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ABSTRACT

The purpose of this study was to compare the movement kinematics between skilled and less
skilled cyclists based on their preferred saddle heights. 12 recreational cyclists were recruited
for this study, and they were required to perform 10-minute cycling using their own bike
(mounted on a bike trainer) which consists of a 4-minute warm-up, and continue with a 6-minute
cycle at 90-100 rotations per minute with their preferred saddle height. Reflective markers were
placed at the joint involved such as hip, knee, and ankle to assess change in the segment and
joint motion parallel to the 90° of the crank cycle (3'o clock) during the study. Additional
variables such as cadence and power (watt) were recorded for monitoring purposes. Results
showed that there were significant differences (p<0.05) in hip and ankle range of motion during
pedalling between skilled and less-skilled recreational cyclists. It can be concluded,
significantly better range of motion on the hip and ankle performed by the skilled cyclist may be
due to suitable saddle height and it might lead to effectiveness on cycling efficiency.

Keywords: Movement Kinematics, Skilled, Less-skilled, Cyclists, Joint Angle, Pedalling Ki
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INTRODUCTION

Cycling is a sport in which it involves races that runs from only a few seconds to several hours
(Moura et al., 2017). According to Gordon (2016) the performance outcome of endurance sports
largely dependent on the economy of energy reserve. Changes in different variables can affect
the energy requirements of cycling. These variables include: (a) changes in body position,
configuration, and orientation; (b) changes in the seat to pedal distance; and (c) the interaction
of workload, power output, and pedalling rate. The analysis of the force applied to the pedal is
equally important to understand and provide strategies to improve pedalling technique.

Furthermore, in cycling, properly adjusting saddle height was necessary for both injury
prevention and optimal performance (Peveler & Green, 2011). The seating position on the
bicycle affects cycling movement as reflected in the joint kinematics and therefore the power
generating capabilities (Too, 1990; Yoshihuku & Herzog, 1990). Plus, unsuitable saddle height
can lead to knee injury or can increase oxygen consumption (Fonda et al., 2014). Most
competitive cyclists will even make minor alterations to their equipment to achieve more
efficient performance, and the literature presents the basis for these adjustments. Saddle height
also influenced pedal stroke due to effectiveness of pedal stroke range of motions will save
energy on cycling performance (Hopker et al., 2012).

Besides that, changes in saddle height largely affected knee and ankle joints with greater
knee flexion and larger plantar flexion found for higher heights (Bini et al., 2011; Bini,
Diefenthaeler, et al., 2014). Indeed, Bini et al. (2010) and Horscroft et al. (2003) showed that
power produced by the hip, knee and ankle joints dictated power output during seated cycling
and individual joints were sensitive to saddle height effects. Other studies show that the ankle
joint was more sensitive rather than the knee joint to changes in pedalling biomechanics
(Savelberg et al., 2003). According to Faria and Cavanagh (1978), ranges of motion in cycling
found that optimum range of motions for hip, knee, and ankle approximately at 45° for the hip,
75° for the knee, and 20° for the ankle. Furthermore, some educational book has been verified

that professional cyclist has better pedalling technique rather than recreational cyclists (Broker,
2003);(Cavanagh, 1986).

In this perspective, pedalling kinematic were important for both skilled and less skilled
cyclists to improve pedalling efficiency. Chapman et al. (2009) show that skilled cyclists present
less variable ankle motion compared to less skilled cyclists which are less than 1-year
experience. Besides, similarities in the configuration of the bicycle component between
competitive and recreational road cyclists. Bini, Hume, Lanferdini, et al. (2014) suggest that any
differences in joint motions may be determined by long-term adaptation to training. Two-
dimensional analyses will be a major approach to assess segmental and joint motion most likely
due to larger range of motion in the sagittal plane for hip (42—44°), knee (73-78°), and ankle
joints (21-25°) compared to motion at the frontal and transverse planes (Bini et al., 2012;
Umberger & Martin, 2001).
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According to Bini et al. (2011), previous research suggested that optimal efficiency in
cycling may be achieved when the saddle height was set to a knee flexion range of motion of
25° and the pedal crank was at 6 o’clock position. There were no studies that had focus on
training cyclists to ride at different saddle heights and measure the differences in performance.
Experienced cyclists may adapt to a specific position because of time spent training. Plus, none
of the previous studies evaluated pedalling kinematics as an important factor of pedalling
technique (Bini et al., 2010). Furthermore, they did not show or compare the bike measurements
of the different groups of cyclists, which could affect pedalling kinematics and kinetics (Ferrer-
Roca et al., 2012; Garcia-Lopez et al., 2016). Additionally, to the best of our knowledge, limited
study reported on the effects of training on pedalling technique, which could be important when
comparing cyclists of different competitive levels and with different training volumes.
Therefore, this study was conducted to investigate the cycling pedalling kinematics between
skilled and less-skilled cyclists with preferred saddle height.

METHODOLOGY
Participants

Twelve cyclists were recruited in this study. Six participants for less skilled cyclists (n= 6; age
=27.17 £ 7.27 years; height = 165.30 + 5.23 cm; weight = 63.33 + 10.82 kg) were recreational
cyclists and had at least 6 months of cycling experiences with experience of less than 40-
kilometre training per day. Six participants for skilled cyclists (n= 6; age = 24.50 + 8.66 years;
height = 169.60 + 3.93 cm; weight = 66.50 + 6.53 kg) had a cycling experiences more than 3
years with more than 4 times a week of training. The exclusion and inclusion criteria for skilled
and less-skilled participants were based on previous studies on movement kinematics of
differing skill level (Jefry et al., 2021). The testing procedures on human participants in this
study was approved by Universiti Teknologi MARA Ethical Committee (600-IRMI (5/1/6)
REC/509/19).

Procedures

Reflective markers were placed on key anatomical locations of the lower limbs for movement
kinematic recording and analysis. The joints involved were hip, knee, and ankle (Bini, Hume,
& Kilding, 2014). Special consideration was taken during marker placement to ensure it did not
limit the movement of participants. Kinematic data were captured by one video camera
(Olympus, Japan) and recorded at 240 frame per second. The video camera was placed at a
specific location to record the pedalling technique which was on the right side of the lower limb,
perpendicular to the movement plane and 4-meter away from the participants, as shown in
Figure 1 (Bini et al., 2012; Ferrer-Roca et al., 2012). All participants used their own bicycle
during the testing session, and it was mounted on a smart trainer (Wahoo Kickr, USA).
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Figure 1: Position of a single camera perpendicular to the movement for 2D motion analysis of cyclists
in the sagittal plane.

Participants cycled with their preferred saddle height which was measured from the top centre
of the saddle to the paddle spindle with the crank in line with the seat stay range of motion with
the horizontal position of the saddle to the bottom bracket (Fonda et al., 2014). Each participant
performed a 10-minute dynamic method test including a 4-minute warm-up on the smart trainer
and continued with a 6-minute trial at 90-100 rpm by using preferred saddle height (Bini et al.,
2012; Ferrer-Roca et al., 2012), and the video was recorded randomly during the 6-minute trial
for a duration of 20 seconds. The smart trainer stimulate a real-road riding condition, so the
harder the participant pedal, the harder the resistance becomes.

Kinematics data were analysed using an open-source 2D movement analysis software
(Kinovea Software version 0.8.15). Kinovea software was found to be a valid (r=0.96) method
to measure the variables in this study (Garcia-Lopez & del Blanco, 2017). The hip, knee, and
ankle angles were measured at three o'clock (90 degrees), and the mean angle for the 20-second
cycle was calculated. In addition, bike computer (Wahoo Element Bold) and sensor cadence
(Bryton smart cadence sensor) were used to monitor the cycling performance such as duration
of time, cadence, and power output (Watts). This information was measured for monitoring
purposes only.

Data Analysis

Data were reported in means and standard deviations for all kinematics variable (hip, knee, and
ankle range of motion) for both groups. Independent T-tests (IBMM SPSS Statistics) were
conducted to compare the significant differences between skilled and less-skilled cyclists on the
kinematic variables. The significant level of all statistical analyses was set at p<0.05.
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RESULTS
Hip range of motion

The mean of hip range of motion values (Figure 2) on pedalling kinematics between less skilled
cyclists was 41.75° £ 2.86 ° and skilled cyclists was 34.08 © £ 2.56°. There was a significant
difference (t=4.887, df =10, p <0.05) in hip range of motion values during pedalling kinematics
between skilled and less skilled cyclists. The skilled cyclists have a lower hip range of motion
compared to the less skilled cyclists.

m [ ess-Skilled
441 Skilled

Range of motion

30 A

Figure 2: Hip range of motion between skilled and less skilled cyclists.
Knee range of motion

The mean of knee range of motion values (Figure 3) during pedalling between less skilled
cyclists was 76.25 ° + 4.19 °, and for skilled cyclists was 70.37° + 5.87 °. There were no
significant differences (t = 1.994, df = 10, p> 0.05) on knee range of motion between skilled and
less skilled cyclists.
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Figure 3: Knee range of motion between skilled and less skilled cyclists
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Ankle range of motion

The mean of ankle range of motion values (Figure 4) on pedalling kinematics between less
skilled cyclists was 97.87° £ 11.94°, and for skilled cyclists was 79.16° + 3.33°. There was a
significant difference (t = 3.695, df = 10, p<0.05) on ankle range of motion between skilled and
less skilled cyclists. The skilled cyclists have a lower ankle range of motion compared to the
less skilled cyclists.
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=

Figure 4: Ankle range of motion between skilled and less skilled cyclists.
Cadence and power

Table 1 showed the mean of average cadence and average power on pedalling movements
between skilled and less skilled cyclists. The mean of average cadence on pedalling kinematics
for less skilled cyclists was 91.17 & 6.85, and for skilled cyclists was 91.83 & 7.14. The mean of
average power on pedalling movements for less skilled cyclists was 79.83W + 7.11W, and for
skilled cyclists was 67.33W £ 10.967W.

Table 1: Mean (SD) of average cadence and power watt on pedalling kinematics

Variables Group Mean Standard Deviation
Cadence Less-skilled 91.17 6.85
Skilled 91.83 7.14
Power (W) Less- Skilled 79.83 7.11
Skilled 67.33 10.97
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DISCUSSIONS

This study determined the comparison of pedalling kinematics between skilled and less skilled
cyclists with their preferred saddle height. In bicycle outlets, cycling clinics and research related
to cycling, bike fitting takes into a justification of lower limb joint range of motions determined
from a static position of cyclists at the six o'clock crank position to measured. As we know that
cycling is a dynamic movement, so bike fitting should ideally be based on dynamic assessment
looking at the average of consecutive pedal revolutions. Given the truth that the static six o'clock
crank range of motion approach was often utilized in bicycle retailers and clinics, the results of
the previous study showed that the three o'clock position would be a better method to set up a
cyclist on a bicycle if dynamic cycling range of motion were not available (Bini & Hume, 2016).
The measurement of joint range of motions with their bicycles has the potential to enhance the
existing techniques for bicycle configuration components optimization. Plus, joint range of
motion were important variables for the configuration of bicycle components that help to reduce
injury risk and optimize the performance (Bini et al., 2011; Peveler & Green, 2011), but the
assessment of joint range of motions of cyclists may depend on the type of exercise and
conditions.

Lower body was the main focus in motion analysis of cyclists due to their large
contribution to crank power production via the action of lower limb muscles. It has been found
when cyclists were instructed to perform cyclic motion by using a smart trainer that enables the
researcher to track joint and segment to investigate their lower limb kinematics which was hip,
knee and ankle. There were significant differences in the lower limb kinematics between skilled
and less skilled cyclists hip joint, as the result shown in figure 2, skilled cyclist has a lower hip
range of motion which was 34.08 ° + 2.56° compared to less skilled cyclist which was 41.75° +
2.86 °. There were several possible explanations for this result. The hip flexor muscle strength
may have been responsible for these changes because stronger hip flexor muscle will allow
better control and can produce more power with less movement. The hip flexor muscle was also
one of the muscle responsible for the lifting motion of the leg during the upstroke phase
(Esmaeili & Maleki, 2020). Moreover, a stronger hip flexor helps to improve the transition
around the top dead centre and delays fatigue, resulting in a more precise movement and greater
cadence control. Due to the control in cadence, the cyclists did not reach maximal workload
level to ascertain different joint of motion. Greater hip angle in cycling may also increase the
risk of injury. Study had shown that greater hip adduction might lead to anterior knee pain
(Bailey et al., 2003), and an extreme pelvis lateral inclination was related to low back pain.

Based on a previous study done by Gatti et al. (2021) It has been discovered that hip and
ankle kinematics were the most important predictors of knee joint loading. Although there were
no significant differences in the knee angle between less skilled and skilled cyclist but the main
predictor for knee joint loading were the hip and ankle kinematics. Abnormal knee joint loading
has been shown to be a mechanism of injury including anterior cruciate ligament (Czasche et
al., 2018). This study showed in figure 3 the knee range of motion received a less difference
between skilled cyclists which was 70.37 + 5.87 and the less skilled cyclists were 76.25 + 4.19
due to the larger range of motion of the joint. Both categories match the optimum knee range of
motion which in the range of 60°- 80° (Folland & Morris, 2008).
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Pedalling kinematics was evaluated as an important factor of pedalling techniques
(Garcia-Lopez et al., 2016). Based on the present study, it’s observed that skilled cyclist have a
better understanding of the proper saddle height to be used maybe because of their experience
and knowledge. It also the main concern of bicycle shop to adjust the saddle height before the
cyclists begin cycling as this might cause discomfort and lower back pain if the ride was more
than an hour. The skilled cyclists had experience in the long term of training so they already
adapt to the movement. Moreover, to reduce muscle fatigue after prolonged training, the cyclists
need to decrease the activity of the major leg extensor muscles during downstroke which
involved rectus femoris and vastus lateralis as knee extensor and increasing the activity of the
major leg flexor muscles during the upstroke.

Next, the ankle range of motion was measured from the ankle to the front of the pedal
and parallel to the 90° of the crank cycle (3'o clock) during pedalling. According to Chapman et
al. (2009), a greater range of motion for the ankle range of motion was observed in less skilled
cyclists compare to the skilled cyclists, which was a similar result as this study. Ankle range of
motion on pedalling kinematics showed there were significant differences of p-value lesser than
0.05, (p-value =0.04), with the mean of the ankle range of motion on pedalling kinematics for
less skilled cyclists was 97.87 +£11.94 while skilled cyclists were 79.16 + 3.33 (Figure 4).
Increases in pedalling cadence led to smaller ranges of motion for the ankle joint, which were
associated with an effort to sustain ankle stiffness and to improve ankle plantar flexors action as
a force transfer link to the cranks (Sanderson et al., 2006). Plus, fatigue also could lead to
increases in ankle range of motion (Bini et al., 2010) due to maintaining within the range of
cadence. Other studies showed that the ankle joint was more sensitive than the knee joint to
changes in pedalling biomechanics (Garcia-Lopez et al., 2016). These results suggest that the
ankle joint plays a role in cycling performance due to its function as a connection to the lower
limbs and the pedal.

The purpose of why saddle height was the main of bike fitting because mechanical work
at individual joints might be a balance among the hip, knee and ankle joints. Skilled nor less
skilled cyclist, need to find the suitable saddle height which can improve their cycling
kinematics and reduce injuries. It has been shown that low saddle height resulted in increased
knee adduction moments with longer duration and may lead to patellofemoral pain syndrome
(Wang et al., 2020). The optimum pedalling rhythm was one that sustains the minimum
pedalling force required to deliver bike power.

Increasing pedalling cadence for persistent workload may possibly lead to lower muscle
activation. In common, road cyclist pedalling cruising speed optimum for a cadence of 90-100
rpm for varying reasons, such as to reduce pedal force per crank and to allied changes in muscle
action. Skilled cyclists have slightly increased in an average cadence which was 91.83 + 7.139
rather than less skilled cyclists were 91.17 £ 6.853. Skilled cyclists might have a specific
individual pedalling technique due to high training volume and could induce pedalling technique
adaptation that would likely harm their physiological response. Plus, they allow using slow-
twitch muscle fibers for major muscle power and allow the anaerobic capability to be reserved
to delay from fatigue (Kido et al., 2013).
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CONCLUSION

In summary, joint kinematics has grown in popularity as a bike fitting method, and it may be
used to analyse cyclists of all abilities. The dynamic analysis of bike configuration can provide
meaningful information on pedalling technique and skills. Modifications in pedalling cadence,
body position on the bicycle, power output and fatigue have a larger impact on lower limb joint
range of motions.

This study has concluded that there were significant differences in hip and ankle range of
motion between skilled and less skilled cyclist based on their preferred saddle height. Less
skilled cyclist was more likely to sustain injuries if their bikes were not properly fitted. An
interesting issue for future studies would be to require the researcher to set the suitable preferred
saddle height for the participants to cycle in a relaxed position. Plus, a comparison of motion
from cyclists of different disciplines such as road and mountain bikes should be conducted to
provide normative data for bicycle configuration.
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