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[bookmark: _Toc164411159][bookmark: _Toc164420714]Abstract.


A comparison of different pedal interfaces over a ten-kilometre cycling time trial to inform triathletes what is the most beneficial pedal interface to use in triathlon events. The participants (n=8) performed three cycling time trials each using different pedal interfaces. Pedal interface order was randomised for every participant. The three pedal/ shoe interfaces were clipless pedals with cycle specific footwear, pedals with toe cages with trainers and flat pedals with trainers. Each participant rode the same watt bike pro (Wattbike, Nottingham, UK) and wore the same Polar heart rate monitor (Polar Electro, Warwick, UK) for each time trial. The data extracted for analysis was rate of perceived exertion (RPE), heart rate, average power, and time. All variables were analysed using repeated measures anova. RPE was statistically significantly greater (p=<0.05) for flat pedals (19) when compared to clipless pedals (18.25). No significant differences were observed through the heart rate data. Power was significantly greater (p=<0.05) for clipless pedals (247 watts) when compared to both pedals with toe cages (239 watts) and flat pedals (233 watts). The time taken was significantly lower (p=<0.05) for clipless pedals (912 seconds) than both pedals with toe cages (924 seconds) and a flat pedal interface (932 seconds). The decreased RPE, increased power and least time taken seen when using a clipless pedal/ shoe interface over trainers with pedals with toe cages or flat pedals suggests it’s the most advantageous and the recommended pedal/ shoe interface for triathletes and cyclists alike. 
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Triathlon events are made up of three disciplines; swimming, cycling, and running in that order (Lepers, Knechtle, and Stapley., 2013). The total time is measured by how long it takes participants to complete all three disciplines and includes the time taken to transition between each discipline. These races can vary hugely in distance and, therefore, time ranging from two to eight hours for elite level athletes (Lepers, Knechtle, and Stapley., 2013). Within triathlon there are two transition periods; from swim to bike and then from bike to run. Athletes often use cycling shoes for the bike leg of the race, while using trainers for the run leg. Therefore, they find themselves having to change attire after the swim into cycling shoes, then into trainers to be able to run. The main factor of success is the ability to maintain a high rate of energy expenditure for long periods of time (O’Toole, and Douglas., 1995). People train extremely hard, while using a lot of different technology to save minutes or even seconds off their overall time.

Many claim that cycle specific footwear coupled with clipless pedals are more efficient than flat pedals. However, there is a lack of evidence to support these claims (Straw, and Kram., 2016). Straw and Kram (2016) then go on to determine that there are no metabolic differences between pedal interfaces at a sub maximal level. The clipless pedal was introduced to allow the shoe to have more contact with the pedal, increasing efficiency and improved propulsion during the up phase of the pedal stroke (FitzGibbon, Vicenzino, and Sisto., 2016) and this has been proven to benefit uphill sprinting performance (Burns, and Kram., 2019). A clipless pedal system can have positive effects on sprint cycling states Hurt III and Kram (2021). This is backed up by Kuhn (2012) who shows over 30 seconds clipless pedals yield more power output. However, there is a lack of research surrounding the effects of this pedal interface over longer distances. One choice most triathletes tend to make is using a clipless shoe and pedal system while cycling, then changing into running shoes for the run. This means taking critical time to change from cycling footwear to running footwear and this study will determine if the potential time saved in transition by wearing running shoes on the bike with flat pedals or pedals with toe cages will benefit or hinder the cycle performance. 

As the sport of triathlon has increased in popularity over recent years, some find the cost of participating to be a barrier to entry. Triathlon demands athletes to invest greatly on all manner of different equipment from wetsuits to bicycles. Also, if an athlete wants to get the best out of their training, there are many training tools such as swimming aids or heart rate monitors. The yearly spend of a triathlete can be seen to be, on average, 2745 euros states Wicker, Prinz, and Weimar (2013), which is a large amount of money for most. Any way that athletes may be able to save money is important and if they didn’t require a pair of both cycling shoes and running shoes to gain the same outcome in a race, then the need for two different pairs of footwear would be unnecessary. Triathlon is a costly sport from race entry and travel cost to the latest technology and bikes (Wicker, Prinz, and Weimar., 2013). Therefore, if athletes did not have to spend on a pair of cycle specific footwear to enter a race this would not only benefit the participants by saving money, but the sport in general due to it being more accessible to all. 

Although not changing into and from cycling shoes would likely save athletes time in the transition zones, it’s important to investigate whether cycling in trainers would yield similar times compared to cycling with a clipless pedal/ shoe system over longer distances. If these times were similar, then changing into cycling shoes would not benefit athletes, but if clipless pedals were significantly better, then athletes would be better off changing into cycling shoes and then into running trainers. It will be important to weigh up the advantages and disadvantages of all three interventions, especially when looking at the athlete’s rate of perceived exertion (RPE) to determine what pedal set up they found easiest after the time trial. The study will be determined on which pedal/ shoe set up yields the quickest time, average power, and the athletes’ rate of perceived exertion over the set distance, as well as heart rate, to see if the extra change of footwear is essential in sprint triathlon races. If the time trial times were similar, but the participants’ RPE was significantly higher for a specific interface, then this must be noted in the conclusion. Different recommendations may be made if the participant isn’t as physically fresh when comparing a different pedal interface and footwear choice. 

The time an athlete could save cycling in running shoes could be substantial. This would only be beneficial if performance with flat pedals or pedals with toe cages are not significantly different from the benefits of a clipless shoe system. Hiebert et al (2010) suggests it would be worth the extra change of footwear due to a clipless pedal system yielding greater efficiency and performance due to higher oxygen consumption and less lactic acid accumulation. The research will be carried out to see if wearing running trainers with either flat pedals or pedals with toe cages makes any difference when compared to a clipless pedal/ shoe system to warrant the change of footwear within triathlon. It’s been hypothesized that clipless pedals will be superior throughout the time trials in regard to lower RPE, time and heart rate with an increase in power when compared to flat pedals and pedals with toe cages. 
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This chapter will focus on the shoe pedal interface and the differences between the three shoe/ pedal interfaces. Specifically, the power and physiological differences between different pedal interfaces. This will add depth to the question of the comparison of pedal interfaces over a ten-kilometre cycling time trial regarding which pedal interface is best for sprint triathlons. 
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Over the years, cycling pedals have evolved greatly and the introduction of clipless pedals was a huge step forward for road and mountain bike riders alike (Cruz, and Bankoff., 2001). In 1984, the manufacturer LOOK created the clipless shoe and pedal system which was first used in competitions by competitive cyclists. Then, due to its advantages, it quickly spread to amateur and recreational cyclists (Rehman, and Montalvo., 2016). There are three main types of pedals used by cyclist. These pedals are flat pedals, pedals with toe cages and clipless pedals.

Flat pedals are the most widely used pedals in the world of cycling as they are a flat surface where the foot can move freely around. Flat pedals are used by commuters, BMX riders and recreational cyclists as they are easy to use and don’t require a second pair of footwear. This makes the barrier of entry to cycling easier if you opt to use flat pedals, because you can use them with almost every type of footwear. One of the limitations of flat pedals is when trying to put out a high cadence, the rider’s foot could slip off. As there is nothing holding the foot in place this may result in a crash. Also, flat pedals only assist with the down phase of the pedal stroke. Therefore, the force is only being produced during knee extension (Romero-Rodríguez, Mateo-March, and Zabala., 2013). 

Toe cage pedals are similar to flat pedals in design, except with an additional adjustable cage attachment which holds the foot in place. This stops the shoe from moving around or off the pedals when the staps are tightened. Similar to flat pedals, pedals with toe cages do not require any specific footwear, hence are utilised by the same population. Pedals with toe cages do offer the rider more security, as their foot is secured to the pedal more than it is with flat pedals. People who are keen cyclists tend to select a clipless pedal/ shoe system in preference to the two systems mentioned above.

A clipless pedal system is where the rider will have a cleat screwed to the bottom of their cycling shoe, which allows them to clip into to the pedal allowing the shoe and pedal to become attached. Unlike the flat pedal and toe cage pedal, the clipless pedal and shoe interface requires a specific shoe to attach the cleat to. Not only does a cyclist need to have specific footwear, the pedal that is required is also different. Therefore, the barrier to entry is higher if wanting to use this system, as purchasing the shoes, cleats and pedals can cost upwards of one hundred pounds. In this case, only people who are keen cyclists tend to make this investment. The expenditure is considered worthwhile because rigid soled cycling shoes and clipless pedals maximizes energy transfer resulting in forward motion (Rehman, and Montalvo., 2016). While maximising energy transfer it is said to minimise energy loss by ensuring the rider is always locked in the correct position (Rehman, and Montalvo., 2016). 


[bookmark: _Toc164411163][bookmark: _Toc164420718]Mechanical review.

Studies comparing different pedal interfaces is limited. However, the evidence available suggests that one can produce more power when using a rigid cycling shoe with a clipless pedal system rather than a flat pedal or pedal with toe cages. Mechanical power can be described as a force and how quickly that force can be applied to a given scenario. In one study mechanical power was analysed using male athletes performing maximal up-hill sprints using different pedal interfaces (Burns, and Kram., 2020). They found that when using conventional trainers with toe cage pedals, this yielded more power output than the flat pedal condition. On the other hand, clipless pedal intervention with cycling shoes proved to be significantly more effective in power production during maximal sprints. Burns and Kram (2020) attributed these findings to the participants being able to pull up during the up-stroke phase of the pedal rotation when using the clipless pedal system. The clipless pedal system ensures the riders feet are in a continual rotation while force can be applied throughout. The up-stroke phase can be taken advantage of most using a clipless shoe and pedal system rather than toe cage pedals and especially flat pedals which is beneficial over short distances (Burns, and Kram., 2020). A limitation of this study is that it was only performed over 100m up-hill course, and these results may not be the same over a longer distance and flatter terrain. 

Following on from that study, Hurt and Kram (2021) researched if there was a difference in power regarding clipless shoe stiffness. They found no difference in performance using three different clipless shoes over a sprint. This suggests that the performance benefits are due to the clipless shoe/ pedal system and the foot being fixed in one place rather than the type of clipless shoe being used. When looking into 30 second all out efforts, Kuhn (2012) found that there was a significant difference in favour of clipless pedals when compared to toe cages and flat pedals. However, there is no significant difference between toe cages and flat pedals. In endurance cycling it’s important to be able to maximise efficiency. When the participants were instructed to pull up during the up stroke of the pedal phase using clipless pedals their cycling efficiency was at the greatest compared to other pedal conditions (Korff et al., 2007). These findings were supported by (Mornieux et al., 2008) which also found pulling up increased pedalling efficiency which is beneficial for endurance cyclists. 


[bookmark: _Toc164411164][bookmark: _Toc164420719]Physiological review.

Pedalling efficiency can be described as the amount of muscle activation and force needed to propel you forward (Straw and Kram., 2016). Cycling efficiency is how much fuel the body is using and how hard the heart and muscles are working to produce a given power. Cruz and Bankoff (2001) found that when using clipless pedals, there was less electromyographic activity in such muscles as the hamstrings and gastrocnemius than flat pedals at a standardised power. This shows that the muscles in the legs don’t have to work as hard when using a clipless pedal interface to produce the same power in contrast to flat pedals. Many factors can influence maximal oxygen consumption and lactic acid production when cycling such a body position, cycling cadence and bike set up. However, Hiebert et al (2010) looks at pedal interface and how that affects these variables. Although their data did not reveal any statistically significant results, their findings were meaningful. The data showed that the participants produced higher max O2 values during the clipless pedal condition, suggesting that this pedal condition is most efficient when cycling. Also, during the flat pedal condition, this yielded the highest accumulation of lactic acid and fatigue which suggests that this is the least efficient pedal interface for athletes (Hiebert et al., 2010). 

When cycling at a moderate power (50, 100, 150 watts), Straw and Kram (2016) found that there was no difference in metabolic cost between the three pedal/shoe interfaces. Additionally, they state that more research is needed around the metabolic cost of longer durations and at higher power outputs. They conclude that, although a clipless pedal system has no effect on metabolic cost, it may still be the safer and more comfortable option for cyclists (Straw and Kram., 2016). When riding at set power outputs, Ostler, Betts, and Gore (2008) found that there was no difference in heart rate between flat pedal trials and toe clip trials. However, they find that the RPE for the toe clip trial was lower than that of the flat pedal trial. This suggests that the physiological costs are the same, although athletes perceived exertion is not.

On the other hand, Jarboe and Quesada (2003) found that, when cycling at a given power output, specific cycling footwear such as a clipless pedal/shoe system results in a lower heart rate. This could help athletes save energy while maximising efficiency when pedalling (Jarboe, and Quesada., 2003). When looking at studying the differences in muscle activation and different pedal interfaces, it can be shown that muscle activation in novice cyclists is greater when using flat pedals than when using a clipless pedal system (Seo et al., 2016). In this case it’s seen that the clipless pedal system is more efficient in novice cyclists as the muscle activation is less when using this pedal interface when cycling. Competitive cyclists tend to prefer cycling at high cadences (90-105 rpm) when pedalling at high powers. Therefore, flat pedals would not give the cyclist the security and locked in feel that a clipless pedal would and if using a flat pedal, there is a high risk of slipping off the pedal at high cadences (Chavarren, and Calbet., 1999).


[bookmark: _Toc164411165][bookmark: _Toc164420720]Time trial and transition.

Time trial events can last between 10 minutes and one hour. Therefore, these tasks are predominantly high aerobic activities. High VO2 max has been thought to correlate with endurance cycling performance but Støren et al (2013) suggests that cycling economy and lactate threshold are more important for endurance cyclists than VO2 max. They then went on to discover that VO2 max has a higher contribution to time trial performance than originally thought and more so than lactate threshold and cycling economy. This proves that the fitter the athlete and the better the athlete’s body is at using oxygen, the better the time trial performance. Time trial pacing is a big problem, not only for novice cyclists, but experienced cyclists alike. Set off too hard and an athlete may become fatigued and not able to finish. However, set out too slow, come the end of the time trial the athlete may still has unexpended effort in reserve. Therefore, pacing oneself is an art (Fayazi et al.,2013).

Although triathlon consists of three disciplines, which are swimming, cycling, and running, the time taken between these disciplines can affect the outcome of races (Ofoghi et al., 2016). The time between each discipline is called transition. Between the swim and cycle is called transition 1 (T1) and the segment between the cycle and run is called transition 2 (T2). The time spent in these transitions is small compared to the main components of the race. Nevertheless, they are still a crucial element of the race. It’s found that faster transition times are highly associated with success and the less time an athlete spends in transition the better their race performance (Ofoghi et al., 2016). Transitioning can take anywhere from 30 seconds to several minutes depending on the level of athlete. Therefore, enabling the athlete to spend less time in transition, without negatively impacting the other segments of the race, the better for participants involved.  
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Within triathlon, the average participant is a male between the ages of 25-40 with a good education and from a middle to higher class background (Wicker, Prinz, and Weimar., 2013). The cost of triathlons is not cheap and, therefore, most participants require a good income and the ability to have a flexible lifestyle to train and attend events. The cost of triathlon has been compared to the costs of such sports as sailing and golf. These sports are considered to be the more expensive sports to participant in (Wicker, Breuer, and Pawlowski., 2010). Race entries can cost over 500 pounds in some cases and the athlete must have specific equipment such as a race suit, swimsuit, bike, helmet, and trainers just to list the bare minimum. Therefore, this study may assist in lessening the cost and barrier of entry for triathletes, as it could find that cycle specific footwear is not essential. If this is the case, then athletes will be able to cycle in their running footwear as there would be no requirement to buy a clipless pedal/ shoe system, while still maintaining their performance without increasing the mechanical and physiological effects on themselves. 


[bookmark: _Toc164411167][bookmark: _Toc164420722]Summary.

It has always been thought that cycling specific pedals and footwear are more efficient overall than toe cage pedals and flat pedals with traditional footwear. Even so, there is a lack of evidence to back up these thoughts (Straw and Kram., 2016). Cycling specific equipment such as clipless pedals can make the experience of riding more comfortable, in some cases safer. There is a lack of evidence verifying what pedal interface is best over distances such as 10 and 20 kilometres and at a high-power output. It has been shown that over short distances such as 100 metre sprints a clipless pedal system is more efficient when compared to flat pedals (Burns, and Kram., 2020). Being clipped into the pedal with a clipless pedal and shoe system is a great benefit because being able to take advantage of the up stroke can increase cycling efficiency (Korff et al., 2007) (Mornieux et al., 2008). The pulling up motion is not something that can be taken advantage of with flat pedals, and this can’t be fully maximised with toe cages. Therefore, the most efficient pedal interface for endurance cyclists is clipless (Mornieux et al., 2008). These findings are supported when looking at the physiological effects of different pedal interfaces. Hiebert et al (2010) found that flat pedals have high lactic acid accumulation compared to toe cage pedals and clipless pedals. While the clipless pedal protocol produces the highest max O2 levels and suggests physiologically it’s the most efficient pedal/shoe set up. Also, muscle activation is greater when using flat pedals compared to clipless pedals when outputting the same power (Seo et al.,2016). More evidence is required around this topic and a focus on longer durations is needed to fully establish the advantages or disadvantages of specific pedal interfaces.
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[bookmark: _Toc164411169][bookmark: _Toc164420724]Participants.

In this study a total of N=8 participants consisting of 7 males and 1 female were included, and the participants mean age was 37.5 ± 13.78 years old. The participants mean height was 178.38 ± 7.89 cm and their mean weight was 80.63 ± 9.94 kg. Before the participants were selected, they first had to meet the inclusion testing criteria. The criteria for the study was firstly that all the participants were fit and healthy with no underlying health conditions, which would’ve been highlighted within their pre participation screening. Secondly, they must have a background of cycling with at least two years of cycling experience. This is so that they are familiar with cycling at high intensities as well as comfortable with the clipless shoe system. This ensures the study is fair, as somebody who has never used a clipless pedal system will be unfamiliar with the feeling. Before any testing began the participants were asking to fill in a pre-participation form (appendix A) to highlight any health conditions that may be present along with a consent form (appendix B) to make them aware what will be expected and what they can expect out of the research. All the participants were told that none of their personal information will be shared with anyone and used in the study in any way. Only the means of data that will be collected will be used in the study without the participants’ names attached. Any of the documentation the participants were asked to fill in was kept in a locked folder or if recorded digitally was saved in a password protected file. Then all the participants were informed that they could withdraw from the study at any time for any reason. No participant’s personal data was shared with anyone and only after the data collection was completed were personal test results and group means made available to participants.


[bookmark: _Toc164411170][bookmark: _Toc164420725]Protocol.

This study required the participant to perform three all-out 10-kilometre time trials under different test conditions. The three test conditions were the same expect for one variable which was pedal interface and footwear. All participants rode all their cycling time trials on the same watt bike pro (Wattbike, Nottingham, UK) with their knee angle being measured using a goniometer (Medisave, Dorset, UK) to make sure this was consistent throughout. The knee angle was measured with one end of the goniometer in line with the lateral malleolus of the ankle and the other in line with the greater trochanter of the femur while the centre of the goniometer is over the lateral condyle of the femur. This was important because the different pedal/ shoe interface meant the participants required different seat heights. Knee angle was determined to be the best way for this study to be controlled in terms of bike set up. The handlebar height was also measured where the participant felt comfortable with it, and this remained consistent throughout. The variables that were measured were heart rate, RPE, average power, and time after each time trial. The participants were also required to wear the same heart rate monitor (Polar Electro, Warwick, UK) for each time trial. The participants were split into three groups to determine what order they will use a specific pedal/ shoe interface. The first group’s order was pedals with toes cages and trainers, then a clipless pedal and shoe system and lastly trainers with flat pedals. The second group’s order was firstly the clipless pedal and shoe system, then trainers with flat pedals and lastly pedals with toe cages and trainers. The last group started with trainers and flat pedals, then moved onto trainers and pedals with toe cages and lastly the clipless pedal and shoe system. This was done to ensure that the study was randomised and controlled while there was no familiarisation bias. 

The data was extracted from the participants on three separate occasions. As each time trial required a max effort and took a lot of energy it was important that they fuelled and hydrated correctly and they were made aware of this beforehand. They were asked to fuel and hydrate the same for each data collection as possible. Before the data collection it was vital that the participants were not fatigued in any way from previous workouts and were fresh as the test is an all-out effort. For each test the participants were instructed to wear cycle specific clothing to ensure comfort on the bike and were also told to bring either cycling shoes or trainers for testing. When the participants were ready to begin the data collection, they were asked to set the bike up how they felt comfortable with their specific footwear and pedal interface set up and then handlebar height and knee angle was measured to ensure this was the same for the following time trials. They then were asked to perform a 5-minute warm up at 100 watts before each time trial. After the warmup, a 10-kilometre interval was created on the watt bike and their heart rate monitor was connected to the bike. Then, when they were ready, they could begin the 10-kilometre time trial. Throughout the time trial the participants were informed every time they had completed 2 kilometres. Then once they had completed the test the data such as their overall time, average power and average heart rate was extracted from the watt bike. Then they were asked what their RPE was using the Borg RPE scale (Borg, 1982) then told to warm down at a comfortable power and cadence before getting off the watt bike. When they were ready to get off the bike, they were instructed to take it easy as they had just done a maximal effort and may feel dizzy if getting off too quickly. The participants then underwent this protocol for all three test conditions, except the order of which pedal/ shoe interface they used was dependant on what group they were in. Throughout the data collection process, the UWTSD research ethics and integrity code of practice were followed. This was done so that anyone present was safe and there was no risk to the university in any way. 

[image: Wellgo E148 pedals]
Figure 1. An image of the clipless pedals used along with the cleats that attach on the bottom of the participants cycling shoes. 
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Figure 2. An image of pedals with toe cages used by the participants.
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Figure 3. An image of the flat pedals used by the participant.  
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Once all the data collection was completed and the raw data was extracted from the participants it was put this into IMB SPSS statistics version 29.0.1.0. Then when the data was in SPSS a repeated measures anova was conducted on each variable to compare the three tests from all the participants. This was to determine if there were any significant differences throughout the data. The significance value was set to 0.05. If there were significant differences within the data a post hoc test using Bonferroni confidence interval adjustment was performed to determine where the differences were and between what pedal interfaces differences were found. 
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The aim of this study was to determine if a clipless pedal system is the best choice of pedal and footwear to use in a sprint triathlon. Traditionally athletes use clipless pedals and cycling shoes, and this requires them to have two changes of footwear. Whereas if they cycled in trainers with either flat pedals or pedals with toe cages, they would only require one change of footwear therefore potentially saving time in transition. This study would outline the potential differences in power, time, heart rate and RPE over a ten-kilometre time trial using different pedal and shoe interfaces. These results could potentially be used to inform triathletes of what is the best pedal/ shoe interface to be used within sprint triathlons.
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[bookmark: _Toc164411174][bookmark: _Toc164420729]Rate of perceived exertion.
	
When analysing the participants’ RPE data, there was a significance within the data as the p-value is less than 0.05. There is a significant difference in RPE (p<0.05) when using different pedal interfaces. To determine where the differences in the data were a post hoc test was performed using Bonferroni confidence interval adjustment. The significant difference is between clipless pedal interface and the flat pedal interface (p=<0.05). Clipless pedals yielded a significantly less RPE score than flat pedals. There were no significant differences between clipless pedals and toe cage pedals or between toe cage pedals and flat pedals. The mean of results of RPE is 18.25 ± 1.03 for clipless pedal interface, 18.63 ± 1.18 for the pedal with toe cages and 19 ± 1.06 for the flat pedal interface. 

[image: A graph with blue rectangles

Description automatically generated]

Figure 4. Showing the mean results of RPE from each of the three protocols. 
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When analysing the participant heart rate data, no significant differences were found between the three sets of data. The means of the data were 155.5 ± 6 beats per minute (bpm) for clipless pedal interface, 155 ± 5.8 bpm for pedals with toe cages and 154.5 ± 7.5 bpm for the flat pedal interface. 
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Figure 5. Showing the mean results of heart rate for all the three protocols. 
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Power was significantly different (p<0.05) across the three protocols. The post hoc test showed that the significant differences were between clipless pedal interface and toe cage pedal interface (p<0.05) as well as clipless pedal interface and flat pedal interface (p<0.05). There were no significant differences between flat pedal interface and pedals with toe cages. A larger difference can be observed between clipless pedal interface and flat pedals in the means form each protocol. The mean for the clipless pedal interface was 247 ± 49.18 watts. For the toe cage pedal interface, the mean score was 239 ± 49.17 watts. Flat pedal interface had a mean score of 233 ± 49.39 watts.
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Figure 6. Showing the means of power from each of the three protocols. 
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Across the three protocols the participants time was significantly different (p<0.05). The post hoc test revealed the differences were between clipless pedal interface and toe cage pedal interface (p<0.05) as well as clipless and flat pedal interfaces (p<0.05). The time taken was significantly less for the clipless pedal interface than both flat pedals and pedals with toe cages. There was no significant difference between flat pedal interface and toe cage interface. The means for each protocol were 912 ± 74.61 seconds for clipless pedal interface, 924 ± 76 seconds for pedals with toe cages interface and 932 ± 80.5 seconds for flat pedal interface. 
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Figure 7. Showing the mean times from the three protocols. 
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When looking at and analysing the data it’s clear to see that there is a significant difference between the variables RPE, power and time. RPE displayed significant differences and was lower for clipless pedal interface (18.25) than toe cage pedal interface (18.63) and flat pedal interface (19). Power also displayed significant differences in the data. Power for clipless pedal interface (247 watts) was significantly greater than that of the toe cage pedal interface (239 watts) and flat pedal interface (233 watts). As there were significant differences in power output between the three pedal interfaces, this resulted in significant differences in time the participants took to complete each ten-kilometre time trial. The time taken was significantly less for that of the clipless pedal interface (912 seconds) than the toe cage pedal interface (924 seconds) and flat pedal interface (932 seconds). Within the data extracted there was no significant differences in the heart rate data. While there were no significant differences in heart rate data, the heart rate was almost the same throughout the different conditions, while the power was significantly higher for clipless pedal condition. This suggests that the metabolic cost is the same for the three conditions, yet the power output is far greater for the clipless condition than the other two pedal interfaces. It was found through this study that a clipless pedal system can produce a significantly lower RPE when performing a 10-kilomtre cycling time trial than other pedal interfaces. It can also be seen that, while the participants rate of perceived exertion is lower, their power output is greater for the clipless pedal condition. Therefore, this results in less time taken to perform the time trials. Through the completion of the experiment and data collection it can be observed that the hypothesis was confirmed for all variables, except that of heart rate where the hypothesis is rejected. 

This study was proposed and carried out to determine if there are mechanical and physiological benefits to cycling using a clipless pedal system rather than pedals with toe cages or flat pedals over a ten-kilometre time trial. These results would assist triathletes in the decision to wear cycle specific footwear for the bike leg of the race or weather to cycle using running shoes to reduce time in transition 2 by not having to change footwear. This would only be beneficial if the time saved in transition 2 by wearing running shoes on the bike would be comparable to the standard of a clipless pedal/ shoe interface over the set distance. 
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The clipless pedal interface displayed a mean RPE of 18.25 ± 1.03 and the toe clip pedal interface yielded a mean RPE of 18.63 ± 1.18 while the flat pedal interface had a mean RPE of 19 ± 1.06. There is a huge lack of evidence and research when looking into RPE and different pedal interfaces. Ostler, Betts, and Gore (2008) found that RPE was lower for toe cage pedal interface than flat pedals, which suggests that participant find it harder when using flat pedals. The data regarding RPE is significantly different (p<0.05), while differences within the data is between clipless pedal condition and flat pedal condition with flat pedals yielding a higher RPE. Through the data there appears to be no differences between flat pedals and pedals with toes cages as well as clipless pedals and pedals with toe cages. Although there were significant differences in RPE, the mean scores were not vastly different. This is because the participants were asked to perform maximally, and these time trials lasted up to 18 minutes. Regardless of the pedal interface, the participants would have found these tests extremely physically demanding. Therefore, all out efforts would result in high RPE scores whichever the pedal interface. 
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The participants through the clipless pedal interface condition yielded an average power of 247.75 ±49.18 watts. This power output has a significant difference (p<0.05) when compared to flat pedals (233.25 ±49.39 watts) and clipless pedals can be seen to have a 5.6% increase in power compared to flat pedals in this study. A significant difference (p<0.05) was also found between the clipless pedal condition and the toe cage pedal condition (239.12 ±49.17 watts). No differences were found between toe cage pedal condition and flat pedals. When comparing these results to other studies, similar results can be observed. For instance, in similar studies Kuhn (2012) and Burns, and Kram (2020) found an increase in power output when using a clipless pedal interface compared to a flat pedal or a pedal with toe cages. The differences in these studies are that they were performed over short sprint distances such as 100 metres or 30 second all out efforts. Regardless of the differences between them and this current study, they all find that participants can output more power using a clipless pedal interface than other pedal interfaces over distances from 100 metres to 10-kilometres. This is most likely due to the greater cycling efficiency that is seen through using a clipless pedal interface with the ability to pull up during the up phase of the pedal stroke while being locked into a continuous pedal rotation (Mornieux et al., 2008) (Korff et al., 2007).
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In the data extracted from the participants its seen that there is a significant difference in time taken to complete the time trials. Clipless pedals were significantly faster when compared to pedals with toe cages (p<0.05) and the same can be seen when clipless pedals are compared to flat pedals (p<0.05), but there was no significant difference between pedals with toe cages and flat pedals. For clipless pedals the mean time taken was 912.75 ± 74.61 seconds and for pedals with toe cages it was 924.38 ±76 seconds therefore, this results in a 1.2% increase in time when using pedals with toe cages. Similarly, the mean of the flat pedal time trial was 932.88 ± 80.5 seconds, which is a 2% increase in time compared to clipless pedal condition. Differences can be seen here because the time taken correlates to the average power output throughout the time trial. As can be seen above, the clipless pedal condition has the highest mean average power and, therefore, this results in the quickest time taken to complete the time trials. 

The difference in the time taken between the flat pedal interface and clipless pedal interface is 20 seconds in favour of clipless. This time difference is over 10 kilometres, whereas a sprint triathlon has a cycle distance of 20 kilometres. Considering all the variables are the same then this would result in a difference of 40 seconds over the cycle leg of the race. The difference in time is less between toe cage and clipless pedal interface at 12 seconds in favour of clipless and if doubled to a distance of 20 kilometres this could result in a difference of 24 seconds. Between toe cage and flat pedals there is a time difference of 8 seconds in favour of pedals with toe cages which could result in 16 seconds over 20 kilometres. Therefore, over a longer race the benefits of clipless pedal interface is clear, as it takes less time while the athletes physiological measures such as heart rate are the same suggesting there is no difference metabolic cost. 
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After each time trial the participants’ average heart was extracted and, when the data collection was completed, the mean heart rate for the clipless pedal intervention was 155.5 ± 6 BPM, for the toe cage pedal interface the mean heart rate was 155 ± 5.8 BPM and the mean for the flat pedal intervention was 154.5 ± 7.5. Within this data there are no statistically significant differences, unlike other studies that have been carried out. For example, Jarboe and Quesada (2003) found that when cycling at a set power output a clipless pedal intervention yielded a significant decrease in heart rate when comparted to flat pedals. Within this study no differences in heart rate can be observed. Nonetheless, that could be due to other factors. In this case the tasks the participants underwent were all out 10-kilometre time trials. Therefore, every pedal condition was an all-out effort. For each participant their average heart rate was measured after all three conditions and, as all three time trials were max efforts, the range of RPE scores were close. This shows that the participants worked maximally. The participants’ heart rate scores didn’t differ between pedal interfaces because of this. As there is no difference between heart rate this suggests there is no difference in physiological cost of cycling with the three different pedal interfaces.

Straw and Kram (2016) found that through their study cycling footwear and a clipless pedal interface had no differences in metabolic cost and go on to mention that these findings could be advantageous for triathletes looking for a quicker transition from bike to run without metabolic disadvantages on the bike leg. Although the participants’ heart rate was consistent through the three pedal interface conditions the other variables were not. Therefore, the participants were able to cycle at a higher power and, in that case, cycle the time trial in a quicker time while using the clipless pedal interface while having the same heart rate and RPE as the other pedal interface conditions. This suggests that, although heart rate and RPE are the same, the participants were able to exert more power using the clipless pedal/ shoe interface rather than with pedals with toe cages or flat pedals. 
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The outcome of this study suggests that a clipless pedal interface has positive effects on time trial performance over ten kilometres for cyclists and triathletes. Since the introduction of the clipless pedal system in 1984 it has been utilised by the cycling community due to its efficiency and comfort (Rehman, and Montalvo., 2016) (Straw and Kram., 2016). This is because it’s seen to increase power output over short distances in many studies and over longer distances as this study has discovered (Burns, and Kram., 2020). The increase in power found in this study when using the clipless pedal/ shoe interface is most likely due to the foot being secured to the pedal and the participant being able to utilise the up stroke of the pedal rotation. Pulling up during the pedal stoke is not something that can be done with flat pedals and can’t be fully taken advantage of when using pedals with toe cages. The pull up motion that the clipless pedals promote increases power and can lower RPE over a ten-kilometre time trial due to the increased pedalling efficacy of the pedal stroke (Mornieux et al., 2008) (Korff et al., 2007). 

Through this study heart rate was not significant different between the three trials which implies that the physiological demands throughout the three conditions are similar. The results were the same when Ostler, Betts, and Gore (2008) compared flat pedals and pedals with toe cages over set power outputs. In other studies, it’s been found that, when cycling at set power outputs, a clipless pedal system can result in lower heart rates. However, the same cannot be observed in this study (Jarboe, and Quesada., 2003). When observing heart rate and RPE in this study, it shows that these are very similar between the clipless, toe cage and flat pedal interface. This highlights that, although between pedal interfaces the heart rate and RPE are in a similar bracket, the power and time taken are not. With clipless pedals the participants were able to produce more power throughout the time trial and, therefore, take less time to complete the time trial while their heart rate was not different from the flat pedal trial. When using clipless pedals, the athlete’s RPE is less than flat pedals and toe cage pedal interface, while there is an increase in power and a decrease in time. This study demonstrates that a clipless pedal interface is superior over a ten-kilometre time trial, as it’s the interface that yields the highest average power and least time taken. While flat pedals and pedals with toe cages have a RPE mean, and heart rate mean similar to the clipless pedal interface they cannot produce the same average power and time taken. As this study has findings similar to studies performed over a shorter distance, this suggests that the longer the distance, the more the clipless pedal interface will benefit athletes. 
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Over the three cycling time trial conditions this study found that the clipless pedal interface yielded the greatest power and least time taken when comparted to pedal with toe cages and a flat pedal interface. Heart rate was not significantly different between test conditions yet there was significant difference in RPE scores, as the flat pedal interface was statistically greater than that of clipless pedal interface. As the clipless pedal interface yielded the greatest power and lowest RPE compared with toe cage and flat pedal interfaces, while the participants’ heart rate was the same as the other pedal conditions, it suggests that this should be the preferred pedal interface for triathletes to use during the bike leg. 
 
RPE was most likely lower for the clipless pedal interface than the other pedal interfaces because Seo et al (2016) found muscle activity is lower, and efficiency is increased for clipless pedals. When using a clipless pedal interface, the participants’ RPE was lower, which suggests they didn’t have to produce as much effort when using this interface which, in turn, will be of greater benefit to them during the run segment of the race. Within a sprint triathlon, the clipless pedal interface would be advantageous for triathletes. However, the greater the distance of triathlon (e.g. Olympic, middle, and full distance), the greater the benefits should be.

To put these findings into a real word scenario, a sprint triathlon has a bike distance of 20 kilometres. Therefore, assuming the conditions were the same, this would result in a time increase of 24 seconds for the toe cage condition over the clipless pedal and a 40 second increase in time for the flat pedal condition over the clipless pedal condition. As transition 2 times are usually far less than 30 seconds for triathletes this shows that the clipless pedal interface is more effective than flat pedals and pedals with toe cages. This is because transition times don’t just account for the changing of footwear but for the entering and exiting of transition and racking up the bike. Triathletes opt to wear cycling specific footwear for the bike leg of a triathlon and the evidence found through this study justifies that choice. 


More research is needed surrounding pedal interface effectiveness over longer distances and at different intensities, as this study was focused on a set distance of 10 kilometres and at a maximal effort. Outcomes could differ at set outputs or at submaximal efforts. Also, it would benefit triathletes to understand what effect different pedal interfaces during the bike leg could have on run performance. 

The limitation of this study is that there were no biomechanical measures recorded to determine the muscle activity throughout the pedal interfaces to determine whether the up stroke of the pedal phase has positive effects on cycling efficiency.
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PAR-Q and Informed Consent Form

Personal details

First Name

Last Name

Student Number

Course

Year

Please answer the following questions fully and truthfully as it may affect YES | NO
your safety whilst exercising

Has a doctor told you that you have a heart condition AND must seek medical advice
before participating in regular exercise?

Do you feela pain in your chest when you perform physical activity?

Have you ever had a chest pain when not doing physical activity?

Do you lose your balance due to dizziness or do you ever lose consciousness?

Do you have a bone or joint condition that could be made worse through physical activity?

‘Are you currently taking any medication for a heart problem?

Do you take any other medications on a regular basis?

Have you had recent surgery?

Do you have any chronic health conditions such as asthma, diabetes?

Women Only: Are you pregnant or have you given birth in the last 6months?

If you have answered YES to any of these then please give details below:

If you have answered YES to one or more of these questions, then it would be advisable to talk to your
doctor before starting exercise. Please comment below if you have any further information regarding your
health, physical or otherwise, that has not been covered by the above questions [i.e., past, or present
injuries]:

Declaration, Terms & Conditions

I have read, understood, and completed this questionnaire to the best of my knowledge and can confirm
that the information | have provided is correct. | understand that | am expected to participate in physical
activity and exercise as this is a necessary element of the degree. This may include exercise to exhaustion
and maximal efforts. | am aware that participation in these activities involves the risk of injury. | agree to
work within the guidelines of the laboratory and the parameter of any test protocol when present in the
laboratory. | understand that unacceptable or dangerous behaviour may result in my removal from the
facilities. | agree to inform a member of staff in the event of any change to either my personal or medical
details.

Signature Date
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A comparison of the effectiveness of pedal interface over a ten-kilometre time trial.

Iwould like to invite you to take part in this research. Before you agree you need to be aware of
what the research is and why it is being conducted as well as what will be asked of you. Please read
the following information carefully and if you are unclear or have any questions please don’t
hesitate to ask.

My name is Ben Bradley and I'm a level 6 sports and exercise therapy student at the university of
wales trinity St David. I'm conducting this research s a part of my independent project module in
my final year of study. The reason 'm conducting this study is to see if triathletes taking part in
sprint triathlons could benefit using different type of pedal interfaces. The norm within triathlon is
that during the cycle leg athletes opt to wear cycling shoes with clipless pedals but then have to
change into trainers for the run leg. If different pedal interfaces compare closely to a clipless system
on measures such as time, average power, rate of perceived exertion and heart rate then this makes
us ask the question why not just wear trainers. That is what this study is designed to investigate.

If you decide to take part in this research, then you will be asked to perform three 10-kilometre time
trails on a stationary bike under three different control conditions. In no particular order the three
test conditions consist of the bike being set up with different pedal interfaces. The three different
pedal interfaces are flat pedals, pedal with toe cages and clipless pedals. On two occasions you will
be asked to come along with comfortable cycling clothing and your racing trainers and on the
current occasion you will be asked to come with comfortable cycling clothing and clipless cycling
shoes. The three test conditions you will be asked to cycle maximally for ten kilometres and data will
be extracted from your rides. Each set of data collection should take between 20- and 40-minutes
including time to warm up and warm down. If you want access to your data, this can be made
available once all three test conditions have been completed.

You have been selected to take part within this study as you have a high level of cycling experience
and are fit and healthy and therefore meet the inclusion criteria. By no means do you have to take
part in this study or if you choose to and feel uncomfortable or don’t wish to continue, you can
withdraw at any time.

By taking part in this study, you will be improving or maintaining your fitness levels as you'll be
cycling maximally and gain more knowledge on your own boundaries of how hard you can push over
the ten kilometres. You'll also be able to observe how a research study such as this is run and carried
out.

Throughout this study any personal information and data that will be collected from you will not be
shared or made public. Also, the data from your rides will not be named and only the group means
will be shared. At no point throughout the research will you be named or connected to the data. Al
the data that you will give such as the pre participation form data as well as the informed consent
form will be kept on locked files and in secure locations.

I you have any questions or require any more information regarding this study, please contact me
(Ben Bradley) by email.

2103998 @student.uwtsd.ac.uk

Iagree | have read and understand what is expected of me and content to being a part of this study.
Participant name:

Participant signature:

Date:
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