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possess aerobic power similar to elite athletes from these listed sports of which were upper limb 

dominant water based sports.  A pilot (Pilot Study 1) then assessed the activity of relevant 

muscles while stand up paddle boarding. The results of this pilot found a number of 

methodological challenges which included signal drop out, water protection of EMG, difficulty in 

establishing a true MVC and also inconsistent results due to variations in paddling technique. 

Alternative methods of quantifying muscle activity were then explored resulting in the utilisation 

of isometric endurance testing for the research to follow. Finally, ways of inferring dynamic 

balance ability in sport was explored for use in SUP to complete the methodological 

design/exploration.  

 

Chapter 5 profiled individuals across a range of paddling SUP abilities. Paper 3 directly compared 

three groups which included elite SUP, recreational SUP and sedentary individuals. The results 

published in this publication found a significantly greater aerobic and anaerobic fitness in elite 

SUP when compared to both recreational SUP and sedentary controls. Trunk muscle endurance 

was found to be significantly higher in the elite group when compared to the recreational and 

control groups. Further, static and dynamic balance displayed significantly greater balance ability 

in the elite group when compared to both the recreational and sedentary control groups. The 

results of this study provided normative values for elite SUP and also showed that the sport of 

SUP is associated with high levels of aerobic and anaerobic fitness, trunk muscle endurance and 

increased levels of balance.  

 

Chapter 6 evaluates the acute and chronic effects of SUP and presents the final paper of this 

thesis (Paper 4). This consisted of an intervention study in which a group of untrained individuals 

(n=18) were recruited for a six week training programme utilising stand up paddle boarding as 

the training tool. Compliance to the training was found to be high with 90.27% attendance by 

participants during the research. At the end of this study significant improvements in fitness, 

strength and self-rated quality of life were reported. Long-term follow up after a year further 

demonstrated improvements in these aforementioned areas and maintenance of the initial gains 

of the SUP training activity.  

 

In conclusion, the results from this research provide evidence for the anecdotal claims of the 

benefits for participation in this new aquatic activity of SUP. Stand up paddle boarding is 

associated with high levels of aerobic and anaerobic fitness, core muscle strength and balance. It 

is an enjoyable, alternative means of training with a multitude of health and fitness benefits. This 



4 | P a g e  B e n  S c h r a m  P h D  T h e s i s  
 

thesis has uncovered novel data in regards to the performance aspects essential for success in 

SUP from a competitive aspect and also provides evidence for the positive health and fitness 

benefits associated with its participation.  
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Figure 1: A paddler demonstrating SUP stance and paddle position. 













27 | P a g e  B e n  S c h r a m  P h D  T h e s i s  
 

1.3 The Potential for Benefit 
 

Numerous anecdotal reports about SUP benefits exist, primarily revolving around fitness, core 

strength and balance. Stand up paddle boarding is an activity which has been described as a full 

body workout. The minimal research conducted thus far demonstrates that most people do not 

reach their anaerobic threshold when paddling on a SUP. Most subjects researched previously 

reached 60-80% of their maximum heart rate, a level considered ideal for endurance training 

(Ruess et al., 2013b) 

 

Theoretically, due to SUP being performed in an unstable environment, it is reasonable to 

assume that it would be good for improving balance. While the standing position is unstable to 

begin with, it is continuously disturbed by the motion of the board and paddle in the water and 

the movement of the arms in the air, providing a constant postural challenge. It demands a high 

amount of balance with a posture of knees bent, hips forward, back straight and head up, looking 

at the horizon. This stance is also known as the neutral power stance in yoga (Stanger, 2010). This 

posture adopted in SUP forces the paddler to utilise postural muscles. It has been previously 

found that relaxed postures rely on passive lumbopelvic support structures for the maintenance 

of upright position against gravity (O'Sullivan, 2002). The adoption of these slumped postures has 

been associated with motor dysfunction of the spine stabilising muscles including the lumbar 

multifidus and the deep abdominal musculature (O'Sullivan, 2000).  

 

Due to SUP exercise being performed whilst standing, the trunk muscles are required to contract 

to provide a stable base for the paddling motion to occur. The fact that these key trunk muscles 

are required to be active could be adequate strengthening for the core musculature with chronic 

participation. In a similar manner to the potential fitness benefits, it may be ideal at building core 

muscle endurance, something which is often in lacking from people who suffer from back pain 

(Schellenberg, Lang, Chan, & Burnham, 2007).  

 

It has been shown that multi-muscle therapeutic exercise is more effective than isolated 

transverse and multifidus training for strengthening the peri-spinal musculature (Koumantakis, 

Watson, & Oldham, 2005) and that performing exercise in a neutral spinal position leads to 

better outcomes (Suni et al., 2006). Both of these points demonstrate that standing, functional 

exercises, performed in a neutral spine position, recruiting multiple muscles, could potentially be 
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extrinsic foot muscles (Squadrone, 2009). Anecdotal claims are that the intrinsic foot muscles are 

highly active during the activity in an attempt to gain grip and stability. Being bare foot on a 

paddle board is beneficial as high levels of proprioceptive input are relayed to the brain due to 

the foot having high mechanoreceptor density (Janda, 1996).  

 

Bare foot training is thought to be of benefit as afferent inputs from the sole of the foot can 

affect postural awareness, (Kavounoudias, Roll, & Roll, 2001) and movement discrimination in the 

ankle has been found to be much better bare foot when compared to wearing shoes 

(Waddington, 2003). It has been reported that simply one hour of barefoot activity per day lead 

to increased arch height and muscle tone (Robbins & Hanna, 1987). Fatigue of the intrinsic foot 

muscles is reported to increase navicular drop from the lack of control of pronation (Headlee, 

Leonard, Hart, Ingersoll, & Hertel, 2008). As the stability of the navicular forms part of the 

longitudinal arch, this may lead to a gamete of overuse injuries such as tarsal tunnel syndrome, 

metatarsalalgia, plantar fasciitis and medial tibial stress syndrome.  

 

To further understand this sport and recreational activity, it must first be broken down to its 

basics. While limited research is beginning to emerge on the growing sport of surfing (Farley, 

Harris, & Kilding, 2011) SUP still is a sport of many unknowns. With the growth of surfing as a 

sport there has been an associated increase in interest to the physical preparation of the surfing 

athlete (Farley et al., 2011). With any new sport, there exists a requirement to study and 

understand what is required to succeed. The purpose of analysing a sport through technical and 

tactical evaluation and analysis of movement is for development of databases and education for 

both coaches and participants (M. Hughes, 2004). Utilising a scientific approach to performance 

analysis of this developing sport, can lead to sporting success for athletes of this sport. 

 

With stand up paddle boarding growing as surfing did many years ago, an investigation into this 

sport is beckoning to be performed. A major problem facing the investigation of this new sport is 

that new outcome measures need to be conceived and tested in order to test these athletes. Due 

to the minimal research this is still a sport of many unknowns. The fitness profile of surfing has 

been studied in several articles from which comparisons to SUP can be drawn. The aerobic and 

anaerobic capacity of SUP can be compared to similar water sports such as surfing, canoeing or 

kayaking. Strength and balance profiles have been investigated both in other sports and also in 

rehabilitation.  
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2.3 Results 

 
Figure 2: PRISMA flow diagram of the literature review of SUP 

Results 
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Initial Search Result  

Literature Search Results 
received (n=5) 

CINAHL (1) SPORTSDISCUS 
(1) PEDro (0) EMbase (1) 

n=2 

n=1 

PubMed (0) Google Scholar 
(2) 

Studies found 
n=5 
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n=3 

Studies 
included in 
review n=2 

Two articles removed for being 
periodicals.  

One article removed as not on the 
benefits of SUP.  
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Table 2: Published articles on the benefits of SUP. 

Title Author Year Subjects Methodology Results Conclusion  

Activity of trunk 

and leg muscles 

during stand up 

paddle surfing.  

Reuss, C., Kristen, 

K.H., Eckelt, M., 

Mally, F., 

Litzenberger, S. 

and Sabo, A 

2013 5 subjects in 

the lab, 2 

subjects in 

the field.  

Wireless EMG analysis of 3 

different intensities of 

paddling. 3 W, 10W and 

30W. EMG recordings of 

Rectus Abdominus, External 

Obliques, Pectoralis Major, 

Rectus Femoris, Gluteus 

Maximus, Multifidus, 

Erector Spinae, Latissimus 

Dorsi.  

No significant difference between ergo 

and field EMG, muscles measured 

showed activation points during 

various points of the stroke.   

No discrete numbers reported for % 

MVC of any muscle. Power phase has 

the highest duration of stroke, 

followed by recovery, exit and catch.   

All of the studied 

muscles were active 

during SUP. The majority 

of the stroke is from 

upper body musculature 

while the trunk, knee 

and hip stabilisers show 

high activation.   
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2.4 Discussion 

 

2.4.1 Strengths and Limitations of the Studies 
The first paper seen in Table 2 aimed to investigate whether SUP was a suitable endurance and 

balance training tool (Ruess et al., 2013b). In this study, to its benefit, both field and laboratory 

assessment were utilised. Laboratory based testing included eight males of various experience 

while 60 individuals were recruited for the field based assessment. An incremental exercise test 

was performed on a SUP ergometer beginning at a power output of 6W with an increase of 2W 

every 2 minutes.   

 

Balance was measured pre and post activity, both in the lab and in the field, utilising a single leg 

hop test on an electronic baropedometric platform. The subjects were asked to perform five 

jumps in the lab and two jumps in the field on one leg, and then stand as still as possible for 15 

seconds. The subjects were testing on both legs. During the 15 seconds centre of pressure (COP) 

movement was recorded with respect to both anterior to posterior movement (AP) and medial to 

lateral movement (ML). It is unclear why subjects were asked to perform single leg balance 

assessments as SUP is performed in bilateral stance, therefore making the testing criteria non-

specific.  

 

The field based participants were asked to paddle at self-selected pace for 30 minutes, meaning 

that the testing was not standardised for each participant. The participants were split into age 

groups for analysis of their results. Results from the laboratory based assessment of performance 

showed that as expected, heart rate increased linearly with power output over time. 

Measurement of expired gases was not made, and lactate measurements were not performed. 

Average subjective termination was at only 145bpm and a power output of 24W, not at maximal 

pace. Anaerobic threshold was not reached in 62.5% of the subjects. From this finding, the 

authors claim that SUP is an ideal endurance training modality due to the heart rate intensity 

being 60-80% of their maximal heart rate.  

 

Results from balance assessment demonstrated that laboratory tests displayed a significant 

improvement in balance in both AP and ML directions. This finding contradicts other research 

where previous studies demonstrating that fatigue post activity is usually detrimental to balance 

control (Nagy et al., 2004). The authors acknowledged that there was however, a high standard 
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deviation and low number of subjects. The field based assessment of balance showed varying 

results with some groups showing a decrease in balance. There were high standard deviations 

and the authors reported improvement in balance amongst the younger groups without mention 

of significance. With exposure to an activity, improvements can be made. This is known as the 

leaning phenomenon, where improvement can be evident found in subsequent trials. From this 

non-significant improvement in the field based assessment, the authors concluded that balance 

improvements can be seen after a single SUP activity and therefore it is ideal for training balance.  

 

The second article (Ruess et al., 2013a) from the same authors seen in Table 2, investigated the 

muscle activity of trunk and leg muscles during SUP both in the laboratory on an ergometer and 

also in the field. Muscle activity and activation were analysed during the four phases of the SUP 

stroke. Surface electromyography (sEMG) was utilised to analyse the activity of various trunk and 

lower limb musculature. A total of five subjects performed the stroke on an ergometer, with a 

further 2 tested on water. Three intensities were utilised at a power output of 3, 10 and 30 

Watts.  

 

Results demonstrated that low muscle activity was evident during the catch. Bilateral activation 

was evident in the gluteal and rectus femoris muscles. Activity of the abdominals (rectus 

abdominis and external obliques) and the pectorals was found to be active in the power phase 

while the muscles of the back including the multifidus, erector spinae and latissimus dorsi were 

primarily active in the exit and recovery phases. Slight differences were reported during lab and 

field based testing. They demonstrated that similar activation patterns were evident regardless of 

intensity. Muscles which the investigators deemed difficult to train including the rectus 

abdominis, external obliques, multifidus and erector spinae were activated especially during the 

on water trials. These muscles were deemed essential to transmit power between paddle and 

board through the kinetic chain. From these results, the authors concluded that SUP is ideal for 

multi-muscle training.  

 

Although the muscles were appropriate and Surface electromyography for the non-invasive 

assessment of muscles (SENIAM) guidelines were utilised for electrode placement, there were no 

reports of % of maximal voluntary contraction (MVC) from these muscles, making inferring a 

training effect difficult at best. Most EMG studies normalise contractions for individuals to infer 

what intensity that muscle is being recruited to provide an insight into the intensity of muscle 

contraction, not simply that it is active and when.  Due to the reports of muscle activation only, 
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the claims of SUP being an appropriate tool for training muscles throughout the body, especially 

the back and abdominals it questionable. Reporting of MVC would at least provide insight into 

the intensity of contraction and therefore potential for a training effect.  

 

2.5 Conclusion 
 

To date, only 2 papers have been published of poor methodological quality on SUP. There is 

therefore little information regards the acute and chronic effects of this activity and minimal 

information is available for participants and coaches alike for training and competitive purposes. 

Well designed, scientific investigation in to this area is therefore warranted to ensure gaps in the 

literature are filled and more is known about this sport and activity. To enable investigation into 

this activity, the attributes important to SUP need to be identified and outcome measures which 

can be applied to SUP need to be explored.  
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2.6 Objectives of This Thesis 
This thesis investigated stand up paddle boarding, both as a sport and a recreational activity. At 

the completion of this thesis, the hope is to have a greater understanding of this sport and 

provide evidence for, or to refute the anecdotal claims of fitness, strength and balance benefits 

of this activity. Our review of the literature found only two papers regarding the effects of stand 

up paddle boarding. A thorough critique of these two papers will therefore be performed in 

Chapter 2.  

 

Due to the lack of scientific research in this area, methodological design is required to ascertain 

the best way of evaluation of physiological and musculoskeletal attributes associated with this 

activity. Chapter 3 determines the aspects important to SUP though a performance analysis of a 

SUP race. As it is a minimally explored area, means of assessment proven in other sports need to 

be adapted to assess this activity. Some of the assessment techniques utilised in other sports and 

populations were examined in Chapter 4. The sports deemed similar to SUP include water based 

sports such as surfing, canoeing, dragon boat racing and surf lifesaving.  

 

The instability associated with SUP is similar to unstable surface training which has increased in 

popularity due to its proposed strength and balance benefits and therefore has received a 

reasonable amount of investigation from a scientific perspective. By applying previous validated 

assessment tools to SUP, information about what it takes to succeed and the effects of 

participation in SUP will be uncovered through profiling a range of abilities from the SUP 

population in a profiling study in Chapter 5. 

 

Once an understanding of the various abilities and attributes of participants is discovered, an 

intervention was performed to determine if a positive health effect of participation is found. This 

intervention can be found in Chapter 6. An exercise tool if proven to have positive effects on 

fitness, strength and balance could be then promoted to combat the myriad of issues associated 

with inactivity such as the obesity epidemic. By providing an enjoyable, alternative method for 

physical activity with a multitude of benefits, it is hoped that uptake of this activity would have 

many health and fitness benefits for the general population.  
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2.7 The Aims of This Thesis 
 

The aims of this thesis are to  

1) Conduct a literature review and critique the papers in the literature on stand up 

paddle boarding.  

2) Conduct a performance analysis on a competitive SUP event to determine important 

factors in SUP to guide investigation in this thesis.  

3) Do a review on the relative outcome measures utilised in related sports and 

rehabilitation for use in a stand up paddle boarding population.   

4) Profile the sport across a range of abilities in the sport from novice to elite to 

characterise the sport from a physiological and musculoskeletal perspective.  

5) To use stand up paddle boarding as an intervention to assess the benefits of the 

activity on the previously untrained individual on a variety of health, fitness and 

wellbeing parameters.  

 

Figure 3 shows the overview of this thesis with the various papers arising from the research 

studies. Prior to profiling the SUP population, a performance analysis on a SUP race was 

conducted to understand more about the requirements of the sport and can be seen in the green 

box. Due to SUP being an under-researched area, methodological papers to determine the best 

way of assessing this activity are required and can be seen in the EMG piloting study and the 

comparison of both lab and field based testing of SUP athletes. The profiling of a broad spectrum 

of abilities encompasses the sedentary, recreational and elite groups and can be seen within the 

red box. Finally, the effect of SUP on the previously untrained individual can be seen in regards to 

the intervention within the blue box.  
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2.8 Publications Arising From This Thesis 

Papers 
 

1. Schram, B., Hing, W., Climstein, M. (2015) A performance analysis of a Stand Up Paddle 

Board marathon race. Under review in the International Journal of Aquatic Research and 
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2. Schram, B., Hing, W., Climstein, M. (2016) Laboratory and field based assessment of 

maximal aerobic power of elite SUP athletes. International Journal of Sports Physiology 

and Performance.  (11) 28-32. doi:10.1123/ijspp.2015-0076 

 

3. Schram, B., Hing, W., Climstein, M. (2015) An EMG analysis of Stand Up Paddle Boarding. 
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4. Schram, B., Hing, W., Climstein, M. (2015) Profiling the sport of Stand Up Paddle 

Boarding. Journal of Sports Sciences. Published online 20 Aug 2015. 

doi:10.1080/02640414.2015.1079331  

 

5. Schram, B., Hing, W., Climstein, M. (2015) The effects of Stand Up Paddle Boarding. 
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Poster Presentations 
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Additional Publications Relevant To This Thesis but Not 
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1. Schram, B., Hing, W., Climstein, M., & Walsh, J. (2014). Profiling Elite Stand Up Paddle 

Boarders. Journal of Fitness Research, 3(1), 40-51. 
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Chapter 3  

Exploring the Sport of Stand Up 

Paddle Boarding 
PREFACE: 

Currently little is known about the sport of stand up paddle boarding. In order to understand 

more about the sport, the next chapter will explore stand up paddle boarding in more depth via a 

performance analysis of a SUP race. Figure 4 displays the overview of this chapter. Field based 

performance analyses in sports are explored in section 3.1 while the use of GPS in sport is 

reviewed in section 3.2. Determining cardiovascular demand in the field is covered in section 3.3 

with a review of the literature in performance analysis in other water based sports found in 

section 3.4. The first study in this thesis is found in this chapter which aims to understand more 

about SUP as a sport which is found in section 3.5. This study utilises both GPS and HR monitoring 

to discover more about the physiological demands of this new sport.  

 
Figure 4: An overview of Chapter 3 

Section 1: Performance analysis 
in sports 

Section 2: The use of GPS for 
performance analysis in sport 

Section 3: The measurement of 
cardiovascular demand for 

perfromance analysis 

Section 4: A review of 
performance analysis in water 

based sports  

Section 5: Paper 1: A performance 
analysis of a Stand Up Paddle 

Boarding marathon race 
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Quantifying movement patterns in sport is important for coaches and athletes to be able to 

develop sport specific conditioning programs. Global positioning system analysis allows more 

accurate in situ analysis of work rate analysis than traditional video analysis, which has a 

propensity to erroneously categorise intensities while being laborious to analyse (Cunniffe, 

Proctor, Baker, & Davies, 2009). Changes in velocity measured by GPS are normally quantified via 

the doppler shift method. Global positioning system accuracy is determined by both the 

frequency of the unit and by the number of satellites available and the time of day, as satellites 

complete a full revolution of the earth in 12 hours (Janssen & Sachlikidis, 2010). A minimum of 

four satellites are required to obtain a positional reading, with greater accuracy achieved with an 

increased number of satellites (Larsson, 2003). Time of day has not been found to be an 

influencing factor for accuracy of positioning in a study performed in Europe (Macleod & 

Sunderland, 2007) whereas recordings in Australia have been shown to vary significantly with 

various times of day (Janssen & Sachlikidis, 2010).  

 

Early GPS validation studies in 1997 were made difficult due to the degradation of the accuracy of 

satellite transmission by the United States Department of Defence. This deliberate hindering was 

ceased in the year 2000 (Aughey, 2011).  Further validation studies were made difficult by the 

ambiguity of what constituted a gold standard for comparison with the GPS units with some 

studies using Swiss chronometers (Schutz & Chambaz, 1997), others accelerometers (Terrier, 

Ladetto, Merminod, & Schutz, 2000) and more recently,  trundle wheels to establish a 

predetermined distance with light gates (Edgecomb & Norton, 2006). 

 

Over time, studies identified that the higher the sampling rate of these units, the more valid GPS 

becomes for measuring distance and speed (Castellano, Casamichana, Calleja-Gonzalez, San 

Roman, & Ostojic, 2011). If utilizing 1Hz units, the unit may be incapable of recording athlete 

movements which take less than 1 second to complete. The more modern 10Hz units have been 

estimated as having  a standard error of the mean (SEM) of 10.9% for a 15m sprint (Castellano et 

al., 2011). Validity also seems to increase the longer the duration of a task, with standard errors 

of 3.8% for a 5Hz GPS over 140m, while in 197m activity was just 1.5% (Portas, Harley, Barnes, & 

Rush, 2010). Higher sampling rates and measures of longer duration have therefore been 

recommended for greater confidence in recordings (Aughey, 2011).  
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As SUP increases in popularity and competitiveness, the importance of testing SUP athletes to 

provide information for both coaches and athletes increases in parallel. Recently surfing has 

undergone GPS analysis (Farley et al., 2011), however SUP is yet to be investigated. Research on 

windsurfing races have shown great variability in total distance covered by competitors (Perez-

Turpin et al., 2009). It is well known that varying distances can be covered in running marathons 

when not taking the inside line (point to point strategy) and participants may significantly add 

additional distance and subsequently extra time to their race.  

 

 

Race results and ultimately race time will depend upon extrinsic variables such as swell (direction 

and height), currents and wind and intrinsic variables such as the racing line chosen by the 

competitor and the power output and length of each stroke. As the SUP athlete alternates 

paddling on each side, the direction of the SUP can be affected while racing and results in non-

linear movements as the competitor propels themselves forward. Often the side chosen to 

paddle on is dictated by the extrinsic variables encountered during the event.  

 

Along with the effect of intrinsic and extrinsic variables on SUP marathon races, heart rate 

intensities during SUP competition are unknown therefore limiting competition preparation and 

training. There is clearly a gap in the literature and the investigation of a distance event via GPS 

and HR telemetry units is clearly warranted. Therefore the purpose of this study was to gain an 

insight into the physiological demands associated with a SUP distance event to aid in athlete 

preparation and to assist coaches in planning conditioning and race tactics.   
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PAPER 1 

  

A PERFORMANCE ANALYSIS OF A STAND 

UP PADDLE BOARD MARATHON RACE 
 

 

Schram, B., Hing, W., Climstein, M. (2015) A performance analysis 

of a stand up paddle board marathon race. Submitted to the 

International Journal of Aquatic Research and Education 

 

 
 

Introduction 
Stand up paddle boarding (SUP) is new sport and recreational activity, which is increasing in 

popularity around the world due to its proposed fitness, core strength benefits and enjoyment 

(Hammer, 2011). Stand up paddle boarding is a hybrid of surfing and paddling in which 

participants can either distance paddle and/or surf waves (Walker et al., 2010). At present there 

is no scientific literature available regarding the performance aspect of SUP.  

 

SUP is an outdoor activity in which the participant maintains a standing position on a board 

similar to a surfboard however stand up paddle boards are longer in length (~8-15ft), thicker (4-

8in) and wider (26-31in) than traditional surfboards.  The participant propels the board across the 

surface of the water by the use of a long single-bladed paddle alternating sides ad libitum. The 

first official SUP race was held in 2004 along with the first SUP competitors entered in the famous 

Molokai to Oahu open ocean race in 2006. Recognition as a world competitive sport from the 
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International Surfing Association was obtained in 2012 when the first SUP World Championships 

were held in Peru.   

 

As SUP increases in popularity and competitiveness, the importance of testing SUP athletes to 

provide information for both coaches and athletes increases in parallel. Although the majority of 

physiological testing of athletes is performed under highly-controlled laboratory conditions, 

these are often not sport specific conditions (Larsson, 2003). With the continued improvement of 

GPS technology, real-time sporting analysis may now occur in the field.  

 

The use of global positioning systems (GPS) has recently been identified as a means to monitor 

physical activity of an athlete, giving such data as position, distance and speed in the field. GPS 

can be used in conjunction with other measurements such as a portable metabolic gas analysis 

system and telemetry heart rate to enable comparisons to be drawn between the subjects 

physical activity and physiological response (Larsson, 2003). 

 

Quantifying movement patterns in sport is important for coaches and athletes to develop sport 

specific conditioning programs. Global positioning system analysis allows more accurate in situ 

analysis of work rate analysis than traditional video analysis, which has a propensity to 

erroneously categorise intensities whilst also being highly laborious to analyse (Cunniffe et al., 

2009).  

 

The reliability of GPS is dependent upon the units sampling rate, velocity, duration of the task 

and type of task (Aughey, 2011). Previous studies have used 1,5 and 10Hz units with authors 

suggesting that the higher the sampling rate of these units, the move valid GPS becomes for 

measuring distance and speed (Castellano et al., 2011). Comparisons between 5 and 10Hz units 

have found that the 10Hz units were two to three times more accurate and six times more 

reliable than the 5Hz devices for measuring instantaneous velocity (Varley et al., 2012). Recently 

15Hz GPS units have been developed which would potentially further increase both the validity 

and reliability of these units.  

 

Other sports have utilised such technological developments in the last 10-15 years as GPS units 

become more reliable and portable.  Improvements in technology have seen the availability of 

GPS systems to coaches and athletes to gain a more in depth understanding of their training and 

competition habits (Cunniffe et al., 2009).  It is not uncommon to see international sports 
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monitored for training load, heart rate and movement patterns in a wide range of sports from 

Australian rules football to horse racing (Kingston et al., 2006; Wisbey et al., 2010). 

 

Although some sports have encountered difficulty in ensuring an unobstructed view of satellites, 

the fact that SUP is conducted on open water makes it ideal for GPS analysis. Previous studies on 

rowing have encountered problems in analysing speed as the speed can vary by up to 2-3m/s 

during each stroke with 5Hz units, a problem which should now be mitigated with the use of the 

15Hz units (B. T. Smith & Hopkins, 2012).  

 

Recently surfing has undergone a GPS analysis (Farley et al., 2011), however SUP is yet to be 

investigated. Previous research on windsurfing races have shown great variability in total 

distance covered by competitors. It is well known that varying distances can be covered in 

running marathons when not taking the inside line (point to point strategy) and participants may 

significantly add additional distance and subsequently extra time to their race.  

 

Race results and ultimately race time will depend upon extrinsic variables such as swell (direction 

and height), currents and wind and intrinsic variables such as the racing line chosen by the 

competitor and the power output and length of each stroke. As the SUP athlete alternates 

paddling on each side, the direction of the SUP can be affected while racing and results in non-

linear movements as the competitor propels themselves forward. Often the side chosen to 

paddle on, is dictated by the extrinsic variables encountered during the event.  

 

Along with the effect of intrinsic and extrinsic variables on SUP marathon races, heart rate 

intensities during SUP competition are unknown therefore limiting competition preparation and 

training. There is clearly a gap in the literature and the investigation of a distance event via GPS 

and HR telemetry units is clearly warranted. Therefore the purpose of this study was to gain an 

insight into the physiological demands associated with a SUP distance event to aid in athlete 

preparation and to assist coaches in planning conditioning and race tactics.   
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Results 
Nine out of the ten participants finished the race with one participant having to withdraw 

prematurely due to injury (muscle strain). The SUP participant individual course plots are shown 

in Figure 5, where at the widest point while in the Open Ocean, participants were spread 660m 

apart from one another. Times varied from 1:15.1 to 1:39.9 for the completion of the course as 

seen in Table 5. 



57 | P a g e   B e n  S c h r a m   P h D  T h e s i s  
 

 
Figure 5: GPS plot of individual courses taken during the race.  
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Position  Race Time (mins) Distance covered (m) 

1 01:15.1 13522.60 

2 01:16.5 13563.00 

3 01:17.3 13491.50 

4 01:22.4 13419.90 

5 01:22.6 13716.00 

6 01:24.1 13566.77 

7 01:25.3 13340.80 

8 01:27.2 13587.30 

9 01:39.9 13874.00 

Table 5: Participants place across the line and distance covered. 

 

The group, male and female averages displayed in Table 6 shows that participants covered an 

average distance of 13.56km with a range of 13.34km to 13.87km. Peak heart rate recorded 

ranged from 168bpm (98%HRmax) to 208bpm (103%HRmax).  Peak speeds recording during the 

event was 26.39km/hr by the winning female and the highest average speed recorded being 

10.8km/hr (3.0m/s) from the winning male. There was a moderate, positive correlation between 

the participants distance covered and their position over the line. This relationship was not 

significant (p=0.385).  

Parameter Group (n = 9) Males (n = 6) Females (n = 3) 

Age (yrs) 34.78 (11.49) 31.11 (12.32) 41.67 (6.43) 

Height (cm) 172.14 (7.50) 176.38 (4.55) 163.67 (3.51) 

Weight (kg) 72.03 (10.13) 77.67 (6.85) 60.77 (2.70) 

BMI (kg/m2) 24.17 (2.55) 24.88 (2.70) 22.73 (1.79) 

Years Competition (yrs) 5.39 (1.65) 5.08 (1.91) 6.00 (1.00) 

Ranking 5-24 International  

2-10 National  

5-24 International  

5-10 National 

6-24 International  

2-5 National 

Course completion time (min) 83.37 (7.47) 79.87 (4.10) 90.40 (8.37) 

Course distance covered (m) 13564.65 (157.05) 13508.97 (128.44) 13676.02 (171.76) 

Peak speed (km/hr) 21.27 (0.70) 20.95 (2.24) 21.90 (3.91) 

Average speed (km/hr) 9.78 (0.70) 10.13 (0.53) 9.07 (0.41) 

Distance per minute (m) 163.21 (12.68) 169.00 (9.19) 151.63 (11.43) 

Average heart rate (bpm) 168.56 (9.79) 172.00 (10.32) 161.67 (3.21) 

Peak heart rate (bpm) 187.00 (13.52) 194.17 (9.87) 172.67 (5.03) 

Table 6: Participant demographics and GPS results. Values presented are mean (±SD). 
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As seen in Table 7, athletes spent 89.31% of their race within 80-100% of their age predicted 

HRmax. Athletes were predominately in the 5-10km/hr zone followed by the 10-15km/hr zone. 

Minimal data points were recorded in the zone 1, zone 4 and zone 5.  

 

 

Table 7: Time spent in velocity and heart rate zones for the race. Values presented are mean (±SD). 

 

An example of an individual participant heart rate and speed trace can be seen in Figure 6. 

Incremental increases in cardiovascular demand as seen by elevation of heart rate can be seen 

from the start of the race with maintenance of 80-100% of the participants HRmax for the 

duration of the race. Speed is seen to be more variable with peak speed being at the point when 

participants were paddling in a westerly direction, enabling them to ride waves.  

 

 

 

 

 

 

 

 

 Velocity (km/hr) Time (s) Time (%) % HR Max % of race 

Zone 1 0-5 4648 (36.58) 0.90% (0.59%) 60-70% 4.84% (7.60%) 

Zone 2 5-10 3353.83 (958.36) 66.06% (13.03%) 70-80% 3.95% (4.38%) 

Zone 3 10-15 1567.12 (527.09) 32.30% (12.89%) 80-90% 27.46% (34.02%) 

Zone 4 15-20 34.03 (21.94) 0.71% (0.50%) 90-100% 61.85% (32.12%) 

Zone 5 >20 1.38 (1.89) 0.03% (0.04%) >100% 1.09% (4.50%) 

Total - 5002.95 (447.86) 100% - 100% 
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Figure 6: Individual heart rate and speed results showing minimum (blue), average (green) and maximum 

(red). 

 

Discussion 
Previously, no scientific literature was available on the physiological (HR) demands and time 

motional analysis of a marathon SUP event. This study aimed to provide an understanding of the 

requirements of such a race. The majority of times, participants were in steady state with regard 

to speed and HR however peak speed occurred when the participant was paddling toward shore 

and when catching open ocean swell lines, the latter being highly advantageous to achieving a 

shorter race time.   
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Chapter 4 

 

Methodological design to assess 

Stand Up Paddle Boarders 
PREFACE: 

The areas identified as being of importance to SUP appear to be fitness, balance and strength. 

Chapter 4 is designed to explore methods of assessing those areas deemed to be of importance 

to SUP as seen in Figure 7. It aims to explore the various ways of assessing physiological, 

musculoskeletal and balance profiles reported previously for application to SUP. As minimal 

research has been conducted previously, this section 4.2 of this chapter will firstly provide 

physiological figures from other water based sports for direct comparison to SUP. Study 2 is 

found in this section which is designed to test the correlation of laboratory and field based 

measures of physiological function to ensure confidence in laboratory based measures in future 

studies.  

 

Although minimal scientific study has been performed on SUP, the use of unstable surface 

training has received attention in regards to its effect on both the musculoskeletal and balance 

systems.  The concept and research around instability training is therefore presented in section 

4.3. The importance of an effective musculoskeletal system and its assessment via 

electromyography is explored in section 4.4. This section will also highlight the specific muscles of 

interest to this investigation along with their importance and relationship to rehabilitation. A 

methodological study assessing these key muscles via EMG, whilst paddling a SUP ergometer is 

then presented.  

 

In section 4.5, following the methodological issues associated with electromyography for 

investigation in SUP, alternative means of assessing the musculoskeletal system are explored. 

Finally the assessment of both static and dynamic balance in sports published throughout the 

literature will be explored in section 4.6 for future application to a SUP population.  
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Figure 7: An overview of Chapter 4 

  

Section 4.1: The parameters in need of 
investigation 

Section 4.2: Physiological assessment of water 
based sports 

Study 2: Laboratory and field based assessment 
of maximal aerobic power of elite SUP athletes  

Section 4.3: Training utilising unstable surfaces, 
an activity similar to SUP 

Section 4.4: Musculoskeletal profiling in other 
activities and populations  

Pilot study 1: An Electromyographic analysis of 
Stand Up Paddle Boarding  

Section 4.5: Endurance testing as an alternative 
measure of muscular involvement 

Section 4.6: The assessment of balance from 
other sports 
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4.1 The Parameters In Need Of Investigation 
 

Chapter 3 has offered insight into the factors important for SUP as a sport. Participants in races 

are required to have high levels of aerobic and anaerobic fitness, trunk muscle strength, muscle 

endurance and also balance. The assessment of these areas has been performed previously in 

other sports and will be explored for use in a SUP population. This information in other sports is 

primarily used to enhance education, for planning and training for success and development of its 

athletes. The understanding of oxygen consumption, respiration, heart rates, velocity, 

acceleration, force, changes in direction and positional information are required in elite training 

and coaching (Zhang et al., 2004). The profiling of athletes in sport is required to aid athlete 

selection, development and placement and in program design.  

 

Previous studies have profiled a range of aspects in sports including morphological characteristics 

(Ackland, Ong, Kerr, & Ridge, 2003), injuries (McCarthy, Voos, Nguyen, Callahan, & Hannafin, 

2013), physiological profiles (Franchini, Vecchio, Matsushigue, & Artioli, 2011), strength profiles 

(Chaabène, Hachana, Franchini, Mkaouer, & Chamari, 2012) and balance ability (Hrysomallis, 

2011). As there is are only two previous studies identified in the literature, there is a void of 

information on the potential benefits of participation in SUP. Therefore sports of similar 

characteristics were utilised for comparison and reviewed. Some of the sports deemed similar to 

SUP are water sports such as canoeing, kayaking, dragon boat racing and surfing.  

 

In a similar manner to surfing, it is assumed that SUP involves intermittent muscular endurance 

and anaerobic power of the upper body for paddling propulsion, an exceptional level of cardio-

respiratory endurance and dynamic balance and flexibility (Frank, Zhou, Bezerra, & Crowley, 

2009). As seen in study 1, maintenance of elevated heart rates for the duration of SUP events is 

required highlighting the importance of a high level of aerobic fitness amongst its participants. 

When surfing a SUP or attempting to catch waves during a race, anaerobic power is also an 

important physiological determinant to enable the individual to match the speed of a wave.  

 

Similar to kayaking, SUP paddling requires a powerful and skilful paddler to maximise upper body 

muscular power, to provide forward propulsion and negate as much of the drag forces as 

possible (Michael et al., 2009). It is with greater power commensurate with decreased drag that 
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Recent advances in technology have allowed for more compact, light-weight and portable 

systems such as the Cosmed K4b2. This portable gas analysis system can be seen in Figure 9 on 

page 77.  The development of such systems has allowed field testing to gain a greater 

understanding of the metabolic demands placed on the body during various modes and 

intensities of exercise in the environment in which they are normally performed (Duffield, 2004). 

The K4b2 system has been shown to be acceptable for measuring oxygen uptake over a wide 

range of exercise intensities (Duffield, 2004) and shows strong correlation (r=0.926) to metabolic 

carts inside laboratories (Pinnington, Wong, Tay, Green, & Dawson, 2001). The K4b2 has been 

reported to be reliable for sport specific upper body ergometry for measurement of peak 

physiological responses of outrigger canoeists (Leicht, Sealey, Sinclair, & Spinks, 2010).   

 

An indication of the aerobic capacity of elite SUP athletes provides a guideline for an individual 

wanting to succeed in competitive SUP. The measurement of aerobic fitness of internationally 

and nationally ranked SUP athletes has yet to be quantified, leaving a gap in the scientific 

literature. A study was therefore designed to assess the correlation to laboratory based 

assessment of aerobic power of SUP athletes and field based measurements. The purpose of this 

study was to assess internationally and nationally ranked SUP athletes in the laboratory under 

tightly controlled conditions, then compare the result to a field based assessment with a portable 

gas analysis system.  A SUP specific ergometer was sourced to replicate the activity in the 

laboratory and can be seen in Figure 8. 
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Figure 8: The SUPErgo utilised for the laboratory based testing. 
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An ideal physiological test is one which accurately and reliably assesses the specific energy 

systems of the musculature involved in that particular sport (Pelham & Holt, 1995b). To adhere to 

the principle of specificity, in addition to laboratory testing, field testing for aerobic power on a 

stand up paddle board is highly desirable. This allows comparison between testing in a laboratory 

under tightly controlled conditions and actual SUP performance on water.   

 

Recent advances in technology have allowed for more compact, light-weight and ambulatory 

pulmonary gas analysis system (Cosmed K4b2, Rome, Italy).  The development of such systems 

has allowed field testing to gain a greater understanding of the metabolic demands during 

various modes and intensities of exercise in the environment in which they are normally 

performed (Duffield, 2004).  

 

An indication of the aerobic capacity of elite SUP athletes provides a guideline for an individual 

wanting to succeed in competitive SUP. The measurement of aerobic fitness of internationally 

and nationally ranked SUP athletes has yet to be quantified, leaving a gap in the scientific 

literature. Therefore, the purpose of this study was to assess internationally and nationally 

ranked SUP athletes in the laboratory under tightly controlled conditions, then compare the 

result to a field based assessment with a portable gas analysis system.  

 

 

Methods 

Subjects 
A total of 10 elite competitive (6 males & 4 females) SUP athletes were recruited from the Stand 

Up Paddle Surfers Association (Gold Coast, QLD, Australia). Of the elite competitors, six were 

rated amongst the top ten in the world and the remaining athletes were currently competing in 

the national competition of SUP in Australia. For inclusion, athletes were without a history of 

back pain and were free from any physical and psychological impairment. The study was 

approved by the University Human Research Ethics Committee (RO-1550) and each participant 

formally consented to taking part in the study.  
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Statistical Analysis 
All statistical analyses were performed using SPSS (Version 20) including mean and standard 

deviation calculations, while paired t tests were used to determine any significant differences 

between the two groups. Alpha was set at 0.05 a priori. A Pearson correlation analysis was 

performed to compare laboratory results to field results. A Bland Altman plot (Bland & Altman, 

2003) was utilised to provide a graphical representation of the two different measurement 

techniques, with limits of agreement set at 95%.  

 

Results 
Table 10 displays that males were younger (-9.42%) but not significantly (p=0.627), significantly 

taller (+8.82%, p=0.006) and significantly heavier (+21.37%, p=0.044) than the female athletes. 

The overall group, and female body mass index (BMI) was within the healthy category with the 

males being classified as overweight despite being only slightly more than the females (+2.78%). 

This was assumed to be to a greater lean mass.    

 Group (n=10) Males (n=6) Females (n=4) 

Age (yrs) 35.8 (9.55) 34.50 (6.03) 37.75 (14.32) 

Height (cm) 174.00 (0.45) 179.83 (6.91) 165.25 (4.27) 

Weight (kg) 75.59 (11.44) 81.32 (6.41) 67.00 (12.66) 

BMI (kg/m2) 24.87 (2.42) 25.14 (1.36) 24.46 (3.77) 

Body Fat (%) 15.87 (7.40) 11.13 (2.79) 22.98 (6.25) 

Table 10: Participant demographics. Results expressed as mean (SD). 

 

Field based results of maximal aerobic power for the group, were significantly higher (+5.28%, 

p=0.037) as compared to laboratory based results (Table 11). A significant (p=0.000) difference 

was found in peak speed measured in the field (+42.39%) compared to in the laboratory. There 

were no significant differences in maximal heart rate measured between the field and laboratory 

(p=0.576). Males had a significantly greater maximal aerobic power as compared to females in 

both the laboratory (47.59±3.37 vs 36.61±4.24ml/kg/min, p=0.002) and in the field (49.68±4.41 

vs 39.18±4.96 ml/kg/min, p=0.008). There were no significant differences between genders with 

regard to maximal ventilation (VE), respiratory exchange ratio (RER), or heart rate in the 

laboratory when compared to the field.  

 

 












































































































































































































































































































