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Summary 
Background: The game of golf has developed a lot since the beginning of the 21

th
 century 

and especially the importance of physical conditioning for elite players. Club head speed 

(CHS) is one important variable, which has been shown to be positively affected by muscle 

power. Studies on women elite golf players, as well as consideration of accuracy when 

measuring CHS, are limited and results from male counterparts does not necessarily transfer 

to women players because of the possible different body anthropometrics and recruitment 

patterns during different aspects of the game of golf. 

Aim: The aim of this study was to compare measures for strength and power, with golf club 

head speed (CHS) in elite women golf players. A secondary aim was to compare CHS with a 

new test for CHS corrected for accuracy (CHSac). 

 

Method: Women golf players (n=4, mean age 21.0 SD 1.4, mean height 168.8 cm SD 5.3, 

mean weight 70.7 SD 9.0, mean handicap +1.8 SD 1.0) performed a test measuring golf CHS 

and four different physical tests which included squat jump (SJ), countermovement jump 

(CMJ), medicine ball seated throw (MBST) and medicine ball rotational throw (MBRT).  

 

Results: A moderate correlation of r=0.53 was found between CHS and SJ and a low 

correlation of r=0.36 between CHS and CMJ. A high correlation was obtained between CHS 

and MBST (r=0.76) and CHS and MBRT (r=0.81).  

Conclusion: Higher correlations were seen between CHS and upper body power compared to 

correlation between CHS and lower body strength in women elite golf players. This gives 

indications of what elite women golf players should prioritize during physiological 

conditioning in order to increase golf CHS. A test was developed for CHS correcting this 

variable for accuracy, but the usefulness of this accuracy related CHS could not be determined 

in this study.  
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Samband mellan fältbaserade 

mätningar för styrka och kraft, och 

klubbhastighet inom golf för 

kvinnliga elitgolfspelare. 

Sammanfattning 
Bakgrund: Golf har utvecklats under det senaste årtiondet, speciellt de fysiska kraven på 

elitspelare. Klubbhastighet (CHS) är en viktig variabel, vilken har blivit visad vara positivt 

påverkad av muskelkraft. Studier på kvinnliga elitgolfspelare är begränsade, så väl som 

korrigering för riktning när CHS mäts, och resultat från manliga motsvarigheter behöver 

nödvändigtvis inte vara överförbara till kvinnliga spelare på grund av de möjliga skillnaderna 

i kroppsantropometri och rekryteringsmönster under olika aspekter av golfspelet. 

Syfte: Syftet med denna studie var att jämföra mätningar för styrka och kraft, med 

klubbhastighet (CHS) hos kvinnliga elitgolfspelare. Ett sekundärt syfte var att jämföra CHS 

med ett nytt test för CHS korrigerat för riktning (CHSac). 

 

Metod: Kvinnliga golfspelare (n=4, medelålder 21.0 SD 1.4, medelhöjd 168.8 cm SD 5.3, 

medelvikt 70.7 SD 9.0, medelhandikapp +1.8 SD 1.0) utförde ett test för golf klubbhastighet, 

och fyra olika fysiska tester vilka inkluderade squat jump (SJ), countermovement jump 

(CMJ), sittande medicinbollskast (MBST) och rotationskast med medicinboll (MBRT).  

Resultat: En moderat korrelation av r=0.53 hittades mellan CHS och SJ och en låg 

korrelation av r=0.36 mellan CHS och CMJ. En hög korrelation erhölls mellan CHS och 

MBST (r=0.76) och CHS och MBRT (r=0.81).  

Slutsats: Högre korrelationer sågs mellan CHS och styrka i överkroppen än mellan CHS och 

styrka i underkroppen hos kvinnliga elitgolfspelare. Detta indikerar vilken typ av fysisk 

träning som borde prioriteras av kvinnliga elitgolfspelare som vill öka golf CHS. Ett test 

utvecklades för att mäta CHS korrigerat för riktning, men användbarheten av detta test kunde 

inte fastställas i denna studie.  
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Introduction 
During the last decade the game of golf has developed, especially the physical requirements 

that are placed on elite players. A golfer of today needs to be a complete athlete where 

physical conditioning is an important factor to compete at a high level and avoid injuries. This 

has been seen with Annika Sörenstam and Tiger Woods, whom have shown big commitment 

to physical preparation and revolutionized the game of golf (Wells, Elmi & Thomas, 2009). 

Golf performance and physiological variables 
Strength and power are important factors in many sports and can separate winners from 

losers. Explosive strength is related with the athlete’s capacity to produce high rate of force 

developments (RFDs) and this is connected to acceleration capabilities. There are two types 

of explosive strength; dynamic and isometric, where dynamic explosive strength can result in 

high power outputs and high RFD and isometric strength can result in an increased RFD and 

movement velocity (Cardinale, Newton & Nosaka, 2011, p. 349). Dynamic explosive strength 

and power are crucial for athletes in a variety of sports, and an athlete’s power output is most 

likely one of the most important factors for sport performance. Power is expressed as the 

product of force times velocity and can be calculated as average power or instantaneous 

power. Peak power (PP) is the highest instantaneous value for power found over a range of 

motion and maximal power (MP) is the highest PP output that can be generated under perfect 

conditions (Cardinale et al. 2011, p. 349).  

Previous studies have shown that muscle power is an important variable for increasing golf 

club head speed (CHS) (Hellström, 2009). In addition, muscle strength has been found to 

correlate with handicap (HCP) in golfers (Torres-Ronda, Sánchez-Medina & González-

Badillo, 2011). A strong correlation has also been found between CHS and golf handicap 

(Fradkin, Shearman & Finch, 2004). In addition, increased CHS leads to greater carry (length 

of the ball flight) (Doan, Newton, Kwon & Kraemer, 2006). An increased CHS has also been 

noted with strength and plyometric training programs, leading to greater driving distances 

(Fletcher & Hartwell, 2004). Moreover, a recent study investigated the relationship between 

CHS and different physical strength and power tests, such as countermovement jump (CMJ), 

squat jump (SJ), medicine ball seated throw (MBST) and standing medicine ball rotational 

throw (MBRT) and found a high correlation between CHS and both MBRT and MBST in fair 

golfers (Read, Lloyd, De Ste Croix & Oliver, 2013a). The authors in this study used only 

CHS as their outcome variable and did not consider accuracy in relationship to CHS. Golf 

studies investigating the correlation between CHS and rotational power have used a variety of 

rotational tests (e.g. standing and seated medicine ball rotational throw, golf swing-specific 

cable woodshop) to assess rotational power because of its sport specific component regarding 

the golf swing. When assessing the correlation between CHS and chest strength/power 

different tests has also been used (e.g. bench press, MBST, pec dec machine) (Doan et al. 

2006; Gordon, Moir, Davis, Witmer & Cummings, 2009; Keogh et al. 2009 & Read et al. 

2013a). Chest strength/power is relevant because of the high activation of musculus pectoralis 

major during the acceleration phase of the downswing (Read et al. 2013a). Arm length, SJ and 

CMJ has also been investigated in relation to CHS where a moderate correlation was found 

between CHS and lower body power (Read et al. 2013a). In addition, CMJ and SJ have been 

evaluated to be the most reliable and valid field tests for investigating explosive power of the 

lower limbs, compared to other jump tests (Markovic, Dizdar, Jukic & Cardinale, 2004).  

Golf performance and sex differences 
Most studies on physiological requirements for golfers have been conducted on men (Read et 

al. 2013a; Read, Miller & Turner, 2013b & Fletcher et al. 2004), or compared men and 

women (Wells et al. 2009). Wells et al. (2009) investigated the relationships between 
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physiological variables, such as arm length, vertical jump tests (leg power), push-ups and 

pull-ups (upper body strength) and golf performance (ball speed and carry) in men and 

women elite golfers. Physiological variables were also correlated with tournament specific 

skills, such as average putt distance after sand shots and chip shots. The results showed some 

significant correlations and differences between the two groups. For example women showed 

correlations between dominant leg vertical jumps and driver ball speed and driver distance, 

whereas men showed correlations between vertical jump and driver ball speed and driver 

distance for both two- and one legged vertical jumps, suggesting different sources of power 

development during the golf swing between men and women golfers. Upper body strength 

(pull-ups) were correlated with 5-iron distance in women and upper body strength (push-ups) 

correlated with driver distance and driver ball speed in men. The findings of this study imply 

the possibility of different recruitment patterns during different parts of the game of golf 

between men and women golfers (Wells et al. 2009). 

  

Applying results from scientific research conducted on men onto women golfers must be done 

with caution and it is important to recognize possible differences between these two groups 

(Torres-Ronda et al. 2011). Therefore, more research is needed on women golfers to increase 

their performance level even further. In addition, there is also far less research done on elite 

golf players and this particular area must be investigated further to help coaches and players 

to understand which factors to consider in exercise programs that will help to improve elite 

players performance. 

Golf performance and accuracy  
The accuracy needed in a golf swing depends on the situation in which the swing is applied 

and therefore the power must be adjusted to reach the target. Consideration of accuracy is 

therefore of great importance when assessing CHS.  

 

The combination of accuracy and driving distance is one of the most important factors 

influencing golf performance. Because of accuracy the success of the drive shot is of high 

importance, since it is covering the longest distance in golf. In elite golf players, driving 

distance is correlated with average score (Torres-Ronda et al. 2011). In most studies looking 

at CHS and driving distance in relation to different physiological parameters, accuracy has not 

been taken into account (Doan et al. 2006; Fletcher et al. 2004; Gordon et al. 2009; Read et al. 

2013a & Wells et al. 2009). However, a previous study investigated the relationship between 

club head velocity corrected for accuracy and different physiological variables including 

bench press strength, trunk rotational strength, total and upper arm length and found a 

correlation of r=0.71 between accuracy corrected CHS and rotational power and r=0.50 for 

accuracy corrected CHS and chest strength (Keogh et al. 2009). The way accuracy was 

corrected for in this study was by placing a 1 meter wide and 1.4 meter high target 15 meters 

in front of the golfer, 4.2 meters above the ground, with the participants aiming for the target 

(Keogh et al. 2009).  

It is important to extend the limited knowledge of the role of CHS corrected for accuracy and 

the lack of research done on elite women golfers in regards to physiological variables 

important for CHS and driving distance. Thus, we extended the methods used by Read et al. 

(2013a), where SJ, CMJ, MBST and MBRT were investigated in relation to CHS. The present 

study tested elite women golfers, in contrast to Read et al. (2013a) who tested men. In 

addition to measure CHS, a novel, more golf specific test for CHS correcting for accuracy 

was also used. 
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Aim of study 
The aim of this study was to compare measures for strength and power, with golf CHS in elite 

women golf players. A secondary aim was to compare CHS with a new test for CHS corrected 

for accuracy (CHSac). 

Specific research questions 

Does lower body power, as measured by SJ and CMJ, correlate with CHS?  

Does upper body power, as measured by MBST and MBRT, correlate with CHS? 

Does upper body power and CHS have a stronger correlation compared to lower body power 

and CHS?  

Does arm anthropometrics correlate with CHS? 

Do the correlations between CHSac and the physiological variables, arm length and HCP 

show higher correlations than between CHS and the physiological variables, arm length and 

HCP? 

 

The hypothesis of this study was that a high correlation would be seen between CHS and 

MBST and between CHS and MBRT, in line with the findings of Read et al. (2013a).  

Materials and methods   

Subjects  
The subjects in this cross-sectional study were elite women university golf players. Five 

women agreed to participate in this study and one of them dropped out prior to testing. The 

remaining four subjects were free from injuries and mean age were 21.0 (SD 1.4) years, mean 

height were 168.8 cm (SD 5.3), mean weight were 70.7 kg (SD 9.0) and mean handicap were 

+1.8 (SD 1.0). The inclusion criteria for participation in the present study were that the 

participants needed to be women and have low handicap, as established by a handicap below 

zero. Participants were excluded if they had any injuries.  

Anthropometry Protocol 
Height (cm) and weight (kg) were recorded in the morning prior to food- and water intake. 

Arm length was measured from the middle of the greater tuberosity of the humerus to the 

ulnar styloid. This was done in standing position (Read et al. 2013a).  

Vertical jumps  
A digital infrared mat (Ivar jump system, SH Sport & Fitness, Mora) was used to assess 

height of the jumps. Three maximal attempts were recorded for CMJ and SJ, and the highest 

result in each test was used for statistical analysis (Alegre, Aznar, Delgado, Jiménez & 

Aguado, 2005; Moir, Shastri & Connaboy, 2008 & Slinde, Suber, Suber, Edwén & 

Svantesson, 2008). Participants received instructions to jump as high as they could and have 

straight legs during the entire airtime by keeping hips and knees extended until ground 

contact. They were also instructed to land with feet within the frames of the contact mat and 

keep hands at the hips throughout the jumps, not allowed to use arm swing (Alegre et al. 

2005; Markovic et al. 2004 & Slinde et al. 2008). Alegre et al. (2005) describes the 

performance of SJ which involved lowering the body into a squat position with 90 degree of 

kneeflexion, followed by two second isometric pause in described position and subsequent 

explosive concentric action to perform a maximal jump. Performance of the CMJ was the 

same but without the isometric pause (Slinde et al. 2008). At least 60 seconds rest periods 

were used between trials in accordance with Markovic et al. (2004). SJ trials were performed 

first and CMJ trials directly after with at least 60 seconds rest between the different tests.  
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To ensure that the subjects would lower into a 90 degree position during trials, a 

perpendicular device was placed laterally at the knee joint before the warm up jump so that 

the subjects would be accustomed to the 90 degree knee position (Alegre et al. 2005). Before 

performing the trials for each test, one submaximal warm up jump was used in order to 

familiarize the subject with the test instructions and thereby minimize any possible learning 

effect between the actual test trials (Moir et al. 2008). One of the test leaders controlled the 

knee position, as established before, by a subjective visual evaluation. If the subject did not 

follow the instructions the specific trial was repeated. Trials were performed with the 

instruction to perform each trial when ready after the 60 second mark.   

Medicine Ball Seated Throw  
Medicine ball seated throw is a test to measure chest power, which is done by a concentric 

action primarily of the chest muscles in a chest press type of action. The participants received 

instructions to place the ball on their chest. The ball was held in this position in an isometric 

pause and instructions were given to throw maximally only using a concentric motion aiming 

for maximal distance. Participants had to keep their feet on the floor and back and head on the 

bench throughout the whole test. In order to get optimal ball flight and standardize the test a 

45° incline bench was used (Read et al. 2013a). A 3kg medicine ball was used during both the 

warm up throw and the three subsequent trials with at least 60 seconds rest between trials 

(Van den Tillaar & Marques, 2013; Harris, Wattles, DeBeliso, Sevene-Adams, Berning & 

Adams, 2011). A measuring tape was attached to the ground under the 45° inclination of the 

bench and stretched out in the direction of the throw (Harris et al. 2011). The distance was 

measured from this point to the midpoint landing of the ball. If the subject did not follow the 

instructions the specific trial was repeated. The longest distance was used for statistical 

analysis.  

Medicine Ball Rotational Throw   
MBRT was used to assess rotational power of the entire body. Participants grasped a 3kg 

medicine ball and placed their body in a golf stance position. The participants were then 

instructed to aim for maximal distance and perform a throw using the motion of a golf swing, 

with both back swing and follow through. Both feet had to be in contact with the floor and the 

rear heal was accepted to lift from the floor of as in a golf swing (Gordon et al. 2009 & Read 

et al. 2013a). Three trials were recorded with at least 60 seconds of rest between trials. The 

best distance was used for statistical analysis. The distance was measured from the beginning 

of the measuring tape (which was attached to the ground), where the subjects were instructed 

to stand behind, to the midpoint landing of the ball. If the subject did not follow the 

instructions the specific trial was repeated. MBST trials were performed first and MBRT trials 

directly after with at least 60 seconds rest between the different tests. 

In both MBST and MBRT the ball was covered in white flour powder in order to make the 

measurements more accurate. The ball had to land within 1.5m on both sides from the midline 

in order to be classified as a correct throw (Read et al. 2013a).  

Golf drive performance 
CHS, carry (length of the ball flight) and lateral divergence were measured using a doppler-

radar launch monitor system (Flightscope X2, Stellenbosch, South Africa, software V6.0.9) 

placed two and a half meters behind the ball in set up position. Subjects performed an 

individual warm up with instructions to avoid static stretching and to incorporate non-specific 

golf warm up before five practice shots (Lehman, 2006). Three trials were then performed 

with rest periods of at least 60 seconds between trials (Read et al. 2013a). Range balls were 

used during the golf drive performance. 
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A point system was applied to the golf drive performance 

test to correct CHS for accuracy, which was developed by 

the authors of this study. Players were instructed to drive 

the ball as far as possible whilst keeping the ball on the 

fairway, within ± 10 meters of lateral divergence. Each 

drive over 180 meters gained 1 point. Each further 10 

meters gave double the amount of points than the 

previous 10 meters gave (e.g. 190=2pts, 200=4pts, 

210=8pts) and for each missed fairway a negative score 

was recorded, and subtracted from the score from carry, 

giving a total score for that trial. A miss at semiruff in 

between ±10 meters to ± 15 meters of lateral divergence 

gave -2 points and a miss at ruff over ± 15 meters of 

lateral divergence gave -5 points as seen in Figure 1. 

Subsequently, three recorded drives were completed with 

at least 60 seconds of rest between trials. The highest 

CHS was used for statistical analysis in relation to the 

physiological variables, arm length and HCP. In addition, CHS from the best result according 

to the accuracy point system, when summarizing the points from carry and lateral divergence, 

was correlated to the same variables and then compared to the correlations found between 

these variables and regular CHS.  

The golf drive performance test, including the accuracy point system, and the vertical jump 

tests were previously tested in a pilot study indoors, assessing the feasibility and association 

between these variables, contributing to better preparation prior to the study presented here.  
 

All tests used in this study were divided into two testing sessions with two associated 

protocols. During one testing session age, sex, height, weight, arm length, two different 

vertical jump heights- and two medicine ball throw-tests were recorded. During the other 

testing session handicap and golf drive performance test were recorded. Testing sessions were 

separated with at least one day of rest to avoid fatigue. This was done in order to minimize the 

post activation potentiation that CMJ has been shown to have on CHS performed one minute 

after jumps, leading to higher CHS (Read et al. 2013b). 

Ethical aspects 
Prior to participation in this study, each participant had to sign an informed consent (appendix 

1) showing their understanding of the implications of participation in the study. To ensure that 

no data about the participants was available for other persons than those included in the study, 

no subjects were named to ensure confidentiality. Participation in this study was optional and 

the participants had the right to not complete the study without any given reason. 

Societal aspects 
The present study was based on current knowledge of physical requirements for golf players. 

The authors believed that this study would help to improve knowledge around the physical 

requirements of driving performance for elite women golf players and benefit development in 

the game of golf. This will lead to better physical health for golf players through the use of 

more physical training during both off and on season. The increased knowledge about 

physical requirements for golf players will augment the societal acceptance of golf as a sport 

where physical conditioning is of great importance. Since golf is a good recreational sport for 

many people this will potentially increase the health for a larger audience and not only just for 

elite players. 
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Statistical analysis 
The results from subjects’ characteristics, golf drive performance, vertical jumps, medicine 

ball throws, arm length and HCP are presented as minimum, maximum, means and standard 

deviations (SD). IBM SPSS Statistics 20 was used for statistical analysis, linear Pearson 

correlation, and creating graphs. The reference values that were used for strength of 

correlation coefficient were ± 0 to ± 0.4 for low, ± 0.4 to ± 0.6 for moderate and ± 0.6 to ± 1.0 

for high correlation (Thomas, Nelson & Silverman, 2011, p. 100). Statistical significance was 

set at p<0.05. 

Results 
There was a high correlation between CHS and MBST (r=0.76), CHS and MBRT (r=0.81) 

and CHS and Arm length (L) (r=0.68). A moderate correlation was found between CHS and 

SJ (r=0.53) and CHS and Arm length (R) (r=0.50). A low correlation was found between CHS 

and CMJ (r=0.36) and CHS and HCP (r=0.18). Upper body power, as measured by MBST 

and MBRT, showed higher correlations to CHS than lower body power, as measured by SJ 

and CMJ. Results are presented in Table 1 and Figures 2-4. 

 
Table 1. Subjects characteristics (n=4) and test values presented as minimum, maximum and mean (SD). 

Correlations between club head speed (CHS) and SJ, CMJ, MBST, MBRT, arm length and handicap are shown. 

P-values are also shown for all correlations. 

 Min Max Mean (SD) r 

(all correlated 

with CHS) 

p 

CHS (km/h) 148.10 161.00 152.52 (5.80)   

CHSac  (km/h) 146.50 161.00 152.04 (7.07)   

SJ (cm) 18.30 28.70 25.18 (4.83) 0.53 0.47 

CMJ (cm) 21.60 32.30 27.35 (4.51) 0.36 0.64 

MBST (m) 3.30 4.00 3.63 (0.29) 0.76 0.24 

MBRT (m) 5.65 7.32 6.61 (0.70) 0.81 0.19 

Arm length (L) (cm) 47.50 53.00 49.88 (2.59) 0.68 0.32 

Arm length (R) (cm) 48.50 52.50 50.50 (2.04) 0.50 0.50 

HCP + 0.6 +3.0 1.8 (1.0) 0.18 0.83 

SD = standard deviation 

r = Pearson correlation coefficient  

p = statistical significance  

 

  
Figure 2A. Correlation between club head speed 

(CHS) and squat jump (SJ) (r=0.53). 

Figure 2B. Correlation between club head speed 

(CHS) and counter movement jump (CMJ) (r=0.36). 
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Figure 3A. Correlation between club head speed 

(CHS) and medicine ball seated throw (MBST) 

(r=0.76). 

Figure 3B. Correlation between club head speed 

(CHS) and medicine ball rotational throw (MBRT) 

(r=0.81). 
 

  
Figure 4A. Correlations between club head speed 

(CHS) and Arm length (L) (r=0.68). 

Figure 4B. Correlation between club head speed 

(CHS) and Arm length (R) (r=0.50). 

 

Minimum carry was 175.00 meters, maximum carry 201.00 meters and mean carry 184.25 

meters. Minimum lateral divergence was 1.20 meters, maximum lateral divergence 11.70 

meters and mean lateral divergence 5.58 meters. Minimum points were 0.00, maximum points 

were 2.00 and mean points were 0.75. These values were registered from the trials with the 

best point for each participant according to the accuracy point system. Results for carry, 

lateral divergence and points are presented in Table 2. 

  



10 
 

 
Table 2. Carry, lateral divergence and points are presented as minimum, maximum and mean (SD). 

 Min Max Mean (SD) 

Carry (m) 175.00 201.00 184.25 (11.53) 

Lateral Divergence (m) 1.20 11.70 5.58 (4.70) 

Points  0.00 2.00 0.75 (0.96) 

SD = standard deviation 

 

Correlations were performed between CHS and all physiological variables, arm length and 

HCP. This was compared in the same way, but with CHS corrected for accuracy (CHSac). 

The use of an accuracy point system influenced the strength of the correlation coefficient very 

minor where for one variable the correlation increased from low to moderate (CMJ) and one 

correlation increased from moderate to high (SJ). All the other correlations were unaffected 

(Table 3). 

 

Table 3. Comparison between correlations with the use of CHS or CHSac (CHS corrected for accuracy). 

 r CHS r CHSac 

SJ (cm) 0.53 0.62 

CMJ (cm) 0.36 0.48 

MBST (m) 0.76 0.76 

MBRT (m) 0.81 0.82 

Arm length (L) (cm) 0.68 0.64 

Arm length (R) (cm) 0.50 0.47 

HCP 0.18 0.12 

r = correlation coefficient  

CHS = club head speed 

CHSac = club head speed corrected for accuracy 

Discussion 

Result discussion  
This study compared measures for strength and power, with golf CHS in elite women golf 

players. A moderate correlation was seen between CHS and SJ and a low correlation was seen 

between CHS and CMJ. A high correlation was seen between CHS and MBST and CHS and 

MBRT. Upper body power showed higher correlations to CHS than lower body power did to 

CHS. Arm length (L) showed a high correlation to CHS, while a moderate correlation was 

seen between CHS and Arm length (R). A low correlation was found between CHS and HCP. 

In addition, the present study found that the novel accuracy point system employed in this 

study did not impact the correlation coefficients to any greater degree compared to using CHS 

without correcting for accuracy.  

 

In the present study a low correlation was found between CHS and CMJ (r=0.36) while a 

moderate correlation was found between CHS and SJ (r=0.53), which were not statistically 

significant. Read et al. (2013a) found a correlation of r=0.44 between CHS and CMJ and a 

correlation of r=0.50 between CHS and SJ, which  Read et al. (2013a) found to be one of the 

greatest predictors for golf club head speed.  
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When investigating upper body power in this study high correlations were found between 

CHS and rotational power (r=0.81) and between CHS and chest strength (r=0.76), although 

not statistically significant. Other studies investigating CHS in relation to chest and rotational 

power have found similar results. Doan et al. (2006) got a correlation of r=0.86 between CHS 

and rotational power. Gordon et al. (2009) showed a correlation of r=0.54 between CHS and 

rotational power and a correlation of r=0.69 between CHS and chest strength. Read et al. 

(2013a) showed a correlation of r=0.63 between CHS and MBRT and a correlation of r=0.67 

between CHS and MBST.  

 

Other findings of this study was that a high correlation was found between CHS and Arm 

length (L) while a moderate correlation was found between CHS and Arm length (R), 

although not statistically significant. Read et al. (2013a) showed a correlation of r=0.3 

between CHS and arm length. Results from the present study had a higher correlation between 

CHS and Arm length (L) (r=0.68) and CHS and Arm length (R) (r=0.50), compared to Read 

et al. (2013a). 

 

A low correlation was found between CHS and HCP, in this study, and it was not statistically 

significant. However, interestingly, Fradkin et al. (2004), found a correlation of r=0.95 

between 5-iron CHS and HCP. 

In regards to CHS corrected for accuracy, which was used as a secondary test for CHS in this 

study, Keogh et al. (2009) is, to our knowledge, the only other study using a test to correct for 

accuracy when measuring CHS and showed a correlation of r=0.71 between CHS and 

rotational power and r=0.50 for CHS and chest strength. The present study found the same 

correlational pattern between CHSac and rotational power, r=0.82, but a higher correlation 

between CHSac and chest strength, r=0.76. Keogh et al. (2009) also found a correlation of 

r=0.45 between CHS and total arm length which were similar to the present study but with the 

exception that the present study found a high correlation between CHSac and Arm length (L) 

of r=0.64.    

The studies mentioned in the discussion have only been performed on men golfers which can 

be a possible explanation for the different results to the present study. A comparison was 

made between correlations for CHS and the physiological variables and CHSac and the 

physiological variables, which showed no big differences in correlational patterns. This 

indicates that the accuracy point system was not useful. One thing to keep in mind was that 

results for CHS and CHSac were obtained from the same three trials. This could have affected 

the results for CHS since the participants were thinking of accuracy when driving the ball. 

Method discussion 
The low number of participants gave a low power to the results (Thomas et al. 2010, pp. 118-

120). Because of this low number a high correlation coefficient (r) could have happened by 

chance. A larger participant number would have made the authors more confident that the 

high r-value was not due to chance and probably would have given better significance values 

(Vincent & Weir, 2012, p. 114). None of the correlations found in this study was statistical 

significant. Elite golf students from another university should have been included in the study 

but they all dropped out without any reason. The inclusion of this group of participants would 

have given higher power and probably better significance to the results found in this study. In 

addition, one drop out did occur before testing started, but participation by this subject would 

probably not have given a higher power or better significance to the results.  

 



12 
 

The present study used the same physiological tests as Read et al. (2013a). However, other 

references were used to establish complete test instructions (Markovic et al. 2004; Moir et al. 

2008; Van den Tillaar et al. 2013; Harris et al. 2011). In the present study, at least 60 seconds 

rest periods were given between trials and all tests to ensure standardization. In addition, CMJ 

and SJ, with hands on the hips lowering down to a semi squat on a contact mat, have been 

evaluated to be the most reliable and valid field test for investigating lower body power, 

compared to other jump tests (Markovic et al. 2004). The MBST was measured from the 45
o 

inclination to the middle of were the ball landed. Harris et al. (2011) accounted for arm length 

differences by letting the participants grasp the ball, extend their arms and drop the ball on the 

measuring tape, which was then adjusted to be the zero mark for that participant. This would 

probably have given more equal conditions for all participants in the present study, hence 

giving more standardized tests. A strength of the physiological tests used in the present study 

was that they were field based and did not require difficult operating equipment, i.e. they were 

easily accessible and executable.  

Before performing medicine ball throws after vertical jumps, three of the participants 

performed a short training session, with the possibility of giving different conditions, hence 

affecting the results in either positive or negative way. All participants were because of 

technique issues given one extra throw, which gave higher results for two participants but 

these trials were not included in the statistical analysis. The subjects in the present study were 

informed about guidelines considering nutrition, training and supplement use prior to testing, 

but not questioned about this variable when testing started, with the inherent risk of affecting 

the results.  

The measuring instrument doppler-radar launch monitor system (Flightscope X2, 

Stellenbosch, South Africa, software V6.0.9) that was used for the golf drive performance test 

is better used outdoors since Flightscope can register all values at a better warrant when the 

whole ball flight is seen. This was the main difference in the study presented here when 

compared to the pilot study performing this test indoors. Outdoor testing gave a more golf 

specific situation, hence making it more interesting and more relevant to the participants. In 

addition, wind was not corrected for during testing. However, this is a variable constantly 

present in the game of golf, hence golf players are used to account for this when playing.  

 

No other study was found investigating CHS corrected for accuracy in the same manner as the 

present study. Because of this the validity and reliability of the test can be questioned. 

However, the authors tried to create a test as golf specific as possible, but this test did not 

show any usefulness compared to CHS. 

 

The distance 180 meters was chosen to be the first point giving carry because this was 

believed by the authors to be a distance that most of elite women golf players should carry 

pretty easy. Some participants seemed dissatisfied with the results of the golf drive test with 

regard to the length of the drives and the points they were given. This leads to the question 

whether points should have been given for shorter drives in order to make the participants 

more positive about the task and hence perform better. A possible explanation could be the 

balls used during the test. The balls used were range balls which have a shorter carry than the 

golf balls that the subjects uses at tournaments. Another reason for lowering the first point 

giving carry in future studies using this test would be to minimize error which would be 

present with shorter distance of carry. If the first point giving carry would have been lowered 

to 170 or 160 meters with the same point system in the present study, this would have given 

different points and thereby different trials for statistical analysis for one or three subjects, 

respectively. When correcting CHS for accuracy by using the accuracy point system in this 
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study two of the participants highest CHS were not used in statistical analysis because other 

drives got better points, hence was used although it was not the highest CHS of all three trials. 

However, the usefulness of this accuracy point system could not be determined  

and needs to be validated in further studies. 

Conclusion 
The conclusion from this study was that upper body power had a high correlation to CHS, 

which confirmed the hypothesis. Still none of these correlations were statistical significant. 

Further studies with a larger number of participants need to be conducted to confirm which 

physical variables are important for a high CHS in elite women golf players. However, the 

results give indications what elite women golf players should prioritize during physiological 

conditioning in order to increase golf CHS.   
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Appendix 1 – Informed consent 
 

Information about participation in the study 

Our names are Kristian Söderström and Daniel Jönsson and we are students at Halmstad 

University, Sweden. We are studying our third and last year at Biomedicine – Athletic 

Training and would like to invite you to our study “Relationship between field based 

measures for strength and power, and golf club head speed- Comparison between 

international elite female golf players”.  

The aim of this study is to compare measures for strength, power, golf club head speed (CHS) 

and driving performance between different groups (nationalities) of elite female players.  

Methods   

Participants 
The participants in this cross sectional study will be female national junior team players.  
 

Tests in the study  
The tests that will be done in this study are anthropometry protocol, golf performance test, 

countermovement jump, squat jump, seated medicine ball throw and rotational medicine ball 

throw as seen in the description below.  

Anthropometry Protocol 
Height (cm) and weight (kg) will be recorded in the morning prior to food- and water intake 

using a digital weight scale at the local training facility. Total arm length (AL) will be 

measured in a standing position with the elbow fully extended from anatomical reference 

points, the middle of the greater tuberosity of the humerus and ulnar styloid. Age and gender 

will also be recorded. 

Golf drive performance 
CHS, ball speed (BS), carry and lateral divergence will be measured outdoors using a launch 

monitor (flight scope or trackman). Players will be instructed to drive the ball as far as 

possible whilst keeping the ball in ‘play’. Keeping the ball in play is done by landing within ± 

10 meters of lateral divergence. To encourage players to hit as far as they can, a point system 

will be applied where each drive over 180 meters gains 1 point. Each further 10 meters gives 

double the amount of points that the previous 10 meters gave, (eg 190=2pts, 200=4pts, 

210=8pts), and for each missed fairway a negative score will be recorded.  

The drive performance test described above and upper- and lower body tests described below 

are ‘ideally’ performed on different days to avoid fatigue and other cross over effects.  

Vertical jumps (CMJ & SJ)  
Three maximal attempts of a countermovement jump (CMJ) and squat jump (SJ), with at least 

60 seconds rest between trials, will be recorded. The highest jump will be used for subsequent 

analysis. Participants will be instructed to jump as high as possible, avoid bending knees 

whilst airborne and keep hands at the hips throughout the tests. Hence the participants are not 

allowed to use arm swing in neither of the tests.  

Medicine Ball Seated Throw (MBST) 
A 45° incline bench, will be used to facilitate the optimal trajectory and ensure 

standardization. Participants will use a 3kg medicine ball, performing a warm up throw 
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followed by three recorded attempts with at least 60 seconds rest between trials. The best 

distance will be used for subsequent analysis.  
 

Medicine Ball Rotational Throw (MBRT)  
Using a 3kg medicine ball, participants will assume a golf stance and rotate away in a 

backswing type action followed by an immediate rotation towards the target as in a golf 

swing, aiming for maximal distance. Feet will be required to remain in contact with the floor, 

although the rear heel will be allowed to rise in the follow through action as would be present 

in the golf swing. Three tests will be recorded with at least 60 seconds of rest between trials. 

The best distance will be used for subsequent analysis.  
 

What are the possible risks with participating in the study? 

When participating in a study with physical tests there is always an inherent risk for injury. The 

movements that the participants will perform should, however, be familiar from earlier experiences 

and hence decrease the risk for injury. If the participants feel pain or have an injury in the involved 

structures or joints of the movement, we encourage them to avoid that test but participate in the other 

tests not affected by the previous named reasons.  

Data Collection 
We aim to collect results through an open source data collection principle through Dropbox 

where data will be easily viewable to each of the countries whilst the research is ongoing. 

This will simplify data sharing between involved countries. The study will be published on 

Halmstad University’s web page. 

What will you gain from the study? 
We believe data sharing through Dropbox will help improve knowledge around the physical 

requirements of driving performance, encourage coach best practice when developing training 

programs and benefit development in the game of golf. The results of this study will help 

coaches to aim the training focus of every participant to become a better golfer. 

Confidentiality 
To ensure that no data about the participants will be available for other persons than in the 

study, no participant will be named in the open source sharing. Every participant will be 

assigned a subject number by their own coaches. This ensures confidentiality. Each and every 

country is therefore responsible for the integrity of their own player’s information. All 

participants will need to sign and accept an informed consent, as seen below, to ensure the 

authors that the structure of the study is understood on their part. 

 

Optional participation  
Participation in this study is optional and the participants have the right to not complete the study 

without any given reason. In this case the data will be erased for that subject.  

Testing preparation 
We want you to respect these guidelines and follow them as good as possible. 

1. Prior to weight and height measurement no food- and water intake should be 

consumed. Hence these measurements should be done in the morning.  

2. Strenuous exercise should be avoided by all participants at least 48 hours prior to 

testing.  

3. Exercise should be avoided by all participants at least 24 hours prior to testing.  
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4. Consumption of tobacco, alcohol, coffee and energy drinks should be avoided by all 

participants at least 24 hours prior to testing. No performance enhancing supplements 

should be consumed prior to testing.  

 

Authors: 

Kristian Söderström Daniel Jönsson 

krisod11@student.hh.se danjon11@student.hh.se  

Dissertation tutor: 

James Parker                 Tel: +46 (0) 734 035115 

James.parker@hh.se or James.parker@schoolofgolf.se  

Informed consent 

Here by I have understood the information above. I am aware of my right to not complete the 

study without giving any reason. With this signature I agree to optional participate in the 

study. If you are under 18 years we also need one of your parents to sign. A test protocol and 

an instruction video will be sent to your coach after we have received this confirmation from 

all participants from your country.   

 

Participant 

 

Signature   Country   Date  

 

 

___________________________________________________________________________ 

 

 

 

Clarification of signature 

 

 

___________________________________________ 

 

Parent to participant 

 

Signature   Country   Date 

 

 

___________________________________________________________________________ 

 

 

Clarification of signature 

 

 

__________________________________________________ 
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