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ABSTRACT

Background: Despite existing some research on the effects of professional
cycling on cyclist’s spinal curvature angles, no research is available concentrating
on possible differences in various types of professional cycling. Road (outdoor) and
speed (indoor) cyclists have different anthropometric and predominant postures dur-
ing cycling. The current study aims to investigate if cyclists with different types of
cycling may have dissimilar spinal curvature adaptations.

Objective: Forty-eight male subjects, including 16 elite road cyclists, 16 elite
sprint cyclists and 16 non-athletes as the control group were recruited in this non-
experimental study.

Material and Methods: In this cross-sectional study, a spinal mouse was
used to measure the thoracic and lumbar curvature angles in standing position.
Results: The mean values of thoracic kyphosis and lumbar lordosis angles

were found as follows: 48.3+7.2° & -20.3+7.2° for elite road cyclists; 46.6+£8.1° &
-22.547.7° for elite sprint cyclists; and 37.5+4.1° & -19+6.3° for the control group.
The results confirmed that both the road and sprint cyclists showed significantly more

hyper-kyphosis posture in their thoracic region when compared to the control group
(p<0.05).

Conclusion: All road cyclists showed no significantly higher degrees of thoracic
angle relative to the sprint cyclists (p>0.05). However, all the cyclists and the control
groups showed a normal range of lumbar lordosis angle. As a conclusion, the results
of this study confirmed that an elite cyclist may predispose these subjects to the risk
of hyper-kyphotic posture. The road cycling may result in more hyper-kyphosis due
to the longer time, spent in flexed position.
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Introduction
eviewing the literature reveals that long-term sports training can
gradually cause specific postural adaptations in athletes. Several
studies have considered sagittal spinal curvatures in different
sports with predominant semi-flexed posture such as skiers, wrestlers,
rowers, and paddlers [1-4]. Most of these studies reported thoracic ky-
phosis increases in athletes with prolonged flexed posture. On the other
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side, many studies have also reported a tho-
racic and lumbar angles reduction in athletes
with a predominantly upright posture such as
rhythmic gymnasts, ballet dancers, volleyball,
and basketball players [5-7]. All findings de-
clared a positive correlation between the re-
petitive and dominant forward-bending or
upright postures and spinal curvature angles
during years of training in elite athletes. These
postural changes could significantly lead to a
higher multi-segmental spinal load and were
associated with abnormal forces on specific
elements of the spine [8]. Over the time, due
to the importance of the spinal curvatures in
transferring the forces along the spinal col-
umn, no changes in spinal curves may result
in different musculoskeletal and motor control
impairments [9]. A deep reviewing of the liter-
ature reveals some contradictions in studies of
this field. A possible reason could be due to the
existence of many confounding factors such as
gender, age, weight, height, muscle strength,
muscle length, which may play an important
role in spinal curvature changes. Even in nor-
mal subjects, a very wide ranges of the curva-
ture angles exists for the lumbar lordosis and
thoracic kyphosis in different studies, resulting
in the researchers suggest defining the normal
lordosis angles based on the specific features
of each individual in each specific population
[10].

Although some inconclusive literature
showed a relationship between the amounts of
the lumbar lordosis angle and the presence of
low back pain, a large number of studies have
demonstrated a relationship between force dis-
tribution changes on the spine with some al-
terations in spinal sagittal curvature angles [8,
11]. Positions with increased thoracic kypho-
sis not only results in some changes in force
transfer along with the spinal column but also
increases the possibility of the hyper-kyphosis
development by age. On the other hand, hy-
per-kyphosis posture plays an important role
in musculoskeletal impairment, increased risk
of falling rate, and also non-traumatic frac-

tures in older adults. Therefore, detection of
hyper-kyphosis at its early stage may help in
reducing the rate of damage caused by this
malformation.

Due to the popularity of cycling and the
higher frequency of overuse injuries in these
athletes [12], considering professional and
elite cyclists’ posture as an influential factor
in hyper-kyphosis is crucial. To be a success-
ful cyclist, maintaining the correct anthropo-
metric and physical posture play an important
role. During cycling, the aerodynamic drag
force may cause a reduction in cyclists’ speed
and lead to much energy consumption rate. It
is clear that when the cyclist’s back is rela-
tively parallel to the ground, their drag force
is less than an upright position [13].Therefore,
remaining in the forward bending posture for
a longer time is essential particularly for road
cyclists.

A number of studies measured the spinal
curvatures of elite cyclists in sagittal plane [3,
4, 14]. Some studies have reported a hyper-
kyphotic posture in the standing position only
in highly trained cyclists, as well as a neu-
tral lumbar angle. In addition, greater lumbar
flexion and enhancement of anterior pelvic
tilt during cycling were explored in elite cy-
clists when compared to the non-athletes that
occurred following a long time aerodynamic
stooped position. Van Hoof et al. (2012) re-
ported more flexion of the lower lumbar spine
in elite cyclists with low back pain in compari-
son with the healthy cyclists [15].

Reviewing the literature reveals that most
of the previous studies have focused on com-
paring the cyclists’ postures with different
athletes, particularly with athletes in standing
postures. Since one of the most important fac-
tors on cyclists such as posture is the time that
they are in stooped position, it is logical to in-
vestigate if the type of cycling, including the
road, sprint and mountain cycling is also an
important issue. Numerous studies have indi-
cated a functional plasticity in different muscle
fibers in human occurring based upon the prin-
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ciple of specificity following muscle training.
Referred to these studies, it can be concluded
that athletes involved in long-distance sports,
such as road cycling have noticeably more
slow muscle fibers (type I) in comparison
with the athletes involved in sprint type exer-
cises [16]. Due to the different physiological
structures of muscles in speed and endurance
athletes [17], it seems that investigating the
postures of these cyclist separately is useful.
The current study aims to survey the thoracic
and lumbar curvature angles in sagittal plane
in elite road and sprint cyclist.

Material and Methods

In this cross-sectional study, thirty-two elite
male cyclists, including 16 road and 16 sprint
cyclists who played in Iran cycling nation-
al team, were participated. Sixteen age-sex
matched non-athletes were also recruited as
the control group. All cyclists should have at
least 3 years of experience in cycling in the
national team. The subjects excluded if they
reported a permanent thoracic or lumbar pain
lasting for 3 months or more had no spinal
structural pathology, no postural problems in
frontal plane such as scoliosis and no abdom-
inal or spinal surgery at all. The non-athlete
subjects had no professional sport history. All
subjects signed an informed consent form,
approved by the Human Subjects Commit-
tee, the University of Shahid Beheshti, and
Medical Sciences prior to participation in this
study. Some information such as the subjects’
personal information and the history of taking
part in the professional cycling were recorded
in an author-made information sheet prepared
for this study.

A spinal mouse (Idiag, Voletswil Company,
Switzerland) was used in this study in order
to measure the thoracic and lumbar curvatures
in the standard standing position. The spinal
mouse has already been approved by some re-
searchers as a highly reliable non-invasive de-
vice for measuring the spinal curvatures [18,
19]. To control the diurnal changes in mea-

surement of the spinal curvatures, all records
were carried out between 9:00 am and 13:00
pm, in each testing day. All tests were repeated
three times by the same technician. The sub-
jects were tested in the standing comfortable
position with hands hanging beside their bod-
ies with an exposed trunk and the C7 spinous
process and the top of the anal cleft were de-
termined and marked by the examiner [20].
Then, the spinal mouse device was placed on
the defined C7 spinous process and moved
along the midline of the spine to the top of
the anal cleft at a constant speed. The spine’s
topography was recorded in the sagittal plane
and repeated for three times. Prior to the main
study, an intra-tester reliability study was car-
ried out on the cyclists and control groups to
confirm the repeatability of the spinal mouse.
In order to complete the intra-tester reliability
assessment, 15 volunteers were assessed twice
by the same examiner. For this purpose, the
participants’ thoracic and lumbar curvatures
were measured three times and repeated after
30 minutes.

A Kolmogrov-Smirnov test was used to ex-
amine the normality of variable distribution
and the results showed a normal distribution.
The intra-class correlation coefficient (ICC)
was applied to assess the relative and absolute
intra-tester reliability of the measurements.
The one-way mixed-design ANOVA and the
Bonferroni post hoc test were used to compare
the thoracic and lumbar curvatures among the
groups. A Pearson’s correlation coefficient
test was also used to find out if any correla-
tion exists between the number of years of the
cyclists’ experience and hours of exercising to
cycling with the amount of thoracic and lum-
bar curve angles. The same correlation test was
also used to define any correlation between the
height and weight with the kyphosis angle of
the participants.

Results
Demographic characteristics are shown in
Table 1. According to the Shapiro-Wilk test,
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Table 1: Descriptive characteristics of road and sprint cyclists and non-athletics group

Road cyclists (n=16) Sprint cyclists Non-athletics group

Mean (SD) (n=16) (n=16)
Age 24.1(4.2) 25.3(6.6) 22.6(3.6)
Height(m) 179.7(5.6) 179.1(3.4) 179.1(8.6)
Weight(kg) 71.6(6.5) 80.6(7) 73.7(15.9)
BMI (kgem?) 22.2(1.8) 25.1(2) 22.9(3.7)
Training time (years) 6(2.8) 7(3.8)
Training time (hours\week) 21.21(7.1) 16.38(4.4)

BMI: Bady Mass Index

no significant differences were seen in the
subjects’ height, weight, BMI and age among
the groups. The ICC values for reliability as-
sessment demonstrated a high intra-tester reli-
ability for spinal mouse measurement of the
thoracic and lumbar curves (0.97 and 0.94,
respectively). The result of one-way mixed-
design ANOVA showed significant differenc-
es (p<0.05) in thoracic kyphosis between the
two groups of cyclists and the control group;
however, no statistically significant differenc-
es were found in lumbar lordosis between the
experimental and the control groups (Table 2).

Although both groups exhibited a greater
thoracic kyphosis angle than the non-athletes,
no significant differences were observed in the
thoracic and lumbar curves of the road and
sprint cyclists. In addition, there was no cor-
relation between the athletes’ years of experi-
ences (the duration of cycling) and hours of
exercising to cycling with their spinal curve
angles. Moreover, no significant relationship
was observed between the BMI, weight or

height of the subjects and the increased ky-
phosis angle.

Discussion

The current data revealed that most cyclists,
regardless of the type of cycling, have a hy-
per-kyphotic posture relative to the normal
people which was in agreement with the pre-
vious studies. It should be considered that no
significant differences were found in terms of
age, height and weight as influencing factors
among the three groups. Due to the lengthy
drill time cycling in road cyclists, they showed
no significantly more hyper-kyphotic posture
than the sprint cyclists.

The lumbar curvature angel didn’t show any
differences between road and sprint cyclists
groups. Also, this variable showed no differ-
ences between non-athletics subjects and cy-
clist, which was in agreement with the previ-
ous studies [3, 4, 14]. Therefore, it seems that
despite the longtime excessive forward bend-
ing and the anterior pelvic tilt during cycling,

Table 2: Mean values (SD) of the thoracic and lumbar spinal curvatures in road and sprint cy-

clists and non-athletics groups

Road cyclists

Sprint cyclists

Non-athletics group p-value

Thoracic kyphosis
Lumbar lordosis

48.17(7.2)
-20.32(7.2)

46.63(8.1)
-2247(7.7)

37.52(4.1) 0.00
-18.97(6.3) 0.41
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the cyclists didn’t show any changes in their
lumbar lordosis angle when was tested in nor-
mal standing position. Since the lumbar spine
is inherently more mobile than the thoracic
spine region [21], it might be assumed that the
tolerability of the lumbar region is more to ac-
cept the repeated and persistent forward bend-
ing postures. On the other hand, the specific
anatomy nature of the spinal extensor muscles
leads to the special motor control of these
muscles to provide the possibility of the in-
dependent movement pattern in different seg-
ments of the spine [22, 23]. The motor control
independency could prove the variability seen
in the adaption behavior of the thoracic and
lumbar regions.

Muyor et al. [3] suggested that the thoracic
hyper-kyphosis may not be directly associated
to the positions adopted on the bicycle. Ac-
cordingly, cyclists with thoracic hyper-kypho-
sis posture in standing position showed more
normal thoracic angular values throughout the
sitting on the bicycle. Therefore, they reported
that some other factors may be responsible for
this postural adaptation.

In the current study, no relationship was
found among the number of training experi-
ence years, cumulative training hours, and
the spinal curves changes in cyclist groups.
However, in 2000, Wojtys et al. investigated
the relationship between the long hours of
practicing/exercising to training, and the sag-
ittal spinal curvature in other sports such as
football, gymnastics, ice hockey, and swim-
ming [24]. These studies showed a significant
enhancement in lumbar and thoracic angles
of children with more training exposures. The
relevance in this study could be due to the
range of participants age (8-18 years old), and
this reality that the immature spine is more
flexible and prone to be directly influenced by
the mechanical forces. Since the participants
of the current study were adults with mature
and firm spine, the spinal curvatures changes
had no direct relationship with their cycling
training hours.

A hyper-kyphosis posture is known as a mul-
tifactorial musculoskeletal disorder that could
be affected by various factors such as age,
weight, height, muscle strength and length,
mal-postures [25-27]. Consequently deter-
mining a particular factor as a most important
effective element in hyper-kyphosis posture is
quite difficult.

A study in age-related hyper-kyphosis indi-
viduals showed that a body weight reduction
resulted in reduced thoracic kyphosis angle in
older people [28]. It should be considered that
in fact in aging processing, the muscles atro-
phy happens more in fast twitch muscle fibers
(type II) than the slow muscle fibers (type 1)
[25]. This shows that there is a possible re-
lationship between decreasing the amount of
fast muscle fibers and the thoracic kyphosis
angle improvement. On the other hand, nu-
merous studies showed a negative relationship
between muscle strength and hyper kyphosis
angle [22, 29, 30]. Since the spinal extensor
muscles are often more postural and endur-
ance type, most researchers have focused on
the correlation between the strength of these
muscles and the hyper-kyphosis posture [29,
30]. However, no correlation was found be-
tween the weights and heights of the subjects
of the current study and increasing kyphosis
angles between the two groups. This might be
due to the homogeneity of participant’s height
and weight in this study.

As mentioned before, the road and sprint
cyclists are different in musculoskeletal struc-
tures due to the different types of muscles and
physiological adaption in response to training.
In fact, we expect that sprint cyclist has more
percentage of type 2 muscle fibers relative to
the road cyclists. In this study, sprint cyclists
with more muscular body style showed less
hyper-kyphosis posture than the road cyclists,
although there is no statically significant val-
ue.

Conclusion
Although cyclists’ thoracic and lumbar
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curves in sagittal plane were evaluated in
some of the previous studies, none of them
investigated the possible variances of the spi-
nal curvature angles between the sprint and
road cyclists. Due to the several differences in
physiological nature of their muscle structure
and the specific type of each groups’ training
program, identification of the factors involved
in cyclists thoracic and lumbar curvatures
could help to prepare corrective exercise pro-
gram for these athletes. The results of the cur-
rent study revealed no significantly different
thoracic and lumbar curve angles between the
elite road and sprint cyclists.
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