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ABSTRACT  

DIEFENTHAELER, F.; CARPES, F. P.; BINI, R. R.; MOTA, C. B.; GUIMARÃES, A. C. S. 
Methodological proposal to evaluate sagittal trunk and spine angle in cyclists: Preliminary study. 
Brazilian Journal of Biomotricity, v. 2, n. 4, p. 284-293, 2008. This study proposes an 
improvement on the methodology for sagittal kinematics analysis of the trunk movement in 
cyclists applying an additional anatomical reference marker. Compared to common 
methodologies it was possible to describe the trunk and spine kinematics in three different 
angles. For this purpose, we have added to the anatomical reference points commonly used in 
evaluations concerning the sagittal trunk kinematics during cycling (great trochanter and 
acromio), the anatomical landmark of the last rib, which was used to calculate the trunk 
inclination angle, spine flexion angle and lumbar inclination angle. Three experienced elite road 
cyclists were volunteered to test the methodology during a cycling test at intensity 
corresponding to the second ventilatory threshold. It was observed that this new methodology 
renders useful information for a detailed sagittal analysis of the trunk motion without the need of 
a great number of markers or three dimensional setups. The method can be used during cycling 
evaluation, mainly those related to body positioning. Further studies should be conducted to test 
this methodology for gait analysis.  

Key words: Spine, low back, cyclists, kinematics.  
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INTRODUCTION 
Low back pain may occur in response to an acute trauma or intense muscle 
contractions of low back muscles (BURNETT et al., 2004). Frequently road 
competitive cyclists have been reported low back pain during long races, where 
a forward trunk position is sustained for prolonged time (JAAP et al., 2003). 
Besides the upper body position, the trunk position also affects the aerodynamic 
drag and the muscle force-length relationship, which influences performance 
(SALAI et al., 1999; BRESSEL and LARSON, 2003; SAVELBERG et al., 2003). 
It is well recognized that changes in the seated posture can alter the pedal 
forces in cycling (DIEFENTHAELER et al., 2006). This strategy is frequently 
used during competition in attempt to keep the upper extremity parallel to the 
ground, reducing the effects of the aerodynamic drag force by a forward shift 
position of the trunk (ORIGENES et al., 1993). 
Furthermore, the saddle position can alter the trunk inclination and it may 
increase the intervertebral disk pressure when a more inclined position is 
assumed (CHRISTIAANS and, BREMMER, 1999). Researchers have reported 
that low back pain occurs among 50% of cyclists (SALAI et al., 1999), and this 
situation may be related to the cyclist’s position on the bicycle. It is speculated 
that a forward position for pelvis should be used in attempt to reduce the 
incidence of low back pain and to decrease the lumbar flexion (RYSCHON and 
STRAY-GUNDERSEN, 1991; DE VEY MESTDAGH, 1998). In attempt to 
investigate the low-back movements and their relationship with performance 
variables in cycling several methodologies had been employed. Nevertheless, 
the great number of methodologies to calculate these variables presents in the 
literature difficult the comparison among different studies (BRESSEL and 
LARSON, 2003). 
Different kinematics methodologies have been applied for bi-dimensional or 
three-dimensional motion analysis during pedaling (RUBY, 1992; GREGERSEN 
and HULL, 2003). However, the upper extremity motion analysis is not often 
used to quantify and characterize the cyclist’s body position. A small number of 
studies consider the trunk inclination (ORIGENES et al., 1993; GREGOR, 2000; 
ASHE et al., 2003), even though the trunk curvature has not been quantified by 
these authors. The most accepted methodology to compute the trunk inclination 
in sagittal plane was used by BRESSEL and LARSON (2003), who calculated 
the trunk inclination by the inclination of the segment between the great 
trochanter and acromio related to the horizontal axis. 
The present study was designed to propose an improvement on the 
methodology to evaluate the sagittal trunk movement and selected spine angles 
by means of 2-D kinematics assessment. The methodology allows the 
computation of trunk inclination, spine flexion and lumbar inclination angle 
during pedaling by means of evaluation with a single high-speed camera. 
 
METHODS 
The experimental protocol was applied for three elite male competitive cyclists, 
ranked in the regional top ten, with experience in road cycling races (Table 1). 
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All participants signed an Informed Consent Term, in agreement with the 
Committee of Ethics in Research with Humans (protocol # 2004311). All 
procedures for the data collection were conducted in two sessions, at least 24 
hours apart. 
 
Table 1 - Characteristics of the cyclists for age, weight, height, training experience and 
weekly training distance of the cyclists. 

Cyclist 
Age  

(years) 
Weight 

(kg) 
Height 

(m) 
Experience 

(years) 

Weekly 
distance 

(km) 

A 30 75.3 1.81 18 450 
B 23 74.3 1.78 4 600 
C 24 63.6 1.66 8 450 

 
First evaluation session 
In the first session of evaluation, the maximal oxygen uptake (VO2MAX) was 
determined. The protocol was conducted on a cycle ergometer CARDIO2 
(Medical Graphics Corp., St Louis, USA), adapted with competitive saddle, 
handlebars and clipless pedals to reproduce the competitive posture. The 
VO2MAX was considered as the highest oxygen uptake value sustained during 
30 seconds through the direct measure method (DUC et al., 2005), using a gas 
analyzer CPX/D (Medical Graphics Corp., St Louis, USA). The test consisted of 
a cycling ramp protocol, with incremental stages of 30 W·m-1. The test was 
concluded at maximal voluntary exhaustion or when the athlete was not able to 
keep a minimum cadence of 70 rotations per minute (rpm). The VO2 and CO2 
results from this protocol were used to determine the exercise intensity 
corresponding to the second ventilatory threshold (VT2) (AMANN et al., 2006). 
Second evaluation session 
During the second evaluation session, the cyclists used their own bicycles 
mounted on a stationary wind-trainer (Cateye CS1000, Cateye Co., Osaka, 
Japan). For the data collection, the cyclists pedaled at intensity corresponding 
to individual VT2 during three minutes after VO2 kinetics stabilized (CANDOTTI 
et al., 2007; DIEFENTHAELER et al., 2008). The kinematics information was 
accomplished throughout data being acquired during the last 30 seconds of the 
test. All the cyclists adopted the upright posture during the evaluation. The data 
collection protocol was conducted employing 2-D video analysis, using a Peak 
Motus System (Peak Performance Technologies Inc., Englewood, USA), with 
images acquisition at a sample frequency of 180 Hz with a single camera (Peak 
HSC 180) positioned about a distance of 4 m, perpendicular to the plane of 
motion (Figure 1). 
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Figure 1 – Data acquisition set up with the camera positioned about a distance of 4m, 
perpendicular to the plane of motion. 

 
All images were acquired from the sagittal plane of the right side of cyclist 
during ten complete consecutive crank revolutions. The kinematics raw data 
were filtered with a second order Butterworth filter with cut-off frequency of 5 Hz 
and analyzed using mathematical software (Microcal Software Inc., 
Northampton, USA). 
Anatomical reference points 
For the calculation of the trunk inclination, spine flexion and lumbar inclination 
angles proposed in this study, besides the customary anatomical reference 
points used for trunk kinematics evaluations (great trochanter and acromio) a 
new reference point was selected. This reference landmark was positioned in 
the lateral portion of the trunk, in the anatomical point corresponding to the 
angle of the last rib. This point was selected based on its easy location, its 
intermediate position between the acromio and great trochanter, and its 
anatomical relationship to first lumbar vertebra. 
Small cuttings of reflexive tape with high adherence and diameter of 
approximately 2 cm were fixed over the cyclist skin, with the aim of facilitate the 
automatically image digitalization on the process of 2-D reconstruction. The 
anatomical reference points are illustrated on the Figure 2 (great trochanter, the 
angle of the last rib and acromio). The crank angle was considered 0º at the 
top-dead-center and positive in the clockwise direction. 
 

 
Figure 2 – Model for angular measures: trunk inclination angle (θ), lumbar inclination 
angle (β) and spine flexion angle (φ). 



 

 288

 
Variables analyzed 
All variables analyzed were obtained from the sagittal plane. The Figure 3 
depicts the biomechanical model to 2-D reconstruction of the trunk motion used 
in this study, and the anatomical references. According to the Figure 3 (A) is 
possible to observe two segments: (1) the segment from the acromio to last rib 
angle and (2) the segment from the last rib angle to great trochanter. Based on 
these segments, the spine flexion angle and the lumbar inclination angle were 
defined. The Figure 3 (B) shows the same model, however with no reference to 
the point used in the last rib. 
 

 
Figure 3 – Anatomical reference points and the angular variables analyzed. (A) The 
segment from the acromio to last rib angle and the segment from the last rib angle to 
great trochanter. (B) The model with no reference to the point used in the last rib. 

 
Statistical analysis 
Descriptive statistical was used to compare the individual differences. The 
results are expressed as mean and standard deviation. No inferential statistical 
was applied to the data. 
 
RESULTS 
Trunk inclination angle 
For trunk inclination, a similar pattern was observed among the cyclists. It was 
expected that the trunk inclination angle did not present significant alteration on 
its sagittal movements throughout the crank cycle. In the Figure 4 the mean and 
individual results of the cyclists’ trunk inclination angle are depicted along the 
crank cycle. 
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Figure 4 – Trunk inclination angle presented according to the crank angle for individual 
and group results. 

 
For all cyclists larger trunk inclination was observed in the second quadrant of 
pedaling (from 90° to 180° of the crank cycle). A small range of motion was 
observed, which has varied between 2° and 5°, with mean (standard-deviation) 
angle of 38° (±5°). These values are similar those reported by the literature 
(BRESSEL and LARSON, 2003; SAVELBERG et al., 2003). 
Spine flexion angle 
The Figure 5 represents the behavior of the spine flexion angle throughout the 
crank cycle for each cyclist and the group average. It was observed that the 
spine flexion angle presented an average value of 149° (±8°) and range of 
motion between 7° and 11°. There is a larger mobility on this region of the upper 
extremity. 

 

 
Figure 5 – Spine flexion angle presented related to crank angle for individual and 
group results. 
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Lumbar inclination angle 
The lumbar inclination angle also presented a similar pattern of movement 
among the evaluated cyclists (Figure 6). The range of motion varied from 3° to 
10°, and the maximum and minimum values were similar, occurring both in the 
second to third quadrant of pedaling. In average, the lumbar inclination angle 
presented a value of 57° (±6°). 

 

 
Figure 6 – Lumbar inclination angle presented related to crank angle for individual and 
group results. 

 
DISCUSSION 
The region who includes the low back and hip is describe by the literature as 
the “powerhouse” due their base support role for this region during generation 
of movements for the lower limb (AKUTHOTA and NADLER, 2004). 
The use of a new anatomical reference point placed on the last rib was an 
improved strategy related to some methodologies already found in the literature. 
These methods include those which have evaluated the trunk and spine 
kinematics, as used by SARTOR et al., (1999) with information related to 4th 
thoracic vertebral. WHITTLE and LEVINE (1997) used the thoracic-lumbar 
junction to analyze the adaptation of cyclists to continuous postures during their 
trainings or also in response to injuries (DE VEY MESTDAGH, 1998; 
PEARSON, 2000). Another study presents the pelvic angle measured manually, 
at statically position, without any method to measure the trunk motion 
(BRESSEL and LARSON, 2003). 
When the measure of cyclist posture is considered, the trunk position is a 
variable of great interest for aerodynamic of cycling studies. It could be justified 
because the forward trunk position affects the projected frontal area, which is 
determinant to the  aerodynamic draft (EDWARDS and BYRNES, 2007) 
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(GRAPPE et al., 1997). SAVELBERG et al. (2003) measured the trunk angle as 
the angle between the segment that connects the iliac crest and the great 
trochanter in relation to the horizontal in different trunk positions. Their results 
are limited to describe the trunk angle without any inference about lumbar 
angle. Nevertheless, SALAI et al. (1999) give results about the lumbar angle by 
means of a fluoroscopic measurement. This technique has the limitation of the 
measurement of additional information (e.g. oxygen uptake) at the same time. 
These aspects might justify the improved methodology proposed in the present 
study, which allows the measurement of cyclists’ lumbar angle and other 
variables at the same time they are pedaling at an intensity corresponding to 
approximately their individual race pace (VT2). 
Also in reference to trunk measurements, SCHACHE et al (2002) describe the 
3-D trunk and low back kinematic employing a refined technique using markers 
composed by metallic sticks positioned over specific trunk regions. The method 
permits a full detailed analysis of trunk movement permitting inclusive joint 
power and forces calculations. However, their use for cycling could be not easy 
due the dimensions of the devices during a performance on the bicycle. Also, 
for cycling we can recognize that trunk movement related to performance can 
be described throughout simplest techniques which basically describe the trunk 
sagittal movement.  
While for the gait some critical trunk kinematics seems to occur (SARTOR et al., 
1999) due, as example, their effects over arm swing, during cycling no critical 
point has been described and the main effects of trunk motion seems to be 
those affecting the aerodynamic of the cyclist. Yet considering walking, also the 
effects of whole movement velocity seems to affect the trunk muscle activation 
when possible effect on kinematic (ANDERS et al., 2007), but for cycling this 
hypothesis seems to be not evaluated until this moment. 
For the methodology proposed in the present study, it was known that the trunk 
2-D reconstruction does not perfectly represents the spine’s curvature, 
however, it can provide better parameters to evaluate the cyclist’s upper 
extremity than previous 2-D methods described by the literature. The proposed 
methodology allows getting more details on the analysis of the trunk motion with 
sagittal kinematics evaluations. The use of many reference markers, such as in 
complex three-dimensional motion analysis, would facilitate the application of a 
mathematical function to calculate the curvatures, however, the use of many 
markers which can damage the quality of data collection and impair the data 
processing (BURNETT et al., 2004). 
 
CONCLUSION 
The improved methodology to analyze the trunk kinematics proposed in the 
present study has provided more details of the trunk motion at sagittal plane 
with the possibility of additional knowledge to understand two angles of 
definition.   
For the evaluated cyclists, the methodology presented satisfactory results for 
the analysis of the trunk position, due the additional information obtained from 
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the low back region. This methodological option allows for the quantification of 
the movement and for analysis it in applied situations, like the aerodynamic 
position, as well as the responses of changes in the bicycle type, handlebar and 
saddle position, and effects of muscle fatigue. 
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