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Abstract
Mountain biking has become a popular sport in adults as well as children
and adolescents. Consequently, the absolute numbers of injuries increase.
However, there is a paucity of studies analyzing mountain bike injuries in children
and adolescents. The aim of this thesis is to provide a retrospective overview of
injuries suffered during mountain biking accidents
All children with mountain bike injuries treated at the Department of
Pediatric and Adolescent Surgery of the Medical University of Graz between 1999
and 2016 were included. Data was collected about the age at injury, gender, the
exact day and year and the exact circumstances. Additionally, the affected body
region, the diagnosis and treatment were assessed.
During the 18 years study period, 165 patients with a mean age of 13.9
years (range 5 to 18 years) were included. 144 of the patients were boys (87.3%)
and 21 girls (12.7%). No gender related age difference could be found (mean 13.9
years boys; mean 14 years girls, p=0.907). The majority of injuries happened at an
age of 15 years and during leisure time, on weekends and in the summer months.
The most commonly injured region was the upper extremity (n=78) with radial
fractures accounting for the majority of diagnoses (n=9). 12 patients suffered a
fracture of the clavicle and 2 patients ruptured their spleen. 42 patients (25.5%)
were hospitalized. 20 (12%) of these needed surgical intervention. The mean
duration of hospital stay was 4.5 days (range 2 to 23). 4 patients had to be treated
in the intensive care unit, 2 of them because of fractures of multiple vertebral
bodies.
In summary, most of the mountain bike injuries concerned boys. The upper
extremity is especially prone to injuries. Therefore, prevention strategies should
focus on these findings. Since the present analysis was retrospective a
prospective study including detailed data on the exact circumstances of accidents,
worn protective gear and the skills of the bikers is still lacking and could be
performed in future.
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Zusammenfassung
Mountainbiken hat sich zu einem beliebten Sport bei Erwachsenen sowie
Kindern und Jugendlichen entwickelt. Obwohl die absolute Anzahl von
Verletzungen steigt, gibt es nur wenige Studien, die sich mit Mountainbike
Verletzungen bei Kindern und Jugendlichen beschäftigen. Ziel dieser Arbeit ist es,
einen rückblickenden Überblick über Verletzungen bei Mountainbike-Unfällen im
Kindes- und Jugendalter zu geben.
Alle Kinder mit Mountainbike-Verletzungen, die zwischen 1999 und 2016 an
der Abteilung für Kinder- und Jugendchirurgie der Medizinischen Universität Graz
behandelt wurden, wurden in diese Studie aufgenommen. Daten über das Alter
bei Verletzung, Geschlecht, den genauen Tag und Jahr und die genauen
Umstände wurden gesammelt. Zusätzlich wurden die betroffenen Körperregionen,
die Diagnose und die Behandlung beurteilt.
Während des 18-jährigen Studienzeitraums wurden 165 Patienten mit
einem Durchschnittsalter von 13.9 Jahren (5 bis 18 Jahre) aufgenommen. 144 der
Patienten waren Jungen (87,3%) und 21 Mädchen (12,7%). Es konnte kein
geschlechtsbezogener Altersunterschied gefunden werden (durchschnittlich 13,9
Jahre Jungen, durchschnittlich 14 Jahre Mädchen, p=0,907). Die Mehrheit der
Verletzungen geschah im Alter von 15 Jahren und in der Freizeit, an
Wochenenden und in den Sommermonaten. Der am häufigsten verletzte Bereich
war die obere Extremität (n=78), wobei Radiusfrakturen die Mehrheit der
Diagnosen stellten (n=9). 12 Patienten erlitten eine Fraktur des Schlüsselbeines
und 2 Patienten erlitten einen Milzriss. 42 Patienten (25,5%) wurden stationär
aufgenommen.

20

(12%)

dieser

benötigten

chirurgischen

Eingriffe.

Die durchschnittliche Dauer des Krankenhausaufenthaltes betrug 4,5 Tage
(Range 2 bis 23 Tage). 4 Patienten mussten in der Intensivstation behandelt
werden, 2 davon wegen Frakturen mehrerer Wirbelkörper.
Verletzungen beim Mountainbiken sind typische männliche Verletzungen.
Die obere Extremität ist besonders anfällig für Verletzungen. Daher sollten
Präventionsstrategien sich auf diese Erkenntnisse konzentrieren. Da die
vorliegende Analyse eine rückblickende ist, fehlt eine prospektive Erfassung mit
detaillierten Daten über die genauen Umstände von Unfällen, getragenen
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Schutzausrüstung und die Fähigkeiten der Biker und könnte in Zukunft
durchgeführt werden.
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1. Introduction
1.1 Historical Background
One of the first known groups of people to use off-road bicycles were the
Buffalo Soldiers from Missoula, Montana in August 1896. The purpose of the
1900-mile long ordeal was to test the military function of bicycles in mountainous
terrain (1).
It were road racing cyclists, also in need of additional training during winter
time, who added a more sportive application to mountain biking. After some time,
this sport gained more and more popularity among the public, thus more
momentum and finally a world championship was formed.
Eventually, mountain biking experienced a considerable upturn after
companies, which primarily developed road bikes, started to focus on and invest in
this off-branch. Gary Fisher, Charley Kelly, Joe Breeze and Tom Ritchey
pioneered the first mountain bikes for public use in the late 1970s and early 1980s
(2).
In the 1990s and around the millennium this sport became increasingly
popular and finally outgrew its initial use as a means of transport by the military
and evolved into a mainstream activity. Recognizing its potential in the market,
soon more money was invested in the advancement of bikes and accompanying
gear, which consequently lead to bikes with full-suspension and disc-breaks.
Simultaneously, the equipment or special gear for mountain biking advanced, i.e.
mountain bike shoes with special click-pedals, unique protections for torso and
limbs, weather and dirt resistant clothing, GPS navigation systems and small and
light repair tools including pumps.
The exact date of the first competition in this sport is unknown. However, it
is thought to be sometime in the 1950s. The first official mountain bike
championship was held by the Union Cycliste Internationale (UCI) in Colorado,
USA in 1990 (3). After a multitude of regional events it was eventually introduced
to children and adolescents. The Youngsters Cup, for example, was founded in
Austria in 2011. The competition is divided in three separate age groups. Boys and
girls of the age of 13, under 15 and under 17 match in 12 stops around Austria.
One of the stops is in Graz/Stattegg from which some data is included in this
thesis (4).
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1.2 Types of mountain biking
There are multiple types of mountain biking. The following enumeration
merely represents a brief overview of the manifold existing types.
1.2.1 Cross-Country (XC)
Cross-country is a general term describing the cyclist’s movement from
point-to-point or in a loop track. It is the most common type of mountain biking.
Riders typically find their way up the mountaintop to go down a different path.
Individual sections of the track can differ based on the conditions of the ground
and also on the occurrence of uphill and downhill parts (5).
1.2.2 All-Mountain/Enduro
Enduro is very similar to XC. The main difference is that it is more technical
(5). This category can be divided into two formats. Firstly, the “Big-Mountain”
Enduro, which is basically a very long ride only going downhill. However, a few
climbing sections can occur in between in order to make the ride technically more
challenging. The “Gravity” Enduro represents the second format. It has similar
uphill parts as it has downhill parts. The latter is (supposedly) the most common
type of race brand (5).
1.2.3 Downhill (DH)
As the name indicates, DH biking is a ride all the way downhill. The bike
differs from a common mountain bike in that it is heavier, usually has broader
wheels, a special fork at the front wheel and larger disc brakes to cushion extreme
forces. Due to its structural composition, it is quite strenuous going uphill.
Therefore, most people use other modes of transportation to get uphill such as ski
lifts. Additionally, the DH track is unique in that it is very steep from top to bottom
and the terrain technically very challenging. In that sense, a preferred bicycle
course would consist of a dried-up river with obstacles such as big branches or big
rocks. In order to successfully prevail in this category, the participant/biker will
need a good technique as well as physical and mental fitness. The risk of getting
injured is relatively high. Therefore, most riders not only wear a helmet but also
protection for their backs, knees and shinbones (5).
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1.2.4 Trails
Riding a trail typically consists of jumping over several obstacles. A trail
does not necessarily demand an off-road setting but can also be performed in an
urban location. The bike is much smaller than a common mountain bike, and
therefore, requires the rider to have an excellent sense of balance. Some riders do
not even use a saddle. For many the main goal is to do showable tricks while
jumping over the obstacle (5).
1.2.5 Dirt Jumping
Dirt jumping is quite similar to trail riding, though the bicycle is smaller than
the average mountain bike. The main objective of Dirt Jumping is to become
airborne after leaping off the dirt ramp. While being mid-air, the biker will usually
try to do tricks, i.e. backflips, tabletops, triple jumps and many others (5).
Naturally, the risk of getting injured while doing any type of mountain biking,
especially downhill mountain biking, is high. Therefore, the present study focuses
on the particularities of such injuries. Before doing so, however, it is necessary to
analyzes the pre-existing studies describing mountain bike accidents in children,
adolescents and adults, and take their results and learned experience into
account.

1.3 Comparative Studies on Mountain Bike Accidents
In search for studies including mountain bike injuries of children and
adolescents to compare them with our results, an examination of PubMed has not
produced any adequate results. Since there are no studies examining mountain
bike injuries in children and adolescents, the search was expanded to general
studies about biking accidents, biking accidents in children and adolescents and
mountain bike injuries in adults.

1.3.1 Studies on Mountain Bike Accidents in Adults
Only one meta-analysis published by Carmont and co-workers in the British
Medical Bulletin could be found. The meta-analysis included 31 other studies
focusing on mountain bike accidents in adults. Specifically, the authors examined
13

certain injury patterns in detail focusing on specific anatomical areas.
Those regions were comprised of the head and face, the cervical spine, the upper
limbs, the abdominal viscera, the perineum and the lower limbs (6).
Carmont et al. have included a study published by McDermott in which
1,710 bicycling injuries were analyzed in detail. The authors concluded that the
risk of head injuries can be reduced by 39% and the risk of facial injuries by 28%
when using a helmet (7).
According to the abovementioned meta-analysis, 13% of sport related head
injuries happened while biking. Moreover, 55% of all mountain bike accidents lead
to facial bone fractures; with 15.2% of those only concerning a maxillary fracture;
22% caused dentoalveolar injuries and 23% of the casualties had soft tissue
injuries. In comparison, 50.8% of injuries among road cyclists consisted of
dentoalveolar injuries (6).
In their meta-analysis Carmont et al. have also included a study in which an
injury of the spine occurred in 24% of all patients. This low number was rather
surprising to the authors due to the fact that this particular sport involves a
considerable amount of speed and falls over the handlebar are associated with a
lot of force. This meta-analysis included a case-report of three patients suffering
from posttraumatic paraplegia (8).
Regarding the regions of the body injured most commonly, the upper limbs
were affected most often. A theory by Carmont et al. as to why these parts were
injured so frequently identifies the reflexive attempt to stop a fall by extending the
arms forward or trying to shield the face as the main reason for injuries of this
particular area (6).
The most common fractures were the radial head (35%) followed by
fractures of the distal radius and the scaphoid (30% and 28%, respectively).
According to his findings, there was a high number (92%) of nerve compression
detected in long distance cycling. Additionally, the authors have mentioned injuries
that occurred in relation to the vibration caused by off road cycling (6).
Furthermore, the study by Carmont et al. has analyzed injuries to the
abdominal organs, i.e. abdominal viscera, in more detail. Interestingly, this metastudy also incorporated an old study from Austria in which the usage of the old ‘bar
ends’ handlebars was related to severe trauma to the liver. Since this study has
merged the numbers of liver lacerations these decreased rapidly (9).
14

The most frequently injured organ among all traumata to the abdomen was
the spleen with 49% of all patients from the meta-study whereas the liver was
injured much less with 15% (6).
In addition, the above-mentioned study also has considered trauma to the
perineum. Nerve compression due to hard saddles is a consequence most cyclists
are familiar with. Nowadays, however, the saddles are molded in the middle to
reduce pressure to the nerves. According to Carmont’s study, the scrotal area was
a region with repeated micro-traumata. 96% of all mountain bikers who were
examined using ultrasound showed a pathological abnormality in the scrotal area.
In the control group only 16% had signs of abnormalities (6).
The most common findings were scrotal calculi (81%), epididymal cysts
(46%), epididymal calcifications (40%), testicular calcifications (32%), hydroceles
(28%) and varicoceles (11%) (6). Better padding and a modification of the saddle
was a recommendation given by Carmont et al. in order to reduce such injuries.
Not only the scrotal area but also the female genital region can sustain injuries as
a result of long periods of sitting on a hard saddle. Women were reported to have
unilateral vulva hypertrophy (6).
Another source for injuries is the use of quick release paddles.
Those paddles hold the foot firmly in the distal third. Release of the paddle comes
in a rotation and pulling motion, yet the release is slower than without clip-paddles.
This could result in leaving the foot too close to the bike, and therefore, making it
vulnerable to injuries by the sharp teeth of the chain ring. Also, if the paddle is
adjusted too strongly or the biker fails to remove his or her foot from the paddle
when coming to a halt the cyclist could fall over. Ultimately, this could lead to a
blow to the hip or, in the worst-case scenario, to a fracture in this region (6).
When it comes to the prevention of injuries, the study suggests that the
bikers should be well trained, ride within the level of their abilities, learn to
dismount safer and faster and not to use extended handlebars. It is also advised to
wear protective gear such as helmets with facial protection, padded gloves and
shorts, padded seats and shin protections (6).
The authors of the above-mentioned meta-analysis also discuss that the
gold standard of a randomized, prospective, controlled study is probably
impossible to manage. The retrospective cohort studies, which are performed at
the time, are probably the best way to go (6).
15

The second study that was retrieved is entitled “Severe street and mountain
bicycling injuries in adults: a comparison of the incidence, risk factors and injury
patterns over 14 years” by Roberts at al. (10).
The data for this study was collected from the Southern Alberta Trauma
Database. To classify an injury as a severe one, only patients with an ISS (injury
severity score) of 12 or higher were included. The study included patients aged 16
or older. This retrospective cohort study was conducted from 1995 until 2009.
Over the 14 years, data of 11,772 patients was collected. From those patients 258
were injured while street bicycling and 49 while mountain biking (10).
The results showed that the mean age of a patient injured while mountain
biking was 28 years. The street cyclist, in contrary, had a mean age of 43 years.
Most mountain bikers who got admitted were male (87.8%). The overall hospital
stay was about 6 days. Admission to the ICU was necessary in 15 (30.6%) out of
49 times. The average time span a patient needed to stay at the ICU was 3 days
(10).
As it is shown in Table 1 from the Roberts and Balls study, most injuries
occurred in summer (67.3%) and on a weekend (61.2%) (10).

Table 1: Individual and environmental characteristic of 259 bike injuries, taken from (10)

The most common cause of a severe injury obtained while mountain biking
was after a faulty jump attempt while doing tricks on the bike (20.4%) and after
falling off cliffs, roadsides or embankments (16.3%) (10).
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The most often injured region was the spine. 32 (65.3%) of all mountain
bikers sustained an injury of that region; However, just 6 (12.2%) had an injury of
the spinal cord (10).
The second most common injured region for mountain bikers was the head
and 28 (57.1%) patients in total needed treatment for an injury of this region.
10 suffered a subarachnoid hemorrhage and 9 a subdural hematoma (10).
20 (40.8%) patients endured injuries of the extremity with a total of 8
fractures (16.3%) of the upper extremities. No fractures of the lower extremities
were reported (10).
15 (30.6%) patients reported an injury of the thorax. 13 (26.5%) out of those
needed treatment due to a hemoto- and/or pneumothorax. 8 (16.3%) suffered a
broken rib (10).
The region which was injured rarely was the abdomen. Just 4 (8.2%)
patients sustained an abdominal trauma, while 2 of them injured their spleen (10).
15 (30.6%) out of 49 mountain bikers needed surgical intervention.
The most common reason was a spinal procedure for fracture(s) or instability (6
patients). 4 patients needed a facial procedure for fracture(s) and 2 an internal
fixation due to a fracture of the extremities (10).
While 48 patients survived their accidents, 1 patient died due to the severity
of his injuries (10).
The authors of the study drew the same conclusion as the study of
Carmont: trauma to the liver was highly reduced when the use of the upright
handlebars was eliminated. However, the study of Roberts had certain limitations
in regards to their research. Roberts and colleagues have struggled with the
documentation of their retrospective study, especially the assessment whether
protective gear was worn or not was not possible in 85% of the cases (10).
Roberts and colleagues concluded that the rate of trauma center admission
in 14 years for severe bicycling-related injuries was 2.2%. Hence, a helmet and
thoracic protection should be worn at all times in order to prevent severe injuries
(10).
The last suitable study for our purposes that dealt with mountain bike
injuries in adults is the study from Jeys et al. with the title “Mountain biking injuries
in rural England”. This prospective study had collected data for one year.
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The hospital in which the study took part was the Royal Shrewsbury Hospital in the
west of England not far from the Welsh border (11).
Less than 30 kilometers from the hospital lie the Shropshire Hills. These are
marked as an “Area of Outstanding Natural Beauty” (AONB). The many hilltops in
this area provide a perfect opportunity for mountain biking activities (12).
Therefore, Jeys et al. were able to include 84 patients in their study in just
one year. Every patient was attended to either the emergency department or the
fracture clinic (11).
From a total of 84 patients 70 (70.8%) were male and 14 (29.2%) were
female. The mean age of the patients was 22.5 years with a range from 8 to 71.
The main study cohort, however, was obtained from the 8 to 35 year age group
(11).
35 patients were 8 to 15 years old and 21 patients were in the 16 to 25 year
group. In that regard, at least 35 (41.7%) patients had the same age as the
patients from this study (11).
Overall there were 133 injuries documented at the Royal Shrewsbury
Hospital, giving a mean injury rate per patients of 1.6. Most of the injuries were
reported in the late summer months, mainly August (11).
A total of 19 patients needed surgical treatment (23%), some even more
than one procedure with a prolonged hospital stay. Injuries ranged from soft tissue
trauma to life threatening injuries. The most common injury was a fracture of the
clavicle (13%) followed by shoulder girdle trauma (12%), fracture of the distal
radius (11%) and soft tissue injuries (10%). The patients with severe or even life
threatening injuries included 6 patients with open and closed fractures of the femur
or tibia and an 11 year old with severe head trauma. One patient suffered from a
C2/3 fracture dislocation leading to permanent neurological deficit, another patient
was admitted with a severe hematopneumothorax and in one case a lifesaving
nephrectomy was necessary (11).
Jeys et al. has also noticed the increasing popularity of mountain biking.
They confirmed this notion by evaluating data from mountain bike vendors and
noticing a clear increase in sales. Furthermore, Jeys et al. concluded that young
males especially seek the adrenalin of the ride, and therefore push themselves to
go faster or even try chancier maneuvers. Consequently, this behavior makes
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accidents more likely to occur. Additionally, the high-energy impact of such
accidents can lead to severe trauma (11).
According to studies from the United States and New Zealand, 80 to 88% of
all off road bikers use a helmet. This could possible account for a low occurrence
of head and neck injuries. However, in the study of Jeys and coworkers 10% of all
the patients suffered from a head or neck injury (11).
This British study concluded that most of the trauma to the upper limbs and
the clavicle are caused by the nature of the fall itself. The apex of the shoulder is
often the first region that comes into contact with an obstacle of some sort.
This leads to fractures of the clavicle, Tossy injuries or shoulder joint dislocations
(11).
20% of all the patients were diagnosed with internal organ rupture, head
injury, neck injury and long bone fracture. In the course of the study no deaths
have been reported (11).
Based on the increasing popularity of this sport and consequently elevated
numbers of participants, the study calls for doctors in rural hospitals to be
prepared for more mountain biking accidents. Doctors confronted with mountain
bike accidents need to take the mechanism of those injuries into account, i.e. the
high-energy impact and the subsequent high chance of severe trauma, and act
accordingly. In addition, this study concluded in accordance with Roberts (10) that
the use of body armor improves the safety of this sport (11).

1.4 Goals of the Study
Due to the rarity of studies evaluating mountain bike injuries of children, the
main goal of the present study is to analyze pediatric mountain bike injures treated
at the Department of Pediatric and Adolescent Surgery of the Medical University of
Graz over a period of 18 years. With data from our assessment preventive
measurements can be taken in order to reduce these injuries.
Graz provides a lot of opportunities for all of types of mountain biking:
mountains not far from Graz, i.e. Plabutsch, Platte etc. allow classical crosscountry mountain biking, and on the Schöckl a lift transports bikers to the top to
facilitate downhill biking. Furthermore, a dirt park in the city provides the
opportunity for people to participate in various other styles of mountain biking such
19

as Trails and Dirt Jumping. In addition, the annual Youth Cup near Graz attracts
mountain biking teenagers from all over the world. Since this is supposedly the
first attempt to conduct a study solely based on mountain bike injuries suffered by
children and adolescents, this study will only provide an epidemiological overview
of injury patterns and mechanism of injuries.
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2. Material and Methods
2.1 Population
The Department of Pediatric and Adolescent Surgery of the Medical
University of Graz, Austria is the biggest pediatric surgical center in the southeast
of Austria. In 2011, Styria had a population of 1,208,575 inhabitants of which
261,726 lived in Graz alone. 18.4% were under the age of 20 years, leaving
222,378 children and adolescents living in Styria. The gender distribution is
approximately 51% female and 49% male (13). General surgeons or trauma
surgery departments usually provide the primary care for children and adolescents
especially in rural areas. However, if the extent of the injury is too great or
complications occur, it is common practice to transfer the patients to Graz.

2.2 Study Design and Ethics
The study was designed as a retrospective cohort analysis of children and
adolescents (aged 0 -18 years) with injuries sustained during mountain biking and
who were treated at the Department of Pediatric and Adolescent Surgery of the
Medical University of Graz between 1998 and 2016. The execution of the study
was approved by the local ethics committee (EC-Number: 28-438 ex 15/16).

2.3 Methods
In the Department of Pediatric and Adolescent Surgery the administration of
patients is performed using a computerized documentation system called
MEDOCS which is based on a SAP healthcare solution (System Applications and
Products in Data Processing, Walldorf, Germany). This documentation system has
primarily been designed for the administration of the patients´ master data, cost
accounting, processing and the storage of medical reports.
For the present study, medical reports of patients between 1999 and 2016
were searched for the keyword MOUNTAINBIKE.
Patients included were either treated as outpatients or inpatients.
The following data was, if possible, extracted for all injured cyclists: age, gender,
day, month and year of the accident, mode of transport to the hospital, resident,
demographic characteristics, if the accident was in a competition or in leisure time,
diagnosis, region of injuries, received treatment and diagnostic, length of hospital
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stay, length of ICU stay and numbers of X-Rays taken. Usually, adolescents older
than 18 years are not treated in our Department. However, there are 3 patients
aged 18 in our study. Since those 3 individuals just turned 18 years prior to their
accidents and were treated in this hospital in the past and were therefore known,
an exception was made. They were attended to anyway and hence are part of this
study.
Patients´ data were excluded when the patient was not aged between 0 and
18 or if he/she was involved in a mountain bike accident as a pedestrian.
The comparison of the data according to gender was determined via Quisquared test or the Fisher’s exact test. Age comparison was performed with the
Mann Whitney U test. A p-value of < 0.05 was considered statistically significant.
In order to compare our results to the literature all relevant studies were
retrieved from online databases such as PubMed. The search criteria “mountain
bike injuries” AND “children” OR “adolescents” did not retrieve any results.
Therefore, the search was expanded to publications describing mountain bike
injuries in adults.
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3. Results
Between 1999 and 2016, 165 patients with a mean age of 13.9 years
(range 5 to 18 years) were treated with injuries due to mountain bike accidents.
In total, there were 21 female (12.7%) and 144 male (87.3%). While boys had a
mean age of 13.9 years (range 5 to 18), girls were slightly older with a mean age
of 14 years (range 9 to 18) (Figure 1). However, this difference was not
statistically significant.

Figure 1: Mean age according to gender

A peak of incidence was seen at an age of 15 years. The exact age
distribution of the patients included in this study is shown in Figure 2.
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Figure 2: Age distribution

Figure 3 shows the high number of male children that were injured. 144 of
165 patients were male (87.3%) compared to only 21 female (12.7%). However,
the majority of accidents in both genders occurred at the age of 15 years (Table
2).

Figure 3: Gender distribution in percentage
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Age in years
Male
Female
Total

5 6 7 9 10 11 12 13 14 15 16 17 18
1 1 1 5 3 8 17 18 26 30 16 16 2
1 1
1 5 3 6 3
1
1 1 1 6 4 8 18 23 29 36 19 16 3

Total
144
21
165

Table 2: Age distribution of 165 mountain bike accidents relating to gender

While about a quarter of the injuries occurred during races or training
(26.7%), the majority of the injuries happened during leisure time (73.3%) as
shown in Table 3.

Competitive
Leisure
Total

No.
44
121
165

Percentage
26.7%
73.3%
100%

Table 3: Injury circumstances

This study also tried to take a closer look at the mechanism that led to the
accidents. Unfortunately, no information on how the accident exactly occurred was
given in 70 of the 165 recorded patients. In only 95 cases the course of events
leading to the accident was documented. We divided the known circumstances
into 9 categories as seen in Table 4. Most accidents happened while participating
in a competition (42.1%), followed by accidents in the woods (22.1%).
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Mechanism
Attempting a jump or trick
In the woods
At a competition
Training-accident
Downhill biking
Mountain terrain
On the own property
Dirt road
In the street
Total

No.
10
21
40
2
11
7
2
1
1
95

Table 4: Known mechanism of accidents

Percentage
10.5%
22.1%
42.1%
2.1%
11.6%
7.4%
2.1%
1.1%
1.1%
100%

There also seems to be a difference in mechanisms of accidents in males
and females. Although both genders suffered most injuries in a competition (32.9%
male/ 78.9% female), there were no female bikers in need of treatment due to a
failed jump attempt. In total, there was only 1 female biker who got hurt while
downhill biking, while 10 boys got injured doing the same. In addition, there are
just 3 categories in which female bikers got injured in the first place (Table 5).

Mechanism
Attempting a jump or trick
In the woods
At a competition
Training-accident
Downhill biking
Mountain terrain
On the own property
Dirt road
In the street
Total

Male, n= 76
10 (13.2%)
18 (23.7%)
25 (32.9%)
2 (2.6%)
10 (13.2%)
7 (9.2%)
2 (2.6%)
1 (1.3%)
1 (1.3%)
76 (100%)

Female, n=19
0 (0%)
3 (15.8%)
15 (78.9%)
0 (0%)
1 (5.3%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
19 (100%)

Table 5: Known mechanism of accidents related to gender

There was a statistically significant difference (p<0.001) between male and
female children when analyzing the gender distribution relating to the
circumstances causing the injuries (Figures 4 and 5). While most of the boys
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sustained the injury in their leisure time (80.6%), most of the girls suffered injuries
while biking in a competitive way, i.e. races or during training (76.2%).

Figure 4: Injury circumstances in females

Figure 5: Injury circumstances in males

Accidents were almost evenly distributed among each day of the week.
However, a small spike of injuries was seen at the weekend (37.6%). In total, most
accidents happened on a Sunday (20.6%) (Figure 6).

Figure 6: Distribution of accidents according to weekdays

Analyzing the weekdays on which the accidents occurred and comparing it
by gender, boys had more accidents on the weekend (40.3%), while girls get hurt
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more often on a weekday (19.1% of all accidents occurred on the weekend)
(Table 6). Overall, among both genders the accidents are spread out over the
week.

Male
Mon
Tue
Wed
Thu
Fri
Sat
Sun
Total

19
13
21
15
18
25
33
144

13.2%
9%
14.6%
10.4%
12.5%
17.4%
22.9%
100 %

Female
Mon
Tue
Wed
Thu
Fri
Sat
Sun
Total

3
6
3
3
2
3
1
21

14.3%
28.6%
14.3%
14.3%
9.5%
14.3%
4.8%
100%

Table 6: Weekday distribution by gender

Figure 7 illustrates that almost 90% of all accidents occurred in the warmer
months, i.e. from April until September. However, the number of accidents clearly
increased during the month of August (25%). No accidents were recorded in the
months of January and February.

Figure 7: Numbers of accidents by month
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The numbers in Figure 8 show an increase of accidents in the years from
1999 to 2015/2016. While there were only three accidents related to mountain
biking in 1999 and 2000, there were already 21 patients admitted to the hospital in
2015. The data from 2016 were only collected until midyear, which entails the
possibility of double numbers in 2016.

Figure 8: Numbers of accidents from 1999 to 2016

In this thesis the body was categorized in seven regions: the upper
extremities, the lower extremities, head, spine, pelvis, chest and abdomen.
The region of the body most commonly injured during mountain biking was
the upper limb with 47% (Figure 9). However, the data show a difference in
gender distribution. While 49% of the boys sustained injuries to the upper limbs,
only 33% of the girls had injuries of this region (Figure 9a and 9b). Statistically,
however, this difference did not reach significance (p=0.171).
78 patients needed treatment due to one or more injuries of the upper
limbs. The specific patterns of the injuries are demonstrated in Table 7.
25 children needed treatment because of a contusion of the upper limb. 20
excoriations were documented, 6 VLC, 5 distortions and 3 luxations of a joint.
Overall there were 31 fractures of the upper limbs. The most common one was a
29

fracture

of

the

distal

radius

occurring

in

9

patients

(29%).

The second most common fracture was a buckle fracture of the radius and a
fracture of the forearm (both n=6) (19%).

Figure 9: Injuries of the upper limbs

Figure 9a: female

Figure 9b: male
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Specific injuries of the upper

Total injuries of the upper limbs;

limbs
Fractures
Contusions
Excoriations
VLC
Distortions
Luxation

Numbers (Percentage); n=78
31 (39.7%)
25 (32.1%)
20 (25.6%)
6 (7.7%)
5 (6.4%)
3 (3.8%)
Table 7: Specific injuries of the upper limbs1

The second most commonly injured regions were the lower limbs with 44%
(Figure 10). However, no significant differences (p=0.739) between genders could
be found for this particular region of the body. While 48% of the female riders had
injuries of the lower limbs, 44% of their male counterparts sustained an injury of
the same region (Figure 10a and b).
73 patients reported one or more injuries of the lower limbs (Table 8).
The most common was an excoriation with 27 reported cases, followed by 24
contusions, 15 VLC, 4 lesions of a ligament, 3 distortions of a joint and 3 other
injuries. The last 3 patients had either a hematoma, a hydrops of the knee or got
injured by getting impaled by stick. Overall there were 8 fractures of the lower
limbs. 1 patient broke his big toe, 1 had a fracture of his metatarsal bones 1 to 4, 1
patient broke his ankle, 1 had a hairline fracture of the patella and 1 patient broke
his femur.

1

The sum of patients in each category does not always equal the total as many
patients had multiple injuries.
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Figure 10: Injuries of the lower limbs

Figure 10a: female

Figure 10b: male

Total injuries of the lower limbs
Specific injuries of the lower limbs
Fractures
Excoriations
Contusions
VLC
Lesion of a ligament
Distortions
Others

Numbers (Percentage); n=73
8 (11%)
27 (37%)
24 (32.9%)
15 (20.5%)
4 (5.5%)
3 (4.1%)
3 (4.1%)

Table 8: Specific injuries of the lower limbs2

2

The sum of patients in each category does not always equal the total as many
patients had multiple injuries.
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Injuries of the head were seen in a quarter of the patients (25%) (Figure 11)
with also no significant differences (p=0.726) between males and females.
The percentages were similar in males and females (Figure 11a and b).
The specific injuries of the head included 4 fractures, 16 cases with a
commotio cerebri, 15 contusions to the head, 8 VLC, 6 excoriation and 2 other
injuries (one injury due to biting the lip and one hematoma) (Table 9).

Figure 11: Injuries of the head

Figure 11a: female

Figure 11b: male
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Specific Head injuries

Total injuries of the head

Fractures
Commotio cerebri
Contusion
VLC
Excoriation
Other

Numbers (Percentage); n=42
4 (9.5%)
16 (38.1%)
15 (35.7%)
8 (19%)
6 (14.3%)
2 (4.8%)

Table 9: Specific injuries of the head3

As shown in Figure 12, 8% of all patients sustained an injury of the spine.
4 out of the 14 patients had to be treated with a fracture of multiple vertebrae.
The remaining patients suffered a contusion or abrasion. According to Figure 12a
and b there was no significant difference (p=1) in the occurrence of spinal injuries
between girls (5%) and boys (9%). In Table 10 the pattern of the injuries of the
spine is demonstrated. The most common injury was a fracture. 3 patients
suffered 11 broken vertebras. Yet, it needs to be mentioned that 1 boy alone
received 8 broken vertebras in one accident. The second most common injury was
a distortion of the spine. 5 children suffered a contusion and 1 patient presented
with an excoriation. 2 patients reported temporary paresthesia to the arriving
emergency doctor.

3The

sum of patients in each category does not always equal the total as many
patients had multiple injuries.
34

Figure 12: Injuries of the spine

Figure 12a: female

Figure 12b: male

Specific injuries of the

Total injuries of the spine

spine
Fractures
Distortion
Contusion
Paresthesia (temporary)
Excoriation

Numbers (Percentage); n=14
11 (78.6%)
6 (42.9%)
5 (35.7%)
2 (14.3%)
1 (7.1%)

Table 10: Specific injuries to the spine4

4

The sum of patients in each category does not always equal the total as many
patients had multiple injuries.
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22 patients (13%) sustained an injury of the pelvis as shown in Figure 13. Most of
the children only suffered an abrasion of the pelvis (n=7). One patient had a
fracture of the acetabulum, while another patient had a urogenital tract injury
(urethra and a contusion of the testicle). The frequency of injuries of the pelvis was
similar in girls (19%) and boys (13%) with no statistical significance (p=0.488)
(Figure 13a and b). The pattern of the injuries of the pelvis is demonstrated in
Table 11. The most common injury was a pelvic contusion (n=14). Seven patients
presented with an excoriation while 2 patients suffered a fracture. 1 patient
sustained a broken acetabulum while the other patient presented with a fracture of
the crista iliaca. 1 patient suffered an injury of the genital area in the form of a
contusion of the testicle and a trauma to his urethra caused by the frame of the
bicycle while crashing.

Figure 13: Injuries of the pelvis

Figure 13a: female

Figure 13b: male
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Specific injuries of the

Total injuries of the pelvis

pelvis
Contusion
Excoriation
Fractures
Trauma to the urethra

Numbers (Percentage); n=22
14 (63.6%)
7 (31.8%)
2 (9.1%)
1 (4.5%)

Table 11: Specific injuries of the pelvis5

For this study all clavicle injuries were categorized as an injury of the chest.
As demonstrated in Figure 16, 16% of all patients suffered an injury of the chest.
15 out of the 25 patients had an injury of the clavicles, therefore accounting for
60% of all injuries to the chest. There was just one female patient with a blow to
the chest. Generally, an injury of the chest was more common in boys with 17% as
it was for girls with 5% as displayed in Figure 16a and b. There was no significant
difference (p=0.203). The specific injuries are shown in Table 12. Since the
clavicle was part of the chest in our study, the most common injury in this region
was a fracture to the clavicle. 12 children were diagnosed with a broken clavicle.
For better comparison a Tossy injury was also part of the chest. 3 patients
sustained such a trauma. 6 patients had a contusion of the ribcage, while 4
children

suffered

excoriations.

2

patients

needed

treatment

due

to

a

pneumothorax.

5

The sum of patients in each category does not always equal the total as many
patients had multiple injuries.
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Figure 14: Injuries of the chest

Figure 14a: female

Figure 14b: male

Specific injuries of the

Total injuries of the chest

chest
Fracture of the clavicle
Contusion
Excoriation
Tossy-injury
Pneumothorax

Numbers (Percentage); n=26
12 (46.2%)
6 (23.1%)
4 (15.4%)
3 (11.5%)
2 (7.7%)

Table 12: Specific injuries of the chest6

6

The sum of patients in each category does not always equal the total as many
patients had multiple injuries.
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Just 11 (7%) of 165 patients sustained an abdominal trauma (Figure 17).
Most injuries of the abdomen were caused by the handlebar. While 19% of all girls
(4 patients) suffered an injury of the abdomen, the percentage among their male
counterparts was much lower (5%, 7 patients) (Figure 17a and b); a significant
difference (p=0.0357) was determined. However, while all female patients
sustained a contusion of the abdomen, three of the boys suffered a splenic injury.
The specific pattern of the 11 injuries of the abdomen is shown in Table 13.
The most common injury was a contusion of the abdomen. One of those
contusions was diagnosed as a contusion of the spleen. One patient got an
excoriation of the abdomen, while two boys suffered a rupture of the spleen.

Figure 15: Injuries of the abdomen

Figure 15a: female

Figure 15b: male
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Specific injuries of the abdomen

Total injuries of the abdomen

Contusion
Contusion of the spleen
Excoriation
Rupture of the spleen

Numbers (Percentage); n=11
6 (54.5%)
1 (9.1%)
1 (9.1%)
2 (18.2%)

Table 13: Specific injuries to the abdomen7

More than half of the patients (59.4%) sustained an injury of just one region
of the body. The number of patients with injuries to more than one body region
was relatively low: 6 patients (3.6%) sustained a trauma of 4 out of the possible 7
regions, and 28 patients an injury of 3 or more regions (17%) (Figure 18).

Figure 16: Numbers of injuries sustained

Of all 165 patients, 42 (25.5%) were treated as inpatients, while 123
(74.5%) could be treated as outpatients (Table 14).

7

the sum of patients in each category does not always equal the total as many
patients had multiple injuries
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Inpatients vs. outpatients
Inpatients
Outpatients
Total

Total
42
123
165

Table 14: Overview over in- and outpatients

As demonstrated in Figure 19, 20 (12%) of all patients needed surgical
treatment. A fracture was the reason for surgery in 65% (13 children) of all
patients. 1 patient suffered a severe wound of the thigh by getting impaled by a
part of the bike. All other surgical treatments were minor procedures.
Predominantly, it involved stitches of small wounds.

Figure 17: Treatment needed

Of all patients who needed surgical treatment, the time they had to spend in
the hospital ranged from 1 outpatient to 1 inpatient who needed to stay for 23 days
(Figure 20). The average length of hospital stay was 4.45 days. Most patients
needed to remain for 2 days.
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Figure 18: Duration of stay in surgically treated patients; mean shown in green

Figure 21 displays how many of the 42 inpatients needed to stay at the
ICU: 4 patients (9.5%) needed treatment at the ICU with a duration ranging
between 1 and 5 days. A rupture of the spleen caused the longest stay at the ICU.

Figure 19: Inpatients how needed intensive care or not
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Of all the 42 inpatients, 19 (45.2%) needed surgery while the remaining 23
(54.8%) patients were treated conservatively. Therefore, more than half of all the
inpatients were treated conservatively as shown in Figure 22.

Figure 20: Inpatient by treatment

As demonstrated in Table 15, the majority of patients only needed none or
just 1 X-ray in order to properly identify and address their injuries. The patient who
needed 10 control X-rays suffered from an open fracture of the right forearm.

Control X-Rays needed
0 X-Rays
1 X-Rays
2 X-Rays
3 X-Rays
4 X-Rays
5 X-Rays
7 X-Rays
10 X-Rays
Total

124
16
9
5
7
1
2
1
165

Table 15: Control X-Rays needed
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4. Discussion
The goal of this study was to provide a detailed analysis of injury patterns of
pediatric patients sustained due to mountain bike accidents. .
Mountain biking has its roots in the military (1). After companies saw the
potential for this sport they started investing in it and it became more and more a
mainstream sport (2). Today it is practiced in leisure time as well as in a
competitive fashion as it is even an Olympic event. Over the time there has been a
lot of development in regards to the mountain bike itself as well as in the
accompanying protective gear.
Especially over the last decades mountain biking increased in popularity.
But not only more and more adults are participating in this sport; also children are
more likely to use mountain bikes in one way or another. Furthermore, there are
national competitions for teenagers like the MTB Youngsters Cup. There are a
variety of mountain biking types ranging from the most popular cross-country to
downhill biking to doing tricks on a dirt-hill course. Every category has its
excitement, and due to the variety of this sport it can cater to the needs of many.
Whatever category you choose it involves travelling at high speed and/or
unpredictable courses or an unpredictable outcome from an attempted jump or
trick. Most likely, it is the excitement of this unpredictability, the adrenalin loaded
challenge or just the sheer speed that motivates the biker. Therefore, it is no
surprise that a rider will frequently fall, regardless if they are professionals or
laymen.
Since this is the first attempt to collect data on injuries related to mountain
bike accidents specifically in children and adolescences, comparative material was
retrieved from pre-existing studies on mountain bike accidents on adults. The 3
studies, which were taken for comparison are: Carmont et al. “Mountain Biking
Injuries: A Review” (6), Roberts et al. “Severe street and mountain bicycling
injuries in adults: a comparison of the incidence, risk factors and injury patterns
over 14 years” (10) and Jeys et al. “Mountain biking injuries in rural England” (11).
All of them were epidemiological studies comparable to the present one.
Roberts study originally compared street cycling with mountain biking.
Although street bicycling was not compared with mountain biking in the presenting
study, the results of Roberts study were used in order to compare the part that
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included topics related to mountain biking with the results of the present study.
The Roberts study took part in southern Alberta, which is one of the largest
networks of bike parts (10). Although the mountains in Styria are not as high as in
Alberta, southeast Austria still provides lots of mountain biking opportunities.
Additionally, the climate of the Alberta and Styria Region are quite similar.
The average high temperature in southern Alberta is 18.9 Celsius in May, peaks in
July with 25.7 Celsius and falls back to 13.6 Celsius in October (14). The climate
in Styria is comparable. The average high temperature in May is 19.1 Celsius also
peaking in July with 24.4 Celsius and dropping to 13.4 Celsius in October (15).
Subsequently, biking conditions of both regions are similar and therefore, serve as
a good basis for comparison.
This thesis includes data of 165 children and adolescents who needed
treatment after sustaining an accident while mountain biking. This study enrolled
144 male (87.3%) and 21 female bikers (12.7%).
While all 3 studies, including this one, focused on injury patterns on specific
anatomical areas such as the head and face, the spine, the thorax, the upper and
lower limbs, Roberts, Jeys at al. and the present study also analyzed other
parameters such as age, gender, severity of injuries and type of injuries.
Jeys et al., similar to this research, has also focused on circumstances of the
injury itself. Time of accident was part of Roberts and Jeys et al. studies, but was
not dealt with in this study due to limited documentation at the hospital after the
incident occurred.
All studies except the work of Roberts and colleagues have shown that the
upper limbs are the most commonly injured region. The present results support
this observation and additionally reveal that the most common fracture of the
upper limb is the distal radius (9 patients). The second most common fracture was
a radial head fracture and a fracture to the forearm in general, both injuries
occurring 6 times in total. Additionally to the common fracture to the distal radius,
Carmont et al. has also mentioned fractures of the scaphoid and the radial head
as the most commonly encountered fractures. Jeys et al. note very common
fractures to the clavicle and shoulder. For the present study fractures of the
clavicle were categorized as injuries to the chest; there were a total 12 fractures of
the clavicle and 31 fractures of the upper limb.
In contrary, Roberts has declared the spine to be the most commonly
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traumatized region during mountain bike accidents. This differing result is
explained by the use of the ISS of 12 or higher. This particular Injury Severity
Score automatically excludes all minor injuries to other body parts including the
upper limb. Our data show a low number of spinal injuries (8 %), however these
were severe. Three patients suffered a total of 11 fractures vertebrae and 2 of the
patients needed to stay in the ICU. Since only 4 patients in total needed intensive
care treatment, those 2 patients would account for 50%.
Carmont et al. concluded that the numbers of head injuries could be
reduced by 39% and facial injuries by 28% when using a helmet. It was not
possible to draw any comparable results from our data due to insufficient
documentation. In my personal experience as a long-term mountain biker, wearing
a helmet while biking is standard practice among the general public in Austria as
there is a widespread awareness of its predominant benefits.
When considering certain parameters such as gender and time of accident,
Roberts, Jeys at al. and our study come to similar conclusions: male get injured
more frequently than females while mountain biking and more accidents occur on
a weekend and during summertime.
The present study specifically analyzed mountain bike injuries of children
and adolescents, differentiated between leisure and competitive biking, if one or
more region of the body were hurt at ones, the distribution of injuries by gender
and had a detailed look at individual days of the week when accidents occurred,
what gender was more prone to have an accident on what day of the week and
which circumstances lead to the accident. Analyzing the above mentioned data
revealed interesting results. There was a statistically significant difference
(p<0.001) between male and female children when analyzing the gender
distribution relating to the circumstances that caused the injuries. While most of
the boys sustained the injury in their leisure time (80.6%), most of the girls
suffered injuries while biking in a competitive way, i.e. races or during training
(76.2%). The reason for this has not been determined but could possibly entail
further research on this matter. There also seems to be a difference in mechanism
of accidents in males and females. Although both genders suffered a certain
amount of injuries in a competition (32.9%/ 78.9%), there were no female bikers in
need of treatment due to a failed jump attempt. In total, there was only one female
biker who got hurt while downhill biking, while 10 boys got injured doing the same.
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A possible reason for this could be that males might be more prone to seek that
adrenalin rush and are more likely to throw caution in the wind while downhill
biking. Additionally and surprisingly, children and adolescents (13.2%) are less
likely to get injured while attempting jumps than adults (20.4%) (see Robert at al.).
It can be concluded that in order to prevent or reduce the risk of injury
helmets and various types of body armor need to be worn while mountain biking.
Possible ways to minimize the rate of accidents include proper training
beforehand, riding according to the level of capability, dismounting saver and
faster, avoiding the use of upright handlebars to prevent trauma to the liver and
using molded saddles. Furthermore, treating physicians should be more prepared
and trained for injuries related to mountain bike accidents as this sport does not
seem to cease gaining popularity.

4.1 Limitation of Research
Since this study is retrospective, this research is dependent on the
documentary by the staff that admitted the patients. As mentioned above, the
hospital database was searched for the keyword MOUNTAINBIKE. Thus, if a
patient was injured during mountain biking and the treating physician merely
documented the case as a normal bike injury, that data could not be included in
this study. For example, a girl who was part of the Austrian national mountain biketeam had an injury during a competition. The same patient had an accident one
year prior to that injury. This time the mishap was documented as an injury while
biking not mountain biking. It would be logical, that the girl was using a mountain
bike in both cases since she is pursuing the sport in a professional manner. Due to
limited time and access, not all false negative data could be collected.
There is also the possibility of false positive data since it is possible that a
normal bike accident could be tagged as a mountain bike injury. A lot of people
use a mountain bike as a conventional way of transportation in the city.
For example, if an accident occurred on the way to school, it could have been
documented as a mountain bike injury on the sole fact that the child was on a
mountain bike. In regards to this study, it is questionable if the 5-year old boy was
using his mountain bike in any of the types of mountain biking that were mentioned
in chapter 2.1, especially since the accident occurred in the front yard.
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In all of the cases, the circumstances leading to the accident such as
terrain, time, weather conditions or length of the ride could not be fully determined.
Additionally, details on admission and documentation of the patients and their
injuries can be vague or left out completely which can restrict or alter results.
Some of the patients either reported or were treated for their injuries up to 6 days
after the accident happened, were treated prior in a different hospital, sometimes
just the location of the injury was documented but not how it happened.
The weather or length of the ride was not mentioned in any of the cases. Due to
those circumstances a lot of data got lost. An injury may differ from the terrain on
which it occurs. Moreover, there could be a difference as to the specific time when
the accident happened. Later in the day with worse lighting conditions or because
of exhaustion after a long or energy-costing ride, more accidents can take place.
Unfortunately, none of these questions could be determined in this thesis.
Another problem and inevitably limitation to this study concerns the lack of
documentation regarding protective gear. In few cases was it recorded, whether
the patient wore a helmet or not while the accident occurred. Also, other protective
gear such as body armor or knee and elbow pads, which are common in downhill
biking, was rarely mentioned in all the cases. Due to this insufficient data, no
conclusion can be drawn whether protective gear significantly reduces the risk of
injury or not.
In some other studies on bike or mountain bike injuries, it was common to
use an international or generalizing classification system such as the ISS.
However, this classification is not used in the Department for Pediatric and
Adolescents Surgery in Graz. The severity of the injury could not be resolved in
any of the cases, thus it had to be dismissed.
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5. Conclusion
Considering all available data and the results from the present study,
prevention is the key to further minimize the number of injured children and
adolescents. The most severe injuries included in the present study were ruptures
of the spleen and multiple fractures of the vertebrae. Wearing a back-protector
could reduce trauma to the spine. Also, some of the more severe injuries were
obtained while attempting a jump on a self-made redoubt. The risk of injury can
also be dramatically reduced when pursuing this sport in a professionally designed
show-jumping course rather than using self-made redoubts. Additionally, bikers
often overestimate their own skills and capabilities. This can lead to many
accidents. When doing tricks on a bike it might be advisable to have proper
training or at least get tips from an experienced biker beforehand.
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