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Abstract: Objective: To compare the angles of both hemibodies and movements associated with sporting gestures in road 
cyclists. 

Methods: Fifteen right-handed male road cyclists, with a mean age of 27 ± 4.25 years, participated in the study. Subjects 
who were younger than 18 years old or were previously diagnosed with posture impairment, motor disorders, and 
cognitive or mental deficits were excluded. Measurement procedures were performed using biophotogrammetry and 
kinemetry to analyze the angles and biomechanics of sporting gestures during the activities. 

Results: Based on the results of biophotogrammetry, the angles measured showed symmetry among the participants. The 
kinematics analysis revealed that the trunk flexion did not show any significant differences between the angles when the 
sporting gestures were performed. When the triple maximum flexion of the lower limbs and the maximum extension of 
the lower limbs were analyzed, a statistical significance (p < 0.05) between the angles in both sitting and standing 
positions was found. However, the results showed a direct association with the desired physiological movement, which 
did not affect the function. 

Conclusion: The results showed that the biomechanics of the angles between both hemibodies and the sporting gestures in 
cyclists were not affected. This finding is directed in particular to the implementation and planning of training practices 
that will raise the awareness among cyclists of their bodies and the appropriate adjustments of the bicycle components. 
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INTRODUCTION 

 Cycling is a sport that demands agility, good physical 
conditioning, muscular strength and flexibility. This sport 
may lead to postural changes due to constant and repetitive 
training in addition to a vicious stance during sports practice 
that typically consists of trunk flexion combined with 
rotation and load bearing [1]. The position of the body has 
significant influence on the activation of the lower limb 
muscles. When the trunk angle is altered, it changes the 
activation of all of the lower limb muscles and even those 
muscles that do not cross the hip joint [2]. Among the 
possible reasons for these changes in the activation of the 
lower limb muscles is the change in the trunk angle, which is 
related to differences in the activity of the mono and bi-
articular muscles or to the influence of muscle length, 
leading to global changes in the muscle recruitment patterns 
[3-6]. Savelberg, Van de Port and Willems (2003) observed 
that the changes in the trunk angle require "compensation" to 
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sustain the patterns of muscle activation that are required to 
prolong the workload. These "compensations" refer to shifts 
in the magnitude of activation of the lower limb muscles that 
maintain the force generated [2]. 
 Pedaling is not a natural movement in the ergonomics of 
the human being, and as a result, some discrepancies in body 
positioning may cause cycling-related injuries. Therefore, 
the riding position involves the optimum setting of three 
points of contact with the bike: the pedals, the saddle and the 
handlebars. The weight distribution on these three points 
affects the location of the center of mass of the rider. An 
adequate and comfortable posture will allow the cyclist to 
maneuver the bike easily without shifting the center of 
gravity too far forward [7]. 
 The combined bike and rider center of gravity depends 
on the height of the central movement from the ground and 
is considered a key factor to achieve a comfortable 
adjustment. A lower seat height makes for easier 
remounting, and a lower center of gravity increases stability. 
However, the position of the rider is a relevant factor 
because adopting certain positions and angles can help 
eliminate the etiological factors responsible for the repetitive 
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stress injuries that have a direct influence on the efficiency 
of the cycling process [8]. Martins et al. (2007) reported that 
the lack of information on how to use a bike properly may 
cause cyclists to adopt a straining posture when cycling, 
particularly with excessive flexion or knee extension during 
pedaling [7]. 
 Researchers have reported that it is possible to improve 
cycling performance via kinesiology by adjusting both the 
rider and the bike [9]. Biomechanical findings for the 
biophotogrammetric and kinemetric assessments allow 
studying the angles and gestures of the kinematic and linear 
movements, respectively, making it possible to obtain spatial 
measurements of the human body [10-12]. 

OBJECTIVE 

 The objective of this study was to perform a comparative 
analysis between the angles of both hemibodies and the 
movements associated with the sporting gestures in cyclists 
using biophotogrammetry and computerized kinematics 
analysis. 

METHODS 

Sample 

 Fifteen right-handed male road cycle athletes who had 
been competitors for over 5 years, with a mean age of 27 ± 
4.25 years, participated in the study. Subjects who were 
younger than 18 years old or were previously diagnosed with 
posture impairment, motor disorders, and cognitive or 
mental deficits were excluded. All of the individuals were 
duly informed regarding the conditions of this study and 
signed the informed consent. This research was approved by 
the Research Ethics Committee of the Claretiano University 
Center of Batatais, N. 91/2011 CEP. 

Development and Analysis of Computerized Biophoto-
grammetry 

Material 

 The individuals were photographed using computerized 
biophotogrammetry. This evaluation was performed with the 
individuals wearing light clothes. To standardize the images, 
each subject was positioned on a three-dimensional leveling 
platform in front of a panel known as a simetrograph 
(200×100 cm×10 cm). A wall-ground leveling criterion was 
maintained prior to positioning. An 8.5-megapixel Kodak 
p880 camera was positioned on a tripod with a 3-meter 
distance between the focal lenses of the camera and the 
central area of the individual’s body. This distance was 
demarcated on the ground with masking tape. Another 
measure of standardization was the tripod height, which was 
set at 0.90 cm. 
Procedures 

 The images were obtained by a single observer without 
zoom and in three delimitation planes: anterior, lateral and 
posterior. The markers were positioned in the following 
body segments: the manubrium of the sternum, the 
acromion, the lateral epicondyle of the humerus, the styloid 
process of the radius, vertebra C7, the lower and upper 
angles of the scapula, and anterior superior iliac spine 
bilaterally, enabling an angle analysis of the shoulder 

alignment during elevation, scapula rotation, trunk and 
pelvic inclination in the right and left hemibodies. 
 Subsequently, the images were analyzed using the SAPo 
software (version 0.68, 2007), and the data were tabulated 
and submitted to statistical analysis using SPSS, version 21.0 
(Chicago, IL, USA). The values obtained from the right and 
left hemibodies were compared using an independent t-test. 

Development and Analysis of Computerized Kinemetry 

Material 

 The biomechanics of the sporting gestures in cycling was 
assessed by computerized kinemetry using an 8.5-megapixel 
Kodak p880 camera that was positioned on a tripod (height 
set at 0.90 cm) with a 3-meter distance between the focal 
lenses of the camera and the central area of the individual’s 
body. 
Procedures 

 The procedure was conducted with markers placed at the 
following landmarks: L4, inferior angle of the scapula, C7, 
anterior superior iliac spine, the fibular head and lateral 
malleolus bilaterally. A pen was used to mark the reference 
points for subsequent application of an adhesive paper. For 
the video data collection, the individuals were positioned on 
a Monaco bike (model R-Track) and were instructed to 
perform the activity in standing (orthostatic) and sitting 
positions. Data collection for each position lasted 10 
seconds. Each video was analyzed in reference to the trunk 
flexion angle, triple maximum flexion of the lower limbs and 
maximum extension of the lower limbs. The relevant data 
were transferred to a computer using a firmware and an 
editor card opened in the Quintic Biomechanics 9.03v17 
video analysis software, which captured the data in MPEG-4 
format. 
 The video frames were cut or analyzed dynamically with 
reduced timeline speed. Data were tabulated and submitted 
to statistical analysis using SPSS, version 21.0 (Chicago, IL, 
USA). The values obtained from the right and left 
hemibodies were compared by an independent t-test. The 
angles of trunk flexion, triple maximum flexion of the lower 
limbs and maximum extension of the lower limbs were 
compared in both standing (orthostatic) and sitting positions. 

RESULTS AND DISCUSSION 

 The position and the symmetry of the angles that 
comprise the complex interaction bike-rider system may 
affect the magnitude and direction of the force applied to the 
pedals and the pedaling technique, the neuromuscular 
strategy adopted, the economy of motion, the probability of 
injuries, the aerodynamic friction and, more directly, the 
sensation of comfort on the bike [13, 14]. Thus, it was 
possible to determine that the angle measurements obtained 
from the road racing cyclists using biophotogrammetry 
revealed no significant results when both right and left 
hemibodies were compared. Relevant angular changes that 
occur between the hemibodies have proved the asymmetries 
and consequent imbalances in muscle groups and in the 
center of gravity, which would most likely generate certain 
pathologies. Therefore, the statistical analysis found p > 
0.05, which suggests a positive aspect because it proves that 
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the right and left hemibodies have a similar symmetric 
pattern, according to Table 1. 
Table 1. Biophotogrammetric means and standard error of 

the following clinical conditions: Shoulder Elevation 
(SE), Scapula Rotation (SR), Trunk Inclination (TI) 
and Pelvic Inclination (PI), right and left sides, in 
road cyclists. 

 

Clinical Conditions Sides Mean SE P Value  

SE 
Right Side  98.56 ± 1.56 

0.45ns 

Left Side  100.07 ± 1.22 

SR 
Right Side  128.43 ± 3.35 

0.60ns 

Left Side  126.28 ± 2.37 

TI 
Right Side  114.00 ± 2.35 

0.76ns 

Left Side  113.10 ± 1.87 

PI 
Right Side  91.61 ± 1.03 

0.63ns 

Left Side  92.29 ± 0.93 
* Statistical significance at p ≤ 0.05. 
ns Not significant. 
 
 The analysis of the movements performed in both sitting 
and orthostatic positions suggest that there were no 
significant differences in the trunk flexion angle during the 
performance of the sporting gestures. However, when the 
triple maximum flexion of the lower limbs and the maximum 
extension of the lower limbs were analyzed, a statistical 
significance (p < 0.05) was found when the angles were 
compared in both positions (sitting and orthostatic), as 
shown in Table 2. 
Table 2. Kinemetric means and standard error of the 

following clinical conditions: Trunk flexion (TF), 
Triple Maximum Flexion of the Lower Limbs 
(TMFLL) and Maximum Extension of the Lower 
Limbs (MELL) in standing (orthostatic) and sitting 
positions in road cyclists. 

 

Clinical Conditions Position Mean SE P Value 

TF 
Sitting 

Orthostatic  

152.03 ± 1.98 
0.48ns 

150.07 ± 1.95 

TMFLL 
Sitting 

Orthostatic  

88.04 ± 2.01 
0.00* 

100.99 ± 1.76 

MELL 
Sitting 

Orthostatic  

150.28 ± 3.87 
0.00* 

173.48 ± 1.41 
* Statistical significance at p ≤ 0.05. 
ns Not significant. 
 
 In the present study, it was observed that the cyclists 
showed no impairment between the hemibodies, which is an 
important factor, considering that their body posture depends 
on the adjustments made during the performance of the 
sporting gestures. According to Cavanagh and Sanderson 
(1986) and Bertucci and Grappe (2009), cycling is an 
essentially symmetric sports activity in which the trunk and 
upper limb muscles also contribute to the pedaling, primarily 

when cyclists participate in competitions [15,16]. However, 
Daly and Cavanagh (1976) showed in their studies of 
recreational cyclists that the contribution of each lower limb 
was asymmetrical [17]. Gregor, Conconi and Broker (1991) 
reported that symmetry in pedaling technique is rare and that 
if the bike is not properly adjusted to the rider, it can 
accentuate asymmetry or cause injuries, anatomical 
discrepancies and neuromuscular deficit, thus making 
training more difficult [18]. 
 Bolz and Davies (1984) reported that in individuals with 
lower limb discrepancies, the shorter lower limb is likely to 
exert less force [19]. Based on this assumption, it was 
hypothesized that in addition to the biomechanical changes 
that occur as a result of discrepancies, the longest limb 
should apply more force to the pedal, causing torque 
asymmetry and overload of the lower limb muscles, which 
leads to the development of tension in the ipsilateral 
lumbar/pelvic muscles. According to Cavanagh and 
Sanderson (1986), asymmetry during the propulsion phase 
generates an imbalance of muscle work, which may have a 
negative effect on the rider’s performance compared with the 
condition in which the lower limbs contribute equally to 
generate power [15]. 
 In the present study, the evaluation was only performed 
with right-handed individuals and showed that the angles 
evaluated did not show discrepancies between the 
hemibodies, which can be considered a relevant factor and 
indicative of a symmetrical pattern in the gestures evaluated. 
These changes can cause injuries and compromise the 
performance of the rider. For Carpes et al. (2004), the non-
dominant limb maintains the characteristic movement pattern 
compared with the dominant limb, when the dominant 
asymmetrical patterns are considered. Therefore, these 
findings reveal the need for a specific training practice with a 
focus on pedaling symmetry [20].   
 The computerized kinemetric assessment was aimed at 
the visual aspect of the angular patterns in two specific 
positions on the stationary bike: sitting and orthostatic. This 
assessment tool allows for understanding the biomechanics 
of the athletic gesture and posture during their standard 
performance. 
 Three posture angles were used in the study: Trunk 
flexion (TF), Triple Maximum Flexion of the Lower Limbs 
(TMFLL) and Maximum Extension of Lower Limbs 
(MELL). For the TMFLL axis-angle representation, it was 
noted that in the standing position there was a prevalence of 
the triple flexion of the lower limbs compared with the 
sitting position, which can interfere with an individual's 
torque for a more effective sporting gesture. Similarly, for 
the clinical condition of MELL, the lower limb extension 
threshold was higher in the standing position [21]. Therefore, 
the extension pattern is greater in the orthostatic position due 
to high body weight bearing compared with the sitting 
position, which is more effective in the short term, i.e., 
during the performance of the sports gestures, but increases 
muscle fatigue in the long term [22]. The results found for 
TMFLL and MELL were expected, though the body position 
and the bike adjustments should be carefully set for sports 
and recreation. The cyclists' positions on different types of 
bicycles used during competition generate changes in the 
lumbar spine, produce an inversion of the physiologic inter-
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vertebral angle and change the transmission of pressure to 
the spinal discs, compressing the front part of the disc, 
straining the back ligaments and causing lumbar pain [23, 
24]. 
 Cyclists constantly suffer from lumbar back pain [25]. 
Usabiaga et al. (1997) reported that an imbalance between 
the flexor and extensor muscles can cause low back pain in 
individuals with no fitness [23]. 

 For the clinical condition of TF, it was observed that the 
trunk flexion had a similar pattern in both sitting and 
orthostatic positions due to the sports adaptation and 
training, thus reducing the relationship between body mass 
and aerodynamics. 
  Diefenthaeler et al. (2008) found that the trunk 
inclination angles did not present significant alteration on its 
sagittal movement. A larger trunk inclination was observed 
in the second quadrant of pedaling (from 90° to 180° of the 
crank cycle). However, the trunk flexion angle during the 
crank cycle presented an average value of 149° (±8°) and a 
range of motion between 7° and 11° [26]. These findings 
corroborate our study, which found an average flexion value 
of 152° in the sitting position and 150° in the orthostatic 
position. The stability and control of trunk flexion at a 
certain angle is essential, as Mellion (1994) reported, 
because the lumbar spine is the support the rider uses to 
control and drive the bike and its firmness determines the 
comfort and quality in cycling [27]. For Usabiaga et al. 
(1997), the global mechanical load over the spine is reduced 
when the weight is supported by the upper limbs 
(aerodynamic position), which can be repeated by adjusting 
the seat height, which will project the rider's weight forward 
[23]. However, this forward bending position and prolonged 
compression to intervertebral discs can all be responsible for 
ongoing backache [28-30]. Groenendijk, Christiaans and 
Van Hulten (1992) have reported that more than 1 million 
members of the Dutch cycling population suffer from bike 
soreness [31]. Discomfort in specific body segments during 
the pedal stroke were also noted in the cyclists evaluated by 
Martins et al. (2006). Misalignment in the body positioning 
of cyclists classified as athletes (competitive) or non-athletes 
(recreational) may lead to discomfort, which results in 
injuries due to repetitive training [32]. 

CONCLUSION 

 Based on the results obtained, it can be concluded that 
the angle measurements found show that the biomechanics 
of the sports gestures in road cyclists was not compromised, 
nor was the angle specification between the hemibodies. 
This finding is directed in particular to the implementation 
and planning of training practices that will raise the 
awareness among cyclists of their bodies and the appropriate 
adjustments of the bicycle components. However, these bike 
adjustments with the corresponding body gestures of the 
cyclist are necessary to provide greater comfort, particularly 
to recreational cyclists who need to be well instructed by 
health professionals and physical trainers so that they can 
adapt, formulate and find the best angles and postures during 
their performance. 
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