Dissertation Proposal
What are the effects of different cycling cadences on running performance?
A research into the effects different cadence has on running performance, using a footpod and dartfish to analyse the running performance post cycle at 70, and 90 RPM (revolution per minute) in non-professional triathletes.

Intro
Over recent years, cadence during the cycling portion of a triathlon has become a big discussion among researchers and also recreational triathletes. What is the optimal cadence? 
Research by Olcnia et al (2019) and Hausswirth et al (2002) conducted a research that looked into the metabolic stress on running after a bound of cycling. Both experiments used a run prior to the bike-run workout. Olcina used a 12 minute Cooper test which is a test developed to assess aerobic fitness by measuring how far a person could run in 12 minutes and comparing this distance with laboratory measurements of maximal oxygen uptake (\(VO_2\) max) (Cooper, 1968). While Hausswirth used an incremental treadmill test at 0% gradient. Participants started at 7 km/h, with speed increasing by 1 km/h every minute until exhaustion. The running test following the bike portion was a 15 minute run at ventilatory threshold +5%. 
  Olcnia concluded that cycling impairs running through a shorter stride and an inability to extract oxygen in the working muscle - while cadence, ground contact time, vertical oscillation and RPE didn’t change. Hausswith concluded that cycling raises the energy cost of running – while the higher cycling cadences (81-90rpm) were linked to a rise in oxygen cost during the run, while cycling near the preferred cadence kept it stable.

A systematic review by Bini et al (2022) summarised the biomechanical, physiological and performance factors that affect running post cycle, it also explored strategies to improve performance during running post cycle. Full text screening was performed on 65 different studies, with 39 of these being included in the systematic review. They concluded that cycling negatively impacts RPE during subsequent running – however the extent of the contribution of biomechanical, neuromuscular and physiological factors influencing performance remains unknown. Following on it is unclear whether cadence or intensity has the biggest effect on running performance. 

Aims 
The aim of this research is to fill in a big missing part in research, which is finding out whether higher cadence has a negative impact on running in a triathlon scenario. As many research state that higher cadence makes it easier to run after cycling – such as Landers et al (2011) that found that elite triathletes in the Olympic Distance World Championships had their cycling cadence was about 96.8 rpm for most of the ride, but rose to about 99.6 rpm in the last 1.7 km before transition. While the research by Hausswirth (2001) found that the higher cadence led to higher oxygen consumption when running. 

Method
For this research that will be held in the University of Wales Trinity Saint David’s physiology laboratory. An initial gait analysis will be used using h/p/cosmos pluto med treadmill (h/p/cosmos sports & medical gmbh, Nußdorf–Traunstein, Germany) and also filmed on an ipad with the dartfish software – this will be used to measure the angles of the triple extension and also triple flexion of each participant. A footpod will be placed on the participants footwear of choice, which will their racing shoes. The footpod will measure the following metrics – Cadence (rpm), Ground contact time (ms), stride length (m) and vertical oscillation (cm). These data will then give the researcher the pre test information needed in order to analyse the participants run. Prior to starting the running gait, participants will be required to be aware of their 10km personal best time and also their FTP wattage as these will be the speed prescribed on both run intervals. They will also fill out a Par-Q, to ensure they are safe to participate, they will then be informed of the testing while giving informed consent to participate. They may also be able to withdraw at any point if wish to. 
The following week the participants will begin the testing, using a wattbike attom X (Wattbike Ltd, Nottingham, UK). Erg mode will be used on the wattbike to ensure that the power is consistent throughout testing in both weeks. They will be informed to cycle at 70 RPM for 20 minutes. During this stage, no other data metric will be taken.  After the 20 minutes they will have 3 minutes to transition to the treadmill, this is to make it as realistic as possible to a real life scenario of a triathlon race. A 10 minute running analysis test will then be performed using the same protocol as the week prior. 

This same protocol will be used for week after but instead of cycling at 70rpm, they will be informed to cycle at 90 rpm.

Post experiment, data will be analysed using SPSS. Foot pod variables (cadence, stride length and ground contact time) and run time will be averaged for each participant and condition. The normality of the differences between low and high cadence conditions will be checked using Shapiro-Wilk tests and visual inspection of plots. Conditions will be compared using paired-samples t-tests, or Wilcoxon signed-rank tests if the data are not normally distributed. Because several variables will be tested, alpha will be adjusted using a Bonferroni correction. Effect sizes (Cohen’s d) will be reported alongside p-values, and statistical significance will be set at p < 0.05.

Hypothesis
The first hypothesis is that running cadence in the early part of the run (first 3 minutes) will be significantly higher after the high-cadence cycling compared to after the low-cadence cycling, evidence from Gottschall and Palmer (2002) found that stride frequency was higher after fast cycling cadence rather than lower cadence. Bernard et al (2003) also found that stride rate was higher in the first 500m after 80 and 100rpm compared to 60rpm.

The second hypothesis is that ground contact time will increase from the early to the late stages of the run – and the increase will be greater after high-cadence cycling than after low-cadence cycling, evidence by Da Rosa et al (2019) that looked into a 20 minute run at a fixed speed of 14km/h with and without 30 minutes of cycling beforehand found that leg stiffness and vertical stiffness were lower at the end of the run post cycling. 
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