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I Abstract
Introduction. The number of cyclists increases each year. Some people treat cycling as a passion and practice it at every
possible occasion, while for others it is a mean of transport or a form of relaxation at the weekend. However, very few people
realize that cycling can also have a negative impact on their health.
Objective. To assess the prevalence of lower extremity and spine pain in cyclists, and evaluate the influence of various
factors causing it.
Materials and method. The study was performed on 167 subjects during amateur cycling competitions in the Greater
Poland and Kuyavian-Pomeranian Provinces. A specially prepared questionnaire was used in the study. The questions related
to the pain caused by cycling, the character and the localization of the pain, and the presence of warm-up and stretching.
Results. Knee pain was reported in 40% of the study subjects (mostly anterior pain — 26%). Spine pain was reported in 41%
of the studied athletes, where 26% was related with the lumbar spine. Variables, such as age, weight, age, BMI, training
experience and number of hours devoted to training per week had no influence on the incidence and the localization of leg
pain, but it had influence in the case of spine pain. Stretching after cycling was the factor which significantly distinguished
the studied groups with regard to the incidence of knee pain.
Conclusions. The most common type of leg pain was knee pain (anterior knee pain) whereas spine pain was most
commonly reported in the lumbar spine. Statistical analysis showed that spine pain is more often reported by people who
are older, have higher weight, and people who spend more time training per week. Warm-up and stretching after cycling

are recommended to cyclists who experience pain.
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INTRODUCTION

Physical activity is a factor affecting the quality of life and
longevity by, for example, recuing the risk of obesity, metabolic
syndrome [1], and cancer [2]. One of the most commonly
practiced forms of physical activity by society at large is
cycling [3]. The Polish Central Statistical Office (Gtéwny
Urzad Statystyczny — GUS) states that approximately 55%
of household members ride a bicycle [3]. These numbers are
subject to changes with each year. The increasing number of
cyclists is associated with the increasing number of injuries.

Cycling is considered a non-impact sport, in which the
body of the cyclist is constantly affected by vibration [4, 5].
Injuries in cyclists are divided into acute trauma (caused by
a fall, traflic accident, or using improper bicycle equipment)
and chronic overuse injuries [6, 7, 8]. Overuse injuries occur
in bicycle riders who regularly ride their bicycle [7, 9]. Overuse
and acute injuries can be caused by unsuitable preparation
for cycling (lack of warm-up, use of wrong equipment), poor
riding technique, including inappropriate body position
[10, 11, 12, 13]. The nature of the terrain used for riding
a bicycle also affects the injury incidence (falling from a
bicycle, vibration)[4, 7]. Overuse injuries are more common
than acute traumas in mountain bikers who ride on mixed
terrain [7, 12].
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OBJECTIVE

The purpose of this study is to assess the incidence of pain
in the lower extremities and spine caused by riding a bicycle,
and to evaluate the influence of various factors (such as age,
weight, training experience, presence of warm-up/stretching)
on injury incidence.

MATERIALS AND METHOD

167 people from different parts of Poland participated in the
study. Only amateur cyclists participating in competitive
racing (March 2013 - October 2013) were included. Detailed
inclusion and exclusion criteria are presented in Table 1.

The studied group was selected randomly from the
participants in amateur mountain bicycle racing competitions
held on very mixed terrain. The nature of the terrain ranged
from sandy field roads, through forest paths with visible tree
roots, to difficult rocky slopes.

The study used a specially prepared questionnaire
consisting of single-choice and multiple-choice close-ended
questions. The questions sought to:

a) establish the prevalence of lower extremity and spine injury
within a sample group of cyclists;

b)identify the most common location of lower extremity
and spine pain;

¢) show the type of warm-up performed by the cyclists;

d)investigate the relationship between the incidence of lower
extremity and spine pain and the presence of warm-up.
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Table 1. Inclusion and exclusion criteria used in the study

Inclusion criteria

Exclusion criteria

- people training for and participating in competitive racing on mixed terrain

- people participating in competitive racing sporadically

- people riding mountain or cyclocross bicycles

- people training on highways

- people actively training/racing on bicycles for at least one year

- people riding bicycles other than mountain or cyclocross bikes, e.g. roadster bicycles

- when injury/pain occurred, sustained between 2010-2013

- people who intensively train in other sports (swimming, running, basketball etc.)

- pain caused by mechanical injuries

Regarding the location of the injury, the interviewer also
asked cyclists to indicate the location of pain on a diagram
of human body (view from front, back, side).

The following definition of injury was used in the study:
any musculoskeletal ailment that caused the athlete to reduce
or refrain from, training for at least two days during the
period 2010-2013.

Detailed characteristics of the participants are shown in
Table 2.

Table 2. Data characterizing all participants (mean + SD, maximum and
minimum value, normal distribution)

Mean +SD  Minimum Maximum distr’i\lb(:nr:)ar:* ®)
age +SD[y] 30.98 +8.02 15 56 P=0,0033
weight + SD [kg] 74.87 £9.46 54 110 P<0,0001
height £ SD [m] 1.79 £ 0.066 1.63 2.00 P=0,6780
BMI + SD [kg] 23.32+251 18.63 33.95 P<0,0001
training + SD [h/week] 11.78 +6.89 2 50 P<0,0001
training experience [yl  7.16 +6.74 1 50 P<0,0001

*verified through Shapiro-Wilk test

Quantitative Traits of the study subjects were described
with basic statistics using minimum value, maximum value,
mean value and standard deviation (SD). The Shapiro-Wilk
test was used to evaluate the similarity of distribution of
variables (age, weight, BMI, training experience and number
ofhours devoted to training per week) to normal distribution.
The selection of methods and tests used in the analysis
depended on the spread of results and their associations.
The Mann-Whitney U test and Fisher’s exact test were used to
compare two independent groups. A 95% confidence interval
was adopted in the calculations. The results were developed
using statistical software STATISTICA 10 (StatSoft, Poland).

RESULTS

Pain in lower extremities and spine. The collected data
showed that leg pain and spine pain was experienced by
72 and 70 subjects respectively. Knee joint pain (40%) and
lumbar spine pain (33%) were the most common (Tab. 3).
The least reported lower extremity pain was hip joint pain
(9.6%), and the least reported spine pain was in the thoracic
spine pain (5.4%).

Thanks to precise descriptions of the localization of pain
by the study subjects a more detailed distribution of knee
joint pain was available in 4 surfaces. The most common
localization of knee joint pain in all studied subjects was
the anterior surface of the joint (26%). Lateral knee pain was
reported in 12% of subjects and medial knee pain in 13%

Table 3. Incidence of pain in lower extremity joints and spine

LOWER EXTREMITY SPINE
Hip Knee  Ankle Cervical Thoracic Lumbar Sacral
joint  joint  joint curve curve curve  curve
Pain YES 16 66 17 19 9 55 20
occurance  NO 151 101 150 148 157 112 147

of subjects. Anterior knee joint pain was the least common
(4.8%).

Age, weight, height, BMI, time spent on a bicycle and the
lower extremity pain. In order to examine the relationship
between age, weight, height, BMI, time spent on a bicycle
and the presence of pain in a given body region, the study
subjects were divided into 2 groups — subjects with pain and
subjects with no pain in a given body region. The analysis
was performed using the Mann-Whitney U test (a = 0.05).
Before each analysis, normal distribution was checked for
every group (Shapiro-Wilk test, a = 0.05).

There was no significant effect of any of the studied factors
on the incidence of lower extremity pain (Tab. 4).

Table 4. Effect of various factors on the incidence of lower extremity pain

Hip joint Knee joint Ankle joint
Age P=0,3735 P=0,9699 P=0,9177
Weight P=0,9956 P=0,6640 P=0,4374
Height P=0,1768 P=0,1610 P =0,4437
BMI P=0,3638 P=0,9817 P=0,2368
Training experience P =0,4080 P=0,7295 P=0,5200
Trainings per week P=0,5289 P=0,7647 P=0,1500

Age, weight, height, BMI, time spent on a bicycle and spine
pine. Analysis showed that older people are more likely to
report lumbar spine pain. Cervical spine pain is more often
reported by people with height and weight above the average.
Significant differences between the groups were also found in
the relationship between BMI and training experience and
thoracic spine pain. Sacral spine pain was reported more
frequently by people who spent more hours per week training.

Warm-up and stretching after cycling. 155 athletes declared
they performed warm-up, and 12 people declared the
opposite. The group performing warm-up (always, often,
sometimes, only before competitions) was not significantly
(statistically speaking) different, in terms of pain incidence,
from the group performing no warm-up (Fisher’s exact test:
p>0.05).

It was established that the most common form of warm-up
was calm cycling. Approximately 48% of cyclists spent 5-15
minutes on this type of warm-up, and approximately 35%
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Table 5. The effect of various factors on the incidence of spine pain

Cervical Thoracic Lumbar Sacral
curve curve curve curve
Age P=0,7525 P=0,5679 P=0,0308* P=0,4371
Weight P=0,0192* P=0,2038 P=0,0056 P=0,5242
Height P=0,0193* P=0,0884 P=0,6282 P=0,7746
BMI P=0,2322 P=0,0091* P=0,0065 P=0.7599
Training experience P=04962 P=0,0492* P=0,9848 P=0,6974
Trainings per week P=0,5937 P=0,4343 P=0,7348 P=0,0456*

* statistically significant results (the Mann-Whitney U test, a = 0.05)

Table 6. Relationship between incidence of lower extremity and spine
pain, and presence of warm-up

Lower extremity pain Spine pain
YES (n=72) NO (n=95) YES(n=70) NO (n=97)
67 88 67 88
YES (n=155) (93.06%) (92.63%) (95.71%) (90.72%)
Warm-up
5 7 3 9
NOM=12 (oaon) (73790 (429%)  (9.28%)
Table 7. Type of exercises performed by the athletes
Duration Calm cycling Static exercises Massage
0-5min 13 35 8
5-15min 80 15 4
15-30min 58 1 1
>30 min 8 - 1
TOTAL 159 51 14

spent 15-30 minutes. Static exercises were a less common
form of warm-up (approximately 31%). Massage was used
by a small number of cyclists. There was no significant
relationship between the groups with regard to the frequency
of performing a warm-up and the incidence of pain (Tab. 8)
(the Mann-Whitney U test, a = 0.05).

Stretching after cycling was a factor which significantly
differentiated the studied groups with regard to the incidence
of knee pain (Tab. 8).

DISCUSSION

The studied subjects participated in mountain cross-country
(XC) races and marathons (MX). Cross-country races
are characterized by fast, high-intensity cycling for short
distances (4-18 km) [UCI 4.2.002, 4.2.004], in a relatively
short period of time (approx. 1-1.5 hours) [UCI 4.2.001].
According to the rules of the Union Cycliste Internationale,
a marathon cannot be shorter than 3 hours for the fastest
participant and has to be at least 60 km long [UCI 4.2.004].
It is characterized by a long physical effort spread over time.

Most participants of cycling races are male, with only a
small percentage of women taking part in the competitions
[14]. In Poland, women constitute approx. 10% of the total
number of competitors [15]. In the presented study, the
material consisted only of men due to low female participation
in the competitions at the time of the study, and the refusal of
female participants to take part in the study. The low number
of female participants in mountain cycling competitions,
both in XC cycling and marathons, should be attributed to
the specificity of routes during competitions. The two types

Table 8. Frequency of warm-up and stretching after cycling performer by the athletes

PAIN AND ITS LOCALIZATION

hip joint knee joint ankle joint cervical curve thoracic curve lumbar curve sacral curve
Factor YES NO YES NO YES NO YES NO YES NO YES NO YES NO
always 8 74 34 48 10 72 8 74 5 77 24 58 8 74
4 (50%)  (49.01%) (51.52%) (47.52%) (58.82%) (48%) (42.11%) (50%) (55.56%) (48.73%) (43.64%) (51.79%) (40%) (50.34%)
often 2 23 6 19 1 24 3 22 1 24 1 14 3 22
o (12.5%) (15.23%) (9.09%) (18.81%) (5.88%) (16%)  (15.79%) (14.86%) (11.11%) (15.19%) (20%) (12.50%) (15%) (14.97%)
Z sometimes 3 18 10 11 2 19 4 17 3 18 6 15 5 16
§ (18.75%) (11.92%) (15.15%) (10.89%) (11.76%) (12.67%) (21.05%) (11.49%) (33.33%) (11.39%) (10.91%) (13.39%) (25%) (10.88%)
g only before 2 25 11 16 3 24 3 24 0 27 12 15 2 25
E competitions (12.5%) (16.56%) (16.67%) (15.84%) (17.65%) (16%) (15.79%) (16.22%) (0%) (17.09%) (21.82%) (13.39%) (10%) (17.01%)
E never 1 11 5 7 1 11 1 11 0 12 2 10 2 10
g (6.25%) (7.28%) (7.58%) (6.93%) (5.88%) (7.33%) (5.26%) (7.43%)  (0%)  (7.59%) (3.64%) (8.93%) (10%)  (6.8%)
o
2 Mann-
2 .
g Whitney P=0.8981 P=09636 P=05941 P=0.6659 P=04523 P=05706 P=0.4809
o Utestresults
L (P)
es. always 44 28 24 6 46 7 45 4 48 16 36 6 46
yes 4 (50%) (29.14%) (42.42%) (23.76%) (35.29%) (30.67%) (36.84%) (30.41%) (44.44%) (30.38%) (29.09%) (32.14%) (30%) (31.29%)
yes, 6 75 29 52 7 74 8 73 4 77 25 56 10 71
D sometimes  (3.59%) (49.67%) (43.94%) (51.49%) (41.18%) (49.33%) (42.11%) (49.32%) (44.44%) (48.73%) (45.45%) (50%) (50%)  (48.30%)
c
:>)~ no. never 2 32 9 25 4 30 4 30 1 33 14 20 4 30
g ! (12.5%) (21.19%) (13.64%) (24.75%) (23.53%) (20%) (21.05%) (20.27%) (11.11%) (20.89%) (25.45%) (17.86%) (20%) (20.41%)
§ Mann-
S Whitney P=0.1075 P=0.0077*% P=0.9290 P=0.7260 P=0.3281 P=0.3836 P=0.9552
@ Utestresults
& (P

*statistically significant results (the Mann-Whitney U test; a = 0.05)
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of competition are held on the same kind of terrain which
ranges from sandy field roads, through forest paths with
visible tree roots, to difficult rocky slopes.

Difficult terrain, physical and psychological exhaustion,
bicycle malfunction, distraction or wrong assessment of
situation during fast cycling on difficult terrain [9, 12], and
the desire to win, can lead to serious injuries in cyclists during
training or competitions. Overuse injuries are also common,
and can comprise 55-85% of all injuries [7, 16]. Lareau et al.
[12] nie odnotowali znaczacych réznic w typach urazow
podczas badania zawodnikéw XC oraz MX. Authors
studying the incidence of cycling-related injuries report
that approx. 2-30% of the studied groups were women [9, 17].

Najczescieszymi lokalizacjami urazow ostrych w
kolarstwie jest: ankle, shoulder (clavicle bone)/arm, knee
[7, 8, 9]. However, knee joint, cervical and lumbar regions
of the spine are the most common localizations of overuse
injuries [7, 18].

Mountain cycling exposes the human body to constant
vibrations of various amplitude which can lead to adverse
health effects, especially pain in intercarpal articulations and
spine [14, 19, 20]. Low back pain is a common overuse injury
among cyclists, and many authors [21] attribute this to a long-
lasting inclination of cyclists. Inclination can lead to longer
intervertebral stress, intradiscal pressure or viscoelastic
deformation of lumbar tissues, and eventually to pain [21].
Muyor et al. [21] reported spinal adaptive changes in cyclists:
thoracic hyperkyphosis in standing (smaller in sitting) and
higher anterior pelvic tilt. Long-lasting inclination occurring
during cycling can contribute to pain in the cervical curve
(hyperlordosis in watching the terrain) [18]. Srinivasan et al.
[22] showed a significant difference in spinal muscle fatigue in
people depending on whether or not they experienced pain.

The mean BMI of the study subject shows that their body
mass is normal relatively to their height (Tab. 2). A large
number of hours spent in training helps in maintaining a
healthy body weight (Tab. 2). However, the incidence of injury
increases along with the number of hours spent in training
[7]. The results of the presented study confirm this only with
regard to sacral spine pain.

Data analysis demonstrated that age, BMI and cycling
training experience have a significant effect on the incidence
of pain in individual spine segments. Increased body mass,
age above the average, and longer training experience, all
support the hypothesis that overuse injuries are a cause of
spine pain. Wang et al. 23] and Heir et al. [24] disagree and
report no correlation between height, weight, age and injuries
of the musculoskeletal system. However, these studies were
carried out with police officers and soldiers as study subjects.

Knee joint injuries were reported by 66 subjects, which
makes them the most common type of injury. In the
current study, no correlations were founsd between age,
weight, height, BMI, or the time spent on a bicycle and the
incidence of pain. Lower extremity injuries can be caused by
individual biomechanical factors and a relationship between
symmetrical bicycle structure-asymmetrical body of a cyclist
[25, 26]. Small elasticity of the muscle-ligament system or
differences in the length of the legs can cause of iliotibial
band syndrome in the shorter leg and posterior knee pain
[22,25,27]. Medial knee pain can be caused by a flat foot and/
or the internal rotation of the foot [25]. The most frequently
described cause of anterior knee pain is patellofemoral

pain syndrome [27]. The trajectory of patella movement
during extension is modified by the joint’s surfaces and the
tension of active stabilizers — the vastus lateralis and vastus
medialis muscles [28]. Dieter et al. noticed that people with
patellofemoral pain syndrome have a different thigh muscle
activation time than the control group, and that these muscles
are responsible for the syndrome [29].

Asthe results of the current study show, heavily overloaded
joints of the athletes are prone to injuries. It is important to
prepare oneself before any physical activity by performing
a warm-up, which often gets neglected or poorly executed.
The results show that stretching after cycling is of great
importance. There was a significant correlation between
stretching and the incidence of knee pain. This correlation
can be easily explained. As the questionnaire showed, each
participant with knee pain started stretching out of fear for
their knee. Unfortunately, the results do not show whether
the incidence of pain was reduced after the introduction of
stretching.

In order to avoid future injuries, it is not only the style of
riding and its intensity that have to be modified, but also
saddle position and angle, handlebars position, frame size
and pedal system [13, 17]. Warm-up and stretching after
cycling are recommended, because if all the anomalies are
not eradicated, the pain will return.

Limitations of research. Despite the fact that the number
of studies on injuries in cycling is increasing, it is difficult to
relate to their results because each author selects groups in
their own way. Some rely on questionnaires for professional
cyclists, some rely on questionnaires sent through the post,
others rely on data from emergency rooms and orthopedic
clinics. In this study, a questionnaire was used to study
amateur cyclists participating in races because it was believed
that it reflected the actual state of affairs the most accurately.

While filling out the questionnaire, it was noticed that
not everyone was willing to mention their pain experiences
because it is considered normal in this sport or their age. This
phenomena can result in some pain experiences remaining
unreported. The results of the questionnaire did not show
whether stretching reduces the incidence of pain in people
experiencing it.

CONCLUSIONS

Cyclists cite knee joint and lumbar spine as the locations

most commonly affected by pain.

1. Variables such as age, weight, height, BMI, training
experience and the number of hours in training per week
did not have a significant influence of the incidence and
the localization of pain in the lower extremities, but the
influence was present in the case of spine pain.

2. Attention must be paid to the form and the duration of
warm-up and stretching.

3. Modifications in the technique of riding a bicycle and
in the bicycle itself can lead to reduced injury incidence.
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