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The effects of knee angle on optimum pedal efficiency score during static cycling
Abstract

Introduction: Many cyclists are using static bicycle fitting to improve cycling position and performance (Millour et al., 2019). Wattbike can be used for static bicycle fitting, whilst also checking for pedal efficiency with its unique pedal efficiency score (PES) application (Wainwright, Cooke, and O’Hara, 2017). Knee angles taken from the Wattbike can be transferred to the participants bicycle to establish an optimum position, therefore, reducing the chances of injuries related to poor positioning (Shen et al., 2018). With current research stating that knee angles of 25 - 35° may facilitate optimum performance (Quesada et al., 2016), the study hypothesis was that one angle of 25, 30, or 35 degrees would achieve optimum PES.

Methods: 12 male participants of Caucasian ethnicity took part in the assessments, with an average age of (21.41 ± 1.78). All 12 participants had no previous experience of cycling or Wattbike PES data. All participants were set up at angles of 25, 30, and 35 degrees knee angle (Figure 1), with the saddle set back in line with the front of the Wattbike crank arm (Bini et al., 2011). After an initial warm up of 5 minutes on magnetic level 0, Air level 1, 70 Repetitions per minute (RPM). All participants were instructed to pedal at 80 RPM, Air level 8, magnetic level 0, for a total of three minutes (Bini et al., 2011). PES data was then recorded. 

Results: SPSS (ANOVA) was used to analyse PES data. Evaluation of the results found that the angle of 30° was closer to the optimum PES of 75 (Wainwright, Cooke, and O’Hara, 2017). 30° knee angle was the most effective with a PES of (73.41 ± 2.57). 25° scoring (70.25 ± 2.83). 35° scoring (66.83 ± 7.06). Therefore the study accepted the hypothesis that 30° knee angle produced optimum PES.


Key words: PES, Wattbike, cycling, bicycle fitting. 
Introduction

Static bicycle fitting is widely used to improve a cyclist’s position (Swart et al., 2015), which may result in improved performance and efficiency (Shen et al., 2018). There is currently a disagreement within bike fitting and coaching to what the optimum knee angle is to produce optimum efficiency whilst cycling (Quesada et al., 2016). Current research has stated that knee angles of 25 - 35 degrees may provide the cyclist with an optimum knee angle (Quesada et al., 2016). However, it could be argued that this range is too wide, with previous research also stating that muscular kinematics may be affected by 35% with an increase of 5° knee angle (Bini et al., 2011). Therefore this study’s hypothesis was to produce one optimum knee angle to facilitate future bike fitting.  

The Wattbike can be used to measure PES which is specific to Wattbike (Wainwright, Cooke, and O’Hara, 2017). Finding the optimum PES on the Wattbike application, whilst recording the knee angle from which this score was achieved, may allow the researcher to transfer the measurements to individual bicycles. This may assist the cyclist in achieving optimum cycling configuration to improve efficiency, achieving an optimum position may reduce chronic cycling injuries (Shen et al., 2018). A recent study found that 85% of chronic cycling related injuries were linked to incorrect bike position (Shen et al., 2018). The main objectives of this research study were to establish a link between one specific knee angle and an optimum measurement of PES on the Wattbike. The study’s objective was not to disprove current research, but narrow the range of angles between 25-35 degrees currently proven to be effective through research (Quesada et al., 2016). 

Method

Design: This was a repeated measures study design that utilised a one sample T test and ANOVA on Statistical Package for the Social Sciences (SPSS) to analyse data. Wattbike (pro model) was used to measure the Wattbike PES to collect data. Tests took place at the University of Wales Trinity St David’s (UWTSD) laboratory room DR001, with Wattbike model number 1 being used for all 18 tests. Wattbike has a re-test reliability within 2% (Wainwright, Cooke, and O’Hara, 2017). The study hypothesis was that the angle of 30° would achieve optimum pedal efficiency in cyclists, which may assist in future performance (Shen et al., 2018). The dates of the assessments were spread over three weeks, first 6 individual tests at 25° taking place on the 28th February 2020, and the following tests at 30° on the 6th March 2020, and the final tests at 35° on the 13th March 2020. Ethical considerations were written and approved by the supervisor of the principal researcher at the UWTSD, Par-Q and consent forms were completed. 

Participants: Twelve male participants (n = 12) of Caucasian ethnicity were chosen from 14 volunteers to take part in the study, with an average age of (21.41 ± 1.78). Participants were selected from university student volunteers from the BSc Sports therapy programme. Two volunteers were excluded having sustained recent lower limbs injuries thought to affect performance during the cycling pedal efficiency assessments (Shen et al., 2018). All twelve participants completed the relevant screening process, this was completed in line with the American college of sports medicine (ACSM) guidelines, to declare themselves physically fit to perform all assessments (ACSM, 2018). The assessment protocol was explained in full to all participants prior to signing informed consent. Participants had no previous experience of cycling on the Wattbike, or any prior knowledge of the Wattbike PES data. Inclusion criteria for each participant included an age of 18-65 years old, whilst had to declare themselves physically fit. Exclusion criteria included any recent musculoskeletal injuries of the lower limbs. 

Protocol: Individual saddle height was determined by the knee angles of 25, 30, 35 degrees (Millour et al., 2019). All participants were set up on the Wattbike using the goniometer to establish the three relevant angles of knee flexion (Jia-Da et al., 2017). To standardise the assessments the same bony prominences (Figure 1) were used to measure all participants knee angles (Jia-Da et al., 2017). This also included using body markers to highlight the relevant bony prominences of the greater trochanter, lateral femoral epicondyle, and the lateral malleolus (Jia-Da et al., 2017). Saddle setback was set so that the patella is in line with the front of the Wattbike crank arm (Bini et al., 2013), whilst flat pedals were used for all participants to provide re-test reliability. Prior to the test taking place, all equipment was serviced and calibrated, with the room temperature at 20-22 degrees Celsius, all participants were instructed to stay hydrated, and avoid caffeine 3 hours prior to tests. All participants were given time to feel comfortable with the habitat of the test environment. Participants were then instructed to warm up for 5 minutes at level 1, with a cadence of 70 RPM (Domalain et al., 2016). Participants then started the test by pedalling at a cadence of 80 RPM, at this level of RPM the energy cost of cycling is less (Stebbins, Moore, and Cassaza, 2014). Participants used Magnetic level 0, and air level 8 on the Wattbike, all participants then pedalled for a total of three minutes (Bini et al., 2011). 

Data analysis: PES data was taken from three angles of 25, 30, and 35 degrees, with PES score believed to be linked to optimum cycling position (Wainwright, Cooke, and O’Hara, 2017). PES is measured in three colours on the Wattbike application, whilst also using a scoring system to match the colours, red (0-59), amber (60-69), and green (70-80), with score of 75 deemed optimum (Wainwright, Cooke, and O’Hara, 2017). Data was analysed with SPSS, using ANOVA to analyse the three angles and PES.
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Figure 1. Position of crank arm, and bony prominence markings at 30 degrees (150.00). 
Figure 1 shows the knee angle taken from three bony prominences, greater trochanter of femur (1). Lateral femoral epicondyle (2). Lateral malleolus (3). The knee angles were taken when all participants were placed on the saddle, whilst the crank arm was in line with the seat post (Jia-Da et al., 2017).
Results

The average mean PES score of the first test at 25° knee angle was 70.25 ± 2.83 (Green), with 30° results scoring 73.41 ± 2.57 (Green), and finally 35° results showing a mean result of 66.83 ± 7.06 (Amber). There was also a significant difference between all three angles during evaluation. With PES deemed optimum at a score of 75 (Green) on the Wattbike application (Wainwright, Cooke, and O’Hara, 2017), the results suggest that 30° was the angle found to be closer to the optimum results needed to facilitate future performance in cyclists (Table 1). The Confidence intervals lower (L) and upper (U) are shown in Table 1, the individual scores of all participants are shown in figure 2, mean scores shown in figure 3.

Table 1. Combined PES results from 12 participants during three knee angles. 
	Knee angle
	Number of Participants

	Minimum
PES
	Maximum
PES
	Mean & Std. Deviation
	Confidence interval (CI)

	Knee angle 25°

	12 (n = 12)
	64.00
	74.00
	70.25 ± 2.83
	L - 68.450
U - 72.050 

	Knee angle 30°

	12 (n = 12)
	69.00
	77.00
	73.41 ± 2.57
	L – 71.781
U – 75.053

	Knee angle 35°

	12 (n = 12)
	54.00
	77.00
	66.83 ± 7.06
	L – 62.342
U – 71.325



Table one shows the average of all three assessment on the Wattbike from all 12 participants, as well the mean and standard deviation, minimum and maximum scores have been listed, with a knee angle of 30 degrees showing the closest result to an optimum score of 75.

The evaluation of PES on the Wattbike from varied angles showed that there were significant differences from 30° to 25° (p <.007, CI: 1.054-5.280), and 30° knee angle compared to 35° (p <.006, CI: 2.270-10.897). with (p <.05) deemed significant (Maciecjzyk et al., 2014).

Figure 2. Individual PES scores from all 12 participants. 
Figure two shows the individual PES results from each participant (n = 12).


Figure 3. Mean PES scores. 
Figure three graph shows the mean PES scores from all three assessments, plus the standard deviation.  



Discussion

The results may be linked to pelvic tilt related to the knee angles (Bourdon, Mavor, and Hay, 2017). Whilst a 25° knee angle will higher the saddle height and extend the knee, it will also anteriorly tilt the pelvis and close the hip angle (Bourdon, Mavor, and Hay, 2017). This will shorten the Rectus femoris muscle and negatively affect muscle recruitment of hip flexors during the recovery phase (Figure 4 (Bourdon, Mavor, and Hay, 2017). Efficiency at 25° may also be affected by the cyclist’s functional ability (Kolumbet et al., 2019). The hip flexors are responsible for the movement from the bottom dead centre (BDC (Raymond et al., 2005), to the top dead centre (TDC (Figure 4), which is known as recovery phase (Domalain et al., 2016). 35° lowers the saddle height, therefore, causing slightly more knee flexion but reducing the amount of hip extension during the pedal stroke (Bourdon, Mavor, and Hay, 2017). With hip flexors and hamstrings predominantly used for the recovery phase of the pedal stroke, lowering the saddle height to 35° may negatively affect the pedal efficiency by causing dead spots at the TDC (Bini et al., 2013). With 30° the closest to optimum PES, this may be the optimum position for muscle recruitment during the pedal stroke (Bini, 2016).

Optimum pedalling efficiency may be related to kinematic abilities linked to saddle height and knee angles (Domalain et al., 2016) However, some research has stated that pedal efficiency had to be taught or practiced (Kolumbet et al., 2019), moreover, the study also found that position or saddle height may not have any influence on pedal efficiency (Kolumbet et al., 2019). However, with the results showing that untrained individuals showing optimum PES at angles of 30 degrees, it may be argued that the results are based on muscular kinematics from positioning rather than practising pedal technique. One previous study stated the changes in efficiency may be linked to the energy cost being reduced by the recruitment of muscles from the optimum saddle height (Bini, 2016). The muscles that work to produce the pedal stroke during cycling cross the hip, knee, and ankle joint (Lorents and Skovereng, 2019). The hip angle may be responsible for the results during the assessments, with previous research stating that reduced hip angle during aerodynamic position caused a drop in efficiency by 9.5% (Bini et al., 2013). This was compared to an upright riding position, during 25° the cyclist would be forced into a more aerodynamic position from anterior tilt of the pelvis, which may reduce the activation of hip flexor muscles during pedal stroke (Bini et al., 2013). This may explain the significant difference (p <.006, CI: 2.270-10.897) between 30 and 35 degrees knee angle, and the difference (p <.007, CI: 1.054-5.280) 30 and 25 degrees during PES assessments. Therefore the application of 30° knee angle may produce better results during the Wattbike PES and future bike fitting. The study’s only limitation was the use of toe clip pedals. 
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Conclusion

PES on the Wattbike was proven to be more effective at angles of 30°. The application of optimum saddle height taken from a 30° knee angle may facilitate muscle recruitment, improve PES, and reduce the risk of injury (Bini, 2016). Reducing the risk of injury through pedal efficiency may allow a cyclist to train more consistently. Moreover, regular training mixed with optimum efficiency may facilitate future cycling performance (Shen et al., 2018).
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