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ABSTRACT 

BACKGROUND: Improving golf fitness is one way to improve club head velocity and 

subsequently golf performance. The purpose of the study was to investigate the effect of a 

three-week upper-body sprint training (SIT) program on power output and golf performance.  

METHOD: Eleven golfers (handicap: 5.5 ± 2.8) completed the SIT intervention. This was a 

self-controlled experiment with three testing points (pre-control, post-control and post-

intervention) where subjects completed a ballistic bench press, upper-body Wingate and golf 

testing session. 

RESULTS: Significant improvements were observed (13.3–15.5%) in peak and mean power 

production during the Wingate post-intervention in comparison to pre and post-control time 

points (p < 0.05). This was replicated in peak power for the ballistic bench press for both peak 

power (p < 0.05), but significance for mean power was only observed between post-control 

and post-intervention (p < 0.05) (improvements of 6.1–8.5%). These improvements were not 

seen consistently in golf performance variables measured, with no significance identified for 

the 7-iron and significant improvements (p < 0.05) observed in Carry Distance (2.2%) and Ball 

Velocity (1.4%) between pre-control and post-intervention.  

CONCLUSION: Lack of golf performance improvements could be because of the natural 

variation in club-head velocity across sessions or the inability of subjects to utilise their power 

gains during the golf swing. Longer SIT interventions may be needed to observe 

improvements in golf performance.  

 

KEY WORDS: Athletic Performance, Sprint Interval Training, Muscle Strength 
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INTRODUCTION 

Golf is a sport where physical, technical and psychological factors contribute to performance 

success (1,2). The primary goal of using a Driver, fairway wood or long iron in golf is to hit the 

ball as far as possible whilst still maintaining accuracy (3,4). The ability to drive a golf ball 

greater distances is significantly associated with lower scores on Par-4 and Par-5 holes within 

the professional game (4). A number of biomechanical factors have been identified to 

determine drive distance, however, it is commonly accepted that drive distance is most 

influenced by the club head velocity (CHV) at the instant of impact transferring force generated 

by the body to the golf ball (2,3,5,6). Fradkin et al. (7) found CHV to be highly correlated (r = 

0.950) with handicap indicating greater CHV is associated with better skill levels. Thus, 

professional and amateur golfers should strive to increase their CHV for improved 

performance. Improvements in CHV can be achieved through making technical amendments 

to the golf swing (8). Technical changes are made to better utilise ground reaction forces, 

effectively transfer bodyweight, effectively utilise the X-factor stretch and optimisation of the 

sequential summation of forces, with CHV determined by the angular velocity and length of 

the arm-club lever (3,9). Enhancement in CHV is particularly important as it has a direct 

relationship with ball velocity, whereby increased CHV would equate to increased ball velocity 

(based on same impact point on clubface) and subsequently improved shot distance (10). 

Previously it has been demonstrated that 5.3 km/h improvements in CHV will result in 10-15 

meters more carry distance (6). 

 

An alternative to technical adjustments to improve CHV is exercise modalities that promote 

strength and power development (5,6,11). Increases in power and force outputs will potentially 

benefit a multitude of sports, including ones involving a ball-striking component such as golf 

(11,12). Traditionally, golf is predominantly thought of as a strategic technical sport rather than 

focusing on physical fitness (13,14). This is despite a body of scientific evidence showing 

improved performance (CHV) with increased muscle activity and improved power throughout 
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the golf swing (2,5,11,12,15–19). A range of improvements have been observed for CHV and 

carry distance, Doan et al. (2) identified a 1.6% increase in CHV with Lephart et al. (20) and 

Fletcher et al. (15) showing improvements of 1.5 – 5.2% and 4.3 – 7.7% for CHV and carry 

distance respectively. Additionally, strong relationships have been identified between upper 

body power capabilities and golf performance (CHV and ball velocity) (21). Based on these 

results golf driving performance is enhanced by improving power capabilities of the golfer. 

 

One exercise modality that has not been explored within golf performance is sprint interval 

training (SIT), characterised by short bursts bouts (typically 4 to 10) of maximal effort of 30 

seconds or less (22).  Power based performance improvements from SIT include peak power 

output (PPO), mean power output (MPO), total work (TW) during a Wingate and motor unit 

activation (22–28). It is now considered that SIT is a viable time efficient training method that 

can induce both central and peripheral adaptations (29). A mode of delivering SIT is upper 

body arm cycling. There is limited information regarding upper body SIT however, upper body 

high intensity training (bouts of > 30 seconds) have been shown to effectively improve PPO 

(43.6 ± 20.7%) (30) and significantly associated with bench press throwing power (31). Upper 

body arm cycling has been shown to be an effective exercise targeting arm, shoulder and 

trunk musculature (32) all of which are activated during the golf swing to generate power (33). 

In addition, physiological changes to SIT have been shown to occur during short interventions 

(22,34). An intervention such as upper body arm cycling therefore has the potential to improve 

neuromuscular firing and coordination of these muscles leading to increased CHV and golf 

drive performance (18). Therefore, the aim of this study was to assess a three-week upper 

body SIT invention on power output and golf drive performance. It was hypothesised that the 

intervention would improve performance measures during a Wingate, ballistic bench press 

and golf drive performance. 
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METHOD 

Participants 

Following institutional ethical approval (School of Applied Sciences at Abertay University), 

twelve skilled right-handed golfers were recruited to participate in this study. Eleven golfers 

completed the three-week self-controlled period and three-week SIT intervention and were 

therefore included for analysis (mean ± SD: age: 34 ± 9 years; height: 182.1 ± 5.7 cm; mass: 

77.9 ± 11.6 kg and handicap: 5.5 ± 2.8). Skilled golfers were recruited due to their increased 

and more consistent technical ability. All participants were free of musculoskeletal injury for a 

period of three months, gave informed written consent and completed a PAR-Q prior to any 

testing. Participants were required to abstain from conditioning or resistance training 48 hours 

prior to the testing session. During the control and intervention period golfers were requested 

to maintain their normal golfing and training routine (it was confirmed with participants that a 

minimum of one practice session and one golf round was completed weekly).  

Procedures 

Prior to testing sessions participants were familiarised with all tests and sessions were 

completed with at least 48 hours between them to ensure muscular fatigue did not affect 

results.  

Ballistic Bench Press Assessment 

In order to determine upper body power, participants performed a bench press throw 

ballistically with a load equal to 50% of their one-repetition maximum (1RM) (31). All bench 

press throws were performed on a Smith Machine restricting the bars displacement to one 

vertical plane of motion. This allowed for accurate measurement of peak power (W), mean 

power (W), relative peak power (W/kg) and relative mean power (W/kg) using a GymAware 

linear position transducer (LPT) (GymAware Lite v2.10, Mitchell, Australia). The LPT was 

connected to an iPhone 3 (Apple Inc., Cupertino, USA).  A tether were attached to the right 

hand side of the bar, with the encoder placed directly below to record bar displacement (31). 
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Prior to maximal bench press throws being executed, participants completed a warm up of 10 

repetitions at 20% 1RM and 10 repetitions at 40% 1RM, with 1 minute of rest between sets. 

Following a 5-minute rest participants completed two ballistic bench press throws with two 

minutes rest between repetitions (31). Technique was standardised to ensure consistency 

between participants, whereby, the bar was lowered until it came in contact with the chest 

approximately 3 cm superior to the xiphoid process, following one second the bar being thrown 

ballistically as high as possible. Participants were required to maintain contact with their head, 

shoulders and hips throughout the entire action (31). 

Upper Body Anaerobic Wingate Test 

An upper body Wingate cycle test was completed on an arm crank ergometer (Monark 

Ergomedic 891E, Vansbro, Sweden). Participants were aligned so that the central axis of the 

shoulder joint horizontally orientated with the central axis of rotation of the arm crank 

ergometer. Participants were in a kneeling position with the buttocks remaining in contact with 

the heels at all times to reduce the use of the lower body (35). Prior to the test, participants 

completed a 2-minute warm up against a cradle weight of 1 kg maintaining a minimum of 60 

rpm. Following the warm-up, participants completed a 6-second familiarisation test to 

familiarize themselves with the resistance on the cradle. After a 1-minute rest period the 

participants pedalled with maximum effort for a period of 30-seconds against a resistance of 

50g/kg of total body mass, equating to 5% resistance (31). Strong verbal encouragement was 

given throughout trials. Peak power (W) (max 5-second period), mean power (W) (average 

across 30-seconds), relative peak power (RPP) (W/kg) and relative mean power (RMP) (W/kg) 

were recorded using Monark software (Monark Anaerobic Test Software Version 2.24.2, 

Monark Exercise AB).  

Golf Drive Performance 

Prior to measuring golf performance variables, all participants completed a standardized warm 

up. This consisted of dynamic stretches targeting lower and upper body structures, as well as 
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practice swings and full golf shots (21). Participants then performed 8 golf shots with the 

Driver, with 30-seconds rest in between each trial (36). After a 1-minute interval this was then 

replicated using a 7-iron. After each shot golfers provided a rating for quality of strike from 1 

to 5; with 5 being the best strike. If a shot was scored 1 or 2 these were excluded and additional 

shots were performed, up to a maximum of 12 shots for each golf club (5). Golf shots were 

executed on an artificial golf mat, with a self-selected rubber tee used for the Driver, 7-iron 

was struck directly from the mat. Participants were instructed to perform their standard full 

shot golf swing aiming to maximise distance and accuracy. Testing was performed with the 

participants own Driver and 7-iron wearing appropriate golf shoes (37).  

During each golf shot, CHV, ball speed (BS) and ball carry (flight distance) were recorded 

using a Voice Caddie Swing Launch Monitor SC 100 GPS (La Mirada, USA). The launch 

monitor was positioned directly behind the ball orientated towards the target line of the shot at 

a distance of 1 m. After each shot performance variables were logged using Microsoft Excel 

(Excel 2016 (v 16.0)). 

Sprint interval training intervention 

Following a 3-week control period whereby normal golf routine was maintained, participants 

completed six sessions of SIT across a 3-week period (two sessions per week with a minimum 

of 48 hours between each session). Previous literature has shown physiological adaptations 

using lower body SIT within this time period (22,38). Sessions were formulated of a 2-minute 

warm up against a cradle weight of 1 kg maintaining a minimum of 60 rpm. After a 1-minute 

interval participants completed 6 x 10 s bouts with 30 seconds rest in between sprints. This 

was completed against a resistance of 35g/kg of total body mass (3.5% resistance). 

Participants were verbally encouraged during all bouts and performed a 3-minute cool down 

at a cadence and resistance of subject choice following each training session.  

Data Analysis 
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Golf performance trials were selected based on CHV, with the 5 greatest being used for 

analysis (39). Following this averages for CHV (km/h), Ball Velocity (km/h) and Carry Distance 

(m) from the 5 golf shots was calculated. For the 2 ballistic bench press trials, the trial which 

had the maximum measure for peak power (W), mean power (W), relative peak power (W/kg) 

and relative mean power (W/kg) were used for analysis. Variables analyzed for the upper body 

Wingate test were Peak power (W), mean power (W), relative peak power (W/kg) and relative 

mean power (W/kg). 

Statistical Analysis 

All statistical analysis was completed using Jamovi (Version 1.0.1). Prior to statistical analysis 

all data was measured for normality using a Shapiro-Wilk test. Normality was assumed for all 

data. Therefore, a one-way repeated measures ANOVA was carried out for the following 

variables peak power (W), mean power (W), relative peak power (W/kg) and relative mean 

power (W/kg) for both the Wingate and ballistic bench press (BBP), golf performance variables 

were CHV (km’h), Ball Velocity (km/h) and Carry Distance (m). A Mauchly’s test of sphericity 

was interpreted, if sphericity was violated a Greenhouse-Geisser adjustment was applied. 

Where significance was observed a Bonferroni post hoc test was run to determine between 

which time points the difference lay ([1] Pre-Control, [2] Post-Control, [3] Post-Intervention). 

Eta-squared (η2) was calculated and interpreted as the following small (0.01), medium (0.06) 

and large (0.14). Significance was set at an alpha level of p < 0.05.  

RESULTS 

Descriptive statistics for CHV, ball velocity and carry distance are presented in Table 1. 

Descriptive statistics for performance variables during the Wingate and BBP are presented in 

Figures 1 – 4.  

No significant differences were identified between Pre-Control and Post-Control time points 

for all golf performance measures for the 7-iron and Driver. The repeated measures ANOVA 

did however highlight significance within the model for the Driver Carry (p = 0.008, η2 = 0.013) 
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and Ball Velocity (p = 0.034, η2 = 0.008). The Bonferroni post hoc test identified differences 

were between Pre-Control and Post-Invention for both Driver Carry (p = 0.007) and Ball 

Velocity (p = 0.031). No differences were identified for the 7-iron between Pre-Control and 

Post-Intervention (p > 0.05). 

Table 1. Descriptive statistics for each golf performance variable for the 7-iron and Driver. 

*indicates significant difference from Pre-Control (p < 0.05) 

Club 

Selection 

Performance 

Variables 

Pre-Control 

(mean ± SD) 

Post-Control 

(mean ± SD) 

Post-Intervention 

(mean ± SD) 

Driver 

CHV (km/h) 165.5 ± 11.9 166.6 ± 11.3 167.8 ± 11.3 

Ball Velocity 

(km/h) 
242.5 ± 17.4 244.5 ± 15.7 245.8 ± 15.7* 

Carry Distance (m) 224.5 ± 19.7 227.8 ± 17.6 229.4 ± 17.3* 

7-iron 

CHV (km/h) 142.7 ± 11.5 142.8 ± 10.7 144.0 ± 9.8 

Ball Velocity 

(km/h) 
186.5 ± 14.1 187.4 ± 13.9 188.9 ± 13.7 

Carry Distance (m) 144.0 ± 12.5 145.4 ± 12.1 146.2 ± 11.2 

 

During the Wingate test (Figures 1 & 2) significant differences were identified by the ANOVA 

for peak power (p = 0.002, η2 = 0.088), mean power (p = 0.003, η2 = 0.087), RPP (p = 0.002, 

η2 = 0.096) and RMP (p = 0.004, η2 = 0.104). Post hoc analysis identified the differences were 

between Pre-Control and Post-Intervention (peak power p = 0.008, mean power p = 0.013, 

RPP p = 0.009, RMP p = 0.014) and Post-Control and Post-Intervention (peak power p = 

0.004, mean power p = 0.006, RPP p = 0.004, RMP p = 0.006). No significant differences 

were noted between Pre-Control and Post-Control (p > 0.05). 
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Figure 1. Peak and mean power during the Wingate test. *indicates significant difference from 

Pre-Control (p < 0.05); † indicates significant difference from Post-Control (p < 0.05). 

 

Figure 2. Relative peak and mean power during the Wingate test. *indicates significant 

difference from Pre-Control (p < 0.05); † indicates significant difference from Post-Control (p 

< 0.05). 

Figures 3 & 4 present results for the BBP. Significant differences were identified within the 

ANOVA for peak power (p = 0.008, η2 = 0.012), mean power (p = 0.03, η2 = 0.014), RPP (p = 

0.007, η2 = 0.01) and RMP (p = 0.022, η2 = 0.14). Bonferroni post hoc analysis showed 
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differences were between Pre-Control and Post-Intervention for peak power (p = 0.022) and 

RPP (p = 0.022). Between Post-Control and Post-Intervention significant differences were 

identified for all variables (peak power p = 0.015, mean power p = 0.039, RPP p = 0.039 and 

RMP p = 0.029. No significant differences were shown between Pre-Control and Post-Control 

(p > 0.05).  

 

Figure 3. Peak and mean power during the ballistic bench press test. *indicates significant 

difference from Pre-Control (p < 0.05); † indicates significant difference from Post-Control (p 

< 0.05). 
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Figure 4. Relative peak and mean power during the ballistic bench press test. *indicates 

significant difference from Pre-Control (p < 0.05); † indicates significant difference from Post-

Control (p < 0.05). 
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The findings of the current study demonstrated significant improvements post the 3-week SIT 
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observed in golf performance. All variables tested during the Wingate test showed significant 

improvements after the SIT intervention from Pre-Control and Post-Control measurement 

points. For the BBP both peak power and RPP significantly increased post-intervention from 

Pre-Control and Post-Control time points, however, mean power and RMP only significantly 
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and mean power increases of between 13.9% and 16.7%. Similar significant improvements 

were made in relative power measures These improvements are comparable to previous 

literature utilising short term lower body SIT training, with magnitudes of increase in peak 

power of 10.1% and mean power of 10.6% have been observed (40).  

Significant improvements were also observed for the ballistic bench press with increases in 

absolute and relative peak power between the pre control and post intervention of 6.5% 

(absolute) and 6.1% (RPP). This was also evident between the post control measurement and 

post intervention with an increase of 6.9% for peak power and 6.6% for RPP. Significant 

improvements for the mean power (8.5%) and RMP (8.7%) were only observed between post 

control and post intervention. It can be noted though although not significant similar 

percentage improvements were observed between pre control and post intervention (mean 

power 6.7%, p = 0.012; RMP 7.0%, p = 0.09). These results are comparable to previous 

literature that utilised moderate loads (6.2%)(41).  

Although not measured in the current study a number of physiological adaptations could have 

contributed to this improvement in Wingate and BBP performance including increases in 

mitochondrial markers and enzymatic activity (citrate synthase, B-hydroxy acyl 

dehydrogenase, and pyruvate dehydrogenase) (38), improved muscle adaptations (reduced 

phosphocreatine [PCr] degradation, enhanced glycogen content) (34,38). In addition there 

may have been neural adaptations including an increase in motor unit recruitment, firing rate 

and synchronisation, resulting in an increased ability to exert more force (27). There is 

however mixed evidence of the efficacy of short term SIT interventions to elicit these 

adaptations (42), therefore longer training interventions may be needed to elicit this response. 

Positive results in the BBP may have increased relevance to the golf swing due to the dynamic 

one effort movement executed for each movement with improvements within the early time 

intervals of a movement (43). The golf downswing is approximately 250 ms (44), therefore 

utilising power improvements early within a movement are imperative for golf performance.  
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Whilst performance increases were noted for the Wingate and BPP, this was not consistently 

observed in golf performance. No significant improvements were observed for any of the golf 

performance variables when using the 7-iron. The authors propose that this could be due to 

different constraints of the golf shot. Unlike the Driver the 7-iron has increased emphasis on 

accuracy regarding shot distance, whereas it is optimal for the golfer to hit the ball as far as 

possible. Previously trunk kinematics has been shown to be different between Driver and iron 

shots (45), this may be due to the different requirement of shots. Improvements observed with 

the Driver are inconclusive, with two significant improvements observed across golf 

performance variables between Pre-Control and Post-Intervention and none between Post-

Control and Post-Intervention. This potentially could be attributed to the natural variation 

observed in CHV and ball velocity across sessions. Despite being skilled golfers a natural 

variation of effective ball striking is going to be evident across a period of weeks. Off centre 

golf shots have been identified to negatively affect ball speeds, through increased spin and 

reduced smash factor (10). This additionally could explain no differences being observed with 

the 7-iron.  

Improvements may not have translated to golf performance due to the short nature of the 

intervention (3-weeks). Total exercise time equated to 6-minutes and therefore longer 

interventions may be needed to see improvements. Additionally, a factor could be that despite 

power producing capabilities being improved, golfers were unable to then adapt their golf 

swing technique to effectively utilise the improvements. Whilst vertical power output has been 

identified as an important factor in the golf swing (5), it may be necessary to involve rotational 

movements in upper body SIT interventions for improvements to be observed as rotational 

power has been positively associated with CHV (12). When considering participants on an 

individual basis it was clear that some did show performance improvements, particularly in 

those that started with lower CHV initially (Driver: 154 – 162 km/h) tended to show increased 

velocity post intervention with CHV increasing by 3-4 km/h. This is in contrast to those that 
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began the trial with faster CHV (Driver: 170+ km/h), who demonstrated minimal changes to 

their swing velocity (-1 to 2 km/h).  

There are some limitations with the current study that need consideration. All golf performance 

sessions took place at a local driving range and therefore were out with controlled laboratory 

conditions. However, this provided golfers with a more realistic practical experience. 

Additionally, accuracy and centeredness of the strike on the golf club were not measured in 

the current study which are other aspects needed for successful golf performance. In regards 

to research design no true control was used with a repeated measures design selected. The 

authors elected to take the latter approach to reduce the inter-subject variability between 

groups.  Based on the positive results observed in the current study regarding improved power 

during the Wingate and BBP, longer interventions are worthy of investigation to see if 

improvements translate to golf performance. Additionally, fatigue resistance across 9 or 18 

holes of golf could be worthy of investigation, with SIT training having been shown to improve 

endurance in other sports.  

The practical application to these findings are strength and conditioning or golf professionals 

may be able to utilise upper body SIT to improve the health characteristics in golfers, however 

it is unclear whether this will improve golf performance in proficient golfers across a short-term 

period. If coaches identify golfers that have a slower swing speed a short term upper body SIT 

programme may help increase their CHV and subsequently ball velocity and carry. However, 

for golfers with fast swing speeds (170+ km/h) it may be more viable to complete strength and 

power training (11) over upper body SIT training. No detriments in performance were noted 

for any golfers and therefore upper body SIT training can offer potential improvements in some 

golfers with little time burden allowing for similar levels of golf specific technique training in 

proficient golfers.  

In conclusion, SIT did not produce consistent golf performance improvements. However, did 

improve power producing capabilities during an upper-body Wingate (13.3-15.5% 

improvements) and BBP (6.1 – 8.7% improvements) in skilled golfers. Improvements in power 
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development may not have translated to golf performance due to the short nature of the 

intervention or the inability of the golfers to utilise these power improvements during the golf 

swing. Future investigations should aim to include a rotational element to the SIT programme 

and investigate longer interventions, which may better translate to golf performance. 

 

ACKNOWLEDGEMENTS  

The authors would like to thank Drumoig Golf Centre for allowing us to use their facilities when 

collecting golf performance data. 

REFERENCES 

1.  Hellström J. Competitive elite golf: A review of the relationships between playing 
results, technique and physique. Vol. 39, Sports Medicine. 2009. p. 723–41.  

2.  Doan BK, Newton RU, Kwon YH, Kraemer WJ. Effects of physical conditioning on 
intercollegiate golfer performance. J Strength Cond Res. 2006 Feb;20(1):62–72.  

3.  Hume PA, Keogh J, Reid D. The Role of Biomechanics in Maximising Distance and 
Accuracy of Golf Shots. Sport Med. 2005;35(5):429–49.  

4.  Hellström J, Nilsson J, Isberg L. Drive for dough. PGA Tour golfers’ tee shot functional 
accuracy, distance and hole score. J Sports Sci. 2014 Mar;32(5):462–9.  

5.  Wells JET, Charalambous LH, Mitchell ACS, Brearley SL, Hawkes RA, Murray AD, et 
al. Relationships between Challenge Tour golfers ’ clubhead velocity and force 
producing capabilities during a countermovement jump and isometric mid-thigh pull. J 
Sports Sci. 2019;37(12):1381–6.  

6.  Thompson CJ, Cobb KM, Blackwell J. Functional training improves club head speed 
and functional fitness in older golfers. J Strength Cond Res. 2007;21(1):131–7.  

7.  Fradkin AJ, Sherman CA, Finch CF. How well does club head speed correlate with 
golf handicaps? J Sci Med Sport. 2004;7(4):465–72.  

8.  Cochran A, Stobbs J. The Search for The Perfect Swing. Triumph; 1968. 240 p.  
9.  Faux L, Carlisle A, Vickers J, Diss C. The effect of alterations in foot centre of 

pressure on lower body kinematics during the five-iron golf swing. J Sports Sci. 
2019;37(17):2014–20.  

10.  Betzler NF, Monk SA, Wallace ES, Otto SR. The relationships between driver 
clubhead presentation characteristics, ball launch conditions and golf shot outcomes. 
Proc Inst Mech Eng Part P J Sport Eng Technol. 2014;228(4):242–9.  

11.  Oranchuk DJ, Mannerberg JM, Robinson TL, Nelson MC. Eight Weeks of Strength 
and Power Training Improves Club Head Speed in Collegiate Golfers. J strength 
Cond Res. 2020;34(8):2205–13.  

12.  Gordon BS, Moir GL, Davis SE, Witmer CA, Cummings DM. An investigation into the 
relationship of flexibility,power, and strength to club head speed in male golfers. J 
Strength Cond Res. 2009 Aug;23(5):1606–10.  

13.  Farrally MR, Cochran AJ, Crews DJ, Hurdzan MJ, Price RJ, Snow JT, et al. Golf 
science research at the beginning of the twenty-first century. J Sports Sci [Internet]. 
2003 Sep [cited 2016 Mar 23];21(9):753–65. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/14579870 

14.  Keogh JWL, Hume PA. Evidence for biomechanics and motor learning research 



17 
 

improving golf performance. Vol. 11, Sports Biomechanics. 2012. p. 288–309.  
15.  Fletcher IM, Hartwell M. Effect of an 8-week combined weights and plyometrics 

training program on golf drive performance. J Strength Cond Res. 2004;18(1):59–62.  
16.  Keogh JWL, Marnewick MC, Maulder PS, Nortje JP, Hume PA, Bradshaw EJ. Are 

anthropometric, flexibility, muscular strength, and endurance variables related to 
clubhead velocity in low-and high- handicap golfers? J Strength Cond Res. 2009 
Sep;23(6):1841–50.  

17.  Leary BK, Statler J, Hopkins B, Fitzwater R, Kesling T, Lyon J, et al. The relationship 
between isometric force-time curve characteristics and club head speed in 
recreational golfers. J Strength Cond Res. 2012 Oct;26(10):2685–97.  

18.  Lewis AL, Ward N, Bishop C, Maloney S, Turner AN. Determinants of Club Head 
Speed in PGA Professional Golfers. J Strength Cond Res. 2016 Aug 1;30(8):2266–
70.  

19.  Sell TC, Tsai YS, Smoliga JM, Myers JB, Lephart SM. Strength, flexibility, and 
balance characteristics of highly proficient golfers. J Strength Cond Res. 
2007;21(4):1166–71.  

20.  Lephart SM, Smoliga JM, Myers JB, Sell TC, Tsai YS. An eight-week golf-specific 
exercise program improves physical characteristics, swing mechanics, and golf 
performance in recreational golfers. J Strength Cond Res. 2007;21:860–9.  

21.  Sorbie GG, Glen J, Richardson AK. Positive relationships between golf performance 
variables and upper body power capabilities. J Strength Cond Res. 2021;35:S97–102.  

22.  Yamagishi T, Babraj J. Effects of reduced-volume of sprint interval training and the 
time course of physiological and performance adaptations. Scand J Med Sci Sport. 
2017 Dec 1;27(12):1662–72.  

23.  Lloyd Jones MC, Morris MG, Jakeman JR. Impact of time and work:rest ratio matched 
sprint interval training programmes on performance: A randomised controlled trial. J 
Sci Med Sport. 2017 Nov 1;20(11):1034–8.  

24.  Zelt JGE, Hankinson PB, Foster WS, Williams CB, Reynolds J, Garneys E, et al. 
Reducing the volume of sprint interval training does not diminish maximal and 
submaximal performance gains in healthy men. Eur J Appl Physiol. 2014;114:2427–
36.  

25.  Hazell TJ, MacPherson REK, Gravelle BMR, Lemon PWR. 10 or 30-s sprint interval 
training bouts enhance both aerobic and anaerobic performance. Eur J Appl Physiol. 
2010 Sep;110(1):153–60.  

26.  Ikutomo A, Kasai N, Goto K. Impact of inserted long rest periods during repeated 
sprint exercise on performance adaptation. Eur J Sport Sci. 2018 Jan 2;18(1):47–53.  

27.  Creer AR, Ricard MD, Conlee RK, Hoyt GL, Parcell AC. Neural, Metabolic, and 
Performance Adaptations to Four Weeks of High Intensity Sprint-Interval Training in 
Trained Cyclists. Int J Sports Med. 2004;25(2):92–8.  

28.  Martinez-Valdes E, Falla D, Negro F, Mayer F, Farina D. Differential motor unit 
changes after endurance or high-intensity interval training. Med Sci Sports Exerc. 
2017;49(6):1126–36.  

29.  Gibala MJ, Little JP, Macdonald MJ, Hawley JA. Physiological adaptations to low-
volume, high-intensity interval training in health and disease. J Physiol. 
2012;590:1077–84.  

30.  Schoenmakers P, Reed K, Woude VDL, Hettinga FJ. High intensity interval training in 
handcycling: The effects of a 7 week training intervention in able-bodied men. Front 
Physiol. 2016;7(DEC):1–9.  

31.  Lovell D, Mason D, Delphinus E, Eagles A, Shewring S, Mclellan C, et al. Does Upper 
Body Strength and Power Influence Upper Body Wingate Performance in Men and 
Women? Int J Sports Med. 2011;32:771–5.  

32.  Elmer SJ, Danvind J, Holmberg HC. Development of a novel eccentric arm cycle 
ergometer for training the upper body. Med Sci Sports Exerc. 2013;45(1):206–11.  

33.  Kao JT, Pink M, Jobe FW, Perry J. Electromyographic Analysis of the Scapular 
Muscles During a Golf Swing. Am J Sports Med. 1995;23(1):19–23.  



18 
 

34.  Burgomaster KA, Hughes SC, Heigenhauser GJF, Bradwell SN, Gibala MJ. Six 
sessions of sprint interval training increases muscle oxidative potential and cycle 
endurance capacity in humans. J Appl Physiol. 2005;98(6):1985–90.  

35.  Yamanaka M, Furusawa K, Sugiyama H, Goto M, Kinoshita T, Kanno N, et al. 
Impaired immune response to voluntary arm-crank ergometer exercise in patients with 
cervical spinal cord injury. Spinal Cord. 2010;48(10):734–9.  

36.  Sorbie GG, Gu Y, Baker JS, Ugbolue UC. Analysis of the X-Factor and X-Factor 
stretch during the completion of a golf practice session in low-handicap golfers. Int J 
Sports Sci Coach. 2018;(13):1001–7.  

37.  Brown SJ, Nevill AM, Monk SA, Otto SR, Selbie WS, Wallace ES. Determination of 
the swing technique characteristics and performance outcome relationship in golf 
driving for low handicap female golfers. J Sports Sci. 2011;29(14):1483–91.  

38.  Burgomaster KA, Howarth KR, Phillips SM, Rakobowchuk M, Macdonald MJ, Mcgee 
SL, et al. Similar metabolic adaptations during exercise after low volume sprint 
interval and traditional endurance training in humans. J Physiol. 2008;586(1):151–60.  

39.  Myers J, Lephart S, Tsai Y-S, Sell T, Smoliga J, Jolly J. The role of upper torso and 
pelvis rotation in driving performance during the golf swing. J Sports Sci. 
2008;26(2):181–8.  

40.  Astorino TA, Allen RP, Roberson DW, Jurancich M. Effect of high-intensity interval 
training on cardiovascular function, V̇O 2max, and muscular force. J Strength Cond 
Res. 2012;26(1):138–45.  

41.  Hermassi S, Chelly MS, Tabka Z, Shephard RJ, Chamari K. Effects of 8-week in-
season upper and lower limb heavy resistance training on the peak power, throwing 
velocity, and sprint performance of elite male handball players. J Strength Cond Res. 
2011;25(9):2424–33.  

42.  Lewis EJH, Stucky F, Radonic PW, Metherel AH, Wolever TMS, Wells GD. 
Neuromuscular adaptations to sprint interval training and the effect of mammalian 
omega-3 fatty acid supplementation. Eur J Appl Physiol. 2017;117(3):469–82.  

43.  Sabido R, Hernández-Davó JL, Botella J, Moya M. Effects of 4-Week training 
intervention with unknown loads on power output performance and throwing velocity 
in junior team handball players. PLoS One. 2016;11(6):e0157648.  

44.  Egret CI, Vincent O, Weber J, Dujardin FH, Chollet D. Analysis of 3D kinematics 
concerning three different clubs in golf swing. Int J Sports Med. 2003;24:465–70.  

45.  Joyce C, Burnett A, Cochrane J, Ball K. Three-dimensional trunk kinematics in golf: 
Between-club differences and relationships to clubhead speed. Sport Biomech. 
2013;12(2):108–20.  

 

AUTHORS CONTRIBUTIONS: A Williams , J Glen  and Graeme Sorbie all had substantial 

contributions to the manuscript. A Williams and G Sorbie conceived the original idea and all 

authors contributed to the data collection, analysis and subsequent writing of the manuscript. 

All authors read and approved the final version of the manuscript.  

 

 



19 
 

Figure 1. Peak and mean power during the Wingate test. *indicates significant difference from 

Pre-Control (p < 0.05); † indicates significant difference from Post-Control (p < 0.05). 

 

Figure 2. Relative peak and mean power during the Wingate test. *indicates significant 

difference from Pre-Control (p < 0.05); † indicates significant difference from Post-Control (p 

< 0.05). 

 

Figure 3. Peak and mean power during the ballistic bench press test. *indicates significant 

difference from Pre-Control (p < 0.05); † indicates significant difference from Post-Control (p 

< 0.05). 

 

Figure 4. Relative peak and mean power during the ballistic bench press test. *indicates 

significant difference from Pre-Control (p < 0.05); † indicates significant difference from Post-

Control (p < 0.05). 
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