower body power for training period results. 
 Pre 

Mean ± SD 
Post 
Mean ± SD 

ESw ESb Magnitude of inference 
Harmful Trivial Beneficial 

Seated rotation dominant Side       
Force (N) 
IK  

   IT 

 
230.0 ± 53.8 
224.4 ± 68.5 

 
287.7 ± 58.1 
270.7 ± 48.5 

 
0.96 
0.77 

0.19 16% unlikely 4% very unlike-
ly 

80% likely  

   Power (w) 
   IK  
   IT 

 
697.5 ± 277.5 
581.3 ± 318.5 

 
942.0 ± 276.4 
731.4 ± 278.7 

 
0.82 
0.5 

0.32 14% very 
unlikely 

0% very unlike-
ly 

85% likely,  

   Velocity(m/s) 
   IK  
   IT 

 
3.3 ± 0.6 
3.0 ± 0.7 

 
3.6 ± 0.6 
3.4 ± 0.7 

 
0.45 
0.5 

-0.11 0% very 
unlikely 

100% most 
likely 

0% very unlikely 

Seated rotation non-dominant side       
   Force  (N) 
   IK 
   IT 

 
239.5 ± 52.0 
214.9 ± 58.4 

 
279.3 ±37.8 
260.2 ± 58.4 

 
0.71 
0.82 

-0.1 65% possibly  6% unlikely  29% possible  

   Power (W) 
   IK 
   IT 

 
725.9 ± 271.9 
586.9 ± 310.0 

 
870.6 ± 247.0 
732.8 ± 289.5 

 
0.5 
0.5 

0.00 50% possibly 1% very unlike-
ly 

49% possibly  

   Velocity(m/s) 
   IK 
   IT 

 
3.28 ± 0.5 
2.89 ± 0.7 

 
3.48 ± 0.7 
3.36 ± 0.7 

 
0.32 
0.79 

-0.45 0% very 
unlikely 

100% most 
likely 

0% very unlikely 
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Table 8continued. 
 Pre 

Mean ± SD 
Post 
Mean ± SD 

ESw ESb Magnitude of inference 
Harmful Trivial Beneficial 

Lower body        
   CMJ  (cm) 
   IK 
   IT 

 
38.2 ± 8.4 
43.1 ± 6.4 

 
38.0 ± 9.1 
43.7 ± 6.6 

 
-0.03 
0.08 

-0.11 30% 
Possible  

65% possibly  5% very unlikely 

   LSJ 20 kg (W) 
   IK 
   IT 

 
1333.9 ± 209.4 
1288.4 ± 267.5 

 
1385.6 ± 227.2 
1335.5 ± 267.5 

 
0.22 
0.20 

0.02 47% possibly 1% very unlike-
ly 

52% possibly  

SD=standard deviation, ES=effect size IK= isokinetic training group, IT= isotonic training group, CMJ= countermovement jump, 
LSJ= loaded squat jump, ESw= within group ES, ESb= between group ES. 
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Table 9. Swing kinematics measurements for pre and post training period results. 

 Pre 
Mean ± SD 

Post 
Mean ± SD 

ESw ESb Magnitude of inference 
Harmful Trivial Beneficial 

X-factor (°) 
IK 
IT 

 
51.2 ± 10.4 
48.3 ± 8.8 

 
48.7 ± 6.1 
49.7 ± 14.7 

 
-0.26 
0.15 

-0.41 
73% possibly 12% Unlikely 15% Unlike-

ly, 

X-factor stretch (°) 
IK 
IT 

 
6.9 ± 5.9 
10.5 ± 7.1 

 
8.2 ± 4.2 
8.4 ± 8.6 

 
0.15 
-0.25 

0.51 
4% very 
unlikely 12% Unlikely 84% 

Likely 

X-factor stretch rate (°/s) 
IK 
IT 

 
48.4 ± 42.6 
58.3 ± 35.4 

 
48.1 ± 31.7 
48.2 ± 34.3 

 
-0.01 
-0.26 

0.25 
25% possibly 4% very 

Unlikely 
71% possi-
bly 

Shoulder stretch (°) 
IK 
IT 

 
1.6 ± 1.0 
1.7 ± 1.7 

 
2.0 ± 2.3 
1.2 ± 2.0 

 
0.30 
-0.37 

0.67 
2% very 
unlikely 53% possibly 45% possi-

bly 

Shoulder stretch rate (°/s) 
IK 
IT 

 
22.4 ± 13.2 
18.6 ± 17.3 

 
26.8 ± 24.2 
13.5 ± 19.1 

 
0.29 
-0.34 

0.63 
8% unlikely 4% very 

unlikely 88% likely 

Lead arm speed (°/s) 
IK 
IT 

 
1016.2 ± 96.9 
1012.8 ± 139.5 

 
1073.8 ± 96.2 
1042.4 ± 
139.6 

 
0.49 
0.25 

0.24 

10% unlikely 2% very 
unlikely 88% likely 

Lead arm acceleration (°/s2) 
IK 
IT 

 
5217.0 ± 943.7 
5441.3 ± 1278.4 

 
5746.2 ± 
658.1 
5403.5 ± 
1568.3 

 
0.48 
-0.03 

0.52 

7% unlikely 0% very 
unlikely 93% likely 
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Table 9 continued 
 Pre 

Mean ± SD 
Post 
Mean ± SD 

ESw ESb Magnitude of inference 
Harmful Trivial Beneficial 

Thorax speed (°/s) 
IK 
IT 

 
697.1 ± 75.4 
709.3 ± 67.3 

 
716.3 ± 53.9 
720.1 ± 77.2 

 
0.28 
0.16 

0.12 
6% unlikely 93% 

likely 
1% 
very unlikely 

Thorax acceleration (°/s2) 
IK 
IT 

 
3228.8 ± 595.0 
3440.3 ± 636.2 

 
3302.2 ± 
447.3 
3327.8 ± 
873.9 

 
0.1 
-0.14 

0.25 

29% possibly 0% very 
unlikely 

71% 
possibly 

Pelvis speed (°/s) 
IK 
IT 

 
441.2 ± 68.2 
454.2 ± 54.4 

 
464.1 ± 61.7 
468.9 ± 61.4 

 
0.38 
0.24 

0.14 
32%% possi-
bly 

4% very 
unlikely 

64% possi-
bly 

Pelvis acceleration (°/s2) 
IK 
IT 

 
2022.3 ± 269.5 
1877.3 ± 640.2 

 
2162.5 ± 
439.8 
2053.0 ± 
801.2 

 
0.29 
0.36 

-0.07 

55% possibly 0% very 
unlikely 

45% possi-
bly 

SD=standard deviation, ES=effect size, IK= isokinetic training group, IT= isotonic training group, ESw= within group ES, ESb= 
between group ES. 
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Table 10. Pre and post training period for measurements of club head speed, ball speed, and carry distance. 

 Pre 
Mean ± SD 

Post 
Mean ± SD 

ESw  ESb Magnitude of inference 
Harmful Trivial Beneficial 

Carry distance (m) 
IK 
IT 

 
197.2 ± 28.6 
212.7 ± 24.8  

 
213.2 ± 34.4 
220.4 ± 23.3 

 
0.59 
0.28 

0.31 16% unlikely 6% unlikely 78% likely 

Ball speed (m/s) 
IK 
IT 

 
63.4± 7.6 
65.6± 6.7 

 
65.6± 6.6 
66.3± 6.4 

 
0.32 
0.11 

0.21 4% very 
unlikely 

32% possible 65% 
possible 

Club head speed (m/s) 
IK 
IT 

 
46.1± 4.4 
46.8± 5.0 

 
46.9± 4.2 
47.7± 4.4 

 
0.17 
0.18 

-0.01 9% 
Unlikely 

84% 
Likely  

7% 
Unlikely 

SD=standard deviation, ES=effect size, IK= isokinetic training group, IT= isotonic training group, ESw= within group ES, ESb= 
between group ES  
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Discussion 

This chapter discusses implications of the results provided in this licentiate 
thesis related to earlier research. After the combined discussion about the 
findings of this thesis, a more general discussion will be presented. Lastly, 
methodological limitations, practical implications, and recommendations for 
future research will be discussed. 

Discussion of results 
The general aim of this licentiate thesis was to further increase the under-
standing of how an elite golf player creates CHS, greater CD, and if we can 
improve this through physiological strength training. The important findings 
in the present thesis were that both CHS and CD were explained by less 
pelvis rotation TOB, less X-factor TOB, more thorax lateral bend TOB, and 
higher thorax peak speed DS. Three variables were unique to CHS; X-factor 
stretch, pelvis peak speed DS, and pelvis rotation at impact, whereas for CD 
the two unique variables were; thorax lateral bend at impact and thorax rota-
tion at impact. In addition, isokinetic training rotational power and force 
improved more compared to isotonic strength training, whereas speed im-
proved to a similar degree in the two groups. Interesting findings for swing 
kinematics included the between-group differences where improved X-
factor stretch, thorax acceleration, shoulder stretch, and shoulder stretch rate 
translated into a higher CD, but not into higher CHS, for the IK group com-
pared to the isotonic training group.  

Kinematics, clubhead speed and carry distance (Study 
1) 
In the two regression models for CHS and CD, four kinematic variables 
emerged which could explain the variance for both increased CHS and fur-
ther CD; higher thorax peak speed DS, reduced pelvis rotation TOB, more 
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thorax lateral bend TOB, and reduced X-factor TOB. Previous research 
supports our findings that reduced pelvis rotation TOB (Joyce, 2016), great-
er thorax lateral bend TOB (Chu et al., 2010; Morrison, McGrath, & Wal-
lace, 2017), and higher thorax peak speed DS (Chu et al., 2010; Joyce, 
2016; Myers et al., 2008) are associated with greater driver performance. 
Earlier research has shown a positive relationship between height and driver 
performance (Wells et al., 2009) and thorax lateral bend has been associated 
to the vertical swing plane of the clubhead and to the height of a player 
(Jenkins, 2008; Kwon et al, 2013; Morrison et al., 2017). Taller players may 
have more hip flexion and forward lead during their golf swing which in 
combination with thorax rotation, such as at TOB, will bring about greater 
thorax lateral bend. A limitation of the current study could be that we did 
not include anthropometrics in the regression model, our results only show 
that thorax lateral bend TOB is related to driver performance.  

To our surprise, we found that a greater separation between thorax and pel-
vis at TOB (X-factor: 54.9°) was negatively associated with higher CHS 
and CD in elite golfers. In contrast, most previous research has reported that 
increased X-factor is associated with higher CHS (Cheetham et al., 2001; 
Healy et al., 2011; Hume et al., 2005). However, the contribution of the X-
factor to CHS is unclear, for example, both men and women achieve similar 
X-factor at the top of the backswing even though men achieve higher CHS 
than women generally (Horan, Evans, & Kavanagh, 2011). Results from our 
study showed a negative relationship between pelvis rotation at TOB and 
CHS similar to several previous studies (Gluck, Bendo, & Spivak, 2010; 
Joyce, 2016; Okuda, Gribble, & Armstrong, 2010). Reduced pelvis rotation 
TOB can be a trait of the modern swing technique commonly used in elite 
golfers and a mechanism to increase X-factor. This is supported in a study 
by Joyce (2016) on high-level golfers which found a moderate relationship 
between greater trunk flexibility and reduced pelvis rotation at TOB. It is 
unclear if our golfers used this movement strategy to increase their X-factor 
as analysis of our results show a small (r=-0.26, p= 0.02) relationship be-
tween pelvis rotation TOB and X-factor, although a reduced amount of pel-
vis rotation TOB is associated with improved driver performance 

Two strongly associated variables that were unique to CHS and not associ-
ated with CD were pelvis peak speed and X-factor stretch. Our results that 
faster pelvis speed is associated with higher CHS among elite golfers is 
supported by a study that found golfers with high (75 m/s) ball speed had 
significantly greater maximum pelvis rotation speed than golfers with low 
(55 m/s) or medium (65 m/s) ball speeds (Myers et al., 2008). In contrast, a 
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recent study on low handicap golfers (handicap= 2.25) found only a weak 
negative association between pelvis rotation speed at impact and ball speed 
(Joyce, 2016). One explanation for this discrepancy could be that rotational 
speed at impact (Joyce, 2016) rather than peak speed as in our study was 
reported, and negative association is a consequence of the motion-dependent 
effect of the reaction force imparted on the proximal segment by increased 
distal segment speed (thorax, arms, and club) during the downswing (Joyce, 
2016; Myers et al., 2008; Okuda et al., 2010). Our results that an increase in 
pelvis-thorax separation during the downswing (X-factor stretch) is associ-
ated with higher CHS are supported by previous studies (Myers et al., 2008; 
Okuda et al., 2010). These studies found a strong relationship between tor-
so-pelvis separation speed and ball speed (r=0.50) (Myers et al., 2008), and 
greater pelvis horizontal rotation in the early downswing among highly 
skilled golfers (handicap ≤ 5.0) compared to lower skilled golfers (handicap 
20-36) (Okuda et al., 2010). Creating more X-factor stretch during the 
downswing, partly by rotating the pelvis earlier and faster during the transi-
tion at TOB and early DS, likely create tension in the trunk and hip muscles 
and uses the stretch-shortening cycle for more efficient power generation 
(Cheetham et al., 2001; Okuda et al., 2010). Our finding supports the notion 
that pelvis speed is important for creating higher CHS in the modern golf 
swing. These variables are not synonymous with optimal club alignment 
and CD but were unique in explaining the variance of CHS among elite 
golfers. 

Two variables, reduced thorax rotation at impact and greater thorax lateral 
bend at impact, were strongly associated with longer CD but were not in-
cluded in the regression model for CHS. Previous studies investigating kin-
ematics and ball flight found no significant difference for torso rotation at 
impact between groups with low and high ball speeds (Healy et al., 2011; 
Myers et al., 2008). Our results displayed similar values of torso rotation at 
impact (25.1 deg.) compared to the high ball speed group (25.2 deg.) in 
Myers et al., (2008). One explanation for the finding that decreased thorax 
rotation at impact is associated with a longer CD, could be the motion-
dependent effect of the distal segment (club, arm, and thorax) on the proxi-
mal segment (pelvis and/or thorax) during downswing (Putnam, 1993). 
There is a moderate amount of research supporting our findings that greater 
trunk lateral bend is associated with longer CD. For example, Joyce et al. 
(2016) found that reduced trunk lateral bending was associated with a high-
er ball launch angle and reduced CD and lower launch angles were associat-
ed with greater CD among high-level golfers (handicap= 5.0). Lateral bend-
ing may allow for the body to rotate effectively whilst attaining a posture 



53 

which aligns the body and clubhead to a position required for greater driver 
performance. Our results show two variables associated with CD only and 
whilst it is still unclear if thorax rotation at impact is a motion-dependent 
effect, there is a growing body of evidence (Joyce, 2016; Morrison et al., 
2017) suggesting greater lateral trunk bend at impact is associated with a 
posture that allows for more desirable club-ball impact and improved driver 
performance.  

The effects of Isokinetic power training on driver 
performance (Study 2) 
Both isokinetic rotational training and isotonic training improved dominant 
side rotational force, power, and velocity but IK had a likely larger im-
provement in force and power compared to IT group. Implementing isoki-
netic training probably had a positive impact on dominant side peak rota-
tional force and power compared to the IT group. These results suggest that 
isokinetic training improved the participants’ ability to accelerate 10% of 
body weight. No previous studies have investigated multi-joint isokinetic 
training in golf performance but results from a recent study using the same 
isokinetic device found that isokinetic lower body training in different team 
sports athletes resulted in superior jump and sprint performance when com-
pared to isotonic training (Helland et al., 2016). Another study looking at 
upper-body multi-joint isokinetic training in beginners compared to a non-
exercising control group found significant increases in select upper body 
exercises in the isokinetic training group (Ratamess et al., 2016). Isokinetic 
training has been proposed to increase the number of motor neurons recruit-
ed and produce a more synchronous firing of motor neurons than dynamic 
training alone (Komi, Viitasalo, Rauramaa, & Vihko, 1978). The ability to 
generate maximal muscular power is considered the most important neuro-
muscular function in sports performance (Cormie et al., 2011b) and the 
isokinetic training performed by the IK group probably had a beneficial 
impact on their dominant side rotational peak power. 

Improved knowledge of different physical training methods, their im-
portance, and impact on the golf swing may allow for a more efficient use 
of training time. This study implemented only two simple training exercises 
into the regular training program of the IK group, one of which was a golf-
specific isokinetic rotational movement aimed to mimic the ballistic move-
ments in the golf swing and improve driver performance. Our results pre-
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sented moderately sized between-group differences (ESb) for x-factor 
(0.41), x-factor stretch (0.51), thorax acceleration (0.25), shoulder stretch 
(0.67), and shoulder stretch rate (0.63) in support of isokinetic training. 
Further analysis of SSC characteristics showed that IT generally worsened 
at both the torso and shoulder whilst the IK group showed improvement at 
the shoulder whilst maintaining SSC parameters in the trunk. Our results 
were slightly unexpected since the IT group did improve force, power, and 
speed but several swing kinematic variables worsened. An explanation for 
this may be the technical (golf swing) training undertaken by the partici-
pants during the 9 week training period, however, the participants within 
and between groups were not coached by the same coach. Most of the par-
ticipants played in international competitions during the training period and 
controlling for technical training during this period was unfeasible. Never-
theless, previous research has shown that increases in strength and power 
through isotonic training can influence swing kinematics (mechanics) in-
cluding changes in thorax velocity (Lephart et al., 2007) and X-factor 
stretch rate (Lephart et al., 2007) and these findings support our results for 
the IK group, but not for the IT group. 

Our results revealed that isokinetic training may have a beneficial effect on 
CD and ball speed, whereas CHS showed no change over the training period 
for either group. The isotonic training group in the current study saw no 
increase in either CHS or ball speed and only a small (ESw=0.28) increase in 
CD. This is in contrast to strength and plyometric intervention studies on 
recreational golfers where improvements in CHS, ball speed or driving dis-
tance have been found (Hetu et al., 1998; Lephart et al., 2007; Thompson, 
Cobb, & Blackwell, 2007). However, it is well documented that eliciting 
changes amongst an elite population is more difficult (Doan et al., 2006) 
and the negligible change in ball speed (1.1%) and CHS (1.9%) found 
amongst the IT group are similar to findings by Doan et al., (2006) who 
reported a trivial increase of 1.6% in CHS among intercollegiate level golf-
ers after 11 weeks of strength training. Pre-elite golfers with a history of 
strength training, as in our study, may have already adapted to isotonic 
training methods and further isotonic training may not elicit further im-
provements in driver performance.  

The results from the two studies included in this thesis describe how swing 
kinematics influence CHS and CD among high-level golfers. Variables from 
study 1 that emerged as important for both CHS and CD were mainly at top 
of the backswing (TOB): reduced pelvis rotation TOB, reduced X-factor 
TOB and more thorax lateral bend TOB, along with greater thorax peak 
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speed during the downswing. Variables that were distinctive for the CHS 
model were mainly during the downswing: greater X-factor stretch and 
higher pelvis peak speed. Finally, factors distinctive to the regression model 
for CD were mainly at impact: reduced thorax rotation and greater thorax 
lateral bend. The results from study 1 confirm the model of how swing bio-
mechanical factors are related to driver carry distance (Hume et al., 2005) 
where both the stretch-shortening cycle and summation of segmental forces 
influence driver CD (Figure 3). The second study in this thesis used an open 
trial intervention study design investigating changes in driver performance 
and swing kinematics after a strength training intervention. In study 2 we 
showed that, although both forms of training improved some physical pa-
rameters, nine weeks of isokinetic training increased seated rotational force 
and power more compared to isotonic training. These results suggest that for 
high-level golfers, with a history of strength training, isokinetic training 
using golf like rotational movement is better than isotonic training if the aim 
is to improve driver performance.  Interestingly, study 2 showed improved 
downswing variables and improved CD after a nine week isokinetic rota-
tional strength training intervention, which is intriguing since results from 
study 1 showed that downswing variables were uniquely associated with the 
regression model for CHS and not associated with CD. Taken together these 
results suggest that even though there is a unique relationship between some 
downswing variables and CHS and between some variables at impact and 
CD, it is the downswing variables that improve alongside improvements in 
CD after an isokinetic training intervention. Therefore, the model of swing 
biomechanical factors related driver carry distance in Figure 3 (Hume et al., 
2005) might need to be adapted to include the direct influence these varia-
bles may have on optimising ball speed and CD. 
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General discussion 

Health  
The findings in this thesis describe how golf technique and swing kinemat-
ics are associated with improved golf performance which may have a role in 
helping golfers at the individual level successfully develop their skill level 
and improve their experiences of richness associated with golf participation. 
Strength training activities, at least twice a week, offer additional health 
benefits such as increased bone strength (Powell et al., 2011). Though peo-
ple engage in physical activity partly due to health-related benefits, it is 
appealing to find other ways of motivating strength training as part of an 
active lifestyle. Findings in this thesis showed how a relatively small 
amount of isokinetic strength training can improve both measurements of 
strength and golf performance. It may be possible to improve motivation for 
regular strength training activities as part of a healthy lifestyle which in-
cludes golf participation if individuals understand the benefits strength 
training has on both their health and golf performance. 

Biopsychosocial model  
In the dynamic, recursive model of aetiology in sport injury (Figure 2) 
Meeuwisse et al. (2007), defines internal factors such as an athletes predis-
position to biomechanical, physiological, and psychological characteristics 
along with describing external factors such as equipment, weather, coaching 
and opponent behaviour that influence an athletes performance and injury 
susceptibility. Findings in this thesis describe biomechanical and physical 
traits along with a coaching intervention (physical training) which influence 
driver performance amongst high-level golfers. Findings in this thesis and 
the  dynamic, recursive model of aetiology in sport injury, focus on a micro-
level variable (Bronfenbrenner, 1977; Henriksen et al., 2010) and do not 
consider how the social environment such as coach behaviour can have an 
impact on, for example, biomechanical and physical traits. Suls & Rothman 
(2004) recommend measuring all variables at the micro (i.e., biological, 
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psychological, social) and macro level (sports culture, national culture) 
since the presupposition of the biopsychosocial model is that physical health 
and wellbeing are shaped by the interactions between micro and macro lev-
els (Figure 1). Proponents of mixed methods research design indicate how 
this approach can; (a) enhance findings using one method by the use of an-
other; (b) use findings from one stage of research to inform development of 
methods in another stage; and (c) expose new insights in a particular phe-
nomenon (Moran, Matthews, & Kirby, 2011).  For instance, a previous 
mixed methods study (Marques Pereria, Ribeiro Mesquita, & Braga, 2010) 
in sports science using structured interviewing followed by a systematic 
behavioural observations highlighted the need to deepen youth coaching in 
volleyball to focus further on the instructional process rather than focussing 
on a technical perspective.  Thus investigating the impact of enhanced driv-
er performance among high-level golfers should include biological psycho-
logical and social variables. For example, psychosocial variables may de-
scribe behavioural factors prompting the improvements in driver perfor-
mance. A pragmatic approach to develop the biopsychosocial model would 
be to apply inductive methodologies to psychosocial factors as a way of 
complimenting the traditional quantitative empirical methods used to exam-
ine biomechanical and physical variables.  
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Methodological limitations 

Participants 
The female and male participants in both studies were taken from the same 
population of Swedish intercollegiate golfers. The sample size was similar 
in both studies (study 1 n=15, study 2 n=20), the sample size was dictated to 
some degree by size and access to the population, for example, access was 
dictated by the international competition schedule of participants. The small 
sample sizes reduce the power of subsequent statistical analyses which in-
creases the risk of a type 2 error (Hopkins et al., 2009). Furthermore, both 
samples included a mix of both male and female golfer and a few studies 
have previously reported a difference in swing kinematics between male and 
female golfers (Egret, Nicolle, Dujardin, Weber, & Chollet, 2006; Zheng et 
al., 2008).The main sex differences found in Zheng et al., (2008) were the 
maximum velocity of the wrists, right elbow extension, timing of left wrist 
extension velocity, and club head velocity, whereas pelvis, trunk, and left 
shoulder abduction angles and velocity was similar between the sex differ-
ences. In study 2 we included a comparison of our data for the men (n=13) 
and women (n=7) pre-intervention (as a comparison to the previous cross-
sectional studies). We found no statistically significant differences (p>0.05) 
between men and women for our kinematics variables pre-intervention (but 
as expected, in some physiological and performance variables). 

Procedures and equipment 
The electromagnetic motion capture system was used by the author both in 
the capacity of scientific investigations and as a tool to test and give feed-
back to golfers. This system was chosen because it has been speculated 
(Hellström, 2012; Langdown, Bridge, & Li, 2012) and shown (Carson, Col-
lins, & Richards, 2016) that swing kinematics differ within participants 
when hitting into a net compared to hitting out onto a driving range. An 
important factor in this thesis was that data collected on CD had an in-
creased ecological validity since the participants were hitting onto an actual 
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outdoor range. A limitation of this system is the modest recording frequency 
of 240 Hz and our results show peak arm speeds greater than 1100 °/s  
which imply that the lead arm would have rotated about 4 degrees between 
two measurement frames. Higher sampling frequencies such as 500 or 1000 
Hz should be used to gain a deeper insight into the golf swing. 

The radar technology used to collect data on CHS, ball speed, and CD was 
selected for similar reasons as mentioned above, ecological validity. Both 
study 1 and study 2 used radar technology to monitor club and ball varia-
bles, however, radar manufactured by Trackman was used in study 2 and 
radar manufactured by Flightscope was used in Study 1. Our results for 
CHS in study 1 and 2 were comparable not only to each other but also to 
values normally measured in high-level golfers (Doan et al., 2006; Hell-
ström, 2008) which indicates both radars were acceptable to use in this 
study. A limitation of both studies is that club trajectory and face orientation 
values were unfortunately not collected. These variables would add to the 
understanding of our findings regarding CD in both studies. For example, a 
change in vertical or horizontal face orientation impacts initial ball trajecto-
ry and subsequent CD (Jorgensen, & Adair, 1997). There is a lack of studies 
investigating the reliability of club trajectory and face orientation in radar 
technology. Furthermore, systems with good reliability for measuring face 
orientation at impact report CD less accurately as these systems are usually 
placed just in front and slightly above the height of the ball and are therefore 
calculate rather than track CD. We selected radar technology in the current 
study as our focus was on increased ecological validity and collecting data 
on CD. 

Statistics 
Study 1 analysed five swings from fifteen participants and used a stepwise 
linear multiple regression on two separate outcome measures, CHS and CD. 
This method was chosen as multiple regression analysis is a way of predict-
ing an outcome variable from several predictor variables whilst reporting 
the residual/error in the model. Multiple shots from each participant were 
chosen as it allows for more input variables to be analysed, however, it 
should be noted that this may increase the risk of a type 1 error occurring. 
There are some limitations with multiple regression analysis including sup-
pressor effects, multicollinearity, , and null hypothesizes significance testing 
(Field, 2009) which may have influenced results in study 1. The suppressor 
effect increases the risk of making a type 2 error (missing a significant pre-
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dictor) and is more likely in the forward stepwise method than the backward 
method. For example, if CHS had been a predictor variable in, it would have 
had a suppressor effect on other kinematic variables for the CD regression 
model, this is one reason why two separate output variables were used in 
study 1. To account for the increase in the risk of type 2 error from using the 
forward method as used in study 1 a cross-validation of the final model was 
compared to results from the backwards method, the results of both methods 
in study 1 were comparative. Multicollinearity exists when there is a strong 
correlation between two predictor variables and is considered virtually una-
voidable (Field, 2009). In multiple regressions the R2 value of the model 
will not change greatly if two highly correlated predictor variables explain 
similar variance in the outcome. The analysis of covariance (ANCOVA) is a 
general linear model which reduces the risk for multicollinearity by compar-
ing several predictor variables whilst adjusting for other variables (Field, 
2009). A limitation with ANCOVA is that the direction and strength of rela-
tionships between predictor variables are less clear and often reported by 
simple correlational analysis. Understanding the direction and strength of 
predictor variables within the model allowed the discussion to lead to some 
practical suggestions for coaching elite golfers in study 1.  

In study 2 magnitude-based inference (MBI) was chosen as the statistical 
approach to analyse and report on change and infer the relevance of these 
results. Conventional null hypothesizes significance testing is reported to 
have high type II error for small sample sizes and publication bias associat-
ed with these errors are a weakness which MBI has not been reported to 
have (Hopkins & Batterham, 2016; Van Schaik & Weston, 2016). MBI has 
also been promoted for use within sports science research as inferences are 
reported to be based on pre-defined smallest important effect size (SIES) 
and subsequent inferences are touted to aid real-world decision-making and 
implementation (Van Schaik & Weston, 2016). In study 2 we implemented 
a SIES as a fifth of SD of the group (subjects = 20) pre intervention test 
results (Hopkins et al., 2009) and showed post intervention between-, and 
within-group effect sizes. A weakness with the implementation of SEIS as 
0.2 of SD is that is does not take into account the possible effects of system-
atic bias (e.g. transient learning effect) or the magnitude of measurement 
error (the normal within-subject movement variability). This potential 
weakness has been described by researchers investigating the reliability of 
measures obtained during CMJ (Cormack, Newton, McGuigan, & Doyle, 
2008) who showed good reliability (coefficient of variance ≤10%) among a 
number of variables, but only one variable (mean force) with a total meas-
urement error less than a fifth of SD. It is important to understand the possi-
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ble impact of systematic bias and measurement error on the results in study 
2.  A more comprehensive analysis could apply a SIES derived from the 
root mean square error, similar to recent research in footwear biomechanics 
(Maiwald, Axmann, & Grau, 2011) that showed a foot eversion of greater 
than 2.97° (95% limits of agreement) to reflect between session change 
deemed non-random. 

Qualitative probability and description of clinical inference based on 
threshold chance of harm and effect (Welsh & Knight, 2015) along with a 
vaguely Bayesian approach according to Hopkins, (2007) is another hall-
mark of MBI. However, it is unclear if MBI interpretations can be classified 
as non-frequentist or as Bayesian statistics. For example, it has recently 
been reported that MBI probabilities are an interpretation of P values and 
not interpretations of confidence intervals, that MBI does indeed perform 
hypothesis testing (vague prior) even though it is argued that MBI makes no 
prior assumptions, that sample size calculations are misleading and MBI is 
less conservative than standard inference (Welsh & Knight, 2015). Further-
more, when studying small sample sizes sports scientists have been advised 
to fully embrace Bayesian probability or correct use of confidence intervals 
(Barker & Schofield, 2008; Welsh & Knight, 2015).  Many of the issues 
with MBI are common to all statistical analysis and may not be a problem 
when analyses are performed with these weaknesses in mind. MBI analysis 
is content-rich, allow for relatively meaningful interpretation, the spread-
sheets are user-friendly, and offer an appealing middle ground between an 
null hypothesis significance testing frequentist approach and a fully Bayesi-
an approach. 
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Recommendations for future research 

The aim of this licentiate thesis was to study how internal “risk” factors 
(physiological and biomechanical) and exposure to an external “risk” factor 
(strength training intervention) influence driver performance.  The afore-
mentioned limitations notwithstanding, findings from this licentiate indicate 
the importance of segmental interactions (pelvis-thorax), lead arm accelera-
tion, and isokinetic strength training on driver performance and in particular 
CD among intercollegiate golfers. The current studies used mixed-sex sam-
ples and did not report the impact of club trajectory and orientation on driv-
er performance. Future studies could investigate the interaction between 
swing kinematics, clubhead trajectory, and driver performance variable and 
report differences between male and female golfers. 

The multifactorial model for performance causation (Figure 2) describes 
both internal factors which determine the predisposition of an athlete’s 
sports performance and risk of injury. The current studies have not investi-
gated the effect psychosocial risk factors and inciting events, such as behav-
iour, have on performance and/or injury risk. Despite golf being a low-
intensity sport with numerous health benefits, overtraining and injuries di-
rectly related to the sport are quite common (Gosheger, Liem, Ludwig, 
Greshake, & Winkelmann, 2003). Regardless of studies over the past dec-
ade emphasizing the importance of understanding biological, psychological 
and sociocultural factors affecting injury risk the current literature is domi-
nated by biomedical and/or biomechanical research (Ivarsson et al., 2017). 
As a result, there is a paucity of research successfully integrating a biopsy-
chosocial model on injury risk and more research is required here. For ex-
ample, accounting for physical and technical factors (internal risk factors) 
whilst investigating the motivation underlying an injury prevention program 
(psychosocial risk factors) and the influence of emotions on injury preventa-
tive behaviour (inciting event) is an interesting area to further investigate. 



63 

Acknowledgements 

I would like to thank my supervisors Charlotte Olsson and Urban Johnson 
for their overall support and guidance throughout this project. I would also 
like to thank John Hellström, his general golf and more specifically golf 
biomechanics knowledge has been really valuable. 

This licentiate would not have been viable without the support of my earlier 
employers, Scandinavian University of Sports AB (SUSAB), and in particu-
lar Hans Andersson. The research funding was a collaboration between 
SUSAB, Halmstad University, Halmstad Golf Arena, and InMotionIntelli-
gence/1080Motion. I would like to express my gratitude to Halmstad golf 
Arena who provided the training and testing arena for all the golf specific 
testing, and InMotionIntelligence/1080Motion who developed the novel 
robotic resistance machinery used in study 2. 

Studying elite sport relies heavily on the willingness of elite sportsmen and 
sportswomen to participate in research projects. I am eternally grateful to all 
the golfers who did and do happily participate in my research projects in-
cluding the current licentiate.  

Finally, and most importantly, I would like to thank my wife Anna Parker 
and our children Tilda, Hugo, and Alex for not paying a blind bit of notice 
to my research and keeping me (relatively) sane throughout this licentiate! 
  



64 

References 

Andre, M., Fry, A., Heyrman, M., Hudy, A., Holt, B., Roberts, C., . . . Gal-
lagher, P. M. (2012). A reliable method for assessing rotational power. 
The Journal of Strength and Conditioning Research, 26(3), 720-724.  

Association, W. (2000). Declaration of Helsinki, ethical principles for med-
ical research involving human subjects. 52 nd WMA General Assembly, 
Edinburgh, Scotland.  

Baker, J., Horton, S., Robertson-Wilson, J., & Wall, M. (2003). Nurturing 
sport expertise: factors influencing the development of elite athlete. 
Journal of Sports Science and Medicine, 2(1), 1.  

Barker, R., & Schofield, M. (2008). Inference about magnitudes of effects. 
International Journal of Sports Physiology and Performance, 3(4), 547-
557.  

Batterham, A., & Hopkins, W. (2006). Making Meaningful Inferences 
About Magnitudes. International Journal of Sports Physiology and Per-
formance, 1(1), 50-57.  

Beaton, A., Funk, D., Ridinger, L., & Jordan, J. (2011). Sport involvement: 
A conceptual and empirical analysis. Sport Management Review, 14(2), 
126-140.  

Bechler, J., Jobe, F., Pink, M., Perry, J., & Ruwe, P. (1995). Electromyo-
graphic analysis of the hip and knee during the golf swing. Clinical 
Journal of Sport Medicine, 5(3), 162.  

Betzler, N., Monk, S., Wallace, E., & Otto, S. (2012). Variability in club-
head presentation characteristics and ball impact location for golfers' 
drives. Journal of Sports Science, 30(5), 439-448.  

Betzler, N., Monk, S., Wallace, E., & Otto, S. (2012). Effects of golf shaft 
stiffness on strain, clubhead presentation and wrist kinematics. Sports 
Biomechanics, 11(2), 223-238.  

Broadie, M. (2010). Assessing Golfer Performance on the PGA TOUR. 
Retrieved from: 
http://www.columbia.edu/~mnb2/broadie/Assets/strokes_gained_pga_br
oadie_20110408.pdf  

Bronfenbrenner, U. (1977). Toward an experimental ecology of human de-
velopment. American Psychologist, 32(7), 513.  



65 

Bulbulian, R., Ball, K., & Seaman, D. (2001). The short golf backswing: 
effects on performance and spinal health implications. Journal of Manip-
ulative Physiology and Therapy, 24(9), 569-575.  

Carson, H., Collins, D., & Richards, J. (2016). Initiating technical refine-
ments in high-level golfers: Evidence for contradictory procedures. Eu-
ropean Journal of Sport Science, 16(4), 473-482.  

Chan, D., & Hagger, M. (2012). Transcontextual development of motivation 
in sport injury prevention among elite athletes. Journal of Sport and Ex-
ercise Psychology, 34(5), 661-682.  

Cheetham, P. (2014). The Relationship of Club Handle Twist Velocity to 
Selected Biomechanical Characteristics of the Golf Drive. PhD Thesis, 
Arizona State Universty, USA.  

Cheetham, P., Martin, P., Mottram, R., & St Laurent, B. (2001). The im-
portance of stretching the ‘‘X-factor’’in the downswing of golf: the ‘‘X-
factor stretch.’’. Optimising performance in golf, 192-199.  

Cheetham, P., Rose, G., Hinrichs, R., Neal, R., Mottram, R., Hurrion, P., & 
Vint, P. (2008). Comparison of kinematic sequence parameters between 
amateur and professional golfers. In D. a. L. Crews & R (Eds.), Science 
and Golf V:  Proceedings of the World Scientific Congress of Golf (pp. 
30-36). Mesa Arizona: LPGA foundation. 

Chu, Y., Sell, T., & Lephart, S. (2010). The relationship between biome-
chanical variables and driving performance during the golf swing. Jour-
nal of Sports Science, 28(11), 1251-1259.  

Coalter, F. (1999). Sport and recreation in the United Kingdom: flow with 
the flow or buck the trends? Managing Leisure, 4(1), 24-39.  

Cockerham, W. (2005). Health lifestyle theory and the convergence of 
agency and structure. Journal of Health and Social Behavior, 46(1), 51-
67.  

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd 
ed.). Hilllsdale, NJ.: Erlbaum. 

Cole, M., & Grimshaw, P. (2008). Trunk muscle onset and cessation in 
golfers with and without low back pain. Journal of Biomechanics, 
41(13), 2829-2833.  

Cormack, S., Newton, R., McGuigan, M., & Doyle, T. (2008). Reliability of 
Measures Obtained During Single and Repeated Countermovement 
Jumps.  International Journal of Sports Physiology and Performance, 
3,131-144. 

Cormie, P., McGuigan, M., & Newton, R. (2011a). Developing Maximal 
Neuromuscular Power: Part 1 Biological Basis of Maximal Power Pro-
duction. Sports Medicine, 41(1), 17-38.  



66 

Cormie, P., McGuigan, M., & Newton, R. (2011b). Developing Maximal 
Neuromuscular Power: Part 2 Training Considerations for Improving 
Maximal Power Production. Sports Medicine, 41(2), 125-146.  

Doan, B., Newton, R., Kwon, Y., & Kraemer, W. (2006). Effects of physi-
cal conditioning on intercollegiate golfer performance. Journal of 
Strength and Conditioning Research, 20(1), 62-72.  

Durand-Bush, N., & Salmela, J. (2002). The development and maintenance 
of expert athletic performance: Perceptions of world and Olympic cham-
pions. Journal of Applied Sport Psychology, 14(3), 154-171.  

Durlak, J. (2009). How to select, calculate, and interpret effect sizes. Jour-
nal of Paediatric Psychology, 34(9), 917-928.  

Egret, C., Nicolle, B., Dujardin, F., Weber, J., & Chollet, D. (2006). Kine-
matic analysis of the golf swing in men and women experienced golfers. 
International Journal of Sports Medicine, 27(6), 463-467.  

Farahmand, B., Broman, G., De Faire, U., Vågerö, D., & Ahlbom, A. 
(2009). Golf: a game of life and death–reduced mortality in Swedish golf 
players. Scandinavian Journal of Medicine Science and Sports, 19(3), 
419-424.  

Farber, A., Smith, J., Kvitne, R., Mohr, K., & Shin, S. (2009). Electromyo-
graphic analysis of forearm muscles in professional and amateur golfers. 
The American Journal of Sports Medicine, 37(2), 396.  

Field, A.  (2009). Discovering statistics using SPSS: SAGE publications 
Ltd. 

Fletcher, I., & Hartwell, M. (2004). Effect of an 8-week combined weights 
and plyometrics training program on golf drive performance. Journal of 
Strength and Conditioning Research, 18(1), 59-62.  

Fradkin, A., Sherman, C., & Finch, C. (2004). Improving golf performance 
with a warm up conditioning programme. British Journal of Sports Med-
icine, 38(6), 762.  

Gluck, G., Bendo, J., & Spivak, J. (2010). The lumbar spine and low back 
pain in golf: a literature review of swing biomechanics and injury pre-
vention. The Spine Journal, 8(5), 778-788.  

Gosheger, G., Liem, D., Ludwig, K., Greshake, O., & Winkelmann, W. 
(2003). Injuries and overuse syndromes in golf. The American Journal of 
Sports Medicine, 31(3), 438.  

Gould, D., Dieffenbach, K., & Moffett, A. (2002). Psychological character-
istics and their development in Olympic champions. Journal of Applied 
Sport Psychology, 14(3), 172-204.  

Grood, E., & Suntay, W. (1983). A joint coordinate system for the clinical 
description of three-dimensional motions: application to the knee. Jour-
nal of Biomechanical Engineering, 105(2), 136-144.  



67 

Hagger, M., Sultan, S., Hardcastle, S., & Chatzisarantis, N. (2015). Per-
ceived autonomy support and autonomous motivation toward mathemat-
ics activities in educational and out-of-school contexts is related to math-
ematics homework behavior and attainment. Contemporary Educational 
Psychology, 41, 111-123.  

Haskell, W. L., Lee, I.-M., Pate, R. R., Powell, K. E., Blair, S. N., Franklin, 
B. A., . . . Bauman, A. (2007). Physical activity and public health: updat-
ed recommendation for adults from the American College of Sports Med-
icine and the American Heart Association. Circulation, 116(9), 1081 

Hayslip, B., & Petrie, T. (2014). Age, psychological skills, and golf perfor-
mance: a prospective investigation. The Journals of Gerontology Series 
B: Psychological Sciences and Social Sciences, 69(2), 245-249.  

Healy, A., Moran, K., Dickson, J., Hurley, C., Smeaton, A., O'Connor, N., . 
. . Chockalingam, N. (2011). Analysis of the 5 iron golf swing when hit-
ting for maximum distance. Journal of Sports Science, 29(10), 1079-
1088.  

Helland, C., Hole, E., Iversen, E., Olsson, M. C., Seynnes, O., Solberg, P. 
A., & Paulsen, G. (2016). Training Strategies to Improve Muscle Power: 
Is Olympic-style Weightlifting Relevant? Medicine Science Sports and 
Exercise. 4, 736-745. 

Hellström, J. (2008). The Relation Between Physical Tests, Measures, and 
Clubhead Speed in Elite Golfers. International Journal of Sports Science 
and Coaching, 3, 85-92.  

Hellström, J. (2009a). Competitive elite golf: a review of the relationships 
between playing results, technique and physique. Sports Medicine, 39(9), 
723-741.  

Hellström, J. (2009b). Psychological hallmarks of skilled golfers. Sports 
Medicine, 39(10), 845-855.  

Hellström, J. (2012). Expert performance in golf. PhD Thesis, Örebro Uni-
versity, Sweden.  

Hellström, J., Nilsson, J., & Isberg, L. (2014). Drive for dough. PGA Tour 
Golfers' tee shot functional accuracy, distance and hole score. Journal of 
Sports Science, 32(5), 462-469.  

Henriksen, K., Stambulova, N., & Roessler, K. K. (2010). Successful talent 
development in track and field: considering the role of environment. 
Scandinavian Journal of Medicine & Science in Sports, 20(s2), 122-132.  

Hetu, F., Christie, C., & Faigenbaum, A. (1998). Effects of conditioning on 
physical fitness and club head speed in mature golfers. Perceptual and 
Motor Skills, 86(3 Pt 1), 811-815.  



68 

Hopkins, W., Marshall, S., Batterham, A., & Hanin, J. (2009). Progressive 
statistics for studies in sports medicine and exercise science. Medicine 
and Science in Sports and Exercise, 41(1), 3.  

Hopkins, W. (2003). A spreadsheet for analysis of straightforward con-
trolled trials [Online]. Sport Science. 

Hopkins, W. (2007). A spreadsheet for deriving a confidence interval, 
mechanistic inference and clinical inference from a P value. 
Sportscience, 11, 16-21.  

Hopkins, W., & Batterham, A. (2016). Error rates, decisive outcomes and 
publication bias with several inferential methods. Sports Medicine, 
46(10), 1563-1573.  

Horan, S., Evans, K, Morris, N., & Kavanagh, J. (2010). Thorax and pelvis 
kinematics during the downswing of male and female skilled golfers. 
Journal of Biomechanics, 43(8), 1456-1462.  

Horan, S. A., Evans, K., & Kavanagh, J. J. (2011). Movement variability in 
the golf swing of male and female skilled golfers. Medicine Science 
Sports and Exercise, 43(8), 1474-1483.  

Horan, S., & Kavanagh, J.  (2012). The control of upper body segment 
speed and velocity during the golf swing. Sports Biomechanics, 11(2), 
165-174.  

Hume, P., Keogh, J., & Reid, D. (2005). The role of biomechanics in max-
imising distance and accuracy of golf shots. Sports Medicine, 35(5), 429-
449.  

Ivarsson, A., Johnson, U., Andersen, M., Tranaeus, U., Stenling, A., & 
Lindwall, M. (2017). Psychosocial factors and sport injuries: meta-
analyses for prediction and prevention. Sports Medicine, 47(2), 353-365.  

James, N., & Rees, G. D. (2008). Approach shot accuracy as a performance 
indicator for US PGA Tour golf professionals. International Journal of 
Sports Science and Coaching, 3, 145-160.  

Jenkins, S. (2008). Weight Transfer, Golf Swing Theory and Coaching. 
International Journal of Sports Science and Coaching, 3, 29-51. 

Johnson, U., Ivarsson, A., Karlsson, J., Hägglund, M., Waldén, M., & Bör-
jesson, M. (2016). Rehabilitation after first-time anterior cruciate liga-
ment injury and reconstruction in female football players: a study of re-
silience factors. BMC Sports Science, Medicine and Rehabilitation, 8(1), 
20.  

Jongseong, A., Wulf, G., Seonjin, K. (2013). Increased Carry Distance and 
X-Factor Stretch in Golf Through an External Focus of Attention. Jour-
nal of Motor Learning and Development, (1), 2-13.  

Jorgensen, T., & Adair, R. (1994). The physics of golf. Physics Today, 47, 
71.  



69 

Joyce, C. (2016). An examination of the correlation amongst trunk flexibil-
ity, x-factor and clubhead speed in skilled golfers. Journal of Sports Sci-
ence, 1-7.  

Joyce, C., Burnett, A., Cochrane, J., & Ball, K. (2013). Three-dimensional 
trunk kinematics in golf: between-club differences and relationships to 
clubhead speed. Sports Biomechanics, 12(2),  

Joyce, C., Chivers, P., Sato, K., & Burnett, A. (2016). Multi-segment trunk 
models used to investigate the crunch factor in golf and their relationship 
with selected swing and launch parameters. Journal of Sports Science, 
34(20), 1970-1975.  

Katzmarzyk, P. (2010). Physical activity, sedentary behavior, and health: 
paradigm paralysis or paradigm shift? Diabetes, 59(11), 2717-2725.  

Komi, P. (2008). The Encyclopaedia of Sports Medicine An IOC Medical 
Commission Publication, Strength and Power in Sport (Vol. 3): Wiley-
Blackwell. 

Komi, P. V. (2010). The Encyclopaedia of Sports Medicine An IOC Medi-
cal Commission Publication, Neuromuscular Aspects of Sports Perfor-
mance (Vol. 17): Wiley-Blackwell. 

Komi, P., Viitasalo, J., Rauramaa, R., & Vihko, V. (1978). Effect of isomet-
ric strength training of mechanical, electrical, and metabolic aspects of 
muscle function. European Journal of Applied Physiology and Occupa-
tional Physiology, 40(1), 45-55.  

Kwon, Y., Han, K., Como, C., Lee, S., & Singhal, K. (2013). Validity of the 
X-factor computation methods and relationship between the X-factor pa-
rameters and clubhead velocity in skilled golfers. Sports Biomechanics, 
12(3), 231-246.  

Lacy, T., Yu, J., Axe, J., & Luczak, T. (2012). The effect of driver mass and 
shaft length on initial golf ball launch conditions: A designed experi-
mental study. Procedia Engineering, 34, 379-384.  

Lane, A., & Jarrett, H. (2005). Mood changes following golf among senior 
recreational players. Journal of Sports Science and Medicine, 4(1), 47-
51.  

Langdown, B., Bridge, M., & Li, F. (2012). Movement variability in the 
golf swing. Sports Biomechanics,11(2), 273-287.  

Lara, J., Godfrey, A., Evans, E., Heaven, B., Brown, L. J., Barron, E., . . . 
Mathers, J. C. (2013). Towards measurement of the Healthy Ageing Phe-
notype in lifestyle-based intervention studies. Maturitas, 76(2), 189-199.  

Lephart, S., Smoliga, J., Myers, J., Sell, T., & Tsai, Y. (2007). An eight-
week golf-specific exercise program improves physical characteristics, 
swing mechanics, and golf performance in recreational golfers. Journal 
of Strength and Conditioning Research, 21(3), 860-869.  



70 

Lundqvist, C. (2011). Well-being in competitive sports—The feel-good 
factor? A review of conceptual considerations of well-being. Interna-
tional Review of Sport and Exercise Psychology, 4(2), 109-127.  

Marta, S., Silva, L., Castro, M. A., Pezarat-Correia, P., & Cabri, J. (2012). 
Electromyography variables during the golf swing: a literature review. 
Journal of Electromyography and Kinesiology, 22(6), 803-813. 

Marques Pereria, F.R., Ribeiro Mesquita, I.M., & Braga Graca,A. (2010). 
Relating content and nature of information when teaching volleyball in 
youth volleyball training sessions. Kinesiology, 42, 121-131. 

Maiwald, C., Axmann, D., & S Grau, S. (2011). Measurement error in 
footwear research Biomechanics.  Footwear Science, 3(2), 117-124. 

McHardy, A., & Pollard, H. (2005). Muscle activity during the golf swing. 
British Journal of Sports Medicine, 39(11), 799.  

Meeuwisse, W., Tyreman, H., Hagel, B., & Emery, C. (2007). A dynamic 
model of etiology in sport injury: the recursive nature of risk and causa-
tion. Clinical Journal of Sport Medicine, 17(3), 215-219.  

Merton, R. (1938). Social structure and anomie. American sociological re-
view, 3(5), 672-682.  

Miura, K., & Sato, F. (1998). The Initial Trajectory Plane After 
Golf Ball Impact. Paper presented at the Science and golf III: proceed-
ings of the 1998 World Scientific Congress of Golf USA. 

Moir, G., Sanders, R., Button, C., & Glaister, M. (2005). The influence of 
familiarization on the reliability of force variables measured during un-
loaded and loaded vertical jumps. The Journal of Strength & Condition-
ing Research, 19(1), 140-145. 

Moran, A., Matthews, J., & Kirby, K. (2011). Whatever happened to the 
third paradigm? Exploring mixed methods research design in sport and 
exercise psychology. Qualitative Research in Sport, Exercise and Health, 
3(3), 362-369. 

Morrison, A., McGrath, D., & Wallace, E. S. (2017). The relationship be-
tween the golf swing plane and ball impact characteristics using trajecto-
ry ellipse fitting. Journal of Sports Science, 1-8.   

Murase, Y., Kamei, S., & Hoshikawa, T. (1989). Heart rate and metabolic 
responses to participation in golf. The Journal of Sports Medicine and 
Physical Fitness, 29(3), 269-272.  

Myers, J., Lephart, S., Tsai, Y. S., Sell, T., Smoliga, J., & Jolly, J. (2008). 
The role of upper torso and pelvis rotation in driving performance during 
the golf swing. Journal of Sports Science, 26(2), 181-188.  

Neal, R., Lumsden, R., Holland, M., & Mason, B. (2007). Body segment 
sequencing and timing in golf. International Journal of Sports Science 
and Coaching, 2, 25-36.  



71 

Okuda, I., Gribble, P., & Armstrong, C. (2010). Trunk rotation and weight 
transfer patterns between skilled and low skilled golfers. Journal of 
Sports Science & Medicine, 9(1), 127.  

Olivier, M., Horan, S., Evans, K., & Keogh, A. (2016). The effect of a sev-
en-week exercise program on golf swing performance and musculoskele-
tal measures. International Journal of Sports Science & Coaching, 11(4), 
610-618. 

Olsen, S., 2nd, Fleisig, G., Dun, S., Loftice, J., & Andrews, J. (2006). Risk 
factors for shoulder and elbow injuries in adolescent baseball pitchers. 
American Journal of Sports Medicine, 34(6), 905-912.  

Palank, E., & Hargreaves, E. (1990). The benefits of walking the golf 
course: effects on lipoprotein levels and risk ratios. Physician and Sports 
Medicine, 18(10), 77-80.  

Parker, J. (2017). Construct validity and test-retest reliability of the force-
velocity profile in a golf specific rotation movement. Paper presented at 
the 22nd Annual Congress of the European College of Sports Science, 
MetropolisRuhr, Germany.  

Parker, J., Johnson, U., & Ivarsson, A. (2017). Is perceived autonomy sup-
port provided by a coach related to the frequency of injury preventative 
behavior among elite golfers? Paper presented at the International So-
ciety of Sports Psychology 14th World Congress, Sevilla.  

Physical Activities Guidelines Advisory, Council. (2008). Physical activity 
guidelines advisory committee report. Washington (DC): US Department 
of Health and Human Services.  

Pink, M., Perry, J., & Jobe, F. W. (1993). Electromyographic analysis of the 
trunk in golfers. The American Journal of Sports Medicine, 21(3), 385.  

Powell, K., Paluch, A., & Blair, S. (2011). Physical activity for health: What 
kind? How much? How intense? On top of what? Annual Review of Pub-
lic Health, 32, 349-365.  

Putnam, C. (1993). Sequential motions of body segments in striking and 
throwing skills: descriptions and explanations. Journal of Biomechanics, 
26 Supplimet 1, 125-135.  

Ratamess, N., Beller, N., Gonzalez, A., Spatz, G., Hoffman, J., Ross, 
R…..Kang, J.(2016) The Effects of Multiple-Joint Isokinetic Resistance 
Training on Maximal Isokinetic and Dynamic Muscle Strength and Local 
Muscular Endurance. Journal of Sports Science and Medicine. 15, 34-40. 

Read, P., Lloyd, R., De Ste Croix, M., & Oliver, J. (2013). Relationships 
between field-based measures of strength and power and golf club head 
speed. Journal of Strength and Conditioning Research, 27(10), 2708-
2713. 



72 

Richardson, S., Andersen, M., & Morris, T. (2008). Overtraining athletes: 
Personal journeys in sport: Human Kinetics. 

Roberts, K. (1996). Youth cultures and sport: the success of school and 
community sport provisions in Britain. European Physical Education 
Review, 2(2), 105-115.  

Roberts, K. (2006). Leisure in contemporary society: Cabi. 
Robertson, S., Burnett, A., & Newton, R. (2012). Development and valida-

tion of the Approach-Iron Skill Test for use in golf. European Journal of 
Sport Science, 13(6), 615-621.  

Ross, M., Abbiss, C., Laursen, P., Martin, D., & Burke, L. (2013). Precool-
ing methods and their effects on athletic performance. Sports Medicine, 
43(3), 207-225.  

Smith, A., Roberts, J., Wallace, E., Kong, P. W., Forrester, S., Mackenzie, 
S., & Robertson, S. (2015). Golf Coaches’ Perceptions of Key Technical 
Swing Parameters Compared to Biomechanical Literature. International 
Journal of Sports Science and Coaching, 10(4), 739-756.  

Sprigings, E., & Neal, R. (2000). An insight into the importance of wrist 
torque in driving the golf ball: a simulation study. Journal of Applied 
Biomechanics, 16(4), 356-366.  

Suls, J., & Rothman, A. (2004). Evolution of the biopsychosocial model: 
prospects and challenges for health psychology. Health Psychology, 
23(2), 119-125. doi:10.1037/0278-6133.23.2.119 

Tangen, J., Sunde, A., Sageie, J., Hagen, P., Kristoffersen, B., Istad, R., . . . 
Bergan, I. (2013). In Accordance with Governmental Recommenda-
tions—A Study of Golf and Health. Journal of Sports Science, 1, 15-25.  

Tengland, P.-A. (2007). A two-dimensional theory of health. Theoretical 
Medicine and Bioethics, 28(4), 257-284.  

Thompson, C., Cobb, K., & Blackwell, J. (2007). Functional training im-
proves club head speed and functional fitness in older golfers. Journal of 
Strength and Conditioning Research, 21(1), 131.  

Tinmark, F., Hellström, J., Halvorsen, J., & Thorstensson, A. (2009). Anal-
ysis of elite golfers’ kinematic sequence in full and partial shots. Paper 
presented at the ISBS - Conference Proceedings Archive, 27 Internation-
al Conference on Biomechanics in Sports (2009). 

Torres-Ronda, L., Sánchez-Medina, L., & González-Badillo, J. J. (2011). 
Muscle strength and golf performance: A critical review. Journal of 
Sports Science and Medicine, 10, 9-18.  

Van Schaik, P., & Weston, M. (2016). Magnitude-based inference and its 
application in user research. International Journal of Human-Computer 
Studies, 88, 38-50.  



73 

Verikas, A., Parker, J., Bacauskiene, M., & Olsson, M. C. (2017). Exploring 
relations between EMG and biomechanical data recorded during a golf 
swing. Expert Systems with Applications, 88, 109-117. 

Vetenskapsråd. (2003). Personuppgifter. Retrieved from Sweden: 
https://www.vr.se/download/18.6b2f98a910b3e260ae28000342/Personup
pgifter_7.pdf 

Walsh, R. (2011). Lifestyle and mental health. American Psychology, 66(7), 
579-592.  

Watkins, R., Uppal, G., Perry, J., Pink, M., & Dinsay, J. (1996). Dynamic 
electromyographic analysis of trunk musculature in professional golfers. 
The American Journal of Sports Medicine, 24(4), 535.  

Wells, G., Elmi, M., & Thomas, S. (2009). Physiological Correlates of Golf 
Performance. The Journal of Strength & Conditioning Research, 23(3), 
741-750.  

Welsh, A., & Knight, E. (2015). " Magnitude-based Inference": a statistical 
review. Medicine and Science in Sports Exercise,47(4), 874–884. 

White, R. (2006). On the efficiency of the golf swing. American journal of 
physics, 74(12), 1088-1094.  

WHO. (1948). Constitution. Retrieved from Geneva: World Health Organi-
zation. 

WHO. (2011). Political declaration of the high-level meeting of the General 
Assembly on the prevention and control of non-communicable diseases. 
Geneva, Switzerland: World Health Organization. 

Wu, G., van der Helm, F., Veeger, H., Makhsous, M., Van Roy, P., Anglin, 
C., . . . Buchholz, B. (2005). ISB recommendation on definitions of joint 
coordinate systems of various joints for the reporting of human joint mo-
tion - Part II: shoulder, elbow, wrist and hand. Journal of Biomechanics, 
38(5), 981-992.  

Yoon, S. (1998). The relationship between muscle power and swing speed 
in low-handicapped golfers. Eugene, OR, United States: Microform Pub-
lications, University of Oregon 

Zheng, N., Barrentine, S., Fleisig, G., & Andrews, J. (2008). Kinematic 
analysis of swing in pro and amateur golfers. International Journal of 
Sports Medicine, 29(06), 487-493.  

   
 
 
 
 


	Study 1
	Study 2
	Figures
	Tables
	Abstract
	Sammanfattning
	Introduction
	Health
	Physically active and sustainable lifestyle
	Biopsychosocial models
	Theoretical Framework
	Driver performance
	Carry distance
	Ball speed
	Clubhead speed and golf biomechanics
	Upper body physical capacities
	Rationale
	Aim

	Method
	Participants
	Data collection/measure
	Electromagnetic motion capture system (study 1 and 2)
	Doppler-radar Launch monitor (Study 1 and 2)
	Procedures
	Swing kinematics and driver performance (Study 1 and 2)
	Physical tests for strength and power (Study 2)
	Training Intervention (Study 2)
	Data analysis
	Kinematics, clubhead speed and carry distance (study 1)
	The effects of Isokinetic power training on driver performance (study 2)

	Ethical Considerations

	Results
	Kinematics, clubhead speed and carry distance (Study 1)
	The effects of isokinetic power training on driver performance (Study 2)
	Rotational and lower body power
	Swing kinematics
	Driver performance variables

	Discussion
	Discussion of results
	Kinematics, clubhead speed and carry distance (Study 1)
	The effects of Isokinetic power training on driver performance (Study 2)

	General discussion
	Health
	Biopsychosocial model

	Methodological limitations
	Participants
	Procedures and equipment
	Statistics

	Recommendations for future research
	Acknowledgements
	References

