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Abstract (Icelandic) 

Tilgangur: Meginmarkmið verkefnisins voru tvö. Annars vegar að skoða hvort þjálfun 

íslenskra landsliðskylfinga á undirbúningstímabili hefði áhrif á líkamlegt atgervi þeirra og 

hins vegar að skoða samband sveifluhraða og líkamshreysti hjá Íslenskum karlkyns 

landsliðs- og lágforgjafarkylfingum þar sem úrtakið miðaðist við kylfinga í forgjafarflokki 

1 (forgjöf < 4,5). 

Aðferð: Í fyrri hluta verkefnisins tóku 18 íslenskir landsliðs- og 

unglingalandsliðskylfingar þátt í tveimur skipulögðum mælingum á líkamlegu atgervi. 

Fyrri mælingarnar fóru fram í janúar 2018 en þær síðari í maí 2018. Mælingarnar 

skoðuðu hreyfifærni, kraft í efri líkama og kraft í neðri líkama. Í síðari hluta verkefnisins 

voru 17 karlkyns kylfingar í forgjafarflokki 1 mældir í fimm líkamlegum prófum. Þrjú próf 

mældu kraft kylfinganna og tvö próf mældu hreyfisvið (e. range of motion) kylfinganna. 

Einnig var hámarkssveifluhraði kylfinganna mældur. 

Niðurstöður: Í fyrri hluta verkefnisins stóðu þátttakendur sig að meðaltali marktækt 

betur í seinni mælingunum í “bringukasti” (e. medicine ball chest throw) og “hákasti” (e. 

medicine ball overhead throw) en engin marktækur munur var á krafti í neðri líkama eða 

hreyfifærni kylfinganna. Sautján af þeim 18 kylfingum sem tóku þátt í fyrri hluta 

verkefnisins bættu sig í að minnsta kosti einu prófi milli mælinga og fimmtán af þeim 18 

kylfingum sem tóku þátt í fyrri hluta verkefnisins stóðu sig verr í að minnsta kosti einu 

prófi í síðari mælingunum heldur en í fyrri mælingunum. Í síðari hluta verkefnisins 

mældist marktæk fylgni milli hámarkssveifluhraða og hámarkskrafts í mótvægis 

uppstökki (e. countermovement jump), hámarkssveifluhraða og frammistöðu í boltakasti 

með bolvindu (e. medicine ball rotational throw) og hámarkssveifluhraða og frammistöðu 

í bringukasti (e. medicine ball chest throw).  

Ályktanir: Íslenskir landsliðs- og unglingalandsliðskylfingar ættu að auka áherslu á 

líkamlega þjálfun á undirbúningstímabili ef þeir vilja bæta líkamlegt atgervi sitt áður en 

tímabilið hefst. Íslenskir karlkynskylfingar í forgjafarflokki 1 geta haft hag af því að auka 

kraft í efri- og neðri líkama ásamt “snúningskrafti” (e. rotational power) ef þeir vilja auka 

hámarkssveifluhraða sinn. Afrekskylfingar sem stefna langt ættu að stunda fjölbreytta 

líkamsþjálfun sem reynir á allan líkamann. 

 

 

 

 

Leitarorð: Golf, líkamshreysti, sveifluhraði. 
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Abstract (English) 

Report of physical fitness in Icelandic national and elite golfers and its 
relationship with clubhead speed 

 

Objective: This thesis had two different testing batteries. The aim of testing battery 1 

(TB1) was to measure if Icelandic national and youth national golfers improved their 

physical fitness during a pre-season period from January 2018 to May 2018. The 

objective of testing battery 2 (TB2) was to examine the relationship between maximum 

clubhead speed and selected physical tests in Icelandic national and elite male golfers, 

where the sample was confined to players in EGA handicap category 1 (HDC < 4.5). 

Methods: In TB1, 18 Icelandic national and youth national golfers were measured in 

selected fitness tests in January 2018 and May 2018. TB1 examined motor skills, upper-

body power and lower-body power. In TB2, 17 Icelandic national and elite male golfers 

were measured in five selected physical tests. Three of the tests measured physical 

power and two tests measured range of motion. Maximum clubhead speed was also 

measured.  

Results: In TB1, there were significant improvements in mean scores in medicine ball 

chest throw and medicine ball overhead throw, between January 2018 and May 2018. 

No difference was found in lower-body power or motor skills between testing sessions. 

Seventeen of the 18 players in TB1 improved their scores between testing sessions in 

at least one test and 15 of the 18 players scored lower in the second testing session in 

at least one test. In TB2, a significant positive relationship was found between maximum 

clubhead speed (MaxCHS) and countermovement jump peak power, MaxCHS and 

medicine ball chest throw and MaxCHS and medicine ball rotational throw. 

Conclusions: Icelandic national and youth national golfers should put more focus on 

physical training during the pre-season if they want to improve their whole-body fitness 

before the season starts. Icelandic national and elite male golfers in EGA handicap 

category 1 can benefit from training lower-body power, upper-body power and rotational 

power if they want to improve their MaxCHS. Elite golfers should engage in diverse full-

body physical training. 

 
 

 

Keywords: Golf, physical fitness, clubhead speed. 
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Preface 

This thesis is a part of a two-year long collaboration between the Icelandic Golfing 

Association (GSÍ) and Reykjavík University (RU). In 2017, GSÍ signed a contract with 

RU that included physical measurements on Icelandic elite golfers. The main goal of 

this collaboration was to improve training programs of Icelandic elite golfers, based on 

every individual's strengths and weaknesses.  

In January of 2018, selected professional, national and youth national golfers 

were invited to physical measurement sessions. The goal was to examine the players’ 

motor skills and power outputs. The measurement sessions were discretionary for the 

players, although all of the players that were invited were encouraged to participate. 

In February 2018, individual reports which showed how each player’s motor skills and 

power outputs compared to other players of the same gender and similar age were 

sent out. The individual reports also included specialized recommendations on which 

physical attributes each golfer should focus on in their training and example of 

exercises that could be beneficial. In May 2018, the same measurements were 

performed to analyze if the players had improved their fitness during the pre-season. 

In the fall of 2018, it was decided to reform the testing battery that had been 

used in January and May of 2018. The main reason for that was to add a clubhead 

speed test to the measurements in the hope of making the data more interesting and 

motivational for the players. The data from the reformed testing battery was used to 

investigate the relationship between physical fitness and maximum clubhead speed in 

Icelandic male golfers in EGA handicap (HDC) category 1 (HDC < 4.5). 
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1. Literature review 

In recent years, the popularity of golf has grown in Iceland. From 2004 to 2016, the 

number of registered members within Icelandic golf clubs went from 12.224 o 16.823, 

signifying approximately 25% increase in participants in 12 years (Golfsamband 

Íslands, 2016). Due to its low-intensity nature, golf can be an appropriate and 

enjoyable activity for people of all ages and most fitness levels. Also, the handicap 

(HDC) system enables golfers of different skill levels to compete on a non-

discriminatory basis, which can be motivational for many players (Stenner, Mosewich, 

& Buckley, 2016). As in every other sport or activity, golfers have different reasons for 

participation (Stenner et al., 2016; Wood, & Danylchuk, 2011). Nevertheless, it’s self-

evident that all enthusiastic golfers want to maximize their performance, regardless of 

their skill level.  

 Proper technique is undoubtedly the most important aspect for golfing 

performance and the foundation for success. However, golfers can also benefit from 

including physical training in their regimen (Baugher, Day, & Burford, 2016; Doan, 

Newton, Kwon, & Kraemer, 2006). Until the mid-nineties, physical abilities other than 

flexibility weren’t especially recognized as significant factors for golfing performance. 

Some golfers even used to neglect strength training on purpose as they feared that it 

would reduce their flexibility and impair their golfing performance (Hetu, Christie, & 

Faigenbaum, 1998). With growing interest in the physical requirements of golf, the 

importance of physical fitness for golfers has been more acknowledged (Gluck, 

Bendo, & Spivak, 2008; Gordon, Moir, Davis, Witmer, & Cummings, 2009; McHardy & 

Pollard, 2005a). 
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1.1. Motion analysis of a full golf swing 

Many of the best golfers in the world swing the golf club very differently but have all 

despite that had great success in the sport (Hardy, 2012). There are therefore many 

ways to swing the golf club with good results as long as the swing is consistent and 

easily repeatable. Most proficient golfers do however have similar swing 

characteristics that allow them to maximize their performance. These characteristics 

will be addressed in this chapter, with emphasis on the most prominent movements in 

a well performed golf swing.  

A full golf swing is usually divided into several different phases. In the motion 

analysis below, the golf swing is split down to „ball address“, „backswing“, „downswing“ 

and „follow-through“. This four-phase split has previously been described by Uschan 

(2014). As golfers can either play right-handed (left side of the body is lateral to the 

target) or left-handed (right side of the body is lateral to the target), the following 

analysis of the golf swing will be described as for a right-handed player. 

 

 

Figure 1. Four-phase split of the golf swing. 
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1.1.1. Ball address. 

Proper body alignment and balance are the fundamentals in the ball address (Hume, 

Keogh, & Reid, 2005). Golfers’ posture in the ball address affects the rest of their 

swings and consequently their performance. Because of that, many golf coaches 

believe that the ball address is the most important phase of the golf swing (Smith, 

Roberts, Wallace, Kong, & Forrester, 2015). The ball address in a full golf swing is 

usually similar for most golfers. It can however change slightly depending on several 

factors such as different body composition between players or the club that a golfer 

chooses for his shot. When hitting a full shot with a driver, placing the feet around 

shoulder-width apart and aligning the ball with the instep of the left foot is usually 

considered ideal (Newell, 2001). Golfers must find the optimal distance between their 

feet as too narrow stance can lead to loss of balance and too wide stance can limit 

body rotation and weight transfer in the backswing (Maddalozzo, 1987). Around 50-

60% of golfers’ bodyweight should start on their left foot (Hume et al., 2005). The 

knees should be slightly flexed, approximately 20-25°, and the spine should be in 

around 45° angle from the ground (Hume et al., 2005; Uschan, 2014). The ball address 

should feel unforced and effortless, meaning that the relevant muscles and joints 

should be free of tension and relaxed (Uschan, 2014). 

 

1.1.2. Backswing. 

The upper-body initiates the backswing. The arms are pulled away from the target by 

abduction in the right shoulder joint and adduction in the left shoulder joint (Hume et 

al., 2005; McHardy & Pollard, 2005a). The trunk is rotated away from the target, the 

right shoulder blade is retracted, and the left shoulder blade is protracted (Davies & 

DiSaia, 2010). The left arm is internally rotated at the left shoulder joint and the right 
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arm is externally rotated at the right shoulder joint (Davies & DiSaia, 2010). As the 

backswing progresses, the upper arms are flexed at the shoulder joints and the right 

forearm is flexed at the elbow (Hume et al., 2005; McHardy & Pollard, 2005a). In the 

lower-body, the right leg is internally rotated while the left leg is externally rotated at 

the hips (Davies & DiSaia, 2010). The final movements in the backswing are radial 

deviation of the left hand and dorsiflexion of the right hand at the wrists (McCarroll, 

2001).  

Table 1. Prominent movements in the backswing. 

Body part moved Joint Movement Reference 

 

Right upper arm 

 

Right shoulder 

Flexion 

Abduction 

External rotation 

McHardy & Pollard (2005a) 

Hume et al. (2005) 

Davies & DiSaia (2010) 

 

Left upper arm 

 

Left shoulder 

Flexion 

Adduction 

Internal rotation 

McHardy & Pollard (2005a) 

McHardy & Pollard (2005a) 

Davies & DiSaia (2010) 

Right shoulder blade Right sternoclavicular Retraction Davies & DiSaia (2010) 

Left shoulder blade Left sternoclavicular Protraction Davies & DiSaia (2010) 

Trunk Spinal column Right rotation Lindsey et al. (2008) 

Pelvis 
Right hip 

Left hip 

Internal rotation 

External rotation 

Davies & DiSaia (2010) 

Davies & DiSaia (2010) 

Right forearm Right elbow Flexion Hume et al. (2005) 

Right hand Right wrist Dorsiflexion McCarroll (2001) 

Left hand Left wrist Radial deviation McCarroll (2001) 

 

1.1.3. Downswing. 

The downswing starts with rotation of the pelvis back to the target (Hume et al., 2005). 

That involves extension at both hips, internal rotation of the left leg at the left hip and 
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abduction of the right leg at the right hip (Davies & DiSaia, 2010; Hume et al., 2005). 

The trunk is rotated back to the target, followed by the arms and wrists which are 

brought down towards the ball (Nesbit & Serrano, 2005). The upper arms are brought 

down with extension at the shoulder joints, adduction and internal rotation at the right 

shoulder joint, retraction at the left sternoclavicular joint and protraction at the right 

sternoclavicular joint (Healy et al., 2011; Hume et al., 2005). The right forearm is 

extended at the elbow and the hands are rotated and extended at the wrists (Hume et 

al. 2005).  

 

Table 2. Prominent movements in the downswing. 

Body part moved Joint Movement Reference 

Pelvis 

Right hip 

Left hip 

Extension 

Abduction 

Extension 

Internal rotation 

Davies & DiSaia (2010) 

Hume et al. (2005) 

Davies & DiSaia (2010) 

Davies & DiSaia (2010) 

Trunk Spinal column Left rotation Lindsey et al. (2008) 

Right shoulder blade Right sternoclavicular Protraction McHardy & Pollard (2005a) 

Left shoulder blade Left sternoclavicular Retraction McHardy & Pollard (2005a) 

 

Right upper arm 

 

Right shoulder 

Extension 

Adduction 

Internal rotation 

Healy et al. (2011) 

Healy et al. (2011) 

Hume et al. (2005) 

 

Left upper arm 

 

Left shoulder 

Extension 

Abduction 

External rotation 

Healy et al. (2011) 

Healy et al. (2011) 

Hume et al. (2005) 

Right forearm Right elbow Extension Hume et al. (2005) 

Left hand Left wrist Ulnar deviation Hume et al. (2005) 

Right hand Right wrist Palmar flexion Hume et al. (2005) 
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1.1.4. Follow-through. 

In the follow-through, many of the prominent movements in the downswing continue, 

gradually at a slower pace until the swing finishes. While the trunk keeps rotating 

towards the target, the left arm is abducted and externally rotated at the left shoulder 

joint (Hume et al., 2005; McHardy & Pollard, 2005a). The right arm is adducted and 

internally rotated at the right shoulder joint (Hume et al., 2005). Both forearms are 

flexed at the elbows and rotated at the radioulnar joints (Hume et al., 2005; McHardy 

& Pollard, 2005a). The left arm is supinated and the right forearm is pronated 

(McCarroll, 2001). In the lower-body, the pelvis is rotated to the left by internal rotation 

at the left hip and the left foot is supinated at the left ankle (Hume et al., 2005).  

 

Table 3. Prominent movements in the follow-through. 

Body part moved Joint Movement Reference 

Trunk Spinal column Left rotation McHardy & Pollard (2005a) 

Right upper arm Right shoulder 
Adduction 

Internal rotation 

Hume et al. (2005) 

Hume et al (2005) 

Left upper arm Left shoulder 
Abduction 

External rotation 

Hume et al. (2005) 

Hume et al (2005) 

Right forearm Right elbow Pronation McCarroll (2001) 

Left forearm Left elbow Supination McCarroll (2001) 

Pelvis Left hip Internal rotation Hume et al. (2005) 

Left foot Left ankle Supination Hume et al. (2005) 

 

1.1.5. The kinetic chain and the stretch-shortening cycle. 

The „kinetic chain“ is a term that is used for the most efficient order of movements in 

the downswing and can be described as a bottom-up phenomenon (Nesbit & Serrano, 
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2005). The downswing should be led by rotation of the pelvis, followed by rotation of 

the trunk and shoulder girdle, arm swing and then the golf club (Callaway et al., 2012). 

This order of movements in the downswing is important to maximize a powerful 

physiological response called the stretch-shortening cycle (SSC). The SSC allows 

muscles and muscle groups to utilize elastic energy generated from eccentric muscle 

contractions to create more powerful concentric movement (Komi, 2008). Eccentric 

muscle contraction can generate larger force than concentric muscle contraction, and 

when a concentric contraction is initiated from a larger force (i.e. the eccentric 

contraction), the concentric phase will turn out much more powerful (Myers et al., 

2008). To get the most out of the SSC, the transition time between eccentric and 

concentric muscle contraction must be as brief as possible (Komi, 2008).  

The backswing is characterized by eccentric muscle actions as it stretches the 

muscles that are responsible for creating power in the swing (Fletcher & Hartwell, 

2004; Myers et al., 2008). The downswing is however a concentric phase where the 

power generating muscles of the swing are shortened (Fletcher & Hartwell, 2004). In 

the downswing, golfers should try to minimize the time between the eccentric and 

concentric contractions of the trunk and the upper-body. The key to that is to start the 

downswing by rotating the pelvis (Hume et al., 2005; Nesbit & Serrano, 2005). By 

rotating the pelvis first in the downswing, an additional stretch is forced on the trunk. 

Therefore, the trunk muscles are still being stretched when they start rotating back to 

the target, resulting in very short transition time between eccentric and concentric 

actions and therefore a powerful SSC response in the trunk. In the same way, the 

rotation of the trunk will lead to additional stretch in the upper-body and arms which 

will ultimately lead to more power, clubhead speed (CHS) and distance. 
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1.2. Distance and clubhead speed 

Tee shots, iron shots, pitch shots, chip shots, bunker shots and putts have been 

identified as the six fundamental golf shots that golfers must learn for optimum 

performance (Newell, 2001). From 1992-2001, putting proficiency was reported as the 

strongest indicator of earnings on the US PGA Tour (Alexander & Kern, 2005). 

However, with golf courses getting longer, the ability to strike the ball far has become 

more important. A recent study showed that driving distance (DD) had overtaken 

putting proficiency as the most important determinant of US PGA Tour players‘ 

earnings in 2011-2013 (Baugher et al., 2016). Given that accuracy is not 

compromised, golfers that are able to hit long and powerful tee shots can leave shorter 

distance to the green. That gives them more chance of hitting the approach shot close 

to the hole which can ultimately lead to lower scores. In 2009, average striking 

distance (SD) had significant effects on the scores of the top 125 players on the US 

PGA Tour money list (Hellström, Nilsson, & Isberg, 2014). Greater SD resulted in lower 

average scores on par-5 holes (p < 0.01) and on par-4 holes when the tee shot ended 

in the rough (p < 0.01) (Hellström et al., 2014). It‘s been stated that the evolution of 

how US PGA Tour events are set up is rewarding for powerful players, as holes have 

been made longer and the height of the rough has been reduced (Baugher et al., 

2016).  

Clubhead speed (CHS) is a golf performance variable that has often been used 

in studies on amateur golfers as an alternative for SD or DD (Fletcher & Hartwell, 

2004; Gordon et al., 2009; Hellström, 2008; Hetu et al., 1998; Lamberth, Hale, Knight, 

Boyd, & Luczak, 2013; Olivier, Horan, Evans, & Keogh, 2016; Read, Lloyd, De Ste 

Croix, Oliver, 2013). A likely reason for that is that statistics for SD or DD in recreational 

and amateur golfers don‘t exist extensively and it might be more reliable and 
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convenient to measure CHS than SD or DD in a laboratory environment. CHS, which 

is the velocity of the golf club at impact with the golf ball (Fradkin, Sherman, & Finch, 

2014), can be measured with several different devices. Researchers have for example 

measured CHS with a Swing Mate (Gordon et al., 2009; Hellström, 2008), Professional 

Sports Radar Gun (Keogh et al., 2009), Flightscope (Read et al., 2013) and Trackman 

(Cummings, Waldman, Krings, Smith, & McAllister, 2018; Olivier et al., 2016). 

Although CHS doesn‘t have a perfect linear relationship with SD, it has been shown 

that golfers that generate higher CHS can hit the ball farther than golfers with lower 

CHS (Joyce, 2017). CHS also has a very strong significant relationship with golfers’ 

handicaps (HDC) (r = 0.950, p < 0.01) which is the most common measurement of 

amateur golfers’ skills (Fradkin et al., 2004). CHS is therefore considered a valid 

measure of golf performance (Fradkin et al., 2014). 

 

1.3. Physical demands of a full golf swing 

A full golf swing goes through all the biggest joints, muscles and muscle groups of the 

body, making it one of the most complex movements in sports (Davies & DiSaia, 

2010). According to the official US PGA Tour website, professional golfers can 

generate clubhead speed (CHS) up to 130 miles per hour (approximately 58 m/s) 

when hitting a full shot with a driver during competition (PGA Tour, n.d.). To generate 

that kind of CHS with controlled movement and minimal stress on the body, players 

must possess many physical abilities such as proper range of motion (ROM), joint 

stability, strength, and power. 

 



 10 

1.3.1. Range of motion (ROM) and joint stability. 

Mobility, flexibility and stability are fundamental physical abilities for successful golf 

swing (Davies & DiSaia, 2010). These abilities can determine if golfers are able to 

position themselves in the best possible manner at the top of the backswing, which 

will ultimately affect the rest of their swing and the outcome of the shot (Davies & 

DiSaia, 2010). Golfers’ maximal range of motion (ROM) relies on the integration 

between mobility and flexibility. The main difference between mobility and flexibility is 

that „mobility targets the joints and requires gentle motion“ (Boyle, 2016, p. 52), while 

„flexibility targets the muscles and tends to require some element of static hold“ (Boyle, 

2016, p. 52). Stability can be described as the ability of a joint to withstand external 

forces without moving or the ability of a joint to return to its natural position after the 

external stress has been released. In complex multi-joint movements such as the golf 

swing, certain joints mainly need to provide stability while other joints mostly require 

mobility (Boyle, 2016). According to Cook‘s joint-by-joint approach, the primarily stable 

joints and the primarily mobile joints of the body are alternated from distal to proximal 

(Boyle, 2016). For example, the ankles, wrists, hips and shoulders are primarily mobile 

joints, but the knees and elbows are primarily stable joints (Fulton, n.d.) If the joints 

are unable to fulfill their primary function, nearby joints may have to compensate by 

forcing an undesirable movement (Boyle, 2016). That can lead to poor mechanics, 

performance and increased injury risk (Boyle, 2016). 

 A case study from 2010 indicates that reduced ROM in the left shoulder and 

spinal column can have negative impact on clubhead speed (CHS) (Dale et al., 2010). 

A 19 year old NCAA golfer had complained about stiffness in his left shoulder and 

insufficient trunk rotation throughout the swing (Dale et al., 2010). With a 

comprehensive training plan, the golfer was able to reduce his shoulder stiffness and 



 11 

increase his trunk flexibility and strength, which resulted in 7.9% increase in CHS and 

6.8% increase in driving distance (DD) (Dale et al., 2010). As a case study, it‘s 

impossible to say if these results are transferable to other players. The results are 

however interesting and indicate that decreased shoulder and trunk ROM can stand 

in golfers’ way of maximizing their CHS potential (Dale et al., 2010). 

 Flexibility training can militate against the high amount of stress that the golf 

swing puts on the body (Gluck et al., 2008). The compression load on golfer‘s lumbar 

spine when performing a single golf swing can be up to eight times of the golfer's 

bodyweight, which makes lower-back injuries the most common injuries in golf (Finn, 

2013; Gluck et al., 2008). In comparison, that‘s only 15% less compression load than 

American football players experience when hitting a blocking sled (Gluck et al., 2008). 

Therefore, the accumulated lower-back stress that golfers experience during long 

practice sessions, rounds or over a competitive season puts them at risk at developing 

overuse injuries (Evans & Tuttle, 2015). Training flexibility, for example in the trunk 

and other muscle groups around the hips, may be beneficial to reduce injury risk or to 

recover from lower-back problems (Gluck et al., 2008; Rainville et al., 2004). 

 

1.3.2. Strength and power. 

Bompa & Haff define strength as „the ability of the neuromuscular system to produce 

force against an external resistance“ or „the maximal force or torque (rotational force) 

a muscle or muscle group can generate“ (Bompa & Haff, 2009, p. 261). Although the 

golf swing doesn‘t require maximum strength, strength is the road to power and speed 

(Boyle, 2016). Strong golfers can produce more power and clubhead speed (CHS) 

which is beneficial as it enables them to hit the ball farther (Fletcher & Hartwell, 2004). 

Studies have shown that proficient golfers usually possess more chest strength, leg 
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strength, shoulder strength and hip strength than less skilled golfers (Batt, 1992; 

Keogh et al., 2009; Sell, Tsai, Smoliga, Myers, & Lephart, 2007). Physical strength is 

also important in the follow-through where it‘s role is to slow down the club that travels 

at high speed, as well as to help the golfer in keeping balance at the end of the swing. 

Finally, strength is important to counteract the physical stress that the golf swing puts 

on the body (Meira & Brumitt, 2010). Sufficient core strength, lower-back strength, 

wrist strength and shoulder strength can for example lower the odds of golfers getting 

injured (Davies & DiSaia, 2010; Lehman, 2006). 

 As trunk rotation and arm-swing are arguably the most prominent movements 

in the golf swing, it might be estimated that CHS is the sequel of golfers upper-body 

power. However, the upper-body power in the golf swing is partially contingent on the 

force that golfers can generate with their lower-body in the early portion of the 

downswing (Hume et al., 2005). This scenario is caused by the ground-reaction force 

(GRF), acting on the body and can be described with Newton‘s third law of motion 

(Davies & DiSaia, 2010; Hume et al., 2005). Newton‘s third law of motion states that 

„for every action there is always opposed an equal reaction“ (Germain, 2012, p. 902), 

hence, the ground applies equal force to the golfer as the golfer applies to the ground. 

The ground „pushes“ the force back to the golfer's feet, then travels up the golfer's 

legs, trunk, arms, hands and eventually the golf club and the ball (Davies & DiSaia, 

2010). According to this theory, golfers that have powerful lower-body and are able to 

apply more force to the ground should be able to generate higher CHS (Leary et al., 

2012). 
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1.3.3. Improving speed and distance with physical training. 

1.3.3.1. Recreational golfers. 

One of the first studies on the effects of physical training on clubhead speed (CHS) 

showed significant 5.1% increase in CHS in sample of 39-63 years old male (N = 12) 

and female (N = 5) golfers (mean age = 52.4 ± 6.7 years, handicap (HDC) unidentified) 

after eight weeks of physical conditioning that included flexibility, strength, and 

plyometric exercises (Hetu et al., 1998). Along with increased CHS, the participants 

significantly improved their chest press strength, leg extension strength, grip strength, 

sit-and-reach flexibility, and trunk rotational flexibility (Hetu et al., 1998). Another 

similar study on 55-79 years old male golfers (mean age = 65.1 ± 6.2 years, HDC 

unidentified) showed significantly higher improvements in whole-body strength and 

upper-body flexibility in an experimental group (EG) (N = 19) compared to a control 

group (CG) (N = 7) (Thomspon & Osness, 2004). The EG subjects increased their 

CHS of 2.9% (p < 0.05) while no significant difference was found between the pre and 

post CHS measurements of the CG subjects (Thompson & Osness, 2004). 

 The effects of eight-week weight training and plyometric exercises on CHS in 

young male recreational golfers (N = 11, mean age = 29 ± 7.4 years, mean HDC = 5.5 

± 3.7 strokes) were examined by Fletcher & Hartwell (2004), who reported significant 

1.5% increase in CHS and 4.3% increase in driving distance (DD) for EG subjects (N 

= 6), while no significant difference found in either CHS or DD for CG subjects (N = 5) 

(Fletcher & Hartwell, 2004). Thompson et al. (2007) reported that eight weeks of 

functional training including flexibility, core stability, balance and resistance exercises 

led to significant 4.9% increase in CHS in an EG of senior recreational golfers (N = 11, 

mean age = 70.7 ± 9.1 years, HDC unidentified) (Thompson, Cobb, & Blackwell, 

2007). Significant improvements were also found in EG lower-body strength, lower-
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body flexibility, cardiovascular endurance, agility and dynamic balance. No significant 

differences in physical abilities or CHS were found in the CG (N = 7) (Thompson et 

al., 2007). Lephart et al. (2007) showed that eight weeks of physical training focusing 

on lower-body stability and upper-body mobility can be beneficial to driving 

performance in male recreational golfers (N = 15, mean age = 47.2 ± 11.4 years, mean 

HDC = 12.1 ± 6.4 strokes) (Lephart, Smoliga, Myers, Sell, & Tsai, 2007). Significant 

improvements in trunk strength, hip strength, shoulder range of motion (ROM), hip 

ROM, knee ROM and trunk ROM lead to 5.2% increase in mean club velocity (CV) (p 

< 0.01), 5.0% increase in mean ball velocity (BV) (p < 0.01), 7.7% increase in mean 

carry distance (CD) (p < 0.01), and 6.8% increase in total distance (TD) (p < 0.01) 

(Lephart et al., 2007). 

 Álvarez et al. (2012) studied the effects of 18-week strength and power training 

on driving performance in ten male golfers with HDC of 5 or less (Álvarez, Sedano, 

Cuadrado, & Redondo, 2012). Five players were placed in an EG (mean age = 24.2 ± 

5.4 years, mean HDC = 2.1 ± 2.3 strokes) and five players were placed in a CG (mean 

age = 23.9 ± 6.7 years, mean HDC = 1.6 ± 1.1 strokes). After six weeks of training, no 

improvements were found in EG driving performance despite significant improvements 

in several strength and power tests (Álvarez et al., 2012). However, after 12 weeks of 

training, EG subjects registered significant 6.3% increase in mean club acceleration 

(CA) and significant 6.7% increase in mean ball speed (BS) without having improved 

their strength or power any further since the sixth week of training (Álvarez et al., 

2012). After 18 weeks, EG subjects had increased their mean CA of 10.2% (p < 0.05) 

and their mean BS of 9.3% (p < 0.05), while no difference in either driving performance 

variable was found between any measurements of the CG (Álvarez et al., 2012). Five 

weeks after the end of the training program, EG subjects had lost 8.7% of their mean 
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CA and 2.1% of their mean BS since the 18-week measurements (Álvarez et al., 

2012). 

 Weston et al. (2013) studied the effects of eight-week isolated core training on 

CHS in male recreational golfers (N = 36, mean age = 47 ± 12 years, mean HDC = 

11.2 ± 6.1 strokes) (Weston, Coleman, & Spears, 2013). Half of the participants were 

placed in EG while the other half was placed in a CG. The results showed that by 

focusing solely on core training for eight weeks, the EG increased their CHS of 3.6% 

(p < 0.1) but no difference was found in CHS for the CG (Weston et al., 2013). The 

most recent study found on the effects of physical training on driving performance in 

recreational golfers was performed by Olivier et al. (2016) (N = 43, mean age = 24 ± 

8.9 years, mean HDC = 8.6 ± 8.3 strokes). Seven female and 36 male players 

participated in a seven-week training program that involved both muscular endurance 

exercises and rotational strength exercises. Contrary to the studies that have been 

addressed above, Olivier et al. (2016) found no improvements in driving performance 

after the training intervention despite improvements in several physical tests. 
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Table 4. Study overview: Effects of physical training on ball striking performance in recreational golfers. 

Study 

     

Intervention Significant physical testing 

improvements 

Significant golf 

performance changes 
N 

Participants  

EG CG Gender Age HDC 

Hetu et al. 

(1998) 

17 N/A 

M = 12 

F = 5 
52.4 ± 6.7 ? 

8-week physical training with focus on 

flexibility, strength and plyometric exercises 

Chest press strength* 

Leg extension strength* 

Grip strength** 

Sit-and-reach flexibility* 

Trunk rotation flexibility* 

5.1% increase in mean 

CHS** 

Thompson & 

Osness (2004) 
19 7 M 65.1 ± 6.2 ? 

8-week physical training for the EG, with focus 

on strength and flexibility  

EG: Strength (details restricted) 

EG: Flexibility (details restricted) 

CG: No improvements 

EG: 2.9% increase in mean 

CHS** 

Fletcher & 

Hartwell (2004) 
6 5 M 29 ± 7.4 5.5 ± 3.7 

8-week physical training for the EG, with focus 

on weight lifting and plyometric exercises 
N/A 

EG: 1.5% increase in mean 

CHS** 

EG: 4.3% increase in mean 

DD** 

Thompson et al. 

(2007) 
11 7 M 70.7 ± 9.1 ? 

8-week physical training program for the EG, 

with focus on flexibility, core stability, balance 

and resistance exercises 

EG: Lower-body strength** 

EG: Lower-body flexibility** 

EG: Cardiovascular endurance** 

EG: Agility** 

EG: Dynamic balance** 

GC: No improvements 

EG: 4.9% increase in 

CHS** 

Lephart et al. 

(2007) 
15 N/A M 47.2  11.4  12.1  6.4 

8-week physical training program with focus on 

lower-body stability and upper-body mobility 

Torso strength* 

Hip strength** 

Shoulder ROM* 

Hip ROM* 

Knee ROM* 

Torso ROM* 

5.2% increase in mean CV* 

5.0% mean increase in BV* 

7.7% increase in mean CD* 

6.8% increase in mean TD* 

Álvarez et al. 

(2012) 
5 5 M 24.2 ± 5.4 2.1 ± 2.3 

18-week physical training program for the EG, 

with focus on strength and power training 

After 6 weeks: 

EG: Increase in bench press 

strength** 

EG: Increase in squat strength** 

EG: Increase in SJ height** 

EG: Increase in CMJ height** 

 

After 12 weeks: 

EG: No improvements from week 6 

 

After 18 weeks: 

EG: No improvements from week 6 

After 6 weeks: 

EG: No changes 

 

After 12 weeks: 

EG: 6.3% increase in mean 

CA from week 6** 

EG: 6.7% increase in mean 

BS from week 6** 

 

After 18 weeks: 

EG: 10.2% increase in 

mean CA from week 6** 

EG: 9.3% increase in mean 

BS from week 6** 

Weston et al. 

(2013) 
18 18 M 47  12 11.2  6.1 

8-week isolated core training program for the 

EG 
N/A 

EG: 3.6% increase in mean 

CHS*** 

Olivier et al. 

(2016) 
43 N/A 

M = 36 

F = 7 
24  8.9 8.6  8.3 

7-week physical training program for the EG, 

focusing on muscle endurance and rotational 

strength 

Left bridging leg strength** 

Thoracic extension flexibility** 

Right Thoracic rotation flexibility* 

Right single leg squat strength** 

Left single leg squat strength* 

EG: No changes 

N = Number of participants, EG = Experimental group, CG = control group, HDC = Handicap, N/A = Not applicable, M = Male, F = Female, ? = Unidentified, CHS = Clubhead speed, DD = Driving 
distance, ROM = Range of motion, CV = Club velocity, BV = Ball velocity, CD: Carry distance, TD: Total distance, SJ = Squat jump, CMJ = Countermovement-jump, CA = Club acceleration, BS 
= Ball speed. 

* At least 99% confidence limit. 
** At least 95% confidence limit. 
*** At least 90% confidence limit.
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1.3.3.2. Collegiate and professional golfers. 

Doan et al. (2006) studied the effects of 11-week physical conditioning on clubhead 

speed (CHS) in intercollegiate golfers (N = 16, mean age = 19.3 ± 1.5 years, estimated 

HDC: 0-10 strokes) (Doan et al., 2006). Ten male and six female golfers participated 

in the study. After 11 weeks of golf specific resistance program, mean CHS of the 

participants increased of 1.6% (p < 0.05) along with improvements in trunk rotational 

flexibility, bench press strength, squat strength, „lat pull-down” strength, shoulder 

press strength and medicine ball throw velocity (p < 0.05) (Doan et al., 2006). 

Lamberth et al. (2013) studied the effects of six-week strength and flexibility training 

on CHS of male collegiate golfers (N = 10, mean age = 21.4 ± 2.3 years, HDC  8 

strokes, Division: Unidentified) (Lamberth et al., 2013). Five participants were enrolled 

into an EG and five participants were placed in a CG. Despite significant improvements 

of EG subjects in bench press strength and leg press strength, no significant difference 

was found in vertical jump power or CHS before and after the training intervention 

(Lamberth et al., 2013). However, in a study on female NCAA Division II golfers (N = 

9, mean age = 20.7 ± 2.7 years, HDC  3 strokes), Kenny et al. (2017) found that only 

five weeks of strength and conditioning increased participants average club velocity 

(CV) of 3.8% (p < 0.05) (Kenny, Presnall, Cosio-Lima, & Greska, 2017). Driggers & 

Sato (2017) studied the effects of ten weeks vertically oriented resistance training on 

drive performance in male collegiate golfers (N = 10, age = 18-22 years, HDC < 3 

strokes, Division: unidentified) (Driggers & Sato, 2017). The results showed significant 

increase in countermovement jump power, squat jump power and „isometric mid-thigh 

pull” strength along with 1.9% increase in mean ball speed (BS) (p = 0.001), 2.1% 

increase in mean carry distance (CD) (p = 0.003) and 1.4% increase in mean total 

distance (TD) after the training intervention (p = 0.01) (Driggers & Sato, 2017). 
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Cummings et al. (2018) studied the difference between using conventional resistance 

training (the control group) and the same resistance training using „fat grip” (the 

experimental group) on driving performance in male Division I NCAA golfers (CG: N = 

5, mean age = 20.7 ± 1.0 years, EG: N = 5, mean age = 20.8 ± 1.0 years) (Cummings 

et al., 2018). After the intervention, a significant increase was found in left-hand grip 

strength along with significant 4.5% increase in BS and 4.8% increase in driving 

distance (DD) in the EG (Cummings et al., 2018). The only significant changes in the 

CG was increased pull up strength, but no changes were reported in driving 

performance for the CG (Cummings et al., 2018). Oranchuk et al. (2018) reported 

significant increase in Division II NCAA golfers’ CHS after eight weeks of strength- and 

power training (N = 12, mean age = 20.3 ± 1.5 years, HDC unidentified) (Oranchuk, 

Mannerberg, Robinson, & Nelson, 2018). Half of the participants were placed in an 

EG and the other half were placed in a CG. Both groups consisted of three male 

players and three female players. After eight weeks of training, the EG increased their 

CHS of 3.2% (p < 0.05) at the same time as they showed significant improvements in 

back squat strength, deadlift strength, clean power and countermovement jump power 

(Oranchuk et al., 2018). Another intriguing outcome of the study was that participants 

in the CG decreased their average CHS of 3.8% (p < 0.05) while posting identical 

scores from the pre and post measurements in all the physical tests that were 

performed (Oranchuk et al., 2018). 

 The only study found on the effects of physical training on driving performance 

in professional golfers was performed by Kwang-Jun Kim (2010) on 17 female golfers 

that were members of the Korea Ladies Professional Golf Association (EG N = 9, CG 

N = 8) (Kim, 2010). The results showed that 12 weeks of core muscle strength training 

resulted in significant increase in CHS and CD in EG subjects (Kim, 2010).
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Table 5. Study overview: Effects of physical training on ball striking performance in collegiate and professional golfers. 

Study 

     

Intervention 
Significant physical testing 

improvements 

Significant golf 

performance changes 
 N 

     Participants  

EG CG Gender Age Division/HDC 

Doan et al. 

(2006) 
16 N/A 

M = 10 

F = 6 
19.3 ± 1.5 

Division = ? 

Estimated HDC: 0-10 

11-week golf specific resistance 

program 

Trunk rotation flexibility** 

Bench press strength* 

Squat strength* 

„Lat pull-down" strength* 

Shoulder press strength* 

Medicine ball throw velocity* 

1.6% increase in mean 

CHS** 

Lamberth et al. 

(2013) 
5 5 M 21.4 ± 2.3 

Division = ? 

HDC  8 

6-week physical training program 

for the EG, focusing on strength 

and flexibility 

EG: Bench press strength** 

EG: Leg press strength** 
No changes 

Kenny et al. 

(2017) 
9 N/A F 20.7 ± 2.7 

Division = NCAA II 

HDC  3 

5-week strength and conditioning 

program 
Hip velocity* 

3.8% increase in mean 

CV** 

Driggers & Sato 

(2017) 
10 N/A M 18-22 

Division = ? 

HDC < 3 

10-week vertically orientated 

resistance training program 

CMJ power** 

SJ power** 

„Isometric mid-thigh pull" strength** 

2.1% increase in mean 

CD* 

1.4% increase in mean 

TD* 

Cummings et al. 

(2018) 
5 5 M 

EG: 20.8 ± 1.0  

CG: 20.7 ± 1.0 

Division = NCAA I 

HDC = ? 

EG: 8-week resistance training 

using „fat grip" on all lifts 

CG: Same training as EG but 

without „fat grip" 

EG: Left hand grip strength**                           

CG: Pull up strength** 

EG: 4.5% increase in 

mean BS** 

EG: 4.8% increase in DD** 

Oranchuk et al. 

(2018) 
6 6 

M = 6 

F = 6 
20.3 ± 1.5 

Division = NCAA II 

HDC = ? 

8-week physical training program 

for the EG, with focus on strength 

and power 

EG: Back squat strength** 

EG: Deadlift strength** 

EG: „Clean" power** 

EG: CMJ power** 

CG: No improvements 

EG: 3.2% increase in 

mean CHS** 

CG: 3.8% decrease in 

mean CHS** 

Kim (2010) 9 8 F Restricted N/A 
12-week core muscle strength 

training 
Restricted 

EG: Significant increase in 

CHS (details restricted) 

EG: Significant increase in 

CD (details restricted) 

N = Number of participants, EG = Experimental group, CG = control group, HDC = Handicap, N/A = Not applicable, M = Male, F = Female, ? = Unidentified, NCAA = National College 
Athletic Association, CV = Club velocity, CMJ = Countermovement jump, SJ = Squat jump, CD = Carry Distance, DD = Driving Distance. 
* At least 99% confidence limit. 
* At least 95% confidence limit. 
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1.3.4. Relationship between physical tests and clubhead speed. 

Hellström (2008) studied the relationship between clubhead speed (CHS) and several 

physical measurements in Swedish elite male golfers (N = 30, age = 18-30 years, 

estimated HDC  0 strokes) (Hellström, 2008). The physical measurements included 

both tests for the upper-body and lower-body. The results showed that absolute 

strength and power were more beneficial to CHS than relative strength and power 

where the golfers‘ body mass was taken into account (Hellström, 2008). Squat jump 

(SJ) peak power and countermovement jump (CMJ) peak power outputs had the 

strongest correlation to CHS (r = 0.61, p < 0.05) (Hellström, 2008). Overall, lower-body 

variables had stronger connection to CHS than upper-body variables. Of the 12 

different tests that had a significant correlation to CHS, only two of them targeted the 

upper-body. The two upper-body tests that were connected to CHS were right-hand 

absolute strength (r = 0.36, p < 0.05) and relative „bar-dip strength“ (repetitions*body 

mass) (r = 0.35, p < 0.05) (Hellström, 2008). Read et al. (2013) performed a similar 

study with the addition of rotational power movement. The study involved 48 

recreational male golfers with a single figure handicap (mean age = 20.1 ± 3.2 years, 

mean HDC = 5.8 ± 2.2 strokes) (Read et al., 2013). The results showed stronger link 

between CHS and rotational medicine ball throw (r = 0.63, p < 0.05) than both CHS 

and CMJ peak power (r = 0.54, p < 0.05) and CHS and SJ peak power (r = 0.53, p < 

0.05), which are the same variables that had the strongest correlation to CHS in 

Hellström‘s study (2008). However, Read et al. (2013) reported that upper-body power 

measured with chest medicine ball throw was the strongest indicator of CHS in their 

study (r = 0.67, p < 0.05) (Read et al., 2013). That is in contrast with Hellström (2008) 

who reported that upper-body variables had far lower connections to CHS than lower-

body variables (Hellström, 2008). A possible explanation of the differences between 
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those studies is that Hellström (2008) only tested strength and strength-endurance for 

the upper-body but left out any upper-body power measurements. Also, the 

participants in Hellström’s study (2008) had noticeably lower handicaps than the 

participants in Read’s et al. study (2013), which suggests that different physical 

abilities might affect CHS in different ways in golfers of different skill levels. 

 Torres-Ronda et al. (2014) performed a study on 44 male golfers whose age 

and skill level were similar to the participants’ in Read‘s et al. study (2013) (mean age 

= 18 ± 7.7 years, mean HDC = 1.5 ± 5.5 strokes) (Torres-Ronda, Delextrat, & 

Gonzalez-Badillo, 2014). The results showed that upper-body and lower-body 

variables had similar correlation to peak drive ball speed (PDBS), although both power 

and strength in the lower-body had slightly stronger connection to PDBS than power 

and strength in the upper-body (Torres-Ronda et al., 2014). The strongest correlation 

to PDBS was found in one-repetition maximum (1RM) squat power output (r = 0.70, p 

< 0.05) followed by 1RM bench press power output (r = 0.68, p < 0.05), 1RM squat 

absolute strength (r = 0.64, p < 0.05) and 1RM bench press absolute strength (r = 

0.61, p < 0.05) (Torres-Ronda et al., 2014). Medicine ball throw using swing pattern 

movement had lower correlation to PDBS then the squat and bench press variables 

(Torres-Ronda et al., 2014). Gordon et al. (2009) had previously reported stronger link 

between 8RM chest strength and 5-iron CHS (r = 0.69, p < 0.05) than „swing pattern 

medicine ball throw“ and 5-iron CHS (r = 0.54, p < 0.05) in male golfers (N = 15, mean 

age = 34.3 ± 13.6 years, mean HDC = 4.9 ± 2.9 strokes) of comparable skill level as 

the subjects in Read‘s et al. (2013) and Torres-Ronda‘s et al. (2014) studies (Gordon 

et al., 2009). However, in a study involving both low HDC (N = 10, mean age = 22.9 ± 

3.4 years, mean HDC = 0.3 ± 0.5 strokes) and high HDC (N = 10, mean age = 27.8 ± 

7.8 years, mean HDC = 20.3 ± 2.4 strokes) golfers, Keogh et al. (2009) found much 
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higher correlation between 5-iron club velocity (CV) and golf specific rotational 

strength (r = 0.71, p < 0.05) than 1RM hack squat strength (r = 0.53, p < 0.05) or 1RM 

bench press strength (r = 0.50, p < 0.05) (Keogh et al., 2009). 

 The largest study found in this category (based on number of participants) was 

performed by Loock et al. (2013) who measured the relationship between selected 

physical tests and four different swing variables in 101 recreational male golfers (mean 

age = 38.23 ± 16.55 years, HDC unidentified) (Loock, Grace, & Semple, 2013). 

Although Loock et al. (2013) did not state their participants’ HDC, it is reasonable to 

assume from the large number of subjects and the staggering range in the participants' 

age (17-71 years old) that participants’ skill level was much more varied than in the 

studies mentioned above. Loock et al. (2013) focused on strength-endurance 

measurements for the upper-body and the lower-body but measured maximal strength 

output for the lower-back. They also measured CHS and carry distance (CD) with both 

driver and an iron club. Lower-back maximal strength was significantly correlated (p < 

0.05) with iron CHS (r = 0.60), driver CHS (r = 0.56), driver CD (r = 0.47) and iron CD 

(r = 0.44) (Loock et al., 2013). Lower correlation was found between driver CHS and 

wall squats (repetitions per minute) (r = 0.25, p < 0.05) and driver CHS and sit-ups 

(repetitions per minute) (r = 0.1, p < 0.05) (Loock et al., 2013). Because of that, it was 

concluded that lower-back strength was more influential to CHS and DD than other 

physical parameters (Loock et al., 2013). These conclusions might however be 

disputed, as the upper-body and lower-body tests did not target the same physiological 

response as the test for the lower-back (i.e. strength-endurance vs. maximal strength). 

This theory is supported by Thompson’s (2012) findings, which showed that 10RM 

lower-back strength had no significant correlation to driver CHS in recreational male 

golfers (N = 31, mean age = 65.4 ± 6.7 years, HDC unidentified), while 10RM „lat pull-
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down“ (r = 0.58, p < 0.05), 10RM bicep curl (r = 0.53, p < 0.05), 10RM shoulder press 

(r = 0.49, p < 0.05), 10RM leg press (r = 0.49, p < 0.05) 10RM seated row (r = 0.49, p 

< 0.05) and 10RM chest press (r = 0.44, p < 0.05) were all correlated to driver CHS 

(Thompson, 2012). Lewis et al. (2016) performed what seems to be the only research 

in this category on professional golfers (Lewis, Ward, Bishop, Maloney, & Turner, 

2016). The research involved 20 male US PGA Tour professional golfers whose CHS 

was measured along with SJ height, seated medicine ball chest throw and rotational 

medicine ball throw. The results showed strong significant correlation between CHS 

and SJ height (r = 0.82, p < 0.05) and CHS and seated medicine ball chest throw = 

0.70, p < 0.05) (Lewis et al., 2016). 

 Although mobility and flexibility are generally acknowledged to be important 

factors in the golf swing, relatively little is known about the direct correlation of those 

factors on CHS or other ball striking variables. Only few researchers included mobility 

or flexibility tests in their studies (Gordon et al., 2009; Keogh et al., 2009; Loock et al., 

2013; Thompson, 2012). Gordon et al. (2009) did not find correlation between CHS 

and rotational flexibility in recreational golfers (N = 15, mean age = 34.3 ± 13.6 years, 

mean HDC = 4.9 ± 2.9 strokes). However, significant correlation was found between 

CHS and trunk rotational flexibility in Thompsons’ (2012) study on senior recreational 

golfers (N = 31, mean age = 65.4 ± 6.7 years, HDC unidentified) (r = 0.43, p < 0.05). 

Loock et al. (2013) involved a sit-and-reach flexibility test in their study but did not find 

a correlation to CHS. Keogh et al. (2009) did not find a correlation between CHS and 

trunk flexibility, hip flexibility or wrist mobility (Keogh et al., 2009). 
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Table 6. Study overview: Physical tests significantly correlated with ball striking performance with at least 95% confidence limit. 

Study 

Participants 
Ball striking 

variable 
Physical test r-value 

(p < 0.05) 
                 N                  Gender                       Age                                                  HDC 

Hellström 

(2008) 

33 M 18-30 Estimated HDC </= 0 Driver CHS 

SJ peak power 

CMJ peak power 

CMJ peak power (with arm swing) 

Absolute squat strength 1RM 

20-meter sprint peak power 

Body mass 

10-meter sprint peak power 

CMJ height 

SJ height 

CMJ height (with arm swing) 

Vertical sit ups repetitions*body mass 

Absolute right-hand grip strength 1RM 

Bar dips repetitions*body mass 

0.61 

0.61 

0.61 

0.54 

0.53 

0.51 

0.49 

0.47 

0.45 

0.45 

0.42 

0.36 

0.35 

Read et al. 

(2013) 
48 M 20.1 ± 3.2 5.8 ± 2.2 Driver CHS 

3kg seated MBT length 

3kg rotational MBT length 

CMJ peak power 

SJ peak power 

SJ height 

CMJ height 

0.67 

0.63 

0.54 

0.53 

0.50 

0.44 

Torres-Ronda 

et al., (2014) 
44 M 18 ± 7.7 1.53 ± 5.5 Peak drive BS 

Full parallel squat 1RM power output 

Bench press 1RM power output 

Full parallel squat 1RM 

Bench press 1RM 

2kg MBT „swing pattern” speed 

1kg MBT „swing pattern” speed 

CMJ height 

0.70 

0.68 

0.64 

0.61 

0.58 

0.54 

0.47 

Gordon et al. 

(2009) 
15 M 34.3 ± 13.6 4.9 ± 2.9 5-iron CHS 

Chest strength 8RM 

3kg MBT „swing pattern” speed 

0.69 

0.54 

Keogh et al. 

(2009) 

Low HDC group = 10 

High HDC group = 10 
M Low HDC group = 22.9 ± 3.4 

High HDC group = 27.8 ± 7.8 

Low HDC group = 0.3 ± 0.5 

High HDC group = 20.3 ± 2.4 
5-iron CHS 

Golf specific „cable-woodchop” strength 

Hack squat 1RM 

Bench press 1RM 

Upper arm length 

Total arm length 

0.71 

0.53 

0.50 

0.45 

0.45 

Loock et al. 

(2013) 
101 M 38.23 ± 16.55 ? 

Iron CHS 

Driver CHS 

Driver CD 

Iron carry CD 

Driver CHS 

Driver CHS 

Lower back maximum strength 

Lower back maximum strength 

Lower back maximum strength 

Lower back maximum strength 

Wall squats repetitions per minute 

Sit-ups repetitions per minute 

0.60 

0.56 

0.47 

0.44 

0.25 

0.1 

Thompson 

(2012) 
31 M 65.4 ± 6.7 ? Driver CHS 

Lat pull down 10RM 

Bicep curl 10RM 

Shoulder press 10RM 

Leg press 10RM 

Seated row 10RM 

Chest press 10RM 

Trunk rotation flexibility 

0.58 

0.53 

0.49 

0.49 

0.45 

0.44 

0.43 

Lewis et al. 

(2016) 
20 M 31.95 ± 8.7 PGA Tour golfers Driver CHS 

SJ height 

4kg seated MBT length 

0.82 

0.70 

N = Number of participants, HDC = Handicap, M = male, SJ = Squat jump, CMJ = Countermovement jump, RM = Repetition maximum, CHS = Clubhead speed, MBT = Medicine ball 
throw, BS = Ball speed, CD = Carry distance, PGA = Professional Golfers Association. 
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2. Objectives 

This thesis had two objectives that were measured with two different testing batteries. 

The first objective was to evaluate if Icelandic national and youth national golfers 

improved their physical fitness during a pre-season period from January 2018 to May 

2018 (testing battery 1). The second objective was to measure the relationship 

between selected physical tests and maximum clubhead speed in national and elite 

male golfers, where the sample was confined to golfers in EGA handicap category 1 

(HDC < 4.5) (testing battery 2).  
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3. Methods  

3.1. Testing battery 1 

The first testing battery (TB1) was used to measure if Icelandic national and youth 

national golfers improved their performance in five different physical tests between 

January 2018 and May 2018. 

3.1.1. Participants. 

Thirty-six national and youth national golfers participated in a physical measurement 

session in January 2018. Another measurement session was scheduled in May 2018. 

Eighteen of the 36 players that were measured in January 2018 participated in the 

second testing session in May 2018. Twelve of these players were male and six were 

female. Players age ranged from 14-25 years old (mean age = 18.3  3.5 years). 

 

3.1.2. Testing variables. 

The physical tests selected for TB1 were Functional Movement Screen (FMS), 

countermovement jump (CMJ), long jump from a stationary position (LJ), medicine ball 

chest throw (MBCT) and medicine ball overhead throw (MBOT).  

 

 

 



 27 

Table 7. Testing battery 1 variables, their measures and abbreviations. 

Variable Measure Variable abbreviation 

Motor skills 

Functional Movement Screen Score 0-21 FMS 

Power 

Countermovement jump height Centimeters (cm) CMJ 

Long jump from stationary position Meters (m) LJ 

Medicine ball chest throw Kilometers per hour (km/h) MBCT 

Medicine ball overhead throw Meters (m) MBOT 

 

 

3.1.3. Procedures. 

The physical measurements took place at the sports laboratory of Reykjavík 

University. The first measurement session was performed early in January 2018 and 

the second measurement session was performed late in May 2018. In both sessions, 

the players started by warming up with selected dynamic mobility and plyometric 

exercises. Players were then offered to extend the warm-up with exercises of their 

own choice or with foam rolling stiff body parts. After the warm up, the physical tests 

were performed in the following order: FMS, CMJ, MBCT, LJ, MBOT. The throwing 

and jumping tests were alternated to maximize recovery of the upper-body and the 

lower-body between tests. 

 

3.1.3.1. Functional Movement Screen. 

•    Reference: (Cook 2011). 

•    Objective: To measure players’ motor skills in functional movement patterns. 

•    Equipment: FMS kit (approximately 5x15 cm board, 122 cm dowel rod, two smaller 

dowels rods, „a small-capped piece” and an elastic band). 



 28 

•    Score: 0-3 on each of the seven tests. The maximum total score was therefore 21. 

•    Number of tries: Three tries in each test. 

•    Procedure and instructions: 

1. Deep squat: Players started in a standing position with the insteps of their feet 

vertically aligned with the outside of their shoulders. With both hands, the players held 

the dowel on top of their head, with the elbows in 90°flexion. From that position, the 

players raised the dowel up above their head until their elbows were fully extended. 

Next, the players were asked to squat down as deep as possible while holding the 

dowel above their heads and keeping their elbows extended at all times during the 

movement. If the criteria for 3 points was not met (figure 2), the players repeated the 

test with the 5 cm board under their heels (figure 3). The criteria for 3, 2 and 1 point in 

the deep squat are shown in figures 2-4. A score of 0 was given if players felt any pain 

during the movement. 

 

Figure 2. Criteria for 3 points in 
the deep squat: Torso parallel 
with tibia, femur lower than 
horizontal, knees aligned over 
feet and dowel aligned over 
feet. Picture modified from Cook 
(2011). 

 

Figure 3. Criteria for 2 points 
on the deep squat: Torso 
parallel with tibia, femur 
lower than horizontal, knees 
aligned over feet and dowel 
aligned over feet. Picture 
modified from Cook (2011). 

 

Figure 4. Criteria for 1 point on 
the deep squat: Torso not 
parallel with torso, femur not 
lower than horizontal, knees 
not aligned over feet or lumbar 
flexion in the spine. Picture 
modified from Cook (2011). 

 

2. Hurdle step: The height of the hurdle was the same as each player’s tibia length. 

Players started in standing position, holding the dowel across their shoulders behind 

their back, with their feet together and both feet touching the base of the hurdle. From 
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the starting position, players were asked to step over the hurdle with one foot. The 

heel of the stepping foot had to touch the ground on the other side of the hurdle before 

it was taken back over the hurdle in a controlled motion. The criteria for 3, 2 and 1 

points in the hurdle step are shown in figures 5-7. A score of 0 was given if players felt 

any pain during the movement. The test was measured for both sides. 

 

Figure 5. Criteria for 3 points 
in the hurdle step: Hips, knees 
and ankles aligned in the 
sagittal plane, vertical and 
stable torso, dowel parallel to 
the hurdle. Picture modified 
from Cook (2011). 

 

Figure 6. Criteria for 2 points 
in the hurdle step: Alignment 
between hips, knees and 
ankles is lost, movement of 
the torso or dowel is not 
parallel with the hurdle. 
Picture modified from Cook 
(2011). 

 

Figure 7. Criteria for 1 point in 
the hurdle step: Foot touches 
hurdle or participant loses 
balance. Picture modified from 
Cook (2011). 

 

3. Inline lunge: Players stood on the FMS board with one foot in front of the other in 

the sagittal plane. The length between the toe on the back foot and the heel of the 

front foot was the same as each player’s tibia length. The players held the dowel 

behind their backs, and the dowel was required to touch players’ head, thoracic spine 

and sacrum. The opposite hand of the front foot was placed on the dowel behind the 

neck and the other hand held the dowel behind the lower back. From the starting 

position, players were asked to lunge down until the knee of the back leg touched the 

board and then return to the starting position. The criteria for 3, 2 and 1 points in the 

inline lunge are shown in figures 8-10. A score of 0 was given if players felt any pain 

during the movement. The test was measured for both sides. 
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Figure 8. Criteria for 3 points in 
the inline lunge: Dowel 
maintains the three touching 
points, dowel is kept vertical, 
no torso movement, dowel 
and feet kept in sagittal plane 
and the back knee touches the 
board. Picture modified from 
Cook (2011). 
 

 

Figure 9. Criteria for 2 points in 
the inline lunge: Dowel loses 
contact with one of the three 
touching points, dowel fails to 
remain vertical, torso 
movement is noted, dowel or 
feet don’t remain in the sagittal 
plane or the back knee doesn’t 
touch the board. Picture 
modified from Cook (2011). 

 

Figure 10. Criteria for 1 point 
in the inline lunge: Participant 
loses his balance. Picture 
modified from Cook (2011). 
 

 

4. Shoulder mobility: Before the shoulder mobility was measured, players’ hand 

length was measured from their wrist to the top of the longest digit. The players then 

stood with their feet together and made fists with both hands, placing the thumbs inside 

the fists. Players were then asked to reach one hand over their neck and behind their 

upper back and the other hand down and behind their lower back. Next, the players 

were asked to try to make their fists meet behind their backs. The length between 

players fists was then measured. The criteria for 3, 2 and 1 points in the shoulder 

mobility are shown in figures 11-13. A score of 0 was given if players felt any pain 

during the movement. Players also received a score of 0 if pain was felt during a 

shoulder mobility „clearing test”. In the clearing test, players were asked to put one 

hand on the opposite shoulder and then to raise their elbow. Both the shoulder mobility 

test and the clearing test was measured for both sides. 
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Figure 11. Criteria for 3 points 
in the shoulder mobility: 
Distance between fists within 
one hand length. Picture from 
Cook (2011). 

 

Figure 12. Criteria for 2 points 
in the shoulder mobility: 
Distance between fists is 
within one and a half hand 
length. Picture from Cook 
(2011). 

 

Figure 13. Criteria for 1 point 
in the shoulder mobility: 
Distance between fists is 
more than one and a half 
hand length. Picture from 
Cook (2011). 

 

5. Active straight-leg raise: The players lied on their back with their feet together, 

knees on the FMS board, arms rested by their sides and palms facing up. Players 

„mid-thigh” point was marked with a small capped-piece by measuring the length from 

players anterior superior iliac spine to their knee joint. Next, players lifted one leg up 

and as far towards their heads as possible. The knee of the active leg had to be 

extended and the ankle of the active leg had to be dorsiflexed during the movement. 

The knee of the resting leg had to be in contact with the board during the whole 

movement. The criteria for 3, 2 and 1 points in the active straight-leg raise are shown 

in figures 14-16. A score of 0 was given if players felt any pain during the movement. 

The test was performed for both legs. 
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Figure 14. Criteria for 3 points 
in the active straight-leg raise: 
Vertical line of the malleolus 
passes the mid-thigh point and 
the knee of the resting leg 
keeps contact with the board. 
Picture from Cook (2011). 

 

Figure 15. Criteria for 2 points 
in the active straight-leg raise: 
Vertical line of the malleolus is 
between the mid-thigh and 
knee of the resting leg and the 
knee of the resting leg keeps 
contact with the board. Picture 
from Cook (2011). 

 

Figure 16. Criteria for 1 point: 
Vertical line of the malleolus is 
below the knee and the knee 
of the resting leg remains in 
contact with the board. Picture 
from Cook (2011). 

 

 

6. Trunk stability push-up: All players lied on the floor in a prone position but the 

starting position for males and females varied slightly. Male players started with their 

hands on the floor with their thumbs aligned with the top of their forehead while female 

players started with their thumbs in line with their chin. From that position, players 

were asked to perform one push-up where the whole body had to move as one unit 

and without any sway in the spine. The criteria for 3 points in the trunk stability push-

up is described in figure 17. If the criteria for 3 points was not met, players hands were 

lowered to an easier position and then the test was performed again. Males lowered 

their thumbs to the chin level and females to the level of their clavicle. The criteria for 

2 and 1 points in the trunk stability push-up are described in figures 18 and 19. A score 

of 0 was given if players felt any pain during the movement or if the felt pain during a 

trunk stability push-up clearing exam. In the clearing exam, players started in the same 

position as in the trunk stability push-up. Then they pressed their upper-body up while 

keeping their lower-body on the floor, creating an extension in the spinal column. 
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Figure 17. Criteria for 3 points 
in the trunk stability push-up: 
The body is pressed up as a 
unit without any lag in the 
spine. Picture from Cook 
(2011). 

 

Figure 18. Criteria for 2 points 
in the trunk stability push-up: 
Hands lowered to easier 
position and the body is 
pressed up as a unit without 
any lag in the spine. Picture 
from Cook (2011). 

 

Figure 19. Criteria for 1 point 
in the trunk stability push-up: 
Failure to perform the 
movement with hands in the 
lowered position. Picture from 
Cook (2011). 

 

7. Rotary stability: Players started „on four feet” with the FMS board under their body 

and aligned with their torso. Players’ palms, knees and toes touched the floor and the 

sides of the FMS board. Players’ shoulders and hips were in a 90° angle relative to 

their torso. The players were then asked to raise one hand by extending the shoulder 

and elbow. At the same time, players were asked to raise their leg on the same side 

by extending the knee and hip. In a singular motion, players had to bring their elbow 

and knee together, extend their arm and leg again and then return to the starting 

position. The criteria for 3, 2 and 1 points in the rotary stability are shown in figures 

20-22. A score of 0 was given if players felt any pain during the movement or if they 

felt pain during a rotary stability clearing exam. The starting position for the clearing 

exam was the same as the starting position in the rotary stability test. The players 

were then asked to bring their buttocks down to their heels while keeping their hands 

in the same spot as in the starting position.  
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Figure 20. Criteria for 3 points 
in the rotary stability: Unilateral 
repetition performed correctly. 
Picture modified from Cook 
(2011). 

 

Figure 21. Criteria for 2 points 
in the rotary stability: Diagonal 
repetition performed correctly. 
Picture modified from Cook 
(2011). 

 

Figure 22. Criteria for 1 point in 
the rotary stability: Not able to 
perform a diagonal repetition. 
Picture modified from Cook 
(2011). 

 

•    Why this test: The golf swing is a complex whole-body movement that requires 

good motor skills (Davies & DiSaia, 2010; Healy et al., 2011; Hume et al., 2005; 

McCarroll, 2001). FMS measures motor control within seven different movement 

patterns that require a balance of mobility and stability which are important in golf 

(Cook, 2011; Davies & DiSaia, 2010). The FMS assesses imbalances, asymmetries 

and limitations within functional movements, which can help in developing a training 

program suited to each and every individual. The FMS does not pinpoint a deficiency 

in stability or mobility in specific body parts but rather gives a comprehensive image 

of participants’ motor skills. Participants’ FMS scores can reveal strengths and 

weaknesses in different movement patterns which can help in developing a relevant 

training program for the participant (Minick et al., 2010). The FMS is reliable and has 

predictive value for musculoskeletal injuries (Bonazza, Smuin, Onks, Silvis, & 

Dhawan, 2017). 

 

3.1.3.2. Countermovement jump. 

•    Reference: (Slinde, Suber, Suber, Edwén, & Svantesson, 2008). 
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•    Objective: To measure vertical lower-body power. 

•    Equipment: High-speed video camera, markers and Kinovea software. 

•    Score: Centimeters. 

•    Number of tries: Three. 

•    Procedure and instructions: The players stood laterally against a wall with shoulder- 

width between their feet and their hands on their hips. Two markers were placed in a 

vertical line on the wall 50 cm apart from each other and another marker was placed 

on the iliac crest of the players. From the starting position, the players bent down to 

preferred depth and then jumped as high as possible in one movement. The hands 

had to remain on the hips the entire jump and the knees weren‘t allowed to flex at any 

time while players were in the air. A high-speed video camera was used to capture the 

jumps. The video footage was imported into Kinovea software where the peak height 

of each jump was measured (cm). Every player got three attempts and the highest 

jump was registered.  

•    Why this test: Countermovement jump is considered a highly reliable measurement 

for explosive power in the lower-body (Markovic, Diztar, Jukic, & Cardinale, 2004). 

Using a high-speed video camera and Kinovea software made it possible to accurately 

identify the highest point of the jumps. 

 

3.1.3.3. Long jump from a stationary position. 

•    Reference: (Markovic et al., 2004). 

•    Objective: To measure horizontal lower-body power. 

•    Equipment: Tape and a measuring tape. 

•    Score: Meters. 

•    Number of tries: Three. 
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•    Procedure and instructions: The players stood on both feet with shoulder-width 

between their feet and their hands on their hips. From a stationary position, the players 

jumped as far forward as possible and landed on both feet. Players were allowed to 

fall forward as long as they kept their feet in the same place as when they landed. A 

measuring tape was used to measure how far the players jumped, from the starting 

line to the heel of the posterior landing foot.  Every player got three attempts and the 

longest jump was registered. 

•    Why this test: The long jump is easy to measure and takes a short time. It was 

added to have another lower-body power variable. 

 

3.1.3.4. Medicine ball chest throw. 

•    Reference: Adapted from (Read et al., 2013). 

•    Objective: To measure upper-body power. 

•    Equipment: 1 kg medicine ball, a wall and a Sports radar speed monitor. 

•    Score: Kilometers per hour (km/h) 

•    Number of tries: Three. 

•    Procedure and instructions: The players sat with their back, head and buttocks 

against a wall. The hips were in 90°flexion and the legs rested horizontally in front of 

the player’s body. The feet were shoulder-width apart. The players held a 1 kg 

medicine ball against their chest and then threw it as fast as they could in a horizontal 

direction. The head and upper back were not allowed to come forward from the wall 

during the throw. A Sports radar speed monitor was used to measure the peak speed 

of the ball in the air (km/h). Each participant got up to three practice throws to find the 

proper technique that enabled them to maximize the speed of the throw. After that, 

another three throws where the players used maximum power were measured. 
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•    Why this test: The pectoralis muscles have been reported as the most active 

muscles in the golf swing (McHardy & Pollard, 2005b). The MBCT test was adapted 

from Read et al. (2013), who measured chest throw length with participants lying on a 

45° angle bench. As similar bench was not available, the players simply sat on the 

floor against a wall. 

 

3.1.3.5. Medicine ball overhead throw. 

•    Reference: Adapted from (Van Den Tillaar & Marques, 2011). 

•    Objective: To measure trunk- and upper-body power. 

•    Equipment: 3 kg medicine ball, yoga mat and a measuring tape.  

•    Score: Meters. 

•    Number of tries: Three. 

•    Procedure and instructions: The players started in a „half-kneeling“ position, holding 

a 3 kg medicine ball in above their head. The players could choose if they kneeled 

down on the right knee or the left knee. A yoga mat was placed under the back knee 

to prevent any discomfort from resting the knee on the hard floor. The players were 

instructed to bring the ball back over their heads and then throw the ball forward as far 

as they could in around 45°angle using a single movement. All players got a few trial 

attempts to find which knee they preferred to kneel down on and to find the optimum 

throwing angle. They then performed three throws that were measured. The place 

where the ball landed was marked and then the length from the marker and the big 

toe of the player’s front leg was measured with a measuring tape. The longest throw 

was registered. 

•    Why this test: In this adapted version from Van Den Tillaar & Marques (2011), the 

participants threw the ball from a half-kneeling position instead of from standing 
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position to minimize activity in the lower-body. The MBOT brings out activity in the 

anterior deltoid, trapezius, subscapularis and core muscles which are all active in the 

golf swing (Cordasco, Wolfe, Wootten, & Bigliani, 1996; Davies & DiSaia, 2010). 

 

3.1.4. Statistical analysis. 

Paired sample T-test was used to measure the differences between mean scores in 

every test between the first and the second measurement session. IBM SPSS 

Statistics 25 was used for the analysis. Individual results in all the tests were also 

examined.  

 

3.2. Testing battery 2 

The second testing battery (TB2) was used to measure the correlation between 

maximum clubhead speed and scores in selected physical tests in Icelandic male 

national-, youth national- and elite golfers. The sample was confined to players in EGA 

handicap category 1 (HDC < 4.5). 

 

3.2.1. Participants. 

Seventeen Icelandic male golfers in EGA handicap category 1 participated in TB2. 

Participants were 15-34 years old (mean age = 22 ± 5.3 years) and had handicap 

(HDC) from -3.9-3.5 (mean HDC = 0.0 ± 2.2 strokes). Sixteen players were right-

handed and one player was left-handed. The scores for the left-handed player were 

„mirrored“ in the shoulder range of motion and the trunk rotational range of motion 

tests. 
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3.2.2. Testing variables. 

Maximum clubhead speed was the dependent variable in TB2. There were 12 

independent variables in TB2 that were categorized into anthropometry, range of 

motion (ROM) or power. The independent variables for anthropometry were height, 

body mass (BM) and arm-span (AS). The independent ROM variables were shoulder 

range of motion with the left arm above (ShoulderROM-L), shoulder range of motion 

with the right arm above (ShoulderROM-R) trunk rotational range of motion to the left 

(TrunkROM-L) and trunk rotational range of motion to the right (TrunkROM-R). The 

independent variables for power were countermovement jump height (CMJ-H), 

countermovement jump peak power (CMJ-PP), medicine ball chest throw (MBCT), 

medicine ball overhead throw (MBOT) and medicine ball rotational throw (MBRT). 

 

Table 8. Testing battery 2 variables, their measures and abbreviations. 

Variable Measure Abbreviation 

Ball striking performance (dependent) 

Maximum clubhead speed 

 

 

Meters per second (m/s) 

(m/s) 

MaxCHS 

Anthropometry (independent) 

Height Centimeters (cm) Height 

Body mass Kilograms (kg) BM 

Arm-span Centimeters (cm) AS 

Range of motion (independent) 

 

 

Shoulder range of motion with the left arm above Centimeters (cm) ShoulderROM-L 

Shoulder range of motion with the right arm above Centimeters (cm) ShoulderROM-R 

Trunk rotational range of motion to the left Centimeters (cm) TrunkROM-L 

Trunk rotational range of motion to the right Centimeters (cm) TrunkROM-R 

Power (independent) 

Countermovement jump height Centimeters (cm) CMJ-Height 

Countermovement jump peak power Watts (w) CMJ-PP 

Medicine ball chest throw Meters (m) MBCT 

Medicine ball overhead throw Meters (m) MBOT 

Medicine ball rotational throw Meters (m) MBRT 
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3.2.3. Procedures. 

The data for TB2 was gathered at two different times. Nine players participated in the 

measurements late in December of 2018 and eight players were measured early in 

March of 2019. In the first measurement session, all the tests were performed at the 

indoor facility of Nesklúbburinn in Seltjarnarnes. In the second measurement session, 

the anthropometry, range of motion and power tests were performed at World Class 

in Seltjarnarnes but the maximum clubhead speed test was performed at the indoor 

facility of Nesklúbburinn in the same golf simulator that was used in the first 

measurement session.  

When the players arrived, their age and official handicap registered by the 

Icelandic golfing association (GSÍ) were noted. The players then performed a short 

warm-up that included dynamic mobility and light plyometric work for both the upper-

body and the lower-body. The players were then offered to extend the warm-up with 

exercises of their own choice or with foam rolling stiff body parts. The players could 

pick a time slot for the measurements, where each slot allowed for 1-4 players at a 

time. Because of that, some players were measured only by themselves while other 

players were measured at the same time as 1-3 other players. When a player was 

measured by himself the order of measurements was height, body mass, arm-span, 

shoulder range of motion, trunk rotational range of motion, countermovement jump, 

medicine ball chest throw, medicine ball overhead throw, medicine ball rotational throw 

and maximum clubhead speed. When more than one player was tested at the same 

time, the order of measurements varied slightly but it was made sure that the range of 

motion tests were performed prior to the power tests and the maximum clubhead 

speed test and that everyone got time to recover fully between all power exercises 

and the clubhead speed tests. As the players who participated in the second 
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measurement session had to relocate from World Class in Seltjarnarnes where the 

anthropometry, range of motion and explosive power was measured to the indoor 

facility of Nesklúbburinn where maximum clubhead speed was measured, it must be 

noted that these two locations are only around 400 meters apart so the players in the 

second session did not receive any additional recovery compared to the players that 

participated in the first measurement session. 

 

3.2.3.1. Maximum clubhead speed. 

•    Reference: Adapted from (Hellström, 2008). 

•    Objective: To measure maximum driver clubhead speed that the players were able 

to generate with a natural swinging technique. 

•    Equipment: Each player‘s own driver, a standardized driver, plastic tee, artificial 

turf, golf ball and a Trackman 4 golf simulator radar.  

•    Score: Meters per second. 

•    Number of tries: Three with each driver. 

•    Procedure and instructions: Participants hit three shots with their own driver and 

three shots with a „standardized“ driver (Taylormade R9 460 with Flex X shaft and 

10,5° loft) into a golf simulator screen. A Trackman 4 golf radar was placed around 2.8 

meters behind the ball as described in the Trackman setup manual. The highest 

clubhead speed (CHS) for both drivers was registered. Average CHS of these two 

registered shots was calculated and used for the Pearson’s correlation analysis. The 

left-handed player could not use the standardized driver as the standardized driver is 

for right-handed players. Therefore, the maximum CHS for the left-handed player with 

his own club was used. Participants were asked to hit every shot with as much CHS 
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as they could manage with their natural swinging technique. No criteria were set for 

the accuracy of the shots. 

•     Why this test: The average of participants highest CHS with their own club and a 

standardized club was used for the correlation analysis to counteract the possible 

difference in CHS that might be explained with different club mechanics between each 

players driver (Alexander & Kern, 2005; Worobets & Stefanyshyn, 2007). The players 

were asked to swing as fast as possible instead of with their usual swinging speed as 

some golfers might use a higher percentage of their maximum CHS potential in when 

swinging at their conventional speed. 

 

3.2.3.2. Anthropometry. 

3.2.3.2.1 Height and body mass. 

•    Reference: Ross et al. (1982). 

•    Objective: To examine participants’ height and body mass (BM). 

•    Equipment, SECA scan, body mass scale and measuring tape. 

•    Score: Centimeters for height and kilograms for BM. 

•    Number of tries: One. 

•    Procedure and instructions: Players’ height was measured with a SECA scan or a 

measuring tape to the nearest 0.5 cm and BM was measured on a BM scale to the 

nearest 0.1 kg. Players wore sports clothing of their own choice but were required to 

remove their shoes when their height and BM were measured. 
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3.2.3.2.2. Arm-span. 

•    Reference: Adapted from (Reeves, Varakamin, & Henry, 1996). 

•    Objective: To examine players arm-span. 

•    Equipment: Measuring tape. 

•    Score: Centimeters. 

•    Number of tries: One. 

•    Procedure: A measuring tape was placed on the floor. The players lied with their 

shoulders on the measuring tape, with their back flat on the ground and their arms 

reaching out in a 90° angle from their body. The top part of their left middle finger was 

placed at the zero mark of the measuring tape and the top part of their right middle 

finger was as far away from their body on the other side on the measuring tape. The 

length between the top parts of the players’ middle fingers was measured to the 

nearest 0.5 centimeter. 

•    Why this test: Due to convenience, this version was adapted from Reeves et al., 

(1996) who had previously measured AS with subjects standing up against a wall. As 

a measuring tape had already been placed on the floor for the throwing tests, it saved 

time to measure players arm-span by simply instructing them to lie down on the 

measuring tape with their arms extended to their sides. 

 

Figure 23. Trial subjects demonstrates the arm-span measurement in TB2. 
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3.2.3.3. Range of motion (ROM). 

3.2.3.3.1. Shoulder ROM. 

•    Reference: Adapted from (Cook, 2011). 

•    Objective: To examine players shoulder ROM. 

•    Equipment: Measuring tape. 

•    Score: Centimeters. 

•    Number of tries: Three. 

•    Procedure and instructions: The shoulder ROM test was performed with players 

standing on both feet. While keeping their arms by the side of their bodies, the players 

started by making a fist with both hands, keeping the thumbs inside their fists. The 

players were then instructed to put their left hand up and back over their shoulder, 

while the right hand was placed behind the lower back. The players were then asked 

to try to make their fists meet behind their back if they could. If not, they were asked 

to get their fists as close to each other behind their backs as possible. The test was 

repeated with the right hand going up and over the shoulder and the left hand behind 

the back. The distance between the players’ fists was measured with a measuring 

tape and registered in centimeters. 

•    Why this test: As no convenient standardized shoulder ROM measurements were 

found in previous literature, the method that was used was an adapted version of the 

shoulder mobility test in the Functional Movement Screen by Cook (2011). In the 

original shoulder mobility test in the FMS, participants get a score from 1-3 based on 

if they can get their fists within one hand length of each other (3 points), one and a 

half hand lengths from each other (2 points) or more than one and a half hand length 

from each other (1 point). To get a more accurate score, the centimeters between 
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participants fists was registered instead of rating the movements from 1-3 as in the 

original version. 

 

Figure 24. Trial subjects demonstrates the shoulder range of motion test in TB2. 

 

3.2.3.3.2. Trunk rotational ROM. 

•    Reference: Adapted from (Aragon, Oyama, Olario, Padua, & Myers, 2012). 

•    Objective: To examine players’ trunk rotational range of motion. 

•    Equipment: Scotch tape, broomstick and measuring tape. 

•    Score: Centimeters. 

•    Number of tries: Three. 

•    Procedure and instructions: The players sat on the floor 40 centimeters away from 

a wall. Players sat with their back vertical and their feet rested in front of their bodies 

with 14 cm (diameter) foam roller under their knees. The distance between their feet 

was around one foot-width. A scotch tape had been placed vertically on the wall behind 

the middle of the players back. The players held a broomstick on their shoulders with 

their arms crossed. From that position, the players were instructed to rotate their trunk 
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as far as possible to the right and hold the final position for few seconds while 

maintaining their trunk vertical. A measuring tape was used to measure the distance 

from the place where the end of the broomstick touched the wall and the scotch tape 

that had been placed on the wall. If players managed to rotate their trunk so far that 

the broomstick crossed the mid-point line, a plus (+) number was registered. If players 

did not manage to rotate their trunk so far that the broomstick crossed the mid-point 

line, a minus (-) number was registered. If players rotated their torso so the broomstick 

was exactly on the mid-point line, a score of zero was given. The score for this test 

was registered as centimeters. All players got a few trial attempts to find the right 

positioning. The biggest purpose of the trial attempts was to teach the players to keep 

their back vertical during the rotation, as some players had the tendency to lean 

towards the wall during the rotation.  The test was then repeated with torso rotation to 

the left. Each player got three attempts to each side. 

•    Why this test: Trunk rotation is an inherent movement in the golf swing (Read et 

al., 2013). The trunk rotational ROM test was adapted from Aragon et al. (2012) that 

measured trunk rotation in collegiate softball players in a similar way (Aragon et al., 

2012). 

 

Figure 25. Trial subject demonstrates the torso rotational range of motion test in TB2. 
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3.2.3.4. Power. 

3.2.3.4.1. Countermovement jump. 

•    Reference: (Slinde et al., 2008). 

•    Objective: To measure lower-body power. 

•    Equipment: Jumping mat. 

•    Score: Centimeters for height and watts for peak power. 

•    Number of tries: Three. 

•    Procedure and instructions: The players stood on the jumping mat with shoulder-

width between their feet and their hands on their hips. The players were instructed to 

squat down to preferred length and then jump as high as possible in one single 

movement without stopping on the bottom of the squat. Players’ knees were not 

allowed to flex at any time in the air. The players were also required to keep their 

hands on their hips the entire time to isolate the lower-body power. The jumping mat 

measured the height (centimeters) of the players‘ jumps. A formula described by 

Hellström (2008) was used to measure players’ CMJ peak power (CMJ peak power: 

67 x jump height + 45.3 x body mass – 2055). Every player got few practice jumps to 

find their preferred squat length. After the trial jumps the players got a few minutes 

rest to recover fully. The players then performed three jumps that were measured, and 

the highest jump was registered.  

•    Why this test: Countermovement jump is considered a highly reliable measurement 

for explosive power in the lower-body (Markovic et al., 2004). Measuring CMJ height 

on a jumping mat takes a short time and is a reliable method (Slinde et al., 2008). 
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Figure 26. Trial subject demonstrates the countermovement jump test in TB2. 

 

3.2.3.4.2. Medicine ball chest throw. 

•    Reference: Adapted from (Read et al., 2013). 

•    Objective: To measure upper-body power. 

•    Equipment: A wall, 3 kg medicine ball and a measuring tape.  

•    Score: Meters. 

•    Number of tries: Three. 

•   Procedure and instructions: The players sat with their head, upper back and 

buttocks against a wall and their legs resting straight in front of their body. A measuring 

tape had been placed on the ground to measure the throwing length of the players. 

The players held a 3 kg medicine ball with both hands against their chest. They were 

then instructed to throw the ball as far as they could in around 45°angle, as that has 

been shown to be an optimal angle for throwing length (Gallant, 2012). The players 

had to keep their head, upper back and buttocks against the wall throughout the test. 

The place where the ball landed was marked and then the length from the wall to the 

marker was measured (meters). All players got few trial throws to find the optimal 

technique and throwing angle. After a few minutes rest they performed three throws 

that were measured, and the longest throw was registered.  
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•  Why this test: The pectoralis muscles have been reported as the most active 

muscles in the golf swing (McHardy & Pollard, 2005b). The MBCT test was adapted 

from Read et al. (2013) who measured chest throw length with participants lying on a 

45° angle bench. As no such bench was available, the players simply sat on the floor 

with their backs against a wall. Players were instructed to keep their head, upper back 

and buttocks against the wall all times to minimize core activity in the test. 

 

Figure 27. Trial subject demonstrates the medicine ball chest throw test in TB2. 

 

3.2.3.4.3. Medicine ball overhead throw. 

•    Reference: Adapted from (Van Den Tillaar & Marques, 2011). 

•    Objective: To measure power in the trunk and upper-body. 

•    Equipment: 3 kg medicine ball, yoga mat and a measuring tape.  

•    Score: Meters. 

•    Number of tries: Three. 

•    Procedure and instructions: The players started in a „half-kneeling“ position, holding 

a 3 kg medicine ball in above their head. The players could choose if they kneeled 

down on the right knee or the left knee. A yoga mat was placed under the back knee 

to prevent any discomfort from resting the knee on the hard floor. The players were 

instructed to bring the ball back over their heads and then throw the ball forward as far 

as they could in around 45°angle using a single movement. All players got few trial 



 50 

attempts to find which knee they preferred to kneel down on and to find the optimum 

throwing angle. They then performed three throws that were measured. The place 

where the ball landed was marked and then the length from the marker and the big 

toe of the players’ front leg was measured with a measuring tape. The longest throw 

was registered. 

•    Why this test: In this adapted version from Van Den Tillaar & Marques (2011), the 

participants threw the ball from a half-kneeling position instead of from standing 

position to minimize activity in the lower-body. The MBOT brings out activity in the 

anterior deltoid, trapezius, subscapularis and core muscles which are all active in the 

golf swing (Cordasco et al., 1996; Davies & DiSaia, 2010). 

 

Figure 28. Trial subject demonstrates the medicine ball overhead throw in TB2. 

 

3.2.3.4.4. Medicine ball rotational throw. 

•    Reference: Adapted from (Yamamoto, 2015). 

•    Objective: To measure trunk rotational power. 

•    Equipment: 3 kg medicine ball, foam roller and a measuring tape. 

•    Score: Meters. 

•    Number of tries: Three. 
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•    Procedure and instructions: The players sat with their back leaning slightly back 

and their feet in front of their body with a 14 cm foam roller under their knees. With 

straight arms, the players held a 3 kg medicine ball on the right side of their body, with 

the ball touching the ground. The players were then instructed to throw the ball as far 

as they could to the left and in around 45°angle. The place where the ball landed was 

marked and then the length from the marker and the players’ left hip was measured. 

Every player got few trial throws to practice the correct technique. The players then 

got three attempts that were measured, and the longest throw was registered. The 

left-handed player performed the test facing the opposite way, so every player threw 

the ball in their natural golf swinging direction. 

•    Why this test: Trunk rotation is an inherent movement in the golf swing (Read et 

al., 2013). A seated version of the rotational throw was chosen to minimize activity 

from the lower-body.  

 

Figure 29. Trial subject demonstrates the medicine ball rotational throw in TB2. 

 

3.2.4. Statistical analysis. 

Pearson‘s correlation coefficient was used to measure the relationship between 

participants’ maximum clubhead speed and the independent variables. The level of 

significance was set at p < 0.05. IBM SPSS Statistics 25 was used for the analysis. 
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4. Results 

4.1. Testing battery 1 

Table 9. Testing scores of each participant in January 2018 and May 2018.   

Subject 
number 

FMS (total score) CMJ (cm) LJ (m) MBCT (km/h) MBOT (m) 

Jan May Jan May Jan May Jan May Jan May 

1 13 15* 55.1 60.0* 1.90 1.80** 26 26 6.3 6.6* 

2 17 19* 55.2 58.1* 1.99 2.07* 26 27* 6.5 6.8* 

3 17 20* 42.3 34.5** 1.46 1.47* 19 19 3.9 4.0* 

4 17 15** 46.9 42.0** 1.62 1.59** 20 20 3.4 4.0* 

5 19 18** 65.2 67.5* 1.90 2.05* 27 29* 7.9 7.6** 

6 16 18* 61.7 60.9** 2.04 2.23* 29 29 6.6 7.1* 

7 16 16 49.6 42.6** 1.78 1.60** 22 22 4.9 5.1* 

8 16 17* 39.3 38.8** 1.36 1.32** 19 20* 4.2 4.2 

9 14 14 56.7 52.7** 1.69 1.67** 30 30 7.8 7.5** 

10 17 18* 56.0 45.6** 1.53 1.57* 27 29* 6.5 7.5* 

11 15 16* 51.8 53.3* 1.62 1.69* 22 27* 5.1 5.5* 

12 18 17** 51.4 58.2* 2.02 2.02 26 29* 5.9 6.5* 

13 14 13** 36.8 40.5* 1.53 1.50** 19 20* 4.6 4.6 

14 16 14** 53.9 56.7* 1.86 1.89* 27 27 5.4 6.7* 

15 19 16** 52.5 52.7* 1.99 1.97** 27 27 7.6 7.0** 

16 15 15 38.9 29.1** 1.26 1.20** 19 19 4.2 4.4* 

17 15 15 49.2 44.6** 1.49 1.52* 27 27 7.1 7.4* 

18 17 17 42.7 44.3* 1.45 1.57* 22 26* 5.2 5.5* 

FMS = Functional Movement Screen, CMJ = Countermovement jump, LJ = Long jump, MBCT = 
Medicine ball chest throw, MBOT = Medicine ball overhead throw. 
* Increase in testing scores between measurement sessions. 
** Decrease in testing score between measurement sessions. 

 

Table 9 shows the scores of every individual in each test in January 2018 and May 

2018. Seventeen of the 18 participants improved in at least one test between testing 

sessions and 15 of the 18 participants scored lower in at least one test between testing 

sessions. 
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Table 10. Differences in mean scores of all participants between January 2018 and May 2018. 

Test Session 1 Session 2 T-test P-value 

FMS 16.17 16.28 -0.294 0.772 

CMJ (cm) 50.29 49.01 1.053 0.307 

LJ (m) 1.69 1.71 -0.635 0.534 

MBCT (km/h) 24.11 25.17 -2.886 0.010** 

MBOT (m) 5.73 6.00 -2.554 0.021* 

FMS = Functional Movement Screen, CMJ = Countermovement jump, LJ = Long jump from stationary 
position, MBCT = Medicine ball chest throw, MBOT = Medicine ball overhead throw. 
*Significant at the 0.05 level. 
**Significant at the 0.01 level. 

Table 10 shows the difference between participants’ mean scores in the physical tests 

performed in January 2018 and May 2018. On average, players improved significantly 

between testing sessions in the MBCT (4.6%) (p = 0.01) and the MBOT (4.7%) (p < 

0.05). 

4.2. Testing battery 2 

4.2.1. Anthropometry. 

Table 11. Descriptive statistics for participants anthropometry and its correlation to MaxCHS. 

Variables 1 2 3 4 M SD 

1. MaxCHS (m/s) -    52.1 2.7 

2. Height (cm) 0.361 -   183.4 8.6 

3. BM (kg) 0.314 0.72* -  82.0 8.5 

4. AS (cm) 0.297 0.915** 0.490* - 183.6 9.1 

MaxCHS = Maximum clubhead speed, BM = Body mass, AS = Arm-span, M = Mean, SD = Standard 
deviation. 
*Correlation is significant at the 0.05 level. 
**Correlation is significant at the 0.01 level. 

 

Pearson‘s correlation coefficient analysis showed no significant relationship between 

any anthropometry measurements and MaxCHS (table 11). 
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4.2.2. Range of motion (ROM). 

Table 12. Descriptive statistics for participants ROM test results and its correlation to MaxCHS. 

Variables 1 2 3 4 5 M SD 

1. MaxCHS (m/s) -     52.1 2.7 

2. ShoulderROM-L (cm) 0.319 -    16.6 6.8 

3. ShoulderROM-R (cm) 0.255 0.805** -   11.3 5.5 

4. TrunkROM-L (cm) -0.342 -0.579* -0.476 -  -8.2 11.1 

5. TrunkROM-R (cm) -0.326 -0.723** -0.567* 0.882** - -9.8 10.7 

MaxCHS = Maximum clubhead speed, ShoulderROM-L = Shoulder range of motion with the left arm 
above, ShoulderROM-R = Shoulder range of motion with the right arm above, TrunkROM-L = Trunk 
rotational range of motion to the left, TrunkROM-R = Trunk rotational range of motion to the right, M = 
Mean, SD = Standard deviation. 
*Correlation is significant at the 0.05 level. 
**Correlation is significant at the 0.01 level. 
 
 

Pearson‘s correlation coefficient analysis showed no significant relationship between 

any ROM measurements and MaxCHS (table 12).  

4.2.3. Power. 

Table 13. Descriptive statistics for participants power test results and its correlation to MaxCHS. 

Variables 1 2 3 4 5 6 M SD 

1. MaxCHS (m/s) -      52.1 2.7 

2. CMJ-H (cm) 0.357 -     34.3 5.5 

3. CMJ-PP (w) 0.492* 0.619** -    3738.1 489.7 

4. MBCT (m) 0.598* 0.334 0.637** -   5.9 0.6 

5. MBOT (m) 0.444 0.276 0.506* 0.743** -  7.1 0.9 

6. MBRT (m) 0.515* 0.225 0.538* 0.752** 0.701** - 6.5 0.9 

MaxCHS = Maximum clubhead speed, CMJ-H = Countermovement jump height, CMJ-PP = 
Countermovement jump peak power, MBCT = Medicine ball chest throw, MBOT = Medicine ball 
overhead throw, MBRT = Medicine ball rotational throw. 
*Correlation is significant at the 0.05 level. 
**Correlation is significant at the 0.01 level. 

 

Pearson‘s correlation coefficient analysis showed significant relationship between 

MaxCHS and CMJ-PP (r = 0.492, p < 0.05), MaxCHS and MBCT length (r = 0.598, p 

< 0.05) and MaxCHS and MBRT length (r = 0.515, p < 0.05) (table 13). No significant 
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correlation was found between MaxCHS and CMJ-H or MaxCHS and MBOT length 

(table 13). CMJ-PP explains 24.2% of the variance in MaxCHS, MBCT length explains 

35.8% of the variance in MaxCHS and MBRT explains 26.5% of the variance in 

MaxCHS. 
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5. Discussions 

5.1. Testing battery 1 

The first objective in this thesis was to evaluate if Icelandic national and youth national 

golfers improved their physical fitness during a pre-season period from January 2018 

to May 2018. The results showed that on average, participants were able to increase 

their throwing power in both the MBCT and the MBOT, while no differences were found 

in mean scores between measurement sessions in CMJ, LJ or FMS. 

 When the scores for every individual are evaluated, there are both positive and 

negative results. The positive results are that all but one player improved in at least 

one test between the measurement sessions. The negative results are that 15 of the 

18 players scored lower in the second session than the first in at least one test. 

Therefore, even if there was a significant increase in mean scores in the throwing tests 

between sessions, the results suggest that if Icelandic national and youth national 

golfers want to improve their whole-body fitness in the pre-season, additional physical 

training is recommended. 

 

5.1.1. Conclusions. 

Many Icelandic national and youth national players should put more focus on physical 

training during the pre-season if they want to improve their whole-body fitness. As 

good technique is the most important factor for golfing performance, golf training 

should however not be replaced by physical training. 
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5.1.2. Limitations.   

Only 18 players participated in both measurement sessions in TB1, even if 36 players 

participated in the first session. The final sample was therefore smaller than hoped for. 

Another limitation to TB1 was that the sports radar speed monitor used to measure 

MBCT speed only measured km/h in whole numbers which is not as accurate as would 

be ideal. For example, if one player had thrown the ball at 25.6 km/h and another 

player had thrown the ball at 26.4 km/h, both players would have been registered with 

26 km/h in throwing speed. That was also one of the reasons why the MCBT was not 

measured with the sports radar speed gun in the second testing battery. Finally, there 

was no information what kind of physical training the players did between January 

2018 and May 2018, or if they did any physical training at all. 

 

5.2. Testing battery 2 

Numerous studies have shown that physical training programs involving mobility, 

flexibility, strength and power can be effective for increasing clubhead speed (CHS)  

in both recreational and competitive golfers (Álvarez et al., 2012; Cummings et al., 

2018; Driggers & Sato, 2017; Fletcher & Hartwell, 2004; Hetu et al., 1998; Kenny et 

al., 2017; Kim, 2010; Lephart et al., 2007; Oranchuk et al., 2018; Thompson et al., 

2007; Thompson & Osness, 2004; Weston et al., 2013). However, those studies have 

not identified which physical factors are most important to train if the main goal is to 

improve maximum CHS or driving distance (DD). By looking at current literature, it’s 

apparent that the design of a physical training program for golfers can play a big part 

in how much golfers manage to increase their driving performance. For example, in 

low handicap and competitive players, physical training can have no improvements on 

driving performance at all (Lamberth et al., 2013) or even up to 10% increase in CHS 
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(Álvarez et al., 2012), based on the structure and length of the program. This 

demonstrates the importance of recognizing which physical factors have the strongest 

relationship with CHS if the main goal of the physical training is to improve CHS or 

DD. Researchers that have directly correlated clubhead speed (or similar variable) 

with specific physical tests have reported conflicting results. For example, Hellström 

(2008), Torres Ronda et al. (2014) and Lewis et al. (2016) reported the strongest 

correlation to clubhead speed (CHS) was with a lower-body power variable (Hellström, 

2008; Lewis et al., 2016; Torres-Ronda et al., 2014), while Read et al. (2013), Gordon 

et al. (2009) and Thompson (2012) reported that the strongest correlation to clubhead 

speed was an upper-body strength or power variable (Gordon et al., 2009; Read et 

al., 2013; Thompson, 2012). Loock et al. (2013) found that clubhead speed and carry 

distance had the strongest correlation with lower-back strength (Loock et al., 2013) 

and Keogh et al. (2009) reported the strongest correlation to clubhead speed was to 

a „swing-pattern movement“ rotational strength (Keogh et al., 2009). One study has 

found correlation between trunk-rotational flexibility and CHS (Thompson, 2012), while 

other studies did not correlate flexibility or mobility to CHS (Gordon et al., 2009; Keogh 

et al., 2009; Loock et al., 2013). Due to different results of former studies, it’s the 

author's opinion that the relationship between physical fitness and CHS is a subject 

that needs to be examined further. This led to the second objective of this thesis that 

was to examine the relationship between selected physical tests and maximum 

clubhead speed (MaxCHS) in male golfers in EGA handicap (HDC) category 1 (HDC 

< 4.5). The relationship between selected anthropometry measures and MaxCHS was 

also examined.  

The results of this thesis showed that none of the anthropometry 

measurements (height, body mass (BM) and arm-span (AS)) had a significant 
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relationship with MaxCHS. Contrary to these findings, significant correlation has been 

reported between CHS and BM in Swedish elite male golfers (estimated HDC < 0) (r 

= 0.51, p < 0.05) (Hellström, 2008). CHS has also previously been correlated with 

upper arm length (r = 0.450, p < 0.05) and total arm length (r = 0.450, p < 0.05) in a 

study that included both low HDC golfers (mean HDC = 0.3 ± 0.5 strokes) and high 

HDC golfers (mean HDC = 20.3 ± 2.4 strokes) (Keogh et al., 2009). Interestingly, 

neither study discussed the reasons for these results. A possible explanation for this 

could be that heavier players are able to produce more ground-reaction force (GRF) 

because of their higher BM and therefore more CHS (Leary et al., 2012). Also, players 

with longer arms might be able to create a larger swing path resulting in higher CHS. 

These theories are however not supported by the findings of this thesis, which suggest 

that even if certain anthropometry traits may give some players an advantage in 

creating higher CHS (Hellström, 2008; Keogh et al., 2009), that is not always the case. 

More studies are however needed to examine this relationship further. 

Neither shoulder ROM or trunk rotational ROM were significantly correlated to 

MaxCHS in this thesis. The results are similar to at least three former studies that have 

reported no significant relationship between selected mobility or flexibility tests with 

CHS (Gordon et al., 2009; Keogh et al., 2009; Loock et al., 2013). Despite that, there 

are some evidence that ROM during the swing can affect DD, as „long hitters“ usually 

rotate their upper-body farther compared to their lower-body than „short hitters“ (Hume 

et al., 2005). That could however be more related to players‘ swinging technique than 

their actual maximal ROM, as skilled golfers do not necessarily use their full ROM 

during the swing (Joyce, 2017). In a case report on 19 year old NCAA golfer, Dale et 

al. (2010) were able to increase the golfer‘s CHS by regaining his trunk and shoulder 

ROM that he had lost due to muscle tension and pain that had gradually onset (Dale 
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et al., 2010). Sustaining sufficient shoulder and trunk rotational ROM could therefore 

be important for preserving current CHS although additional ROM might not always 

mean improved CHS. 

In this thesis, three power variables had a significant relationship with MaxCHS. 

Those variables were countermovement jump peak power (CMJ-PP) (r = 0.492, p < 

0.05), medicine ball chest throw (MBCT) length (r = 0.598, p < 0.05) and medicine ball 

rotational throw (MBRT) length (r = 0.515, p < 0.05). According to Hopkins et al. (2009) 

the correlation between MaxCHS and CMJ-PP is considered moderate, and the 

correlations between MaxCHS and MBCT and MaxCHS and MBRT are considered 

large (Hopkins et al., 2009).  

As the pectoralis muscles have been shown to be the most active muscles in 

the golf swing (McHardy & Pollard, 2005b), it might not be surprising that MBCT length 

had the strongest correlation to MaxCHS of the independent variables. This is also 

similar to the findings of Read et al. (2013) and Gordon et al. (2009) who reported that 

upper-body „pushing” strength or power had the strongest correlation to CHS in their 

studies (Gordon et al., 2009; Read et al., 2013). On the other hand, rotational power 

(Keogh et al., 2009) or lower-body strength or power (Hellström, 2008; Lewis et al., 

2016; Torres-Ronda et al., 2014) have had a stronger correlation to CHS in other 

studies. Some limitations do however exist in those studies that make it hard to 

compare the relationship between upper-body variables, lower-body variables and 

rotational variables. For example, Hellström (2008) did not target power for the upper-

body but chose instead to use maximum bar dips (repetitions*BM) as an upper-body 

variable. By doing so, he compared lower-body power using for example sprints and 

jumps to upper-body strength-endurance, which is not comparable in the opinion of 

the author of this thesis. Other examples are from Read et al. (2013) and Keogh et al. 
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(2009), who measured rotational power with medicine ball throw from a standing 

position which gives participants the opportunity to increase their throwing length by 

using power from their legs. 

When it comes to CMJ performance, the results of this thesis were similar to 

Hellström’s (2008) study, which is a stronger correlation between CHS and CMJ-PP 

than CHS and CMJ height (Hellström, 2008). The most likely explanation for that is 

that due to their BM, heavier players are able to apply more force to the ground than 

lighter players, even if they are not able to jump as high. By doing so, the heavier 

players may produce higher ground-reaction force and therefore higher CHS (Leary 

et al., 2012).  

It‘s interesting that no correlation was found between medicine ball overhead 

throw (MBOT) length and MaxCHS. Even if the MBOT activates the core muscles and 

other muscles that are active in the golf swing (Cordasco et al., 1996; Davies & DiSaia, 

2010), the movement pattern might be too dissimilar to the golf swing to find a 

significant relationship. 

 

5.2.1. Conclusions. 

Even if range of motion (ROM) wasn‘t directly correlated to MaxCHS, ROM is generally 

acknowledged as an important factor for successful golf swing in relation to injury 

prevention, consistency and accuracy, and should therefore not be neglected in 

golfers‘ physical training (Davies & DiSaia, 2010; Gluck et al., 2008).  

By looking at the results of this thesis alone, it could be beneficial for male 

golfers in EGA handicap (HDC) category 1 to focus a little bit more on improving upper-

body „pushing” power than lower-body power or rotational power if the goal is to 

increase MaxCHS. However, with the different results from the variety of other studies 
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(Gordon et al., 2009; Hellström, 2008; Keogh et al., 2009; Lewis et al., 2016; Loock et 

al., 2013; Read et al., 2013; Thompson, 2012; Torres-Ronda et al., 2014), the results 

of this thesis must be looked at in bigger context. Perhaps, different golfers rely on 

different muscle groups for power, as no golfers can swing the club in the exact same 

way (Hardy, 2012). Therefore, training upper-body power might be more beneficial for 

golfers that don‘t rely so much on using the ground-reaction force (GRF) while golfers 

that utilize the GRF to greater extent might benefit more from increased lower-body 

power. Electromyography (EMG) analysis could for example be used to measure 

which muscle group are the most active in each golfer’s swing, and therefore get a 

better look at what type of training is the most appropriate for each golfer. In general, 

if golfers want to use physical training to improve CHS but aren’t able to identify where 

most of their CHS comes from, or if they have no obvious weak areas, training upper-

body „pushing” power, lower-body power and rotational power evenly is 

recommended. 

 

5.2.2. Limitations. 

There were several limitations to TB2. First of all, the sample size only included 17 

players which is a smaller sample than in all other studies that were found on the 

relationship between physical fitness and clubhead speed (CHS). Therefore, a bigger 

sample might show some different results. Another limitation was that the left-handed 

player in the sample could not use the standardized driver, so it was not possible to 

use the average of the highest CHS with his own driver and the standardized driver 

as was done for the other players. However, it was decided to keep him in the sample 

using his highest clubhead speed with his own driver to have the sample as big as 

possible. 
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 Measuring the MBCT, MBOT and the MBRT in meters to the nearest ten 

centimeters was a limitation as these measurements were not as accurate as would 

be ideal. Unfortunately, the procedures that were used in the throwing tests made it 

hard to measure the throwing lengths with more accuracy. In future studies, measuring 

throwing tests on a surface that can pinpoint the landing area of the ball, for example 

sand, could improve the accuracy of the tests.  

Possibly the most important limitation in TB2 was that when MaxCHS was 

measured, there was no criteria for accuracy, which means that the players probably 

hit the ball harder in the testing session then they would with their usual swings in a 

competition. However, the reason for the chosen method was that it is likely that 

different golfers use different percentages of their MaxCHS when they use their regular 

swing. Future studies should include both MaxCHS and CHS with conventional swing 

speed. By doing so, it would be possible to measure if different players use different 

amount of their MaxCHS in their regular swings. Also, it would be interesting to 

evaluate how much of their MaxCHS different players can utilize in their swing without 

significant compromises in their accuracy and consistency.  
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6. Epilogue 

During the two-year spell of the partnership of Reykjavík University (RU) and the 

Icelandic golfing association (GSÍ), a foundation has been set for future research on 

physical fitness in Icelandic national and low handicap golfers. Many opportunities lie 

in continuing the collaboration between RU and GSÍ. Both testing batteries that were 

used over the last two years had several limitations that can be learned from and used 

to make players physical testing more valid and reliable.  

In TB1, Functional Movement Screen (FMS) was used to examine players 

motor skills. Unfortunately, it took a quite long time to measure each player in FMS 

which was the reason that is was decided to remove FMS from the TB2. Still, in the 

author's opinion, FMS is an effective and appropriate tool to measure golfers motor 

skills. Three tests were included in both testing batteries. Those tests were 

countermovement jump (CMJ), medicine ball chest throw (MBCT) and medicine ball 

overhead throw (MBOH). However, slightly different methods were used for the CMJ 

and MBCT tests between the two testing batteries. The biggest reason for that was to 

make the testing sessions easier and more convenient to perform, which gives other 

players and coaches better opportunity to repeat the tests and compare the results to 

the testing scores posted by the players in this thesis. For example, in TB1, CMJ was 

measured with a high-speed video camera and Kinovea software, which is quite time 

consuming compared to using a jumping mat. Also, the MBCT was measured with 

sports radar speed monitor in the TB1, which might be hard to come by for many golf 

coaches.   

The long jump from a stationary position (LJ) was not included in TB2. The LJ 

test was originally included as it can be used to measure lower-body power (Markovic 

et al., 2004). However, as former literature was examined, no studies on golfers’ 
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physical attributes that included LJ were found. Due to that, it was decided to replace 

the LJ test with a more valid test for golfers, which was the medicine ball rotational 

throw (MBRT). TB2 lacked lower-body ROM test which should be added to future 

measurements. The most important lower-body ROM variables that should be added 

are hip internal and external rotations as those movements are inherent in the golf 

swing. Also, grip-strength and full-body power could be interesting variables to add to 

future testing sessions.  

Apart from the very first testing session, participation was lower than hoped for.  

There are probably two main reasons for that. The first is that many Icelandic national 

golfers live abroad during the winter and could therefore not be involved. Secondly, 

the testing sessions were discretionary for the national players, and some might not 

have been interested. Future measurements should be planned around the time when 

most of the national golfers are in Iceland and available for participation. Also, if the 

testing sessions were made mandatory for the national players, probably more would 

attend, and more valuable data would be attained. At last, it would be interesting to 

include the Icelandic golf clubs more and perform testing sessions on other 

competitive players that are not part of the national or youth national teams. 
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