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16.1  Sport Characteristics

Cycling is one of the most popular physical activ-
ities worldwide and can be either used for trans-
port or performed as a leisure activity or sport. 
Cycling involves several different types. The 
most popular types include road cycling, track 
cycling, mountain biking (MTB), and BMX rac-
ing. All these four types are part of the Olympic 
Program. Road cycling (Fig.  16.1) is usually 
done in pavement roads, while track cycling in 
outdoor or indoor velodromes, MTB in off-road 
terrains and BMX in off-road tracks. Competitions 
include road races and time trials in road cycling, 
sprint, endurance, or combination in track 
cycling, cross-country, or downhill in MTB and 
sprint races on specially built off-road racetracks 
in BMX.  With the continuous increase in 
cycling’s popularity, cycling-related injuries are 
becoming more and more common.

16.2  Epidemiology

Participation in sports activities offers many 
health benefits, but also involves the risk of 
injury. Epidemiology of bicycle-related injuries 
is not well documented yet. The main reason is 
the lack of registries to record these injuries. 
Most available data are from hospitals and emer-
gency departments.

Between 2011 and 2014, 5.6 million sports 
injuries affected children and young adults annu-
ally [1]. In the USA, during 2010–2016, the esti-
mated annual average of visits to the emergency 
department (ED) for sports injuries by patients 
aged 5–24  years was 2.7 million [2]. Among 
them, pedal cycling (9.9%) was ranked as the 
third cause for admission in ED, after football 
and basketball. Furthermore, cycling has been 
revealed to be the most common sport-related 
activity associated with injuries in children aged 
5–14 years in the USA at the end of the last cen-
tury [3]. Mountain biking is among the sports 
leading to high overall injury rates in Olympic 
sports [4].

Sports-related concussion accounts for 1.3–
9.1% of all injuries reported during cycling 
events [5, 6]. Rivara et al. [7] evaluated the preva-
lence of head injury among 3854 injured cyclists 
in Seattle in 2015. They found that 35% were 
diagnosed with facial injuries, 22.3% with scalp, 
skull, forehead, or mild brain injuries, and 6% 
with more severe brain injuries. Moreover, 
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according to the National Electronic Injury 
Surveillance System All Injury Program database 
from 2001 to 2012, a sport-related traumatic 
brain injury from cycling was the most common 
cause in females and the second most common 
cause in males presenting to an emergency 
department [8].

Injuries can be classified as traumatic or over-
use according to their mechanism. Overuse inju-
ries affect mainly professional or high-level 
athletes because of high-intense practice. Injury 
rates vary by sex and age. In the first well- 
documented study about the incidence of injuries 
among professional cyclists, Barrios et  al. [9] 
found that the commonest lesions were due to 
overuse mechanisms (62%) instead of trauma. 
Patellar and Achilles tendinopathies, and anterior 
knee pain were the predominant causes of pain 
according to their study. In another study, Clarsen 
et al. [10] evaluated overuse lesions in 109 pro-
fessional cyclists and reported lower back pain 
(58%) and anterior knee pain (36%) as the most 
prevalent problems. De Bernardo et  al. [11] 

revealed the iliotibial band friction syndrome as 
the commonest overuse injury, with the majority 
of overuse injuries to affect the lower limb and 
especially the knee. Moreover, most overuse 
injuries were contractures and chronic muscle 
shortening. Regarding traumatic injury, De 
Bernardo et  al. [11] reported that 56% of the 
cases corresponded to fractures, with most of 
them located at the clavicle (22%), and the rest 
mainly at the upper limb and ribs.

In an epidemiologic study about injuries dur-
ing one of the biggest and most famous cycling 
race, the Tour de France, showed that 49% of the 
withdrawals were due to fractures, with almost 
half of them (43%) eventually requiring a surgi-
cal treatment for the sustained fracture [12]. 
Clavicle was also in this study the most fre-
quently fractured bone.

One recent study in Norway with 300 patients 
treated after cycling injuries [13], reported that 
most of the injuries were light or moderate. 
Nevertheless, fractures and minor head injuries 
dominated, and 45% of patients needed surgery. 

Fig. 16.1 Cyclists during a road cycling competition
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In terms of mortality-related cycling, bicycle 
accidents requiring hospitalization have a high 
mortality rate, up to 5.7% according to Dutch 
epidemiological data [14]. 83.3% of the acci-
dents occurred in regular cyclists, 9.8% in race 
riders, 3.9% in off-road bikers and 2.9% in 
e-bikes, with the majority of injured patients 
(92.5%) reported not to wear a helmet. Older 
patients, multi-trauma and cerebral hemorrhages 
were identified as risk factors for mortality.

16.3  Causes of Injuries

The main causes of injury during cycling can be 
summarized under these:

 1. Speed: During the races, the athletes develop 
usually high speed, which can lead to severe 
injuries if an accident, occurs.

 2. Road conditions: Sharp twists or poor road 
surfaces can lead to accidents.

 3. Exhaustion: After intense and/or long races 
the athletes develop fatigue that can result in 
exhaustion and reduction of reflexes.

16.4  Types of Injuries

Cycling injuries can practically include all known 
orthopedic lesions, and a wide variety of injuries, 
from insignificant ones, till fatal. Some common 
types of injuries include skin lacerations, injury 
to bony prominences, friction burns, saddle sores, 
knee pain, bone and even skull fractures. 
Additionally, other conditions that can occur are 
sprains and foreign bodies in the eyes and some-
times exhaustion and collapse of the athletes.

As aforementioned, injuries can be divided 
into two categories: Traumatic injuries and over-
use injuries. The first ones occur most times as a 
result of a fall, crash, or unexpected motion. On 
the other hand, overuse injury is mainly caused 
by repetitive micro-trauma or loading of bone, 
joint, and soft tissue with inadequate recovery 
time.

Musculoskeletal injuries include strains, frac-
tures, and dislocations and occur at the upper and 

lower extremities. Clavicle, wrist, and elbow are 
mainly affected in upper extremity, pelvis, hip, 
and femur in lower extremities and ribs in the 
trunk [15, 16]. Head, neck, and pelvis trauma are 
less common but can be fatal. It has been reported 
that 50–73% of traumatic cycling injuries ulti-
mately result in at least one fracture [11, 14]. 
Superficial soft tissue injuries, such as skin abra-
sion/laceration are also very frequent, even 
though they are usually underestimated because 
they don’t always require medical evaluation or 
care. Skin lesions can be characterized as contu-
sions, lacerations, or abrasions (“road rash”) 
(Fig.  16.2). Even when it seems that the injury 
involves only the superficial soft tissue, the 
wound can be deep. One serious, and very diffi-
cult to manage lesion, is the Morel-Lavallée 
lesion, which develops in the thigh, due to shear-
ing of superficial subcutaneous tissues away from 
underlying fascial layers.

Several traumatic conditions can arise in the 
lower limb in particular. Knee joint is the most 
common site of overuse injury in the cyclist. It is 
reported that 40–60% of riders experience knee 
pain [17, 18]. The patellofemoral compartment is 
mainly affected, with persistent anterior knee 
pain (cyclist’s knee). The most important causes 
are excessive pressure to the patellofemoral joint 
due to hill climbing or slow pace resulting in car-
tilage compression and damage, and poor track-
ing of the patella with malalignment [19, 20]. 
Other not rare conditions that can appear with 
pain around the knee are quadriceps tendinitis, 
and pes anserine bursitis. Quadriceps tendinitis is 

Fig. 16.2 Cyclist with skin lacerations all over his trunk 
and limbs after a race
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diagnosed as lateral or medial knee pain, and ten-
derness over the quadriceps tendon. Pes anserine 
bursitis results from repeated friction and inflam-
mation of the hamstring insertion in the tibia, 
with tenderness to palpation over the pes anserine 
bursa, 2–3 cm below the joint line. Iliotibial band 
(ITB) syndrome can also cause pain at the lateral 
side of the knee, usually over the femoral con-
dyle. Hip pain in the cyclist is not as common as 
knee pain but can exist. Typically, this is due to 
trochanteric bursitis or iliopsoas tendinitis. Less 
common injuries of the lower leg include exer-
tional compartment syndrome, medial tibial 
stress syndrome, and acute bone fractures 

(Fig. 16.3) or stress fractures [17]. Furthermore, 
Achilles tendinitis can appear, especially when 
an improperly fitted bicycle is used.

Regarding upper extremity, the most common 
injury is clavicle fracture. In general, clavicle 
fractures are caused mostly by sports activities 
(45.3%) and most commonly result from bicy-
cling (16%) [21, 22]. These fractures are man-
aged operatively in most cases in athletes, in an 
attempt for a quicker recovery and earlier return 
to sports [23, 24] (Fig. 16.4).

Spinal injuries are most common in mountain 
biking. Dodwell et  al. reported that mountain 
biking-related spine injuries consisted of almost 

Fig. 16.3 Hip intertrochanteric fracture sustained by a cyclist during the race (a). Treated with DHS fixation (b) and 
returned to high-level cycling 3 months later

Fig. 16.4 Clavicle fracture sustained during a cycle race (a), treated with a plate fixation (b, c)
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4% of all spinal injuries [25], with cervical spine 
injuries accounting for 74% of them.

Concussions are of huge importance during 
cycling races. However, not scarce, concussions 
are underestimated. Cyclists disregard head inju-
ries and prefer to return on their bike feeling will-
ing and able to ride. Nevertheless, they can suffer 
from impaired performance and reaction time, 
placing them at risk for further, severe injuries 
[26]. In professional cycling, helmets are manda-
tory since 2003, following the death by brain 
injury of a professional road cyclist in the Paris- 
Nice race. Their main characteristic is to prevent 
skull fractures and intracranial hemorrhage 
(Fig. 16.5).

Heat-related injuries, such as cramping, dehy-
dration, and heat exhaustion can occur during 
races in extremely hot environmental conditions. 
According to a survey among elite cyclists who 
competed in the heat at the 2016 UCI Road World 
Cycling Championships in Qatar, 22% of respon-
dents reported illness symptoms in the 10 days 
preceding the Championships, 57% of respon-
dents had previously experienced heat-related 
symptoms while 17% had previously been diag-
nosed with exertional heat illness [27].

In terms of mountain biking, the patterns of 
injuries are similar. However, mountain biking 
appears to be a high-risk sport for severe spine 
injuries [16]. The most common mechanism of 
acute severe injury is by falling forward, 
mainly during downhill riding [28]. Besides 
spinal injuries, blunt abdominal and chest 

trauma are also more common among bikers of 
this style, caused mostly by bicycle handlebars 
and bar ends [29, 30].

Same injuries pattern applies to BMX riders, 
with abrasions and contusions to be the most pre-
dominant causes of injury [31]. However, as 
BMX bicycles are quite popular among young 
athletes and children, spinal injuries can be dev-
astating and even life threatening in this popula-
tion, especially after being involved in road traffic 
accidents [32].

16.5  Rehabilitation and Return 
to Sport

The protocol of rehabilitation and return to sport 
for traumatic or overuse injuries depends upon 
the nature of the lesion (Table  16.1). Time to 
return to competition varied widely, 7–316 days, 
among cyclists who suffered an injury during 

Fig. 16.5 Helmets are the most important equipment for 
prevention of head injuries

Table 16.1 Return to sport correlated to the sustained 
injury

Lesion Return to sport
Clavicle fractures Stationary cycles within 1 week, 

outdoor cycles after 2–3 weeks, 
and race from 4 to 6 weeks after 
the trauma. In case of operative 
treatment, return to training and 
competition may be sooner

Acromioclavicular 
dislocations

Stationary workout after 
1–2 weeks

Radial head 
fractures

Return to riding after 1–2 weeks 
(if non-displaced)

Pneumothorax and 
ribs fractures

Return to racing may take 
4–6 weeks

Patellar 
tendinopathy

Home exercises for at least 
12 weeks before starting to ride, 
or sooner if other medical 
therapies are also applied

Overuse injuries Return to racing depends on the 
symptoms after and the specific 
treatments according to the 
symptoms

Concussion Physical and cognitive rest until 
acute symptoms resolve and 
frequent assessments with a 
stepwise return to play, initially 
with stationary bike. Clinical 
evaluation is essential for a safe 
return to cycling
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Tour de France [12]. Athletes who withdrew from 
the race because of an injury returned to competi-
tion significantly later (52  days on average) in 
comparison to those who withdrew for non- 
traumatic reasons. Overall, athletes who had to 
undergo operative treatment of their injury expe-
rienced a longer time to return to competition 
(77  days) compared to those treated non- 
operatively (44 days).

As aforementioned, clavicle fractures are of 
the most frequent and significant injuries that can 
occur in cyclists. Among cyclists from Tour de 
France who sustained such a fracture, the time to 
return to competition managed operatively, was 
significantly shorter than those whose the same 
injury was treated non-operatively [12]. 
Moreover, in another study it is demonstrated 
that plate fixation accompanied by an early post-
operative rehabilitation protocol gives profes-
sional cyclists the chance to resume athletic 
activity 2  weeks postoperatively and return to 
competition 3 weeks later [21].

Concussion can be a life-threatening trauma. 
Subsequently, the proper evaluation and decision 
to return to sport after sustaining a concussion are 
of huge importance. Evaluation of neurological 
status must always be performed. Cyclists who 
have a history of prior concussion are at an 
increased risk and should undergo cognitive and 
motor control assessment prior to any race.

One of the most challenging situations is the 
assessment of the cyclist after an injury during 
the race. It is not a rare phenomenon that the ath-
lete wants to resume his activity and therefore 
has a tendency to underestimate any early symp-
toms. In these cases, on-field SCAT-5 assessment 
and Maddock’s questions can be used. However, 
Maddock’s questions have been validated in a 
team sport setting, such as football, ice-hockey, 
and rugby and therefore cannot thoroughly apply 
to cycling. A recent systematic review [33] sug-
gested the following questions as road cycling 
specific Maddock’s questions:

 1. What is the name of this race?
 2. How many kilometers are there still to go in 

today’s stage?
 3. Who is the road captain today for the race?

 4. What was your last race?
 5. What is your coach’s name?

In a very recent study, a cycling-specific 
RoadsIde heaD injury assEssment (RIDE) proto-
col has been proposed [6]. According to that, 
there is a three-stage diagnostic process, which 
consists of three phases (Table 16.2):

 1. Initial road-side assessment immediately after 
the head impact event (RIDE 1).

 2. Reassessment immediately following comple-
tion of the stage on the same day of the injury 
(RIDE 2).

 3. Reassessment the day following the initial 
injury (RIDE 3).

However, in the setting of more severe situa-
tions, evaluation can be made more than three 
times as described above.

16.6  Prevention Strategies

In general, self-taken measures include the use of 
protective gear, especially helmet, the placement 
of correct position on the bike and adjustment of 
it to individual morphology. Mountain riders 
should not overestimate their ability, use well- 
fitted bikes, avoiding handlebars ends and wear 
the appropriate equipment, including helmets 
with facial protection, padded gloves and shorts, 
and shin pads [34]. Another essential issue is that 
athletes should also try to maintain a high level of 

Table 16.2 RIDE Protocol for head injury (concussion) 
in cyclists [6]

RIDE 1 Road-side 
assessment

Symptoms checklist
Medical evaluation
Cognitive tests

RIDE 2 Immediately after 
race

SCAT 5 tool
Digit Symbol Substitution 
Testing
Full neurological 
examination

RIDE 3 After one night 
rest

SCAT 5 tool
Digit Symbol Substitution 
Testing
Full neurological 
examination
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fitness, which makes them less vulnerable to the 
aforementioned injuries.

Extremely important are the educational pro-
grams that teach youth population to be safe drivers 
and cyclers, especially encouraging them to wear 
helmets. Refusal to wear a bicycle helmet has been 
proven to be the biggest predisposing factor for 
bicycle head injury (Fig. 16.5) [33, 34]. Specifically 
built bicycle roads and bicycle- friendly riding envi-
ronments could lower the risk of traumatic injuries 
by separating bicycles from motor vehicles.

In professional racing, basic rules of preven-
tion consist of a precise preparation of the race 
route and a highly experienced security team. 
Regarding compression and overuse injuries, 
bike adjustments are the most essential measure. 
Adjustment of the saddle (posture height) can 
address problems related to the lower extremity, 
adjustment of the handlebars (posture length) can 
address those related to the upper part of the 
trunk (extremities, neck and spine) [35].

To prevent adverse events resulting from 
weather conditions, the Union Cycliste 
Internationale (UCI), cycling’s governing body, 
has established an Extreme Weather Protocol that 
incorporates a discussion among all members 
involved in a cycling race to discuss and propose 
modifications to the race route, depending on 
extreme weather conditions, such as extremely 
hot conditions [27]. In races that take place under 
high temperatures, cyclists should use a pre- 
cooling strategy before competing in the heat. In 
addition, team doctors should be aware of the 
four “golden rules” of heat stroke management, 
which consist of early recognition, early diagno-
sis, rapid cooling, and on-site cooling [36].

16.7  Equipment and Protection 
Considerations

In terms of protective equipment, the most effi-
cient one for cyclists is the helmet. Among oth-
ers, protective equipment can include:

• Eye protection against weather, foreign bod-
ies, and ultraviolet lights.

• Gloves.

• Bicycle shorts with padding integrated.
• Cycling shoes with toe clips or sole cleats that 

attach the foot to the pedals.
• Bright color clothes and reflective vests to 

improve cyclists’ visibility on the road, in 
particular when poor weather or in the 
evenings.

Regarding pedals, the ideal position of the 
foot on the pedal is the anterior foot position. It 
decreases the stress across the knee ligaments 
and gives a mechanical advantage to gastrocne-
mius and soleus muscles to turn the crank.

Besides the personal prevention equipment, 
medical cover during races is of high importance. 
Well-trained and equipped medical personnel 
should be present during cycling events, with the 
accompaniment of at least one ambulance.
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