
Citation: Sola-Lopez, J.;

Castillo-López, J.M.; Panera-Rico, E.;

Reina-Bueno, M.; Fernández-Seguín,

L.M.; Ramos-Ortega, J. Analysis of

the Influence of the Angular Position

of the Cleat in Kinematics and

Kinetics. Appl. Sci. 2023, 13, 3922.

https://doi.org/10.3390/

app13063922

Academic Editors: Felipe

García-Pinillos and Alejandro

Pérez-Castilla

Received: 22 February 2023

Revised: 17 March 2023

Accepted: 18 March 2023

Published: 20 March 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

applied  
sciences

Article

Analysis of the Influence of the Angular Position of the Cleat in
Kinematics and Kinetics
Javier Sola-Lopez 1, José Manuel Castillo-López 2, Enrique Panera-Rico 2 , María Reina-Bueno 2 ,
Lourdes María Fernández-Seguín 3,4,* and Javier Ramos-Ortega 2

1 Department of Physical Education, Loyola University, 41701 Seville, Spain
2 Department of Podiatry, University of Seville, 41009 Seville, Spain
3 Department of Physiotherapy, University of Seville, 41009 Seville, Spain
4 Institute of Biomedicine of Seville, 41013 Seville, Spain
* Correspondence: lfdez@us.es; Tel.: +34-954-48-65-05

Abstract: Objective: The aims that we set in this study were to analyse the kinematic and kinetic
changes in the lower limbs of cyclists when using the utility model, nº of publication ES 1078023,
which consists of a system of cleats with an exact omnidirectional adjustment and without oscillations
between the shoe and the pedal. Methods: This is a quasi-experimental, longitudinal and prospective
study with a non-randomized sampling. The sample was made up of 34 cyclists. The variables
studies focused on the kinematics of each joint of the lower limb in three planes and the kinetics in
the function of the angular position of the cleat. They had the Bioval® system put in place, through
which the kinematic parameters were recorded at the points marked on the lower limb for 20 s. Three
systems were used for the kinetics (Power Tap, Rotor and Pioneer), recording the power developed
for 1 min for each of the study situations. Results: Regarding the kinematic variables, statistically
significant differences were found for the three planes in all of the structures studied. As for the
kinetics, statistically significant differences were also observed, both when analyzing them globally
and when doing so for each of the systems. Conclusions: The variation in the rotational position of
the cleat influences both the cyclist’s kinematics and dynamics.

Keywords: bicycling; cleat pedal; biomechanics

1. Introduction

Performance in professional cyclists depends on a many factors. This is why there
have been many studies in the last decade that have centered on the adjustment of the
bicycle from both the kinematic and kinetic point of view of pedaling [1,2]. Efficiency in
cycling is influenced by biomechanical factors, and it is necessary to understand how the
strength on the pedal is applied [3]. There is a consensus that bad positioning on the bicycle
can reduce the sport performance in professional cyclists [4]. A bad position can also result
in different types of injuries due to overload [5]. An increase in injuries has been recorded
since the introduction of automatic pedals [6]. The injuries due to overload at the knee
level are approximately 25% in cyclists [7,8]. Pains at the previous level to the knee, along
with patellar tendinitis are the most frequent, making up 60% of the total [8,9]. This idea
has been supported by research by Ruby et al. [10], which found that anatomical variations
between asymptomatic individuals corresponded to variations in knee kinematics.

While cyclists show very consistent results in the sagittal plane, there is little quanti-
tative information regarding the effect of variations in the shoe-pedal interface on lower
limb kinematics with respect to the frontal and transverse planes. One of the few studies
was carried out by Lafortune [11] in which the pedal-shoe-shoe interaction was studied
in relation to performance. Standard shoes and standard pedals, drag pedals and clipless
pedals were used, with the focus being on sliding between the two parts.
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Performance in professional cyclists depends on a large number of factors, which is
why, in the last decade, several studies have focused on the adjustment of the bicycle from
both the kinematic and kinetic point of pedaling [1,2]. However, there is no agreement
regarding the optimal configuration of the position on the bicycle. Likewise, there is much
skepticism about the application of forces on the pedal (mechanical efficiency) being a
useful indicator of pedaling efficiency [1].

Hannaford et al. [7] examined the movement of the frontal plane in cyclists with and
without problems at the knee level. The symptoms improved by reorienting this plane in
movement. In cycling, cyclical loads causing injuries can be due to a misalignment between
the cyclist and the bicycle. The foot is restricted by the pedal to a circular pattern in the
sagittal plane and this union allows small or zero movements between the sole of the shoe
and the pedal in the frontal and transverse planes [12].

Chen et al. [13] showed that the foot-ankle complex underwent movements associated
with the loads applied to the pedal. If these movements are controlled at the level of
this joint, the contractile forces are more optimally developed [14]. These associated
loads are the result of the anatomical contractions of the articular structures and of the
tridimensional orientation of their axes, these being determined by the orientation of the
foot [15]. Therefore, the forces required for propulsion will be transmitted through the
articulations of the lower limb.

The pedal has been an element about which little has been researched, and it has
been ignored in many investigations. It has three main adjustments, that is to say, anterior-
posterior, latero-medial and rotation. For both the first adjustment and the second, re-
search has been developed to determine to what degree they influence the cyclist’s per-
formance [16–18]. However, with respect to the rotational adjustment, few investigations
have been carried out [19]. It is necessary to conduct new research for a better knowledge
of the union between the orientation of the forces applied to the pedal and the changes in
muscular efficiency, given that this knowledge is limited [20].

It has been demonstrated that one of the factors that influences the application of
forces generated by the lower limb on the pedal is the longitudinal adjustment of the
cleat, but nothing is known about that influence on the rotational adjustment. This can be
due to the lack of cleat systems that enable determining this adjustment exactly [21,22].
Groot et al. [23] indicated that muscular work depended on the longitude tension and
force-speed of the muscles involved. The effectiveness of the force is affected by the joint
ranges, the muscular length and their lever arms, in such a way that all the factors indicated
depend on the point of the beginning of the movement; that is to say, the orientation of the
cleat on the shoes and, thereby, on the spatial arrangement of the lower limb.

The utility model nº ES 1078023 is a cleat system with a unidirectional adjustment that
permits quantifying exactly the degrees of rotation that this has with respect to the shoes
and has the characteristic of not allowing oscillations between the shoe and the cleat. By
means of this system, we can quantify the influence of the rotational position of the cleat
on the kinematic and kinetic parameters of the lower limb (Figure 1).

Figure 1. Cleat system nº ES 1078023.
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The aims that we set were to analyze the kinematic and strength changes in the cyclist’s
lower limb when modifying the rotational position of the cleat, taking as a reference the
cyclist’s own cleat.

2. Materials and Methods
2.1. Design

This study was consecutive non-probabilistic quasi-experimental with a group [24,25].
The institutional review board approved the study (code project 0744-N-17). All participants
signed an informed consent as dictated by the Declaration of Helsinki. After being informed
of the aims and procedures of the study and prior to commencement of testing, all subjects
gave their written consent in accordance with the Declaration of Helsinki.

2.2. Participants

The sample was made up of 34 cyclists of which 9 used the Rotor system, 13 the PowerTap
system and 12 the Pioneer system to record power. The inclusion criteria were to be over
20 years old [26] and to develop a high sports intensity to not vary the sport movement [27].
The exclusion criteria established were having suffered serious injuries or operations in the
lower limb and to have undergone injuries due to overload in the lower limb.

2.3. Material

To record the kinematics the Bioval Systems® (RM Ingénierie, Rodez, France) [28]
device was used, a system of inertial sensors that enables visualizing and quantifying
the ranges of movement of three planes of space with a frequency of 30 Hz. The points
on which the inertial sensors were placed were: the posterior upper spine, the greater
trochanter of the femur, the anterior tuberosity of the tibia and the dorsal area of the tip of
the boot [29].

Three different systems were used to record the power: the Pioneer Power Me-
ter SGY-PM9100® [30], PowerTap® [31] system (PowerTap G3, 8 extensiometric gauges,
±1.5 of precision, transmission Ant+) and the Rotor 2INPower® system.

For the rotational position of the cleat, first this was recorded with the cleat that the
cyclist brought (Look Keo® grey and Time®), which allowed movement between it and
the pedal. Later, the utility model nº de publication ES 1078023 was used. This permit
determines exactly the angulation according to the hole in which the pin is placed. This
enables placing the cleat exactly in an external rotation of 0◦, 2◦, 4◦ and 6◦. Moreover, once
fixed this cleat system does not allow movement between the pedal and the shoe, avoiding
any factor of confusion in the recording of the variables, such as the oscillation between
these elements as takes place in the cleats on the market.

2.4. Variables

The descriptive variables were: age, sex, weight, height and BMI. The independent
variable was the degrees of rotation of the cleat and the cleat of the cyclist. The dependent
variable was the power recorded by the different systems (AVG_Power_Right) and the
movement in the 3 planes of the ankle (ABD, Prono, Flex), knee (Flex, Rot, Yawn), hip (Flex,
Rot, ABD) and pelvis (Ap, Rot, Ml). All the variables were recorded for the right limb.

The AVG_Power_Right was measured in watts, and the kinematic variables were
registered in degrees.

Protocol

For the research, participants brought their own bikes and they used the same trainer
with the same resistance to minimize the external factors. During the whole study, each
participant had to maintain the same cadence of pedal, which had to be comfortable for him.

The protocol consisted of the recording of the kinematic variables during 20 s and the
kinetic variable during 1 min. First, this was recorded with the cyclist’s cleat, and then with
the model ES 1078023 at 0◦, 2◦, 4◦ and 6◦.
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2.5. Statistical Analysis

The data were analyzed with the SPSS version 22.0 software packet for Windows.
The Shapiro-Wilk normality test was applied. For the descriptive statistics, maximum,
minimum, average and statistical deviation were used. For the statistical inference, one-
factor ANOVA for the kinematic variables and the total power were used. The Student
t-test for related samples studied the power by systems, comparing each situation with the
value of the cleat itself. An α = 0.05 statistic was considered significant.

3. Results

Next are the details of the descriptive statistics of the sample. The sample was made
up of 34 subjects (n = 34), all men. The average age was 29.58 ± 4.08 years old, height
1.72 ± 0.03 m, weight 69.28 ± 6.07 kg and BMI 23.33 ± 2. Of the cyclists taking part, 20 had
cleats of the type Look Keo® gris (4.5◦ freedom) and 14 Time® (5◦ freedom). Table 1 shows
the average values of the variables.

Table 1. Descriptive statistics. Ankle flex: ankle flexion; Ankle_ABD: ankle abduction; Knee_flex:
knee flexion; knee_rot: knee rotation; knee_yawn: knee varus/valgus; Hip_flex: hip flexion; Hip_rot:
hip rotation; Hip_ABD: hip abduction; Pelvis_AP: pelvis front-back; Pelvis_Rot: pelvis rotation;
Pelvis_ML: pelvis mid-lateral; AVG: average.

Variable Minimum Maximum Average St. dev.

Ankle_Flex_PP 13◦ 46◦ 29.41◦ 8.75◦

Ankle_Flex_0 11◦ 42◦ 28.76◦ 8.12◦

Ankle_Flex_2 12◦ 43◦ 27.38◦ 8.52◦

Ankle_Flex_4 13◦ 50◦ 28.52◦ 9.01◦

Ankle_Flex_6 12◦ 40◦ 27.59◦ 8.55◦

Ankle_ABD_PP 5◦ 17◦ 9.72◦ 3.68◦

Ankle_ABD_0 4◦ 21◦ 10.00◦ 4.33◦

Ankle_ABD_2 3◦ 21◦ 10.69◦ 4.25◦

Ankle_ABD_4 5◦ 19◦ 10.97◦ 4.07◦

Ankle_ABD_6 4◦ 27◦ 11.38◦ 5.20◦

Ankle_Prono_PP 3◦ 17◦ 7.28◦ 2.76◦

Ankle_Prono_0 3◦ 12◦ 7.55◦ 2.46◦

Ankle_Prono_2 4◦ 14◦ 7.07◦ 2.40◦

Ankle_Prono_4 4◦ 15◦ 7.41◦ 2.93◦

Ankle_Prono_6 4◦ 33◦ 8.72◦ 5.54◦

Knee_Flex_PP 53◦ 89◦ 72.07◦ 8.64◦

Knee_Flex_0 51◦ 90◦ 71.62◦ 8.72◦

Knee_Flex_2 56◦ 85◦ 70.93◦ 7.66◦

Knee_Flex_4 54◦ 90◦ 71.52◦ 7.88◦

Knee_Flex_6 58◦ 89◦ 71.34◦ 8.20◦

Knee_Rot_PP 5◦ 24◦ 14.07◦ 5.55◦

Knee_Rot_0 6◦ 31◦ 14.97◦ 6.29◦

Knee_Rot_2 7◦ 32◦ 16.07◦ 5.85◦

Knee_Rot_4 7◦ 23◦ 14.97◦ 4.78◦

Knee_Rot_6 6◦ 27◦ 15.45◦ 5.58◦

Knee_Yawn_PP 4◦ 31◦ 13.34◦ 6.08◦

Knee_Yawn_0 6◦ 29◦ 14.52◦ 5.41◦

Knee_Yawn_2 6◦ 30◦ 14.86◦ 6.39◦

Knee_Yawn_4 7◦ 27◦ 13.83◦ 4.62◦

Knee_Yawn_6 8◦ 31◦ 15.31◦ 5.43◦

Hip_Flex_PP 21◦ 47◦ 34.59◦ 6.24◦

Hip_Flex_0 21◦ 48◦ 34.59◦ 6.74◦

Hip_Flex_2 21◦ 47◦ 35.31◦ 6.80◦

Hip_Flex_4 20◦ 45◦ 35.00◦ 6.57◦

Hip_Flex_6 21◦ 48◦ 34.83◦ 6.66◦
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Table 1. Cont.

Variable Minimum Maximum Average St. dev.

Hip_Rot_PP 6◦ 25◦ 12.34◦ 4.47◦

Hip_Rot_0 6◦ 21◦ 13.72◦ 4.08◦

Hip_Rot_2 8◦ 20◦ 13.14◦ 3.91◦

Hip_Rot_4 9◦ 19◦ 13.83◦ 3.13◦

Hip_Rot_6 7◦ 21◦ 13.28◦ 3.65◦

Hip_ABD_PP 6◦ 25◦ 13.93◦ 6.57◦

Hip_ABD_0 5◦ 28◦ 15.86◦ 7.02◦

Hip_ABD_2 5◦ 27◦ 14.34◦ 6.14◦

Hip_ABD_4 6◦ 25◦ 15.21◦ 5.90◦

Hip_ABD_6 5◦ 26◦ 14.34◦ 5.93◦

Pelvis_AP_PP 2◦ 13◦ 5.59◦ 2.63◦

Pelvis_AP_0 2◦ 13◦ 5.79◦ 2.55◦

Pelvis_AP_2 3◦ 13◦ 5.90◦ 2.26◦

Pelvis_AP_4 3◦ 12◦ 6.31◦ 2.24◦

Pelvis_AP_6 3◦ 12◦ 6.24◦ 2.37◦

Pelvis_Rot_PP 3◦ 10◦ 5.52◦ 2.11◦

Pelvis_Rot_0 3◦ 10◦ 5.97◦ 2.10◦

Pelvis_Rot_2 2◦ 10◦ 5.83◦ 2.02◦

Pelvis_Rot_4 3◦ 11◦ 6.21◦ 2.29◦

Pelvis_Rot_6 3◦ 11◦ 6.21◦ 2.37◦

Pelvis_ML_PP 3◦ 10◦ 5.72◦ 2.02◦

Pelvis_ML_0 3◦ 11◦ 6.31◦ 2.09◦

Pelvis_ML_2 3◦ 10◦ 5.66◦ 1.59◦

Pelvis_ML_4 4◦ 11◦ 6.10◦ 1.99◦

Pelvis_ML_6 3◦ 11◦ 5.86◦ 1.94◦

AVG_Power_Right_pp 35.4 w 233 w 122.87 w 41.76 w
AVG_Power_Right_0 66.7 w 242 w 132.87 w 47.57 w
AVG_Power_Right_2 62.8 w 234 w 137.47 w 50.01 w
AVG_Power_Right_4 62.5 w 258.3 w 141.98 w 52.70 w
AVG_Power_Right_6 63.1 w 290.51 w 143.20 w 57.20 w

Through the Shapiro-Wilk Test it was determined that the variables had a normal
distribution.

An ANOVA was performed to analyze the differences between the variables studied in
each situation of study (0◦, 2◦, 4◦, 6◦) and the results obtained with the cleat itself (Table 2).

Table 2. ANOVA of the kinematic variables Ankle flex: ankle flexion; Ankle_ABD: ankle abduc-
tion; Knee_flex: knee flexion; knee_rot: knee rotation; Hip_flex: hip flexion; Hip_rot: hip rotation;
Hip_ABD: hip abduction; Pelvis_AP: pelvis front-back; Pelvis_Rot: pelvis rotation; Pelvis_ML: pelvis
mid-lateral.

Sig. Sig. Sig. Sig.

Ankle_Flex_0 0.01 Knee_Flex_0 <0.001 Hip_Flex_0 <0.001 Pelvis_AP_0 >0.001
Ankle_Flex_2 <0.001 Knee_Flex_2 0.002 Hip_Flex_2 0.01 Pelvis_AP_2 >0.001
Ankle_Flex_4 0.01 Knee_Flex_4 0.002 Hip_Flex_4 0.06 Pelvis_AP_4 0.03
Ankle_Flex_6 0.02 Knee_Flex_6 <0.001 Hip_Flex_6 <0.001 Pelvis_AP_6 >0.001
Ankle_ABD_0 <0.001 Knee_Rot_0 0.42 Hip_Rot_0 <0.001 Pelvis_Rot_0 >0.001
Ankle_ABD_2 0.04 Knee_Rot_2 0.14 Hip_Rot_2 0.05 Pelvis_Rot_2 0.01
Ankle_ABD_4 <0.001 Knee_Rot_4 0.02 Hip_Rot_4 0.28 Pelvis_Rot_4 0.01
Ankle_ABD_6 <0.001 Knee_Rot_6 0.19 Hip_Rot_6 0.04 Pelvis_Rot_6 0.01
Ankle_Prono_0 0.04 Knee_Yawn_0 0.06 Hip_ABD_0 0.02 Pelvis_ML_0 0.06
Ankle_Prono_2 <0.001 Knee_Yawn_2 0.09 Hip_ABD_2 <0.001 Pelvis_ML_2 <0.001
Ankle_Prono_4 0.03 Knee_Yawn_4 0.01 Hip_ABD_4 0.03 Pelvis_ML_4 <0.001
Ankle_Prono_6 0.77 Knee_Yawn_6 0.01 Hip_ABD_6 <0.001 Pelvis_ML_6 <0.001

All variables, with the exception of Ankle_Prono_6, Knee_Rot_0, Knee_Rot_2, Knee_Rot_6,
Knee_Yawn_0, Knee_Yawn_2, Hip_Flex_4, Hip_Rot_4 and Pelvis_ML_0, showed statistically
significant differences (p < 0.05) compared to their values obtained with the cyclist’s cleat. It is
interesting because a little change in the sagittal plane of the cleat will influence the kinematics
of the lower limb with repercussions for the biomechanics and the muscle action.
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For the analysis of the power, first an ANOVA was performed for all of the data and
later a Student t-test was carried out for each system (Table 3).

Table 3. Contrast tests for the power.

Variable

ANOVA Student t-Test

Global
(n = 34)

Pioneer
(n = 13)

PowerTap
(n = 12)

Rotor
(n = 9)

AVG_Power_Right_0 0.04 0.44 <0.01 0.02
AVG_Power_Right_2 0.02 0.17 0.17 0.01
AVG_Power_Right_4 0.03 0.03 0.08 0.01
AVG_Power_Right_6 0.01 0.02 0.21 0.02

We can see that in all the research cases (0◦, 2◦, 4◦, 6◦), they showed differences when
comparing the power values with those developed with the cyclist’s cleat. Likewise, when
studying the results based on the potentiometer used, we can see that at least one situation
showed statistically significant differences. This confirms the data obtained when studying the
kinematics. Changes in the cyclist’s biomechanics will generate changes in the power developed.

4. Discussion

The objective of this study was to study the variations in the ranges of movements at
the level of the pelvis, hip, knee and ankle, as well as to analyse the changes in the recording
related with the power developed by the cyclist’s limb when modifying the position of the
cleat at the rotational level.

Although the speed can be constant during seated pedaling, the forces generated in
pedaling fluctuate broadly [32]. The main reason for this is that the muscular force produced
depends on the muscle length and therefore on the range of articular movement [33]. Given
that the articular ranges change during the pedaling movement and that the lever of each
muscle depends on the position of the rod relative to the segment of the leg, the forces
applied on the pedal vary through that coupling.

Studies do not exist that have evaluated the influence of the modification of the
rotational position of the cleat in cyclists. Ruby et al. [12] determined that with pedals that
had freedom of movement ABD-ADD of 15◦ the varus-valgus moments and the rotation
in the knee were reduced. Aligning all the cleats with the shoe’s axis is incorrect as this
depends on the parameters of the lower limb [19]. Ramos et al. [19] developed a formula
through which, and taking into account certain rotational and torsional parameters of the
cyclist’s lower limb, they were able to adjust the angular position of the cleat. Allowing
freedom in the transverse plane decreases the moments in the knee, but also the power
that can be applied to the pedal. The minimum values we obtained with our utility model
were also double those of the cleats that the cyclists brought. Likewise, the average values
obtained with the prototype were greater in all cases. This type of pedal, which allows
some degree of freedom between the shoe and the pedal, causes the muscles to spend part
of their energy controlling the kinematics. When the cyclist uses a pedal with any degree of
freedom between the parts, all the action of the muscles is applied to down the pedal, but if
the adjustment is wrong, the joints can develop lesions.

When analyzing the results obtained with the power systems, we can see that there are
differences when comparing the recordings with the cleat itself with the different situations
of study, both globally and when analyzing each of the systems separately. Investigations
have demonstrated that the propulsive force could be between 40–60% [34–36] of the total
and that it can vary according to factors such as the position of the body, the load, rhythm
and fatigue, and others [37]. The average of the power with the cleat was 122.87 and
the average of the best position with the prototype was 143.2, a 16.5% increase. This is
a significant value if we consider the high intensity of this sport. Some improvement is
interesting if we are to obtain the objectives.
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The lower limb is the main focus of attention as it is the lever in charge of generating
power through muscular actions. Given the above, it is demonstrated that the modification of
the rotational position of the cleat influences the power generated at the level of the pedal.

With respect to the kinematic parameters, it is also demonstrated that the modification
of the position of the cleat generates significant changes in almost all the planes of the
articulations studied. With respect to the pelvis, Bini et al. [29] studied the movement in
the sagittal plane, finding values of 7.9–10.4◦ for non-professionals and of 9.1–10.3◦ for
professionals, values higher than those recorded in our study. We obtained values that were
more constant for each situation, which indicated that the pelvis is a point of stabilization
in this sport. If there were differences in the values, it could be significant in that the
Bioval system could be functioning in the wrong way. In the frontal plane of the pelvis,
Carpes et al. [38] determined that the lateral-medial movements of the pelvis were between
1.2 and 2.6◦ according to the situation analyzed; values that were lower than ours in this
study. Studies that quantified the transverse plane were not found. We underscore that,
in our investigation, the movements of the pelvis in the three planes described similar
amplitudes (5–6◦). It is important because there are very few researches in this line, and
it indicates that the pelvis is a point of stability that is most important to develop for the
biomechanics of this sport. These values also indicated that the cyclists of this study did
not have any alterations in the separation of their pelvis, a situation that is frequent in
this sport.

Regarding the movement of the hips in the sagittal plane, García López et al. [1]
found values of 41–46◦ for professionals and 40–49◦ for non-professionals, while those of
Carpes et al. [38] were 36◦ and 31◦, respectively. This difference in the results can be due to
the reference points as, in our investigation, the point for quantifying the movement of the
hip was the posterior superior iliac spine, while they took the horizontal as a reference. That
is to say that, in a way, our reference was a mobile point as we have described before, with
certain degrees being masked, while the reference of García López et al. [1] was static. On
the other hand, our data are similar to those of Carpes et al. [38] as they marked the anterior
superior iliac spine as a reference, the same as previously mentioned. At the level of the
frontal plane, Carpes et al. [38] determined this movement as 4.5–5.9◦, lower values than
those that we found. This can be due their alluding to adduction, so we do not know if they
only quantified this movement or whether they enunciated it in this way but quantified
the complete range. With respect to the transverse plane, we found values similar to those
described by Bini et al. [29] (10.5–12.7◦).

At the level of the knee, there are more studies, given that this is the joint that suffers
from more injuries in this sport. In our study, we found that the knee varied its range
of movement in the sagittal plane from 71–72◦ based on the degrees of rotation of the
cleat. These values are only similar to those recorded by the study of Carpes et al. [38]
and are very far from those analysed by Ying Fang et al. [39]. The study of Yanci [40]
recorded 68.68◦ for the left knee and Bailey et al. [41] 67.3◦; that is to say, a difference
of approximately 4◦. We consider that the difference with that of Ying Fang et al. [39]
(76.87–80.31◦) is due to their using an ergometer on which the cyclist was placed quite far
back, generating an increase in the extension. With respect to the frontal plane, the values
were found to be higher than those of Bailey et al. [41] (3.7◦) and Ruby et al. [42] (2.2 cm.).
The knee represented degrees of rotation of 16–18.5◦, while Carpes et al. [38] recorded 10◦

and Bini et al. [29] 18.6–24.1◦. This demonstrates the difficulty that quantifying the degrees
of this joint in this plane entails. The values we obtained for the frontal and transverse
planes in this joint were similar, which led us to think that they were not unusual but that
the rotational and varus–valgus movements of the knee were in sync, and most importantly,
they were not affected either by the variations in the position of the cleat or by having used
totally restricted cleats as was to be expected.

For the articulation of the knee in the sagittal plane, García López et al. [1] quantified
the range as 15–31◦ for professionals and 13–36◦ for non-professionals. In Yanci’s study [40],
the values were 50.24◦ for the right limb and 34.14◦ for the left. Carpes et al. [38] found
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a range of 19◦ with oval gear ratios and 16◦ with normal ones. We note that the values
at this level are very uneven, which could indicate that the articulation is what is most
supported and adapts to the changes or situations. We have not found investigations that
have quantified this in the frontal plane. Lastly, in the transverse plane, the movements
were approximately 10◦, which are very high movements taking into account that our pedal
does not permit movements in this plane. We believe that these movements are due to the
movement of the edge of the shoe and not of the shoe itself. That is to say, when placing
the sensor on the tip of the shoe, these movements are due to the movement of the material
more than to the movement of the foot itself. Carpes et al. [38] recorded a movement of 6◦

at the level of the foot in the same plane, similar to the value we obtained, in spite of their
not indicating the type of pedal that they used.

If we compare all the results, we can see that the movements in the sagittal plane for the
four joints studied are the ones that were most affected by varying the position of the cleat.
This would make sense with the power data since the greatest range of motion in the sport
occurs in this plane. The cyclists used pedals with some freedom in the transverse plane,
which could be interpreted as instability and therefore control of it by the musculature. In
this sense, part of the action would be used for something other than the sporting gesture
itself and therefore result in loss of efficiency.

On the other hand, the kinematics in the transverse plane were altered at the ankle
and pelvis level, the two points of stability that the cyclist has, and therefore we return to
the idea of the previous paragraph. Some of that instability translates into muscle control
through movement restriction. That restriction is achieved through muscular action. The
displacements suffered by the ankle in this plane (10◦ approx.) would not make sense
since the cleats of the prototype did not allow movement between the parts. This could be
justified by the sensitivity of the system and the fact of having the sensor placed in the toe
of the boot, which was flexible and susceptible to displacement of the material that did not
come from the boot on the pedal.

Therefore, statistically significant differences were found both in the kinematics and
in the recording of power when varying the rotation of the cleat.

5. Conclusions

The use of pedals without freedom of movement allows an increase in the power gener-
ated by the cyclist when compared with pedals that present freedom of movement between
the shoe and the pedal. This idea is confirmed by the variation in the kinematics in the
different joints of the lower limb, especially in the pelvis and foot. The increase in movement
of these joints when compared to the initial situation suggests that the muscles do not perceive
instability at the points of stability, and this allows the muscles to work better.

Author Contributions: Conceptualization, J.S.-L. and J.R.-O.; methodology, J.M.C.-L. and J.R.-O.;
data curation and formal analysis E.P.-R. and M.R.-B.; writing—original draft preparation, J.R.-O. and
J.M.C.-L.; writing—review and editing, J.R.-O. and L.M.F.-S. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee of University of Seville.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data will be made available upon reasonable request to the correspond-
ing author.

Conflicts of Interest: The authors declare no conflict of interest.



Appl. Sci. 2023, 13, 3922 9 of 10

References
1. García-López, J.; Díez-Leal, S.; Rodríguez Marroyo, J.A.; Larrazábal, J.; De Galceano, I.G.; Villa, J.G. Eficiencia Mecánica Del

Pedaleo En Ciclistas de Diferente Nivel Competitivo. Biomecánica 2009, 17, 9–20. [CrossRef]
2. Ferrer-Roca, V.; Bescós, R.; Roig, A.; Galilea, P.; Valero, O.; García-López, J. Acute Effects of Small Changes in Bicycle Saddle

Height on Gross Efficiency and Lower Limb Kinematics. J. Strength Cond. Res. 2014, 28, 784–791. [CrossRef] [PubMed]
3. Wozniak Timmer, C.A. Cycling Biomechanics: A Literature Review. J. Orthop. Sports Phys. Ther. 1991, 14, 106–113. [CrossRef]

[PubMed]
4. Faria, E.W.; Parker, D.L.; Faria, I.E. The Science of Cycling. Sports Med. 2005, 35, 313–337. [CrossRef]
5. Burke, E. High-Tech Cycling; Human Kinetics: Champaign, IL, USA, 2003; ISBN 0736045074.
6. Francis, P.R. Injury Prevention for Cyclists: A Biomechanical Approach. In Science of Cycling; Burke, E.R., Ed.; Human Kinetics

Books: Campaign, IL, USA, 1986; pp. 145–184.
7. Hannaford, D.R.; Moran, G.T.; Hlavac, H.F. Video Analysis and Treatment of Overuse Knee Injury in Cycling: A Limited Clinical

Study. Clin. Podiatr. Med. Surg. 1986, 3, 671–678.
8. Gregor, R.J.; Wheeler, J.B. Biomechanical Factors Associated with Shoe/Pedal Interfaces. Implications for Injury. Sports Med. 1994,

17, 117–131. [CrossRef]
9. Holmes, J.C.; Pruitt, A.L.; Whalen, N.J. Cycling Knee Injuries. Common Mistakes That Cause Injuries and How to Avoid Them.

Cycl. Sci. 1991, 3, 11–15.
10. Ruby, P.; Hull, M.L.; Kirby, K.A.; Jenkins, D.W. The Effect of Lower-Limb Anatomy on Knee Loads during Seated Cycling.

J. Biomech. 1992, 25, 1195–1207. [CrossRef]
11. Lafortune, M. A Biomechanical Analysis of Cycling under Various Shoe-Pedal Interfaces. Ph.D. Thesis, Pennsylvania State

University, State College, PA, USA, 1978.
12. Ruby, P.; Hull, M.L. Response of Intersegmental Knee Loads to Foot/Pedal Platform Degrees of Freedom in Cycling. J. Biomech.

1993, 26, 1327–1340. [CrossRef]
13. Chen, J.; Siegler, S.; Schneck, C.D. The Three-Dimensional Kinematics and Flexibility Characteristics of the Human Ankle and

Subtalar Joint—Part II: Flexibility Characteristics. J. Biomech. Eng. 1988, 110, 374–385. [CrossRef]
14. Mills, O.S.; Hull, M.L. Apparatus to Obtain Rotational Flexibility of the Human Knee under Moment Loads in Vivo. J. Biomech.

1991, 24, 351–369. [CrossRef] [PubMed]
15. Quinn, T.P.; Mote, C.D.; Skinner, H.B. The Effect of Ankle Constraint on the Torsional Laxity of the Knee during Internal-External

Rotation of the Foot. J. Biomech. 1991, 24, 511–525. [CrossRef] [PubMed]
16. Viker, T.; Richardson, M.X. Shoe Cleat Position during Cycling and Its Effect on Subsequent Running Performance in Triathletes.

J. Sports Sci. 2013, 31, 1007–1014. [CrossRef] [PubMed]
17. Disley, B.X.; Li, F.-X. The Effect of Q Factor on Gross Mechanical Efficiency and Muscular Activation in Cycling. Scand. J. Med. Sci.

Sports 2014, 24, 117–121. [CrossRef]
18. FitzGibbon, S.; Vicenzino, B.; Sisto, S.A. Intervention at the Foot-Shoe-Pedal Interface in Competitive Cyclist. Int. J. Sports Phys.

Ther. 2016, 11, 637–650.
19. Ramos-Ortega, J.; Domínguez, G.; Castillo, J.M.; Fernández-Seguín, L.; Munuera, P.V. Angular Position of the Cleat According to

Torsional Parameters of the Cyclist’s Lower Limb. Clin. J. Sport Med. 2014, 24, 251–255. [CrossRef] [PubMed]
20. Zameziati, K.; Mornieux, G.; Rouffet, D.; Belli, A. Relationship between the Increase of Effectiveness Indexes and the Increase of

Muscular Efficiency with Cycling Power. Eur. J. Appl. Physiol. 2006, 96, 274–281. [CrossRef]
21. Ericson, M.O.; Nisell, R.; Arborelius, U.P.; Ekholm, J. Muscular Activity during Ergometer Cycling. Scand. J. Rehabil. Med. 1985,

17, 53–61.
22. Ericson, M.O.; Bratt, A.; Nisell, R.; Nemeth, G.; Ekholm, J. Load Moments about the Hip and Knee Joints during Ergometer

Cycling. Scand. J. Rehabil. Med. 1986, 18, 165–172.
23. De Groot, G.; Welbergen, E.; Clusen, L.; Claus, J.; Cabri, J.; Antonis, J. Power, Muscular Work, and External Forces in Cycling.

Ergonomics 1994, 37, 31–42. [CrossRef] [PubMed]
24. Hernandez, R.; Fernandez-Collado, C.; Baptist, P. Concepción o Elección Del Diseño de Investigación. In Metodología de la

Investigación; McGraw-Hill: Ciudad de México, Mexico, 2006; Volume 4, pp. 118–169.
25. Argimon, J.M.; Jiménez, J. Muestreo. In Método de Investigación Clínica y Epidemiológica; Elsevier: Barcelona, Spain, 2012; pp.

151–158.
26. Staheli, L.T.; Corbett, M.; Wyss, C.; King, H. Lower-Extremity Rotational Problems in Children. Normal Values to Guide

Management. J. Bone Jt. Surg. Am. Vol. 1985, 67, 39–47. [CrossRef]
27. Farrell, K.C.; Reisinger, K.D.; Tillman, M.D. Force and Repetition in Cycling: Possible Implications for Iliotibial Band Friction

Syndrome. Knee 2003, 10, 103–109. [CrossRef] [PubMed]
28. Grand, J.-M.; Geronimi, M. Scapulohumeral Rhythm Assessment with Inertial Sensors: Preliminary Results. Comput. Methods

Biomech. Biomed. Eng. 2011, 14, 61–63. [CrossRef]
29. Bini, R.R.; Dagnese, F.; Rocha, E.; Silveira, M.C.; Carpes, F.P.; Mota, C.B. Three-Dimensional Kinematics of Competitive and

Recreational Cyclists across Different Workloads during Cycling. Eur. J. Sport Sci. 2016, 16, 553–559. [CrossRef]

http://doi.org/10.5821/sibb.v17i2.1792
http://doi.org/10.1519/JSC.0b013e3182a1f1a9
http://www.ncbi.nlm.nih.gov/pubmed/23838970
http://doi.org/10.2519/jospt.1991.14.3.106
http://www.ncbi.nlm.nih.gov/pubmed/18796820
http://doi.org/10.2165/00007256-200535040-00003
http://doi.org/10.2165/00007256-199417020-00004
http://doi.org/10.1016/0021-9290(92)90075-C
http://doi.org/10.1016/0021-9290(93)90356-J
http://doi.org/10.1115/1.3108456
http://doi.org/10.1016/0021-9290(91)90025-I
http://www.ncbi.nlm.nih.gov/pubmed/1856237
http://doi.org/10.1016/0021-9290(91)90285-U
http://www.ncbi.nlm.nih.gov/pubmed/1880136
http://doi.org/10.1080/02640414.2012.760748
http://www.ncbi.nlm.nih.gov/pubmed/23360149
http://doi.org/10.1111/j.1600-0838.2012.01479.x
http://doi.org/10.1097/JSM.0000000000000027
http://www.ncbi.nlm.nih.gov/pubmed/24451688
http://doi.org/10.1007/s00421-005-0077-5
http://doi.org/10.1080/00140139408963620
http://www.ncbi.nlm.nih.gov/pubmed/8112280
http://doi.org/10.2106/00004623-198567010-00006
http://doi.org/10.1016/S0968-0160(02)00090-X
http://www.ncbi.nlm.nih.gov/pubmed/12649036
http://doi.org/10.1080/10255842.2011.591640
http://doi.org/10.1080/17461391.2015.1135984


Appl. Sci. 2023, 13, 3922 10 of 10

30. SGY-PM91 SERIES POWER METER-DURA-ACETM R9100 Power Meter Crankset|Pioneer Electronics USA. Available online:
https://www.pioneerelectronics.com/PUSA/Cycle+Sports/Power+Meters/SGY-PM91+SERIES+POWER+METER (accessed on
18 March 2020).

31. Bertucci, W.; Taiar, R.; Grappe, F. Differences between Sprint Tests under Laboratory and Actual Cycling Conditions. J. Sports
Med. Phys. Fit. 2005, 45, 277–283.

32. Gregor, R.J. Biomechanics of Cycling. In Exercise and Sports Science; Garret WE, K.D., Ed.; Lippincott Williams & Wilkings:
Philadelphia, PA, USA, 2000; pp. 549–571.

33. Rassier, D.E.; MacIntosh, B.R.; Herzog, W. Length Dependence of Active Force Production in Skeletal Muscle. J. Appl. Physiol.
1999, 86, 1445–1457. [CrossRef]

34. Bini, R.R.; Carpes, F.P.; Diefenthaeler, F. Effects of Cycling with the Knees Close to the Bicycle Frame on the Lower Limb Muscle
Activation. Braz. J. Phys. Educ. Sport 2011, 25, 27–37.

35. Bini, R.R.; Hume, P.A.; Crofta, J.L. Effects of Saddle Height on Pedal Force Effectiveness. Procedia Eng. 2011, 13, 51–55. [CrossRef]
36. Rossato, M.; Bini, R.; Carpes, F.; Diefenthaeler, F.; Moro, A. Cadence and Workload Effects on Pedaling Technique of Well-Trained

Cyclists. Int. J. Sports Med. 2008, 29, 746–752. [CrossRef]
37. Bini, R.R.; Carpes, F.P. Technology in Cycling; Springer International Publishing: Champaign, IL, USA, 2014.
38. Carpes, F.P.; Dagnese, F.; Mota, C.B.; Stefanyshyn, D.J. Cycling with Noncircular Chainring System Changes the Three-

Dimensional Kinematics of the Lower Limbs. Sports Biomech. 2009, 8, 275–283. [CrossRef]
39. Fang, Y.; Fitzhugh, E.C.; Crouter, S.E.; Gardner, J.K.; Zhang, S. Effects of Workloads and Cadences on Frontal Plane Knee

Biomechanics in Cycling. Med. Sci. Sports Exerc. 2016, 48, 260–266. [CrossRef] [PubMed]
40. Irigoyen, J.Y. Análisis Cinemático y Diferencias Bilaterales En La Técnica de Pedaleo de Ciclistas Profesionales. Rev. De Cienc. Del

Ejerc. Y La Salud 2017, 13, 1–8. [CrossRef]
41. Bailey, M.P.; Maillardet, F.J.; Messenger, N. Kinematics of Cycling in Relation to Anterior Knee Pain and Patellar Tendinitis. J.

Sports Sci. 2003, 21, 649–657. [CrossRef] [PubMed]
42. Ruby, P.; Hull, M.L.; Hawkins, D. Three-Dimensional Knee Joint Loading during Seated Cycling. J. Biomech. 1992, 25, 41–53.

[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://www.pioneerelectronics.com/PUSA/Cycle+Sports/Power+Meters/SGY-PM91+SERIES+POWER+METER
http://doi.org/10.1152/jappl.1999.86.5.1445
http://doi.org/10.1016/j.proeng.2011.05.050
http://doi.org/10.1055/s-2008-1038375
http://doi.org/10.1080/14763140903414409
http://doi.org/10.1249/MSS.0000000000000759
http://www.ncbi.nlm.nih.gov/pubmed/26317300
http://doi.org/10.15517/pensarmov.v13i2.19749
http://doi.org/10.1080/0264041031000102015
http://www.ncbi.nlm.nih.gov/pubmed/12875315
http://doi.org/10.1016/0021-9290(92)90244-U

	Introduction 
	Materials and Methods 
	Design 
	Participants 
	Material 
	Variables 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

