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Is there an optimum knee angle for road cycling, and does it reduce the chances of injury? A protocol for a systematic review 
Abstract

Background: Many cyclists use physiotherapist led bike fitting services to optimise their position, which may improve performance and result in a reduction in cycling related injuries. The knee angle is deemed to be an essential part of bicycle fitting to establish an optimum saddle height (Quesada et al., 2016). Establishing the optimum knee angle may enhance future cyclist’s positions and reduce the possibility of cycling related injuries (Bini, 2016). The main objective of this review is to extract the data from previous related studies to establish if there is an optimum knee angle to enhance future bicycle fitting. 
Methods: A systematic search of ProQuest Central and Pub-Med will be undertaken to find the relevant studies that were completed around the subject of bicycle fitting, cycling related injuries, and optimum knee angles for cycling. All data extracted from the eligible studies will be analysed to find a significant link between optimum knee angles and performance. Any conflicting information taken from the review will be resolved withing the discussion. The review will discuss any injuries related to the knee angles used for bicycle fitting within these studies. 
Discussion: The findings of the systematic review may be used for cycling coaching, or bicycle fitting professionals to utilise the optimum position and improve performance. This may reduce the chances of injury occurrence, resulting in a more consistent training routine, therefore, improving overall performance. 
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Background
Bicycle fitting has become more common in amateur riders, with cyclists attempting to find the optimum position to facilitate performance and minimise the possibility of cycling related injuries (Turpin and Watier, 2020). To achieve an optimum position, the cyclists knee angle is taken with varied methods such as, goniometer angles, motion capture 2D analysis, and 3D analysis (Quesada et al., 2016). Some professional bike fitting services offer calculations based on the cyclist’s size, and relevant measurements taken from the cyclist, all measurements are usually taken when the crank arm of the bike is at the bottom of the pedal stroke (Quesada et al., 2016). With road cycling becoming more popular than ever, injuries are becoming common place in cyclists with incorrect kinematics or biomechanics related to the individual cycling positions (Turpin and Watier, 2020), Correct positioning is vital to reduce the amount of injuries sustained by amateur riders, whilst improving comfort and performance (Bini, 2012). Although there are many related studies based on optimum bike fitting, many studies do not answer the question of a specific knee angle to facilitate optimum bike position, claiming a wide variation of 20-40° (Quesada et al., 2016). The optimum knee angle for bicycle configuration is believed to be between 25° and 35° knee flexion, with any knee angles above 35° believed to be too much knee flexion, which may result in the saddle height being too low, this may change the kinematics of the cyclist and increasing the chances of future injury (Quesada et al., 2016; Bini et al., 2011). It has been stated that low saddle heights with a knee angle above 35° caused a change in muscular use which caused excessive compression forces on the patellofemoral joint (Bini, 2012). It was also found in one study that angles between 25-30° may minimise the risk of injury, which may be an important factor in finding the optimum knee angle (Bini et al., 2011).

Methods
Aim: A systematic search of ProQuest Central and PubMed will be completed, with all searches including cycling saddle height, optimum knee angles, and bike position related injuries being considered for review. Any studies related to total bike configuration would also be considered relevant eligibility criteria, this may include ankle range of movement. The review will be completed under the guidelines of PRISMA, with a copy of the checklist to be supplied with the literature review. 

Study design: This is a protocol for a systematic review to establish the optimum knee angle for road cyclists, with the main objective aimed at improving performance and reducing the possibility of future cycling related injuries. Quantitative data will be extracted from all relevant research articles to establish the outcomes of each review. All information would carefully filtered to reveal any possible conflicts of interest, unreliable methods of testing, and any possible flaws in the methodology which lead to exclusion. All articles will be searched for a risk of bias. 

Population: All studies involving adult road cyclists aged 18-65 years old with a history of cycling will be included, any studies including cycling related injuries will be included if the injury is sustained through bike configuration, any other cycling related injuries will be excluded, this may include falls. Any participants or studies based on leg length discrepancy will be excluded, as this may result in a change of biomechanics or bike configuration. The restrictions on publication dates of the studies will be 2010-2020 to review the most up to date methods of bicycle fitting.  

Intervention 
The review will aim to include any studies with knee angles of 25-35° knee flexion to establish the optimum position believed to be within this range (Quesada et al., 2016). All angles below 25° or above 35° will be reviewed to establish whether injury is more common in lower or higher saddle heights which may negatively change kinematics. The review will include methods of bicycle fitting mentioned above that take knee angle measurements from the greater trochanter, lateral femoral epicondyle, and lateral malleolus (Millour et al., 2019). The main objective is to facilitate future bicycle fitting by reviewing the possibility of finding one optimum knee angle which enhances performance, improves biomechanics, and reduces the chances of injury (Rodrigo and Alice, 2018).  

Outcomes
This review will aim to establish an optimum cycling position that will enhance performance in the general cyclist of all ages and provide guidance to bicycle fitting professionals to enhance future fitting. By achieving this outcome, it may allow cyclists to train more effectively and reduce the risk of future injury, whilst providing professionals with an up to date review of relevant literature (Rodrigo and Alice, 2018).  

Study designs 
This literature review will study knee angles and bicycle fitting, with all systematic reviews, randomised control studies (RCT’s) and cohort studies to be included. The literature review will be completed under PRISMA guidelines. All references within the studies will be reviewed for further literature related to the subject. 

Information sources and search strategy 
ProQuest Central and PubMed were searched in advance by using the search terms ‘bicycle fitting AND injury’ and optimum knee angle for bike fitting, which led to 472 results, 25 were currently deemed relevant and eligible for data extraction for the literature review. The data to be extracted from the review is listed in table 1. 

Table 1. Relevant data to be extracted from the studies. 
	Publication details

	Year of publication, author, and title.

	Population 

	Age, sex, cycling history, cycling related injuries sustained. 

	Intervention

	Methods of bicycle fit, results, timeframe.

	Outcomes

	Outcome of relevant knee angles and performance.

	Findings 


	Identify the data and optimum knee angle to facilitate future bicycle fitting.



Qualitative data
Qualitative data extracted from the studies will include and feedback taken from cyclist based on the position, and knee angle from the bicycle fit, this may also include any relevant feedback on performance. Qualitative data may also include interviews or questionnaires aimed at the comfort of the individual cyclist from the optimum knee angles established during the experiments. 

Quantitative data
All quantitative data will be extracted from the studies, then imported into SPSS for analysis. It is expected that all the quantitative data will vary from study to study, which may include conflicting quantitative data from motion analysis to active knee angle measurements. The quantitative data will be filtered carefully to include specific information or data based on the research question, to establish any link between the optimum knee angle for road cycling and a reduction in cycling related injuries. Any significance on the data from all eligible studies will be recorded and discussed in the summary of the literature review. 


Discussion
The protocols of all studies will be scrutinised to establish the best possible knee angle to facilitate cycling and reduce injuries, the review will also aim to establish the best methods of bicycle fitting. The outcome of the review will be to enhance future positions for cyclists to reduce the chances of injury and improve overall performance. All findings will be discussed with relevant analysis of the data recorded, and then summarised to reveal any future recommendations to enhance bicycle fitting. It is anticipated that there will be one knee angle between 25-30 degrees that will facilitate future performance and reduced the chances of injury within the studies. This will highlight all relevant information needed to optimise future bicycle configuration and provide an up to date review on the most sufficient positioning and protocols of bicycle fitting to date. The methods of bicycle fitting will also be discussed to establish whether one method of bicycle fitting is regarded as the most efficient to achieve the correct knee angle.

Conclusion
The conclusion from this review will be presented as part of a literature review for a level 6 dissertation at the UWTSD Carmarthen. The review will be completed with no conflict of interest, and no bias towards any type of method, it is within the interest of cycling in general to benefit from the findings of the literature review. Evidence will be rated using the GRADE protocol for systematic reviews. 
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     STUDENT FEEDBACK FORM



	Generic Assessment Criteria 
	Marks available
	Marks 
awarded

	1. Engagement with Literature Skills
.
	
	

	A clear rationale for the literature review is presented and there is evidence that the literature has been searched and the most contemporary articles used.


	
	

	
	
	

	2. Knowledge and Understanding Skills

	
	

	The protocol displays evidence that the chosen topic is understood at an advanced level.





	
	

	
	
	

	3. Cognitive and Intellectual Skills

	
	

	The protocol displays evidence of higher-level thinking and an ability to resolve problems should these exist.




	
	

	
	
	

	4. Practical Application Skills

	
	

	The protocol conforms with the PRISMA-P guidelines, or deviations from these guidelines have been explained and justified.



	
	

	
	
	

	5. Transferable Skills for Life and Professional Practice

	
	

	The quality of the writing is good with no or minimal spelling, grammar, or syntax errors. The protocol is structured and organised.


	
	

	
	
	



	Assessment Mark (Assessment marks are subject to ratification at the Exam Board.  These comments and marks are to give feedback on module work and are for guidance only until they are confirmed. )
	Late Submission Penalties (tick if appropriate)
	%

	
	Up to 1 week late (40% Max)
	
	

	
	Over 1 week late (0
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